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Caros/as Colegas,

É com muito gosto que em nome da Direção da SPGH e da sua Comissão Cien�fica vos damos as 
boas-vindas à 25.ª reunião anual da SPGH.

No ano em que celebramos as “bodas de prata” teremos uma reunião virtual, pelo segundo ano 
consecu�vo, tentando aproximar o formato ao das reuniões presenciais anteriores. O programa 
deste ano contempla uma sessão comemora�va dos 25 anos da nossa Sociedade.

Procurou-se criar e proporcionar um fórum para a apresentação e discussão a�va dos temas 
atualmente mais relevantes na Gené�ca Humana, valorizando e dando visibilidade ao trabalho 
realizado nas mais diversas áreas no nosso país, da assistência à inves�gação, da clínica ao 
laboratório. Foi, por isso, com grande prazer que registamos a submissão de quase uma centena 
de trabalhos cien�ficos para comunicação oral ou poster para avaliação pela Comissão Cien�fica. 
Acresce as estes, as demais sessões cien�ficas que foram organizadas, versando temas como o 
avanço no conhecimento dos mecanismos e tratamento de doenças gené�cas, a importância da 
qualidade na prestação de cuidados em gené�ca e os desafios que o futuro nos traz.

Agradecemos a generosidade e disponibilidade de todos os palestrantes convidados e 
moderadores, que assegurarão a qualidade cien�fica dos temas abordados.

Uma palavra de agradecimento para todas as empresas e ins�tuições que contribuíram de forma 
fundamental com o seu apoio financeiro e cien�fico que contribuíram para a realização desta 
nossa reunião. Adicionalmente, o interesse demonstrado em se associarem a este nosso evento 
traduziu-se este ano em seis simpósios da indústria com temas relevantes e atuais.

Por fim, fazemos votos para que apreciem as várias sessões, par�cipem a�vamente e aproveitem 
da melhor maneira esta experiência.

A comissão organizadora,

Jorge Pinto Basto
Cecília Correia

Rosário Pinto Leite

NOV 2021
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Dear Colleagues,

It is with great pleasure that on behalf of the Board of Directors of the SPGH and its Scien�fic 
Commi�ee we welcome you to the 25th annual mee�ng of the SPGH.

This the year, we celebrate our 25th anniversary and, for the second consecu�ve year, we will 
have a virtual mee�ng. We tried to match, as much as possible, the format of the previous in 
person mee�ngs. This year's program includes a commemora�ve session to celebrate the 25th 
anniversary of our Society.
We aimed at crea�ng a forum for the presenta�on and ac�ve discussion of the currently most 
relevant topics in Human Gene�cs, highligh�ng and showcasing the work performed in several 
areas in our country, from pa�ent care to research, from the clinic to the laboratory. It was, 
therefore, with great pleasure that we registered the submission of almost one hundred scien�fic 
abstracts for oral or poster communica�on submi�ed and evaluated by the Scien�fic Commi�ee. 
In addi�on to these, other scien�fic sessions were organized, addressing topics such as the 
advances in knowledge of mechanisms and treatment of gene�c diseases, the importance of 
quality in the provision of gene�c care and the challenges that the future brings.

We would like to thank all the invited speakers and session moderators, that will ensure the 
scien�fic quality of the topics addressed.

We are in debt to all the companies and ins�tu�ons that contributed in a fundamental way with 
their financial and scien�fic support for the organiza�on of this event. This year, the interest in 
being associated with our event translated in six industry symposia with relevant and current 
topics.

Finally, we hope you appreciate the scien�fic sessions, par�cipate ac�vely, and get the most out 
of this experience.

The Organizing Commi�ee,
Jorge Pinto Basto

Cecília Correia
Rosário Pinto Leite

PARCERIAS CIENTÍFICAS E INSTITUCIONAIS
SCIENTIFIC AND INSTITUTIONAL PARTNERS

SPGH thanks the following organiza�ons for the scien�fic/ins�tu�onal support: 

A SPGH agradece às seguintes organizações o apoio cien�fico /ins�tucional: 

SUPPORT FOR SPGH AWARDS

Prémio Professor Amândio S. Tavares
(Prof. Doutora Purificação Tavares)
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SPONSORS 

SPGH thanks the support of the following companies:
A SPGH agradece o apoio das seguintes companhias: 

PRATA

BRONZE

DIAMANTE 

 DIAMANTE MAJOR

PTC THERAPEUTICS PORTUGAL   

OURO

   CML GERMANO DE SOUSA       

PLATINA
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18 NOV 2021

th

09:00

09:10

10:25

10:15

OPENING & WELCOME

25TH ANNIVERSARY SESSION

Jorge Sequeiros (i3S, Porto,PT)

Chair: Sérgio Sousa

INVITED SYMPOSIUM I (IS-I): 

CHROMATIN REMODELLING IN HEALTH AND DISEASE

ISI-1:    THE PANCREAS REGULOME: FROM CAUSALITY TO PREDICTION OF 
NON-CODING MUTATIONS IN HUMAN PANCREATIC DISEASES 

José Bessa (i3S, Porto, PT)

ISI-2:    ROLE OF BAF SWI/SNF CHROMATIN REMODELLERS IN 
NEURODEVELOPMENT AND ID 

Cris�na Dias (CRICK, London, UK)

COFFEE-BREAK / ONLINE EXHIBITION

AMÂNDIO S. TAVARES AND THE FOUNDATIONS OF HUMAN GENETICS 
IN PORTO

THE BEGINNINGS OF MEDICAL GENETICS AND THE CREATION OF SPGH
- CONTRIBUTION TO THE HISTORY OF ITS FOUNDATION

Heloísa Santos, (1�� President of the SPGH, PT)

KEYNOTE: DNA METHYLATION LANDSCAPES OF BREAST CANCER REVEAL 
EPIGENETIC INSTABILITY AND CIS REGULATION
Carlos Caldas, (CRUK Cambridge Ins�tute, Cambridge, UK)

Chairs: Miguel Guimarães (Bastonário OM), Carla Oliveira 

Chairs: Jorge Pinto Basto, (SPGH President), Cecília Correia (SPGH Secretary), 
Rosário Pinto Leite ( SPGH Treasurer)
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18 NOV 2021

th

16:55

17:10

18:15

COFFEE-BREAK / ONLINE EXHIBITION

SELECTED ORAL PRESENTATIONS II - CLINICAL RESEARCH

GENERAL ASSEMBLY

Chairs: Sofia Dória, Gabriel Miltényi-Miltenberger

OPII_1  - GERMLINE COPY NUMBER VARIANTS: AN UNDERREPORTED GENETIC 
DIAGNOSIS IN  GASTROINTESTINAL TUMOUR RISK SYNDROME SUSPECTED INDIVIDUALS
  José García-Peláez |  IPATIMUP/i3S

 OPII_2  - HEAD AND NECK SQUAMOUS CELL CARCINOMA SIGNATURES: AN 
INTEGRATIVE  MULTI-OMICS APPROACH
 Luísa Esteves |  University of Coimbra, Cytogene�cs and Genomics Laboratory, 
Ins�tute of Cellular and  Molecular Biology, Faculty of Medicine, Coimbra, Portugal

OPII_3  - INCIDENTAL CARRIER DETECTION OF 639 VARIANTS IN PATIENTS TESTED 
FOR   DIAGNOSTIC PURPOSES: ADDED VALUE FOR GENETIC COUNSELLING AND 
A GLIMPSE  ABOUT RECESSIVE DISEASES IN PORTUGAL
 Fá�ma Lopes |  CGPP - Centro de Gené�ca Predi�va e Preven�va, Porto, Portugal,
IBMC – Ins�tuto de  Biologia Molecular e Celular, Universidade do Porto, Porto, Portugal

OPII_4  - THE FIRST CDH1 FOUNDER VARIANT IN THE PORTUGUESE POPULATION: 
A MISSENSE  WITH SEVERE IMPACT IN MRNA SPLICING
 Rita Barbosa-Matos |  i3S; Ipa�mup; Doctoral Programme on Cellular and Molecular 
Biotechnology Applied to  Health Sciences

OPII_5  - DISCLOSURE OF GENETIC INFORMATION TO PATIENTS' RELATIVES: 
HEALTHCARE  PROFESSIONALS' PERSPECTIVE ON PERCEIVED RESPONSIBILITIES 
AND    CONFIDENTIALITY OF GENETIC INFORMATION
 Álvaro Mendes |  IBMC, i3S

18 NOV 2021

th

15:55

Chairs: Ana Berta Sousa, Jorge Saraiva

PANEL DISCUSSION (PDI): 

EMERGENT CHALLENGES IN HUMAN GENETICS

Jorge Sequeiros (i3S, Porto, PT)

PDI-2:    TECHNICAL STANDARDS OF THE INTERPRETATION AND REPORTING 
OF CONSTITUTIONAL COPY-NUMBER VARIANTS

Erin Rooney Riggs (USA)

GENETIC CARRIER SCREENING IN PORTUGAL: TOWARDS A 
SCIENTIFICALLY SOUND, ETHICALLY RIGOROUS, SOCIALLY 
RESPONSIBLE PROGRAMME

PDI-1:

11:25

11:45

12:25

12:45

14:40

PRENATAL TRIO EXOME SEQUENCING FOR FETAL ULTRASOUND
ANOMALIES

GENETIC DIAGNOSIS OF GASTROINTESTINAL HEREDITARY 
CANCER SYNDROMES: NGS UPDATE
Cris�na Albuquerque (Unidade de Inves�gação em Patobiologia Molecular- IPOLFG)

Detlef Trost

CORPORATE SYMPOSIUM 

CORPORATE SYMPOSIUM 

CORPORATE SYMPOSIUM 

LUNCH BREAK / POSTER VIEWING AND DISCUSSION / ONLINE EXHIBITION 

SELECTED ORAL PRESENTATIONS I - BASIC RESEARCH 

GENE THERAPY – FROM GENESIS TO TREATMENT

Chairs: Joana Melo, Paula Jorge

OPI_1 - MUTANT ATAXIN-2 PATHOLOGICAL FEATURES IS ALTERED BY THE AGING PROCESS   
Inês Afonso | Faculdade de Medicina e Ciências Biomédicas, Universidade do Algarve, Faro,  
Portugal,   Algarve Biomedical Center – Research Ins�tute, Faro, Portugal

OPI_2  - THE CDH1 LOCUS REGULATORY ARCHITECTURE: CDH1 NONCODING ELEMENTS  
CONTROL E-CADHERIN CANONICAL FUNCTIONS
 Celina São José |  i3S/Ipa�mup, Porto, Portugal; FMUP, Porto, Portugal; MPIMG, Berlin, Germany

OPI_3  - TRANSCRIPTOMIC CHARACTERIZATION OF HUMAN IPSC-DERIVED CARDIOMYOCYTES
 Beatriz Gomes Silva |  Ins�tuto de Medicina Molecular

OPI_4  - DEFINING THE EVOLUTIONARY BASIS OF MALE GERM CELL IDENTITY: 
AN INTEGRATED   BASIC AND CLINICAL RESEARCH APPROACH
 Paulo Navarro-Costa |  Ins�tuto Gulbenkian de Ciência

OPI_5  - WHOLE GENOME SEQUENCING ANALYSIS: EXPLORING GERMLINE CNV LANDSCAPES
 Marta Ferreira |  i3S/ipa�mup, Porto, Portugal; FCUP, Porto, Portugal

Scien�fic and Clinical Background of rAAVGene Therapy for Rare Gene�c Disorders
Mar�n Schulz (Pfizer Global Medical Affairs)

Discussion Panel: Gene Therapy in Portugal, challenges and opportuni�es
Cris�na Catarino (Imuno-hematologist), Ana Berta Sousa(Gene�cist), 
Teresa Moreno (Paediatrics/Neuromuscular)

Trusted Answers
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09:30 BIOETHICS DEBATE (BE): ETHICAL IMPERATIVE – THE IMPORTANCE 

OF QUALITY ON DIAGNOSTICS AND PRACTICE IN GENETIC MEDICINE

     THE CLINICAL GENETICIST PERSPECTIVEBE-1:
Lina Ramos (CHUC, Coimbra, PT)

BE-2:    THE LABORATORY GENETICIST PERSPECTIVE
Belinda Xavier (CHUV, Lausanne, CH)

BE-3:    THE GENETICS SCIENTIST PERSPECTIVE
Carla Oliveira (i3S/Ipa�mup, Porto, PT)

GENERAL DISCUSSION

Chairs: Célia Ventura, Carolino Monteiro 

Heloísa Santos (President of Bioethics Commi�ee of SPGH,PT)

19 NOV 2021

th

10:30

10:45

11:35

11:05

Ana Luísa Carvalho (CHUC,Coimbra,PT)

COFFEE-BREAK / ONLINE EXHIBITION

 CORPORATE SYMPOSIUM  

 CORPORATE SYMPOSIUM 

 CORPORATE SYMPOSIUM 

A NEW TREATMENT FOR CHILDREN WITH 
ACHONDROPLASIA 

DISTROFIAS DA RETINA: A ATUALIDADE DO 
DIAGNÓSTICO E TRATAMENTO, E PERSPETIVAS FUTURAS

ADVANCES IN WGS APPLICATIONS: LATEST COLLABORATIONS 
AND INNOVATIONS
Mar�n Boura

Host: Sérgio Bernardo Sousa (Coimbra, PT) 
Speaker: Melita Irving (London,UK)

OPIII_1  - TRICHOTHIODYSTROPHY, A CASE-REPORT HIGHLIGHTING THE IMPORTANCE 
OF   CONNECTING GENOTYPE AND PHENOTYPE DATA TO REACH A DIAGNOSIS  
 Ana M. Capela¹, Maria Abreu¹, Mariana Santos², Joel Reis³, Susana Machado³, 
Cláudia Oliveira⁴, Carla Carmona⁵, Gisela Silva⁶, Beatriz Porto⁴, Isabel Alonso⁷, 
Cláudia Falcão Reis⁸
(1-Unidade de Gené�ca Médica, Centro de Gené�ca Médica Jacinto Magalhães - Centro 
Hospitalar Universitário do Porto, Portugal; 2-UnIGENe, IBMC – Ins�tute for Molecular and 
Cell Biology, i3S- Ins�tuto de Inves�gação e Inovação em Saúde, Universidade do Porto; 
3-Serviço de Dermatologia, Centro Hospitalar Universitário do Porto, Portugal; 
4-Laboratório de Citogené�ca do Ins�tuto de Ciências Biomédicas Abel Salazar - Universidade 
do Porto(ICBAS-UP); 5-Unidade de Gené�ca Médica, Centro de Gené�ca Médica Jacinto 
Magalhães - Centro Hospitalar Universitário do Porto, Portugal; Unit for Mul�disciplinary 
Research in Biomedicine (UMIB) Ins�tuto de Ciências Biomédicas Abel Salazar, Universidade 
do Porto(ICBAS-UP),Porto,Portugal; 6-Departamento de Pediatria, Centro Materno Infan�l 
do Norte - Centro Hospitalar Universitário do Porto, Portugal; 7-Genetyca-ICM; CGPP – Centro 
de Gené�ca Predi�va e Preven�va, IBMC – Ins�tuto de Biologia Molecular e Celular, i3S – 
Ins�tuto de Inves�gação e Inovação em Saúde, Universidade do Porto, Portugal; 8- Unidade 
de Gené�ca Médica, Centro de Gené�ca Médica Jacinto Magalhães - Centro Hospitalar 
Universitário do Porto, Portugal; Life and Health Sciences Research Ins�tute (ICVS), School 
of Medicine, University of Minho, Braga, Portugal; ICVS/3B's - PT Government Associated 
Laboratory, Braga/Guimarães, Portugal
  
OPIII_2  - HEART DEFECTS, ORAL CLEFT, AND POLYDACTYLY CAUSED BY BIALLELIC VARIANTS 
IN  WDPCP GENE INVOLVED IN CILIOGENESIS
 Rita Quental |  Serviço de Gené�ca Médica, Centro Hospitalar Universitário de São João, 
Porto,    Portugal

OPIII_3  - MANDIBULOFACIAL DYSOSTOSIS TYPE GUION-ALMEIDA: NATIONAL CASE SERIES 
WITH  CLINICAL AND MOLECULAR CHARACTERIZATION  
 Mafalda Melo |  Serviço de Gené�ca Médica, Hospital Dona Estefânia, Centro Hospitalar 
Universitário   de Lisboa Central, Lisboa, Portugal

OPIII_4  - THREE PATIENTS WITH PHIP-RELATED SYNDROME - FURTHER PHENOTYPIC     
DELINEATION
Catarina Macedo | Serviço de Gené�ca Médica, Departamento de Pediatria, 
Hospital de Santa Maria,   Centro Hospitalar e Universitário Lisboa Norte, Lisboa, Portugal

OPIII_5  - EXPANDING THE CLINICAL SPECTRUM OF COMBINED OXIDATIVE 
PHOSPHORYLATION DEFICIENCY ASSOCIATED WITH MRPS34 GENE: A MILD CASE WITH 
SLENDER HABITUS 
 André M. Travessa |  Serviço de Gené�ca Médica, Departamento de Pediatria, 
Hospital de Santa Maria,   Centro Hospitalar Universitário Lisboa Norte, Lisboa, Portugal

08:30 SELECTED ORAL PRESENTATIONS II - CLINICAL CASE REPORTS
Chairs: Gabriela Soares, Lina Ramos 

19 NOV 2021

th



09:30 BIOETHICS DEBATE (BE): ETHICAL IMPERATIVE – THE IMPORTANCE 

OF QUALITY ON DIAGNOSTICS AND PRACTICE IN GENETIC MEDICINE
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Belinda Xavier (CHUV, Lausanne, CH)

BE-3:    THE GENETICS SCIENTIST PERSPECTIVE
Carla Oliveira (i3S/Ipa�mup, Porto, PT)

GENERAL DISCUSSION

Chairs: Célia Ventura, Carolino Monteiro 

Heloísa Santos (President of Bioethics Commi�ee of SPGH,PT)

19 NOV 2021

th
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Ana Luísa Carvalho (CHUC,Coimbra,PT)

COFFEE-BREAK / ONLINE EXHIBITION
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 CORPORATE SYMPOSIUM 

 CORPORATE SYMPOSIUM 

A NEW TREATMENT FOR CHILDREN WITH 
ACHONDROPLASIA 

DISTROFIAS DA RETINA: A ATUALIDADE DO 
DIAGNÓSTICO E TRATAMENTO, E PERSPETIVAS FUTURAS

ADVANCES IN WGS APPLICATIONS: LATEST COLLABORATIONS 
AND INNOVATIONS
Mar�n Boura

Host: Sérgio Bernardo Sousa (Coimbra, PT) 
Speaker: Melita Irving (London,UK)

OPIII_1  - TRICHOTHIODYSTROPHY, A CASE-REPORT HIGHLIGHTING THE IMPORTANCE 
OF   CONNECTING GENOTYPE AND PHENOTYPE DATA TO REACH A DIAGNOSIS  
 Ana M. Capela¹, Maria Abreu¹, Mariana Santos², Joel Reis³, Susana Machado³, 
Cláudia Oliveira⁴, Carla Carmona⁵, Gisela Silva⁶, Beatriz Porto⁴, Isabel Alonso⁷, 
Cláudia Falcão Reis⁸
(1-Unidade de Gené�ca Médica, Centro de Gené�ca Médica Jacinto Magalhães - Centro 
Hospitalar Universitário do Porto, Portugal; 2-UnIGENe, IBMC – Ins�tute for Molecular and 
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Magalhães - Centro Hospitalar Universitário do Porto, Portugal; Unit for Mul�disciplinary 
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Chairs: Jorge Pinto Basto, Carla Oliveira

Chairs: Jorge Pinto Basto, Cecília Correia, Rosário Pinto Leite

14:00 INVITED SYMPOSIUM II (ISII): 

STUDY MODELS AND TREATMENTS IN GENETIC DISEASES

ISII-1:   SPINAL MUSCULAR ATROPHY TREATMENT UPDATES

ISII-2:    NEUROFIBROMATOSIS TREATMENT UPDATES

ISII-3:    SYNTHETIC LETHALITY: PROMISES AND HURDLES IN CANCER TREATMENT 

João Passos (IPOL, Lisboa, PT)

Chris Lord (CRUK, London, UK)

Eduardo Tizzano (VHIO, Barcelona, ES)

Chairs: Carla Oliveira, Sebas�ão Rodrigues

12:00 LUNCH BREAK / POSTER VIEWING AND DISCUSSION / ONLINE EXHIBITION 

19 NOV 2021

th

Chair: Carla Oliveira

15:25

16:00

16:20

16:45

17:00

KEYNOTE LECTURE

TELOMERE MAINTENANCE, CHROMOSOMAL INTEGRITY AND THE SPECTRUM
OF HUMAN DISEASES”

COFFEE-BREAK / ONLINE EXHIBITION

NEW EUROPEAN PROJECTS IN HUMAN GENETICS

SPGH AWARDS CEREMONY

CLOSING SESSION

Chair: João Gonçalves

Luis Ba�sta (Siteman Cancer Center, Washington, USA)
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Belinda Campos Xavier 
 
 
A Doutora Belinda Campos Xavier é responsável desde 2015 do Laboratoire de Maladies 
Moléculaires do Service de Médecine Génétique, no Centre Universitaire Vaudois 
(CHUV) de Lausanne na Suíça. Doutorou-se em Genética Humana em 2002 na 
Faculdade de Medicina da Universidade  Réné Descartes em Paris, França.   
 
Responsável da implementação em 2011 do Next-Generation Sequencing (NGS) no 
laboratório como metodologia para análises moleculares de diagnóstico. 
 
Em 2017 concluiu o micro-MBA de gestão hospitalar na vertente capacidade inovadora 
e trabalho em equipa. 
 
Em 2018 obteve por exame do EBMG o título de Clinical Laboratory Geneticists (ErCLG). 
 
As suas atividades de investigação têm como foco o estudo doenças genéticas com 
particular interesse pelas doenças esqueléticas e doenças metabólicas. Nas suas áreas 
de interesse incluem-se igualmente entre outras, novas metodologias de sequenciação, 
genómica, RNA e RNASeq. 
 
 
 
  



 
 
 

 
 
 

 
Carla Oliveira, BSc, PhD |  carlaol@ipatimup.pt 
 
 
2015-present  Group Leader/Principal Investigator (tenure), Expression Regulation 

in Cancer Group, i3S Porto, PT 
2013-present  Group Leader/Principal Investigator (tenure), Ipatimup, Porto, PT 
2013-present  Co-founder, Scientific Head and CEO, Bioinf2Bio Bioinformatics 

Company, Porto, PT 
2006-present  Affiliated Professor, Dept. Pathology, Fac. Medicine, Univ. Porto, PT 
2005-present  Consultant for gastric-cancer related syndromes, IPATIMUP 

Diagnostics, Porto, PT 
2011-2012 Invited researcher, Max Planck Institute for Developmental Biology, 
                               Tubingen, DE (E. Isaurralde Lab) 
2008-2012              Junior Group Leader, Ipatimup, Porto, PT (Ciência 2008 – FCT)     
2005-2008              Team Leader, Ipatimup, Porto, PT (Agência de Inovação - FCT)     
2004-2005  Post-doc Researcher, Univ. British Columbia, Vancouver, CA  
                               (D.Huntsman Lab) 
2002-2003  Post-doc Researcher, Ipatimup, Porto, PT (R. Seruca Lab) & 
                                INSERM, Paris, FR (R. Hamelin Lab) 
March-2002  GABBA PhD in Human Biology, Fac. Medicine, Univ. Porto, PT 
2001-2002 Visiting Ph.D. student, Ipatimup, PT (R. Seruca Lab) 
1999-2000 Ph.D. student, CIMR - Cambridge Institute for Medical Research  
                                (C. Caldas Lab), Cambridge Univ., UK 
1997-1998               Research Fellowship, Ipatimup-Institute of Molecular Pathology and 
                                Immunology UPorto, PT 
1991-1996  Biochemistry Degree, Fac. Science and Technology, Univ. Coimbra,  
                                PT 
 
H-INDEX = 53 (SCOPUS)  
 
PUBLICATIONS: 157 articles with 11.100 (SCOPUS) in the fields of Human Genetics 
and Molecular Oncology  
 
Accumulated Impact Factor: >1.000,00 
 



 
 
 
C. Oliveira is recognized internationally for her work in E-cadherin/CDH1-related diseases 
and hereditary cancer. She disclosed novel germline causes of Hereditary 
Gastrointestinal Cancer and defined somatic events in tumours with impact for patient 
management and therapy. 
 
Her main scientific aim is to disclose the missing heritability in Hereditary Gastric Cancer. 
For this, her team is exploring the whole genome, with particular emphasis in its 
noncoding portion. She also aims at finding biomarkers with clinical utility for earlier 
detection of sporadic and hereditary gastric cancer and to disclose actionable genotype-
phenotype relationships in these diseases. The social and economic impact of hereditary 
cancer is a transversal aspect in her research and she privileges the interaction with 
Patient’s associations, such as EVITA.  
 
C. Oliveira has been a PI of projects funded with >3.5M€ and team member in projects 
with equivalent total budget. She independently raised additional 2.5M€ for human 
resources. She was invited speaker in >120 National and International conferences; she 
is Scientific and Executive Committee Member of the European Society of Human 
Genetics and its Portuguese sister society; National Representative of the European 
Reference Network ERN-GENTURIS on genetic tumour risk syndromes, and; the head 
the Hereditary Diffuse Gastric Cancer branch of the SolveRD (Solving Rare diseases) 
EU-Project. She also belongs to the Portuguese Group of Hereditary Tumours promoted 
by The Portuguese Society of Oncology (PROGO). She is regular reviewer of National 
and International fellowship and grant applications. She successfully supervised 13 
Masters and 13 PhD students to completion, 10 post-docs and recruited 4 junior project 
leaders (iFCT) for her team. 
 
C. Oliveira’s group has also gained expertise and visibility in genomics and 
bioinformatics, due to active participation in international consortia and large European 
Projects including the European-wide research project SOLVE-RD – Solve Rare 
diseases; the Consortium GEUVADIS and GTEx; Several COST actions, as well as the 
Marie Skłodowska-Curie Innovative Training Networks ITN TRAIN-EV. The group has 
relevant roles in management and executive functions in the GenomePT National 
Infrastructure for genome sequencing and the 1 Million European Genomes project. Her 
team is multidisciplinary with strong background in oncobiology and genetics, and 
supported by technical expertise in molecular and cellular biology, NGS, bioinformatics 
and a strong link with hospitals and clinical professionals. Her team was recently awarded 
with the Prize Alfredo da Silva on “Sustentabilidade de sistemas de saúde” for the work 
on optimized pathways of care in Hereditary cancer syndromes. 

  



 
 
 

 
 
Carlos Caldas MD FACP FRCP FRCPath FMedSci 
Professor of Cancer Medicine, University of Cambridge 
Senior Group Leader, Cancer Research UK Cambridge Institute 
NIHR Senior Investigator Emeritus 
Honorary Consultant Medical Oncologist, Addenbrooke’s Hospital 
Visiting Professor, Weizmann Institute of Science  
 
 
Carlos Caldas is Professor of Cancer Medicine (since 2002), Department of Oncology, 
University of Cambridge, and Head, Breast Cancer Functional Genomics Laboratory, 
Cancer Research UK Cambridge Institute (since 2007). He is an Honorary Consultant 
Medical Oncologist (since 1996) and was the Founding Director of the Breast Cancer 
Programme at the Cambridge Cancer Centre (2017-2020) and the Founding Director of 
the Cambridge Breast Cancer Research Unit at Addenbrooke’s Hospital (2007-2020). In 
2016-17 he did a Professorial Sabbatical at the Weizmann Institute of Science in Israel, 
where he is since a Visiting Professor. 
 
He graduated top of his class from the University of Lisbon Medical School in 1984, 
completed a Residency in Internal Medicine at UT Southwestern in 1991 and a Fellowship 
in Medical Oncology at Johns Hopkins in 1994. He then moved to the UK and completed 
a Research Fellowship at the ICR in London. In 1996 he was recruited to the University 
of Cambridge as junior faculty. 
 
He is Fellow of the Academy of the Medical Sciences, Fellow of the European Academy 
of Cancer Sciences, and EMBO Member. He is also Fellow of the American College of 
Physicians, Fellow of the Royal College of Physicians and Fellow of the Royal College of 
Pathologists. He holds an ERC Advanced Grant (2016-2022). 
He is the recipient of major international awards: the 2016 ESMO Hamilton Fairley 
(Translational Research) Award, the 2021 European Society of Human Genetics Award, 
and the 2021 Susan G. Komen Brinker Award for Scientific Excellence in Basic Science.  
 
He has published over 450 manuscripts, including in Nature, Cell, Cell Reports, New 
England Journal of Medicine, Nature Genetics, Nature Medicine, Nature Cancer, Science 
Translational Medicine and Nature Communications. He is listed in the 2018, 2019, 2020 
and 2021 Highly Cited Researchers, Web of Science 
 



 
 
 
His research focus is the functional genomics of breast cancer and its biological and 
clinical implications. His laboratory redefined the molecular taxonomy of breast cancer, 
revealing novel subtypes and their respective drivers [Curtis et al, Nature 2012; Dawson 
et al, EMBO J 2013; Pereira et al, Nature Communications 2016], robustly validated this 
new taxonomy [Ali et al, Genome Biology 2014], and showed that it determines the clinical 
trajectories of patients, including late relapses [Rueda et al, Nature 2019]. His group also 
completed miRNA profiling [Dvinge et al, Nature 2013] and characterized the DNA 
methylation landscapes of the same tumors [Batra et al, Nature Communications, 2021], 
providing novel insights into the epigenetics of a common epithelial malignancy. He has 
pioneered the characterization of breast cancers as distinct tumor ecosystems [Ali et al, 
Nature Cancer 2020]. He co-led seminal studies that defined the clonal heterogeneity of 
triple negative breast cancers [Shah et al, Nature 2012] and the patterns of whole-
genome ER binding in primary breast tumors [Ross-Ines, Nature 2012]. He also led the 
translational studies that established ctDNA to monitor tumor burden in breast cancer 
[Dawson et al, NEJM 2013] and as a liquid biopsy to unravel therapy resistance [Murtaza 
et al, Nature 2013; Murtaza el al, Nature Communications 2015]. He showed that 
metastases are multi-clonal, occur in waves, and are subjected to immune editing [de 
Mattos-Arruda, Cell Reports 2019]. More recently his laboratory pioneered and developed 
the use of patient-derived tumor explants as a model system for breast cancer and a pre-
clinical pharmacogenomics platform that mimics the genomic and phenotypic 
heterogeneity of the human tumors [Bruna et al, Cell 2016; Georgopolou et al, Nature 
Communications, 2021].  
 
He created and developed the Personalized Breast Cancer Programme, which uniquely 
delivers whole genome and transcriptome sequencing to all consenting patients with both 
early and advanced disease in Cambridge. He led until recently a multi-disciplinary 
translational program that integrates multi-omics, pathology, radiology, and novel clinical 
trials to deliver systems medicine for the benefit of breast cancer patients. He now 
focuses his research program on the biology of breast tumor ecosystems that evolve 
because of both therapy and immune editing. This will ultimately unravel tumor dormancy, 
metastasis, and therapy resistance.  
 
 
  



 
 
 

 

Chris Lord 
 
 
Professor of Cancer Genomics 
Deputy Director Breast Cancer Now Toby Robins Research Centre 
Team Leader, CRUK Gene Function Laboratory 
The Institute of Cancer Research, London 
 
 
Synopsis. Applying concepts such as synthetic lethality and non-oncogene addiction 
provide one route to identifying novel approaches to treating cancer. PARP inhibitors 
have provided the first clinical demonstration of synthetic lethality. Identifying, 
understanding and exploiting PARP inhibitor and other synthetic lethal effects remains 
the focus of Prof. Lord’s work. This work includes efforts to identify the molecular features 
that predict response to therapy, identifying drug combination strategies that can 
maximise efficacy and understanding how drug resistance emerges. 
 
Biography. Professor Lord completed his D.Phil., working on complex disease genetics 
at the Wellcome Trust Centre for Human Genetics, University of Oxford. Chris carried out 
post-doctoral work at the CIMR, University of Cambridge, and at the ICR, London, before 
becoming a PI at the ICR.  
 
Discloure information. CJL is an inventor on patents describing the use of PARP 
inhibitors and stands to gain from their development as part of the ICR’s “Rewards to 
Inventors” scheme. CJL has received research funding, honoraria, consultancy or 
advisory board payments from the following: Sun Pharma, Vertex Ltd., 3rd Rock, Horizon 
Discovery, Gerson Lehrman Group, Astra Zeneca, Merck KGaA, Artios, Ono Pharma, 
Tango Therapeutics and LEK. CJL owns shares in Tango Therapeutics. 
  



 
 
 

 
 
Cristina Dias 

Dr Cristina Dias Cristina is a Consultant in Clinical Geneticist and Genomic Medicine and 
Clinician Scientist. Her overarching research interest over the years has been the 
application of high throughput omics technologies in the identification of causes and 
mechanisms of rare disease. 

Cristina graduated in Medicine from ICBAS, University of Porto, and went on to specialise 
in Medical Genetics at the Jacinto Magalhães Medical Genetics Institute in Porto. During 
her clinical training, she investigated Cornelia de Lange Syndrome, having been awarded 
the 2007 SPGH Clinical Research Award. She went on to the University of British 
Columbia in Vancouver, Canada, where she expanded her research experience in rare 
disease and genomics and qualified as a Medical Geneticist under the Royal College of 
Physicians and Surgeons of Canada. Cristina went on to complete her PhD in biological 
sciences at the University of Cambridge and Wellcome Sanger Institute, where she 
defined a novel intellectual disability caused by mutations in BAF complex-associated 
transcription factor BCL11A mouse models of neurodevelopmental disorders. She 
subsequently moved to King’s College London and the Francis Crick Institute, where she 
was awarded a Wellcome Clinical Research Career Development Fellowship. 

Cristina’s research focuses on understanding how gene mutations contribute to 
altered early brain development leading to intellectual developmental disorder (IDD) and 
learning disabilities. Specifically, her group aims to understand the role of chromatin 
remodellers in neurodevelopment and the mechanisms by which their dysfunction cause 
IDD. 

In collaboration with The Francis Crick Institute, Cristina uses human neural stem cell 
models to interrogate these mechanisms in vitro. Aligned with this, she is leading a 
clinical study – BUILD (BAF complex & related genes underlying intellectual disability) - 
a collaboration between Great Ormond Street Hospital, the Francis Crick Institute, and 
King’s College London. The study aims to provide a deeper understanding of these 
conditions, clinically and biologically. Additional interests include the genetic aetiology 
of agenesis of the corpus callosum and Aicardi Syndrome. 



 
 
 

 

Erin Rooney Riggs 
 
 
Erin Rooney Riggs, MS, CGC, is a genetic counselor and Assistant Professor at the 
Geisinger Autism & Developmental Medicine Institute.  Her research focuses on the 
development and implementation of evidence-based frameworks for the assessment of 
gene-disease validity and variant pathogenicity.  She is one of the principal investigators 
of the ClinGen project, and currently serves as the ClinGen steering committee chair. 
 
 
 
 
  
  



 
 
 

 
 
Heloísa G. Santos | heloisa.santos@mail.telepac.pt 
 
 
Consultant in Medical Genetics and Paediatrics. President of SPGH Bioethics 
Committee. Head of Genetics Unit of Paediatric Service, Hospital Santa Maria (1974-
1999). First Director of Medical Genetics Service of Hospital Santa Maria, Lisboa (1999-
2004). Consultant in Medical Genetics of Molecular Medicine Institute, Faculty Medicine, 
University Lisbon (2004-2007).  
 
Permanent Consultant in Medical Genetics of portuguese Directorate-General of Health, 
since 1996. University Assistant of Medical Genetics in Faculty of Medical Sciences of 
University of Lisbon (1977-1982).  University Assistant of Medical Genetics of Faculty of 
Medicine University of Lisboa (1983-1991). PhD in Genetics (1991), Faculty of Medicine 
University Lisbon (FMUL). Invited Professor of Medical Genetics in FMUL (1991-2004). 
Lecture in Bioethics in the Bioethics Centre of Faculty of Medicine University of Lisbon 
(from 2000).  
 
Member of UNESCO International Bioethics Committee (2002-2006). President of 
Bioethics Council of Portuguese Nacional Health Institute, INSA (2012-2015); President 
of Bioethics Committee of Portuguese Paediatrics Society until 2016. National Genetics 
Award-1991; Tuberous Sclerosis Association Award-1994; INSA AWARD (2017).  
 
Member of ESHG (from 1978), BSMG (from 1984), Portuguese Society of Paediatrics 
(from 1970), SPGH (Honorary), Tuberous Sclerosis Association (Honorary).  
 
European Society Human Genetics (ESHG) – member from 1978. Host and local 
President of the ESHG 30th Annual Meeting (Lisbon, 1997). Scientific Programme 
Committee Member (1997-1999).  
 
Portuguese Society Human Genetics - Founder member (1996), President in 1997 (the 
first) and in 2004. Honorary Member (2011), President of Bioethics Committee from 2010.  
 
Over 120 publications in Medical Genetics and Bioethics most in international journals 
and books, including, in collaboration with André Pereira, “Genética para todos - de 
Mendel à Revolução Genómica do século XXI: a prática, a ética, as leis e a sociedade”, 
Gradiva, 2019. Research leader in several scientific projects.   

mailto:heloisa.santos@mail.telepac.pt


 
 
 

 
 
João Passos | passos.joao.marques@gmail.com 
 
PROFESSIONAL EXPERIENCE 
Current position – Neurology Assistant at Portuguese Institute of Oncology (IPO), Lisbon 
 
EDUCATION 
Set 2004 – Jun 2010 
Lisbon Faculty of Medicine, University of Lisbon 
M.D. 
 
Jan 2011 – Dez 2011 
Hospital São Teotónio - Viseu 
General internship 
 
Jan 2012 – Jan 2017 
Portuguese Institute of Oncology, Lisbon 
Neurology residency 
RESEARCH AND PUBLICATIONS 
 
• Passos J, Azevedo A, Salgado D, Nzwalo H. Three decades of drift: the misdiagnosis 
of predominantly neuropsychiatric multiple sclerosis. J Neuropsychiatry Clin Neurosci. 
2014 Jan 1; 26 (1): E55-6. 
• Passos J, Nzwalo H, Marques J, Azevedo A, Nunes S, Salgado D. Stroke in children 
with cancer: the tip of the iceberg? Pediatr Neurol. 2014 Feb; 50 (2):e3. 
• Passos J, Nzwalo H, Marques J, Azevedo A, Netto E, Nunes S, Salgado D. Late 
Cerebrovascular Complications After Radiotherapy for Childhood Primary Central 
Nervous System Tumors. Pediatr Neurol. 2015 Sep; 53 (3):211-5. 
• Passos J, Nzwalo H, Valente M, Marques J, Azevedo A, Netto E, Mota A, Borges A, 
Nunes S, Salgado D. Microbleeds and cavernomas after radiotherapy for paediatric 
primary brain tumours. J Neurol Sci. 2017 Jan 15; 372:413-416. Doi: 
10.1016/j.jns.2016.11.005. Epub 2016 Nov 11 
• Passos J, Nzwalo H, Marques J, Azevedo A, Nunes S, Salgado D. Cognitive function, 
cerebral microbleeds, radiotherapy, and bevacizumab in survivors of pediatric brain 
tumors. 
Neuro Oncol. 2017 Feb 1;19(2):298-299. doi: 10.1093/neuonc/now246. 

mailto:passos.joao.marques@gmail.com


 
 
 
• Passos J, Nzwalo H, Tavares M, Bravo-Marques J. Unusual Case of Multiple 
Expressions of Late Radiotherapy-Induced Brain Small Vessel Disease. Neurohospitalist. 
2020 Apr;10(2):143-144. doi: 10.1177/1941874419848891. Epub 2019 May 9. 
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CE, Vinhais S, Vilares M, Salgado D, Nunes S. Selumetinib for plexiform neurofibromas 
in neurofibromatosis 
 
Curriculum Vitae 
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Santos M. J. Stiff person spectrum disorders: An illustrative case series of their 
phenotypic and antibody diversity. Neuroimmunol. 2020 Apr 15; 341:577192. doi: 
10.1016/j.jneuroim.2020.577192. Epub 2020 Feb 13. 
• Passos J, Nzwalo H, Pedro C, Ferreira D, Borges A. Mirror meningiomas: a late rare 
finding after radiotherapy for childhood for a craniopharyngioma. Acta Neurol Belg. 2020 
Jun;120(3):769-770. doi: 10.1007/s13760-020-01298-2. Epub 2020 Feb 12. 
• Borges A, Garcez D, Pedro C, Passos J Chemoradiation induced multiple sclerosis-
like demyelination. eNeurologicalSci. 2021 Jan 20; 22:100315. doi: 
10.1016/j.ensci.2021.100315. eCollection 2021 Mar. 
• Sara da Mata, J. Passos, M. Mafra Tumor-to-Tumor Metastasis: Breast Carcinoma 
Metastasis to Meningioma. Sinapse, Volume 19, Nº 3-4, 2019 
• Principal Investigator, Validation and Translation of a Questionnaire on the Impact of 
Type 1 Neurofibromatosis on Quality of Life (INF1-QOL). Ongoing. 
COURSES AND CONFERENCES 
 
• 1st and 2nd European Combined Neurooncology Course of SIOPE BTG (2019; 2020) 
• Speaker in 12nd edition of Personalised Healthcare in Oncology, Lisbon 2020 
PROFESSIONAL MEMBERSHIPS 
 
• American Academy of Neurology, 2013 – present 
• Portuguese Neurology Society, 2012 – present 
• Portuguese Medical Association, 2010 – present 
ADITIONAL INFORMATION 
 
• Participation since March 2020 in the Foundation Medicine Molecular Tumor Board with 
several pediatric cases presented 
Curriculum Vitae 
• Neurofibromatosis Consult implementation at IPO with approximately 400 patients 
currently being followed. 
  
 



 
 
 

 
 
Jorge Sequeiros 
 
Member of founding nucleus of SPGH, first board (1996-99), first president-elect, drafted 
the statutes and org. 2nd Meeting of SPGH and Portuguese-Brazilian Symposia (Brasília 
and Luso, 1997, 98). 
 
Licenced by FMUP (1975); PhD in Genetics, ICBAS (1990). ECFMG Certificate, USA 
(1982); Post-doc Clinical Fellow, Medical Genetics (Fulbrighter), Johns Hopkins Univ. 
Hosp., Baltimore (1982-85). Specialist in Internal Medicine and in Medical Genetics 
(1987).  
 
Currently: Emeritus Professor, UP (2021). Invited Retired Professor, ICBAS, UP (2020- 
). Research group leader, UnIGENe - Unit for Genetics and Epidemiological Research on 
Neurological Diseases, 1992- ); Director, Centre for Predictive and Preventive Genetics, 
1999- ), IBMC, i3S, UP.  
 
Formerly: Full Professor of Medical Genetics (2004-20), teaching basic, medical and 
clinical genetics to medical students and Medical Genetics to biochemistry MSc students. 
Director, MSc on Genetic Counselling, ICBAS, UP. Research Trainee (1971-75); Tutor, 
Medical Genetics, FMUP (1973-75). 
 
Founder and first President (1999-2009), College of Medical Genetics (Ordem Médicos). 
Board member, ESHG (2008-2013); member, Public and Professional Policy Committee 
(2002-2013), Education Committee and jury for the DNA Day assay contest (2008-2013) 
at ESHG. Executive Board, EBMG (2012-13). National Coordinator, ORPHANET-PT 
(2008-15). President, National Human Genetics Commission (DGS, 2009-14). 
 
President, Ethics Commission, UP (2011-14). Member, CNECV (2004-15) and CEIC 
(2014-15). Consultant (ethics), DGS.  
 
Secretary-general (interim president), Ataxia Research Group, World Federation of 
Neurology (1993-97). Organizer for EMQN, EQA scheme on spinocerebellar ataxias 
(2004-12). Steering group and unit leader: EuroGentest harmonizing genetic testing in 
Europe (NoE, FP6/7, 2004-13). Research networks: Euro-HD/EHDN (2004- ), HD-MAPS 
(2008- ), SPATAX (2004- ), RIBERMOV (2010-13), SCA Global (2018- ).  



 
 
 
 
Working groups at OECD (2001-2010): on Human Research Biobanks and Databases; 
Pharmacogenetics; steering group: Quality Assurance and Proficiency Testing Schemes 
for Molecular Genetic Testing in OECD countries. Expert group on Genetic Testing, EC; 
and EUCERD (2010-13). Working group on DTC Genetic Testing, EASAC/FEAM, 
Brussels (2011-12).  
 
Sci. comm. of lay associations: Int. Joseph Dis. Found., USA (1981-93), EUROATAXIA 
(2002-06), MJD Found., Australia (2009- ). Honorary member and sci. comm.: 
Portuguese assoc. for familial amyloid neuropathy (2001- ), hereditary ataxias (2008- ) 
and Huntington disease (2001- ). 
  
Main Prizes: Fonseca e Castro, IGM (1986); Jacinto de Magalhães, IGM (1989); Ricardo 
Jorge de Saúde Pública, INSA (1989); Estímulo à Excelência, FCT (2004).  
 
Review panels: EC DG Research FP6 and FP7 (ethical screening); INSERM 
(neurodegen. dis.), ANR, France (AVENIR and COHORT); IRDiRC, Inst. Carlos III, 
Spain; Ag. Inovação, Portugal (genetics); consultant, JPND, EU; 22nd TV3 Marató, Catha 
Research, Catalonia; MJD Foundation Australia; UN Univ. Programme for Biotechnology 
in Latin-America and the Caribbean.  
 
Supervisor/co-supervisor: 32 PhD students’ theses and 11 post-docs. Co-author of over 
300 full scientific papers, incl. over 230 original articles in refereed international journals, 
and 17 book chapters. Edited 2 multi-author books and a special issue of J Community 
Genet (Genetics and Ethics in Latin-America). Ed. boards: Clin Genet (1999- ), J 
Community Genet (2010- ), J Xiangya Med (2017- ).  
 
[Ciência ID: 0E17-D288-38BC] 
 
 
 
  



 
 
 

 
 
 
José Bessa 
 
José Bessa is the group leader of the Vertebrate Development and Regeneration 
research group at I3S, Oporto, Portugal. The focus of his research is to study 
transcriptional cis-regulation and gene function in the zebrafish pancreas. José 
completed his PhD degree in 2008, in the field of Developmental Biology at ICBAS. In the 
last years José Bessa has developed creative new tools to approach transcriptional cis 
regulation, as new vectors to test the activity of cis-regulatory elements in zebrafish and 
methods to disrupt regulatory landscapes of genes. More recently, Jose is using Next 
Generation Sequencing technologies to predict pancreatic cis-regulatory elements 
genome wide, combining gain and loss-of-function assays of these elements to 
understand their requirement in development and health. Among several merits, José’s 
laboratory has been awarded an ERC starting grant 
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DNA METHYLATION LANDSCAPES OF BREAST CANCER REVEAL EPIGENETIC 
INSTABILITY AND CIS REGULATION 
 
Carlos Caldas MD FACP FRCP FRCPath FMedSci 
Professor of Cancer Medicine, University of Cambridge 
Senior Group Leader, Cancer Research UK Cambridge Institute 
NIHR Senior Investigator Emeritus 
Honorary Consultant Medical Oncologist, Addenbrooke’s Hospital 
Visiting Professor, Weizmann Institute of Science 
 
  



 
 
 
ROLE OF BAF SWI/SNF CHROMATIN REMODELLERS IN NEURODEVELOPMENT 
AND ID 
Cristina Dias 
CRICK, London, UK 
 
 
Neurodevelopmental Disorders (NDD) are a common group of conditions, affecting up to 
3% of the general population, with significant societal impact. Yet, the molecular and 
cellular mechanisms disrupting the tightly regulated orchestration of gene expression 
governing brain development and maintenance remain unclear. Unsurprisingly, 
mutations in genes regulating the human genome structure and function, “epigenetic 
regulators”, are those most commonly identified in NDDs. Understanding these conditions 
will provide insight into genome function during neurodevelopment and into human 
disease.  
 
Mutations in the BAF swi/snf complex family of chromatin remodellers, first identified in 
children with Coffin-Siris Syndrome, are now known to be a frequent cause of both 
syndromic and non-syndromic intellectual disability and autism spectrum disorder. The 
BAF complex is a large multiprotein complex with multiple combinatorial assemblies that 
makes the genome accessible to cellular machinery which controls gene expression. It 
has been extensively studied in its role in transcription regulation, cell cycle, pluripotency, 
tissue specific differentiation and cancer. However, the BAF complex also plays a 
fundamental role in neural differentiation and specification. Mutations in almost all of its 
subunits have now been associated with neurodevelopmental phenotypes. In this talk, 
we will overview a subset of those phenotypes, highlighting the increasing variability of 
clinical features of different subunits, and variable phenotypes within the same subunit. 
The latter observation has driven international collaborations examining possible 
genotype-phenotype correlations. We will present ongoing efforts to understand the 
mechanistic underpinnings of some of these Chromatin Disorders. 
 
  



 
 
 
TECHNICAL STANDARDS OF THE INTERPRETATION AND REPORTING OF 
CONSTITUTIONAL COPY - NUMBER VARIANTS 
 
Erin Rooney Riggs, MS, CGC 
Assistant Professor, Certified Genetic Counselor 
Autism & Developmental Medicine Institute, Geisinger 
eriggs@geisinger.edu 

Analysis of germline copy number variants (CNVs), including deletions and duplications, 
is an established first-tier evaluation in individuals with neurodevelopmental disorders 
and/or multiple congenital anomalies, as well as for fetuses with ultrasound abnormalities. 
Expanding use  of array- and next generation sequencing (NGS)-based technologies for 
copy number analysis will continue to broaden the range and types of CNVs encountered 
in the clinical setting, as well as our understanding of their impact on human health. 
Although whole-genome CNV analysis has been in routine diagnostic use for almost a 
decade, interpretation of the clinical significance of some CNVs remains challenging; 
some discordance among clinical laboratories continues to persist due to differences in 
selecting and weighing the evidence used in classifying clinical significance.  As clinical 
laboratories incorporate NGS-based techniques for CNV detection and identify both copy 
number and sequence variants together in a single test, consistency in interpretation and 
reporting of these variants is critical. The interpretation process leading to a final CNV 
classification should thus rely on the meaningful use of appropriate evidence to support 
or refute pathogenicity, and align with principles in sequence variant classification where 
possible.   

To assist clinical laboratories in performing consistent and transparent classification and 
reporting of CNVs, irrespective of the technology used to identify them, the American 
College of Medical Genetics and Genomics (ACMG), in collaboration with the NIH-funded 
Clinical Genome Resource (ClinGen) project, has updated existing professional 
standards. While the previous ACMG guidelines provided a high-level conceptual 
framework for applying evidence to interpretations of constitutional CNVs in diagnostic 
testing, this update provides more specific recommendations on how and when to 
account for various types of evidence. We have devised point-based, hierarchical scoring 
systems for both copy number losses and copy number gains to systematically evaluate 
relevant evidence and determine the clinical relevance of CNVs. Multiple categories are 
used to help interpret CNVs including: overlap with CNVs reported in clinically affected 
individuals, overlap with CNVs reported in unaffected individuals, case-control studies, 
the presence of known dosage-sensitive genes, case reports with segregation data, de 
novo occurrence of CNVs, and the number of protein-coding genes included in the 
CNV.  Other significant updates include implementing a 5-tier classification system in 
parallel to that used for interpreting sequence variants, explicit guidance for interpreting 
intragenic CNVs, and the recommendation to uncouple the evidence-based classification 
of a variant from its potential implications for a particular individual (i.e., not using clinical 
context to justify classifying the same variant differently in different individuals). The 
updated standards apply to analysis performed with any method capable of defining the 
chromosomal boundaries of copy number events, even routine whole-exome or genome 
sequencing. This work is expected to have broad impact in the clinical community by 
providing a robust system to support the consistent classification of CNVs.  
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Beginnings of Medical Genetics in Portugal and the creation of SPGH 
Personal contribution to the history of its foundation. 
Heloísa G. dos Santos  
 
I am very pleased to be celebrating the 25th Anniversary of the Portuguese Society of 
Human genetics (SPGH) this year, in the knowledge that our society stays alive and 
continues to thrive. Congratulations and thanks to all, in particularly to those that have 
contributed so much for this to become possible. It has not been an easy task. 
 
To celebrate this occasion, I will revisit and outline the earliest days of the beginnings of 
medical genetics in Portugal, particularly in Lisboa and Coimbra where I was directly 
involved, mainly in the first steps of clinical genetics, as well as in the learning of genetics 
in Lisbon’s two schools of medicine. I would like to mention some crucial international 
courses and important pioneers who played a fundamental role in the development of 
human genetics, namely Luís Archer and Amândio Tavares.  
 
I will also describe the origin of creation of the Portuguese Society of Human Genetics 
(SPGH) and its first steps and aims. A brief description of these early days has been 
published in the site of our society, but more detailed important aspects will be disclosed. 
Our Society established the indispensable link between portuguese human geneticists 
and others working in human genetics. The great importance of better connections with 
international scientific societies and world scientists become also crucial at a time when 
there was no internet and international journals were not yet available to us. In addition, 
was very difficult to obtain fellowships or to realize genetic research. Additionally, in the 
70s and 80s, portuguese society, including many medical doctors, some human 
geneticists, and medical teachers, all strong linked with the Catholic church and very 
conservative, were actively against new forms of genetic prevention, creating great 
difficulties in genetic counselling, namely in family planning, and prenatal diagnosis. 
Annual meetings, an informative newsletter, ABC courses, the DNA British Council 
exhibition (2003) and, last but not the least, the fundamental meeting of ESHG which took 
place in Lisbon, in 1998 and opened the door to an increased number of international 
publications and offered fellowships for a few younger geneticists to go the next abroad. 
These were the main activities we implemented for adequately improve this area in our 
country. Influenced by our Society and the Committee of Competence of Ordem dos 
Médicos, the speciality of Medical Genetics (Abril 1998) and the beginning of medical 
genetics internship (2000), were our first important achievements.  
 
 A demand for better conditions to improve clinical and laboratory support for our patients 
and families, as well as to conduct more and better independent human genetic research 
in Portugal should be, I believe, fundamental new goals for the SPGH next coming years. 
 
 
  



 
 
 
NEUROFIBROMATOSIS TREATMENT UPDATES 
 
 
Neurofibromatosis type 1 (NF1) is an autosomal dominant disease caused by mutations 
or deletions of the NF1 gene (17q11.2) that encodes the Neurofibromin protein, a 
GTPase-activating protein that negatively regulates RAS/MAPK pathway activity. There 
are several clinical manifestations of NF1, of which three are tumors, and the diagnostic 
criteria were recently revised to include the differential diagnosis of Legius syndrome and 
mosaicism. The occurrence of tumors in NF1 is related to the function of Neurofibromin, 
which acts as a tumour suppressor. Its absence leads to an activation of the 
Ras/MAPK/MEK molecular pathway whose global effect is to promote cell proliferation 
and cell survival. Our approach at the Lisbon IPO is centred on cancer risk and we 
consider that the stratification of this risk requires imaging exams, namely brain MRI and 
total body MRI. The two most frequent types of tumors in our population are plexiform 
neurofibromas (PN) and optic pathway gliomas (OPG). The most frequent malignant 
tumors are malignant peripheral nerve sheath tumor (MPNST), breast cancer and 
glioblastoma. Only the first two can be screened. Regarding PN, it is important to 
remember that these tumors occur frequently in patients with NF1 and that they can affect 
any part of the body. Their location and dimensions will be decisive in clinical 
presentation. Treatment was, until a few years ago, only surgical, but surgical removal of 
these lesions can be challenging and is rarely complete. There are several MEK inhibitors 
that are being explored as treatment options for NF1-NP. There are some differences 
between the numbers of patients in each trial, the ages of patients treated and the 
response rates, but overall, we can say that MEK inhibition is effective in treating this 
condition. Selumetinib is the only drug currently approved by the EMA with an indication 
to treat PN in patients under 18 years of age. Confronted with an intractable disease that 
has become treatable, we developed an algorithm for making decisions regarding NF1-
NP patients. A patient who presents with a symptomatic PN or a PN at high risk of 
becoming symptomatic, in whom surgery is contraindicated, should be evaluated for 
medical treatment. After treatment initiation, pharmacovigilance and prolonged 
monitoring are recommended. We present the results corresponding to the first 3 years 
of experience using Selumetinib in the treatment of NF1-PN at Lisbon IPO. During this 
period, we have treated 50 patients. The most frequent location of the target PN was in 
the head and neck region and the three most frequently reported symptoms were 
deformity, functional impairment and pain. More than half of the patients required 
medication adjustments. Of the patients who repeated MRI, 39% were found to have a 
reduction in the size of the target tumor. 54% of patients had stable disease and two 
patients progressed under therapy. It is also important to mention the gains in function 
and pain control seen in several patients under treatment. Regarding side effects, most 
of them were mild. Frequent side effects consisted of acne, xeroderma and CPK increase. 
The effect that most frequently triggered dose reduction or transient discontinuation of 
medication was paronychia. Long term follow-up is recommended. 
 
João Passos 
passos.joao.marques@gmail.com 
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AMÂqNDIO S. TAVARES AND THE FOUNDATIONS OF HUMAN GENETICS IN PORTO 

Jorge Sequeiros 

UnIGENe and Centro de Genética Preditiva e Preventiva, IBMC – Institute for Molecular and 
Cell Biology, i3S – Instituto de Investigação e Inovação em Saúde; and ICBAS – Instituto de 
Ciências Biomédicas Abel Salazar, Univ. Porto, Portugal 

Human genetics begins in Porto with Amândio Sampaio Tavares (AST). He graduated as an 
MD, in 1952, in Porto, where he was born; and defends his PhD thesis on pathology of the male 
mammary gland (1958). He recalled he had only two classes on genetics during his course: 
one on blood groups, and one on chromosomes and on Mendelian inheritance. He becomes 
assistant professor of pathology and starts working on blood groups. In 1952, at a bishop’s 
request, he makes the first paternity exclusion, using ABO and Rh. In 1953, he conducts studies 
on Barr chromatin in teratomas and undifferentiated carcinomas – the “sex of carcinoma cells” 
(Lancet, 1955; J Pathol Bacteriol, 1957). These drove him to be invited to a meeting on sex 
chromatin (London, 1957), where he first meets Polani and Anders, who would become 
essential collaborators thereafter. In 1954, the first “sex conversion” is performed. In 1958, AST 
begins tissue-culturing and, in 1959, performs the first human karyotype, from peripheral blood, 
initiates a cytogenetics lab and a genetic counselling and medical genetics service at FMUP. 
This was the first practice of counselling and of clinical cytogenetics. His many scientific 
interests would include, among others, statistical and population genetics, medical informatics, 
family planning, reproductive genetics, evolution, social biology and bioethics. AST begins 
teaching Medical Genetics in 1970, which becomes a separate chair in 1977. AST formed or 
influenced, among many others, the paediatricians who would begin hospital medical genetics 
services in Lisbon, Coimbra and Porto. He was a member of the Lisbon Acad. Sciences, of the 
World Acad. Art and Science; and the first honorary member of SPGH. 

At ICBAS (1975), a molecular genetics lab was initiated by Luís Archer; and a cytogenetics lab 
by Tristão Mello Sampayo, with a long-lasting collaboration of Lima de Faria. A service at the 
Hosp. Maria Pia created in 1971, by Jacinto de Magalhães, begins national newborn screening 
of PKU (1979) and leads to IGM in 1980. A Medical Genetics consultation would be created at 
HGSA in 1979, at the outpatient clinic of Gynaecology, with the support of Albino Aroso 
(director). 

The Portuguese-Spanish annual genetics conferences drove the creation of the SPG (1973), 
of which AST was the first president; a Medical Genetics Society was founded in 1982, but had 
no continuity; the Human Genetics Society (SPGH) would be founded only in 1996. The 
Conferences organized by IGM, brought to Porto several recognized specialists and had a 
central role in the Medical Genetics education of numerous genetics health professionals. 

In 1979, a “Competence” in Clinical Genetics began at the Medical Association (OM); it was 
not until 1998, that the Specialty was created and the Medical Genetics College formed in 2000. 
This publishes a training program in 2001 and begins certifying services for a residency that 
would begin in 2002 (first specialists came out in 2007). In 2009, a master’s course on Genetic 
Counselling started at ICBAS (first graduates in 2011). 

This is necessarily a personal perspective, based on a personal interview to AST (in 2008, with 
Alda Sousa); a question-and-answer email exchange for a tribute at the SPGH for his 80th 
birthday (2009); two presentations at the 7th Workshop of the Genetics and Medicine Historical 
Network, by the 50th anniversary of the ESHG (2017); and my own personal experience at 
FMUP (1971-75), at HGSA (1976-92) and at ICBAS (since 1978/9).  



 
 
 
GENETIC CARRIER SCREENING IN PORTUGAL: TOWARDS A SCIENTIFICALLY 
SOUND, ETHICALLY RIGOROUS, SOCIALLY RESPONSIBLE PROGRAMME 
 
Jorge Sequeiros, for the reproSCREEN project *UnIGENe and Centro de Genética Preditiva e 
Preventiva, IBMC – Institute for Molecular and Cell Biology, i3S – Instituto de Investigação e Inovação 
em Saúde; and ICBAS – Instituto de Ciências Biomédicas Abel Salazar, Univ. Porto, Portugal 
 
A carrier is a healthy person who bears a disease-causing variant, implying a risk for affected offspring 
with an (autosomal or X-linked) recessive disease. Conventional carrier screening (CS) is family-
centred (“cascade testing”), after the diagnosis in a proband, or in consanguineous couples 
(particularly if with known family history). Preconception CS (PCS) programmes have been 
traditionally conducted in (sub)populations with higher prevalence of one or more recessive diseases 
(“ethnic screening”), with unequal (and often controversial) results in various countries. 
 
No national CS programmes are known in Portugal, though a regional programme (mostly centre and 
south) exists for the hemoglobinopathies; cystic fibrosis and other recessive diseases (in specific 
subpopulations) should also be frequent. 
 
Human recessive diseases in OMIM are nearly 3,400. An estimate cites each person to be a carrier 
(on average) for 20 recessive diseases; others refer 1-2% (or even 5%) couples of the general 
population carry disease-causing variants for the same recessive disease-gene pair. 
 
With NGS (and its increasingly lower costs), we are facing a shift from single- to multi-gene panels, 
and from family-centred and ancestry-based to universal (pan-ethnic) population CS. 
 
The major aim and clear advantage of CS is to increase autonomous reproduction options by couples 
at fertile age. Secondarily, this should lead to better prevention and decreased frequency of 
deleterious recessive diseases, with all its medical, psycho-social and economic burden, in a society 
of limited health resources. 
 
But, as with other technical-scientific advances and their hasty clinical application, there are numerous 
difficulties and threats that must be addressed and solved, namely regarding (1) offer of commercial 
ready-made (often direct-to-consumer and quality unknown) multigene panels vs the significant 
population genetic diversity; (2) unknown prevalence of most recessive diseases (and disease-alleles) 
in our population and (3) the very definition of “severe” disease and of clinical utility for testing. Other 
practical challenges include (4) choice of appropriate counselling and testing models (many have been 
proposed) and informed consent process, (5) composition of multigene panels, as well as (6) targets 
and timing of CS (reproductive-age and infertile couples, gamete donors). 
 
(7) Sensitivity of most gene panels is also a problem, as several frequent recessive diseases (spinal 
muscular atrophies, Friedreich ataxia, Duchenne, fragile-X), require additional detection methods. Yet 
other important challenges include (8) unknown expected attitudes and uptake by couples/individuals, 
as well as psychosocial impact of CS; (9) determination of residual risks and (10) their acceptability, 
(11) education of HCPs and (12) quality and other ethical imperatives. 
 
There are several commercial offers in Portugal, but none yet fulfilling those requisites. (A) We 
designed a project (reproSCREEN) and submit the need for a deep study of all the above issues, to 
implement a national CS programme addressing and respecting them, by a large multicentre, 
multidisciplinary team; to be accompanied and assessed by a “citizen panel” and discussed with 
policymakers. (B) We designed and will be presenting a - PreConcecional - panel, including relatively 
common, NGS refractory, recessive diseases, which may be used at different levels and depth, 
according to consultands’ preferences and their informed consent. 
  



 
 
 
CIS-REGULATORY SIMILARITIES IN THE ZEBRAFISH AND HUMAN PANCREAS 
UNCOVER POTENTIAL DISEASE-RELATED ENHANCERS 
  
R. Bordeira-Carriço1,2,#, J. Teixeira1,2,3,#, M. Duque1,2,3,#, M. Galhardo1,2,4, D. Ribeiro1,2,       
R. Dominguez-Acemel5, P. N. Firbas5, J. J. Tena5, A. Eufrasio1,2,3, J. Marques1,2,                 
F. J. Ferreira1,2,6, T. Freitas1,2, F. Carneiro7,8, J. L. Goméz-Skarmeta5 and J. Bessa1,2 
  
 
1- Instituto de Biologia Molecular e Celular (IBMC), Universidade do Porto, Porto, 
Portugal. 
2- Instituto de Investigação e Inovação em Saúde (i3S), Universidade do Porto, Porto, 
Portugal. 
3- Doctoral program in Molecular and Cell Biology (MCbiology), Instituto de Ciências 
Biomédicas Abel Salazar (ICBAS), Universidade do Porto, Porto, Portugal. 
4- Instituto de Ciências, Tecnologias e Agroambiente - CIBIO, Universidade do Porto, 
Portugal. 
5-Centro Andaluz de Biología del Desarrollo (CABD), Universidad Pablo de Olavide, 
Spain. 
6- Doctoral program in Areas of Basic and Applied Biology (GABBA), Instituto de Ciências 
Biomédicas Abel Salazar (ICBAS), Universidade do Porto, Porto, Portugal 
7- Departamento de Patologia, Faculdade de Medicina da Universidade do Porto 
(FMUP), Porto, Portugal. 
8- Instituto de Patologia e Imunologia Molecular da Universidade do Porto (IPATIMUP), 
Porto, Portugal. 
 
 
Abstract: 
Pancreatic cancer and diabetes are pancreas diseases with a dramatic societal burden, 
whose genetic causes are still largely unknown. Alterations in non-coding cis-regulatory 
elements (CREs) of DNA, can contribute to human diseases by affecting gene 
expression. However, functional testing of CREs in vivo is not fully explored. We analysed 
histone modifications, transcription, chromatin accessibility and interactions to identify 
zebrafish pancreas CREs and their human functional equivalents, uncovering disease-
associated sequences across species. We found a human pancreatic enhancer whose 
deletion impairs the tumour-suppressor gene ARID1A expression, having thus a potential 
tumour-suppressor role. Additionally, human genomic deletions in the landscape of 
PTF1A have been associated to pancreatic agenesis. We identified a zebrafish ptf1a 
distal enhancer whose deletion generates pancreatic agenesis, demonstrating the 
causality of this condition in humans. Our results further demonstrate that this phenotype 
is a consequence of loss of pancreas progenitor cells. This work demonstrates the 
interspecies functional equivalency of cis-regulatory elements, establishing new bridges 
between two phylogenetically distant species, providing an invaluable contribution for the 
prediction of new disease-causative enhancers and the study of their role in human 
disease. 
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OPI_1 - MUTANT ATAXIN-2 PATHOLOGICAL FEATURES IS ALTERED BY THE AGING 
PROCESS   
 
Inês Torquato Afonso1, Patrícia Lima2, Carlos A. Matos1, Clévio Nóbrega1 

(1-Faculdade de Medicina e Ciências Biomédicas, Universidade do Algarve, Faro, Portugal; 
Algarve Biomedical Center – Research Institute, Faro, Portugal; 2-Faculdade de Medicina 
e Ciências Biomédicas, Universidade do Algarve, Faro, Portugal) 
 
 
Aging is a natural process which can be defined as a time-dependent functional decline of an 
organism. This process is characterized by different molecular hallmarks, including oxidative 
stress, epigenetic alterations, loss of proteostasis, dysregulated nutrient-sensing (1). Some 
genetic disorders like Spinocerebellar Ataxia type 2 (SCA2) occur later in life and are associated 
with neurodegeneration of specific brain regions (2). SCA2 is an autosomal dominant disorder 
where the product of the mutant gene ATAXIN-2, originates a mutant protein with propensity to 
aggregate which seems to be toxic for neurons. This project aims to investigate the impact of 
aging upon in the neuropathological features related with mutant ataxin-2 expression. 
 
Briefly, 3 and 18-months-old C57BL/6 mice were injected in the right hemisphere of the striatum 
with lentiviral vectors encoding for the human mutant ATAXIN-2 gene, while the contralateral 
hemisphere was injected with wild-type ATAXIN-2, as control. Twelve weeks post-injection the 
animals were sacrificed, and brain tissue was analyzed. 
 
The 18-month-old animal group injected with mutant ATAXIN-2 had significantly increased 
number of pathological aggregates, as well as higher volume of neuronal loss in comparison with 
the 3 months old animals. Other aging hallmarks, such as inflammation, epigenetic, mitochondrial, 
and apoptotic markers were evaluated in this project. 
 
The results indicate that mutant ATAXIN-2 expression has more prominent effect in old animals, 
supporting an impact of aging in the neuropathological abnormalities caused by mutant ATAXIN-2 
expression. 
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OPI_2 - THE CDH1 LOCUS REGULATORY ARCHITECTURE: CDH1 NONCODING 
ELEMENTS CONTROL E-CADHERIN CANONICAL FUNCTIONS 
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Introduction: E-cadherin is a cell-cell adhesion molecule involved in homeostasis, mobility, 
polarity, proliferation and differentiation. Loss of expression of E-cadherin is classically associated 
with epithelial tumour progression and is one of the epithelial to mesenchymal transition (EMT) 
hallmarks. Herein, we wish to disclose the contribution of the noncoding portion of CDH1 to the 
canonical functions attributed to this molecule.  
 
Materials and Methods: We performed a bioinformatics analysis based on open chromatin and 
chromatin-interaction profiles and prioritized two CDH1 intronic Cis-Regulatory Elements (iCREs) 
for CRISPR-Cas9 editing in two gastric cancer cell lines. RNA-seq, ATAC-seq, and 4C-seq with a 
viewpoint in the CDH1 promoter, were performed in parental cell lines and iCREs CRISPR-Cas9 
edited clones.  
 
Results: 4C-seq revealed CDH1 promoter interactions with the two selected iCREs. RNA-seq and 
pathway analysis showed that deletion and/or inversion of CDH1 iCREs impaired most E-cadherin 
canonical functions. Edited clones with E-cadherin loss of expression presented genome-wide 
closed chromatin at CpG islands, promoters, TSS and introns, as opposed to clones retaining 
normal E-cadherin expression. Chromatin accessibility was directly correlated with differential 
RNA expression profiles. Specifically, pathways associated with E-cadherin impairment, such as 
adhesion, migration, cadherin binding and EMT were deregulated in both the transcriptome and 
chromatin accessibility. This effect was even stronger if both iCREs were simultaneously 
disrupted.  
 
Conclusion: We disclosed a chromatin-regulatory network involving two CDH1 intronic regulatory 
elements that interact with the CDH1 promotor, profoundly affect the genome-wide chromatin 
accessibility and expression of adhesion, migration and EMT-associated molecules, and globally 
control fundamental functions attributed to E-cadherin.  
 
Funding: 1) Solve-RD project, grant agreement No 779257 (European Union’s Horizon 2020 
research and innovation programme); 2) FEDER/COMPETE, “P PTDC/BTM-TEC/30164/2017”, 
“PTDC/BTM-TEC/6706/2020”, “22184”; 3) FCT Fellowship, “SFRH/BD/140796/2018”. 
 
 



 

 

OPI_3 - TRANSCRIPTOMIC CHARACTERIZATION OF HUMAN IPSC-DERIVED CARDIOMYOCYTES 
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Introduction: Cardiomyocytes derived from human iPSCs (iPSC-CMs) are rapidly becoming a 
promising model to study the pathogenesis of genetic heart diseases and to develop new 
therapies. Nonetheless, in order to use iPSC-CMs as a disease model, it is important to 
characterize the extent to which they are able to recapitulate the biological processes of a real 
heart. 
  
Methodology: We performed a transcriptomic characterization of iPSC-CMs derived from healthy 
patients using single-cell RNA-seq and bulk RNA-seq data. The results were compared with 
publicly available datasets of human hearts, both adult and fetal. 
  
Results: Based on single-cell sequencing data, we found the majority of cells in iPSC-CM 
cultures correspond to atrial- and ventricular-like cardiomyocytes. Genes that are significantly 
upregulated in hearts over iPSC-CMs are enriched for angiogenesis and immunity-related 
pathways, revealing expected biological differences between in vitro cell cultures enriched for 
cardiomyocytes, and a complex tissue containing cells other than cardiomyocytes. As it concerns 
splicing, we found an enrichment in muscle and cardiac-related pathways, similarly to what is 
observed between fetal and adult hearts, and in line with the known role of splicing in heart 
development. Specifically among sarcomeric and ion channel genes, few are differentially 
expressed or spliced between iPSC-CMs and hearts, with the iPSC-CMs mostly showing fetal-like 
patterns for both gene expression and splicing. Moreover, many of the alternative splicing events 
found in these genes were also observed when comparing fetal and adult hearts. While some 
have been described as cardiac maturation related isoform switches, many were previously 
undescribed. 
  
Discussion: Our results show that the transcriptome of human iPSC-CMs recapitulates the gene 
expression and splicing patterns observed in the human fetal heart. We further identified many 
novel alternative splicing events between fetal and adult hearts, underscoring the role of splicing 
regulation in heart development. 
 
 



 

 

OPI_4 - DEFINING THE EVOLUTIONARY BASIS OF MALE GERM CELL IDENTITY: AN 
INTEGRATED BASIC AND CLINICAL RESEARCH APPROACH 
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Introduction: Understanding what defines the uniqueness of a given cell type out of the many 
other possible cell fates in our body is a complex and fascinating problem. We hypothesized that 
male germ cell identity is defined by an evolutionarily-conserved genetic program. Thus, we posit 
that a common set of genes establishes the underlying molecular basis of male germ cell identity 
across different animal species. 

Methodology: We employed an interdisciplinary approach to explore the genetic identity of male 
germ cells. For this we compared, using genomic phylostratigraphy and network science, the 
transcriptomes of male meiotic cells from three very diverse species: humans, mice and insects. 
By doing so we identified a core genetic program that was functionally analyzed by in vivo RNAi in 
insects and clinically assessed by whole exome sequencing in infertile men. 

Results: We observed that a substantial portion (~70%) of all genes expressed in male germ cells 
is old (i.e., common to all metazoan species). Through network analysis we noted that these 
conserved genes had unique properties in meiotic cells: they were more connected that non-
conserved genes (increased degree centrality score) and their partners were themselves more 
connected (increased page rank score). Using differential gene expression analysis, we 
uncovered a set of 920 evolutionarily-conserved genes (core meiotic genes) that are uniquely 
regulated as cells enter or exit meiosis. A large-scale functional screen of all 920 genes in insect 
meiosis (by in vivo RNAi) revealed 177 new spermatogenesis genes impacting different aspects 
of male germ cell development and function. Such data allowed us to identify a new genetic cause 
of human infertility: men harboring a loss-of-function variant in the RNF113B gene have an 
equivalent phenotype (meiotic arrest) to their RNAi-silenced insect counterparts. 

Discussion: By uncovering a conserved gene expression program at the heart of germ cell 
identity and a new genetic cause of male infertility, our work illustrates how interdisciplinary 
research can advance our knowledge on both basic and clinical aspects of human disease. 
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Introduction: Genomes are naturally prone to aberrations, such as single nucleotide variants 
(SNVs) or structural variants (SV), which need continuous correction. Those that remain 
uncorrected, likely explain part of the missing heritability that exome analysis could not reveal, 
particularly in non-coding regions of disease-causing genes. Genome-wide analysis is therefore 
pivotal to understand genome variation and Whole Genome Sequencing (WGS) is growing as the 
preferred method for that purpose. Among others, lack of user-friendly WGS data analysis 
pipelines and interpretation tools are the major barrier to routine use of these techniques. Herein, 
we developed an WGS analysis pipeline to explore causal mechanisms in hereditary diseases. 

Methodology: Germline WGS data from 22 samples were submitted to conventional quality 
control, alignment and post-processing. Multiple variant callers (DELLY, Lumpy and GRIDSS) 
were used to call CNVs. An integrative pipeline was developed for the overlap analysis of multiple 
callers to improve the pick-up rate of true positive CNVs. 

Results: The percentage of mapped reads in all WGS samples was on average above 97%, with 
on average 2% of marked duplicates. DELLY retrieved 23306 and Lumpy retrieved 13069 
variants, while GRIDSS delivered approximately 959648 breakpoints/breakends. The overlap 
analysis prioritized 19717 multiple called variants by at least two callers, that we classified as high 
confidence. An intronic deletioncalled by 3 callers and two inversions were called by 2 callers 
(DELLY and GRIDSS) and affect a cis-regulatory element of a gene that matches the patient’s 
phenotype. These have already been validated in original patient’s material, and all GRIDDS-
predicted breakpoints have been confirmed. An additional CNV, also matching the patient’s 
phenotype, is currently in the pipeline for validation. 

Discussion: Herein, we developed a WGS analysis pipeline that proved feasible in prioritizing 
true-positive CNVs with potential to be disease-causing. This work allowed the implementation of 
a WGS workflow for WGS germline analysis, that is fast and accurate in producing user-friendly 
readouts. 
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OPII_1 - GERMLINE COPY NUMBER VARIANTS: AN UNDERREPORTED GENETIC DIAGNOSIS IN 
GASTROINTESTINAL TUMOUR RISK SYNDROME SUSPECTED INDIVIDUALS 
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Germline pathogenic variants, including rare copy number variants (CNVs), in cancer predisposing 
genes (CPG) cause genetic tumour risk syndromes (TRS). TRS-causative variants can be clinically 
actionable and lead to intensive surveillance and/or risk reducing surgery that improve morbidity and 
mortality. Regrettably, causative and actionable variants cannot be found for all TRS-suspected 
individuals. While for SNV-calling specificity/sensitivity is almost 100%, CNV detection in exome-data 
remains challenging. We hypothesized that pathogenic CNVs in CPG may solve some of the yet 
unexplained, but clinically suspected gastrointestinal TRS-cases. The ERN-GENTURIS/SOLVE-RD 
project, re-analyzed exomes from 293 unsolved TRS-cases: adenomatous polyposis (AP; n=105), 
hyperplastic polyposis (HP; n=98), hereditary gastric cancer (HGC; n=83) and hereditary colorectal 
cancer (hCRC; n=7). CNVs were called with four different variant callers (ClinCNV, ExomeDepth, 
Conifer, VarGenius). 341 CNVs filtered from 229 CPGs were prioritized for their involvement in GI 
tumours, quality and calling by >1 caller.  

High-quality and/or ‘multiple-called’ CNVs were evaluated using IGV and focused paired-end 
mapping/split-read analysis. Eight CNVs (6-del; 2-dup), 3 ‘multiple-called’, were found in 11/293 TRS-
cases, sometimes in cases with an atypical phenotype. A CDH1 deletion, validated by MLPA, is found in 
4 HGC-relatives. Supported by split-reads/paired-end mapping, it was considered an actionable 
diagnosis (4.8% among HGC cases). A deletion affecting PALB2 in 1/83 (1.2%) HGC cases was 
validated by qPCR. In an AP case, the last fraction of the APC and the beginning of the SRP19 gene 
was found deleted and supported by split-reads/paired-end mapping.  

Afterwards, validated by MLPA. Using a different approach, looking for ‘multiple called’ CNVs in CPG not 
directly associated with GI-TRS, a big deletion in SLX4, previously associated with sporadic CRC, was 
also validated by qPCR, solving 1/98 (1%) HP cases. Altogether, this approach delivered a potential 
diagnosis in at least 2.3% of unsolved GI TRS-cases. Nothing to disclose 



 

 

OPII_2 - HEAD AND NECK SQUAMOUS CELL CARCINOMA SIGNATURES: AN 
INTEGRATIVE MULTI-OMICS APPROACH 
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Introduction: Head and neck squamous cell carcinoma (HNSCC) develops in the mucosal 
epithelium of the upper aerodigestive tract by the accumulation of copy number aberrations and 
methylation changes that lead to altered genetic expression. The objectives of this work were to 
analyse these alterations in an integrative manner allowing for the complete  study of the genetic 
background of HNSCC in order to better understand its progression and to develop a novel 
methodological approach in integrative studies. 

Methodology: The study’s cohort consists of 410 HNSCC patients, from The Cancer Genome 
Atlas. Copy number alteration, methylation and RNA-Seq data from tumour tissue was retrieved. 
After initial pre-processing of the data, multi-variable techniques were applied in order to reduce 
data dimensionality. Based on multi-omics clustering profiles, two groups with different survival 
curves were established, using the Kaplan-Meier method. A multi-omics signature was 
established by using an importance plot algorithm and LASSO regression, and was evaluated by 
supervised classification methods. 

Results: Two different clusters were established in the cohort: one including 58% of patients and 
another containing the remainder 42%. Survival analysis performed in these two groups showed a 
median difference in survival of 836 days (2 years and 4 months). Having associated the survival 
of the patients with the clusters they belong to, a nine gene multi-omics signature capable of 
distinguishing the two groups, was determined. This signature, that included copy number 
alterations in two genes, the methylation profiles of three genes and the expression of four genes, 
shows good predictability with an accuracy of 96% and 95% determined by two different 
methodologies. 

Discussion: This is an innovative study that shows that signatures composed of different omics 
can be auxiliaries in the clinical practice, as demonstrated here with the prediction of survival in 
HNSCC patients. Integrating multi-omics profiles allows for a more comprehensive study of 
cancer, creating the prospect to positively influence the clinical outcome of these patients. 
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Introduction: Implementation of whole-exome sequencing (WES) in routine diagnosis allowed 
great advances in the study of human genomic variation. With the application of broad genomic 
approaches, there is the possibility of identifying pathogenic (PAT) or likely-pathogenic (L-PAT) 
variants, irrelevant for the condition for which the patient is being testing, but still with medical 
and/or genetic counselling value. 

Aim: We evaluated the number and nature of such variants at our center (Jan 2019 – Aug 2021). 

Methods: Genetic data from 1,567 consecutive diagnostic tests, using WES-based multigene 
panels, were reviewed. Carrier status was reported only in tests requested by a medical geneticist 
and when specific informed consent had been obtained. Only PAT/L-PAT variants in 
heterozygosity, in genes known to be associated with a recessive disorder and fulfilling the 
following criteria are reported: (a) disease without high clinical variability/expressivity; (b) onset in 
infancy and resulting in severe disease, (c) disease affects other than just vision or hearing. 

Results: Incidental carrier detection occurred in ~20% (n=329) of individuals (mean: 1.94 
variants/patient; ranging: 1 to 6), in a total of 639 reported variants (536 distinct) in 402 genes. 
The most frequent variants were in CFTR (7 distinct variants, 16 cases), ATP7B (9/9), and PAH 
(10/10); associated to cystic fibrosis, Wilson disease or phenylketonuria, respectively. Overall, the 
p.(Phe508del) variant in CFTR was the most frequent (9 cases). Several variants had already 
been described specifically in Portuguese patients: NM_052859.4(RFT1):c.208T>C, associated 
with a congenital disorder of glycosylation (type In); NM_004562.3(PRKN):c.155del, in early-onset 
Parkinson; NM_000426.4 (LAMA2):c.2461A>C, in muscular dystrophy; and 
NM_024570.4(RNASEH2B):c.529G>A, in Aicardi-Goutieres syndrome. 

Discussion: As expected, the most frequent AR diseases were represented in our cohort. These 
data should only reflect the tip of the iceberg concerning burden of recessive diseases in our 
population. This dataset will be further expanded resorting to the variants derived from the ~7200 
exomes processed so far in our laboratory. 
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MISSENSE WITH SEVERE IMPACT IN MRNA SPLICING 
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Introduction: Hereditary diffuse gastric cancer (HDGC) caused by CDH1 germline pathogenic (P) or 
likely pathogenic (LP) variants predisposes to early onset diffuse gastric (DGC) and lobular breast 
cancer (LBC). In Northern Portugal, an unexpectedly high number of early-onset DGC and LBC in 
apparently unrelated families carrying the same CDH1 c.1901C>T variant suggested this as a CDH1-
founder variant. We aimed to demonstrate that c.1901C>T (formerly known as p.A634V)  is a bona fide 
truncating variant inducing cryptic splicing, to calculate the timing of a potential founder effect, and to 
characterize tumour spectrum and age of onset in carrying families. 

Methods: The impact in splicing was proven by using carriers’ RNA for PCR-cloning sequencing and 
allelic expression imbalance analysis with SNaPshot. Carriers and non-carriers from four distinct families 
were haplotyped for 12 polymorphic markers, and the decay of haplotype sharing (DHS) method was 
used to estimate the time to the most common ancestor of c.1901C>T.  We collected and analyzed the 
clinical information from 58 carriers to explore stomach and breast-associated clinical presentations. 

Results: We validated the cryptic splice site within CDH1-exon 12, which was preferred over the 
canonical one in 100% of sequenced clones. Cryptic splicing induced an out-of-frame 37bp deletion in 
exon 12, premature truncation (p.Ala634ProfsTer7), and consequently RNA mediated decay. The 
haplotypes carrying the c.1901C>T variant were found to share a common ancestral estimated at 490 
years (95% Confidence Interval 445–10,900). Among 58 carriers (27 males (M)–31 females (F); average 
age 13–83 years), DGC occurred in 11 (18.9%; 4M–7F; average age 33 ± 12) and LBC in 6 females 
(19.4%; average age 50 ± 8). 

Conclusion: We demonstrated that the c.1901C>T variant is a loss-of-function splice-site variant that 
underlies the first CDH1-founder effect in Portugal. Knowledge on this founder effect will drive genetic 
testing of this specific variant in HDGC families in this geographical region and allow intrafamilial 
penetrance analysis and better estimation of variant-associated tumour risks, disease age of onset, and 
spectrum. 



 

 

OPII_5 - DISCLOSURE OF GENETIC INFORMATION TO PATIENTS’ RELATIVES: 
HEALTHCARE PROFESSIONALS’ PERSPECTIVE ON PERCEIVED RESPONSIBILITIES AND 
CONFIDENTIALITY OF GENETIC INFORMATION 
 
Álvaro Mendes1, Milena Paneque1, Jorge Sequeiros1 
(1-IBMC, i3S) 
 
 
Results from genetic and genomic testing are relevant for patients, but also their relatives. The 
degree of responsibility and proactivity of genetic healthcare services to ensure relatives’ 
awareness of their risks has long been debated, but research exploring healthcare professionals’ 
(HPs) views on this topic was inexistent in Portugal.  

We conducted 10 focus groups with 34 HPs, working in 7 medical genetic services. We aimed at 
exploring their views and reasoning about disclosure of genetic information to patients’ relatives, 
perceived responsibilities to patients and families, confidentiality of genetic information, and how 
those considerations related to their practice. Data were analysed thematically. 

Discussion centred mainly on conditions amenable to medical intervention. The majority of 
participants perceived to be their responsibility to provide objective genetic risk information to their 
patients and its implications for relatives, patients having a moral responsibility to share relevant 
information with them. Notably, primacy of medical-patient relationship and the national law on 
genetic information were often mentioned to discard direct responsibility to patients’ relatives. 
When identifying barriers to family communication, however, participants reported using diverse 
strategies to encourage disclosure. Although recognising the shared dimension of genetic 
information, in practice, participants had a strict individual approach to confidentiality and 
considered that applying a relational approach – e.g. treating personal and familial information 
differently – would be problematic. Contacting at-risk relatives directly was seen as the ideal 
scenario, but difficult to implement due to insufficient multidisciplinary HPs in genetic services. 
Some demanded for broader discussion and clear national guidelines. 

Results provided a rich empirical basis for further debate on the roles and responsibilities of HPs 
in supporting intrafamilial communication of genetic risks and how to appropriately cascade 
relevant information to at-risk relatives. 

The authors declare no conflict of interest. 
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SELECTED ORAL PRESENTATIONS II - CLINICAL CASE REPORTS 
 
 
OPIII_1 - TRICHOTHIODYSTROPHY, A CASE-REPORT HIGHLIGHTING THE IMPORTANCE OF 
CONNECTING GENOTYPE AND PHENOTYPE DATA TO REACH A DIAGNOSIS 
 
Ana M. Capela1, Maria Abreu1, Mariana Santos2, Joel Reis3, Susana Machado3, Cláudia Oliveira4, Carla 
Carmona5, Gisela Silva6, Beatriz Porto4, Isabel Alonso7, Cláudia Falcão Reis8 
(1-Unidade de Genética Médica, Centro de Genética Médica Jacinto Magalhães - Centro Hospitalar 
Universitário do Porto, Portugal; 2-UnIGENe, IBMC – Institute for Molecular and Cell Biology, i3S- 
Instituto de Investigação e Inovação em Saúde, Universidade do Porto; 3-Serviço de Dermatologia, 
Centro Hospitalar Universitário do Porto, Portugal; 4-Laboratório de Citogenética do Instituto de 
Ciências Biomédicas Abel Salazar – Universidade do Porto(ICBAS-UP); 5-Unidade de Genética Médica, 
Centro de Genética Médica Jacinto Magalhães - Centro Hospitalar Universitário do Porto, Portugal; Unit 
for Multidisciplinary Research in Biomedicine (UMIB) Instituto de Ciências Biomédicas Abel Salazar, 
Universidade do Porto(ICBAS-UP),Porto,Portugal; 6-Departamento de Pediatria, Centro Materno Infantil 
do Norte - Centro Hospitalar Universitário do Porto, Portugal; 7-Genetyca-ICM; CGPP – Centro de 
Genética Preditiva e Preventiva, IBMC – Instituto de Biologia Molecular e Celular, i3S – Instituto de 
Investigação e Inovação em Saúde, Universidade do Porto, Portugal; 8- Unidade de Genética Médica, 
Centro de Genética Médica Jacinto Magalhães - Centro Hospitalar Universitário do Porto, Portugal; Life 
and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Braga, 
Portugal; ICVS/3B’s - PT Government Associated Laboratory, Braga/Guimarães, Portugal 
 
 
Introduction: Trichothiodystrophy (TTD) comprises a group of ultra-rare autosomal recessive 
conditions, characterized by stiff and brittle sulfur-deficient hair and systemic abnormalities, and a history 
of maternal pregnancy complications. TTD is caused by biallelic deleterious variants in specific DNA 
repair/transcription genes. Tiger tail banding (TTB) hair under polarizing microscopy (PM) is a 
pathognomonic pattern of TTD. We report the diagnostic journey of a 5-yo female patient with TTD. 

Clinical Case: At two years of age, our patient presented to the emergency room with enteropathy 
where her low height/weight and short brittle hair were noticed. Parents were healthy and non-
consanguineous and had had a son deceased at 16mo with an unknown polymalformative syndrome. 
She had immunodeficiency and anemia and a previous history of severe allergies. A Mendeliome gene 
panel was done and four VUS were found, including two novel variants on ERCC2(NM000400.3): 
c.1742T>C (p.L581P) and c.949+5G>A. A strong clinical suspicion of Netherton syndrome due to 
association of brittle hair, enteropathy and allergies prompted a referral to Medical Genetics for further 
SPINK5 studies. The Medical Geneticist’s appreciation of the patient’s phenotype and genotype shifted 
the focus to TTD. The ERCC2 variants were compound heterozygous. Dermatology referral to assess 
hair morphology under PM confirmed the presence of TTB. UV light sensitivity and DEB-induced 
chromosome breakage studies showed abnormal results. Considering the importance of a molecular 
diagnosis for reproductive options, a minigene assay was performed and confirmed the variant’s impact 
on splicing, allowing for reclassification of the intronic variant as likely pathogenic, and the trans 
missense variant as likely pathogenic. Thus, a TTD diagnosis with molecular confirmation was achieved 
in our patient. 

Discussion: This case-report describes a 3-year diagnostic odyssey, highlighting the crucial need to 
integrate genotype and phenotype data in the quest for the correct diagnosis. It also underlines the 
importance of a skilled multidisciplinary team to confirm a diagnosis and to provide specific genetic 
counselling. 



 

 

OPIII_2 - HEART DEFECTS, ORAL CLEFT, AND POLYDACTYLY CAUSED BY BIALLELIC 
VARIANTS IN WDPCP GENE INVOLVED IN CILIOGENESIS 
 
Rita Quental1, João P. Freixo2, Miguel Leão1 
(1-Serviço de Genética Médica, Centro Hospitalar Universitário de São João, Porto, Portugal;  
2-CGPP-IBMC, Universidade do Porto, Porto, Portugal; i3S - Instituto de Investigação e Inovação 
em Saúde, Universidade do Porto, Porto, Portugal) 
 
 
Introduction: Ciliopathies are a group of disorders with overlapping phenotypes, caused by 
dysfunctional cilia. WDPCP is a planar cell polarity protein, which plays an important role in 
recruiting molecules essential for ciliogenesis. Wdpcp mutant mouse exhibited developmental 
defects including anophtalmia, polydactyly, kidney cysts, heart defects, and facial clefts. In 
humans, only four patients with biallelic pathogenic variants in WDPCP have been reported, two 
of them presenting with congenital heart defects, hamartomas of tongue, and polysyndactyly 
(CHDTHP), and the other two with Bardet-Biedl Syndrome 15. 

Case Report: We describe a 2-year-old girl, the first child born to non-consanguineous parents 
with no relevant family history. Prenatal ultrasound revealed multiple anomalies including heart 
defects, lip and palate clefts and polydactyly. Chromosomal microarray analysis and molecular 
study of Ellis-van Creveld Syndrome were negative. The parents proceeded with the pregnancy 
and delivery occurred at term. Physical examination of the newborn showed left cleft lip and 
palate, postaxial polydactyly of the left hand and hallux duplication bilaterally. Echocardiography 
revealed a large atrial septal defect (almost a single atrium) and left atrioventricular regurgitation. 
Transfontanellar and abdominal ultrasounds were unremarkable. Currently, her psychomotor 
development is slightly delayed. In trio whole-exome sequencing analysis identified two novel 
compound heterozygous variants in WDPCP: c.1486T>G p.(Cys496Gly) and c.852_860delinsG 
p.(Asp285Alafs*4). 

Discussion: To our knowledge,only two patients with WDPCP related “CHDTHP” have been 
reported so far. Interestingly, our patient is the first one presenting oral clefts, resembling the 
phenotype of the Wdpcp knockout mouse. This study further expands the molecular and 
phenotypic spectrum of this rare and still poorly known disorder, contributing to a deeper 
understanding of the function of WDPCP in ciliogenesis. To the patient´s family, molecular 
diagnosis allowed proper genetic counselling and informed reproductive choices. 

 
 



 

 

OPIII_3 - MANDIBULOFACIAL DYSOSTOSIS TYPE GUION-ALMEIDA: NATIONAL CASE 
SERIES WITH CLINICAL AND MOLECULAR CHARACTERIZATION   
 
Mafalda Melo1, Célia Azevedo Soares2, André Travessa3, Diana Soares4, Miguel Leão5,   
Lina Ramos6, Diana Antunes1 
(1-Serviço de Genética Médica, Hospital Dona Estefânia, Centro Hospitalar Universitário de 
Lisboa Central, Lisboa, Portugal; 2-Centro de Genética Médica Doutor Jacinto Magalhães, Centro 
Hospitalar Universitário do Porto, Porto, Portugal; 3-Serviço de Genética Médica, Departamento 
de Pediatria, Hospital de Santa Maria, Centro Hospitalar Universitário de Lisboa Norte, Lisboa, 
Portugal; 4-Departamento de Pediatria, Centro Hospitalar de Vila Nova de Gaia/Espinho, Vila 
Nova de Gaia, Portugal; 5-Unidade de Neurologia Pediátrica, Departamento de Pediatria, Centro 
Hospitalar Universitário de São João, Porto, Portugal; 6-Serviço de Genética Médica, Hospital 
Pediátrico de Coimbra, Centro Hospitalar Universitário de Coimbra, Coimbra, Portugal) 
 
 
Introduction: Mandibulofacial dysostosis type Guion-Almeida (MFDGA, MIM#610536) is an 
autosomal dominant condition caused by haploinsufficiency of EFTUD2 gene, which encodes a 
component of the major spliceosome that removes introns from pre-mRNA transcripts. Clinically, 
MFDGA presents with malar and mandibular hypoplasia as the core phenotype, associated with 
microcephaly, developmental delay/intellectual disability (DD/ID), and structural congenital 
anomalies. Its highly variable manifestations make MFDGA an underdiagnosed disorder, and 
frequently misdiagnosed with CHARGE syndrome, oculoauriculovertebral spectrum, and other 
mandibulofacial dysostosis. 

Aim: Here, we present a national case series of patients diagnosed with MFDGA. 

Methods: Retrospective review of clinical and molecular data from MFDGA patients diagnosed in 
Portuguese Clinical Genetics Departments. 

Results: We identified 7 patients (5 males, 2 females) from 7 families. All patients had mandibular 
hypoplasia, DD/ID and microcephaly. The most frequent facial dysmorphisms were 
micro/retrognathia (6/7), ear anomalies (5/7), prominent nose (3/7), and facial asymmetry (3/7). 
The most common structural anomalies were airway abnormalities [esophageal atresia (4/7), 
choanal atresia/stenosis (2/7), and velopharyngeal insufficiency (1/7)], followed by heart defects 
(3/7), and genitalia anomalies (1/6). Additional relevant phenotypic features were growth 
delay/short stature (5/7), feeding difficulties (3/7), and vision problems (3/7). Pregnancy 
complications were reported in 3 cases. 4 out of 7 patients required invasive interventions. 
Regarding the diagnostic approach, other specific genetic diagnosis, namely CHARGE and 
Dubowitz syndromes, were first considered in 2 cases, while MFDGA was the first diagnostic 
hypothesis in 1 case. A total of 7 different EFTUD2 sequence variants were identified: 4 frameshift 
[pathogenic (P)/likely pathogenic (LP)]; 2 affecting splicing [2 (P/LP)]; and 1 stop gain (LP). 

Discussion: Our data is consistent with the literature. Also, this study adds information to the 
clinical level, expanding MFDGA phenotypic spectrum, and molecular profile, 6 novel EFTUD2 
variants are reported. 

 



 

 

OPIII_4 - THREE PATIENTS WITH PHIP-RELATED SYNDROME - FURTHER PHENOTYPIC 
DELINEATION 
 
Catarina Macedo1, Mariana Soeiro e Sá1, Patrícia Dias1, Márcia Rodrigues1, Ana Berta Sousa1 
(1-Serviço de Genética Médica, Departamento de Pediatria, Hospital de Santa Maria,  
Centro Hospitalar e Universitário Lisboa Norte, Lisboa, Portugal) 
 
 
Introduction: Chung-Jansen syndrome/PHIP-related syndrome is a recently described 
developmental syndrome characterized by developmental delay (DD)/intellectual disability (ID), 
behavioral problems, obesity, and facial dysmorphisms. Heterozygous pathogenic variants in 
PHIP gene are thought to be deleterious through haploinsufficiency. 

Methodology: Retrospective review of medical records and clinical reevaluation of patients with 
PHIP variants. 

Results: We report 3 index cases of Chung-Jansen syndrome, two aged 16 and the other 10. DD 
was present in 2/3 individuals, and all patients had mild ID, and behavioral problems. Obesity was 
present in 1/3 patients, musculoskeletal abnormalities in 2/3, cryptorchidism in 2/3, and sleep 
disorders in 2/3. Thickened nasal alae (2/3), anteverted nares (2/3), large ears with thickened 
helix (2/3), tapered fingers (2/3), clinodactyly of the 5th finger (3/3), and 2-3 toe syndactyly (2/3) 
were the most frequently reported dysmorphisms. Molecular characterization was performed by 
whole exome sequencing (WES) and 3 likely-pathogenic variants (nonsense, frameshift, and 
splice site) were identified. Subsequent parental studies confirmed the variants were de novo in 
patients 1 and 3. Patient 2 inherited his PHIP variant from a clinically affected mother with learning 
difficulties, depression, obesity, and dysmorphisms. He has an older sister with an overlapping 
phenotype who is awaiting clinical reevaluation and targeted analysis for the familial variant in 
PHIP gene. 

Discussion: Our cohort highlights the typical mild presentation of DD/ID in Chung-Jansen 
syndrome. The low rate of obesity supports the proposed higher incidence of this feature in post-
pubertal individuals. Comparing with previous studies, sleep disorders were more prevalent, but 
autism spectrum disorder was not reported. There was no obvious facial gestalt. Though only 2 
familial cases have been reported so far, we believe that milder phenotypes can be more 
prevalent among affected families than we first expected. Chung-Jansen syndrome highlights the 
role of WES in diagnosing neurodevelopmental syndromes with no unequivocally distinguishable 
phenotypic traits 
 
 



 

 

OPIII_5 - EXPANDING THE CLINICAL SPECTRUM OF COMBINED OXIDATIVE 
PHOSPHORYLATION DEFICIENCY ASSOCIATED WITH MRPS34 GENE: A MILD CASE 
WITH SLENDER HABITUS 
  
André Miguel Ramos Travessa1, Carla Pereira2, Ana Berta Sousa1 
(1-Serviço de Genética Médica, Departamento de Pediatria, Hospital de Santa Maria, Centro 
Hospitalar Universitário Lisboa Norte, Lisbon, Portugal; 2-Unidade de Endocrinologia Pediátrica, 
Serviço de Pediatria, Departamento de Pediatria, Hospital de Santa Maria, Centro Hospitalar 
Universitário Lisboa Norte, Lisbon, Portugal) 
 
 
Introduction: Combined oxidative phosphorylation deficiency (COXPD) is a group of multisystem 
disorders with variable manifestations resulting from a defect in the mitochondrial oxidative 
phosphorylation system due to variants in about 50 genes. In 2017, the MRPS34 gene was 
associated with COXPD (type 32). Six patients with variants in this gene, all with a severe Leigh 
syndrome phenotype, have been reported so far. 

Case report: We describe a 16-year-old girl referred to Genetics at the age of 5 years due to 
developmental delay (DD). Unremarkable family history. Pregnancy complicated by 
oligohydramnios. Vaginal delivery at 36 weeks gestation. Birth somatometry appropriate for 
gestational age. No neonatal complications. 

Growth evolved with weight and length below the 3rd centile until 6 months and then on the 5th-
50th centiles. She had mild to moderate DD/intellectual disability (ID), affecting more markedly 
language. At 16 years, she read slowly and had articulation problems; comprehension and 
memory were limited. Other medical problems were hypogonadotropic hypogonadism, slender 
habitus with joint laxity and kyphoscoliosis, misaligned teeth and unspecific dysmorphic features. 

Head MRI at 2 years showed bilateral olivary nucleus degeneration; however, a subsequent MRI 
scan performed 3 years later was normal. Metabolic investigation was normal except for mildly 
increased lactate and pyruvate with a normal ratio. Chromosomal microarray analysis was normal. 
Finally, exome sequencing identified a previously described homozygous pathogenic variant in 
MRPS34, c.322-10G>A (p.?), establishing the diagnosis of COXPD type 32. 

Conclusions: We present a patient with syndromic moderate DD/ID due to a homozygous 
pathogenic variant in MRPS34. This is the 7th patient reported to date with COXPD type 32. All 
other patients, including 4 carrying the same variant, died in the first months of life or survived with 
severe DD/ID, and presented neuroimaging findings suggestive of Leight syndrome. 

This case is significantly milder comparing to previous patients. In addition, this girl had slender 
habitus with joint laxity and kyphoscoliosis, amplifying the clinical spectrum of COXPD type 32. 
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QUALITY AS AN ETHICAL IMPERATIVE IN GENOMIC MEDICINE 
 
 
Ensuring the quality of the work we produce is a deontological duty that crosses all professions. It 
applies to the health care role of a clinical geneticist, to the genetic testing reports of laboratory 
geneticists or to the findings presented to the scientific community by researchers. This responsibility 
will depend on the good practices of the professionals involved, but also on the working conditions that 
are provided to them, a requirement that is sometimes lacking. Particularly, the need of a constant 
updating of knowledge and technical skills by those who perform and interpret genetic studies is 
highlighted by the continuous advances in the genomics field, which challenge professional 
qualifications. Good training for a successful doctor-patient relationship, implementation of quality 
management systems in laboratories, such as certification and accreditation, and peer reviewing in 
genetic research, represent different aspects of quality assurance in human genetic studies. 
Nevertheless, if the implementation of quality control systems is a guarantee of trust to third parties, 
much will still depend on the ethical integrity of each professional. In our imperfect new world, the 
tolerance with financial interests and self-promotion are a dangerous reality that we need to know and 
fight, and this will depend on the ethical integrity of each professional. For this reason, ethics should be 
included in the academic background of all professionals and always revisited. In this annual bioethics 
roundtable, three perspectives of the imperative of quality in human genetics will be addressed by a 
clinical geneticist, a researcher and laboratory geneticist and a human genetics scientist. 
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POSTER PRESENTATION | GERAL 

P1 - THE 2020S TOOTH FAIRY: FROM LOOSE TOOTH TO NEURONAL CELL CULTURES, AN 
INNOVATIVE METHOD TO MODEL NEUROLOGIC LYSOSOMAL STORAGE DISEASES IN VITRO 

Coutinho MF1, Santos JI2, Carvalho S3, Ribeiro D1, Gaspar P4, Matos L1, Duarte AJ1, Teles EL5, Martins 
E6, Matos PG7, Janeiro P8, Marques R9, Silva A10, Prata MJ11 
(1-Research and Development Unit, Department of Human Genetics, INSA, Porto, Portugal; Center for 
the Study of Animal Science, CECA-ICETA, University of Porto, Porto, Portugal, 2-Research and 
Development Unit, Department of Human Genetics, INSA, Porto, Portugal; Center for the Study of 
Animal Science, CECA-ICETA, University of Porto, Porto, Portugal; Biology department, Faculty of 
Sciences, University of Porto, Portugal, 3-Research and Development Unit, Department of Human 
Genetics, INSA, Porto, Portugal, 4-Newborn Screening, Metabolism and Genetics Unit, Department of 
Human Genetics, INSA, Porto, Portugal, 5-Centro Hospitalar S. João, Porto (São João Universitary 
Hospital Center) - Metabolic Unit, 6-Centro Hospitalar Universitário do Porto (University Hospital Center 
of Porto) - Metabolic Unit, 7-Centro Hospitalar e Universitário de Coimbra - Hospital Pediátrico 
(Coimbra’s Pediatric Hospital), 8-Hospital de Santa Maria, Lisboa (Santa Maria Hospital, North Lisbon 
Hospital Centre, EPE) - Metabolic Unit, 9-Associação Sanfilippo Portugal, 10-Associação Portuguesa do 
Lisossoma, 11-Biology department, Faculty of Sciences, University of Porto, Portugal; i3S – Health 
research and innovation institute, University of Porto, Portugal) 
 
 
Lysosomal storage disorders (LSD) are rare genetic diseases caused mutations in genes that encode 
lysosomal enzymes, membrane proteins or transporters. This leads to an accumulation of undegraded 
substrates, which ultimately causes a broad range of symptoms affecting multiple organs/systems, 
including the central nervous system. Yet, most therapies for LSD are limited to treating non-neurological 
signs. Thus, there is an urgent need for the development of new ones that tackle the neuronal 
pathogenesis. 

Taking this into account, some of our recent studies focus on the design of RNA-based therapies to 
correct/ameliorate the LSD cellular phenotype. While exploratory, these studies led us to reflect on the 
major obstacles that may hinder their clinical translation, triggering some of our current interests: the 
need for adequate delivery vectors and suitable disease models. 

Here we address this second concern, showing how we are developing and characterizing innovative 
patient-derived cell models for early onset neurodegenerative LSD. 

Briefly, we are collecting deciduous “baby” teeth from children with neurological forms of LSD and 
breaking them open to access the pulp tissues, which contain dental pulp stem cells (DPSC). The 
tissues are then digested with appropriate enzymes and primary DPSC lines established. DPSC hold 
potential to give rise to a variety of cells including neurons. So far, we have successfully implemented 
the protocol for the establishment of this sort of cultures and are currently working on the differentiation 
steps, which will allow the formation of mixed neuronal and glial cultures. Plus, we have successfully 
cryopreserved DPSC from several controls and from one LSD patient. Those cells may be differentiated 
with this method but there are other potential applications: p.e, their differentiation into chondrocytes, 
one of the major components of cartilage and primary site of accumulation in several LSD.  

This is a total innovation in the field and we believe it holds potential to set a new trend for investigating 
LSD as it relies on a non-invasive, cost effective approach that can be set in virtually any lab with 
standard cell culture conditions. 



 

 

P2 - UPREGULATION OF TRNASER DRIVES GENOME ADAPTATION OF NSCLC TUMORS 

i3S - Instituto de Investicação e Inovação em Ciência1, Miguel Pinheiro2, Andreia Reis2,            
Marta Ferreira3, Ana André4, Sara Rocha4, Manel A. S. Santos2, Carla Oliveira5 
(1-i3S/IPATIMUP/iBiMED , 2-iBiMED , 3-i3S , 4-i3S/IPATIMUP , 5-i3S/ IPATIMUP/FMUP) 
 
 
tRNAs are a driving force of genome evolution in Yeast and Bacteria. Their deregulation is 
frequently observed in tumors with Serine tRNAs being often overexpressed. This has important 
functional consequences, such as increased metabolism and tumor growth. Therefore, we 
hypothesized that tRNA deregulation may contribute to the increased genome instability observed 
in tumors. 

To study the effect of tRNA deregulation in tumors, we overexpressed tRNA-Ser-AGA-2-1 in a 
NSCLC cell line, H460. This cell line and a Mock (control) were xenografted in nude mice and 
collected at 3 timepoints: T1-Naïve;T2-Treated once with cisplatin/vehicle and; T3) treated twice 
with cisplatin/vehicle. DNA and RNA were extracted for WES and RNAseq. 

The tumor mutation burden remained unchanged along time, however, tRNASerOE tumors in T3 
treated with either cisplatin or vehicle showed a higher mutation burden.  tRNASerOE are rich in 
MSI and DNA damage response Stratton signatures. Moreover, although in T1 tumors have a 
similar number of variants, in T2&3, tRNASerOE tumors display two times more variants than 
Mock tumors regardless of treatment. These variants are mainly synonymous and missence 
variants. Interestingly, tRNASerOE exclusive variants favor proliferation and therapy resistance, 
which is in line with the phenotypes observed and the RNAseq data. 

In conclusion, tRNASerOE increases the tumor mutation burden and the variants detected favor 
tumor growth, proving that deregulation of a single tRNA is enough to fixate important and 
adaptive mutations in the genome of cancer cells, highlighting a new and unexplored mechanim. 

Acknowledgments: PTDC/MED-ONC/28834/2017 

 

 

 



 

 

P3 - INTERNAL RIBOSOME ENTRY SITE (IRES)-MEDIATED TRANSLATION AS A PUTATIVE 
CANDIDATE MECHANISM TO MRNA-BASED THERAPIES 

Maria Inês Neto1, Rafaela Lacerda1, Luísa Romão1 
(1-Departamento de Genética Humana, Instituto Nacional de Saúde Doutor Ricardo Jorge, 
Lisboa, Portugal; BioISI - Instituto de Biossistemas e Ciências Integrativas, Universidade de 
Lisboa, Lisboa, Portugal) 
 
 
Untranslated regions in the messenger RNA (mRNA) are susceptible to the interaction of 
regulatory elements including proteins or non-coding RNA molecules, being an important hotspot 
to the study of gene expression regulation. Internal Ribosome Entry Sites (IRES) are secondary 
structures usually located on the 5’UTR of an mRNA molecule that can recruit the ribosome 
during initiation of protein synthesis without the involvement of the cap structure. This mechanism 
tends to appear when the cell is under stress conditions, which might include the presence of 
oncogenes, growth factors or proteins involved in programmed cell death. 

This work focuses on the human AGO1, an important key player for RNA-mediated gene 
silencing, and whether its 5’UTR is capable of driving cap-independent translation initiation. 

To achieve this goal, a construct containing the 5’UTR of human AGO1 was cloned, taking 
advantage of a bicistronic vector containing two reporter genes, Renilla luciferase (RLuc) and 
firefly luciferase (FLuc), the last one cloned downstream from the 5’UTR. We performed 
luminometry assays to assess the relative translation efficiency of FLuc, which is under the control 
of AGO1 5’UTR. 

The results showed that human AGO1 5’UTR mediates a cap-independent eIF4G-dependent 
mechanism of translation initiation enhanced by a free 5’ end. Also, we saw that this alternative 
mechanism is maintained, and even enhanced, under stress conditions, such as the knock-down 
of eukaryotic initiation factor 4E, the protein that directly binds to the cap structure. We are 
currently investigating what is the minimal sequence required for IRES-mediated translation. 

Combining these results with the emerging RNA-based therapies will be helpful to develop novel 
strategies to prevent and treat disorders, such as cancer, involving dysregulation of AGO1 
translation. 

 

 



 

 

P4 - A PRO-INFLAMMATORY MICROENVIRONMENT TRIGGERS OVEREXPRESSION OF 
TUMOR-RELATED RAC1B IN POLARIZED COLORECTAL CANCER CELLS 
 
Joana F S Pereira1, Cláudia Bessa1, Vânia Gonçalves1, Paulo Matos1, Peter Jordan1 
(1-National Institute of Health ‘Dr. Ricardo Jorge’; BioISI–Biosystems & Integrative Sciences 
Institute) 
 
 
An inflammatory microenvironment is a tumor-promoting condition that provides survival signals to 
which cancer cells respond with changes in their gene expression. One key regulatory mechanism 
is alternative splicing. For example, RAC1B is a RAC1 alternative splicing variant that we 
previously identified in a subset of BRAF-mutated colorectal tumors and that was found increased 
in colon mucosa under inflammatory conditions, such as samples from inflammatory bowel 
disease patients or following experimentally-induced acute colitis in a mouse model. 

Based on these findings, the main goal of this work was to determine which pro-inflammatory 
signals from stromal cells lead to an increase in RAC1B expression levels in colorectal cancer 
(CRC) cells. 

For this, we used a physiologically relevant epithelium-like monolayer of fully polarized Caco-2 
CRC cells grown on porous membrane inserts, and then co-cultured underneath with stromal 
cells, including fibroblasts, monocytes and macrophages. RAC1B expression was analyzed in 
Caco-2 cells by RT-qPCR, Western blot and confocal fluorescence microscopy. 

Co-culture experiments revealed that the combined presence of cancer-associated fibroblasts 
and/or M1 macrophages induced an increase in RAC1B levels in Caco-2 cells, accompanied by a 
loss of epithelial organization. Moreover, using a human inflammation antibody array, we were 
able to identify from the conditioned co-culture media that cytokine IL-6 was associated with 
increased RAC1B expression. Remarkably, the incubation of polarized Caco-2 cells with purified 
IL-6 was sufficient per se to trigger an increase in RAC1B expression in a dose-dependent 
manner, and the presence of anti-IL-6 antibodies during the co-culture prevented the increase. 

Overall, our data indicate that pro-inflammatory signals from the microenvironment can modulate 
RAC1B expression in colon epithelial cells. Since RAC1B was shown to sustain tumor cell survival 
and promote escape form oncogene-induced senescence, the data further strengthen the causal 
connection between inflammatory conditions and the development of colorectal cancer. 



 

 

P5 - FABRICATION OF A HUMAN STOMACH-ON-A-CHIP DEVICE DISPLAYING ORGAN-
LIKE FEATURES 
 
Daniel A. G. Ferreira1, João P. Conde2, Peter Ertl3, Carla Oliveira4, Pedro L. Granja5 
(1-i3S – Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Portugal: INEB – 
Instituto de Engenharia Biomédica, Universidade do Porto, Portugal, ICBAS – Instituto de 
Ciências Biomédicas Abel Salazar, Universidade do Porto, Portugal , 2-Department of 
Bioengineering, Instituto Superior Técnico, Universidade de Lisboa, Portugal; Instituto de 
Engenharia de Sistemas e Computadores – Microsistemas e Nanotecnologia (INESC MN), 
Lisbon, Portugal , 3-Faculty of Technical Chemistry, Vienna University of Technology (TUW), 
Austria, 4-i3S – Instituto de Investigação e Inovação em Saúde, Universidade do Porto, Portugal; 
Ipatimup – Institute of Molecular Pathology and Immunology of the University of Porto, Portugal; 
Department of Pathology, Faculty of Medicine, University of Porto, Portu , 5-i3S – Instituto de 
Investigação e Inovação em Saúde, Universidade do Porto, Portugal) 
 
 
Introduction: The stomach has a central role in human physiology. Complications leading 
towards stomach disease pose serious consequences and treatment is generally associated with 
high morbidity and mortality. The lack of biomimetic models capable of reproducing the complex 
architecture and dynamic environment of the gastric mucosa, still hampers the development of 
new diagnostic and therapeutic tools. Recent advances in microengineering, made possible the 
fabrication of bioinspired devices capable of replicating the physiology of an organ, inside a 
microfluidics chip. Here we describe a bioinspired stomach-on-a-chip (SoC) device supporting 
peristalsis-like motion and reconstituting organ-level architecture and function. 

Methodology: A fabrication method based on xurography was used to fabricate a multilayered 
organ-on-a-chip device. The 9 layered device was engineered by intercalating layers of fluidic 
channels made of a flexible silicone, separated by perforated PET membranes. The latter allow 
physical and chemical communication between every layer of the device. Bellow the fluidic 
assembly, a flexible PDMS microactuator can be added to impart mechanical stretching. 

The resulting SoC represents the inner layers of the gastric mucosa, namely the epithelial barrier, 
the basement membrane and the lamina propria. The SoC was characterized regarding its 
response to the dynamic conditions imparted by the chip. Resulting phenotype and in vivo gastric 
function were evaluated. 

Results: The dynamic environment imparted by the SoC, elicited epithelial polarization and 
differentiation. Interestingly, these phenotypic traits are characteristic of the normal gastric 
mucosa but are commonly lost in 2D gastric cell culture. Furthermore, the SoC recapitulated some 
functional features of the native organ, namely, enhanced epithelial barrier function and increased 
pepsin activity. 

Conclusion: The engineered SoC demonstrated the importance of considering the effect of 
mechanotransduction, in order to recapitulate key in vivo features of the native organ. The 
proposed SoC represents an interesting tool in a personalized medicine context, as a biorelevant 
tool to study gastric disease 
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Crucial in several cellular processes, such as nonsense-mediated mRNA decay, cell cycle 
progression, and telomere maintenance and homeostasis, Up-frameshift 1 (UPF1) has also been 
considered a tumour suppressor protein in hepatocellular carcinoma and gastric cancer, as it is 
underexpressed in the latter and negatively correlated to MALAT1 (long non-coding RNA 
metastasis-associated lung adenocarcinoma transcript 1) expression. UPF1 overexpression 
inhibits some cancer-specific features, like proliferation, cell cycle progression, cell migration and 
invasion, and enhances apoptosis, turning the UPF1/MALAT1 pathway a potential therapeutic 
target for gastric cancer. 

Here, we investigate the importance of UPF1 internal ribosome entry site (IRES)-dependent 
translation in tumorigenesis, specifically in colorectal cancer. Thus, we used a bicistronic system 
with two reporter genes, in which we cloned UPF1 5’ untranslated region (UTR) upstream the 
second cistron, whose translation will only occur internally. We transcribed the bicistronic mRNA 
in vitro and transfected HeLa (cervical cancer), NCM460 (normal intestinal-derived colonocytes) 
and HCT116 (pre-metastatic colorectal carcinoma) cells with such mRNA, along with the positive 
and negative controls. The results show a significant increase in IRES-mediated translation levels 
compared to those of the negative control, both in normal conditions and under endoplasmic 
reticulum stress. Also, internal initiation occurs in the absence of the cap structure. Deletional and 
mutational analysis of UPF1 5’UTR showed that nucleotides 1–100 (stem-loop (SL) I) and 151–
275 (SL III) — out of 275 nucleotides — are the minimal required sequences for the IRES to work 
properly. Also, we used RNA antisense oligonucleotides (ASOs) targeting UPF1 IRES SL I and III 
and observed a reduced UPF1 expression. Cellular viability increases in HCT116 cells and 
decreases in NCM460 cells treated with ASOs targeting SL III and SL I, respectively, whereas 
apoptosis increases in NCM460 cells and decreases in HCT116 cells treated with ASOs targeting 
SL I. This may be the dawn of a new RNA-based therapeutic approach regulating colorectal 
cancer development. 
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The Keutel Syndrome is a rare disease caused by mutations in the Matrix Gla Protein (MGP) 
gene and is strongly associated with ectopic calcification in vascular and cartilaginous tissues. 
The current lack of knowledge behind the mechanisms by which MGP prevents the deposition of 
calcium is severely limiting the understanding of the disease and the development of optimal 
therapies. 

Based on available data, our ongoing hypothesis is that MGP interacts with ELASTIN (ELN), a 
protein responsible for tissue elasticity, prone to ectopic calcification, to prevent vascular 
mineralization. 

To test our hypothesis, we obtained from European Zebrafish Resource Center (EZRC) and 
characterized a zebrafish mutant with a truncated form of eln and the presence or absence of 
pathological elastic fibers was detected through the Verhoff’s Van Gieson histological staining. 
The role of ELN in the process of ectopic calcification was addressed by treating our mutants with 
warfarin, a potent inhibitor of Vitamin K, that mimics the loss of expression of MGP. 

Our data suggest that loss of ELN expression is strongly associated with a decrease in the 
presence of elastic fibers and the development of skeletal defects. Upon treatment with warfarin, 
our heterozygous and homozygous eln mutants showed an increase in ectopic calcification when 
compared to treated control zebrafish. Through histological analysis, we also observed the 
presence of MGP in tissue rich in elastic fibers. 

In conclusion, we characterized a zebrafish mutant with a truncated form for eln and 
demonstrated for the first time that loss of ELN expression in zebrafish exacerbated the process 
of ectopic calcification. This work suggests a potential interaction and synergy between MGP and 
ELN in preventing ectopic calcification significantly contributing to the study of Keutel Syndrome. 
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During the first two decades of the 21st century, remarkable progresses have been achieved in the field 
of RNA-based therapeutics. From antisense RNA to RNA modification, the therapeutic potential of RNA-
based technologies has nothing but increased. In our lab, we have been addressing the potential of 
different RNA-based drugs to either correct or ameliorate the sub-cellular phenotype of a number of 
severe, life-threatening diseases: the so-called Lysosomal Storage Disorders (LSDs). Among them, we 
are focusing our efforts on those which present with a predominant neurological phenotype, since there 
are virtually no approved treatments for any of them.  

Briefly, two major research lines are being pursued: the first relies on the design of mutation-specific 
approaches to correct abnormal splicing processes in LSD-related genes, whenever they underlie 
pathology. The second depends upon selective downregulation of genes involved in the biosynthethic 
cascades that give origin to the substrates that accumulate in each pathology.  

Here we present an overview on our results with both approaches on Sanfilippo syndrome, a sub-group 
of severe neurodegenerative LSDs.  

For the mutation-specific, splicing correction approach, we are using U1snRNA vectors to restore the 
splicing defect caused by the HGSNAT mutation c.234+1G>A, that leads to Sanfilippo C disease. We 
started by demonstrating in vitro that a modified U1snRNA vector designed to improve the definition of 
HGSNAT exon 2 could partially restore its normal splicing process (1). Now, we are evaluating its 
therapeutic potential in vivo, in mice expressing the human splicing defect.  

For the substrate reduction approach, we are using siRNAs. By acting over a specific biosynthethic 
cascade, siRNAs promote an overall decrease of the accumulating substrate. So far, we have already 
tested this approach in patients’ fibroblasts and observed a high inhibition of the target mRNAs and a 
decrease in storage.  

Overall, there are substantial differences between these two approaches but they also face common 
challenges and show equally promising results. 

1. Matos et al., 2014 (DOI: 10.1186/s13023-014-0180-y) 
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Mucolipidosis type II alpha/beta (ML II) is one of the most severe Lysosomal Storage Disorders 
and is caused by the deficiency of the enzyme GlcNAc-1-phosphotransferase. This enzyme is 
responsible for the addition of the mannose 6-phosphate marker to lysosomal enzymes, which 
allow their targeting to lysosomes. Of the several mutations that occur in ML II, the deletion of 2 
nucleotides from GNPTAB exon19 (c.3503_3504del) is the most frequent, making it a good target 
for a specific mutation therapy as there is no therapy for this disease. In this study, we explored 
the possibility of an innovative therapeutic strategy based on the use of antisense oligonucleotides 
(AOs) for ML II. In a previous in vitro study in ML II patient fibroblasts, AOs were used to promote 
the exon 19 skipping from the GNPTAB pre-mRNA, resulting successfully in the production of an 
in-frame mRNA1. Currently, our objective is to evaluate the therapeutic potential of this approach, 
both in vitro in C57BL/6 fibroblasts and in vivo in C57BL/6 mice. For this, 18 animals were used, 
divided into 6 groups: groups 1 and 4 were injected with saline solution, groups 2 and 5 with AO at 
25 mg/kg and groups 3 and 6 with AO at 50 mg/kg. All animals were injected by intraperitoneal 
route and were sacrificed after 4 or 7 days post-treatment. At the end of the experiment, the 
organs were collected and frozen at -80ºC, for later RNA extraction, cDNA synthesis and RT-
PCR. After results analysis, the exon 19 skipping was not observed using any of the tested doses 
or incubation periods. So, we can theorize that the doses administered were not sufficient to 
achieve a response or the AO might have had a high clearance rate. As for the in vitro 
experience, the C57BL/6 fibroblasts were seeded in 6-well plates and subsequently transfected 
with concentrations of AO ranging from 10nM to 600nM. After 24/48h of incubation, cells were 
collected and cDNA analysis revealed a full length transcript but also another one of lower 
molecular weight compatible with exon-skipping. These are preliminary data, so in the near future 
more experiments will be done. 1. Matos L, et al. Hum Gene Ther, 2020, 31(13-14):775-783. 
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Africa is likely the birthplace of the Modern Human about 200,000 years ago. This is visible across 
human diversity including on the female-inherited mitochondrial DNA (mtDNA). The most ancient 
clades of the mtDNA tree exist in Africa, haplogroups L0 to L6, while all diversity outside Africa 
emerges from a single of these clades, the Eastern African L3, that left the continent about 70-60 
thousands years ago. However that was not the only time when migrations out of Africa occurred. 
Here we investigated migration of lineages from African haplogroups using a phylogeographic 
approach. We built a mtDNA tree of haplogroups L0-L6 containing nearly 7000 sequences and we 
applied a founder analysis, aiming to detect periods of migration to either Europe, Asia or the 
Americas. We obtained two major periods of migration. One occurred in the early-middle 
Holocene, from Northern, Western, Central and Eastern Africa into Europe and Southwest Asia. 
This corresponded to a period where climate changes allowed crossing of the Sahel Belt, into 
Northern Africa and ultimately, Europe. The second migration showed a completely different 
nature reaching not only Europe but also the Americas, likely corresponding to the forced 
transport of African individuals as slaves. Here, the signal in Europe is greater in the Iberian 
Peninsula and it is obviously the only signal in the Americas. The population source of these 
groups is also distinct from the earlier one. There is a high percentage of West African lineages 
(73.4% in North America and about 50% in the Iberian Peninsula), which matches the location of 
the major ports of transportation of Slaves in the African coast. The migration of Southern African 
lineages, that were not detected in early migrations, represented the source of a substantial 
number of lineages in Iberia, and mostly, in South America, reflecting the fact that Portugal was 
the only country with slave ports located in the Southern part of the continent, namely in Angola. 
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People with chronic obstructive pulmonary disease (COPD) constitute one of COVID-19 risk 
groups. Variability in predisposition and clinical response to COVID-19 exist but our understanding 
of these factors in the COPD population is limited. This study explored the genetic background as 
a possible answer to COVID-19 infection response heterogeneity, either for the poor prognosis in 
people with COPD or across worldwide populations. 

Our cohort comprises 255 people with COPD (66±9 years; 72% male; FEV1 53.01±20.31% 
predicted) and 243 controls (67±10 years; 80% male; FEV1 100.46±19.19% predicted) clinically 
characterized and genotyped using saliva samples. COVID-19 associated SNPs (susceptibility: 
rs286914 and rs12329760; and severity: rs657152 and rs11385942) were assessed in our cohort 
and in the major world populations. Allelic frequencies were used to calculate the probability of 
having multiple risk alleles. Polygenic risk analysis was also conducted, in our cohort, for the two 
mentioned phenotypes (susceptibility and severity). 

No differences in genetic risk for COVID-19 susceptibility or severity were found between people 
with COPD and the control group (all p-values>0.01), either considering risk alleles individually, 
allelic combinations or polygenic risk scores. All populations, even those sharing European 
ancestry (Portuguese, Spanish and Italian), showed significant differences from the European (all 
p-values<0.0001). 

Our results indicated a low genetic contribution for COVID-19 infection predisposition or worse 
outcomes in people with COPD. We quantified also the high genetic heterogeneity across major 
world populations for the same alleles, even within European subpopulations. 

This work was funded by FEDER (Fundo Europeu de Desenvolvimento Regional) funds through 
COMPETE 2020, Operational Programme for Competitiveness and Internationalization (POCI) 
(POCI-01-0145-FEDER-028806;POCI-01-0145-FEDER-016428), CENTRO 2020 (CENTRO–46-
2016-02) and by Fundação para a Ciência e a Tecnologia (FCT) (PTDC/DTP-PIC/2284/2014; 
PTDC/SAU-SER/28806/2017; PTDC/ BIA-MIC/ 31849/2017; UI/BD/151337/2021). iBiMED is 
supported by FCT funds under UIDP/04501/2020. 
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Introduction: Glioblastoma Multiforme (GBM) is the most aggressive and common form of 
astrocytic tumour. It accounts for over 60% of all adult brain cancers and remains incurable, with a 
mean survival time of 15 months after diagnosis. The objective of this work is to assess whether 
there is a causal relation between patient survival time and the tumoural genetic alteration profile 
utilizing data from The Cancer Genome Atlas (TCGA) database.  

Methodology: Patient clinical and genetic data was retrieved from the TCGA database. Survival 
time was used to separate the 573 selected subjects into two groups using median survival as 
threshold, following application of the Kaplan-Meier estimator. Genetic data was then cross 
referenced with the two previously defined groups using an R algorithm, which permitted the 
sorting of the gene alterations by frequency in both. CNVs that were present in at least 30% of 
patients in each group were selected and compared between the categories. Those with a 
difference in alteration frequency over 27,9% were selected for further analysis. Fisher´s exact 
test was then performed to identify the genes that serve as discriminators between the groups. 

Results: After statistical analysis, three genes, BMI1, COMMD3_BMI1, MYO3A were selected (p-
value < 0,001 in Fisher’s test). An Odds Ratio = 2,41 (95% CI = [1,45;4,01]) was calculated for 
each gene individually and was identical for the three, as the observed alteration profiles were 
very similar. This corresponds to a 2,4 times greater likelihood that, if the gene is deleted, the 
patient belongs to the group with lower survival (<=430 days); and, if the gene is amplified, they 
belong to the longest surviving group (>430 days). Patients with CNV deletions in these three 
genes survive for significant less time and those with amplifications survive for noticeably longer. 

Discussion: The results confirm the observed differences between groups, with a significant 
association between alterations in these three genes and GBM patient survival time. This 
approach affirms the potential of using GBM genetic heterogeneity as a possible biomarker for 
patient survival, positively impacting clinical management.  
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Introduction: Gene expression alterations occurring with aging have been described for a 
multitude of species, organs, and cell types. However, most of the underlying studies rely on static 
comparisons of mean gene expression levels between age groups, not accounting for the 
dynamics of gene expression throughout the lifespan. These studies also tend to disregard the 
pairwise relationships between gene expression profiles, which may underlie commonly altered 
pathways and regulatory mechanisms with age. 

Methodology: To overcome these limitations, we have re-analyzed a publicly available RNA-Seq 
dataset (GSE132040), combining segmented regression with weighted gene correlation network 
analysis (WGCNA) to identify high-confidence signatures of aging in the brain, heart, liver, skeletal 
muscle, and pancreas of C57BL/6 mice. 

Results and Discussion: Functional enrichment analysis of the overlap of genes identified in 
both approaches showed that immune- and inflammation-related responses are prominently 
altered in the brain and the liver, while in the heart and the muscle, aging affects amino and fatty 
acid metabolism, and tissue regeneration, respectively, which reflects an age-related global loss 
of tissue function. We also explored sexual dimorphism in the aging mouse transcriptome and 
found the liver and the muscle to have the most pronounced gender differences in gene 
expression throughout the lifespan, particularly in proteostasis-related pathways, which we 
highlight as important determinants of health and lifespan. 

Acknowledgments: This work was supported by the Portuguese Foundation for Science and 
Technology (FCT) (iBiMED research unit: UID/BIM/04501/2020; MF:  SFRH/BD/131736/2017; SF: 
SFRH/BD/148323/2019; ARS: CEECIND/00284/2018), by FEDER (Fundo Europeu de 
Desenvolvimento Regional) funds through the COMPETE 2020’s Operational Programme for 
Competitiveness and Internationalization (POCI) (GenomePT: POCI-01-0145-FEDER-022184; 
MEDPERSYST: POCI-01-0145-FEDER-016428-PAC; WISDOM: POCI-01-0145-FEDER-029843) 
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Introduction: Heart failure can be defined as a syndrome caused by a structural anomaly and/or by a 
committed cardiac function, which leads to an inadequate cardiac output unable to meet the metabolic 
necessities of the organism. We aim to understand if HFE and HPSE genes as well as methaemoglobin 
reductase activity, may influence the development of heart failure. 

Methodology: It was performed a case-control study, in which 252 DNA samples from portuguese 
individuals were analysed, 143 derived from subjects with heart failure, and 109 from healthy controls. 
For HPSE genotyping (rs4693608), we performed endpoint PCR analysis. A multiplex ARMS 
(Amplification-Refractory Mutation System) assay was used for the simultaneous detection of two HFE 
polymorphisms (C282Y and H63D). Reductase methaemoglobin activity was determined by 
spectrophotometric methods. All statistical tests were performed with IBM® SPSS® Statistics 26.0 
software. Statistical significance was defined as a p-value < 0.05. 

Results:  Regarding the H63D polymorphism, results show the CG genotype as a risk factor [OR (95% 
CI) = 2.889 (1.041-8.018); p=0.042]. In what concerns HPSE gene, the GG genotype was found to 
have a protective effect [OR (95% CI) = 0.435 (0.193-0.982); p=0.045] while the presence of the A allele 
is a risk factor [OR (95% CI) = 2.297 (1.018-5.179); p=0.045]. Considering methaemoglobin reductase, 
its activity was lower in patients than in healthy controls (p=0.019). 

Discussion: Intravenous iron supplementation is sometimes considered in heart failure treatment, 
emphasizing the results presented in the present study. Considering the high prevalence of heart failure 
in Portugal (400.000 individuals, according to Sociedade Portuguesa de Cardiologia), it is important to 
identify iron-related markers, since it may allow an earlier and more expert approach, which may 
provide better prevention and therapeutic strategies for this pathology. 
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Pregnancy loss (PL) is a common event that has a strong clinical and social impact. About 10-
15% of clinically recognized pregnancies terminate spontaneously. Despite the heterogeneity in 
the etiology, about 50% of recurrent PL remain idiopathic.1 The enzymes that catalyse DNA 
methylation (DNA Methyltransferases) and hydroxymethylation (TET enzymes) are crucial in the 
differentiation and regulation of trophoblast cell lineages.2 Therefore, dysregulation of these 
epigenetic regulators might underlie idiopathic PL. 

A total of 61 human placental samples from PL were studied. Sixteen of these samples were 
obtained from first trimester PL (5-12 gestation weeks (GW); 3 controls vs 13 cases); 27 placentas 
were obtained from second trimester PL (13-24 GW; 14 controls vs 13 cases) and 18 placentas 
from PL of third trimester (25-40 GW; 8 controls vs 10 cases). Cases were selected from 
idiopathic PL and controls were selected from PL due to infections or voluntary termination of 
pregnancy or maternal anatomical conditions. Transcript levels of DNMT1, DNMT3A, DNMT3B, 
TET1, TET2 and TET3 were analyzed by RT-qPCR. Additionally, transcriptomic analysis of 8 
placental samples (4 cases and 4 controls) of each trimester is currently being performed. 

In the first trimester, we observed a significant upregulation of DNMT3B and an upregulation of 
DNMT1 in idiopathic PL. In the second trimester, an increase of TET2 and TET3 expression was 
observed. Regarding the third trimester, no significant differences were observed between the 
groups. 

We performed expression analysis of six epigenetic regulators in placentas from idiopathic PL 
throughout the three trimesters of gestation. We identified that DNMTs and TETs are expressed in 
the three trimesters of gestation. We also observed an upregulation of DNMT3B, TET2 and TET3 
in cases; in the future, it will be important to analyse protein levels to validate the observed 
changes. 

References:1Tur-Torres, M. H., et al. Best Practice and Research:Clinical Obstetrics and 
Gynaecology, 2017;42:11–25; 2Logan, P. C., et al. Frontiers in Genetics, 2013 4(265):1–10 
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Introduction: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized 
by communication deficits and repetitive behavioral patterns, and an important genetic 
component. There is strong evidence indicating that neurotransmission and synaptic processes 
are altered in ASD. Our objective was to identify ultra-rare variants in neurotransmission and 
synaptic (NS) genes that play a role in ASD, linking mutations to the biological pathways affected. 

Methods: We defined 1216 NS candidate genes by filtering for ‘neurotransmitter’ and ‘synapse’ in 
Gene Ontology, Reactome and KEGG; we overlapped the gene list obtained with the databases 
SynaptomeDB and SynSysNet, and with a gene list obtained from a literature review. We 
searched for ultra-rare loss of function Single Nucleotide Variants (MAF<0,1%) in these genes in 
the Whole Exome Sequencing dataset from the Autism Sequencing Consortium (N=3938 cases) 
and in gnomAD (N=60146 controls; MAF<0,1%). We constructed a network of protein-protein 
interactions using the genes affected, and communities were identified applying the Leiden 
algorithm. 

Results: We identified 357 variants in 208 genes, defining 7 network communities: Cytochrome 
P450 metabolism; Ion channel activity; Chemical synapse transmission; Neuronal development; G 
protein-coupled receptors; Energy metabolism and Neurotransmitter release cycle. The neuronal 
development community (27,6% of cases; 54 genes), the  Cytochrome P450 metabolism 
community (18,8% of cases; 33 genes) and the G protein-coupled receptors community (16,1% of 
cases; 32 genes), are the biological communities with the highest number of ASD cases affected. 

Discussion: The biological processes affected are in pathways more specific from the synapse 
as the neuronal development or the neurotransmitter release cycle, in combination with general 
cellular processes associated with Cytochrome P450 metabolism or ion channel activity. The 
majority of the cases have mutations in genes involved in neuronal development, supporting the 
relevance of this pathway in ASD. Our study reinforces the synaptic and neurotransmitter pathway 
hypothesis as one of the disease-relevant genetic drivers for ASD. 
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Reproductive success is controlled by several complex and coordinated processes that occur during 
oogenesis. The developing oocyte undergoes transcriptional and epigenetic alterations during oocyte 
maturation that will culminate in a mature metaphase II oocyte. Here we addressed these mechanisms 
by analysing human oocytes in different stages - germinal vesicle (GV), metaphase I (MI) and 
metaphase II (MII) stages - and cumulus cells (CC). Samples were obtained from surplus materials of 
oocyte donations, after donor’s informed consent and FMUP/HSJ Ethics Committee approval. We 
analysed epigenetic regulators (TET and DNMT) expression in GV, MI and MII oocytes and CC by RT-
qPCR. We also performed immunostaining for TET2 and TET3 proteins in GV oocytes. A preliminary 
transcriptomic analysis of GV and MII oocytes and cumulus cells was also performed by Smart-Seq in 
Genomics Unit at IGC, Lisbon. 

Our RT-qPCR data showed the presence of TETs and DNMTs transcripts in oocytes from the three 
maturation stages, with TET3 and DNMT1 expression being most abundant and TET1 almost 
undetectable. We observed that transcript levels were stable during oocyte maturation, from GV to MII 
oocyte; additionally, immunostaining showed that TET2 and TET3 are present in the cytoplasm of GV 
oocytes. Comparison between germinal and somatic cells revealed a significant increase in transcript 
levels of DNMT1 and TET3 in MII oocytes comparing to the respective cumulus cells. 

Preliminary analysis of the transcriptomic data allowed to identify highly expressed genes in GV and MII 
oocyte stages, with gene ontology analysis revealing association with translation process and the cell 
cycle, respectively. 

We here provide novel insights into the epigenetic and transcriptional regulation of human oogenesis. A 
better understanding of oocyte maturation and the interaction with surrounding cumulus cells, including 
their transcriptomic signature and epigenetic features, will potentially contribute to improve fertility 
treatments. 

Acknowledgments: CC (SFRH/BD/141855/2018) and JM (CEEC/IND/00371/2017) are funded by FCT. 
We thank Genomics Unit at IGC, particularly Susana Ladeiro for Smart-Seq support. 
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Introduction: Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterized 
by impaired social/communication skills and stereotyped/repetitive behaviors. Genetic factors 
account for 50-80% of the familial risk of ASD, but genetic determinants are not fully understood 
and a role for regulatory processes is plausible. In this study, we explored the contribution to ASD 
etiology of genes involved in an important post-transcriptional regulatory mechanism implicated in 
neurodevelopment, the Nonsense-Mediated Decay (NMD). 

Methods: We first compiled a group of 46 genes encoding NMD factors and regulators. In these 
genes we searched for Single Nucleotide Variants (SNVs) and Copy Number Variants (CNVs) in 
two samples of ASD patients (N=1828 and N=3570, respectively). We observed the frequency of 
these variants in 60146 controls from gnomAD v2.1.1 (for SNVs) and in 10355 controls from the 
Database of Genomic Variant (for CNVs). In genes with rare variants (MAF<1% in controls) 
predicted to be pathogenic in silico, we further investigated whether these variants affect protein 
domains required for NMD. 

Results:We identified 270 predicted pathogenic SNVs within 38 genes in 524 ASD patients 
(28.7% of the total ASD cases) and 38 CNVs located in 18 genes in 38 ASD patients (1% of the 
ASD cases). Five of these genes, RBM8A, UPF2, FMR1, SMG6 and EIF4G1, were previously 
associated with ASD. We found that 136 variants (122 SNVs and 11 CNVs), in 23 genes, were 
located within known protein domainsrequired for NMD. These variants, identified in 258 ASD 
patients, may affect proper NMD function and consequently contribute to changes in the 
expression of NMD targets. 

Discussion:In this study we identified genetic variants that may affect NMD function in ASD 
patients. Since most NMD targets encode proteins expressed in the brain, we hypothesize that 
NMD impairment can constitute a risk factor to ASD pathophysiology. Further studies are needed 
to better understand the impact of these genetic variants on NMD function and their relevance for 
ASD.A full understanding of these regulatory mechanisms may constitute an opportunity for the 
development of therapeutic interventions. 
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Introduction: The rapid and growing integration of exome and genome sequencing into clinical 
genetic diagnosis raises awareness regarding the identification of variants of potential clinical 
value unrelated to the primary reason for testing (secondary findings, SF). SF pose major 
challenges, as multiple issues (medical, legal, ethical, economic) and different contexts (e.g. 
paediatric and prenatal diagnosis, patient and family management, research in rare diseases) 
must be considered, highlighting the importance to promote standardized reporting of SF. We aim 
to bring to the consideration of the Portuguese Society of Human Genetics (SPGH) the urgent 
need for issuing national guidelines for reporting SF from clinical sequencing. 

Methodology: Consultation and review of guidelines for reporting SF in clinical exome and 
genome sequencing from different organizations, focusing on the ones issued by the American 
College of Medical Genetics and Genomics (ACMG)1, the European Society of Human Genetics 
(ESHG)2 and the French Society of Predictive and Personalized Medicine (SFMPP)3. 

Results: The ACMG recently published SF v3.0 list4 includes 73 clinically actionable genes 
mainly related to cancer and cardiovascular phenotypes, for which causal SF should be reported 
unless patients opted out. The ESHG recommends a more cautious approach, stating that 
genomic analysis should be as targeted as possible for the time being because a broader analysis 
raises complex issues in clinical practice. The SFMPP restricts its guidelines for reporting 
pathogenic SF to a list of 36 actionable cancer genes, requiring a double consent from the patient. 

Discussion: Consideringthe diversity of approaches and the complexity involved in reporting SF, 
we propose that the SPGH should promote the creation of a multidisciplinary workgroup involving 
all the stakeholders to put forth official national guidelines for reporting SF in clinical sequencing. 

References: Miller DT et al. Genet Med. 2021;23:1381. de Wert G et al. Eur J Hum Genet. 
2021;29:365. Pujol P et al. Eur J Hum Genet. 2018;26:1732. Miller DT et al. Genet Med. 2021; 
23:1391. 
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Introduction: Migraine is a complex debilitating neurovascular disorder that affects ~1 billion 
people worldwide, mainly females. It is characterized by attacks of moderate to severe headache 
pain and associated symptoms. Calcitonin Gene Related Peptide (CGRP) is often implicated in 
migraine and is widely expressed in the trigeminal region. Its receptor consists of two proteins: 
calcitonin receptor-like receptor (CLR) and receptor activity modifying protein (RAMP1). 
Epigenetic processes, such as DNA methylation, have been shown to play a contributing role in 
many diseases. DNA methylation occurs mostly at cytosine residues in CpG dinucleotides in the 
gene promoter and controls gene expression by recruiting involved proteins or impeding the 
binding of transcription factors to DNA. 

Methodology: So far, we have investigated the methylation state of the RAMP1 promoter in 39 
women blood DNA samples: 11 diagnosed with migraine and 28 controls. We treated DNA with 
sodium bisulfite, converting unmethylated cytosine to uracil while methylated cytosines remain 
intact. Next, PCR was performed to amplify the RAMP1 promoter followed by Sanger Sequencing 
analysis. 

Results: We identified the methylation of 5 CpG islands. We found that 64% of migraneurs have 
at least one CpG site methylated, showing generally higher levels of promoter methylation than 
controls. 

Controls tend to have the -334 CpG unit hypermethylated when compared to migraneurs. 

Discussion: Only few studies, relying on small sample sizes, analyzed the methylation of the 
RAMP1 promoter in migraine’s context. To strengthen our findings, we will broaden this study to 
100 samples. We will also explore methylation levels of other genes involved in the CGRP 
pathway. Ultimately, we hope to find epigenetic biomarkers to predict female migraine risk in an 
accessible body fluid. 

Acknowledgments: This work was supported by European Commission and FEDER under the 
project 0702_MIGRAINEE_2_E (Cooperation Programme INTERREG V-A Spain-Portugal 
POCTEP 2014–2020), by COMPETE 2020-POCI (POCI-01-0145-FEDER-007274), Portugal 
2020, SPC, Tecnifar fellowships and FCT through projects PTDC/MEC-NEU/29468/2017, 
CEECIND/00684/2017, and DL 57/2016, 29/8. 
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Infertility affects around 15% of couples worldwide, with male infertility accounting for 20-30 % of 
the cases [1]. Male infertility has been associated with epigenetic defects, namely in DNA 
methylation, which is regulated by DNA methyltransferases (DNMT). DNA demethylation occurs 
during epigenetic reprogramming and involves intermediates, such as 5-hydroxymethylcytosine 
(5hmC), a product of oxidation of 5-methylcytosine (5mC) by TET enzymes. 5hmC has been 
linked with active gene transcription in spermatogenesis [2]. The aim of this study was to assess 
the expression levels of epigenetic regulators in spermatozoa from infertile patients, with 
oligozoospermia (OZ; decreased sperm counts), comparing to normozoospermic (NZ) controls. 
Quantitative Real-Time PCR was performed in samples from 13 OZ and 12 NZ men to evaluate 
transcript levels of 6 epigenetics regulators (DNMT1, DNMT3A, DNMT3B, TET1, TET2 and 
TET3). Additionally, protein expression was analysed by immunostaining together with analysis of 
5mC and 5hmC DNA modifications. DNMT1 and DNMT3A transcript levels were significantly 
lower in OZ samples, in accordance with a decrease in positive stained cells. DNMT3B and TET3 
also showed a smaller decrease in mRNA levels, with a concomitant decrease in DNMT3B-
positive cells. No changes were observed in TET1 and TET2 mRNA and protein expression as 
well as in the number of 5hmC-positive cells. However, 5mC-positive cells were increased in OZ 
samples. Although preliminary, these results support the association of epigenetic deregulation 
with male infertility and warrant further investigation to assess their role in the spermatogenic 
process and implications for successful fertility treatments. 

[1] A. Agarwal, et al., Reprod. Biol. Endocrinol., vol. 13, no. 1, pp. 1–9, 2015; 
[2] H. Gan et al., Nat. Commun., vol. 4, no. May, pp. 1–11, 2013; 
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Homozygosity for a private synonymous mutation in the cystatin-B gene (CSTB, MIM:601145; 
c.66G>A; p.Q22Q) was detected in a Portuguese patient with a rare, atypical form of Unverricht-
Lundborg disease (ULD, MIM #254800). This apparently silent mutation leads to mis-splicing of 
CSTB pre-mRNA where a normal and an abnormal transcript were detected. The abnormal 
transcript, with a 354 bp inclusion from intron 1, due to the activation of a cryptic 5′splicing site, is 
expected to result in the production of an altered peptide with a premature truncation.   In the 
patient’s fibroblasts, cystatin B protein has nuclear location and presents a shift from lysosomal 
distribution. The abnormal transcript might be promoting aggregate formation leading to a toxic 
gain of function and being involved in the mis-localization of the protein. The use of derived cells 
from induced Pluripotent Stem Cells (iPSC) can be used as tools for modelling biological 
processes, particularly in the case of cell types that are difficult to obtain, such as in neurologic 
diseases like ULD. Given our experience with ULD [1, 2], the effective iPSC skills [3, 4] and 
bearing in mind that the splicing process may vary among different tissues [5] we propose a new 
approach to: A) generate iPSCs from the patient’s fibroblasts using the currently established 
method; B) differentiate those iPSCs into neuronal cells; and C) analyse the transcripts and the 
protein localization in different types of cells. Using iPSCs as a source of different cell types, we 
intend to clarify if the observed abnormal RNA splicing is cell-type specific, and to characterise the 
subsequent protein mislocalization. In conclusion, we hope to be able to contribute to the 
understanding of cell-type specific implications in the pathogenesis of ULD. 

References: 1- doi: 10.1016/j.eplepsyres.2011.11.004; 2- doi: 10.1016/j.ymgmr.2015.07.005; 3- 
doi: 10.1016/j.scr.2019.101595;  4- doi:10.1016/j.arcmed.2017.04.001; 5- doi: 10.1186/gb-2004-5-
10-r74. 
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Tay Sachs disease (TSD) variant B1 is a neurodegenerative lysosomal storage disease (LSD) 
which, although rare, is the most frequent form of TSD in Northwestern Iberia. The mutation 
p.R178H (c.533G>A) associated with the TSD variant B1 leads to a mutant HexA protein with 
altered kinetics and reduced residual activity. 

The ability to reprogram somatic cells back to a pluripotent state created new opportunities for 
generating models of disease-relevant cells by inducing patient cells into induced pluripotent stem 
cells (iPSCs). Availability of disease-relevant cell types derived from TSD variant B1 patient iPSCs 
will provide a model for studying the pathogenic mechanisms and testing therapeutic agents. 

This work focus on the characterization of lysosomal-related genes of two TSD variant B1 patient 
skin fibroblast cell lines with the mutation p.R178H (obtained from an international cell biobank) 
prior to being reprogrammed to the pluripotent state. 

We extracted and purified the genomic DNA from TSD variant B1 patient fibroblast cell lines. For 
library preparation and sequencing, we used an in-house customized Next Generation 
Sequencing (NGS) panel of around 150 genes related or not related to lysosome function. 

Analyzing the NGS data, we identified some point variants (missense and small indels) in exons 
and their respective intronic flanking regions in the genes analyzed that were found in the 
respective fibroblast cell line and may represent variants of interest in these particular cases. 
These findings will be further explored. 

When generating iPSCs in order to obtain disease-specific cell models it is important to have 
characterization checkpoints of the different cell lines throughout all the manipulation stages. 
Therefore, in the future these NGS data will be compared with data obtained by NGS analysis of 
TSD variant B1 patient iPSCs and of neuronal cell lines differentiated from these TSD variant B1 
patient iPSCs. 

This work was financed by FCT (PTDC/BIM-MEC/4762/2014) and INSA-DGH. 
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The transcription factor p53 is a key cell regulator, having roles in varied cellular processes. 
Widely known as a tumour suppressor protein, p53 is responsible for signalling the adequate 
response to DNA damage, oncogenic signalling, or other stress stimuli. The target genes of this 
protein are involved in cell cycle arrest, senescence, apoptosis, and DNA damage response, 
among other pathways. Besides the full-length p53 (FLp53), to which these functions are 
attributed, the TP53 gene encodes for eleven other protein isoforms that result from alternative 
splicing, internal initiation of translation, and transcription from an internal promoter. In striking 
contrast to FLp53, the N-terminally truncated Δ160p53 exhibits pro-oncogenic traits1, although it 
only differs from FLp53 by the lack of its first 159 amino acids2. Δ160p53 promotes cell survival, 
proliferation, invasion, and adhesion, and it is overexpressed in cancer cells harbouring hotspot 
p53 mutants. The TP53 gene is frequently mutated in cancer, and hotspot mutants result from 
single missense mutations that convert p53 into a driver of tumorigenesis. As Δ160p53 presents 
many of the oncogenic roles attributed to p53 cancer mutants, it is plausible that this isoform could 
be responsible for the paradoxical mutant p53 functions. However, detailed knowledge on the 
mode of action of Δ160p53 is still lacking. We have performed additional tests to further 
characterize the oncogenic traits of this isoform. To evaluate the ability of Δ160p53 to promote 
anchorage-independent cell growth, we have used the soft agar colony formation assay. 
Preliminary results show a tendency of Δ160p53 to promote growth when compared to the control 
and other isoforms. Our new data complements our previous knowledge on Δ160p53 and 
reinforces the importance of studying this isoform for therapeutic targeting. 

1. Candeias, M. M., Hagiwara, M. & Matsuda, M. Cancer‐specific mutations in p53 induce the 
translation of Δ160p53 promoting tumorigenesis. EMBO Rep. 17, 1542–1551 (2016). 

2. Marcel, V. et al. Δ160p53 is a novel N-terminal p53 isoform encoded by Δ133p53 transcript. 
FEBS Lett. 584, 4463–4468 (2010). 
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Introduction: A Recurrent Pregnancy Loss (RPL) is a disorder characterized by the loss of two or 
more pregnancies before 20-24 weeks of gestation, according to the European Society of Human 
Reproduction and Embryology (ESHRE).1,2 RPL, which affects about 2-5% of pregnant women, 
can be caused by genetic and epigenetic events.1,2 The X-chromosome inactivation (XCI) is an 
event occurring in female mammals to inactivate part or all of one of the X chromosomes during 
the embryonic development.2,3 Typically, it is a random phenomenon occurring to compensate 
the difference in the X-linked gene dosage between females and males.3 However, when the 
inactivation occurs preferentially in one X chromosome it is called skewed XCI and this condition 
has been already reported in women with RPL.3 The goal of this study was to evaluate the X-
inactivation pattern in women with RPL. 

Methodology: This study included 8 DNAs extracted from peripheral blood of women with RPL 
whose spontaneous abortions samples were received in the Genetic Unit, Department of 
Pathology of the Faculty of Medicine of Porto for cytogenetic study (Karyotype or array CGH). X-
inactivation analysis using HUMARA method (Restriction Enzyme Digestion/Polymerase Chain 
Reaction/Fragment Analysis) was performed. 

Results: 3 of 8 DNA samples showed a skewed X-chromosome inactivation pattern. From these, 
one was classified as a non-random X-inactivation (>65%) with 78.31% of inactivation and the 
other two as extremely non-random X-inactivation (≥85%) with 89.96% and 97.32% of 
inactivation. 

Discussion: This study suggested that a non-random X-inactivation pattern might be more 
frequent in women with RPL, as previously describe in the literature.  However, in the future we 
will need to include more RPL cases and a control group (samples including women without RPL) 
to confirm the results. 

1 - Dimitriadis E. et al., (2020). Nature Reviews, Disease Primers, 1-19. 
2 - Page JM and Silver RM, (2016). Clinical Obstetrics and gynecology; 49(3); 498-508. 
3 - Kuo PL et. Al., (2008). Association of Extremely Skewed X-chromosome Inactivation with 
Taiwanese Women Presenting with Recurrent Pregnancy Loss. ELSEVIER; 107(4), 340-343. 
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Uterine fibromyomas, also known as leiomyomas or fibroids, are benign smooth muscle tumors of 
the uterus, the most frequent benign tumors at the reproductive age. MTHFR gene is involved in 
the modulation of several events such as angiogenesis, apoptosis, cell cycle, DNA methylation, 
that are crucial factors for tumor’s biology. In this study, it was intended to elucidate the potential 
role of this gene in fibromyomas development by studying the influence of its promoter 
methylation status and the C667T (rs1801133) variant in the disease. Results show lower 
promoter methylation in fibromyoma and an association of the CC genotype with the disease. 
Both results point to the importance of a higher activity of the enzyme for fibromyoma 
development. Higher MTHFR activity is associated with lower homocysteine levels, a precursor of 
glutathione, an important molecule for oxidative stress response. Reactive oxygen species are 
well known tumorigenic molecules since they increase cell proliferation and survival. 
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Introduction:  The traditional model of cancer development posits that a small number of 
mutations drive tumor progression, while thousands of other co-occurring mutations are thought to 
be passengers with little impact. However, this dichotomous classification generally does not take 
into account the expression level of these mutations, leading to the potential misclassification of 
non-expressed mutations as cancer drivers. 

Methodology: Using TCGA breast cancer data, we integrated whole-exome sequencing with 
allele-specific gene expression of heterozygous coding mutations, gathering a dataset with 5,151 
events from a cohort of 628 patients. Next, we searched for monoallelic expression of the wild-
type allele, followed by the characterization of the mutational landscape and gene functions. 

Results; We found that non-expressed mutations are common in breast cancer (6.4% of all 
heterozygous mutations), even when known imprinted genes are removed. Missense and 
synonymous mutations are the most commonly found consequences. They are present in driver 
genes and oncogenes, in breast cancer stem cell signature genes, in other non-cancer related 
genes, and tumor suppressors, where their role (as functional passenger or driver) depends on 
mutation consequence. Functionally, these mutations fall on genes enriched for transmembrane 
receptors, transcriptional regulation, cytoskeleton organization, adhesion, and metabolic 
regulation. 

Discussion: The frequency of transcriptionally silenced mutations in breast cancer suggests that 
the expression of these alleles is either genetic or epigenetically cis-regulated, most commonly via 
mutations in upstream cis-regulatory elements of the mutated allele, or by imprinting or other 
epigenetic silencing. Further studies will be conducted to map these mutations to their respective 
regulatory mechanisms. Until then, this new class of mutations highlights the clinical relevance of 
using expression data to improve therapeutic choice by avoiding the usage of drugs targeting non-
expressed mutations. 
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Introduction: Familial Hypercholesterolemia (FH) is a monogenic, common autosomal disorder of 
lipid metabolism. Genetic diagnosis includes the study of 3 genes: LDLR, APOB, PCSK9. About 
50-60% of clinical FH patients present a negative result for these genes and their phenotype can 
be explained by a polygenic contribution or be due to other monogenic causes. The present work 
aims to determine the genetic cause (monogenic or polygenic) of hypercholesterolemia in clinical 
FH patients. 

Methodology: A NGS panel was implemented including 8 genes (LDLR, APOB, PCSK9, 
LDLRAP1, APOE, LIPA, ABCG5, ABCG8) and 6-SNPs determining the genetic risk score (GRS). 
High polygenic risk score (PRS) was considered for GRS≥0.76. Variants were classified according 
to American College of Medical Genetics and Genomics (ACMG) guidelines or gene specific 
specifications. 

Results: Using this screening approach 161 index cases (IC) with clinical FH diagnosis were 
analysed and 59 IC (30 children + 29 adults) were identified with a pathogenic or likely pathogenic 
(P/LP) variant (ACMG classification): 58 IC have heterozygous FH (56 with an LDLR variant and 2 
with a PCSK9 variant) and 1 IC has homozygous FH (2 LDLR variants). Putative pathogenic 
variants were identified in heterozygosity in genes associated with recessive dyslipidemia (1 in 
APOE, 2 in ABCG5 and 2 in ABCG8). No other P/LP variants were identified in the remaining IC; 
however, several variants of unknown significance (VUS) were found in APOB (n=24). Among the 
97 FH negative IC, 48 have a GRS≥0.76 and 15 have a GRS<0.51. In the FH positive IC 14 also 
have a GRS≥0.76. 

Discussion: A causative FH variant was identified in 37% of the clinical FH patients. Additionally, 
5 IC (3%) have putative pathogenic variants in other genes that can contribute to their phenotype. 
Among the FH negative IC 50% have a high PRS and 16% have a low PRS, highlighting that they 
can have an unidentified monogenic cause. The identification of the genetic status (monogenic or 
polygenic) of an individual with FH phenotype may have implications in their risk stratification, 
cascade screening of relatives, disease management and therapeutic measures. 
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Introduction: PTEN hamartoma tumor syndrome (PHTS) is caused by PTEN haploinsufficiency. 
Phenotype includes macrocephaly, neurodevelopmental disorders (NDD), cancer susceptibility, 
and skin alterations. Given PHTS´s broad-spectrum, patients might be followed in different 
medical settings. To improve diagnosis and follow-up, we aim to characterize a cohort of 
portuguese PHTS patients. 

Methods: PHTS patients’ data from three Portuguese Medical Genetics Departments were 
reviewed. Cleveland Clinic PHTS risk score and NCCN diagnostic fit were computed. 

Results: Twenty-four patients from 17 families were included in our study, including nine adults. 
All patients had a pathogenic/likely pathogenic variant in PTEN, with 11 families presenting a 
frameshift type. Age of clinical and molecular diagnosis showed a bimodal distribution with a 
median age of 8 years. Common phenotypic features were macrocephaly, present in all patients, 
benign thyroid disease (n=10), and lipomas (n=6). Pathognomic PTHS features were not frequent, 
such as Lhermitte-Duclos disease (n=1), trichilemmomas (n=2), and papilomas (n=2). Nine 
patients present NDD. Two adult patients presented early-onset cancer: one male with papillary 
thyroid cancer and one female with papillary thyroid and breast cancer. Adult patients were 
integrated into screening for PTHS-associated cancers, but the physician responsible for this 
screening varies, with 11 patients being followed by a non-oncologist hospital specialist, five by 
Oncology, three by their family doctor and other hospital specialists, and one patient only by a 
family doctor. PHTS risk scores were highly variable in our cohort with confirmed cases 
presenting between 1% and 99% of risk. In patients with low-risk scores, positive family history 
elicited genetic investigation. Three adult patients with confirmed disease did not fit clinical NCCN 
criteria for PHTS. 

Conclusions: PHTS diagnosis remains a challenge due to its clinical broad-spectrum, with few 
patients presenting pathognomonic features. PHTS diagnosis should be considered in first-degree 
family members, even if clinical suspicion is low. Further studies are needed on follow-up 
optimization. 
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Introduction: 15q11.2 microdeletion (BP1-BP2), including NIPA1, NIPA2, CYIP1 and TUBGCP5 
genes, is assigned as a susceptibility locus for neurodevelopmental disorders (NDDs) with low 
penetrance and variable unspecific clinical expression. Recent studies indicate a mild subclinical 
effect on neurocognitive function. The interpretation of this recurrent copy number variation (CNV) 
can be particularly challenging, leading to high report variability. The aim of this work was to gain 
insight into laboratory reporting policies. 

Methods: We conducted a “15q11.2 microdeletion (BP1-BP2)” survey concerning clinical 
classification and reporting strategies in the postnatal and prenatal settings. Participants included 
7 national and 4 international genetic laboratories. 

Results:  8 out of 11 laboratories (73%) report the 15q11.2 CNV in the postnatal setting. Out of 
the remaining 3 laboratories, 1 reports it only if NDDs are present, 1 doesn’t report it and 1 didn’t 
respond. Regarding clinical classification, 3 classify the variant as pathogenic (P), 3 as likely 
pathogenic (LP), 2 as uncertain (VUS), 1 classifies it differently (LP or VUS) depending on clinical 
presentation and 2 didn’t respond. In the prenatal setting, 7 out of 11 laboratories (64%) don’t 
report the variant, 2 (18%) report it and 2 (18%) may report it or not based on clinical and / or 
informed consent criteria. Clinical classification varies among laboratories: 2 classify it as P, 1 as 
LP, 4 as VUS and 4 didn’t respond. 

Discussion: The majority of laboratories report the 15q11.2 deletion in postnatal as P or LP, while 
in prenatal it is mainly classified as VUS and not reported. Our data highlights a high variability 
and elaborate conditional reporting criteria for this CNV. This heterogeneity reinforces the 
undeniable need for stronger collaborations between national genetic laboratories. Establishing 
consensual guidelines for CNV classification and reporting in the frame of a unified strategy to 
address these ill-defined variants is essential to improve quality and minimize distress among 
patients and clinicians. 
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Introduction: KBG syndrome (MIM#148050) is an autosomal dominant syndromic developmental 
delay/intellectual disability (DD/ID) disorder caused byhaploinsufficiency variants in ANKRD11 
gene, characterized by a typical facial gestalt, macrodontia and short stature. It is presumed to be 
a frequent and underdiagnosed aetiology of syndromic DD/ID. We present the clinical and 
molecular characterization of 41 Portuguese patients with KBG. 

Methodology: Retrospective review of clinical and molecular data from KBG patients diagnosed 
in Portuguese medical genetics centres. Informed consent was obtained, and the study was 
approved by the Ethics Committee of the Lisbon Academic Medical Centre. 

Results: We collected data from 41 patients (21 females, 20 males) from 34 families. All patients 
had DD/ID and learning difficulties. The typical gestalt was recognized in 76%, and in 11% 
Cornelia de Lange syndrome was first considered. Other common findings were 5th finger 
clino/brachydactyly (86%), macrodontia (79%), attention deficit hyperactivity disorder (ADHD) 
(63%), hearing loss (56%) and recurrent otitis media (43%). Growth delay/short stature (<3rd 
centile) was observed in 38%. Additional relevant phenotypic features were cryptorchidism (44%), 
auricular septal defects (23%) and epilepsy (16%). A total of 24 different ANKRD11 sequence 
variants were identified: 19 frameshift [pathogenic (P)/likely pathogenic (LP)]; 4 missense [2 
(P/LP), 2 uncertain (VUS)]; and 1 affecting splicing (P). Four unrelated patients had large 
deletions involving ANKRD11 gene, including one case without the typical KBG phenotype. 
Variants were found in all but two unrelated patients, who both had the typical gestalt. 

Discussion: This data is consistent with previous literature. KBG syndrome has a distinctive 
gestalt which is easier to recognize later in childhood when macrodontia becomes evident. DD/ID 
is usually mild; behaviour disorders, particularly ADHD, are common and should be addressed for 
better developmental outcomes. Target gene sequencing should confirm most clinical diagnoses, 
since the great majority is due to frameshift variants in ANKRD11. 
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Introduction: Glioma is the most common form of central nervous system neoplasm that 
originates from glial cells, and account for over 70% of malignant brain tumors. This neoplasm 
remains among the most difficult cancers to treat and, therefore, it is essential to better 
understand the molecular mechanisms of this disease to optimize therapeutic approaches. This 
study aimed to perform a (epi)genomic characterization of tumor tissue samples from glioma 
patients and to evaluate plasma cell-free DNA (cfDNA) levels before and after the treatment. 

Methods: A total of 20 samples of plasma were collected from 7 patients, before and at several 
timepoints after initiation of treatment.After cfDNA isolation, concentrations were determined, 
compared between patients and controls, and monitored throughout the patients’ clinical course. 
Tumoral tissue samples were analyzed by array Comparative Genomic Hybridization (aCGH) and 
Methylation-Specific Multiplex Ligation-dependent Probe Amplification (MS-MLPA). 

Results: The quantitative analysis of cfDNA revealed that patients with glioma had higher plasma 
levels of cfDNA (0,571±0,574) than controls (0,303±0,092) and most of the patients revealed an 
increase in cfDNA levels after starting treatment, before decreasing. aCGH analysis revealed 
alterations in several chromosomes, mainly on chromosomes 10, 14, 17, and 19, where are 
mapped several key genes for carcinogenesis. MS-MLPA analysis revealed that the genes that 
presented most frequently gains were CDK6, CFTR, CD44, GATA5, STK11 and those that 
presented most frequently losses were CDKN2A, PAX5, PTCH1, CREM, KLLN, PTEN, PYCARD. 
The genes that were shown to be frequently methylated were ESR1, WT1, GATA5. 

Discussion: More studies with larger cohort and longer follow up are needed; however, our 
results showed that it is possible to isolate cfDNA from plasma of glioma patients and that an 
integrative analysis of liquid biopsies and tumor (epi)genomic characterization seems to be crucial 
to better understand this neoplasm. The correlation of molecular and clinical-pathological data is 
vital to help in the prognosis and monitoring of glioma patients. 
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Introduction: Parkinson disease (PD) is a progressive severe neurodegenerative disorder, 
characterized by rest tremor, rigidity of muscles, bradykinesia, postural instability, and dementia. 
Although predominantly sporadic, there are PD families/patients with autosomal recessive (AR) or 
dominant inheritance. The most frequent autosomal dominant PD is caused by disease-causing 
variants in the leucine-rich repeat kinase 2 (LRRK2) gene. Biallelic variants in the gene for parkin 
RBR E3 ubiquitin protein ligase (PRKN) is an important cause of AR PD, occurring in up to 50% of 
all early-onset cases. 

Methodology: We describe the PKRN variants profile in a cohort of 524 patients with PD, tested 
between 2000-2020. PRKN analysis was performed by Sanger sequencing and/or MLPA, or a 
NGS multigene panel, according to the clinical requests. 

Results: A molecular diagnosis of PRKN-related PD was established in 63 patients, with 3 
additional cases associated to variants of unknown clinical significance (VUS). A single 
pathogenic variant in heterozygosity was also identified in 16 patients. Altogether, 29 PRKN 
variants have been identified: 7 missense, 3 affecting splice-sites, 2 small frameshift deletions and 
1 insertion-deletion, plus 16 copy number variants (14 deletions and 2 duplications). Overall, 25 
variants were classified as pathogenic or likely-pathogenic, whereas 4 are VUS. 

Discussion: The obtained diagnostic yield (12%) is quite relevant considering the high clinical 
and genetic heterogeneity of PD. The c.155del variant is the most frequently found variant in our 
cohort (65% of cases). Surprisingly, large PRKN rearrangements were also identified in a 
significant proportion (54%) of patients. 

A definitive diagnosis of PD allows proper patient management and more precise genetic 
counselling of patients and families. As several gene-targeted therapies for PD have now reached 
the clinical trial stage (although not yet the case for PRKN-related entity), the clinical utility of 
genetic testing for PD has now expanded considerably. 
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Introduction: Bernard-Soulier Syndrome (BSS) is caused by variants in genes that encode for a 
major platelet (PLT) membrane glycoprotein (GP) complex, GPIb/IX/V, which is the receptor for 
von Willebrand factor (VWF) and plays an important role in blood clotting. The complex consists of 
4 subunits (GPIbα, GPIbβ, GPIX and GPV), encoded by different genes (GP1BA; GP1BB; GP9 
and GP5). To date, only variants in GPIBA, GPIBB, and GP9 genes were found. Besides the 
classical autosomal recessive inheritance, there are reports of monoallelic BSS cases with a mild 
phenotype and less pronounced PLT defects. 

Objective: To report the clinical and laboratory data from 8 families (19 patients) diagnosed with 
BSS, from our cohort of patients with inherited macrothrombocytopenia. 

Material and Methods: Data collected included family history, bleeding score (BS) with BAT-
ISTH, and results from laboratory tests such as PLT count, mean platelet volume (MPV), PLT 
function assay (PFA100), PLT agglutination with ristocetin by lumi-aggregometry, and GP 
quantification by flow cytometry – GPIbα (CD42b) and GPIX (CD42a). GP1BA, GP1BB and GP9 
genes were screened by Sanger sequencing. 

Results: From the 8 BSS families, 4 were biallelic (6 patients, all females) and 4 were monoallelic 
(13 patients, 7 females). Differences between biallelic and monoallelic BSS were observed in the 
median BS (8 in biallelic and 2 in monoallelic), as well as in median PLT counts (45x103 and 
131x103, respectively), median MPV (21.9fL and 13.8fL, respectively), and median GP levels (8% 
for GPIb and 9% for GPIX in biallelic; 65% for GPIb and 73% for GPIX in monoallelic). Concerning 
the genetic defects in biallelic BSS, 2 families share the same (already described) variant in GP9 
and the other 2 families had different variants in GP1BA, one of which was new. All the variants 
found in monoallelic BSS families were new, three in GP1BA, and one in GP1BB. 

Conclusions: Using an adequate diagnostic workflow we identified 8 BSS families. Seven genetic 
variants were found, amongst them 5 were new. Future studies are necessary to better address 
the pathogenicity of the new variants. 
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Introduction – Methylation status of the androgen receptor (AR) gene CAG tract located in exon 
1, is commonly used to assess X-chromosome inactivation pattern. AR is expressed in the ovaries 
and normal longer CAG repeat lengths (above 24) have been associated with premature ovarian 
failure, poor pregnancy outcomes, and recurrent spontaneous abortions. Studies in mice indicate 
that AR interacts with genes required for normal folliculogenesis, but the mechanism underlying 
the role in female reproduction remains elusive. Aiming to correlate the AR gene with ovarian 
reserve markers, the number of CAG repeats was determined among females followed at our 
hospital center. 

Methodology – CAG repeats were assessed by PCR methodology in 120 samples: 98 infertile 
females undergoing ICSI (mean age 34.8 ± 3.6) and 22 oocyte donors (mean age 27.1 ± 3.5). 
Ovarian reserve markers, namely anti-Müllerian hormone (AMH) levels and antral follicle count 
(AFC), were anonymously recorded. 

Results – CAG number ranged from 15 to 30, mean ± SD 22 ± 2.6 (infertile females) and 14 to 
27, mean ± SD 21.7 ± 2.6 (oocyte donors). Longer CAG repeats are observed in 37% of the 
infertile females and in only 27% of oocyte donor samples. Interestingly, 41% of the infertile 
females with longer CAG repeats showed levels of AMH, ACFs, or both, below reference values, 
whereas these markers were within normal reference values in the oocyte donor group. 

Discussion – Our results support previous studies that associate longer CAG repeats with a poor 
ovarian reserve. Given that in males long CAG repeats are associated with hypoandrogenicity, we 
speculate that in females the same mechanism is responsible for a reduced androgen receptor 
activity, reflected in the low levels of AMH and AFCs. Despite the lack of statistical power due to 
the small sample size, our results seem to support the involvement of the AR gene in the normal 
follicular development with impact on female (in)fertility. 
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Introduction: Skeletal dysplasias (SD) constitute a numerous and heterogeneous group of 
conditions resulting from abnormalities in bone shape, size, growth and/or density. They are rare 
anomalies (1.6-2.4/10,000 births) and 50% are lethal. Prenatal diagnosis is mainly based on 
ultrasound suspicion. The absence of a family history in most cases (de novo mutations), the 
absence of an identifiable extrinsic cause, the phenotypic variability and the overlapping of 
features make specific diagnosis very difficult. Clinical evaluation by Medical Genetics and the 
advances in next generation sequencing (NGS) techniques have contributed to increase the 
diagnostic capacity. 

Objectives: Analyze the results of genetic studies requested in suspected cases of SD. 

Methods: Retrospective study of suspected cases of SD in which were asked molecular studies 
by the CDPN-MAC between March 2015 and June 2021. 29 cases were reviewed and the 
variables collected were: personal/family history, gestational age (GA) of suspicion, ultrasound 
changes, molecular study results, pregnancy outcome and postnatal evaluation. 

Results: Of the 29 cases analyzed: 14 had a confirmed molecular diagnosis (5 cases of 
Osteogenesis imperfecta, 3 of Thanatophoric dysplasia, 1 of Diastrophic dysplasia, 1 of 
Achondrogenesis, 1 of Achondroplasia, 1 of Apert´s Syndrome, 1 of Bohring Opitz Syndrome, 1 
Chondrodysplasia punctata), 3 had clinically relevant variants waiting for validation (family study 
on course), 2 have ongoing studies, 10 have a molecular study without relevant changes. Mean 
GA of ultrasound suspicion was 21 weeks. Outcome of pregnancy in cases of confirmed 
diagnosis: 10 medical interruptions of pregnancy and 4 live births (Osteogenesis imperfecta, 
Diastrophic dysplasia, Achondroplasia, Chondrodysplasia punctata). 

Conclusions: We highlight the need for a multidisciplinary approach to these pathologies, as well 
as the importance of NGS sequencing to establish a diagnosis. A correct genetic counseling is 
extremely important for couples to be able to make informed decisions in the current and future 
pregnancies. 
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Iron-Refractory Iron-Deficiency Anemia (IRIDA) is a rare autosomal recessive hypochromic 
microcytic anemia derived from loss-of-function mutations in the TMPRSS6 gene, which encodes 
Matriptase-2, a negative regulator of hepcidin expression. IRIDA patients have high hepcidin 
levels that prevent iron absorption and recycling. Very few studies concerning this pathology have 
been carried out in the Portuguese population and its molecular basis is still largely unknown. In 
this study, we aimed to identify genetic variants in TMPRSS6 in a sample of the Portuguese 
population with a hematological phenotype suggestive of iron deficiency. In addition, we intended 
to evaluate the performance of NGS for genetic screening of this large gene. We studied 100 
adults with anemia and/or microcytosis and/or hypochromia collected by the Portuguese National 
Health Examination Survey (INSEF). Other possible genetic causes for these abnormal 
phenotypes, namely α- and β-thalassemia, were discarded after HBA1, HBA2 and HBB genetic 
screening. The TMPRSS6 gene (18 coding regions, exon/intron boundaries and regulatory 
regions) was amplified in 3 long-PCR fragments that were screened by NGS using Nextera XT 
libraries in a MiSeq platform. The genetic variants found were validated by Sanger sequencing 
(transcript ENST00000676104.1). Several known variants were identified along with two 
unreported mutations, c.1585T>C (p.Cys529Arg) and c.1580T>G (p.Phe527Cys). These novel 
mutations were classified as pathogenic by in silico analyses through Polyphen2, SIFT, and 
Missense3D. Moreover, Phyre2 software was used to produce a 3D structure of the mutated 
proteins, based on alignments with known protein structures, as there is no 3D model for 
Matriptase-2 on online databases. The two novel mutations were found in heterozygosity, 
explaining the mild abnormal hematological phenotypes and serum iron biomarkers presented by 
both patients. Functional studies should be performed to validate these findings. Our results 
widened the spectrum of TMPRSS6 pathogenic variants underlying hereditary iron deficiency-
related pathologies. In addition, NGS revealed to be an appropriate tool for TMPRSS6 genetic 
screening. 
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Introduction: Screening for BRCA1 and BRCA2 variants (Vs) in patients with Hereditary 
Breast/Ovarian Cancer (HBOC) or other Hereditary Cancer Syndromes (HCS) is performed using 
next-generation sequencing (NGS), allowing detection of a high number and types of Vs. The 
growing use of PARP inhibitors (PARPi) in the treatment of patients with homologous 
recombination-deficient tumors contributes to an increasing number of patients being screened for 
BRCA Vs even when family history of HBOC/HCS is absent. These approaches result in a 
growing number of identified Vs that need to be classified. The goals of this study, apart from 
identifying pathogenic and likely pathogenic Vs, were to identify uncertain significance Vs (VUS) 
and bring to discussion their uncertainties and impact on patients and family members. 

Methodology: BRCA1 and BRCA2 were analyzed in 207 patients mainly with HBOC/HCS, using 
TruSight® Cancer and MiSeq. Annotation was performed with Variant Interpreter, VEP, HSF, IGV, 
Alamut and Varsome. Vs were divided in 3 groups (G) according to allele frequency (AF) in 
population databases (G1:AF>5%, G2:1%≤AF≤5% and G3:AF<1%) and classified  according to 
ACMG-AMP guidelines. 

Results: In BRCA1 and BRCA2,45 and 96 Vs were detected, respectively. While in BRCA1 G3, 
we detected 6 pathogenic (P) Vs and 9 VUS, in BRCA2 G3, we found 9 P Vs, 2 likely pathogenic 
(LP), and 15 VUS. We highlight that in G3, VUS were more frequent than P and LP Vs. 

Discussion: Among G3, 28% of BRCA1 and 25% of BRCA2 Vs were VUS. VUS give rise to 
difficulties related to management of patients and families. Functional studies of missense or 
putatively affecting splicing VUS are of major importance to assess their biopathologic impact, as 
some of them may be hypomorphic and reclassified as P/LP. Accordingly, some VUS may have 
impact in therapeutic decisions (e.g. PARPi) as well as in patient’s cancer-risk management 
protocols, including appropriate genetic counselling and VUS screening in selected family 
members. We predict that new challenges related to VUS will emerge. 

Acknowledgement: FCT/MCTES, Toxicogenomics and Human Health (UIDB/00009/2020). 
GenomePT project (POCI-01-0145-FEDER-022184). 
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Introduction: Living with a late-onset neurological condition can pose difficulties regarding 
psychological adjustment along the life cycle. Genetic counselling interventions aimed to foster 
psychosocial support in affected or at-risk individuals for conditions such as hereditary ataxias 
(e.g. spinocerebellar ataxias) are very scarce. No interventions of this kind have been reported in 
Portugal so far, and there are only very limited examples of support interventions elsewhere. 
Therefore, we aimed to respond to that need by designing and implementing a service 
improvement online intervention for patients with hereditary ataxias. 

Methodology: We adapted a group intervention of a structured narrative exercise to be delivered 
remotely in Portugal. In parallel, we set a study to explore, respectively, i) the experiences of 
people participating in the intervention, and ii) to assess the impact of the intervention in their 
psychological wellbeing. Data collection involved observations and a post-intervention focus 
group. 

Results: The Portuguese Hereditary Ataxias Association advertised the narrative group 
intervention in social media and 13 individuals stated their interest in participating. Of these, 9 
people took part in a preliminary session aimed to present the goals and nature of the intervention 
and allow participants and facilitators to introduce to each other. 6 of those participants attended 
the narrative session (2,5 hours). Participants’ mean age was 48 (39-53), 3 men, with different 
types of Ataxias (mostly Machado-Joseph Disease). A focus group took place 2 weeks after the 
narrative session aiming to collect the participants’ views and experiences with the group 
intervention. Participants largely accepted the intervention format and reported high levels of 
satisfaction with the narrative session, as it allows them to know different perspectives and to gain 
new insights on how to cope with their genetic conditions. 

Discussion: This approach has potential to be extended and adapted to other types of genetic 
conditions and populations and may be used as a follow-up support tool in genetic counselling 
protocols. 
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Introduction – FMR1 gene 5’UTR CGG tract expansions above 200 repeats cause fragile X 
syndrome (FXS), while premutations (PM, 55 to 200 CGGs) are associated with tremor/ataxia 
syndrome and premature ovarian failure (POI). PM frequency varies across different populations 
being estimated as 1/130–300 females. Convincing evidence now links mRNA gain-of-function 
toxicity in PM carriers with impaired ovarian function and fertility. The aim of this work was to 
identify and characterize FMR1 PM frequency in infertile females undergoing assisted medical 
procreation and oocyte donor candidates attending our centre for fertility treatment and gamete 
bank donation, respectively. 

Methodology – 95 infertile females and 300 oocyte donor candidates were included in this study. 
TP-PCR methodology was used to size CGG repeats in both groups of women and AGG 
interruption patterns in the infertile group only. 

Results – No CGG expansions were detected in oocyte donor candidates, whereas expansions 
within the PM range were identified in two females of the infertile cohort, corresponding to a 1/48 
carrier frequency, with the following genotypes: [CGG12AGGCGG10];[CGG10AGGCGG48] and 
[CGG10AGGCGG9AGGCGG9];[CGG9AGGCGG9AGGCGG36]. The two patients with PM had 
an exacerbated response to controlled ovarian stimulation with need to postpone embryo transfer 
due to risk of ovarian hyperstimulation syndrome, in contrast to the poor response and risk of POI 
that was expected. 

Discussion – Owing to the reduced sample size and recruitment bias in the infertile cohort, the 
carrier frequency identified should not be transposed to the general population. Nevertheless, the 
number of premutations identified underscores the utility of FXS testing in infertile females, 
besides the established oocyte donors’ candidates screening. Screening of family members could 
enable the identification of CGG expansion carriers allowing informed decisions concerning 
reproductive plans. 
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Sickle Cell Anemia (SCA) is a recessive genetic disease caused by the c.20A>T variant in HBB 
gene. It is characterised by sickled erythrocytes, chronic hemolytic anemia and vaso-occlusive 
events. However, these manifestations are heterogeneous due to environmental and genetic 
modifying factors. The aim of this study was to investigate genetic modifiers of hemolytic anemia 
in pediatric SCA patients living in Africa, where the disease is a severe public health problem. The 
study was conducted on 200 Angolan SCA 3-12 year-old children. Thirteen polymorphic regions in 
genes previously associated with vascular cell adhesion (VCAM1 and CD36), vascular tonus 
(NOS3) or erythrocyte hemoglobinisation (HBA), were genotyped using PCR, RFLP, Gap-PCR 
and Sanger sequencing. Hematological and biochemical phenotypes were obtained at steady 
state and clinical adverse events were collected from patients’ medical records. Results revealed 
a high level (67,5%) of α-thalassemia co-inheritance (del. 3.7kb in HBA), which improve patients’ 
health by delaying the onset of the disease, decreasing anemia and the number of blood 
transfusions. Two SNPs in CD36 (rs1984112 and rs1413661) showed impact on anemia severity. 
Particularly, genotypes containing the rs1413661_allele C revealed to be risk factors for severe 
anemia, as they were associated with lower hemoglobin levels, increased number of 
hospitalizations and transfusions. This is the first report associating this SNP with SCA pathology. 
Moreover, the rs1041163_allele C in VCAM1 was associated with lower LDH levels, inversely the 
rs2070744_allele C in NOS3 was associated with higher LDH levels and a higher number of 
hospitalizations, being a possible risk factor for increased hemolytic rate. This study contributed to 
the understanding of SCA complex pathophysiology. It confirmed the positive role of α-thal., both 
in SCA related anemia and in its clinical manifestations. In addition, it reinforced the importance of 
vascular cell adhesion in hemolytic anemia variability. In this context, we propose the SNP 
rs1413661 in CD36 as an important novel genetic modulator of SCA in Africa. 

Partially funding by FCT/Aga Khan Dev. Network, #330842553 
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Wilson disease (WD) is an autosomal recessive disorder of the copper metabolism, caused by 
diallelic pathogenic variants in the copper-transporting gene, ATP7B. WD usually presents with 
hepatic, neurologic, and/or psychiatric disturbances. Molecular genetic testing is critical for a 
timely-adequate diagnosis and treatment, to prevent lifelong disabilities. This work aimed at 
expanding the mutational spectrum of disease-related variants in ATP7B, in a large cohort of WD 
patients. 

Since 2004, a total of 301 patients were genotyped at CGPP, for confirmation or exclusion of WD. 
In the vast majority of patients, ATP7B gene was analysed by Sanger sequencing and,in patients 
heterozygous for one disease-causing variant (n=20), MLPA was also performed. Variants were 
classified according to the ACMG guidelines. 

WD was genetically confirmed in 113 patients (99 families): 32 are homozygotes and 81 
compound heterozygotes for pathogenic or likely-pathogenic variants. A total of 34 distinct 
variants (including 4 novel) and 64 different genotypes were determined. The three most common 
disease-causing variants were found in 75.2% of the cases, among whom 18 were homozygotes; 
NM_000053.3:c.3402del was the most frequent, being present in homozygosity in 6 and in 
heterozygosity in 19 patients. 

This data expands the mutational spectrum of WD causing variants and contributes to the 
continuously demanding effort of interpreting variants causing WD. Interestingly, the c.3402del 
variant has also been reported as the most frequent in WD cohorts from Venezuela and Brazil. 
This contrasts with other European or Asian cohorts, where p.His1069Gln or p.Arg778Leu, 
respectively, seem to be the most prevalent WD-causing alleles. Furthermore, with the emerging 
development of preconceptional carrier screening approaches, this data can also 

help design and interpretate such tests. 
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Introduction: The American College of Medical Genetics and Genomics published the standards 
for interpretation of sequence variants and recently the ClinGen Familial Hypercholesterolemia 
(FH) variant curation expert panel (VCEP) thoroughly adapted them to the FH and LDLR context. 
FH is a highly prevalent (1:250) genetic dyslipidaemia characterized by lifelong exposure to 
elevated low-density lipoprotein cholesterol levels and consequently high cardiovascular disease 
risk. ClinVar is a public archive of genomic variation relating to human health and their clinical 
significance interpretations, derived from laboratory submission reports. 

Methods: We classified 300 LDLR variants following FH VCEP specifications and compared them 
with interpretations in ClinVar. For 70 variants case level data was shared from FH VCEP 
associated laboratories, for the remaining variants only internal and publicly published data was 
considered. ClinVar classifications were extracted on 1/10/2021. 

Results: The 300 LDLR variants spanned the whole gene and were 67% missense, 12% null 
(nonsense and frameshift), 10% splicing and 2% each in frame, synonymous, 5’UTR and large 
deletions. There was concordance in classification in both methods for 158/300 variants. Of the 
100 ClinVar conflicting variants, after classification with FH VCEP specification 40 became 
pathogenic/likely pathogenic (P/LP), 18 benign/likely benign (B/LB), 41 variants of uncertain 
significance (VUS) and 1 remained conflicting. Of the 14 ClinVar VUS, 2 were resolved by the 
new FH VCEP specification, 1 to B/LB and 1 to P/LP. Overall, 60 of the 114 unclassified variants 
in ClinVar (conflicting and VUS) received a definite classification (P/LP or B/LB) with the FH VCEP 
specification. 

Discussion: With the widespread of affordable genetic diagnosis, the number of potential 
disease-causing variants has increased, and with it the importance of correctly determine variant 
pathogenicity. Our results show that the FH VCEP LDLR-specific guidelines helped improve 
variant classification. This is imperative to achieve a consensus, accurate and standardized 
method for clinical interpretation of variants identified in FH patients worldwide. 
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Introduction: Dyslipidaemia is a disorder of lipid metabolism, characterized by either an increase 
or decrease in lipid particles, usually associated with triglycerides (TGs), LDL cholesterol (LDL-C) 
or HDL cholesterol (HDL-C). Most hyperlipidaemia and HDL deficiency confer an increased 
cardiovascular risk while hypolipidaemia, such as abeta or hipobetalipoproteinemia, may present 
different manifestations ranging from poor weight progression to neurological manifestations. The 
aim of this study is to presents 7 index cases with rare dyslipidaemia associated with HDL 
cholesterol values referred to our lab. 

Methods: Lipid profile was determined for each individual in an automated equipment Integra 
Cobas (Roche). Molecular analysis was performed by NGS with a target panel of 57 genes 
involved in lipid metabolism (Sure select QXT, Agilent) and samples were run in a NextSEQ 
Sequencer (Illumina). Only genes associated to rare forms of high and low HDL were analysed for 
this work, namely: ABCA1, APOA1, LCAT, CETP and SCARB1. All rare variants (MAF<1%) found 
in these genes were confirmed by Sanger sequencing. 

Results and discussion: This study includes 7 index cases (IC), with the following clinical 
diagnoses: Fish Eye Disease (1), Hypoalphalipoproteinemia (1) and Hyperalphalipoproteinemia 
(HALP) (5). We have identified the cause of low HDL values in the 2 patients under study. One IC 
has a variant in ABCA1 in homozygosity causing Tangier disease and 1 IC has a compound 
heterozygosity in LCAT causing Fish Eye Disease. In the subjects with a clinical diagnosis of 
HALP only 1 heterozygous variant in CETP was found in 1 IC, in the remaining 4 IC we did not 
find any variants associated with HALP. In these cases the cause of high HDL values seems to be 
multifactorial and not due to a monogenic condition. 

Conclusions: NGS proved to be a fundamental key for genetic testing of rare lipid disorders, 
allowing us to find the genetic cause of disease in 2 patients with low HDL.  Patients with these 
rare conditions should be identified as early as possible in order to minimize or prevent the 
adverse effects of these conditions. 
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Introduction: It is estimated that between 1 and 5% of diabetes cases result from point mutations 
in a single gene, originating monogenic diabetes. The most common from these are Maturity-
Onset Diabetes of the Young (MODY) with 14 genes associated with it but most resulting from 
variants in GCK, HNF1A, HNF1B and HNF4A. These patients have distinct phenotypic and 
metabolic characteristics, depending on affected gene and variant found with each subtype 
requiring different monitoring and therapeutic strategies. These patients are also wrongly 
diagnosed with type 1 or type 2 diabetes and therefore an accurate genetic diagnosis is essential 
for adequate clinical decision. Here are presented preliminary results of this study which aims to 
provide clinicians with accurate diagnostic. 

Methodology:-Blood was collected and DNA extracted from a total of 118 individuals, 76 index 
patients and 42 family members. Promoter region, coding sequences and adjacent intronic 
regions of GCK, HNF1A, HNF1B and HNF4A were amplified and sequenced employing a 
cascade screening strategy. Large rearrangements studies were conducted with MLPA. In silico 
analysis was performed and variants classified according to ACMG recommendations. 

Results: It was identified a pathogenic or probably pathogenic variant in 36% of index patients 
(48% in GCK, 32% in HNF1A, 16% in HNF1B and 4% in HNF4A). Additionally, 17 relatives were 
also diagnosed with MODY. For a total of 34% of individuals involved in this study it was possible 
give a definitive diagnostic of MODY. 

Discussion: A probably pathogenic or pathogenic variant was detected in 36% of studied index 
patients. Still, in a relevant number of cases was not possible to identify a genetic etiology. 
Possibly this may be due to the fact that only 4 of the MODY genes were analyzed and we may 
have patients with variants in those other genes. However, given the high number of negative 
results it is unlikely that all these could have alterations in the rarer genes, making it highly 
probable that these are true type 1 and type 2 diabetics. In conclusion, for 44 individuals a MODY 
etiology was discovered and for them it is possible to adapt the clinical approach. 
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Introduction: Genetic screening in donors aims to provide prospective parents with meaningful 
reproductive information, and the dominant view is that it should be focused on frequent, 
recessive, severe, congenital disorders of childhood. Presently in Portugal the established 
minimum set of molecular genetic screening tests performed in potential gamete donors 
comprises cystic fibrosis (CF), spinal muscular atrophy (SMA), and in women also fragile X 
syndrome (FXS). Other genetic disorders studied include chromosomal anomalies, thalassemia 
and hemoglobinopathies. The main goal of this study was to determine the prevalence of CF, 
SMA and FXS carriers amongst potential donors attending the collection centre in our hospital 
from February 2018 until September 2021. 

Methodology: Results from CF, SMA and FXS screening in 144 gamete donor candidates were 
analysed retrospectively and anonymously. For CF, screening included 62 clinically relevant 
CFTR variants considered the most frequent in Europe and Iberia. Regarding SMA, the number of 
SMN1 copies (exons 7 and 8) was determined, as was the presence of the pathogenic variant 
c.770_780dup. Additionally, for FXS the [CGG]n repeat tract in the FMR1 gene was sized in 
female donor candidates. The prevalence of carriers for these three diseases was calculated. 

Results: The majority of potential donors were women (68%). Regarding CF 3,5% of candidates 
(1/29) were carriers of pathogenic, CF-causing variants, namely: c.1521_1523delCTT, 
c.1519_1521delATC, c.350G>A, and c.3454G>C. A single SMN1 copy was found in 3,0% of 
candidates. In contrast, no female carriers of FXS were detected. 

Discussion: This study showed that carrier status of gamete donors reflected the prevalence of 
CF found in the general population in Europe. A higher prevalence than previously determined in 
the general Portuguese population was found for SMA carriers (1/34 vs. 1/52) which may be 
explained, in part, by the various nationalities and ethnicities among donor candidates at our 
centre. The total number of women studied may have been too small to detect FXS carriers, as 
the premutation frequency reportedly varies between 1/151 and 1/300. 
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The community of health professionals (HP) performing research in Portugal and Europe, has 
been growing over the last few years. The engagement and active participation of HP in research 
projects led by basic scientists brings a clinical and practical perspective to basic research. 

Clinical genetics is the area in which medical geneticists are responsible for diagnosing and 
advising on genetic diseases. They are responsible for determining the risk arising from family 
history, selecting cases in which further genetic investigations are needed and determining a 
surveillance plan and prevention measures appropriate to the risk level of disease. 

These HP are in a privileged context to participate and lead research projects, due to their 
proximity to patients and to the opportunity to tackle clinically driven research questions. 
Moreover, clinical geneticists involved in research is an increasing necessity to facilitate the 
integration of research results in their healthcare practice and, ultimately, improve individual and 
community health outcomes. 

Understanding how clinical geneticists perceive organizational support for research and how this 
influences their research engagement will shed light into this subject. 

Our aim is to understand what are the main enablers and barriers for clinical geneticists 
successfully engage in research. 

A systematic literature review allowed us to identify more than 30 enablers/barriers for the 
involvement of these HP in research, the most prominent of which are: time, recognition and 
awards, organizational support, accessible funding, consideration of research in career appraisal, 
training, and organizational culture. 

The practical relevance of the identified variables will be assessed through a questionnaire 
survey, addressed to health professionals and hospital administrators in public health 
organizations from north to south of Portugal. 

The main contribution of this project is to provide a better understanding of the impact that 
organizational support and management have in health professionals´ research engagement, and 
how to effectively support them within their clinical context to participate and/or lead research 
projects. 
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Introduction: Clinical diagnostic testing has been revolutionized by Next-Generation Sequencing 
(NGS). This powerful technology has been replacing Sanger sequencing, the gold standard 
methodology for clinical molecular diagnosis. Currently, and given the complexity of NGS, no 
specific guidelines are addressing NGS quality parameters or providing concrete guidance for 
confirmatory analysis of NGS results. Sanger sequencing is used as a broad methodology to 
validate each reported variant, however, these confirmations on all NGS-detected variants not 
only increase the test cost, but also delay the turnaround time. Some studies propose that 
independent confirmations of NGS findings are unnecessarily redundant and should not be 
required for high-quality variants. The aim of this work is to establish internal quality thresholds, 
above which Sanger confirmation of NGS variants will not be necessary. 

Methodology: A retrospective analysis of 500 Single Nucleotide Variants (SNVs), detected by 
NGS and Sanger sequenced, was performed to assess the need for further confirmation. 

Results and Discussion: Sanger sequencing confirmed 99.6% of NGS variants. Of the 500 total 
SNVs analyzed, 483 variants had a Read Depth (RD) ≥ 20, which represents 96.60% of the 
variants. From these 483 variants, and taking into consideration the zygosity, quality criteria 
according to Call Quality (CQ) and Allelic Frequency (AF) parameters were established. Only 59 
SNVs (11.8%) did not meet the filtering criteria and should, therefore, be Sanger-sequenced. In 
conclusion, performing Sanger sequencing of SNVs that conforms to appropriate high-quality 
thresholds could be noninformative and redundant. For SNVs, we will be able to reduce our 
Sanger confirmation workload by approximately 89%. Although Sanger confirmation of low-quality 
SNVs and all other variants remains necessary, this new approach will lead to a significant 
decrease in costs and labor. 
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Introduction: Intragenic CAMTA1 rearrangements have been associated with a variety of 
neurobehavioral phenotypes, including developmental delay (DD)/intellectual disability (ID) and 
nonprogressive cerebellar ataxia (OMIM#614756). From the few families reported so far in the 
literature, the phenotypic spectrum appears to be very variable, with cognition ranging from 
normal to moderate ID, and cerebellar signs from unsteady gait to overt ataxia. 

Methodology: The proband is a 9-year-old girl whowas referred to our clinic due to autism 
spectrum disorder (ASD) and learning difficulties. She had a history of impairment in gross and 
fine motor skills with unsteadiness while running. Brain MRI was normal. Her maternal half-sister 
had mild ID, ASD and attention deficit hyperactivity disorder (ADHD). She had a diagnosis of 
intrauterine CMV infection causing postlingual unilateral deafness. She also had marked 
impairment of gross and fine motor skills. Her brain MRI showed possibly CMV-related 
abnormalities, but no cerebellar involvement. Their mother had no ID or ataxia, but reported mild 
global DD, learning difficulties, and ADHD in childhood, plus a history of frequent falls. 

Results: ArrayCGH (180K, CGX-HD, PerkinElmer) identified an interstitial 1.44 Mbp deletion in 
1p36.31p36.23 (6967159_8402554; hg19) encompassing exons 4 to 23 of CAMTA1 gene. 
Subsequent FISH studies with a probe specific for region 1p36.23 confirmed the deletion to be 
maternally inherited and present also in the proband’s maternal half-sister. 

Discussion: This family illustrates the variable expression of the phenotype in individuals with 
intragenic rearrangements in CAMTA1 gene, namely regarding cognition and motor impairment. 
Although, to our knowledge, the deletion found in this family is larger than those previously 
reported in the literature (encompassing several genes downstream of CAMTA1), the phenotype 
fits well with the clinical manifestations described in other families, further contributing to establish 
CAMTA1 as a gene associated with a neurodevelopmental phenotype with variable cerebellar 
involvement. 
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Introduction: Autosomal recessive keratitis-ichthyosis-deafness syndrome (KIDAR MIM#242150) 
is a disorder caused by homozygous or compound heterozygous pathogenic loss-of-function 
variants in the AP1B1 gene. Only eight patients have been reported in the literature and additional 
descriptions are essential to further delineate the phenotype of KIDAR. 

Methodology: Report of an additional case of KIDAR and comparison with other published cases 
with molecular characterization. 

Results: We present a 14-year-old male with short stature, thin build, frontal bossing, small teeth 
and prominent abdomen. The skin examination was remarkable for an ichthyosis with 
conspicuous palmoplantar keratoderma, sparse and brittle hair with alopecia on the vertex and 
slight bilateral ectropion. He has no family history of the disease and has a personal history of 
fetal ascites, neonatal pancreatic insufficiency with consequent failure to thrive, feeding difficulties, 
recurrent infections and sepsis. He had congenital profound bilateral sensorineural deafness, 
photosensitivity and photophobia. He also had persistent mild anemia, neutropenia, 
thrombocytopenia, and low serum copper, ceruloplasmin and growth hormone. Brain MRI showed 
cerebral atrophy and thin corpus callosum and mild global developmental delay was noted. 
Genetic testing revealed a homozygous deletion in the AP1B1 gene, similar to two of the reported 
cases. 

Discussion: We concluded that the phenotypes of all individuals are highly concordant and major 
features are enteropathy with feeding difficulties, failure to thrive, ichthyosis, palmoplantar 
keratoderma, sensorineural deafness and sparse and brittle hair. We report other features present 
in more than one patient that could be part of the phenotypic spectrum and, in case of suspicion, 
we suggest copy number variation analysis to be performed alongside AP1B1 sequencing. 
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 Introduction: Glycogen Storage Disease type IX (GSD IX) is caused by phosphorylase kinase 
(PhK) deficiency, impairing glycogen hydrolysis into glucose. One of the genes encoding the PhK 
molecule is PHKA2, with pathogenic variants being associated with GSD IXa, the most frequent 
GSD IX and the only X-linked form. 
 
Case Reports: We present a case of a three-years-old boy, observed following 9 months of  
suspected symptomatic morning hypoglycemia episodes, subsiding after eating. An overnight 12h 
fasting investigation had been inconclusive. Similar symptoms were noticed in his ten-months-old 
brother, both with unremarkable physical exams. Home monitoring capillary blood glucose and 
beta-hydroxybutirate evidenced ketotic hypoglycemia. Molecular genetic testing identified the 
c.721A>G p.(Ile241Val) variant in PHKA2 gene, in hemizygosity in both with confirmed maternal 
inheritance. We report a second case of a two-years-old boy presenting at 12 months with 
persistent asymptomatic elevated aminotransferases. Clinically, he presented with abdominal 
distention, visible collateral circulation and hepatomegaly, along with speech delay. Dyslipidemia, 
elevated transaminases and abnormal urine organic acid profile were found. His dizygotic twin 
brother presented a similar clinical picture. Whole exome sequencing identified in both boys and 
their mother, respectively in hemizygosity and heterozygosity, the likely pathogenic c.1210C>T 
p.(Gln404*) variant in PHKA2 gene. Home monitoring disclosed occasional subnormal glycaemia 
and elevated ketones, according to the diagnosis of GSDIXa. Fasting avoidance, adequate 
protein intake and nocturnal maltodextrine supplement were implemented, with regression of liver 
dysfunction stigmata and normalization of aminotransferases and lipidemia in all patients. 
 
Conclusion: GSDIXa is a condition with great variability both in clinical presentation and severity. 
It should be considered in all cases of ketotic hypoglycemia and/or hypertransaminasemia with 
dyslipidemia, particularly in male patients. Genetic studies are essential for diagnostic molecular 
confirmation and adequate therapeutic measures as well as for appropriate family counselling. 
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Introduction: Helsmoortel van der Aa syndrome (HVdAs) is an autosomal dominant condition. 
PDI and ASD are core features, and it is estimated to represent 0,17% of all ASD patients’s 
etiology. It is caused by deleterious variants in ADNP and presents multisystemic involvement. It 
occurs typically de novo and has widely variable expressivity. We report three patients diagnosed 
in our center with HVdAs, and review the literature. 

Methods: Patients with a molecular diagnosis of HvdAs were reviewed and clinical features were 
compared with those described in the literature. 

Results: We report three male patients, aged 9, 11 and 17 years. All three patients had  
heterozygous pathogenic or likely pathogenic variants in ADNP identified by WES-based gene 
panel. All patients presented with intellectual disability (PDI), one profound, incapable of speech, 
one moderate and one mild. Variable dysmorphic features and behavioral problems were present 
in all patients. Epilepsy, endocrinological features, abnormal teeth development, and overweight 
were present in two patients each. One patient presented anomalous fat deposition and skin 
dimples. 

Discussion: Anomalous fat deposition and skin dimples had not previously been described in 
HvdAs, and were present in the patient most severely affected and with the more dissimilar 
dysmorphic features. The absence of a recognizable gestalt in HVdAs makes a high-throughput 
sequencing based approach necessary for its diagnosis. Our small cohort highlights the variability 
of HvdAs and the challenge it presents for genetic counseling and prognosis determination. An 
attempt to increase the cohort size by obtaining the collaboration of other national centers is being 
made in order to better understand its impact in our PDI/ASD population. 
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The gene lysine-specific methyltransferase 2B gene (KMT2B) encodes for a member of the SET/MLL 
protein family, involved in the generation of epigenetic marks, pivotal for gene activation and essential 
for normal development.KMT2B was initially associated with early-onset dystonia, but recently emerged 
as a genetic factor for more complex and syndromic presentations including neurological 
symptoms/signs. We present clinical and genetic data from seven patients with KMT2B (pathogenic or 
likely pathogenic) variants. NGS multigene panels (based on whole-exome sequencing) were used in six 
patients, whereas one was directly tested for variants in KMT2B by Sanger sequencing, according to the 
clinical request. Whenever possible, variant segregation analysis was performed in the patients’ parents. 

Two patients showed an atypical phenotype. One presented with ataxia, subtle dystonia and 
polyneuropathy, and harboured a novel splice-site variant (c.3334+1G>A) which abolished the splice-
site, as confirmed through analysis of mRNA extracted from fibroblasts. The second, had a syndromic 
presentation including dysmorphic features and intellectual disability - but no dystonia –, and carried a 
novel frameshift variant (c.5565_5567delinsT, p.Ala1856Profs*115). In both patients, these KMT2B loss-
of-function variants arose de novo and were classified as likely-pathogenic. 

Among the five remaining patients, two had isolated dystonia and carried different unreported variants: a 
missense (p.Arg1762His) and a splice-site affecting variant (c.5198-4_5206del); both were classified as 
variants of unknown clinical significance (VUS); the latter occurred de novo. Three other patients had 
complex dystonia; one carried a frameshift (c.3800_3807del, p.Glu1267Alafs*35) and two had missense 
variants (p.Arg145Gln and p.Arg1777Pro); two were classified as pathogenic or likely-pathogenic, 
whereas the p.Arg145Gln variant was a VUS. 

In summary, we expand the mutational spectrum of disease-causing variants in KMT2B with a total of six 
previously unreported variants. Release of these data will contribute to explore further their association 
with atypical and syndromic phenotypes related to this gene. 
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Introduction: CDK10 is a poorly known cyclin M-dependent kinase, acting in the control of actin 
network architecture and ciliogenesis. Biallelic loss-of-function variants in CDK10 gene cause Al 
Kaissi syndrome (AKS) (OMIM#617694), a recently identified neurodevelopmental disorder with 
only 10 patients reported in the literature. AKS is characterized by growth retardation, global 
developmental delay/intellectual disability, facial dysmorphisms, and spine malformations. 

Methodology: We describe a 2-year-old male, first child of non-consanguineous Nepali parents, 
with no relevant family history. Pregnancy was complicated by acute foetal distress (two umbilical 
cord loops around trunk and upper limb), leading to an emergency C-section at term. He was 
small for gestational age and evolved with hypotonia, feeding difficulties and failure to thrive, 
requiring a gastrostomy and multiple hospital admissions. Psychomotor development was 
moderately delayed. On physical examination, dysmorphic features (bilateral epicanthal folds, 
bulbous nose, thin upper lip vermilion,low-set posteriorly rotated ears), sacral dimple and axial 
hypotonia were noted. Previous investigation included biochemical studies, cranial, cardiac and 
abdominal ultrasound, and brain MRI, all with normal results. Spinal MRI showed an intradural 
cyst at L5-S1 level. Pathogenic copy number variations (CNVs) and Prader-Willi syndrome (PWS) 
were excluded by array-CGH and MS-MLPA, respectively. 

Results: Whole exome sequencing with CNV analysis and mitochondrial genome sequencing 
detected a novel homozygous variant of uncertain significance in CDK10 gene: c.87+5G>A. 
Parental studies are still ongoing. 

Discussion: The reported variant is predicted to disrupt the highly conserved donor splice site, 
was not found in controls, and is highly specific for the phenotype, which is suggestive of 
causality. Functional studies will be performed. Identification of a genetic aetiology is crucial for 
clinical management and genetic counselling. To our knowledge, this is the first patient with AKS 
described in Portugal, contributing to a better characterization of the phenotypic spectrum. 
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Introduction: Traboulsi syndrome (TS) or Facial Dysmorphism, Lens dislocation, 
Anterior‑segment abnormalities, and spontaneous filtering Blebs syndrome (# 601552) is a 
syndromic form of ectopia lens. It is characterized by ocular features (spontaneous lens 
(sub)luxation, subconjunctival bleb formation, shallow anterior chamber, iridocorneal adhesions, 
glaucoma, corneal edema, scleral thinning, and decreased visual acuity), craniofacial 
dysmorphisms, skeletal signs, hypermobile joints, and cardiac involvement. TS results from 
biallelic pathogenic variants in the ASPH gene, which encodes an enzyme that hydroxylates the 
aspartic acid and asparagine in epidermal growth factor-like domains of several proteins. So far, 
19 cases were reported in the literature. 

Case report: We report a 25-year-old male with a severe ophthalmopathy. Third child of apparent 
non-consanguineous healthy parents.  He has a brother with similar phenotypic features. First 
evaluated with 8 years at an ophthalmology appointment with high myopia that progressed 
through the years to bilateral ectopia and subluxation of crystalline lenses and amblyopia of the 
left eye. At our observation he showed facial dysmorphisms, elongated face, prominent nose with 
a convex nasal bridge, malar hypoplasia, malocclusion, and retrognathia. Due to persistent 
lumbar arthralgias, an MRI was performed but no structural changes were identified. 
Echocardiogram revealed a mitral valve prolapse. Exome sequencing was performed and 
identified a homozygous splice site variant in ASPH: c.1765-1G>A, classified as pathogenic, that 
explains our patient phenotype and supported the diagnosis of TS. Segregation testing is ongoing. 

Conclusion: TS shows many overlapping features with other connective tissues disorders, such 
as Marfan syndrome, and should be considered as a differential diagnosis. Also, this case 
contributes to the expansion of TS genotype with a novel splice site pathogenic variant in the 
ASPH gene. From a practical standpoint, it provided an appropriated genetic counselling and a 
better surveillance to this patient and family. 
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Introduction: Angelman syndrome (AS) patients are characterized by severe intellectual disability 
including absence of speech, dysmorphic craniofacial features, ataxia and distinctive behavioural 
phenotype. AS is caused by lack of expression in neurons of UBE3A gene, located in the 
imprinted region 15q11.2-q13. Functional loss of UBE3A can be due to 15q11.2-q13 deletions, 
paternal uniparental dissomy or mutations in the maternal inherited UBE3A allele. Currently, 
genetic diagnosis includes array Comparative Genomic Hybridization (aCGH), 15q11.2 
methylation analysis and/or UBE3A sequence analysis which identify anomalies in approximately 
90% of individuals. We report a family of two healthy unrelated parents with three siblings, one 
healthy girl and two boys with epilepsy and severe intellectual disability. The oldest affected 
brother was previously referred for aCGH and Methylation Specific-Multiplex Ligation-Dependent 
Probe Amplification (MS-MLPA) for 15q11.2-q13 region, both tests with normal result. After the 
birth of the youngest affected brother, a clinical revaluation of the affected brothers led to AS 
suspicion. 

Methodology: UBE3A gene sequencing followed by MLPA confirmation using UBE3A probemix 
panel. 

Results: The UBE3A gene sequencing revealed a 6kb intragenic deletion, encompassing exons 4 
to 7 in the youngest brother. The genetic analysis in the oldest brother and in the parents, using 
MLPA P336-B1, confirmed the presence of the same deletion in the eldest brother and in the 
mother who is unaffected due to methylation of the allele with the deletion. 

Discussion: UBE3A intragenic deletions are very rare but may represent an important fraction of 
AS patients without a genetic diagnosis. These small abnormalities might be missed by 
sequencing or by aCGH that is still the first diagnostic tool in neurodevelopmental disorders. In 
patients with AS suspicion the UBE3A intragenic exonic deletions as well as rare types of 
structural rearrangements that might disrupt this locus, should be tested by MLPA or by qPCR. 
Regarding that point mutations in UBE3A gene can be inherited from healthy mothers they may 
represent an underestimated cause of patients with AS. 
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Introduction: TAB2(TGFβ-activated kinase 1 binding protein 2) is expressed in the endocardial 
cushion and plays an important role in cardiac outflow tract and valvular formation during 
embryonic development. TAB2 haploinsufficiency syndrome is a newly recognized disorder 
associated with cardiomyopathy and congenital heart defects (CHD), namely variable polyvalvular 
disease and cardiac outflow tract structural abnormalities. Other features include intrauterine 
and/or postnatal growth restriction, short stature, hypotonia, connective tissue abnormalities, facial 
dysmorphism and intellectual disability. We are aware of at least 72 patients reported in the 
literature, of whom 36 bearing microdeletions in 6q25.1 involving TAB2 gene.  

Methodology: We describe a 13-year-old boy, who is the second child of non-consanguineous 
parents. His father and brother have a trabecular cardiac left ventricle. Uneventful pregnancy and 
delivery at full-term, needing ventilatory support a few hours after birth due to 
pneumomediastinum. Throughout the years, he presented axial hypotonia, failure to thrive, 
umbilical hernia, gastroesophageal reflux, recurrent respiratory infections, hyperlaxity, lower limb 
dysmetria, relative macrocephaly and dysmorphisms. Psychomotor development was normal and 
he has normal cognition. Echocardiographic assessment revealed mild mitral valve regurgitation 
with left ventricular (LV) hypertrabeculation progression.  

Results: Solo whole exome sequencing (including NGS-CNV analysis) was performed revealing 
the presence of a heterozygous 566 kb pathogenic deletion of chromosomal region 6q25.1 
encompassing TAB2 gene. The latter was confirmed by arrayCGH. Paternal array-CGH analysis 
was negative.  

Discussion: Besides the cardiac phenotype, the clinical picture may include non-cardiac findings, 
some overlapping with Noonan syndrome. There are no significant phenotypic differences 
between point mutations and microdeletions, supporting TAB2 haploinsufficiency as the primary 
mechanism. Patients are predisposed to develop a form of cardiomyopathy with reduced systolic 
function and should be screened longitudinally for systolic heart failure, even in the absence of 
CHD. 
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Introduction: Microdeletions of 12q15 region are rare. The clinical phenotype includes 
neurodevelopmental problems with nasal speech, facial dysmorphism and variable skeletal 
anomalies (OMIM#618608). Recently, haploinsufficiency of CNOT2 was associated with an 
autosomal dominant disorder and suggested to be paramount for the phenotype of 12q15 
microdeletion. We report the third case of CNOT2 deletion, aiming to contribute to the validation of 
this gene as phenocritical for this syndrome.  

Methods: The proband is an 8yo girl, referred to Genetics for language delay, mild intellectual 
disability and learning difficulties. On examination, she was obese and had minor dysmorphic 
features, including low-set posteriorly rotated ears, fleshy earlobes, thin straight eyebrows, 
hypertelorism, upslanting palpebral fissures, wide nasal base, depressed nasal bridge, smooth 
philtrum, bilateral brachydactyly (hands/feet), tapering fingers, unilateral transverse palmar crease 
and broad halluces. She also had bilateral deafness. 

DNA samples were analyzed by aCGH (180K, CGX-HD). 

Results: aCGH revealed a 92.35kb deletion in 12q15 (70572114_70664463; hg19), 
encompassing the 5’UTR and first exons of all isoforms of CNOT2 gene. Parental studies showed 
this deletion occurred de novo. 

Discussion: CNOT2 protein is a component of the CCR4-NOT complex, involved in the 
regulation of gene expression. Interestingly, CNOT1 and CNOT3, encoding other subunits of this 
complex, have also been associated with novel developmental disorders. 

Previous studies indicate that CNOT2 is the single commonly deleted gene in the minimal 
overlapping region in patients with large 12q15 deletions. Recently, partial heterozygous deletions 
of CNOT2 were described in two patients with clinical features reminiscent of 12q15 
microdeletion. Moreover, a truncating variant in CNOT2 was found in a patient with characteristic 
facial features and developmental delay, further suggesting that haploinsufficiency of this gene is 
causative of the phenotype. 

We found a deletion encompassing CNOT2 in a girl whose phenotype resembles 12q15 
microdeletion. Our case contributes to further validate CNOT2 as phenocritical for this rare 
syndrome. 
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TNFAIP3 encodes A20, a protein that plays a major role in the negative regulation of NFKB 
signalling pathway and NLRP3 inflamassome activation. Heterozygous LOF TNFAIP3 variants 
lead to haploinsufficiency of A20 (HA20), a systemic auto-inflammatory disease. We report a 
family carrying a pathogenic TNFAIP3 variant illustrating the wide clinical spectrum of HA20. A 22 
yo female was referred to our clinicwith recurrent pulmonary infections since infancy, type 1 
diabetes and thyroiditis. She was diagnosed with Common Variable Immunodeficiency, based on 
major primary hypogammaglobulinemia. Despite optimal IgG replacement she maintained 
recurrent Campylobacter colitis and poor Diabetes control. She developed atrophic gastritis, 
intestinal metaplasia, recurrent genital ulcers, abdominal/inguinal adenopathies, granulomatous 
interstitial lung disease and liver nodular regenerative hyperplasia. Immune workout revealed 
combined immunodeficiency with total lymphopenia, low switched-memory B cells and major 
depletion of naive T cells. Virtual analysis of a panel of 430 genes on WES revealed a nonsense 
heterozygous pathogenic variant in TNFAIP3 c.811C>T (p.Arg271Ter) was identified, previously 
reported in a patient without recurrent infections or antibody deficiency. Her 7 yo son has IgA and 
IgG2 deficiency, polyarthritis and, occasionally, oral ulcers. He responded well to methotrexate, 
but the drug was stopped due to hepatotoxicity. He is being treated with low dose of steroids and 
colchicine and an anti-TNF alpha drug will be started. A second child died in utero (38 weeks). 
Patient´s mother, 52 yo, was diagnosed with rheumatoid arthritis at 22 yo. She rejected treatment, 
and progressively developed joint erosions/deformities. No increased frequency of infectious 
occurred. Immune phenotype revealed expanded CD21low B cells, inversed CD4/CD8 and 
marked depletion of naive T cells. Sanger sequencing identified the familial TNFAIP3variant in 
both the boy and his grandmother. Future treatment approaches must be debated in the context 
of HA20 and compromised immune response to infections. Phenotypic variability complicates 
genetic counselling. The longitudinal follow-up of these 3 related patients expressing a pathogenic 
TNFAIP3variant with diverse clinical/immune phenotypes, and the search for modifying 
genetic/external factors, will be instrumental to learn about possible associations between HA20 
and combined immunodeficiency. 
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Introduction: Variants in ABCB4 gene are associated with intrahepatic cholestasis of pregnancy-
3 (ICP3) and gallbladder disease-1 (GBD1) in an autosomal dominant (AD) or autosomal 
recessive (AR) inheritance, and with progressive familial intrahepatic cholestasis-3 (PFIC3) in AR 
manner. These diseases prompt cholestasis and liver disease, with ICP3 resolving postpartum. 
Most patients develop cholelithiasis and symptoms often recur post-surgery. 

Case report: A 42-year-old woman was referred to our genetics unit with intrahepatic cholestasis 
and inflammation on liver biopsy. With a history of cholecystectomy at age 27, she had never 
been pregnant and was currently undergoing fertility treatments. Further investigation identified a 
49-year-old sister with hepatic fibrosis of unknown origin and severe liver enzymes increase in 2 
pregnancies, resolving post-miscarriage. Their mother had also been cholecystectomized and 
presented chronic gamma-GT and alkaline phosphatase elevation, with recurrent cholangitis. The 
father had the gallbladder removed at age 52 and had some episodic bilirubin increases. 

Results: A NGS panel for intrahepatic cholestasis revealed the index as a compound 
heterozygote for a known pathogenic variant in ABCB4 (c.959C>T) and a rare intronic variant 
(c.2784-12T>C) (NM_018849.2). Parents’ segregation confirmed the biallelism of the two ABCB4 
variants in the daughter. A single variant in UGT1A1 (c.-41_-40dup) was also identified, inherited 
from the newly discovered homozygous father, linked to Gilbert syndrome (AR). The older sister 
had also inherited both ABCB4 variants and, as expected, was a carrier for the father’s UGT1A1 
mutation. 

Discussion: In a direct family of 5 people, 4 had important liver and gallbladder phenotypes, all 
diverse from each other. The daughters, compound heterozygous for ABCB4, were more severely 
affected, with neither being able to bare children so far. The reason for these problems had never 
been uncovered and was unsettling the family. Therapy with oral UDCA is indicated and both 
sisters should be counseled for the risks and thoroughly accompanied if another pregnancy 
happens. Further family studies are highly indicated. 
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Introduction: Schaaf-Yang syndrome (SYS) (OMIM 615547) is an imprinted hereditary disease 
caused by pathogenic variants at MAGEL2 gene. SYS is characterized by neonatal hypotonia, 
feeding difficulties, global developmental delay, joint contractures and respiratory distress.  
A minority of cases can be particularly hazardous. 

Case Report: Healthy nonconsanguineous couple, with a healthy 9-year-old girl and previous 
termination of pregnancy at 18th week of gestation (wog) due to fetal akinesia, cardiac and renal 
defects, bilateral overlapping digits, rocker‑bottom feet and cystic hygroma in a male fetus. Was 
referred to our outpatient clinic during third pregnancy at 28th wog, due to fetal akinesia, bilateral 
hydronephrosis, megacystis, polyhydramnios, retrognathia, overlapping left-hand digits, rocker-
bottom feet and arthrogryposis in a female fetus. At 29 wog, a stillbirth was born. Fetal whole 
exome sequencing analysis detected a heterozygous pathogenic variant c.1996del p. 
(Gln666Serfs*36) at MAGEL2, segregation studies concluded inheritance from unaffected father, 
establishing SYS diagnosis. Molecular study of previous fetus was requested, and the same 
variant was present. 

Discussion: MAGEL2 is located in the Prader-Willi critical region 15q11-13. Pathogenic variants 
in the maternally imprinted/paternally expressed MAGEL2 gene present variable phenotypes, 
from mild contractures to fetal death. The imprinted nature of this condition can phenotypically 
skip generations if the mutation resides on the maternal chromosome. Male carriers of a MAGEL2 
pathogenic variant have a 50% chance of having an affected child. Literature review reports 6 
cases with c.1996delC pathogenic variant at MAGEL2. All cases resulted in fetal or perinatal 
death, due to severe arthrogryposis and fetal akinesia. These findings were consistent with our 
case report, and highlight the severity of this variant, bringing to attention the importance of 
parental testing, determination of the allelic location of the variant and the challenges for genetic 
counseling when imprinting disorders are present. 
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Introduction: Acute myeloid leukemia (AML) is the most common acute leukemia in adults, with 
an annual rate of 4.3 new cases per 100.00. Characterized by immature myeloid cell proliferation 
and bone marrow failure, which can be subdivided into 9–11 pathogenetically different subtypes. 
Cytogenetic analysis plays an important role in the study of this pathology since the detection of 
specific chromosomal alterations are associated to subtypes and has prognostic and therapeutic 
implications. The most common cytogenetics abnormalities associated with AML are 
t(8;21)(q22;q22), inv/t(16)(p12q22) and t(15;17)(q22;q12). 

Clinical Report: The authors present a case of a 68-year-old man with anemia, leukopenia with 
monocytosis and adenomegaly. The patient was admitted with suspect of AML. In peripheral 
blood sample, classical and molecular cytogenetics analysis were required to confirm the 
diagnosis. Cytogenetic analysis revealed an unbalance translocation between the long arm of 
chromosome 1 (q21) and the short arm of chromosome 22 (p11), in 18 metaphases, which result 
in trisomy of long arm (q) of chromosome 1. Fluorescent in situ hybridization (FISH) analysis for 
t(15;17) and inv(16) had a normal pattern. 

Discussion and Conclusion: The present case had an unbalanced translocation 
der(22)t(1;22)(q21;p11) resulting in trisomy of 1q. This is a rare event and usually detected as a 
secondary chromosomal abnormality in a complex karyotype. Recent studies have shown that the 
gain of 1q is a poor prognostic biomarker in acute leukemia associated to worse e survival and 
high risk. The patient died two weeks after diagnosis with rapidly progressive disease, confirming 
the previous reports that trisomy 1q is associated with a poor prognosis. To best our 
acknowledgment this is the first case reported with trisomy 1q involving the unbalanced 
translocation der(22)t(1;22)(q21;p10) in AML patients. The present case highlights the importance 
of conventional cytogenetics, as it contributes to the diagnosis, prognostic and evaluation 
treatment of AML. 
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Introduction: Essential Thrombocythemia (ET) is a classical Philadelphia-negative 
myeloproliferative neoplasm (MPN), primarily affecting the megakaryocytic lineage. Attempts in 
understanding the molecular pathogenesis of MPNs have successfully identified somatic driver 
mutations in the Janus Kinase (JAK2), Calreticulin (CALR), and Myeloproliferative Leukemia 
(MPL) virus oncogene genes. These mutations initially thought to be mutually exclusive, have 
been recently reported to coexist in a low number of cases. 

Case Report: Here we report an 81-year-old male patient with thrombocythemia (over 800,000 
platelets/μL) harboring JAK2 and CALR mutations. This is, to the best of our knowledge, 
literature-wise, the fourth reported ET patient with co-occurrent JAK2 V617F and CALR type 2 
(K385fs*47) mutation, and the first documented case of a double mutant for such variants in 
Portugal. 

Discussion: The high frequency of JAK2 mutations in MPNs resulted in guidelines advocating an 
initial screening for variants in this gene alone. Only in absence of JAK2 mutations should CALR 
and MPL then be tested. This algorithm, practiced in most laboratories, is clearly to blame for the 
underreported cases of co-existing driver mutations in ET. Moreover, because there is no 
documented increase in severity associated with the coexistence of JAK2 and CALR mutations, 
only age, elevated platelet count, and presence of the JACK2 variant propelled our patient to the 
high-risk tier for thrombotic events. The implicit inference from this clinical case supports the 
theory that JAK2 mutations have a greater impact on disease phenotype (rather than do CALR 
variants). However, the known heterogeneity of MPNs, whose hallmark is the constitutive 
activation of the JAK-STAT pathway, shifts our concern into understanding the interaction mode of 
these two driver mutations, their order of occurrence, and the possible effect of allele burden on 
disease phenotype. New invaluable insights into MPN-related molecular mechanisms can be 
attained from the careful clinical characterization of patients with coexisting driver mutations such 
as ours. Hence the ever so importance of comprehensive testing in MPNs. 

 



 

 

P64 - HOMOZYGOUS DELETION OF THE PRODH GENE RELATED TO TYPE I 
HYPERPROLINEMIA 

Pedro Veiga1, Susana I Ferreira1, Mariana Val1, Fabiana Ramos2, Isabel M Carreira3,  
Joana B Melo3 
(1-Laboratório de Citogenética e Genómica, Faculdade de Medicina da Universidade Coimbra, 
Coimbra, Portugal, 2-Serviço de Genética Médica, Centro Hospitalar e Universitário de Coimbra, 
Portugal, 3-Laboratório de Citogenética e Genómica; 3 - iCBR-CIMAGO – Centro de Investigação 
em Meio Ambiente, Genética e Oncobiologia; 4 - CIBB - Centro de Inovação em Biomedicina e 
Biotecnologia (CIBB), FMUC, Coimbra, Portugal) 
 
 
Introduction: Hyperprolinemia is a rare metabolic disorder that results from defects in the proline 
dehydrogenase enzyme. Both types of hyperprolinemia are characterized by neurologic 
manifestations, such as intellectual disability and seizures. However, the major difference 
between type I and type II is that the first one results from the defects on the enzyme responsible 
for the conversion of proline to 1-pyrroline-5-carboxylate (PC5) and type II results from defects on 
the PC5. This genetically heterogeneous disorder is caused by mutations on the PRODH and 
ALDH4A1 genes, located on chromosomes 22q11 and 1p36 respectively. The PRODH gene is 
located within the critical region of the DiGeorge syndrome and chromosomal deletions near this 
region can lead to a neurological phenotype and cardiac manifestations. 

Methodology: A woman at 20th weeks of pregnancy was referred for prenatal diagnosis due to 
transposition of the great vessels, whose analysis by 180K oligoarray-CGH (aCGH) was 
requested.  

Results: The aCGH showed a 115kb homozygous deletion on the long arm of the 22q11.21 
chromosome that includes 6 genes, with 3 genes reported in OMIM database. After performing 
the aCGH using samples collected from the parents, we conclude that the homozygous deletion 
was inherited from both heterozygous parents. They decided to continue with the pregnancy. 

Discussion: This likely pathogenic deletion located at 22q11.21 involved the PRODH gene, which 
is associated with type I hyperprolinemia and epilepsy. The breakpoints also disrupted the 
DGCR6, DGCR5 and DGR10 genes. Deletions involving the PRODH and DGRC6 genes were 
detected in individuals with conotruncal heart defects (Gao et al. 2015). Jacquet et al. 2003 
described a case of an individual with a similar homozygous deletion affecting the PRODH gene 
presenting type I hyperprolinemia, epilepsy and severe psychomotor delay. Homozygous 
deletions involving these genes can have a severe impact on the fetus phenotype. Therefore, 
these results and their implications should be discussed and evaluated at a genetic counselling 
consultation. 
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Introduction: Molecular screening of Y-chromosome AZF microdeletions, along with 
chromosome analysis, is the first step of the genetic diagnosis routinely performed in infertile men 
with severe oligozoospermia or non-obstructive azoospermia. These deletions can cover one or 
more of the three AZF regions, each one with different testicular histological phenotypes ranging 
from Sertoli cell only (SCO) syndrome (AZFa) to gamete maturation arrest (AZFb) and 
hypospermatogenesis (AZFc). Complete AZF deletions (AZFabc) are very rare and most likely 
related to abnormal karyotypes such as 46,XX, 46,X,del(Y)(q11.1) or 46,X,iso(Y)(p10), causing 
azoospermia with SCO, therefore it is not appropriate to propose testicular sperm extraction due 
to the impossibility to retrieve testicular spermatozoa for intracytoplasmic sperm injection. 

Methodology: Since 2000, we analysed 348 samples of azoospermic men, in compliance with 
EAA/EMQN best practice guidelines for Y-chromosomal microdeletions testing1, and participated 
annually in the EMQN-EQA programs. Genomic DNA was analysed by multiplex-PCR 
amplification of STS specific for each AZF region, and SRY and AR (in Xq12) as control markers. 
In case of AZFabc deletions, an extension PCR-analysis was performed for DYZ3 Y-centromere 
marker: if present other Yq centromeric proximal border markers were screened; if DYZ3 was 
absent (most cases of 46,XX males SRY-positive) other Yp specific genes were screened 
(RPS4Y, ZFY, AMELY, PRKY) in order to characterize the Yp segment. 

Results/Discussion: We characterized 10 men with AZFabc deletions, 8 of which 46,XX SRY-
positive, negative for the centromere and all the AZFabc markers. In these cases, screening for 
heterochromatin (e.g. sY160) and markers mapping between the centromere and AZFa is 
inappropriate, as it is highly unlikely that these patients have Yq material between AZFa and the 
centromere and terminal Yq sequences. Testing for the presence of additional markers besides 
those used in our methodology do not have any relevance for the diagnosis nor the clinical 
management of these patients. In such cases, karyotyping evaluation is recommended. 

1- Krausz et al 2014, Andrology; 2(1): 5–19 
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Introduction: Acute myeloid leukemia (AML) is a complex hematological disease characterized 
by genetic and clinical heterogeneity. Different subtypes of AML are associated with distinct 
genetic and molecular abnormalities, being the cytogenetic analysis crucial for diagnosis, 
prognosis and follow-up of AML patients. 

Material and methods: The authors present a case of an 83-year-old man diagnosed with 
prostate carcinoma, chronic obstructive pulmonary disease, obstructive sleep apnea syndrome 
and atrial septal aneurysm. In 2021 he was admitted with severe anemia, asthenia and anorexia 
and the medullogram revealed 44% blasts in the bone marrow. The patient presented 
pancytopenia associated to myelodysplastic syndrome (MDS) and was diagnosed with AML 
together with high-risk genetic alterations. Conventional cytogenetic was performed. Fluorescent 
in situ hybridization (FISH) technique with panel probes for MDS was applied. 

Results: Cytogenetic analysis revealed monosomy of chromosome 7 and a reciprocal 
translocation between the long arm of chromosome 11 (q13) and the long arm of chromosome 21 
(q22), in 15 metaphases. FISH analysis confirmed the monosomy of chromosome 7 that was 
observed in 81% of the analyzed cells. FISH showed a normal pattern for chromosome 5, 8 and 
20. 

Discussion and Conclusion: The present case had monosomy of chromosome 7 and a 
translocation t(11;21)(q13;q22), detected by conventional cytogenetics. Monosomy 7 is the most 
frequent adverse cytogenetic feature reported in AML. Concerning to the translocation 
t(11;22)(q13;q22), there are only three cases described in the literature and in one case the 
translocation was detected in acute leukemia evolving from MDS. Recent studies identified a 
novel fusion gene (RUNX1-LRP16) resulting from this translocation. This provides a valuable 
research tool to investigate the mechanism of leukemogenesis generated by the RUNX1 fusion 
gene described as one of the most frequently mutated genes associated with acute leukemia. 
These alterations justified the patient poor prognosis in AML, proving the importance of 
cytogenetics analysis. 
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Introduction: Small supernumerary marker chromosomes (sSMC) are defined as very small 
additional centric chromosome fragments. These are difficult to identify or characterize only by 
conventional cytogenetics. sSMC can lead to distinct phenotypes in individuals, ranging from 
normal to severe abnormalities and occur due to different degrees of mosaicism, differences in 
euchromatin DNA content, or uniparental disomy (UPD) of the chromosomes homologous to the 
marker. Partial de novo trisomy of chromosome 8 is a rare finding and the phenotypic 
consequences cannot be accurately predicted. The association between corpus callosum 
agenesis and mosaic partial trisomy 8 has been described before in at least one case. 

Methodology: A 34-year-old pregnant woman referred for amniocentesis at 23 weeks of 
gestation due to fetal agenesis of corpus callosum. Aneuploidy screening (Multiplex-PCR), CGH-
array and karyotype analysis were requested and performed. 

Results: Multiplex-PCR revealed absence of aneuploidies in a female fetus. CGH-array analysis 
showed an increased value in the mean log ratio of 8p21.38q21.3 region, suggesting a gain in this 
region, in mosaic, consistent with the presence of a sSMC derived from chromosome 8. Fetal 
karyotype analysis (47,XX,+mar[4]/46,XX[30]) confirmed the presence of a sSMC in mosaic, in 
agreement with the CGH-array finding. 

Discussion: This case reinforces the importance of combining several techniques for an accurate 
genetic diagnosis. Not only the genetic content of the marker chromosome, but epigenetic effects 
and mosaicism, are variables that need to be considered when delivering genetic counselling on a 
prenatal diagnosis setting, which is very challenging. In the present case, fetal conventional 
karyotype helped us to confirm the genotype-phenotype correlation. It remains essential to keep 
expert conventional cytogenetics in a prenatal diagnosis laboratory. 
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Introduction: Beckwith–Wiedemann syndrome (BWS) is an imprinting disorder associating 
macroglossia/macrosomia, abdominal wall defects, visceromegaly and high risk of childhood 
tumors. Aetiology is mostly epigenetic, but CDKN1C pathogenic variants are implicated in 8% of 
cases, both sporadic and familial. 

Case Report: First child of unrelated parents, with prenatal diagnosis of macrosomia and 
omphalocele. Prenatal aCGH and 11p15.5 imprinting analysis were normal. He was born at 33-
week of gestation by C-section secondary to breech presentation in the setting of preterm labor. 
The newborn Apgar scores were 1, 3 and 6 at 1, 5 and 10 minutes respectively. He required 
positive pressure ventilation and intubation for recurrent apnea and was admitted to NICU. He 
weighed 2700g (P97), heighted 41cm (P10-50) with head circumference 30.5cm (P50). He 
presented bushy eyebrows, macroglossia, omphalocele, cryptorchidism and hypospadias. At 
admission he developed hypoglycemia and hemodynamic instability. Cardiac evaluation was 
normal and cUS showed extensive bilateral intraventricular hemorrhage. The continuous EEG 
monitoring recorded refractory multifocal seizures with migrating pattern. Molecular analysis with 
an epileptic encephalopathy panel identified an unknown significance variant, c.3062C>A 
(p.Thr1021Lys), in heterozygosity in the KCNT1 gene. It was inherited from the mother harboring 
the variant in homozygosity. Subsequent evaluation revealed hypothyroidism, hypocalcemia, 
development delay with bilateral hearing loss and cataracts. Dysmorphic features were more 
marked with prominent eyebrows, long eyelashes, long philtrum, macroglossia and anterior ear 
lobe creases. CDKN1C gene was sequenced and a pathogenic variant c.710delC 
(p.Pro237Leufs*35), was detected in heterozygosity, confirming the diagnosis of BWS. This 
variant was also maternal inherited. 

Conclusion: Although clinical criteria for BWS diagnosis were present, the neurological condition 
deviated from the path to diagnosis. We highlight the importance of segregation studies to rule out 
the pathogenicity of the KCNT1 variant. The role of CDKN1C gene in developmental delay and 
epilepsy needs further elucidation. 
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Introduction: The dup15q syndrome (15q11-q13) is a rare condition. Characterized by a wide 
spectrum of severity and clinical heterogeneity, being the main clinical manifestations global 
developmental delay, hypotonia, fetal growth restriction, and craniofacial dysmorphisms. It is more 
common in those with autism spectrum disorders or intellectual disabilities, with an estimated 
prevalence of 1 in 5,000.  The authors present a rare case of partial trisomy that involves the 
15p13-q15 region. 

Clinical report: A 35-year-old pregnant woman was referred to amniocentesis at 21 weeks of 
gestation after the detection of ventriculomegaly, single umbilical artery and cardiac abnormalities. 
Fluorescence in situ hybridization (FISH) technique analysis of uncultured amniocytes, 
demonstrated normal results for the aneuploidies tested and for CATCH. The cytogenetics 
analysis revealed a female karyotype with one extra partial chromosome 15, confirmed by FISH 
with Prader-Willi probe. The couple decided to terminate the pregnancy at 23 weeks and 6 days. 

Discussion: The present case had a partial trisomy of 15p13 to 15q15 region, detected in 
prenatal diagnosis, in a fetus with ultrasound malformations. The most common cases with partial 
trisomy 15, more than 50% cases described, involve the region 15q11 to 15q13 that includes the 
critical region for the Prader Willi/Angelman Syndromes, being usually associated with growth 
restriction and craniofacial dysmorphisms. Others, without euchromatic material, are generally 
associated with a normal phenotype. To our knowledge, this is the first case described involving 
this region, being the q13 to q15 involving approximately 198 genes. 

All new cases detected should be reported to obtain a more precise correlation between 
genotype/phenotype to be used in genetic counseling. 
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Introduction: Ganglioglioma (GG) is a low grade glioneuronal tumor, causing medically refractory 
epilepsy. Over the past decade, methylome profiling has emerged as a powerful approach to 
central nervous system tumor classification, identifying key genes that may serve as diagnostic 
and prognostic biomarkers. We aim to identify such potential biomarkers through a genetic and 
epigenetic analysis of a GG.  
 
Methodology: DNA copy number alteration and methylation status were analyzed by Methylation-
Specific Multiplex Ligation-dependent Probe Amplification (MS-MPLA) using fresh frozen post-
surgical pathological brain tissue.  
 
Results: A 27-year-old male presented his first focal motor seizure with impaired awareness. The 
neurological exam was normal. Brain magnetic resonance imaging revealed a right mesial 
temporal lesion. His seizure frequency increased despite antiepileptic treatment and two years 
later he underwent surgery. Two more surgeries were performed years later due to an increase of 
the residual tumor. Histopathological analysis, according to 2021 WHO criteria, was compatible 
with a GG harboring BRAF:p.V600E mutation. Copy number losses were detected in 
chromosomes 1p (TP73), 2p (MSH6), 3p (VHL), 10p (CREM), 11q (GSTP1), 12q (CHFR), 14q 
(MLH3), 16p (PYCARD), 17p (TP53), 17q (BRCA1) and 19p (STK11). Copy number gains were 
detected in chromosome 11p (CD44). The MGMT (58%) and CD44 (51%) genes were 
methylated. The patient has an Engel surgical outcome of IA at 2 years of follow-up. 

Discussion: A high number of chromosomal aberrations were detected in our brain tissue 
sample, among which deletions dominated, reinforcing the large spectrum of complete and partial 
chromosomal abnormalities previously described. We found that none of the genes evaluated 
exhibited both copy number loss and methylation. In contrast, we observed copy number gain and 
methylation in CD44 gene. Expression CD44 is virtually ubiquitous amongst glioma cell lines, and 
glioma tumor specimens, with a lower gradient of expression amongst lower grade lesions. The 
methylation of MGMT in our GG tissue is concordant to previous studies, reporting that 20% of 
GG harbored MGMT promoter methylation. 
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Introduction: Unbalanced chromosomes are often the result of inheritance of a balanced 
chromosome rearrangement from one parent. During meiotic segregation, the chromosomes with 
balanced alteration in the parent may ´´unbalance´´in the offspring, resulting in a partial gain and a 
partial loss of different regions of that chromosome. Two peripheral blood samples, from mother 
and daughter, were analysed by FISH to confirm the chromosome 4 alteration detected in the 
daughter´s chromosome array study – dup4p16.3 and del4q35- and to confirm the pericentric 
inversion of chromosome 4 in the mother. 

Method: Both FISH studies were performed on 10 metaphases hybridised with probes specific to 
the subtelomeric regions of chromosome 4 (Vysis TotelVysion). 

Results: In the metaphases analysed on mother’s sample, the observation of the subtelomeric 
regions allowed to identify that one of the chromosome 4 presents a pericentric inversion. In 
contrast, inthe metaphases analysed on the daughter’s sample, it was observed that one of the 
chromosomes 4 had no FISH signal for the subtelomeric region of the long arm (4qter) and, in its 
place, one signal was observed for the subtelomeric region of the short arm of the same 
chromosome (4pter). 

Discussion and Conclusion: The pericentric inversion of chromosome 4 in mother was 
confirmed and the result was reported: ish inv(4)(pterqter)(D4S3359+,D4S2930+). However, the 
nomenclature of the daughter’s result was not straightforward and there were no examples in 
ISCN for this specific alteration; we have than followed the available examples for other distinct 
cases and a formulation was achieved, presumed to describe what was observed by FISH: ish 
rec(4)dup(4p)inv(4)(pter+;qter-,pter+)(D4S3359+;D4S2930-,D4S3359+)dmat. 

Considering that the scientific community is a place for discussion, mutual help and sharing, a 
proposal was submitted to ISCN team. After their internal discussion and consideration, the 
answers were: 

 
ish inv(4)(pter)(D4S2930+)(qter)(D4S3359+) and 
ish rec(4)dup(4p)inv(4)(pterqter)(D4S3359+,D42930-,D4S3359+)dmat. 
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Partial monosomies of chromosome 16q are uncommon. The severity of the signs and symptoms 
depend on the size and localization of the deletion and genes content. The 16q23 deletion is a 
rare genetic condition. Reported clinical features include poor growth, global developmental 
delays, cataracts and craniofacial anomalies. Here we report a case of a 16-year-old girl referred 
to karyotyping due to short stature, overweight, hirsutism, myopia, syndactyly and scoliosis. We 
were recently informed that she also has mild psychomotor developmental delay, especially 
language difficulties, and a family history of cognitive delay, namely a sister with a similar 
phenotype. The karyotype was performed. Additional chromosomal microarray analysis (CMA) 
was carried out using CytoScan 750k to characterize the chromosomal findings. Karyotype 
revealed an interstitial deletion in region 16q23. 

CMA identified a 5.36 Mb deletion at 16q23.1q23.2 - arr[GRCh37] 16q23.1q23.2 
(75922170_81280700) x1  

This region encompasses 16 OMIM genes including MAF, associated to pathologies with an 
autosomal dominant inheritance. Few cases of interstitial deletions in 16q23 are described in the 
literature and presentation of the clinical features shows variability. Short stature, some degree of 
psychomotor developmental delay, language difficulties, eye and skeletal anomalies are usually 
present, as in our case. Overweight and hirsutism present in our patient have not been describe to 
date. Pathogenic hetongenitaerozygous mutations in MAF are causal for Aymé-Gripp syndrome 
(AYGRP), with features including cl cataracts, hearing loss, intellectual disability and skeletal 
anomalies. Some of those features overlap the ones present in our patient. Nevertheless there 
are no large deletions encompassing these gene reported in AYGRP patients. It is expected that 
the phenotype with this deletion results from the complexity of the genetic factors involved and not 
just the MAF, and other genes within or outside the deleted region, or their interaction, may 
contribute to the observed phenotype.   Recent studies in the sister revealed a similar loss in 
16q23 while parental studies are still pending.  
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Introduction: The 18p deletion is a rare syndrome with an estimated incidence of 1/50000 live 
births. There is a phenotypic variability associated to this syndrome, but the main clinical 
featuresinclude mild to moderate mental retardation, short stature, skeletal and cardiac 
malformations and facial dysmorphism like round face with short philtrum, palpebral ptosis and 
large ears with detached pinnae. Most cases are de novo deletions. The authors presented a 
case of a complete deletion of 18p. 

Clinical Report: 57 years old woman with intellectual disability, short stature, obesity and 
craniofacial dysmorphisms: brachycephaly, large arched eyebrows with lateral rarefaction, 
epicanthal folds, flat midface, small mouth with thick lips. No other major health issues were 
referred except for hypercholesterolemia. Cytogenetics analysis revealed a deletion of the short 
arm of chromosome 18, which was confirmed by a CGH, at 18p11.32p11.21. 

Discussion: The present case has a deletion of almost the entire short arm of chromosome 18 
(18p11.32 to 18p11.1).  To our knowledge there are more than 150 cases described. The 
phenotypic characteristics that the patient presented included intellectual disability, short stature 
and relatively nonspecific facial dysmorphisms, which are consistent with 18p deletion phenotype. 
Since the clinical features vary among individual cases, phenotype-genotype correlation is still a 
challenge, so it is important to report every new case of a rare chromosomal alteration. 
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Introducion: Deletion of 2q32q33 region has been proposed as a new microdeletion syndrome, 
also called Glass syndrome (OMIM 612313). Clinical features comprise intellectual disability, 
moderate to severe developmental delay, significant speech delay, growth retardation, persistent 
feeding difficulties, hypotonia and dysmorphic features including microretrognathia, downslanting 
palpebral fissures, cleft palate, and crowded teeth. The authors present a prenatal diagnosis case 
with an interstitial deletion of 2q detected by conventional cytogenetics. 

Clinical Report: 35-year-old pregnant woman referred to prenatal diagnosis due to ultrasound 
anomalies, including bilateral ventriculomegaly and retrognathia. It was the fourth pregnancy of a 
non-consanguineous couple with no familial or personal story of anomalies. FISH analysis in 
uncultured amniocytes were normal. Cytogenetic analysis revealed an interstitial deletion in the 
long arm of chromosome 2, involving 2q32 to 2q33 region, that were confirmed by Array 
Comparative Genomic Hybridization (aCGH). The segment deleted had 10.168 Mbp and 
comprised SATB2 and 57 more genes. The couple elected to terminate of pregnancy. 

Discussion: In the present case, conventional cytogenetics detected an interstitial deletion on 
chromosome 2q32-q33. The array clarifies the amount and the segment involved. The deletion 
includes SATB2 gene, located at 2q33.1, that has been suggested to be a candidate gene for 
most of the clinical phenotype in Glass syndrome. Comparing the clinical characteristics of our 
patient with those described in Glass´s syndrome, they share the facial dysmorphic features but 
also not yet described, bilateral ventriculomegaly. 

To our knowledge this is the twenty-sixth case with 2q32-q33 deletion.  
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Introduction: Infertility is the inability to achieve conception or to sustain a pregnancy until birth, 
and it affects 8 to 12% of reproductive aged-couples [PMID: 2955531, 2018.03.012]. 
Chromosomal alterations in the karyotype of one member of the couple could be enough to 
explain their infertility. A retrospective study is presented with a review of the frequency and type 
of chromosomal abnormalities detected on karyotypes made in infertile couples, without known 
previous history of chromosomal abnormalities. 

Method: Retrospective analysis of 2078 peripheral blood karyotypes studies results from couples 
referred for infertility. 

Results: Fifty results with alterations were detected, representing 2,4% of the karyotypes studies: 
33 structural alterations corresponding to 1,6% and 17 numerical alterations, corresponding to 
0,8%. 

Conclusion: These results shows that the karyotype analysis allows the detection of alterations 
that may justify infertility of couples. Additionally, it is shown that the karyotype was indispensable 
in 1,6% of the cases because it detects balanced alterations with a cost efficient analysis. 
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Introduction: In our routine we receive cases of children with intellectual disability (ID), autism 
spectrum disorders (ASD), multiple congenital anomalies (MCA) and developmental delay (DD), 
for array CGH analysis. Array CGH allows the detection of submicroscopic imbalances (copy 
number variants – CNVs) including their size and gene content. In the literature, array CGH 
diagnostics yields in these cases varies from 8% to 20% [PMID: 20466091; PMID: 31872051; 
PMID: 27271878, PMID: 23765050]. 
 
We present a review of our data from 2019 to present, to determine the diagnostic yield. 
 
Methodology: The aCGH is performed using Affymetrix Cytoscan 750K or Cytoscan HD and the 
results are analyzed using ChAS software. 
 
Results: Our cohort consists of 3445 patients with the mentioned indications (ID, ASD, MCA, 
DD). We found pathogenic CNVs in 293 patients, corresponding to 8,5% of the cohort. 
 
Discussion: The literature refers higher diagnostic yields, maybe because our data included less 
severe indications such as isolated language delay or mild learning difficulties. These indications 
are not highly specific and reduce the detection rate. 
 
Array CGH continues to correspond to a significant rate of diagnosis which, along with the lower 
cost and turnaround time, justifies the fact that it is still so often requested. 
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FERREIRA, CRISTINA M. - P 72 

FERREIRA, DANIEL A. G. - P 5 

FERREIRA, JOANA - P 14 

FERREIRA, JOAQUIM - P 33 

FERREIRA, MARGARIDA - P 13 

FERREIRA, MARIANA - P 48 

FERREIRA, MARTA - OPI_ 5, P 2 

FERREIRA, SUSANA I - P 64, P 56 

FERREIRA, SUSANA L. - P 55 

FERREIRA, SUSANA - P 31 

FERREIRA, TIAGO - P 62 

FERRO, LUÍSA - OP 9 

FERRÃO, JOSÉ - P 37 

FLORIDO, MARIANA - P 51 

FONSECA, FERNANDO - P 45 

FORTUNA, ANA MARIA - P 29, P 31, P 52 

FRANCISCO, CRISTIANO - P 75 

FRANCISCO, STEPHANY - P 13 

FREIRE, ANTÓNIO - P 70 

FREIXO, JOÃO P. - OP 12 

FREIXO, JOÃO PARENTE - P 53, P 33, P 42, OP 8 

FREIXO, JOÃO - P 31 
FURTADO, MARTA - OP 3 

G, FERNANDES - P 71 

GARCIA-PELAEZ, JOSÉ – OPII_1 



 
 
 
GARRIDO, LUZIA - OP 9 

GASPAR, GISELA - P 45 

GASPAR, MARCOS - P 14 

GASPAR, PAULO - P 8 

GAVAIA, PAULO J. - P 7 

GERMANO, ISABEL - P 41 

GOMES, VERA - P 21 

GOMES-SILVA, BEATRIZ - OPI_ 3 

GONÇALVES*, MARIANA - P 9 

GONÇALVES, ANA - P 34, P 21, P 55 

GONÇALVES, JOSÉ ALVES GRILO - P 33 

GONÇALVES, JOÃO - P 19, P 65, P 38 

GONÇALVES, MARIANA - P 8 

GONÇALVES, MARTA - P 34 

GONÇALVES, VÂNIA - P 4 

GRANGEIA, ANA - P 68 

GRANJA, PEDRO L. - P 5 

GREGÓRIO, TATIANA - P 55 

GROUP, ERN-GENTURIS - OP 6 

GUEDES, LEONOR CORREIA - P 33 

GUIMARÃES, JOANA - P 17 

GULLO, IRENE - OP 9 

H., PINHEIRO - OP 2 

HOLINSKI-FEDER, ELKE - OP 6 

HOOGERBRUGGE, NICOLINE - OP 6 

HUNTSMAN, DAVID - OP 6 

I, DURÃES - P 71 

IACOCCA, MICHAEL - P 43 

INVESTIGATORS, ON BEHALF OF THE RARE FAMILIAL DYSLIPIDAEMIA STUDY - P 44 

INÁCIO, ÂNGELA - P 26, P 14 

JANUÁRIO, CRISTINA - P 53 
JESUS-RIBEIRO, JOANA - P 70 

JI, SANTOS - P 1 

JORDAN, PETER - P 4 



 
 
 
JORGE, ANA CAROLINA - P 32 

JORGE, ANDRÉ - P 53 

JORGE, PAULA - P 46, P 35, P 40 

JOSÉ, CELINA SÃO - OP 5 

JULCA, IRENE - OP 4 

KISLAYA, IRINA - P 37 

L, MATOS - P 1 

LACERDA, RAFAELA - P 24, P 6, P 3 

LAMPREIA, TÂNIA - P 33 

LARANJO, SÉRGIO - P 57 

LAU, CATARINA - P 34 

LAURIE, STEVE - OP 6 

LEAL, CARLA - P 40 

LEITE, ROSÁRIO PINTO - P 74 

LEMOS, ANA - P 75 

LEMOS, CAROLINA - P 20 

LEMOS, MARINA S. - P 39 

LEMOS, RAQUEL - P 76 

LEÃO, MIGUEL - OP 12, P 53, OP 13 

LI, FERNANDA - P 63 

LIMA, BASTOS - P 33 

LIMA, MARGARIDA - P 34 

LIMA, PATRÍCIA - OP 1 

LINDO, PAULA - P 67 

LOBARINHAS, GORETI - P 45 

LOPES, ALEXANDRA - P 53, P 20, P 48, OP 8 

LOPES, ANA - P 53, P 42, OP 8 

LOPES, FÁTIMA - P 53, OPII_3 

LOPES, PEDRO - P 41, P 37 

LOPES, SUSANA M. CHUVA DE SOUSA - P 15 

LOURO, PEDRO - P 31 
LUIZ, HENRIQUE VARA - P 45 

LÓPEZ-INIESTA, MARIA - P 24 

M, SOEIRO E SÁ - P 49 



 
 
 
M., FERREIRA - OP 2 

MACEDO, CATARINA - OPIII_ 4, P 30 

MACHADO, MIGUEL P. - P 37 

MACHADO, SUSANA - OP 11 

MAGALHÃES, ANDRÉ - OP 9 

MAGALHÃES, MARINA - P 53, P 33, P 42 

MAGNO, RAMIRO - P 27 

MAIA, ANA-TERESA - P 27 

MAIA, NUNO - P 46, P 35, P 40 

MAQUEDA, JOAQUIN JURADO - OP 5 

MARQUES, ALDA - P 11 

MARQUES, ANA RITA - P 18 

MARQUES, ANA - P 16 

MARQUES, BÁRBARA S. - P 72 

MARQUES, C. JOANA - P 21 

MARQUES, ISABEL - P 46, P 35, P 40 

MARQUES, JOANA - P 25, P 17, P 15 

MARTINIANO, HUGO - P 18, P 16 

MARTINS, ANA TERESA - P 36 

MARTINS, DULCE ALVES - P 46 

MARTINS, FÁTIMA - P 51 

MARTINS, MÁRCIA - P 69, P 74 

MARTINS, SANDRA - P 20, OP 3 

MARÇALO, RUI FILIPE SANTOS - P 11 

MASCARENHAS, MÁRIO RUI - P 14 

MATIAS-DIAS, CARLOS - P 37 

MATOS*, LILIANA - P 9 

MATOS, CARLOS A. - OP 1 

MATOS, ERICA - P 10 

MATOS, LILIANA - P 8 

MATOS, PAULO - P 4 
MATOS, PEDRO - P 50 

MEDEIRA, ANA - P 31 

MEDEIROS, ANA MARGARIDA - P 28, P 43 



 
 
 
MELO, JOANA BARBOSA - P 70, P 32 

MELO, JOANA B - OP 7, P 64, P 56, P 12 

MELO, MAFALDA - P 31, OPIII_ 3 

MENDES, ALEXANDRE - P 33 

MENDES, ÁLVARO - OPII_5, P 39 

MENDONÇA, JOANA - P 37, P 38 

MENEZES, JULIANE - P 6 

MF, COUTINHO - P 1 

MFSANTOS, VERA - P 51 

MIRANDA, BEATRIZ - P 44 

MIRANDA, MARIA - P 69 

MISRA, CHANDRA SHEKHAR - OP 4 

MJ, PRATA - P 1 

MOLDOVAN, OANA - P 31, P 57 

MONTEIRO, CATARINA - P 34 

MONTEIRO, MAFALDA - P 67 

MONTEIRO, MARIANA P. - P 40 

MONTEIRO, RITA - P 67, OP 5 

MORAIS, PATRICIA - P 73 

MORAIS, SARA - P 53, P 33, P 34, OP 8 

MOREIRA, JOANA - P 48 

MOREIRA, LUCIANA - P 22 

MOTTA-RAYMUNDO, ADRIANA - P 59 

MOURA, CARLA PINTO - P 50 

MOURA, GABRIELA - P 13, P 11 

MOUTINHO, OSVALDO - P 63, P 73, P 69, P 62, P 66, P 74 

MUTWIL, MAREK - OP 4 

NAVARRO-COSTA, PAULO - OPI_ 4 

NETO, MARIA INÊS - P 3 

NETO, SONYA - P 13, P 11 

NEVES, ANA CAROLINA - P 45 
NEVES, MARIANA TOMÁSIO - P 31 

NOBRE, ANA - P 13 

NOBRE, SUSANA - P 51 



 
 
 
NOGUEIRA, ANA - P 50 

NOGUEIRA, ANTÓNIO J A - P 35, P 40 

NUNES, SOFIA - P 29, P 36 

NÓBREGA, CLÉVIO - OP 1 

OLIVEIRA, ALEXANDRA - P 37 

OLIVEIRA, ANA - P 33 

OLIVEIRA, CARLA - OP 6, OP 9, OP 5, P 5, P 2, P 47 

OLIVEIRA, CLÁUDIA - OP 11 

OLIVEIRA, GUIOMAR - P 18, P 16 

OLIVEIRA, JORGE - P 53, P 33, P 42, OP 8 

OLIVEIRA, MARIA JOÃO - P 67 

OLIVEIRA, MÁRCIA E. - P 46, P 55 

OLIVEIRA, PAULA A. - P 8 

OLIVEIRA, PAULA - P 9 

OLIVEIRA, RENATA - OP 9, P 68 

P, GASPAR - P 1 

P, JANEIRO - P 1 

PANEQUE, MILENA - OP 10, P 39 

PARAMONOV, IDA - OP 6 

PASKE, IRIS B.A.W. TE - OP 6 

PEDRO, SÓNIA I. - P 72 

PELIANO, RICARDO C. - P 72 

PELÁEZ, JOSÉ GARCÍA - OP 6 

PEREIRA, CARLA - OP 15, P 45 

PEREIRA, JOANA F S - P 4 

PEREIRA, MÓNICA - P 34 

PEREIRA, RICARDO - P 70 

PEREIRA, ÁUREA - P 75, P 76 

PEREIRA-CAETANO, IRIS - P 65 

PESSOA, VERA - P 37 

PG, MATOS - P 1 
PINHEIRO, HUGO - OP 9 

PINHEIRO, MIGUEL - P 13, P 11, P 2 

PINTO, ALICE - P 17 



 
 
 
PINTO, JOEL - P 50, P 15 

PINTO, NÁDIA - P 20 

PINTO-LEITE, ROSARIO - P 73, P 63, P 69, P 62, P 66 

PIRES, LUÍS MIGUEL - P 56, P 70, P 32 

PIRES, Mª JOÃO - P 9, P 8 

PIRES, PATRÍCIA - P 26 

POLICARPO, MARIANA - P 39 

PORTO, BEATRIZ - OP 11 

PRATA, Mª JOÃO - P 9, P 8 

PROENÇA, JOÃO - P 33 

QUENTAL, RITA - OPIII_ 2, P 53 

QUINTAL, IDOLINDA - P 72 

R, CERQUEIRA - P 71 

R, MARQUES - P 1 

R, SILVEIRA-SANTOS - P 49 

R., BARBOSA-MATOS - OP 2 

RAMALHO, ANA CATARINA - P 24 

RAMALHO, CARLA - P 25, P 15, P 68 

RAMOS, FABIANA - P 64, P 56, P 31, P 61 

RAMOS, LINA - P 51, P 31, OP 13 

RAMOS, MIGUEL - P 75 

RASGA, CÉLIA - P 18, P 16 

REBELO, MÓNICA - P 57 

REBELO, OLINDA - P 70 

REIS, ANDREIA - P 13, P 2 

REIS, CATARINA PALMA DOS - P 36 

REIS, CLÁUDIA FALCÃO - P 31, OP 11, P 52 

REIS, JOEL - OP 11 

REIS-LIMA, MARGARIDA - P 67 

RIBEIRO, DIOGO - P 23, P 22 

RIBEIRO, ILDA PATRÍCIA - P 70, P 32 
RIBEIRO, ILDA P - OP 7, P 12 

RIBEIRO, INÊS GARCIA - P 66 

RIBEIRO, MARTA - OP 3 



 
 
 
RIBEIRO, RITA - P 67 

RICHARDS, MARTIN - P 10 

RITA, FILIPA - P 24 

RITO, TERESA - P 10 

ROCHA, LUIS M. - OP 4 

ROCHA, SARA - P 2 

RODA, DOMINGOS - P 12, P 32 

RODRIGUES*, BÁRBARA - P 40 

RODRIGUES, ANA JOÃO - P 13, P 11 

RODRIGUES, BEATRIZ - P 26 

RODRIGUES, BÁRBARA - P 35 

RODRIGUES, CARLA CANIÇAIS - P 17 

RODRIGUES, DIOGO - P 21 

RODRIGUES, MÁRCIA - P 29, OP 14, P 54 

RODRIGUES, PEDRO - P 19, P 38 

RODRIGUES, RAQUEL - P 58, P 30 

ROLO, EVA - P 30 

ROMÃO, LUÍSA - P 24, P 6, P 18, P 3 

ROSA, GUI - P 12, P 32 

ROSAS, CATARINA S - P 51 

ROSAS, CATARINA - P 31 

ROSMANINHO, PEDRO - P 59 

S, CARVALHO - P 1 

S., LOBO - OP 2 

S., MUNDLOS - OP 2 

SALES, FRANCISCO - P 70 

SAMPAIO, MARIA DE LURDES - P 45 

SANTOS, BRÍGIDA - P 41 

SANTOS, DANIELA - P 37 

SANTOS, DIANA F. - P 59 

SANTOS, FÁTIMA - P 17 
SANTOS, HELOÍSA - P 31 

SANTOS, JOÃO M.A. - P 7 

SANTOS, JOÃO XAVIER - P 18 



 
 
 
SANTOS, JOÃO - P 16 

SANTOS, JULIANA I. - P 9 

SANTOS, JULIANA INÊS - P 8 

SANTOS, MAFALDA SARAIVA - P 60 

SANTOS, MANEL A. S. - P 2 

SANTOS, MANUEL A. S. - P 13 

SANTOS, MANUEL - P 11 

SANTOS, MARIANA - P 53, OP 11 

SANTOS, ROSÁRIO - P 46, P 34, P 35, P 55, P 40 

SARAIVA, JORGE - P 31 

SAVISAAR, ROSINA - OP 3 

SEIXAS, FILIPA - P 63, P 62, P 66 

SEIXAS, SUSANA - OP 9 

SEQUEIROS, JORGE - OP 10, P 53, P 33, P 20, P 42, OP 8 

SERAFIM, SÍLVIA S. - P 72 

SILVA, CATARINA - P 38 

SILVA, ERMELINDA SANTOS - P 42 

SILVA, GISELA - OP 11 

SILVA, LISBETH - P 23 

SILVA, LUCINDA - P 73 

SILVA, MARISA D. - P 72 

SILVA, NEIDE - OP 4 

SILVA, PAULO - P 53, OP 8 

SILVA, RAFAELA LEAL - OP 9 

SILVA, RAQUEL GOUVEIA - P 57 

SILVA, SARA P. - P 59 

SILVA, SUSANA CLARA BARAO LOPES - P 59 

SILVA, SUSANA L. - P 59 

SILVEIRA-SANTOS, ROSÁRIO - P 30 

SIMÃO, LAURENTINO - P 72 

SIMÃO, PAULA - P 11 
SOARES, ANA R. - P 13 

SOARES, ANA RITA - P 29, P 31 

SOARES, CÉLIA AZEVEDO - P 29, OP 13 



 
 
 
SOARES, CÉLIA - P 31 

SOARES, DIANA - OP 13 

SOARES, GABRIELA - P 29, P 73, P 31, P 52 

SOARES, MARTA P. - P 54 

SOARES, MARTA - P 29 

SOARES, PEDRO - P 10 

SOBRAL, DANIEL - OP 4 

SOEIRO-SÁ, MARIANA - P 58 

SOMMER, ANNA K. - OP 6 

SOUSA, ALDA - P 20 

SOUSA, ANA BERTA - P 58, P 29, OP 15, OP 14, P 30, P 31, P 54, P 57, P 59 

SOUSA, ANA E. - P 59 

SOUSA, ANA - P 58, P 30 

SOUSA, DANIELA - P 40 

SOUSA, LILIANA - P 47 

SOUSA, NUNO - P 13, P 11 

SOUSA, SUSANA - P 53, P 33, OP 8 

SOUSA, SÉRGIO - P 56, P 31 

SOUSA, SÓNIA PASSOS - OP 9 

SOUSA, VANESSA - P 35 

SOUTO, MARTA - P 62, P 66, P 74 

SÁ, JOANA - OP 8 

SÁ, JOAQUIM - P 56, P 31 

SÁ, LUÍSA - P 10 

SÁ, MARIANA SOEIRO E - P 29, OP 14 

TAVARES, INÊS - P 32 

TEIXEIRA, NUNO - P 48 

THEISEN, PATRÍCIA - P 19, P 38 

TICHY, LUKAS - P 43 

TISCHKOWITZ, MARC - OP 6 

TKACHENKO, NATALIYA - P 31 
TKACHENKO, NATÁLIA - P 29 

TOMÁS, EDITE - P 72 

TRAVESSA, ANDRÉ - P 31, OPIII_ 5 



 
 
 
TRINDADE, JOANA - P 67 

TÜTTELMANN, FRANK - OP 4 

VAL, MARIANA - P 64, P 56 

VALE, PEDRO - P 76 

VALE-FERNANDES*, EMÍDIO - P 40 

VALE-FERNANDES, EMÍDIO - P 35 

VALENTE, CARLA - P 11 

VASCONCELOS, ALICE PORTO - P 50 

VASCONCELOS, SARA - P 25, P 15 

VAZ, DIANE - P 25 

VAZ, MARGARIDA DA FONTE CRASTO - P 45 

VEIGA, PEDRO - P 64 

VELASCO, RICARDO - P 32 

VELON, ANA GRAÇA - P 33 

VENTURA, CÍNTIA - P 75, P 76 

VENÂNCIO, MARGARIDA - P 29 

VICENTE, ASTRID MOURA - P 18 

VICENTE, ASTRID - P 16 

VIEIRA, EMÍLIA - P 46 

VIEIRA, LUÍS - P 37, P 38 

VILA, ANA - P 68 

VILARINHO, LÚCIA - OP 9 

VILELA, JOANA - P 18, P 16 

VOER, RICHARDA M. DE - OP 6 

WYRWOLL, MARGOT - OP 4 

ZHAO, JINGYUAN - P 24 
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