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É com um enorme prazer que acolhemos na Universidade do Minho a reunião científica promovida pela Sociedade Portuguesa de 
Genética. 

Os indeléveis avanços científicos na área da Genética transpõem-se diariamente para a sociedade. Este tem sido um domínio do 
conhecimento onde as revoluções acontecem a cada momento, e cujas consequências se fazem sentir no nosso quotidiano.  

O grupo organizador partiu para esta aventura com a ambição de captar para as XXXV Jornadas Portuguesas de Genética 
temáticas muito alargadas, abrangendo as múltiplas faces da Genética. Para dar essa visão completa a comissão organizadora 
convidou quatro cientistas de renome mundial que irão proferir palestras plenárias em temas de forte impacto na actualidade. O 
programa científico foi estruturado em torno de sete simpósios temáticos: doenças genéticas e saúde; regulação da expressão 
genética e vias de sinalização; recursos genéticos e biodiversidade; genotipagem, filogenia molecular e evolução; genómica e redes de 
regulação; recursos genéticos e biotecnologia agro-industrial; genética molecular e biotecnologia. Neste encontro foram submetidos 
147 resumos, dos quais 38 foram seleccionados para comunicação oral pela comissão científica, e os demais propostos para 
apresentação na forma de painel. O programa inclui ainda dois workshops, um dedicado ao ―ensino da genética‖ e outro a ―técnicas 
avançadas em genética‖.  

A fim de promover a participação de jovens investigadores a Sociedade Portuguesa de Genética atribuirá cinco prémios, cuja 
designação pretende homenagear investigadores/ professores portugueses que se distinguiram na área de Genética:  

Prémio Prof. Doutor Luís Archer - para o melhor trabalho apresentado como comunicação oral por jovem investigador 
(idade igual ou inferior a 35 anos) como primeiro autor; 

Prémio Prof. Doutor Aurélio Quintanilha - para o melhor trabalho apresentado como painel por jovem investigador (idade 
igual ou inferior a 35 anos) como primeiro autor;  

Prémio Prof. Doutor Amândio Sampaio Tavares - para o melhor trabalho oral ou em painel apresentado na área de 
Genética Humana/ Genética Médica;  

Prémio Investigador Tristão Mello-Sampayo - para o melhor trabalho oral ou em painel apresentado na área de 
Citogenética/ Genómica Comparativa e Evolutiva;  

Prémio Prof. Doutor Miguel Pereira Coutinho - para o melhor trabalho oral ou em painel apresentado na área de Genética 
Vegetal/ Melhoramento de Plantas/ Recursos Genéticos Vegetais. 

O número de participantes ronda os 350, provenientes das mais diversas universidades e instituições científicas nacionais, de norte 
a sul do país, sendo de notar a forte adesão de estudantes de licenciatura e de mestrado. 

 
Sejam muito bem vindos às XXXV Jornadas Portuguesas de Genética. 

 
Margarida Casal 
Presidente da Comissão Organizadora das XXXV Jornadas Portuguesas de Genética 
Departamento de Biologia 
Universidade do Minho 
 
Maio de 2010 
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Plenary 2 

Carvalho G., Bangor University, Bangor, 
UK 
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Genetic Resources and Biodiversity 
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17.30 

18.00  Plenary 3 
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Institute, Boston, USA 
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Monday, May 31 
9.00 Reception and registration 

14.00 Opening session 

15.00 

 

Plenary 1 

Sobrinho-Simões M., IPATIMUP, Porto 

“From genes to disease. Is there a Portuguese peculiarity? 

16.00 Coffee break 

Posters 1 

 Symposium 1 Genetic Disorders and Health 

17.00 Maciel P. 

Molecular genetics of Machado-Joseph disease”: of worms, mice and humans 

17.30 Matos T.D. 

Mutational screening of GJB2 non-coding regions in Portuguese hearing loss patients 

17.45 Viana-Pereira M. 

Microsatellite instability in paediatric high grade glioma is associated with genomic profile and differential 
target gene inactivation 

18.00 Matos A. 

Estudo do polimorfismo Pro/Arg da proteína supressora tumoral (p53) na obesidade 

18.15 Alvelos M.I. 

Genetic Alterations in Sporadic Primary Hyperparathyroidism 

18.30 Verde de Honra 

19.00 SPG - Assembleia Geral 
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Tuesday, June 1 
9.00 Plenary 2 

Carvalho G., Bangor University, Bangor, UK 

"Genetics, forensics and traceability of fishes" 

 Symposium 2 Regulation of Gene Expression and Signalling Pathways 

10.00 Marinho J. 

VIRIATO/NOL12, a novel nucleolar regulator, is required for MYC-stimulated cell growth in Drosophila 

10.10 Martins T.J. 

Sgt1, a co-chaperone of Hsp90 stabilizes Polo and is required for centrosome organization 

10.20 Pimenta-Marques A. 

Defining the mitotic functions of San N-terminal acetyltransferase during Drosophila development 

10.30 Alves S. 

A yeast heterologous expression system to understand the role of human oncogene KRAS in autophagy 
regulation 

10.40 Pobre V. 

Stability determinants of the regulatory small non-coding MicA RNA 

11.00 Coffee break 

 Symposium 3 Genetic Resources and Biodiversity 

11.30 Mateus C.S. 

Phylogeography of the European genus Lampetra in the Iberian glacial refugium inferred from 
mitochondrial DNA variation 

11.45 Silva M.C. 

Phylogeography and historical demography of the cosmopolitan seabird white-faced storm-petrel 
(Procellariiformes: Pelagodroma marina): a multi-locus approach 

12.00 Rosenbom S. 

Genetic studies for conservation of the world’s most threatened wild equid – Equus africanus 

12.15 Nunes V.L. 

Association of Mc1r variants with ecologically relevant phenotypes in the European ocellated lizard, 
Lacerta lepida 

12.30 Lunch 

Posters 2 

 Symposium 4 Genotyping, Molecular Phylogeny and Evolution 

14.30 Gonçalves P.  

Wild yeast populations reveal a new form of balancing selection 

15.00 Fernandes V. 

Demographic history of Arabian Peninsula people: insights from whole mitochondrial genome sequencing of 
haplogroup R0a lineages 

15.20 Vieira C.P. 

Models of pollen rejection for the inhibition of the S-RNase cytoxicity in Prunus and Maloideae  

15.40 Santos C.I.A. 

A genetic study of the East Timor population using autosomal SNPs 

16.00 Coffee break 

Posters 3 

 Symposium 5 Genomics and Regulatory Networks 

17.00 Carreto L. 

Genome alterations in response to mRNA mistranslation in yeast 

17.15 Borges F. 

The Role of miRNAs During Germ Cell Specification in Arabidopsis Pollen 

17.30 Ribeiro-Varandas E. 

Heterochromatic and methylation dynamics during Arabidopsis thaliana embryogenesis and early 
germination 

17.45 Bandarra S. 

Identification of proteins that interact with prickle protein during embryonic development 

18.00  Plenary 3 

Salehi-Ashtiani K., Dana-Farber Cancer Institute, Boston, USA 

"Systems and integrative approaches for defining the coding potential of human and model organism 
genomes" 

20.00 Conference dinner 
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Wednesday, June 2 
 Symposium 6 Genetic Resources in Agro-Industry and Biotechnology 

9.00 Almadanim M.C. 

Salinity tolerance in rice: exploring natural allelic variants in OsCPK17 gene by EcoTILLING 

9.15 Simões M. 

The overexpression of a Rab1 GTPase gene promotes somatic embryogenesis in a conifer species 

9.30 Ribeiro M. 

Variation and genetic diversity of endosperm storage proteins in Portuguese bread and durum wheat 

9.45 Vieira E. 

A collection of indigenous Saccharomyces cerevisiae strains from appellations of origin in Portugal and 
France 

10.00 Amorim-Silva V. 

Screening and mapping second site mutations that suppress the defective phenotypes of the Arabidopsis 
sterol biosynthetesis mutant dry2/sqe1-5 

10.15 Collins T. 

Life in the Cold: Molecular Adaptations of Cold-adapted Enzymes 

10.30 Coffee break 

 Symposium 7 Molecular Genetics and Biotechnology 

11.00 Machado R. 

Engineering of Recombinant Silk and Elastin Copolymers 

11.15 Correia S. 

Transgene-induced RNA interference – a functional genomics tool to understand somatic embryogenesis 
induction in tamarillo  

11.30 Silva J.P.N. 

New non-viral vectors with potential in gene therapy 

11.45 Poeta P. 

Phenotypic and genotypic study of vancomycin-resistant enterococci and extended-spectrum beta-
lactamase Escherichia coli strains isolated from an agriculture wastewater treatment plant  

12.00 Vasconcelos F. 

Genetic engineering of Saccharomyces cerevisae for biodegradation of azo dyes 

12.30 Lunch 

14.00 Workshop Ensino and Workshop Técnico 

16.00 Coffee break 

16.30 Plenary 4 

Oliveira M., ITQB, Oeiras  

“Functional genomics in cork oak - a national effort to address the plant species of highest economical 
value” 

17.30 Announcement of prizes 

Closing session 



Plenary 1 
Coordinator: Ana Preto (CBMA/DB, UM) 

 
PL1 

From genes to disease. Is there a Portuguese peculiarity? 
 
Sobrinho-Simões M.

(1-3)
  

(1)
Institute of Molecular Pathology and Immunology of the University of Porto (IPATIMUP), Porto 

(2)
Department of Pathology, 

Medical Faculty of the University of Porto, Porto 
(3)

Department of Pathology, Hospital de S. João, Porto 
presenting author´s email: ssimoes@ipatimup.pt 
 
The answer to this question is ―Probably not‖ if one excludes some rare hereditary conditions. Then, another question arises. 
How come so many Portugueses claim to be ill? The numbers are so impressive that in the health milieu some specialists 
refer to the ―half-million rule‖: there are about half a million Portugueses suffering from obesity, and the same holds true for 
chronic pain, depression, fibromyalgia, sleeping problems, allergic conditions, and so on and so forth. The numbers are even 
higher in hypertension, diabetes, cancer, dental problems… but nobody knows for sure the exact figures (One million? Two 
million?). Even in relatively uncommon pathologies the Portuguese appear be leading the ―numbers race‖: besides some 
hundreds of thousands of Portugueses suffering from all sorts of auto-immune disorders, it is estimated that about 600 000 
Portugueses have rare or very rare diseases. A friend of mine, a distinguished geneticist, puzzled by such an ―epidemic‖, 
concluded that the total sum of patients is far above 10 million, indicating that many Portugueses suffer from, at least, two 
major diseases. Our talk will address this enigma from the classic approach. Is there a genetic problem (eg, can HLA-B27 be 
blamed?). Is it mainly environmental? The whole thing is indeed a big, peculiar problem. By now, I am sure you will have 
guessed the way I will approach the issues at stake. 

 

 

Plenary 2 
Coordinator: Filipe Costa (CBMA/DB, UM) 

 
PL2 

Genetics, forensics and traceability of fishes 
 
Carvalho G.R.  
Molecular Ecology and Fisheries Genetics Laboratory, School of Biological Sciences, Bangor University 
presenting author´s email: mailto:g.r.carvalho@bangor.ac.uk 
 
Major effort has been expended across decades in the quest to identify populations or stocks of marine fish, from early 
applications of blood pigments and allozymes, to current genomic approaches. Such investment has been driven by both the 
need to promote sustainability in the face of exploitation through conservation of population biodiversity, and an interest in the 
patterns and dynamics of population differentiation in the marine realm. Fish have also provided a valuable genetic resource 
by generating significant challenges in the quest to investigate the patterns and mechanisms of structuring in predominantly 
high gene flow species in an environment lacking obvious physical barriers. I summarise recent advances that have 
overturned long-held beliefs about population genetic structuring of marine fish, in which subtle but significant and sometimes 
surprisingly small scale genetic differentiation is evident, and the opportunities and speed of genetic change much greater 
than hitherto thought. The context of fisheries forensics is discussed in relation to the European consortium project, 
FishPopTrace is presented, a project that aims to provide genetic tools for more effective enforcement and conservation of 
wild fish populations and traceability of products. The programme brings together expertise in fish biology, genetics and 
forensics to improve the traceability of fish and fish products and protection of consumer interests through enhanced 
understanding of the dynamics, temporal stability and distribution of major populations of four key exploited fish species: 
Atlantic cod (Gadus morhua L.), European hake (Merluccius merluccius L.), Atlantic herring (Clupea harengus L.), and 
common sole (Solea solea L.). Three primary traceability tools will be developed to incorporate both on-board sampling 
(otolith microchemistry and morphometrics) and sampling throughout the food supply chain (single copy nucleotide 
polymorphisms, SNPs). The latter are the only current widely used molecular tool that will allow detection of population 
variability across a range of spatial scales, and yet has sufficiently high reproducibility and robustness for forensic validation. 
The framework provided by FishPopTrace will thereby enhance the European Common Fisheries Policy aim to promote 
sustainability through conservation of genetic resources. Incorporation of population biodiversity (―biocomplexity‖) into 
management instruments and policies will further underpin an ecosystem-based approach to fisheries through increased 
potential for recovery of declining stocks and associated resilience in trophic interactions. Additionally, the enhanced potential 
resolution of SNP markers provides new opportunities for exploring the scale and mechanisms driving adaptive variation in 
the marine environment. 

 



Plenary 3 
Coordinator: Cândida Lucas (CBMA/DB, UM) 

PL3 

Systems and integrative approaches for defining the coding potential of human and 
model organism genomes 
 
Salehi-Ashtiani K.  
Department of Cancer Biology, Center for Cancer Systems Biology (CCSB), Dana-Farber Cancer Institute, Boston, United 
States of America 
presenting author´s email: Kourosh_Salehi-Ashtiani@DFCI.HARVARD.EDU 
 
Although genome sequencing methodologies have rapidly evolved over the past few years, understanding the ―biology‖ of the 
genome remains problematic. We have been interested in integrating high-throughput experimental platforms (such as high-
throughput cloning and ―next-gen‖ sequencing) with large-scale computational modeling, including but not limited to metabolic 
network modeling, to reveal the coding capacity of eukaryotic genomes, how the coded information is utilized, and the 
evolutionary constrains under which genomes have evolved. During this presentation, I will describe high-throughput 
platforms that we have developed to carry out large-scale gene annotation and isoform discovery, and how for 
Chlamydomonas reinhardtii (a green unicellular alga) we have integrated network modeling with transcript annotation. I will 
also describe our efforts in carrying out isoform discovery on a set of ~1,500 human genes (including ~800 OMIM genes), to 
characterize the alternatively transcribed protein coding sequences expressed from these genes. Finally, I will describe our 
ongoing efforts in building protein-protein interaction networks based on the isolated isoforms to gain insights in how 
alternative splicing can affect these networks. 

 

 

Plenary 4 
Coordinator: Teresa Lino Neto (BioFIG/DB, UM) 

PL4 

Functional genomics in cork oak: a national effort to address the plant species of 
highest economical value 
 
Oliveira M.M.  
IBET/ITQB-UNL, Quinta do Marques, 2784-505, Oeiras 
presenting author´s email: mmolive@itqb.unl.pt 
 
Cork oak (Quercus suber) is the most important forest tree in Portugal, covering 23.5% of the Portuguese forest area, 32% of 
the world cork forest, and justifying 52.5% of the world annual average cork production. Cork production in Portugal is 
responsible for 0.7% GDP (over 800 millions Euros) and 2.7% of total Portuguese exports, accounting for an estimated 
number of 13000 regular jobs plus 6000 seasonal, with hundreds of companies directly related to the production of the cork 
oak forest. In spite of this obvious relevance for the country and of recent research in topics such as eco-physiology and plant 
selection/improvement, still very little is known about the tree regarding cork formation, biotic and abiotic interactions, and 
vegetative and reproductive development. In 2007, within a national initiative joining researchers from all over the country, it 
was concluded that research on oaks, especially cork oak, would benefit from building a chip of genes for transcriptomics 
studies. This research tool could provide a dynamic link between the genome, the proteome and the phenotype, allowing the 
assessment of differential expression of genes during development or in response to varied environmental conditions. With 
the support of the Portuguese Foundation for Science and Technology (FCT) it was possible in 2009 to initiate the first stage 
of this process: the collection and sequencing of expressed sequence tags (ESTs) covering as many different situations as 
possible. This first stage started through the approval by FCT of 12 projects planned within the national consortium, and 
involving numerous research labs and Institutions. The consortium agreed that the sequencing would be conducted at a 
Portuguese facility using the recent 454 pyrosequencing technology (BIOCANT Technological Park). The grouping of ESTs 
contigs and preliminary annotations are the responsibility of BIOCANT. A specialized bioinformatics team will implement 
databases and information channels to organize and analyze the large volume of information generated and make it available 
to the scientific community. The public platform (entitled CorkOakDB) will serve as an important tool for research and 
presentation of this first Portuguese genomic project of national scale, guaranteeing (in a first stage only for national use) the 
access to all data raised from these efforts. In spite of all obvious difficulties, the ongoing initiative is already functioning as an 
incentive for research, increasing the number of scientists working on cork oak and stimulating cooperation. Desirably, the 
knowledge gathered will make it possible to accelerate the process of solving problems that now afflict farmers and industrial 
producers, such as diseases and sensitivities to environmental stress. This presentation will focus on the organization of the 
national consortium, on the goals of the 12 research projects and on the current status of some of them. 

 



Symposium 1 
Genetic Disorders and Health 

Coordinators: Cecília Leão (ICVS/ECS, UM) and Manuel Bicho (FM, UL) 
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OC5 

Molecular genetics of Machado-Joseph disease: from worms to mice to humans 
 
Maciel P. 
Neurosciences, Life and Health Research Institute-ICVS, Braga 
presenting author´s email: pmaciel@ecsaude.uminho.pt 
 
Machado-Joseph disease (MJD) or spinocerebellar ataxia type 3 is an autosomal dominant neurodegenerative disorder of 
late onset, characterized by loss of motor coordination, difficulties in speech articulation and swallowing and progressively 
impaired eye movements, often combined with additional symptoms that vary according to age at onset. The causative gene 
has been identified in 1994 however the physiological role of the protein it encodes remains unknown, as does the 
mechanism through which the mutation - an expanded polyglutamine tract - leads to the disease. We have developed 
transgenic animal models of MJD in the nematode C. elegans and in the mouse, which replicate some essential features of 
the disease. These models will be presented and the insight they have given into the pathogenic mechanism will be 
discussed. 

 

 
 
OC6 

Mutational screening of GJB2 non-coding regions in Portuguese hearing loss 
patients 
 
Matos T.D.

(1)
 ,Simões-Teixeira H.

(1)
 ,Caria H.

(1,2)
 ,Rodrigues A.R.

(1)
 ,Rosa H.

(3)
 ,O´Neill A.

(4)
 ,Andrea M.E.

(5)
 ,Kelsell D.P.

(6)
 and 

Fialho G.
(1)

  
(1)

Centre for Biodiversity, Functional, and Integrative Genomics (BioFIG), Faculty of Science, University of Lisbon, Lisboa 
(2)

Higher School of Health, Polytechnic Institute of Setúbal, Setúbal 
(3)

ORL Service, Hospital Garcia de Orta, E.P.E., Almada 
(4)

Department of Head and Neck, Hospital Egas Moniz (Centro Hospitalar de Lisboa Ocidental, E.P.E.), Lisboa 
(5)

ORL Service, 
Hospital Santa Maria (Centro Hospitalar de Lisboa Norte, E.P.E.), Lisboa 

(6)
Centre for Cutaneous Research, Institute of Cell 

and Molecular Science, Barts and the London School of Medicine and Dentistry, University of London, London, United 
Kingdom 
presenting author´s email: tiagomorimatos@gmail.com 
 
INTRODUCTION: In many populations, a significant percentage of non-syndromic, sensorineural, prelingual hearing loss 
cases are due to mutations in GJB2/GJB6 genes (DFNB1 locus). Thus, molecular diagnosis of hearing loss (HL) is usually 
initiated by searching mutations in GJB2 coding region and flanking sequences, including the acceptor splice site. The donor 
splice site is often analysed. If necessary, screening for GJB6 deletions del(GJB6-D13S1830) and del(GJB6-D13S1854) is 
further performed. Some authors have investigated non-coding regions of GJB2, however no pathogenic mutation has been 
reported in exon 1 or 3‘UTR. A 10 bp deletion (c.-684_-675del, firstly designated -493del10), has been identified upstream of 
the basal promoter, in linkage disequilibrium (LD) with the c.101T>C GJB2 mutation, but its pathogenicity has not been 
proven. More recently, a pathogenic basal promoter mutation (c.-259 C>T, firstly designated -3438 C>T) has been identified, 
highlighting the relevance of non-coding mutations.METHODS: We have sequenced GJB2 promoter, exon 1 and 3‘UTR from 
89 Portuguese HL patients, previously screened for GJB2 coding region and GJB6 deletions, and 91 hearing individuals from 
the control population.RESULTS: We have identified a novel variant (Accession #: AM982524) in the promoter region, later 
submitted to NCBI dbSNP database (rs73431557) by others. We have genotyped all individuals for: the -493del10 deletion; 
three SNPs in the promoter (rs9550621, rs73431557, rs9552101); 10 SNPs in the 3‘UTR (c.*1C>T, rs3751385, rs7337074, 
rs7329857, rs55704559, rs5030700, rs1050960, rs7623, rs11841182 and rs7988691); one SNP downstream of the 3‘UTR 
end (rs11839674). We have identified in the hearing control sample a -493del10 homozygote, not harbouring c.101T>C, 
supporting the non-pathogenicity of this deletion. Moreover, we have observed a statistically significant difference between 
patients and controls, in allelic frequencies relative to four of the 14 SNPs genotyped: rs73431557, rs3751385, rs55704559 
and rs5030700. Regarding rs55704559 and rs5030700 (at c.*168 and c.*931 positions respectively), nearly all individuals 
analysed (178/180) are either c.[=;=]+[=;=] or c.[*168A>G(+)*931C>T]. This results from LD between rs55704559 and 
rs5030700 SNPs (Chi2=160.8480, p<10 E-04; D=0.0418; Delta2=0.8838). The main alleles in controls are c.[*168A+*931C] 
(95.1%) and c.[*168G+*931T] (4.4%), as estimated using EM-based algorithm. Interestingly, the proportion of 
c.[*168A>G(+)*931C>T] individuals is significantly higher in patients than in controls (p=3.36293 E-06). The statistically 
significant differences in rs73431557 and rs3751385 allelic frequencies are mostly due to LD between these SNPs and the 
rs55704559 and rs5030700 SNPs. The data suggest that allele c.[*168G;*931T] may have a deleterious effect, contributing, 
alone or in conjunction with other genetic factors, to HL. Alternatively, this allele may be in LD with an unknown pathogenic 
variant. 
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OC7 

Microsatellite instability in paediatric high grade glioma is associated with genomic 
profile and differential target gene inactivation 
 
Viana-Pereira M.

(1,2)
 ,Lee A.

(2)
 ,Popov S.

(2,3)
 ,Bax D.A.

(2)
 ,Al-Sarraj S.

(4)
 ,Bridges L.

(5)
 ,Stávale J.N.

(6)
 ,Hargrave D.

(3)
 ,Jones C.

(2,3)
 

and Reis R.M.
(1)

  
(1)

Life and Health Sciences Research Institute, School of Health Sciences, University of Minho, Braga 
(2)

Section of Paediatric 
Oncology, Institute of Cancer Research, Sutton, United Kingdom 

(3)
Paediatric Oncology, Royal Marsden Hospital, Sutton, 

United Kingdom 
(4)

Department of Clinical Neuropathology, Kings College Hospital, London, United Kingdom 
(5)

Neuropathology, St George, London, United Kingdom 
(6)

Department of Pathology, Universidade Federal de São Paulo, São 
Paulo, Brazil 
presenting author´s email: martapereira@ecsaude.uminho.pt 
 
Background: High grade gliomas (HGG) are one of the leading causes of cancer-related deaths in children, and there is 
increasing evidence that paediatric HGG may harbor distinct molecular characteristics compared to adult tumors. The 
presence of microsatellite instability (MSI), has been described to be more frequent in pediatric than in adult brain tumors. 
Nevertheless, the results are conflicting, with reported frequencies in pediatric gliomas varying between 0-44%, possibly due 
to different sensitivities of the methods used to detect MSI status. Therefore, we have sought to clarify the role of 
microsatellite instability (MSI) in pediatric versus adult HGG. Material and methods: MSI status was determined in 144 
patients (71 pediatric and 73 adults) using a well established panel of five quasimonomorphic markers by pentaplex PCR. 
Expression of MLH1, MSH2, MSH6 and PMS2 was determined by immunohistochemistry, mutation analysis by direct 
sequencing and MLH1 promoter methylation using MS-PCR. DNA copy number profiles were derived using array CGH, and 
mutations in eighteen MSI target genes studied by multiplex PCR and genotyping. Results: MSI was found in 14/71 (19.7%) 
pediatric cases, significantly more than observed in adults (5/73, 6.8%; p=0.02, Chi-square test). MLH1 expression was 
downregulated in 10/13 cases, however no MLH1 mutations or promoter methylation were found. MSH6 was absent in one 
pediatric MSI-H tumor, consistent with an inherited mismatch repair deficiency associated with germline MSH6 mutation. MSI 
was classed as Type A, and was associated with a remarkably stable genomic profile. We identified mutations in two genes, 
MSH6 and DNAPKcs, and described a polymorphism in MRE11 without apparent functional consequences in DNA double 
strand break repair; however for the majority of cases it appears that the classical target genes for MSI in other tumor types 
are not frequently mutated in gliomas. Conclusions: This study thus provides evidence for a potential novel molecular pathway 
in a fraction of brain tumors associated with the presence of MSI. 
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Fundamento:A proteína supressora tumoral p53 está presente no citoplasma e tem sido amplamente estudada a nível 
tumoral. É um factor de transcrição que quando activo induz a expressão de genes alvo, que activam diversas respostas 
celulares, nomeadamente, a senescência e a apoptose, de forma a manter a estabilidade genómica da célula. Estudos 
revelam a intervenção do p53 na regulação do metabolismo da glucose e a sua associação com doença cardiovascular, 
diabetes tipo II, obesidade, demência e depressão. O gene que codifica o p53 está localizado no braço curto do cromossoma 
17 na região 17p13. Apresenta um polimorfismo genético Pro/Arg funcional e que se traduz pela substituição do aminoácido 
prolina por arginina no codão 72. Objectivos:Estudar a importância do polimorfismo Pro/Arg do p53 como factor de 
susceptibilidade para a obesidade. Métodos:Foi estudada uma população de 201 indivíduos adultos, 39 adolescentes e 42 
crianças com excesso de peso e obesos (IMC≥25 Kg/m2, Zscore>1,9). Como grupo controlo foi incluida uma população de 
99 adultos e 23 crianças (IMC<25 Kg/m2, Zscore<1.9). O polimorfismo Pro/Arg foi estudado por PCR com primers 
específicos para cada alelo p53:72Prolina/Arginina. O par de primers p53+/Arg- (PIII: 5‘- TCC CCC TTG CCG TCC CAA -3‘/ 
PIV: 5‘- CTG GTG CAG GGG CCA CGC -3´) amplifica um segmento de 141 bp correspondente ao alelo Arg e o par de 
primers Pro+/p53- (PI: 5‘- GCC AGA GGC TGC TCC CCC -3‘PII: 5‘- CGT GCA AGT CAC AGA CTT -3‘) com um produto de 
amplificação de 177 bp para o segmento do alelo Pro. O amplificado foi visualizado num gel de agarose a 3% com brometo 
de etídio. Os resultados foram analisados utilizando o programa SPSS vs 16,0.Resultados:Foram encontradas diferenças 
significativas na distribuição dos genótipos, com uma diminuição da frequência do genótipo Pro/Pro na obesidade 
(Pro/Pro=4.3%) em comparação com o grupo controlo (Pro/Pro=9.8%; P=0.037). No entanto, estes resultados não se 
traduziram em diferenças significativas nas frequências alélicas das duas populações.Discussão/ Conclusão:De acordo com 
a análise dos resultados e, tendo em conta a população em estudo, pode-se concluir que o genótipo Pro/Pro se apresenta 
como um factor de protecção em termos de obesidade. O alelo Arg parece estar relacionado com maior proliferação celular e 
portanto, muitas vezes associado a maior susceptibilidade para o cancro. Pelo contário, o alelo Pro está mais associado a 
uma maior tendência para a apoptose, diminuindo a proliferação celular, e portanto poderá ser considerado protector para a 
obesidade ao contribuir para menor proliferação das células adiposas. 
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Primary hyperparathyroidism (PHPT) is a common endocrine disorder characterized by an excessive autonomous production 
and release of parathyroid hormone (PTH) by the parathyroid glands. This endocrinopathy may result from the development 
of an adenoma, hyperplasia or carcinoma (1,2). Most of the HPTP cases occur sporadically; however, approximately 10% of 
the patients present a familial form of the disease (3). The exact pathogenesis of this disease remains to be fully understood, 
although somatic alterations in MEN1 gene and Cyclin D1 protein expression are frequently observed in sporadic PHPT. The 
proto-oncogene Cyclin D1 and the MEN1 tumor suppressor gene are implicated in parathyroid neoplasia, either by 
rearrangements or inactivating mutations, respectively. The aim of the present study was to perform the molecular 
characterization of thirty cases of apparently sporadic PHPT and try to explore other molecular alterations behind this 
pathology. Sequencing analysis of the genes (MEN1, RET and CDKN1B) involved in familial forms revealed a germ line 
mutation in MEN1 gene, excluding this case as a sporadic form of PHPT.The analysis of the parathyroid tumors revealed the 
presence of two somatic mutations in exon 2 of MEN1 gene, one of them is a novel mutation. These findings confirm that 
MEN1 gene mutations contribute to the development of sporadic forms of PHPT. Further study of this gene revealed that 11 
out of 25 (42%) cases harbor allelic deletions in MEN1, strengthening the role of this gene in the development of sporadic 
PHPT.The immunohistochemical study of Cyclin D1 and p27 proteins, points to possible alteration in protein regulation. The 
study developed in the present work allowed the molecular characterization of thirty cases of PHPT, and also the study of 
other molecular targets involved in parathyroid pathogenesis. 
References: 
(1) Suliburk J.Wand Perrier N.D (2007) Oncologist 12:644-653. 
(2) Miedlich S. et al. (2003) Clinical Endocrinology 59:539-554. 
(3) Taniegra E.D. (2004) American Family Physician 69:333-339. 
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Angiotensin converting enzyme (ACE) catalyzes the conversion of angiotensin I to angiotensin II and has an important role on 
heart cells promoting arterial vasoconstriction. Most published data concern to a polymorphism in the presence (insertion, I 
allele) or absence (deletion, D allele) of a 287-bp in intron 16. Although this polymorphism occurs in an intron it is an 
exceptionally strong and consistent marker for ACE activity in serum and tissues. Studies investigating the effects of ACE 
genotype on skeletal muscle baseline strength have yielded inconsistent results. PURPOSE: The purpose of the present 
study is to investigate the possible association between ACE I/D and skeletal muscle baseline explosive strength in male and 
female untrained subjects. METHODS: Sixty-one Caucasian physical education students from both genders (22 females, age 
20.37 ± 0.52 yr, height 160.75 ± 6.92 cm, body mass 56.85 ± 7.26 kg; 39 males, age 21.65 ± 2.39 yr, height 177.38 ± 6.54 
cm, body mass 75.92 ± 10.62 kg) were studied. DNA extraction was obtained with Chelex 100_ and genotype determination 
by PCR-RFLP methods. The maximum height in counter movement jump (CMJ) was assessed using a trigonometric carpet. 
Here, subjects performed 4 jumping movements: with hands on hips (CMJ), CMJ with arm swing (CMJA), CMJ with preferred 
leg and with hands on hips (CMJ-P), and CMJ with non-preferred leg with hands on hips (CMJ-NP). Comparisons between 
and among groups were done by Mann Whitney's U and Kruskal Wallis Tests, respectively. A value of p<0.05 was considered 
statistically significant. RESULTS: The analysis by genotype group pointed out no significant differences (p≥0.05) for all CMJ 
measurements. However, the male I allele carriers (ID+II) jump significantly higher in both CMJ-P (p=0.043) and CMJ-NP 
(p=0.035) than the DD homozygote's (p = 0.048), though not found for CMJ and CMJA (p≥0.05). In females, none of the 
strength parameters differs significantly (p≥0.05) between I allele carriers and DD homozygote's. CONCLUSIONS: ACE 
genotype seems associated with skeletal muscle baseline explosive strength in male untrained subjects. 
References: 
(1) Costa A et al. manuscript in preparation. 
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Feline mammary carcinoma (FMC) has been proposed as a natural model of highly aggressive, hormone-independent human 
breast cancer. TWIST1 is thought to be a novel oncogene. In previous works we partially isolated this gene in Felis catus (1) and 
screened TWIST1 for sequence variations in FMC (2). In humans, proto-oncogene ERBB2 overexpression correlates with more 
aggressive clinicopathologic features, drug resistance or sensitivity to specific chemotherapy and specific hormonal therapy 
regimens in breast cancer. TP53 is a tumor suppressor gene and disruption of its function strongly correlates with tumorigenesis (3). 
The aim of this study was to evaluate TWIST1, ERBB2 and TP53 expression in normal (control), hyperplastic and neoplastic cat 
mammary gland tissues using qRT-PCR. After RNA extraction and purification, cDNA synthesis was performed. For each gene, 
primers were designed based on cat cDNA isolated sequences available in GenBank. Hybridization probes were selected according 
to major homology for each transcript. TWIST1, ERBB2 and TP53 expression was quantified by qRT-PCR in several mammary 
tissues: 3 normal, 7 carcinomas, 1 benign tumor and 3 hyperplasias. GAPDH gene was used as the endogenous control for 
normalization of all assays. The statistical analyses were performed using the Excel program. TWIST1 was downregulated in all 
carcinomas and in 2/3 hyperplasias and revealed lower expression levels in carcinomas than in benign tumors/hyperplasias. ERBB2 
was downregulated in all tissue samples. TP53 showed to be upregulated in 4/7 carcinomas and in 3/4 benign lesions. To our best 
knowledge, TWIST1 mRNA quantification in normal and tumoral tissues has never been reported in cats. In humans, when 
increased in breast cancer cells it has been shown to promote metastatic ability in in vivo animal models and is also associated with 
the development of acquired resistance to paclitaxel and vincristine. However, in our series, benign lesions evidenced higher 
TWIST1 mRNA expression than malignant masses. Regarding TP53, high expression levels in 35-45% of FMC have been found. In 
our samples, a higher expression (57%) is evidenced. It is reported high ERBB2 mRNA levels in 54,5% FMC (6/11). Interestingly, 
our study shows statistically significant lower mRNA levels in all FMC (7/7). This research evidences challenging results, pointing 
out future directions for further investigations, in order to contribute for the study of prognostic factors in FMC. 
References: 
(1) Baptista CS et al. (2010) Current Genomics accepted. 
(2) Baptista CS et al. (2010) Cellular Oncology accepted. 
(3) Maru D et al. (2005) Cancer 103:900-905. 
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Periodontal disease (PD) is the inflammatory disease of the periodontum, which includes an early stage (gingivitis) and an advanced 
stage (periodontitis). PD is the most common disease of the oral cavity of domestic carnivores and in human medicine is estimated 
that 30% of the adult population is affected by the disease (1). PD presents a multifactorial etiology: microbial, behavioural, 
environmental, systemic and genetic factors contribute to the susceptibility and clinical expression of disease. Many agents and/or 
mediators involved in PD remain unclear, being necessary to develop new strategies to analyse them. The molecular and genetic 
research has contributed to a better understanding of PD and has shown that many genes play a role in the predisposition and 
progression of disease, primarily through the regulation of inflammatory mediators (2). This study aims to contribute to the 
characterization of the genetic basis of PD in the dog and its implementation as a model in the study of the human disease. A 
molecular analysis of IL6 gene was performed, to identify genetic variations and verify its association with PD in a case-control 
study. Changes in IL6 gene appear to influence the response of this inflammatory cytokine against infectious agents and influence 
the bone resorption related to PD (3). We collected and processed the biological samples (blood and gingival), optimized the DNA 
extraction protocols and optimized the amplification of two specific regions of the IL6 gene by PCR. All amplified fragments from 
5‘UTR region to exon 2 (643 bp) and exon 5 to 3‘UTR region (630 bp) were sequenced, allowing the identification of three genetic 
variations. The frequencies of all variations were analyzed in a case-control study comprising a population of 70 animals, divided into 
a control group (45) and a group of cases with PD (25), to assess their influence on susceptibility to disease. For all the genetic 
variations identified, the results showed that there were no statistically significant differences between the control group and the 
group of cases with PD, unable to correlate any variation with PD susceptibility in dogs. However, all these changes were first 
described in this work and interesting differences were observed, when our sequences were compared with the sequence data 
available in genomic databases of NCBI and Ensembl. This is the first study focussed to the genetic characterization of the DP in 
dog and it is important to develop future studies to clarify the role of the genetic variations identified in this work. All the results will be 
of great value to propose dog as a valid model for future investigations of the genetic basis of PD, with benefits for both human and 
veterinary medicine. 
References: 
(1) Nares S. (2003) Periodontol 2000 32:36-49. 
(2) Yoshie H. et al. (2007) Periodontol 2000 43:102-132. 
(3) Nibali L. et al. (2009) Cytokine 45:50-54. 
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Bilirubin is a non-polar metabolite, results from catabolism of haemoglobin and is bound to glucuronic acid in the liver by the 
uridine diphosphate glucuronosyltransferase (UGT1A1) activity. Molecular studies showed that the presence of two extra 
bases (TA duplication) in the promoter region of the UGT1A1 gene is responsible for the reduced UGT1A1 glucuronization 
activity and is the main cause of unconjugated hyperbilirubinemia observed in patients with Gilbert Syndrome (GS). However, 
individuals with normal bilirubin levels and no clinical symptoms of SG may also present this polymorphism in homozygosity 
1,2,3. Consequently, the aim of this work is to determine the presence of other mutations in the UGT1A1gene, downstream of 
the TA duplication, and how they may contribute towards the inter-individual variation of serum bilirubin levels. This study was 
carried out in two groups: one comprising 36 individuals without clinical diagnosis of GS (14 with 6/6TA, 11 with 6/7TA, and 11 
with 7/7TA repeats); the other group consisting of 36 patients clinically diagnosed with GS. In both, bilirubin levels were 
determined and direct sequencing of the UGT1A1 was performed. Among the individuals without clinical diagnosis of GS, two 
new sequence variants were found in heterozygosity (c.643A>G, and c.1156G>A), in the 6/6TA group. No additional 
mutations were detected in the 6/7 and 7/7 TA groups. In patients clinically diagnosed with GS, 28 were homozygous and 7 
heterozygous for the TA duplication, and one with a normal number of repeats. Molecular analysis showed that one (3,6%) of 
the 7/7TA patients had another mutation in the UGT1A1 gene (c.674T>G). In the 6/7TA group, one additional mutation was 
also found in three patients (43%), two of which had been previously described (c.674T>G and c.923G>A) and a new one 
(c.1423C>T). No further mutations were detected in the 6/6TA group. Additionally, 4 polymorphisms were found 
(c.864+89C>T; c.997-37T>C; c.997-82A>C; c.997-87A>C). In conclusion, we can infer that homozygosity for the TA 
duplication is associated with GS. In the group without GS, no further mutations were detected in the 6/7 and 7/7 clusters, but 
in the 6/6 group, two new mutations were found in heterozygosity. These mutations are not associated with increased bilirubin 
levels. However, they could be associated with GS in the presence of other UGT1A1 mutations. Furthermore, in the GS group 
with heterozygosity for the TA duplication, we found mutations in 43% of the patients, emphasizing the importance of complete 
UGT1A1 analysis. 
References: 
(1) Bosma P.J. et al. (1995) N. Engl. J. Med. 333:1171-1175. 
(2) Christian P. et al. (2008) Arch. Toxicol. 82:415-433. 
(3) Costa E. et al. (2002) Haematologica 87:ELT21-ELT21. 
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Cancer originates from an accumulation of different genetic alterations that include activating mutations in oncogenes, 
inactivation of tumor suppressor genes, modifications in DNA methylation status and alterations in regulating genome stability. 
DNA repair enzymes are important to correct mutations and to prevent carcinogenesis initiation. The enzyme methylguanine 
methyltransferase (MGMT) is responsible for correction of a specific and highly mutagenic type of alkylating DNA damage, 
MeG, before activating point mutations occur. Also, other enzymes of Base Excision Repair (BER) pathway are relevant for 
preventing mutagenesis. Diet is an important factor in colon cancer risk. It has been shown that some food-related 
compounds, such as heterocyclic amines, are potent mutagens for cancer initiation, while other dietary compounds, mostly 
from fruits and vegetables, can reduce the risk of cancer. Studies have shown that some diet components can modulate DNA 
repair in different cell types in humans. We investigated the potential of Salvia officinalis (SO) herbal tea drinking on colon 
cancer prevention using the AOM rat model. In F344 rats, SO effects were evaluated at the pre-initiation (SO treatment before 
azoxymethane (AOM) exposure) and post-initiation (SO treatment after AOM exposure) phases of carcinogenesis. A 
chemopreventive effect of SO was found in the pre-initiation group that was not seen in the post-initiation group. 
Immunohistochemistry (Ki67 staining) was used to evaluate the effects of SO tea/AOM treatment on colon epithelial cell 
proliferation. AOM treatment significantly increased the number of Ki67-positive cells in normal tissue, but this increase was 
significantly reduced by SO tea treatment. In parallel, an in vitro study using isolated colonocytes from rats that drank SO tea 
we demonstrated that SO treatment decreased significantly the oxidative H2O2-induced DNA damage. In Caco 2 cells SO 
induced BER activity. In view of the ability of SO to modulate DNA repair activity, expression studies of other DNA repair 
associated genes are in progress, mainly MGMT and N-methylpurine-DNA glycosylase (MPG) involved in alkylation DNA 
repair, that may provide further mechanisms for prevention of colon carcinogenesis induced by alkylating agents. 
Acknowledgements: DFNP and AAR supported by the FCT grants SFRH/BD/64817/2009 and SFRH/BD/35672/2007 
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Backgroung/Objectives: Mucolipidosis II (ML II alpha/beta) or I-cell disease is a rare genetic disease in which the activity of 
the uridine diphosphate (UDP)-N-acetylglucosamine:lysosomal enzyme N-acetylglucosamine-1-phosphotransferase (GlcNAc-
phosphotransferase) is absent. GlcNAc-phosphotransferase is a multimeric enzyme encoded by two genes: GNPTAB and 
GNPTG. A spectrum of mutations in GNPTAB was recently reported to cause ML II alpha/beta. Most of them were found to 
be private or rare. However, there is one mutation, c.3503_3504delTC, which shows a broad population distribution having 
been detected among Israeli and Palestinian Arab-Muslims, Turkish, Canadians, Italians, Portuguese and also in U.S. 
American patients.  
Methods: We analysed 44 patients either homozygous or heterozygous for this deletion (22 Italians, 8 Arab Muslims, 1 
Turkish, 3 Argentineans, 3 Brazilians, 2 Irish travellers and 5 Portuguese) as well as 16 carriers (15 Canadians and 1 Italian) 
for three intragenic polymorphisms (c.-42_-40delCGG, c.191A>G and c.2096A>G) and two microsatellite markers flanking the 
GNPTAB gene (D12S1607 and D12S1727).  
Results and Conclusion: We were able to identify a common haplotype in all patients analysed. In summary, we showed that 
patients carrying the deletion c.3503_3504delTC presented with a common haplotype, which implies a common origin of this 
mutation. In addition, while the level of diversity observed at the most distant locus indicates that the mutation is relatively 
ancient (around 2063 years old), the geographical distribution further suggests that it probably arose in a peri-Mediterranean 
region. 
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Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors of the gastrointestinal tract. The 
diagnosis of this type of tumor is accomplished by an anatomical pathology exam with the use of immunocytochemistry 
techniques. A right correlation between the morphologic features of the anatomical pathology with the identification of 
mutations by the molecular biology techniques can improve the diagnosis (1). C-KIT mutations are the oncogenic 
mechanisms in most sporadic and inherited GISTs. KIT protein is part of tyrosine kinase receptors family These receptors are 
located in cell membrane wich dimerizes and alters conformation when growth factors bind. C-kit gene is composed of 21 
exons and most of the described mutations, about 75-80%, occur in exon 11 that correspond to a juxtamembrane domain. 
Mutations in exon 9 correspond to 5-13%, which encodes for extracellular domain, and finally in exons 13 and 17 are 
described 4% of mutations and are localized in the kinase domain (2). Our aim is to investigate and characterize gene 
mutations of c-KIT in gastrointestinal stromal tumors diagnosed in the Department of Pathology, Hospital de Setúbal EPE, 
which were previously positive for CD117 by immunocytochemistry technique. DNA extraction was performed using paraffin 
tissue from 20 different patients and its quality was confirmed by electrophoresis. Followed, by PCR amplification of exons 9, 
11, 13 and 17. Mutational characterization will be presented and histopathological parameters will be evaluated and analysed 
statistically according to mutation status. 
References: 
(1) Gomes A et al. (2007) American Society of Clinical Pathology 127. 
(2) Isozaki Kand Hirota S (2006) Current Genomics 7. 
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OBJECTIVE: This study aimed at performing clinical and genetic characterization, as well as evaluating the oral 
(re)habilitation, of two non-identical twins with cochlear implant (CI). METHODS: The twins presented neurosensorial 
profound deafness prior CI (age of implantation = 3.5 years old). Both parents are mute-deaf and have one unaffected 
daughter each from a prior marriage, as well as several affected and unaffected relatives. The two twins and their parents 
were analysed in respect to the presence of GJB2/GJB6 mutations. PCR-site directed mutagenesis was first performed to 
detect the common 35delG mutation in the GJB2 gene. When necessary, direct sequencing of the entire coding region was 
further performed. Multiplex PCR was used to detect the GJB6 deletions del(GJB6-D13S1854) and del(GJB6-D13S1830). 
Assessment of the twins‘ global oral performance after cochlear implantation was carried out by applying a battery of speech 
and audiological tests. RESULTS: The twin girl and the father were 35delG homozygotes while the twin boy and the mother 
were 35delG/del(GJB6-D13S1830) compound heterozygotes. The genetic cause of deafness was thus identified in the four 
members of this family. As regards the twins‘ oral performance after CI, some noteworthy differences were observed. While 
the twin girl had an overall good performance throughout the tests, the twin boy got poorer results and wasn‘t even able to 
reply to some of the audiological tests performed. DISCUSSION AND CONCLUSIONS: The non-identical twins here 
analysed, aged 8 years, presented different genotypes (35delG/35delG and 35delG/del(GJB6-D13S1830)) and different oral 
performance after CI. To our knowledge, this was the first time that del(GJB6-D13S1830) deletion was found in Portuguese 
deaf patients. The observed differences in the oral performance are most probably due to the different social context in which 
the twins have been living and not to their different GJB2/GJB6 genotype: the twin girl has been living with a hearing aunt, 
while the twin boy lived until very recently with the parents, in a poor auditory stimulating environment with other associated 
problems, such as parents‘ alcoholism. The remaining twins‘ affected relatives will probably carry either the 35delG mutation 
and/or the del(GJB6-D13S1830) deletion. Molecular diagnosis and genetic counselling is very important to a family such as 
this one, namely to the twins‘ unaffected half-sisters, who are certainly carriers of one of these mutations. 
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Prostatic diseases are one of the most common diseases in men. Currently three diseases: benign prostatic hyperplasia 
(BPH), prostatitis and prostate cancer (PCa) have been considered, where PCa appears as one of the most common cancer 
in men and the second leading cause of cancer-related death in the Western male population (1). The use of animal models 
to study PCa has been a recurring practice contributing to its molecular basis definition. This is also important in the 
development of new approaches to cancer prevention and treatment (2). Canis familiaris is considered a great animal model 
to study these diseases because of its spontaneously expression of prostatic diseases (3). The use of dog as an animal 
model to study prostatic diseases will be very important and essential to gather information to improve gene expression area. 
The housekeeping genes (HKGs) are very important to develop a gene expression study. These genes are commonly defined 
as genes that are ubiquitously expressed at stable levels in different biological contexts and are frequently used to normalize 
mRNA levels between different samples. However, the expression level of these genes may differ among tissues or cells and 
may change under certain circumstances. There are several housekeeping genes, which are commonly used for RT-PCR 

validation in human. There are no studies about housekeeping genes in dog and for this reason we choose GAPDH, -Actin, 
HPRT1 and Ubiquitin C (UBC) genes based on human studies. The main objective of this study was to propose the most 
appropriate housekeeping gene in C. familiaris for the development of studies using prostatic fluid as biological material. In 
the present work we used prostatic fluid as the biological material and we extracted RNA with Kit QIAamp Viral RNA Mini 
(Qiagen). We performed an in silico analysis for each gene and we selected specific primers to use in the amplification by RT-
PCR technique to confirm the gene expression. The results were satisfactory, once the four housekeeping genes were 
amplified correctly (expected size). According to the literature it is important to use two housekeeping genes to avoid errors in 
the normalization, so we propose to use the combination between a classic housekeeping and other less common (GAPDH or 

-Actin and HPRT1 or UBC). In the future, it will be interesting to expand the studies by increasing the amount of samples 
and the number of genes under study. 
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Naturally occurring tumours in domestic animals, that share a similar environment with humans and therefore might be exposed 
to similar risk factors, have been recognized as an interesting opportunity for comparative oncology (1). Biological, anatomical, 
histopathological, genetic, and molecular similarities between some animal and human tumours are well established (1). Mainly 
based on age incidence, risk factors, histopathology, prognostic aspects, metastatic pattern and response to therapy, cat 
mammary tumours (CMT) has been proposed as a good model for human breast cancer (HBC) (2). ERBB2 is widely 
considered a key oncogene involved in HBC onset and progression. In humans and animals mammary tumours, tyrosine kinase 
oncogenes, as ERBB2 gene, are activated and its amplification/overexpression is known to confer poor prognosis in HBC (2). In 
HBC and in CMT a good correlation was found between mRNA expression and protein expression detected by 
immunohistochemistry. ERBB2 gene overexpressed was detected in 15-25% of HBC cases and 55% of CMT samples (2). In 
recent years, a number of mutational profiling studies have attempted. Somatic alteration of ERBB2 expression is well 
established in breast cancer, with clinical utility for stratification of breast cancer patients. Although spontaneous tumours in 
companion animals have been repeatedly proposed as appropriate and valid model for tumour systems, critical genetic and 
molecular information is still lack (2). In the present study, we detect and characterize cat ERBB2 gene genetic variations in 
normal samples and in a heterogeneous CMT population. We used thirty six cat mammary tumours Formalin-Fixed Paraffin-
Embedded Tissue (FFPET) samples (n=36) and thirty four frozen samples (n=34). The genomic DNA extraction from the 
FFPET were performed according to the protocol previous described by Santos and collaborators (3). We examined ERBB2 
sequence variants at exons 17, 18, 19 and 20, encoding receptor transmenbrane domain (exon 17) and part of tyrosine kinase 
domain (exon 18 - 20). Some genetic variations were only detected in the tumour population. As far as we know, this is the first 
attempt to examine ERBB2 genetic variations in cat and, more specifically, in cat mammary tumours genome. 
Acknowledgments: This work was supported by the project POCI/CVT/62940/2004 of the Science and Technology Foundation 
from Portugal (FCT) and PhD FCT grant SFRH/BD/23406/2005. 
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Prostatic diseases are relatively common in dogs but less frequent in other animal species. Canine spontaneous prostatic 
carcinoma presents remarkable similarities to its human counterpart being regarded as a potential model for the human disease 
(1). This has been supported by the publication of the canine genome and the comparative oncology programmes from 
NCI/NIH. The flattening of species barriers is allowing investigators from veterinary and human medicine to create exceptional 
joint ventures to advance our understanding on cancer and develop new therapeutic strategies. Biopsy is the most definitive, but 
also the most invasive, diagnostic procedure for differentiating prostatic diseases. In human prostate cancer investigation, there 
is a trend leading to the search of less invasive methods. In the last years, human researchers have been developing strategies 
to screen for prostatic diseases using urine as the biological material (2).The aim of the present work was to develop a method, 
the less invasive and more efficient as possible, for the study of prostatic diseases in dogs. In this study we used 10 male dogs 
older than 4 years. Blood samples were collected for DNA extraction and plasma conservation. Prostatic fluid and urine were 
collected after prostatic massage and ultrasonography of the prostate. Diagnosis was made by rectal palpation, ultrasonography 
and cytological examination of the prostatic fluid obtained by prostatic massage. Prostatic fluid and urine were preserved on 
RNA later and RNA extraction was performed using QIAamp viral kit (Qiagen). In order to demonstrate that RNA was suitable 
for gene expression studies, we optimized the RT-PCR amplification for ACTB gene. The success of the results confirmed that 
the importance of this approach for gene expression studies is undeniable. Some questions were raised, namely which of the 
housekeeping genes are more appropriate for the gene expression analysis (3) and what candidate genes will be screened in 
the future. The confirmation of this model system as the ―man‘s best friend‖ for prostatic diseases studies and the use of less 
invasive but efficient methods for biological material collection is the high point of this work. 
References: 
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Machado-Joseph disease (MJD) is a late-onset neurological disorder caused by a CAG repeat expansion in the ATXN3 gene. 
A common feature among all these disorders is a progressive neuronal dysfunction/death beginning at mid-life. Besides the 
ubiquous expression of ataxin-3, neurodegeneration has been only described in a specific set of neurons. The occurrence of 
cell death in neurodegenerative disorders is still a controversial topic, mainly because synaptic loss and electrophysiological 
abnormalities typically precede cell loss in these diseases. In addition, in chronic neurodegenerative diseases, cell death 
occurs over decades whereas the single cell suicide program is executed within a few hours and the dead cells rapidly 
disappear. Nevertheless, apoptosis has been proposed as a possible mechanism for neuronal death in neurodegenerative 
diseases although no direct and convincing evidence of apoptosis in human diseased brains has been found. In this study we 
used a MJD mouse model previously generated in our lab, pCMVMJD94Q, in order to screen the entire brain for ongoing 
neurodegeneration processes. We performed TUNEL assay to detect DNA fragmentation, which is the latest event in 
apoptosis; we used Fluoro Jade B, a fluorescent staining used to detect necrotic-like cell death and we performed IHC anti-
active-caspase-3 to screen specifically for apoptotic cell death. We did not find DNA fragmentation or necrotic-like cells 
neither caspase-3 activation in our pCMVMJD94Q mouse model. All together, our results suggest that dysfunctional rather 
than dying neurons may be triggering the observed neurological disease or that another cell death mechanism might be 
happening in diseased brains. 
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Machado-Joseph disease (MJD), also known as Spinocerebellar Ataxia type 3 (SCA3), is an autosomal dominant 
neurodegenerative disorder caused by the expansion of a polyglutamine tract (polyQ) in the C-terminus of the ATXN3 gene 
product, ataxin-3 (AT3). Although ataxin-3 is ubiquitously expressed only restricted neuronal populations of the central 
nervous system are affected (Paulson et al., 1997). In our group, we generated three lineages of transgenic mice expressing 
human ataxin-3 with an expanded CAG tract under the control of the CMV promoter: CMVMJD83, CMVMJD94 and 
CMVMJD135, carrying Q83, Q94 and Q135 polyQ stretches, respectively. Behavioral analyses revealed that transgenic 
CMVMJD83 mice did not manifest motor deficits even during their lifetime (84 weeks), whereas CMVMJD94 animals with 
similar AT3 expression levels of CMVMJD83 homozygotes but with more 11 CAGs developed a mild motor uncoordination in 
the Rotarod test already at 16 weeks of age. Interestingly, CMVMJD135 transgenic animals developed a more aggressive 
motor uncoordination phenotype and other neurological features such us gait impairment, body balance deficit, loss of limb 
clasping and grasping and loss of muscular tonus. Anti-AT3 immunohistochemistry have revealed that in the CMVMJD94 
mice brains AT3 is located mainly in the perinuclear regions of neurons forming small-punctate aggregates whereas in the 
CMVMJD135 mice brains besides this aggregates is possible to observed large intranuclear inclusions (NIIs) not exclusively 
in the affected areas. Although NIIs are a major hallmark of polyQ diseases their toxic or protective role in the pathogenesis 
mechanism is still controversial. In conclusion, we established two different mouse models for MJD with different pathological 
and phenotypic features that may model different stages of the disease progress. These animals could be useful in the study 
of the pathogenesis of MJD and to perform therapeutic trials, which are currently underway in our laboratory. 
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Machado-Joseph disease (MJD) is a neurodegenerative disorder caused by the expansion of a polyglutamine (polyQ) tract 
within the C-terminal of the ataxin-3 (ATXN3) protein. The leading hypothesis concerning the pathogenesis of polyQ diseases 
is that the expanded polyQ tract confers a toxic gain of function to the mutant proteins. These acquire the ability to self 
associate and form protein aggregates that structure large nuclear and citoplasmatic inclusions. Although ATXN3 is 
ubiquitously expressed, the presence of the expanded protein (and potential formation of polyQ-containing fragments) has 
pathophysiological consequences for specific groups of neurons. Thus, understanding the basis for neuronal subtype-specific 
protein aggregation is of central importance for our understanding of MJD. In this study, we developed a novel MJD 
pathogenesis model in C. elegans in which we examined the aggregation profile of human ATXN3 by performing FRAP 
analysis in live neuronal cells. We found that full-length ATXN3 aggregates only at high Q-lengths (130Q), not found in human 
patients, whereas a C-terminal fragment of ATXN3 causes aggregation at a threshold length of ~75 glutamines. This polyQ-
length dependent aggregation is highly correlated with neurological dysfunction and aggravates with ageing. Analysis of 
specific neurons in C. elegans reveals that both models, full-length and C-terminal ATXN3, show very similar and consistent 
pattern of neuronal cell-type specific aggregation, with the ventral nerve cord neurons being highly affected, while the lateral 
interneuron cell bodies are very resistant. Interestingly, certain sensory processes of the head contain aggregated foci but 
only when the polyQ stretch within ATXN3 protein flanking sequences and not when expressed alone. These results provide 
direct evidence that protein context and cell-specific factors are major modifiers of polyQ pathogenesis. Our model 
recapitulates many aspects of the human disease and may constitute a valuable tool to find genetic modifiers and develop 
therapies for MJD. 
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Introduction: The most suitable immunohistochemical criterion to identify basal-like breast carcinomas (BLBC), a molecular 
subgroup of breast cancer associated with poor prognosis, is the triple negative phenotype along with CK5 and/or EGFR 
immunoreactivity. However, several putative basal markers have been suggested as alternatives to identify BLBC with more 
accuracy. Experimental Design: The expression of CK5, EGFR, P-cadherin, CK14, Vimentin and p63 were evaluated in 462 
invasive breast carcinomas to determine their sensitivity and specificity for BLBC identification. Results: P-cadherin and CK5 
showed higher sensitivity values, while EGFR, Vimentin and CK14 were the most specific markers. The combination of CK5 
with P-cadherin, Vimentin or CK14 proved to be a reliable option for distinguishing the basal phenotype, compared to the ―gold 
standard‖ pair CK5/EGFR. Furthermore, P-cadherin was still able to recognize a large number of putative BLBC among the 
―unclassified‖ group (ER-/PR-/HER2-/CK5-/EGFR-). Conclusions: P-cadherin, Vimentin and CK14 can recognize BLBC 
already identified in triple negative/ CK5 and/or EGFR+ tumors, and due to P-cadherin sensitivity for BLBC identification this 
marker can reliably recruit a large number of breast carcinomas with basal phenotype among immunohistochemistry triple 
negative/ CK5 and/or EGFR - pool of tumors. Although they need GEP validation, our results can introduce the idea of these 
markers as additional options in the daily workup of breast pathology laboratories to identify BLBC. 
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Ataxin-3 is a widely expressed protein that has deubiquitylating activity in vitro and is thought to be involved in the ubiquitin-
proteasome pathway. Expansion of a polyglutamine tract in ataxin-3 causes Machado-Joseph disease, a neurodegenerative 
disease characterized by ubiquitylated aggregate formation and specific neuronal death. In this work, we show that both 
human and mouse ataxin-3 are able to bind to alpha-tubulin in vitro and in vivo. Ataxin-3 co-localizes with microtubules in 
cells and is a microtubule-associated protein (MAP), since it is able to bind to polymerized microtubules in an in vitro assay. 
Using small interference RNA to knock down ataxin-3 in human HeLa and mouse C2C12 cultured cells, we uncovered an 
interesting phenotype. Consistent with the putative function of ataxin-3 as a deubiquitylating enzyme, silenced cells display a 
mild increase in ubiquitylation and exhibit ubiquitylated foci. In addition, siATXN3-treated cells become rounder, with fewer 
projections and enlarged cell bodies. At a structural level, the microtubule, microfilament and intermediate filament networks 
are disorganized in siRNA-treated cells, although the expression levels of alpha-tubulin, actin and vimentin remain the same 
as in controls. This work suggests that ataxin-3 can play a role in cytoskeleton maintenance as it interacts with one of its main 
components, the microtubule network, and its absence causes deleterious effects in the cytoskeletal organization. 
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Ataxin-3, the protein involved in Machado-Joseph disease, is able to bind ubiquitylated substrates and act as a 
deubiquitylating enzyme in vitro, and it has been involved in the modulation of protein degradation by the ubiquitin-
proteasome pathway. C. elegans and mouse ataxin-3 knockout models are viable and without any obvious phenotype in a 
basal situation, however their phenotype in stress situations has never been described. Considering the role of ataxin-3 in the 
protein degradation pathway, we analyzed the effects of a heat shock – a known protein homeostasis stressor, in C. elegans 
ataxin-3 (ATX-3) knockout animals. We found that ATX-3 mutants have an exacerbated stress response and survive 
significantly better than wild type when subjected to a noxious heat shock stimulus. This increased thermotolerance of 
mutants was further enhanced by the pre-exposure to a mild heat shock. At a molecular level, ATX-3 mutants have a distinct 
transcriptomic and proteomic profile with several molecular chaperones abnormally up-regulated during heat shock 
timecourse and recovery, consistent with the observed resistance phenotype. The improved ATX-3 mutants´ thermotolerance 
is independent of heat shock factor 1, the maestro of the heat shock response but fully dependent on DAF-16, a critical stress 
responsive transcription factor involved in longevity and stress resistance. We also show that the increased thermotolerance 
of ATX-3 mutants is mainly due to HSP-16.2, given knockdown of this heat shock protein using RNA interference reverts the 
phenotype. This report suggests that the absence of ATX-3 seems to activate the DAF-16 pathway leading to an 
overexpression of molecular chaperones, which awards the knockout animals an improved capacity of dealing with 
deleterious stimuli. 
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Background: The epidermal growth factor receptor (EGFR) regulates important cellular processes and is frequently implicated 
in human tumors. Somatic alterations of this receptor tyrosine kinase influence several mechanisms of malignant 
transformation and are common in gliomas. In addition, germline EGFR functional polymorphisms may have implications in 
carcinogenesis. Two single nucleotide polymorphisms (SNPs) were found in the essential promoter region (-216G/T and -
191C/A) of the EGFR gene. The -216G/T has functional consequences, with the T allele being associated with higher 
promoter activity, resulting in increased gene expression both in vitro and in vivo. Additionally, a highly polymorphic 
microsatellite sequence (CA)n repeat in intron 1 of EGFR has been shown to be functional, as the transcriptional levels of 
EGFR seem to decline with increasing numbers of (CA)n repeats. In the present study, we aimed to elucidate the roles of 
these EGFR polymorphisms in glioma susceptibility and prognosis. Material and methods: We conducted a case-control study 
with 245 glioma patients and 412 cancer-free controls from Portugal. Genetic variants of EGFR were determined by PCR-
RFLP analysis (for -216G/T and -191C/A) or by PCR followed by single capillary genetic analysis [for (CA)n repeat]. 
Univariate and unconditional multivariate logistic regression models were used to calculate odds ratio (OR) and 95% 
confidence intervals (95% CI). The log-rank test and a multivariate Cox-regression model were used to evaluate associations 
with patient survival. Results: The allele frequencies of -216G/T, -191C/A, and (CA)n repeat polymorphisms in the cancer-free 
control group of our study are similar to those previously reported in American Caucasian populations. The multivariate 
analyses, adjusted for patient age, sex, and the 3 studied polymorphisms, revealed that the heterozygous -191CT genotype 
conferred higher risk for oligodendroglioma, as compared to the reference -191CC genotype (OR 2.265, 95% CI 1.042-4.927). 
Additionally, the multivariate model confirmed that shorter genotypes of (CA)n repeat increase the risks for glioblastoma (OR 
2.932, 95% CI 1.520-5.656) and indicated these genotypes also increase the risk for oligodendroglioma (OR 2.265, 95% CI 
1.042-4.927), when compared to the refence genotype. The Cox regression analysis significantly correlated the -191CA 
genotype with increased survival in glioblastoma patients (OR 2.793, 95% CI 1.225-6.369). Conclusions: Our data do not 
implicate EGFR -216G/T polymorphism as a risk factor for gliomas, but suggest the promoter -191C/A and the intron 1 length 
of (CA)n repeat of EGFR as susceptibility factors for development of gliomas. The -191C/A may additionally be a prognostic 
marker in glioblastoma patients. Future studies are warranted to investigate how these EGFR genetic variants may affect 
therapeutic responses, particularly to EGFR-targeted therapies currently tested in clinical trials for glioma patients. 
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Fundamento: A mieloperoxidase (MPO) é um enzima produzido, principalmente, nos neutrófilos, sendo considerado 
essencial para a actividade microbicida devido à sua capacidade de gerar oxidantes reactivos e espécies reactivas de 
oxigénio. No entanto, desde que foi identificado, em 1993, o polimorfismo -463 G>A, tem sido associado a múltiplas 
patologias, nomeadamente a lesão renal e a aterosclerose. O alelo G parece originar um local de forte ligação com o 
promotor, levando ao aumento transcripcional do gene. Objectivos: Estudar o polimorfismo genético -463 G>A do enzima 
mieloperoxidase (MPO), que se localiza na região do promotor, em doentes com Insuficiência Renal Crónica em Hemodiálise 
(IRCH). Estabelecer relações com a susceptibilidade para a lesão renal.Métodos: Num estudo transversal, foram 
determinados por PCR-RFLP as variações polimórficas de doentes IRCH com e sem lesão vascular (n=95) no gene MPO e 
compararam-se as mesmas com uma amostra populacional de 366 dadores voluntários de sangue (controlo).Resultados: O 
polimorfismo estudado encontra-se em equilíbrio de Hardy-Weinberg. Verificou-se uma diferença significativa entre a 
população controlo e a população de IRCH na distribuição dos genótipos da MPO (p=0,006), havendo um aumento 
significativo do genótipo heterozigótico. Observou-se também um aumento da frequência do alelo A na população de IRCH 
quando comparada com a população controlo (f(A)= 0,393 vs 0,313; p=0.040).Conclusões: Como o alelo A tem sido referido 
em vários estudos como sendo protector para a disfunção endotelial, não seria de esperar um aumento da frequência do 
mesmo numa população de doentes com IRCH. Assim, pode-se estar perante um caso de heterose. 

 

 



S1 
Genetic Disorders and Health 
    

 24 

P29 

Protein testing/analysis of Portuguese calpainopathy (LGMD2A) patients 
 
Oliveira M.E. ,Maia N. ,Vieira E. ,Marques I. and Santos R.  
Unidade de Genética Molecular, Centro de Genética Médica Dr. Jacinto Magalhães, Porto 
presenting author´s email: marcia.oliveira@insa.min-saude.pt 
 
Mutations in the gene CAPN3 are responsible for calpainopathy or limb-girdle muscular dystrophy type 2A (LGMD2A), one of 
the most frequent forms of LGMD. Clinically, patients affected with LGMD2A are characterized by a progressive wasting of 
shoulder and pelvic girdle musculature (1). The gene CAPN3 codes for calpain-3 (or CAPN3), a muscle-specific calcium-
dependent protease. The function of this protein in skeletal muscle is not well estabilished. Besides the proteolytic activity, 
calpain-3 presents autolytic action. Studies are consistent with a direct role of the CAPN3 autolysis on the self-activation and 
regulation of the protease activity (2). The protein analysis of LGMD2A patients has shown alterations in CAPN3 abundance 
in skeletal muscle biopsies as compared to control muscles. Furthermore, a smaller group of these patients presents 
abnormal CAPN3 autolytic function. Interestingly, in the muscle biopsies of this group normal CAPN3 expression is observed 
by western-blot analysis (3). The aim of this work is to subject Portuguese LGMD2A patients, studied in the Unidade de 
Genética Molecular of CGMJM, to protein testing/analysis in order to complement the molecular diagnosis and tentatively 
establish functional phenotype/genotype correlations. The focus will be on expression studies and autolytic function testing by 
western-blot and densitometric analyses, in muscle biopsy specimens of both patients and normal controls. 
References: 
(1) Kramerova I et al. (2007) Biochim Biophys Acta 1772:128-144. 
(2) Groen EJ et al. (2007) Brain 130:3237-3249. 
(3) Fanin M et al. (2009) Eur J Hum Genet 17:598-603. 
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Cancer is a leading cause of death worldwide, and recent scientific evidence highlights the importance of germ line genetic 
polymorphisms in its development and prognosis. Toll-like receptors (TLR) are receptors that recognize pathogen associated 
molecular patterns (PAMPs), modeling immune defense mechanisms. TLR9 T-1237C gene polymorphism has been recently 
associated with increased risk for non-Hodgkin lymphomas; however, its association with breast cancer has not been studied 
yet. The present study aimed to elucidate the role of TLR9 T-1237C gene polymorphism in breast cancer susceptibility and 
clinic-pathologic features. A case-control study was preformed after genotype determination of 234 breast cancer cases and 
358 controls using Bi-directional PCR amplification of specific alleles (Bi-PASA). Odds Ratio (OR) and 95% confidence 
intervals (95% CI) were estimated by univariate analysis to determine the effects of allelic and genotypic frequencies in the 
risk for developing breast cancer and in clinicopathologic features. The results suggest that TLR9 T-1237C gene 
polymorphism is not a susceptibility factor for breast cancer development or increased tumor aggressiveness. 
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Mental retardation (MR) is a social and medical problem that affects 1-3% of the population worldwide, being one of the main 
reasons for referral to clinical pediatric, neurological and genetics services in developed countries. It is characterized by 
suboptimal functioning of the central nervous system, resulting in significant impairment of cognitive and adaptive functioning. 
Mental disorders are complex and highly heterogeneous and are more common among males, which are suggestive of an 
excess of causative genes in the X chromosome, or gender-specific phenotypic modifiers. MR has been subdivided into 
syndromic forms, in which MR is present in association with a specific pattern of physical, neurological, and/or metabolic 
abnormalities, and non-syndromic forms, in which cognitive impairments represent the only manifestation of the disease. So 
far, more than 200 different X-linked MR genes have been described as being mutated in MR. Among these, ten genes 
(PQBP1, ARX, DLG3, ZDHHC9, JARID1C, ZNF41, CUL4B, FTSJ1, TM4SF2, FACL4) that are more frequently found to be 
mutated in MR were chosen for this study. Our work aims to provide a better understanding of the etiology, inheritance, and 
clinical manifestations in a group of 200 male patients of Portuguese origin with MR, to search for causative mutations by 
genetic analysis of the genes mentioned above, and to assess if this gene panel is a useful tool for diagnosis in the clinical 
context. As a first approach we screened the entire coding region and nearby neighbouring intronic region of the ten genes in 
six patients who were previously examined by a clinical geneticist, a pediatric neurologist and a psychologist. This screening 
revealed a frameshift mutation in PQBP1, c.458_462delAG, resulting from a deletion in a AG dinucleotide hexamer located in 
exon 4, in one patient who presents microcephaly, short stature, long narrow face, bulbous nose and strabismus, in 
concordance with the features already described in the literature for mutations in the PQBP1 gene. The same mutation was 
present in the mother, who has epilepsy. Other features such as malar hypoplasia, spastic diplegia, large and protuding ears, 
cardiac defects and cleft palate have also been associated with mutations in PQBP1. The PQBP1 protein is localized 
predominately in the nucleus and has been implicated previously in a variety of neurodegenerative disorders. The frameshift 
mutation c.458_462delAG causes a premature stop codon that can lead to a truncated PQBP1 protein or to a functional null-
allele owing to nonsense-mediated mRNA decay. Further studies will aim to characterize the functional effect of this mutation 
and to screening for mutations in the remaining patients. 
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The Propionibacteria, found in specific dairy products, produces short-chain fatty acids (SCFA), mainly propionate and 
acetate, the major cytotoxic components secreted by these bacteria. Propionibacteria can survive in the human intestine, and 
it has been demonstrated that SCFA namely acetate induce apoptosis in human colorectal carcinoma (CRC) cells. The 
apoptotic levels are greater in tumor cells than in normal intestinal cells. Two major oncogenes are implicated in sporadic 
colorectal carcinogenesis, KRAS and BRAF mutations, which are alternative and occur respectively, in 30 and 10% of CRC 
cases. To the best of our knowledge the response to acetate was never evaluated in the context of CRC cells harboring 
different oncogene activation. Lysosomes have recently emerged as central players in cell death pathways. Indeed, selective 
lysosomal membrane permeabilization (LMP) and concomitant release of cathepsins or other hydrolases may induce 
apoptosis. In S. cerevisiae Pep4p, the yeast ortholog of lysosomal human Cathepsin D is released from the vacuole into the 
cytosol and has been implicated in mitochondrial degradation in cells undergoing acetic acid-induced cell death. The 
involvement of LMP in cell death induced by acetate in CRC cells has never been investigated. It has been described that 
tumor cells are more sensitive to lysosome-destabilizing agents, prompting the possibility of exploiting this pathway to 
selectively induce apoptosis in CRC cells. We aim to address the different sensitivity to acetate in CRC cells harboring 
mutations in KRAS and BRAF oncogenes and to elucidate the involvement of LMP in acetate-induced cell death in CRC cells. 
In the present work, we begin to study different sensitivity to acetate in CRC cells harboring different genetic background by 
using two CRC derived cell lines: HCT-15 with a KRASG13D mutation and RKO with a BRAFV600E mutation. The cell lines 
were treated with sodium acetate at different concentrations and cell viability was assessed by MTT reduction test. The IC50 
values found were used to assess cell proliferation and apoptosis by Sulforhodamine B (SRB) and TUNEL assays, 
respectively. Our preliminary results confirmed that acetate induces cell death through apoptosis and suggest that the genetic 
background might have an important role in the response observed. CRC cells harboring KRASG13D mutation (HCT15) are 
more sensitive to acetate than those harboring BRAFV600E mutation (RKO), as the dose needed to produce similar effect is 
higher in cells with BRAFV600E mutation (acetate IC50 for HCT15 is 42 mM and for RKO is 66 mM). The implication of LMP 
in the acetate-induced cell death is under investigation. We expect to understand if induction of cell death through LMP in 
response to acetate will be an important mechanism of death in CRC cells, prompting the possibility of using acetate and 
other LMP inducers as therapeutic agents in CRC therapy alone or in association with conventional therapy. 
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Ataxin-3, the protein involved in Machado-Joseph disease (MJD) is encoded by the ATXN3 gene. In Caenorhabditis elegans 
(C. elegans), the orthologue of the ATXN3 protein is 38% homologous and 56% similar to human ataxin-3- ATX-3. Some 
studies show that ataxin-3 is a deubiquitylating enzyme involved in the ubiquitin-proteasome pathway (UPP), where it seems 
to act as a processing protein, cleaving ubiquitin from substrates and modulating their proteasomal degradation. Although 
ataxin-3 is widely expressed and conserved in several species, it is not essential, given that C. elegans ATX-3 knockout 
animals are viable and do not display any major phenotype in a basal situation. To further evaluate the function of ATX-3, we 
decided to analyze these animals upon a stressful stimulus- heat shock. We show that atx-3 knockout animals are 
significantly more resistant to heat stress than wild type animals. Next, we tried to understand what kind of molecular changes 
could cause the increased resistance to stress in the absence of ATX-3. A proteomic study showed that the improved stress 
response of atx-3 knockout animals is associated with higher levels of several inducible molecular chaperones, namely the 
HSP-1, HSP-16.1, HSP-16.49, HSP-4, F44E5.5, C12C8.1 and DAF-21 proteins. We then decided to knockdown the 
expression of specific chaperones by RNAi in atx-3 knockout animals and assess their thermoresistance phenotype. We 
observed that HSP-16.2 was essential for the thermoresistance phenotype of ataxin-3 animals but HSP-16.1 and HSP-16.48 
were not. These data shows that ataxin-3 absence causes a de-regulation of the chaperone machinery, which in the disease 
context can be deleterious for the cells, given the importance of maintaining adequate levels of these proteins for cellular 
homeostasis. 
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Iron-sulfur proteins are located in mitochondria, cytosol and nucleus. In the eukaryotes, the biosynthesis of mitochondrial Fe\S 
proteins involve a high number of highly conserved components collectively known as the iron-sulfur cluster (ISC) assembly 
machinery. Isu1, is a conserved yeast mitochondrial protein of the ISC assembly machinery, and interacts physically and 
functionally with frataxin (Yfh1p), a mitochondrial matrix protein that is involved in Friedreich's Ataxia, an autosomal recessive 
neurodegenerative disorder of early onset. In C. elegans, the Y45F10D.4 gene encodes an orthologous protein of the yeast 
Isu1. The two proteins share sequence and domain similarities, which may suggest some degree of function conservation. 
Taking advantage of the feature of C. elegans as an excellent model organism for functional genomics analyses, namely 
through RNAi mediated gene expression silencing, we decided to evaluate the consequences of Y45F10D.4 depletion. 
Several phenotypic characteristics were observed as a result of the depletion of the Isu1 orthologous gene. Significant 
differences in embryonic lethality and larvar arrest were found between wild type and Isu1-depleted worms when maintained 
at 20ºC. We verified an increase not only in embryonic lethality but also in larvar arrest in Isu1-depleted worm. Interestingly, 
no differences were found when comparing the lifespan of the Isu-1 depleted and wild type worms. However, at 25ºC no 
differences were found between wild type and RNAi-treated worms in what concerns the parameters under study. Our future 
work will aim to define the molecular mechanisms underlying the observed phenotypes, to characterize their mitochondrial 
function, and response to other types of stress. 
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Duchenne Muscular Dystrophy (DMD) and Becker Muscular Dystrophy (BMD) are allelic X-linked neuromuscular disorders 
caused essentially by intragenic deletions but also duplications and point mutations in the dystrophin gene (1). In this report, 
we present three examples of DMD/BMD families, each segregating two distinct mutations. In one family, the proband 
presented a deletion and a point mutation, in the same DMD allele, his mother being a carrier of the point mutation only. In the 
second case, we were able to identify two distinct intragenic deletions, with different grandparental origins, giving rise to more 
severe (DMD) and milder (BMD) clinical courses in the same kinship. The third is a case of suspected consanguinity in the 
family, with the same mutation transmitted via different parental lineages and on partially different haplotype backgrounds. 
There are previous studies reporting identical and non-identical pathological gene lesions segregating independently, and not 
exclusively in recessive X-linked diseases (2). Regarding the co-occurrence of mutations in the same allele, it may be due to 
a possible predisposition to mutations within the DMD locus, that might be unstable in some families or, and most probably, 
an occurrence that is simply per chance, considering the relatively high mutation rate of the DMD gene. 
Nevertheless, such reports should serve as a reminder that it is unwise to presume that in X-linked disorders the detection of 
a single mutation in an affected individual is the only gene defect responsible for the disease status. Likewise, one should not 
assume the presence of an identical molecular genetic etiology in other clinically affected members of the same family. 
Indeed, current international guidelines for molecular prenatal tests and carrier detection propose that screening need only be 
done for the mutation that has been previously identified in the index case. Our examples highlight the need to revise this 
procedure and the caution required when performing genetic counseling in DMD/BMD families. 
References: 
(1) Aartsma-Rus A et al. (2006) Muscle &Nerve 34:135-144. 
(2) Zatz M et al. (1998) Am J Med Genet 78:361-365. 

 

 
 
P36 

Status of GNAQ (guanine nucleotide-binding protein-q polypeptide) gene in thyroid 
tumors 
 
Vinagre J.

(1-3)
 ,Pópulo H.

(1,3)
 ,Seca H.

(1)
 ,Celestino R.

(1-3)
 ,Soares P.

(1,3)
 and Sobrinho-Simões M.

(1,3,4)
  

(1)
Institute of Molecular Pathology and Immunology of the University of Porto (IPATIMUP), Porto 

(2)
Institute of Biomedical 

Sciences Abel Salazar (ICBAS), Porto 
(3)

Medical Faculty of Porto, Porto 
(4)

Department of Pathology, Hospital São João, Porto 
presenting author´s email: jvinagre@ipatimup.pt 
 
Thyroid cancer and melanoma can frequently be related by a series of genetic events. BRAF and NRAS are the most 
frequent target for somatic mutations associated with malignant transformation, although PTEN loss is also observed in both 
neoplasias. A recent work by Bastian et al., reported frequent somatic mutations in the heterodimeric G protein α-subunit, 
GNAQ. These authors found a mutation occurring exclusively at codon 209 in the GNAQ Ras-like domain in blue naevi (83%) 
and ocular melanoma of the uvea (46%). This mutation could induce a constitutive activation of GNAQ with subsequent 
activation of the mitogen-activated protein (MAP) kinase pathway. The appearance of GNAQ as a dominant oncogene 
providing an alternative route for MAP kinase activation and the genetic similarities commonly found in thyroid and melanoma 
neoplasias, lead us to point to GNAQ as a good target for somatic mutations in thyroid cancer. In order to determine the 
status of GNAQ in thyroid cancer we performed a study on a series of wide spectrum thyroid neoplasias. Paraffin-embeded 
tissue was used for DNA extraction and results were obtained by direct sequencing. No mutations for the GNAQ hotspot were 
found, suggesting that GNAQ constitutional activation does not have a fundamental role in thyroid carcinogenesis. 
References: 
Hubbard KB et al. (2006) Cell Signal 18:135-150. 
Van Raamsdonk CD et al. (2009) Nature 457:599-602. 
Van Raamsdonk CD et al. (2006) Nat Genet 36:961-968. 
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A transferência de material genético como forma de tratamento de patologias vem sendo investigada desde o inicio da 
década de 70, representando, actualmente, um dos mais importantes desenvolvimentos na Medicina. O conceito de terapia 
génica pode ser aplicado a qualquer procedimento terapêutico em que sequências nucleotídicas são intencionalmente 
introduzidas ou modificadas em células/tecidos, sendo que o sucesso desta depende da eficiência da transferência e dos 
níveis e regulação no espaço e no tempo da expressão do gene terapêutico, bem como da sobrevivência das células/tecido 
alvo geneticamente modificados no doente. No entanto, o conhecimento actualmente disponível relativamente à 
biodistribuição e farmacocinética da terapia génica reside, essencialmente, em resultados obtidos em laboratório decorrentes 
de biopsias e autópsias. Estes estudos fornecem uma informação muito limitada, na medida em que não permitem uma 
avaliação da distribuição espacial e temporal dos vectores aplicados. Houve, portanto, a necessidade de desenvolver 
métodos não invasivos, sensíveis e reprodutíveis, passíveis de serem realizados com segurança, permitindo uma correcta 
avaliação do processo terapêutico e um refinamento dos actuais protocolos. Neste sentido surge a imagiologia molecular 
(IM), a qual inclui inúmeras técnicas não invasivas, in vivo, que permitem uma monitorização directa ou indirecta e um registo 
da distribuição espaço-temporal de processos moleculares e celulares, com aplicação em áreas distintas desde a bioquímica 
à biologia, importantes para um correcto diagnóstico e/ou terapêutica. A IM baseia-se no uso de marcadores específicos ou 
agentes de contraste, e é útil numa avaliação não invasiva de todos os passos de um protocolo de terapia génica: 
determinação do tecido alvo viável; orientação da entrega do transgene; avaliação da localização, magnitude e duração de 
expressão do transgene e monitorização da resposta terapêutica durante e após a terapia génica. Das várias técnicas 
disponíveis pela IM destacam-se o SPECT e o PET pela elevada precisão na avaliação e quantificação da intensidade e 
distribuição regional/espacial da expressão génica in vivo, quer de forma directa (estudos que compreendem a 
radiomarcação do agente em estudo ou do alvo. A radiomarcação do agente visa a realização de estudos de biodistribuição), 
quer de forma indirecta (estudos em que são administrados radiofármacos clinicamente estabelecidos a fim de avaliar a 
eficácia do agente em desenvolvimento). Apesar dos diversos protocolos clínicos aprovados para a transferência de genes 
em humanos, os benefícios reais alcançados até o momento com a terapia génica ainda estão muito aquém das propostas 
iniciais, pelo que a aplicação destas técnicas poderá contribuir para identificar e resolver os potenciais obstáculos, 
continuando a manter uma forte atenção na melhoria de vectores, na medida em que a terapia génica pode certamente 
melhorar o resultado de um amplo leque de doenças. 
References: 
Waerzeggers Y (2009) Methods 48:146-160. 
Shah K (2004) Gene Therapy 11:1175-1187. 
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Urotensin II (U-II) modulates cardiovascular function in several animal species. Elevated circulating concentrations of U-II-like 
immunoreactivity and increased expression of this peptide and its receptor have been detected in tissues of human patients 
with heart failure. This observation indicated that U-II can represent an important novel therapeutic target. Mature U-II is 
derived from a larger precursor prepropeptide, similarly to other vasoactive peptides, The cDNAs encoding prepro-U-II have 
been characterized in many vertebrate species, including human. The cDNA sequences suggest the presence of four exons 
in the U-II gene (UTS2), with the mature peptide sequence located in the fourth exon. The information related to Canis 
familiaris UTS2 gene is scarce. As far as we know, only one prevision of the dog UTS2 sequence, with four exons, is 
available at Ensembl Genome Browser. In the present work we performed the partial sequencing of UTS2 gene in Canis 
familiaris. DNA was extracted from dog buccal swabs by a QuickGene DNA tissue Kit S protocol, with minor modifications 
from the original method. From the known nucleotide sequence of dog UTS2 precursor (ENSCAFG00000019671), two 
primers were designed, for the amplification, by PCR, of one UTS2 fragment with an expected length of 863 bp. This product 
comprises one region from third to fourth exon (region that has more biological importance). After separation of the PCR 
product on agarose gel it was purified by Geneclean kit and sequenced. Analysis of the sequencing product revealed one 
sequence identical to the predicted dog UTS2 gene sequence of Ensembl Genome Browser, with exactly 863 bp. The next 
step will be to search for the presence of sequence variations of this fragment in healthy dogs and dogs with heart failure. We 
believe that the results of this study can be important from a veterinary clinical point of view and it also intends to contribute to 
the implementation of a canine model that may aid in understanding the role of the genetic variations on the susceptibility to 
heart failure in dog and other species. 

 

 



S1 
Genetic Disorders and Health 

 

 29 

P39 

Os oncogenes e o cancro (revisão) 
 
Freitas A. ,Rodrigues C. ,Correia S. ,Matias M. ,Pacheco R. and Fernandes C.  
Genética e Biotecnologia, UTAD, Vila Real 
presenting author´s email: forrester.pt@gmail.com 
 
Os produtos dos oncogenes são classificados em seis grandes grupos: factores de transcrição (FT), remodeladores da 
cromatina, factores de crescimento (FC), transdutores de sinal e reguladores da apoptose (RA). No grupo dos FT, estão a ser 
utilizados stapled petides através de um modelo cuja estrutura estabilizadora mantém a sua correcta conformação e onde os 
alvos são o Bcl-2, Bax e BID (1). Os FC intervêm na progressão tumoral facilitando a angiogénese, migração e diferenciação. A 
detecção de VEGFR2 em vários carcinomas tem resultado em inúmeras vantagens, designadamente na produção de fármacos 
que permitem bloquear os receptores de VEGF e induzir a regressão da massa tumoral (2). Dentro dos RA destaca-se a família 
Bcl2, com um papel fundamental na regulação da activação das procaspases. O Bcl2 e Bcl-XL inibem a apoptose, impedindo a 
libertação do citocromo c da mitocôndria. A Bad, por outro lado, liga-se aos membros que inibem a apoptose, inactivando-os. O 
Bax e Bak estimulam a libertação do citocromo c. O oncogene RAS tem um papel crítico na iniciação e progressão do cancro, 
devido à sua alta frequência de mutação e regulação de processos envolvidos na transformação celular (3). As mutações 
activadoras de RAS consistem em substituições missense nos codões 12, 13 e 61. No cancro encontram-se frequentemente 
amplificados membros de quatro famílias de oncogenes: MYC, cyclina D1 (CCND1), EGFR e RAS. Vários autores sugerem que, 
as terapias targeted mais eficazes, surgiram do estudo de oncogenes geneticamente modificados, incluindo o BCR-ABL, o HER2, 
o RAS e o EGFR. A aplicabilidade dos oncogenes como alvos terapêuticos tem passado pelo estudo do oncogene K-ras, um 
potencial marcador de diagnóstico para células neoplásicas em circulação, por meio de um array de membrana. Também o HGF 
está a ser usado como potencial alvo em terapias de cancro, com resultados animadores em FHC antagonistas (NK4). O estudo 
da família Bcl-2 tem possibilitado o desenvolvimento dos péptidos terapêuticos e peptidomiméticos, com a mimetização da 
função do domínio BH3 que, em excesso, pode ultrapassar os bloqueios moleculares impeditivos do sucesso da quimioterapia. 
Estão em uso péptidos BH3 e derivados mimetizados, usando o stapling de hidrocarbono para produzir hélices resistentes a 
proteases. O mapeamento dos genes de microRNA demonstra que, regiões do genoma das células cancerosas envolvidas em 
rearranjos cromossómicos, deleccões e amplificação, mas desprovidas de oncogenes ou genes supressores tumorais, contêm 
genes de miRNA. A identificação de perfis de expressão de genes de miRNA revela indícios associados à classificação tumoral, 
diagnóstico, determinação do estado e progressão, assim como no prognóstico e resposta ao tratamento. É possível afirmar que 
a investigação actual na área do cancro procura desenvolver terapias progressivamente individualizadas e menos tóxicas e o 
crescente conhecimento dos oncogenes tem tido um papel fundamental para o efeito. 
References: 
(1) Redmond AM and Carrol JS (2009) Genome Biology, 10:311. 
(2) Black PC et al. (2007) Cancer Metastasis Rev. 26: 623-634. 
(3) Lau KS and Haigis KM (2009) Molecules and Cells. 28: 315-320. 
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O papel do p53 no contexto neoplásico, enquanto gene supressor tumoral é indiscutível, no entanto, as já confirmadas funções 
antioxidantes do p53 conduziram recentemente a uma reavaliação da interessante, embora confusa, contribuição do p53 no 
envelhecimento. É sabido que a capacidade do p53 em inibir o desenvolvimento do cancro é antecipada com o aumento da 
longevidade, contudo poderá o p53 actuar directamente sobre o processo de envelhecimento? Estudos iniciais realizados com 
ratinhos portadores da forma wild-type do p53, demonstraram que o p53 pode ter um papel na promoção do envelhecimento. 
Esta conclusão faz sentido se considerarmos a capacidade do p53 em promover a senescência e morte celular – em parte pelo 
aumento celular de ROS (reactive oxigen species) em resposta ao stress. Contudo, apesar dos ratinhos envolvidos nestes 
estudos apresentarem uma maior resistência ao desenvolvimento de cancro, uma avaliação mais precisa sugere que um 
aumento da actividade do p53 não representa propriamente um aumento da resposta normal da p53. Estudos recentes sobre os 
efeitos decorrentes do aumento da actividade do p53 normal, mostraram que para níveis ligeiramente superiores de p53, os 
ratinhos apresentam uma maior resistência ao cancro sem expressarem indícios de envelhecimento precoce. É, portanto, 
possível que as funções antioxidantes do p53 constituam uma protecção face à idade? A sugestão de que o p53 pode aumentar 
a longevidade é o completo reverso de muitos dos modelos actuais, os quais sugerem que o p53 promove o envelhecimento, 
sendo que a solução poderá ser uma complexa mistura dos dois. De facto, em organismos mais simples, como por exemplo a 
Drosophila, a inibição das funções do p53 promove um aumento da esperança média de vida. Contudo a extrapolação dos dados 
obtidos com moscas para os humanos deve ser feita cuidadosamente, pois as moscas possuem apenas um membro da família 
p53, contrariamente aos mamíferos que possuem três, como já foi referido. Para além disto, nos mamíferos o p53 adquiriu 
funções únicas que contribuem para a sobrevivência das células e para a sua protecção do stress oxidativo. Por outro lado, a 
perda e/ou mutação do p53 em dois modelos diferentes pode produzir diferentes efeitos no envelhecimento dos mesmos. Neste 
sentido, é necessário proceder a uma avaliação da contribuição do p53 no envelhecimento directamente em mamíferos, um 
esforço complicado pelo próprio efeito óbvio do p53 na incidência do cancro. Uma alternativa passa pelo estudo de populações 
humanas que tenham alterado ligeiramente a actividade do p53 em resultado de polimorfismos no p53 ou no seu regulador 
Mdm2. Existem já alguns estudos a decorrer neste sentido, sendo que os primeiros resultados sugerem que uma ligeira redução 
na actividade p53 promove um aumento da longevidade, se nenhuma neoplasia se desenvolver. 
References: 
Bensaad K and Vousden KH (2007) Trends in Cell Biology 17:286-291. 
Matheu A et al. (2008) Cancer Res 68:6031-6034. 
Papazoglu C and Mills AA (2007) J Pathol 211:124-133. 
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The success of pathogenic microbes depends on their dynamic interactions with the host and the adaptive responses that 
enable them to escape/adjust to host defenses. C. albicans is a fungal species that resides in the host as a benign 
commensal organism however in immunocompromised individuals it causes life-threatening infections. Despite the 
widespread use of antifungals, for prophylaxis and treatment, candidemia is the most prevalent fungal infection and it has 
been associated with a very high crude mortality (around 50%). Highly mutable contingency genes generate a pool of allelic 
variants from which the most suitable are selected, allowing rapid adaptation and evasion of the immune response by 
changing the pathogenic potential of the microorganism. In many contingency genes mutability is achieved through DNA 
repeats, microsatellites or minisatellites, within ORFs. In C. albicans few of the over 2600 repeat-containing ORFs have been 
characterized. RLM1 codes for a hypermutable gene in which more than 30 different alleles have been described (1). 
Recently, it has been shown that RLM1 allele distribution differs between commensal and disease-causing isolates, and that 
strains harboring alleles with higher number of repetitions were more resistant to various stress conditions, suggesting a 
possible role in the development of disease (1, 2). Hypermutable genes should generate new alleles at a rate that allows the 
organism to adapt. Thus, the main objective of this study was to determine the rate at which new RLM1 alleles are generated 
and evaluate the role of RLM1 in adaptation in the interaction with the host. Three strains, representative of the different 
RLM1 allelic groups, were serially transferred in vitro over 300 generations and 60 colonies of each were typed by colony 
PCR. From the 180 colonies typed, 3 generated new alleles. The rate at which new RML1 alleles arise in vivo was also 
measured and for that mice were i.v. inoculated with the different strains and colony-PCR from kidney CFUs was performed 
after 2, 5 and 15 days after infection. New RLM1 alleles were generated at a frequency of approximately 5x10

5
 per cell 

division, comparable to those already described for other genes (3). The new alleles differed by three and by nine base pairs, 
suggesting a mutable mechanism that involves a DNA secondary structure. Additionally, strain competition testes showed 
that strains harboring RLM1 alleles with higher number of repetitions were able to replace other strains even when the 
starting population was 10 times lower. Together these results suggest that the mutability of RLM1 allows the generation of 
different allelic variants from which the most suitable are selected and can be used for C. albicans short-term adaptation in 
vivo. 
References: 
(1) Sampaio P (2009) Antonie van Leeuwenhoek 96:395-404. 
(2) Li J (2008) Clinical Infectious Diseases 47:1119-1125. 
(3) Zhang N (2010) PLoS ONE 5(3). 
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Juvenile neuronal ceroid lipofuscinosis (JNCL), also known as Batten disease, is a fatal inherited neurodegenerative disorder. 
The major clinical features of this disease are vision loss, seizures and progressive cognitive and motor decline starting in 
childhood. Mutations in CLN3 are known to cause the disease, allowing the generation of transgenic research models in 
different organisms that are powerful tools for JNCL research. We found that the yeast model for Batten disease (btn1-∆) that 
lacks BTN1, the homologue to human CLN3, has increased resistance to menadione-generated oxidative stress. Expression 
of human CLN3 complemented the btn1-∆ phenotype, and equivalent BTN1/CLN3 mutations correlated with JNCL severity. 
We show that this phenotype is caused by limited endogenous synthesis of nitric oxide (•NO) in btn1-∆ and that it can be 
reverted by addition of L-arginine to the medium. In order to evaluate if •NO signalling was altered in the brain by Cln3 
dysfunction we focused on studying glutamate-evoked •NO production using microelectrodes for real-time detection of •NO 
production and decay in ex vivo cerebellar slices. Most interestingly, stimulation of cerebellar slices from homozygous 
Cln3∆ex7/8 knock-in mouse resulted in different •NO recordings. This data is an ex vivo evidence of an altered kinetic of 
glutamate-evoked •NO production in the cerebellum of homozygous Cln3∆ex7/8 knock-in mice. Additionally, we also detected 
significantly decreased expression levels of neuronal NOS in the cerebellar cortex of Cln3∆ex7/8 knock-in mice. By this 
approach we obtained data from transgenic model systems of different complexity suggesting that •NO signalling is altered in 
Batten disease possibly interrelating CLN3 dysfunction and neurodegeneration. 
(PTCD/SAU-NEU/70161/2006 FCT) 
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Mammals present several defense systems in order to eliminate pathogens. Their immune cells express pattern-recognition 
receptors (PRRs), of which Toll-like receptors (TLRs) are the most well known. Toll-like receptor 4 (TLR4) recognizes 
lipopolysaccharide (LPS) from Gram-negative bacteria, as well as structures from fungal and mycobacterial pathogens. 
Polymorphisms in this receptor have been associated with functional alterations, mainly concerning cytokines release. Recent 
findings from our group have shown an increased susceptibility among individuals carrying the TLR4 Asp299Gly 
polymorphism (rs4986790) to infection by Candida non-albicans species comparatively to Candida albicans. To clarify these 
findings we have used an in vitro model of infection where Peripheral Blood Mononuclear Cells (PBMCs) from wild type and 
heterozygous individuals for the TLR4 Asp299Gly polymorphism were isolated and then stimulated with either heat-killed C. 
albicans and two non-albicans species (C. glabrata and C. krusei). The expression profile of several genes involved in the two 
distinct signalling TRL4 pathways (MyD88/TIRAP and TRIF/TRAM) was evaluated, showing a biased cytokine expression 
profile for Type 1-IFNs in PBMCs from heterozygous individuals stimulated with non-albicans species, but not with C. 
albicans. A higher expression of intermediary molecules involved in TRIF/TRAM pathway (TRAM, TBK1, IRF3) was also 
found, suggesting a preferential activation of this pathway in these individuals. Our results suggest a differential recognition of 
Candida albicans and non-albicans species by heterozygous individuals harbouring the TLR4 Asp299Gly polymorphism, 
where the TRIF/TRAM pathway can play an important role increasing the susceptibility to non-albicans species. 
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Despite the association of TLRs and their allelic variants with several pathologies, the functional status of those variants 
remains largely unknown. Analysis of the TRL9 promoter for putative transcription factor binding sites revealed that the 
rs5743836 SNP introduced an IL-6-response element. We show that PBMCs carrying the rs5743836 variant respond to IL-6 
by up-regulating the expression of TLR9 (p<0.005). The TLR9 overexpression leads in turn to an increased B-cell proliferation 
(p<0.0001) and IL-6 production (p<0.005), in response to its cognate ligand. The rs5743836 allele is significantly 
overtransmited in non-Hodgkin lymphoma patients from Portuguese (p=7E-9, OR=1.85, 95% CI=1.48-2.27) and Italian 
cohorts (p=5.2E-4, OR=1.714, 95%CI = 1.26-2.33) but not in a U.S. cohort. Our data suggest that the underlying biological 
process of TLR9 gain-of-function may be relevant to NHL susceptibility. The observation that certain polymorphisms lead to 
alterations in TLR9 signaling and cause increased B-cell proliferation has important implications on the usage of TLR9 
agonists/antagonists on several therapeutic strategies. 
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The nucleolus is a subnuclear factory whose activity is required beyond ribosome biogenesis for the regulation of cell growth, 
death and proliferation. In both Drosophila and mammalian cells, the activity of the nucleolus is regulated by the proto-
oncogene Myc. Myc induces the transcription of ribosome biogenesis genes and the synthesis of rRNA by RNA Polymerase I 
(Pol I), a nucleolar event that is rate-limiting for cell growth. However, it is still not fully understood how Myc exerts its control 
over the nucleolus. Here we show that the Viriato (Vito) protein, the fruitfly Nol12 homologue, is a key determinant of nucleolar 
architecture. We further show that vito is a transcriptional target of Drosophila Myc (dMyc), and that the ability of dMyc to 
stimulate nucleolar and cellular growth depends on vito expression. When analysed during Drosophila development, vito is 
required for tissue growth and abnormal vito levels lead to apoptosis. Therefore, vito acts downstream of dMyc to ensure a 
coordinated nucleolar response to dMyc-induced growth and thereby normal organ development. 
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Sgt1 was previously described in yeast and Humans to be Hsp90 co-chaperone and required for kinetochore assembly. We 
have identified a mutant allele of Sgt1 in Drosophila and characterized its function. Mutations in sgt1 do not affect overall 
kinetochore assembly or spindle assembly checkpoint. sgt1 mutant cells enter less frequently into mitosis and arrest in a 
prometaphase-like state. Mutations in sgt1 severely compromise the organization and function of the mitotic apparatus. In 
these cells, centrioles replicate but centrosomes fail to mature and pericentriolar material components do not localize normally 
resulting in highly abnormal spindles. Interestingly, a similar phenotype was previously described in Hsp90 mutant cells and 
correlated with a decrease in Polo protein levels. In sgt1 mutant neuroblasts we also observe a decrease in overall levels of 
Polo. Overexpression of the Polo kinase results in a substantial rescue of the centrosome defects, most cells form normal 
bipolar spindles and progress through mitosis normally. Taken together, these findings suggest that Sgt1 is involved in 
stabilization of Polo allowing normal centrosome maturation, entry and progression though mitosis. 
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Others and we have showed the importance of N-terminal acetylation in cell cycle progression, apoptosis, and development of 
cancer [1]. Nevertheless, the function and regulation of the system, and the molecular mechanisms that mediate the observed 
phenotypes are still poorly understood. The gene separation anxiety (san) is required in Drosophila and human HeLa cells for 
centromeric sister chromatid cohesion [2-4]. san is also important for chromosome condensation/ resolution [2]. san encodes 
a highly conserved N-terminal acetyltransferase San/Nat5/Naa50. Although the acetyltransferase activity of San is important 
for chromosome segregation during mitosis [3], the functionally relevant in vivo substrates are still unknown. We hypothesize 
that San regulates the activity (or stability) of unknown proteins whose function is crucial for mitosis. In order to identify these 
proteins, we are currently performing large-scale quantitative proteomics to characterize in vivo the N-terminal acetylation 
profiles of wild type and san mutant embryos. Preliminary data suggested an in vivo substrate consensus for San, and we 
identified three mitotic proteins with reduced levels of acetylation in san mutant embryos. Nevertheless, we failed to identify 
any protein whose in vivo N-terminal acetylation was totally abrogated in san mutant embryos, which suggested some degree 
of redundancy with other NATs. Our aim is to define the mitotic functions of San and other related NATs, and better 
understand the role of N-terminal acetylation during Drosophila development. 
[1] BMC Proc. 3 Suppl. 6, S3, [2] Dev. Biol. Nov15; 323 (2): 197-206., [3] J. Cell Biol. 177, 587-597, [4] Curr. Biol. 13, 2025-
2036. 
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KRAS mutations are among the most frequent events in colorectal carcinoma (CRC), occurring in about 50% of the tumors, 
and appear of relevance in the genesis and progression of the tumors. It is known that, depending on the cell type and 
context, autophagy may act either as a tumor suppressor mechanism, enhancing programmed cell death (PCD), or as a 
survival process by evasion from PCD. The RAS oncogene may have opposite effects on autophagy; when it activates Class I 
PI3K, autophagy is inhibited, but when it activates the Raf /ERK1/2 cascade, autophagy is stimulated. However, the role of 
KRAS in autophagy and the impact of autophagy modulation by KRAS mutations in CRC development is still elusive. In this 
study we evaluated the effect of human KRAS mutations in autophagy regulation using S. cerevisiae as a model system. This 
yeast is a simple eukaryote used to understand basic mechanisms involved in cellular processes, including autophagy, and 
presents conserved signaling pathways often homologous to those found in humans. We heterologously expressed the 
human wild type KRAS and the activating KRAS

G13D
 mutation and evaluated the levels of autophagy. These studies were 

conducted in an S. cerevisiae strain deleted for RAS2 (ras2∆), a gene homologous to the mammalian RAS proto-oncogene. 
This strain carries a truncated version of PHO8 (PHO8∆60) instead of the normal gene, and thus the levels of autophagy can 
be determined by measuring alkaline phosphatase activity. We also assessed autophagy induction by monitoring the amount 
of Atg8p by Western blot. Our results showed that expression of the human KRAS

G13D
 mutation led to a significant increase in 

autophagy induced by nitrogen starvation in the ras2∆ mutant strain. On the other hand, expression of human KRAS
WT

 failed 
to induce autophagy under the same conditions. In summary, our results point to a different role of wild type and mutated 
KRAS in autophagy regulation and validates the use of yeast as a cell model for this study. 
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Small non-coding RNAs (sRNAs) are regulatory molecules, which are not translated into proteins. sRNAs are often are highly 
structured and very stable molecules, affecting virtually all genetic pathways in both prokaryotic and eukaryotic cells. sRNAs 
usually act by an antisense mechanism and bind their target mRNAs through their 5‘ end, inhibiting translation and promoting 
mRNA decay. Therefore, changes in sRNAs levels affect the genetic pathways under their control. sRNA stability is mainly 
believed to rely on its 5‘ end as the degradation of some sRNAs was shown to be coupled with the endoribonucleolytic 
inactivation of their target mRNAs. Recently we have shown that 3‘-5‘ exoribonucleolytic degradation can be important in the 
regulation of small RNAs. The small non-coding MicA RNA controls the expression of outer membrane proteins, affecting 
different cellular processes like morphology, permeability and virulence. In this study, we have now characterized the RNA 
determinants involved in the stability of MicA and further analyzed how this may influence the expression of its targets in E. 
coli. We constructed several plasmids harbouring either the wild-type or mutated MicA and analyzed their expression. The 
endoribonuclease RNase III was found to be a major factor controlling wild-type MicA RNA levels. Surprisingly, in vitro assays 
revealed that MicA RNA itself is not a ideal substrate for RNase III. Furthermore an altered form of MicA, with extensive 
mutations in its 5‘ end, was much less efficiently degraded by RNase III. Altogether, our data revealed that 
endoribonucleolytic cleavage of MicA is greatly dependent on sRNA:mRNA pairing. The 3‘-5‘ exoribonuclease PNPase was 
found to be the main responsible for the extended degradation of free MicA RNA. Accordingly, we have analyzed other 
possible determinants of MicA RNA stability, with particular emphasis on the 3‘ end. Mutagenic studies identified the in vivo 
binding site for the RNA chaperone Hfq. Moreover, the presence of two stem-loops also present at 3‘ was found to be critical 
to MicA RNA stability. Our set of results in vivo, clearly demonstrate that altered forms of MicA affect differently the expression 
of its targets indicating that interactions with different mRNA targets require different MicA RNA elements. 
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We have previously characterized an EMS-induced separation of function of the BubR1 gene (bubR1[D1326N]) which causes 
meiotic non-disjunction but has functional Spindle Assembly Checkpoint (SAC) activity during somatic cell division (1, 2). 
Using this allele, we demonstrated that meiotic non-disjunction occurs for both exchange and non-exchange homologs and is 
associated with decreased maintenance of sister chromatid cohesion and of the Synaptonemal Complex (SC) during 
prophase I progression. In addition, we showed that BubR1 meiotic non-disjunction occurs through Precocious Sister 
Chromatid Separation (PSCS) and is associated with a deviation of the mendelien ratio toward an increase of Diplo-X versus 
Nullo-X exceptional progeny. We took advantage of these features to perform a genetic screen design to identify third 
chromosome deficiencies having a dominant effect on bubR1D1326N/bubR1rev1 meiotic phenotypes. We tested 90 
deficiencies covering 84% of the third chromosome euchromatin. Among them, we characterized 33 deficiencies having 
dominant effect on bubR1D1326N/bubR1rev1 meiotic phenotypes that we classified in 5 groups: (1) enhancer and suppressor 
of mendelien ratio, (2) enhancer and suppressor of non-disjunction and mendelien ratio, (3) suppressor of non-disjunction, (4) 
enhancer of non-disjunction and (5) induction of sterility. Furthermore we identified 2 deficiencies inducing a lethal phenotype 
and affecting bubR1D1326N somatic activity. 
References: 
(1) Wakimoto B.T. et al. (2004) Genetics 167:207-216. 
(2) Malmanche N. et al. (2007) Current Biology 17:1489-1497. 
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The yeast Saccharomyces cerevisiae can undergo programmed cell death in response to different stimuli showing typical 
apoptotic markers, such as externalization of phosphatidilserine, DNA fragmentation, chromatin condensation, cytochrome c 
release from mitochondria and production of reactive oxygen species (ROS). Changes in sphingolipid metabolism have been 
linked to apoptosis and oxidative stress in yeast and mammalian cells. Ceramide has been detected in mitochondria, 
accumulates upon stress treatments and increases the permeability of the mitochondria to cytochrome c, leading to the 
generation of ROS. To characterize the relative contribution of de novo biosynthesis versus catabolism of sphingolipids in 
apoptotic cell death induced by acetic acid, yeast cells lacking Lag1p, Lac1p (unable to generate ceramide by de novo 
synthesis), Isc1p (unable to generate ceramide by degradation of inositolphosphosphingolipids), Ydc1p and Ypc1p (unable to 
breakdown ceramide) were generated by homologous recombination. Our results show that the isc1∆ mutant exhibit a higher 
resistance to acetic acid that was correlated with lower levels of mitochondrial ROS production. The analysis of protein 
carbonylation indicates that acetic acid induced cell death was not associated with protein oxidation. Silencing of YDC1 in 
ypc1∆ cells and of LAC1 in lag1∆ cells, by using an antisense gene expression vector, did not affect stress resistance. The 
overall results suggest that ceramide production may contribute to cell death induced by acetic acid especially through 
hydrolysis of inositolphosphosphingolipids catalyzed by Isc1p. 
This work was supported by FCT, POCTI and FSE-FEDER. A.R. was supported by a FCT fellowship. 
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Several biological processes like stress responses, apoptosis and senescence are controlled by sphingolipids metabolites, 
such as ceramide. In yeast, ceramide can be produced by de novo biosynthesis or hydrolysis of complex sphingolipids 
through the action of Isc1p, the yeast orthologue of mammalian neutral sphingomyelinase-2. Isc1p plays a key role in 
oxidative stress resistance and chronological lifespan, modulating redox homeostasis, iron levels and apoptosis. Here we 
show that isc1∆ cells present a constitutive activation of the cell integrity pathway, as demonstrated by an increase in Slt2p 
mitogen activated protein kinase phosphorylation and higher activity of its downstream transcription factor, Rlm1p. Hydrogen 
peroxide treatment decreased Slt2p phosphorylation. In isc1∆ cells, which present a higher sensitivity to H2O2, this decrease 
may be lethal since the activation of the pathway seems to be required for cell survival. In fact, our results demonstrated that 
isc1∆slt2∆ double disruption is synthetic lethal. This hypothesis is further supported by data showing that the disruption of 
SIT4 gene, which encodes for the catalytic subunit of the ceramide activated protein phosphatase, a regulator of the cell 
integrity pathway, inhibited the decrease in phospho-Slt2p under oxidative stress conditions and increased cell survival. In 
addition, the regulation of phospho-Slt2p was correlated with accelerated cell senescence observed in isc1∆ mutants. 
Notably, the Rlm1p activity was not significantly affected by H2O2, indicating that others downstream targets may be important 
to oxidative stress resistance. Moreover, our results also show that CWI pathway activation in isc1∆ cells is caused by iron 
overload. These results suggest that the regulation of the cell integrity pathway by Isc1p is required for oxidative stress 
resistance and chronological lifespan. 
Acknowledgements: we thank FCT, POCTI, and FSE-FEDER for financial support. A.D.B. is supported by a FCT BD 
fellowship (SFRH/BD/37129/2007). 
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Equal distribution of chromosomes during cell division is essential to the viability of the organism. Errors in chromosome 
segregation are the cause of aneuploidy associated with diseases of the newborn and tumorigenesis. Thus, it is essential 
understand the molecular mechanisms involved in the fidelity of chromosome segregation. The separation of chromosomes 
during mitosis requires the formation of a symmetric bipolar structure, called mitotic spindle, which, in animal cells, is formed 
by microtubules nucleated from centrosomes. Chromosomes are attached to the spindle through interaction of the 
kinetochores with microtubules. There are a large number of proteins associated with the spindle, centrosomes and 
kinetochores governing spindle bipolarity, chromosome movement and the fidelity of chromosome segregation. Xenopus 
Cep57 protein was previously characterized as an adapter of the connections of microtubules to both centrosomes and 
kinetochores. It has been raised the hypothesis of xCep57 being the functional homolog of the Dam1 yeast protein, for which 
a central role in coupling the attachment of kinetochore to dynamic microtubules has been shown. Thus, there are great 
expectations for the identification of a homolog with decisive role in regulating the movement and fidelity of chromosome 
segregation in higher eukaryotes. In our study, we proceeded into a functional analysis of the human Cep57 homologue, 
using RNA interference (RNAi) methodology and confocal microscopy analysis, in order to determine its function in mitosis 
and its orthology to yeast protein Dam1. We found by immunofluorescence that the Cep57 protein is located in centrosomes 
during both interphase and mitosis, but we could not detect it at kinetochores. We also demonstrated that Cep57 binds 
directly to microtubules in vitro. Phenotypic analysis of Cep57 RNAi-depleted cells revealed the existence of chromosome 
misalignment and spindle defects. We found kinetochore-microtubule attachments to be significantly compromised, and the 
interpolar distance and tubulin amount to be decreased. Consistently, we found an accumulation of prometaphase cells in 
Cep57 RNAi-depleted cell cultures comparing to controls. Furthermore, the kinetochore localization of known interactors of 
xCep57 was not altered in Cep57 RNAi-depleted cells accordingly to the fact that human Cep57 could not be detected at 
kinetochores. Thus, overall, the mitotic phenotype observed seems to result from a centrosomal function of Cep57. This study 
demonstrates that the protein Cep57 has a mitotic function at the spindle poles necessary for proper spindle assembly and 
chromosome alignment, and that Cep57 is unlikely to be the functional homologue of yeast protein Dam1. 
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Arabinose is the second most abundant pentose in nature, and it is largely found in homo- and heteropolysaccharides, such 
as arabinan and arabinoxylan, respectively. The gram-positive model organism, Bacillus subtilis can adapt its metabolic 
activity to environmental and nutritional changes by modifying the level of gene expression of specific enzymes. The genes 
encoding enzymes capable of degrading arabinose-containing polysaccharides, and catabolizing arabinose, are clustered 
together in the B. subtilis chromosome. The arabinose operon araABDLMNPQ-abfA comprises nine genes and is regulated at 
the transcriptional level by induction in the presence of arabinose [1]. The first three genes of the arabinose metabolic operon, 
araA, araB, and araD, encode the enzymes required for the intracellular conversion of L-arabinose into D-xylulose 5-
phosphate, which is further catabolized through the pentose phosphate pathway. AraNPQ are components of an ABC-type 
transporter, AraM is a dehydrogenase, and AbfA an arabinofuranosidase. The function of AraL is still unknown, however it is 
currently classified as a putative phosphatase belonging to the Haloalkanoic Acid Dehalogenase (HAD) superfamily, 
subfamily IIA [2,3]. 
To characterize araL, a recombinant version of its product with a His6-tag fused to the C-terminus was produced in 
Escherichia coli. AraL was purified to homogeneity and displayed enzymatic activity towards p-nitrophenol phosphate (pNPP), 
a chromogenic substrate for most phosphatases. Furthermore, phosphatase activity of AraL is dependent on the presence of 
Mg

2+
. The level of protein product production in E. coli is controlled by a mRNA secondary structure that encompasses the 

ribosome-binding site, as shown by site-directed mutagenesis. Interestingly, the formation of a similar structure in B. subtilis is 
plausible and may be functional preventing excessive production of AraL. This additional level of regulation might be 
necessary for a gene encoding a phosphatase, belonging to subfamily IIA, whose members usually display low substrate 
specificity and the boundaries defining physiological substrates are somewhat overlapping. The implications of this post-
transcriptional regulatory mechanism in the context of the arabinose operon will be discussed. 
References: 
(1) Sá-Nogueira I. et al. (1997) Microbiology 143:957-969. 
(2) Burroughs A. M. et al. (2006) Journal of Molecular Biology 361:1003-1193. 
(3) Tremblay L. W. et al. (2006) Biochemistry 45:1183-1193. 
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Gene expression can be controlled by transcriptional regulatory mechanisms in response to cellular stimuli. Transcriptional 
regulation in prokaryotes depends generally upon the recognition of specific DNA operator sites by transcription factors. 
These protein-DNA interactions affect the synthesis of messenger RNA molecules of target genes, which can be activated or 
repressed. It became important to elucidate the specificity of these interactions in order to understand their regulatory 
function, and highlights the correlation between the specificity of amino acid-base contacts and regulation. 
In the case of AraR, a regulator of sugar utilization in Bacillus subtilis, it binds to palindromic sequences 
(At(T/A)tGTaCGTAcaa(A/T)T) found in the ara genes promoters (1,2). The identification of specific amino acid-nucleotide 
base contacts constitutes an important step to understand the AraR repressor/operator system. To achieve this goal we used 
the Electrophoretic Mobility Shift Assays (EMSA) to determine the dissociation constant (Kd) of the wild-type AraR and mutant 
proteins with a DNA fragment bearing the two operators (ORA1-ORA2) and the same fragment comprising mutations in the 
ORA1 box. To validate the in vitro results an identical strategy was tested in vivo by confrontation of the different araR alleles 
and the mutant operator sequences in different B. subtilis strains. 
This approach provided new insights into the molecular recognition of DNA binding sites, suggesting an array of interface 
contacts between protein and DNA, which can be utilized to estimate structural data and specificity of this transcription factor.  
This work was supported by grant PPCDT/BIA-MIC/61140/2004 from FCT, POCI 2010 and FEDER to ISN, and grant 
SFRH/BD/29469/2006 from FCT to IC.  
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(2) Franco I. S. et al. (2007) Nucleic Acids Res. 35(14):4755-4766. 
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Under extreme starvation conditions, as in water suspensions, cells can attain a quiescent state and are able to survive for an 
extended period of time. Adding glucose to cell suspensions in water lacking other nutrients can induce cells to exit this 
quiescent state and commit to an apoptotic cell death program (1). In this work, we show that ammonium also stimulates cell 
death of amino acid-deprived auxotrophic Saccharomyces cerevisiae cells transferred to water. However this effect was not 
observed when the cells were completely starved for nitrogen. Ammonium toxicity was not dependent on metabolization as its 
analogue methylamine produced an identical outcome and the effect did not depend on glutamine synthetase activity. 
Ammonium-induced cell death was accompanied by an increase in ROS production, chromatin condensation, exposure of 
phosphatidylserine on the outer surface of the plasma membrane, DNA strand breaks and PI+ staining. However, cell death 
was not decreased in the presence of Z-vad-FMK, and no caspase activation could be detected using double staining with Z-
vad-FMK-FITC/PI. The induction of autophagy observed in cells transferred exclusively to water is inhibited by the presence 
of ammonium, correlating with the faster loss of cell viability observed under the latter conditions. 
This work was developed in the scope of the project PTDC_AGR-ALI-71460/FCT. JS holds a PhD fellowship (SFRH / BD / 
33314 / 2008) from Fundação para a Ciência e a Tecnologia. 
References: 
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The overexpression of E. coli 13 kDa bolA morphogene gives a spherical morphology to rod shaped bacteria. This protein 
exhibits an helix-turn-helix DNA-binding motif, and it can eventually interact and transcriptionally regulate different genes, 
namely mreB [1, 2]. The bolA gene expression is highly regulated by the σS dependent bolA1p promoter. In fact, this gene‘s 
transcripts are strongly increased, in the transition to stationary phase and in response to several stresses [1]. In this work we 
have established that the high levels of this protein can be detrimental for cell morphologies and viabilities. Nevertheless 
homologues are found and conserved throughout the living world. It is therefore suggested that the tolerance mechanisms 
induced by BolA help to respond to different environmental pressures. We also accessed this protein‘s function as an inductor 
of cell wall hydrolytic DD-carboxypeptidases Penicillin Binding Proteins PBP5 and PBP6 [3]. We have shown that BolA binds 
to the promoter regions of these genes and can act as an activator on the operator region of the dacA and dacC promoters. 
Although a most significant contribution of BolA control over E. coli morphology occurs through the repression over the mreB 
gene, this is not the only target for the morphological determination [2]. 
References: 
(1) Aldea (1989) Embo J 8 (12):3923-3931. 
(2) Freire P. (2009) J Mol Biol 385 (5):1345-1351. 
(3) Santos J. M. (2002) Mol Microbiol 45 (6):1729-1740. 

 

 
 
P58 

Dynamic role of reactive oxygen species and cellular antioxidant response during 
myogenic differentiation 
 
Castro P.M.

(1)
 ,Lima C.F.

(2)
 ,Neves Silva J.P.

(3)
 ,Carvalho A.C.

(1)
 and Gomes A.C.

(1)
  

(1)
CBMA - Molecular and Environmental Research Centre (CBMA)/ Department of Biology, Univesity of Minho, Braga 

(2)
CITAB–Centre for the Research and Technology of Agro-Environment and Biological Sciences/Department of Biology, 

Universidade do Minho, Braga 
(3)

Center of Physics, Universidade do Minho, Braga 
presenting author´s email: pcastro@bio.uminho.pt 
 
In the past decades reactive oxygen species (ROS) have been shown to affect several cell signalling pathways, by stimulating 
kinase cascades in signal transduction events and activating or inhibiting specific transcription factors, thereby regulating 
transcription of a multitude of genes. A delicate balance between intracellular oxidants and antioxidant defences is necessary 
for normal cell development and function. In muscle cells, altered antioxidant defences have been reported under different 
pathologic conditions and during exercise, while in skeletal muscle differentiation the dynamic between ROS levels, 
antioxidant enzymes and modulation of transcription of myogenesis-related genes has not yet been fully described. In this 
work, overall intracellular ROS and activity of antioxidant enzymes (catalase, glutathione) known to be important for muscle 
cells were studied at regular intervals after induction of myogenesis in C2C12 myoblasts. Nrf2 levels were also investigated 
as this transcription factor is a key regulator of the antioxidant response and modulates gene expression of gluthatione, 
without which myogenic differentiation halts. We found that cellular levels of ROS describe a very defined peak during early 
myogenesis, while antioxidant enzymes exhibit similar but sequential variations in their activity. These observations were 
consistent between independent experiments and suggest a well regulated and orchestrated signalling network, in which ROS 
may act a signalling mediator involved in the myogenic differentiation program. 
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The intracellular trafficking of plasma membrane proteins, such as receptors and transporters, in eukaryotic cells, is a highly 
regulated process. Ubiquitylation of cell surface transporters acts as a signal triggering their internalization, and subsequent 
degradation in the lysosome/vacuole, and, in yeast, this modification is mediated by the HECT ubiquitin ligase (E3) Rsp5p, 
usually in lysine residues of the target protein. Despite the prevailing role of Rsp5 in ubiquitylation of yeast plasma membrane 
proteins, there is no evidence for a direct interaction between the ligase and these cargoes. The majority of Rsp5 substrates 
do not carry proline rich sequences (PY elements) that are recognized directly by the tryptophan rich domains (WW) of Rsp5 
and may depend on PY containing adaptor proteins for their ubiquitylation by Rsp5. Several yeast transporters have been 
shown to rely on arrestin-like adaptor proteins to undergo ubiquitylation. These PY motif-containing arrestin-like proteins are 
found in many species and were suggested to regulate protein trafficking. In this work, we show that an arrestin like protein is 
involved in glucose induced downregulation of Jen1 monocarboxylate permease of Saccharomyces cerevisiae. Moreover we 
have demonstrated that phosphorylation of Jen1-Ser606, is also required for Jen1 endocytosis, upon glucose treatment. 
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The Fps1 aquaglyceroporin is a yeast member of the MIP family of channel proteins and well described as a glycerol 
facilitator (1). In addition, Fps1p can mediate flux of other substrates such as arsenite, ammonia or boron (2,3,4). Mollapour 
and Piper identified Fps1p as an important element in acetic acid resistance of yeasts; a process that involves Fps1 removal 
from the plasma membrane after phosphorylation by the Hog1 MAP kinase (5). Our previous results demonstrated that S. 
cerevisiae cells presented increase resistance to high ethanol concentrations when simultaneously treated with low 
concentrations of acetic acid. Herein we evaluated the possible involvement of Fps1 in this protection. Tolerance of S. 
cerevisiae BY4741 and fps1Δ strains to 14% (v/v) ethanol in the absence or presence of 16 mM acetic acid, was assessed 
both by CFU counting and PI staining. Also, we directly assessed Fps1 response to the presence of ethanol by using a C-
terminally GFP tagged Fps1. Both strains displayed no significant difference when treated only with ethanol, and though 
acetic acid increased ethanol tolerance of both strains, this phenotype was more evident for fps1Δ cells. While ethanol stress 
induced an Fps1 rearrangement in the membrane, changing from an even to a spot distribution, similarly to that observed for 
NaCl treatment (5), combined treatment with acetic acid led not only to a similar Fps1 membrane rearrangement but also to 
its removal from the plasma membrane, as described for acetic acid. The results suggested that although ethanol, either 
alone or in combination with acetic acid, can trigger an Fps1 response, this seems not relevant for the higher tolerance to 
ethanol or for the protection afforded by acetic acid. So although it has been shown that Fps1 can influence accumulation and 
tolerance for lower ethanol concentrations (6,7) in our conditions possible ethanol diffusion through Fps1 seems not involved 
in resistance. Next, the possible contribution of an acetic acid-activated Hog1 mechanism to the acetic acid protection 
phenotype was evaluated. The hog1Δ strain in spite of being more sensitive to ethanol alone, exhibited an increased 
tolerance to the combined treatment with acetic acid, as observed for fps1Δ. Therefore, the mechanism responsible for acetic 
acid-induced protection of ethanol toxicity is also not dependent on the direct action of Hog1. Further studies are required to 
address which signalling pathways are activated by acetic acid and confer higher resistance to ethanol. 
References: 
(1) Oliveira, et al. 2002. BBA 1613: 57-71. 
(2) Maciaszczyk-Dziubinska et al. 2010. FEBS Lett. 584:726-32.  
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The Iberian Peninsula was one of the most important Pleistocene glacial refugia in the European subcontinent, providing 
intermittent refuge and postglacial opportunities for colonization and expansion with subsequent accumulation of variation 
over the several ice ages. This led to in situ long-term survival, differentiation and speciation, which is clear by the high level of 
endemism in both Iberian plants and animals. In a previous study with the European lampreys of the genus Lampetra, Iberian 
populations revealed higher genetic diversity when compared to those of central and northern Europe (Espanhol et al. 2007). 
We further examined the phylogeography of the European paired species L. fluviatilis (river lamprey) and L. planeri (brook 
lamprey) within this glacial refugium. We used analyses of mtDNA variation to test for possible genetic structure as a 
consequence of isolation and consequent genetic divergence during the ice ages, and explored the relative contribution of 
historical and recent processes in shaping this structure in the two species of the genus Lampetra that occur in Iberian river 
basins. In total, 185 individuals of Lampetra were collected throughout the distributional range of the species in the Iberian 
Peninsula, covering all the major basins. Significant population structure was detected in the distribution of mtDNA 
haplotypes, revealing a strong association between genetic structure and geography. The results indicate the existence of four 
evolutionary lineages that should have evolved by past fragmentation during the ice ages and have important consequences 
for the understanding of the evolutionary history of the genus Lampetra, also suggesting restricted dispersal ability of the 
anadromous form. We suggest the definition of at least two evolutionary significant units (ESUs) and of three management 
units (MUs). This classification will be especially pertinent to the subsequent management and conservation of L. fluviatilis 
and L. planeri, currently included in the Critically Endangered category of the Portuguese Red List of Endangered Species. 
References: 
(1) Espanhol R et al. (2007) Molecular Ecology 16:1909-1924. 
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Mechanisms of population divergence and speciation in widely distributed but philopatric species, such as seabirds, are poorly 
understood. Allopatric models of divergence require extrinsic barriers to dispersal, which for most seabirds, that are often 
ocean-bound, are limited to a small number of biogeographic events. These include land-bridges and changes in 
oceanographic environments that render them unsuited for seabird survival. Patterns of population divergence and speciation 
in these species have mostly been explored in the context of the presence of intrinsic barriers, such as limited natal dispersal. 
Procellariiform seabirds in particular have been the focus of multiple ecological studies, but they are otherwise poorly known 
at the molecular level. Multilocus analysis of phylogeography and population history is becoming a powerful way of 
understanding the origin, dispersal and structure of species over time and space. Single locus approaches are vulnerable to 
errors due to stochastic lineage sorting and we cannot estimate the coalescent variance for parameters such as gene flow, 
divergence times and population sizes with a single locus. One marker type that has received little attention is the anonymous 
nuclear loci, which are non-coding regions of the genome, randomly sampled and presumable dispersed across 
chromosomes. Because anonymous loci development methods can yield many loci, they provide a good representation of 
genome wide variation, and can be a valuable source of genetic variation in non-model organisms. Using 13 genetic markers 
(11 anonymous nuclear loci, one mitochondrial locus, and one nuclear locus under selection (Major Histocompatability 
Complex), amounting to over 7.5Kb per individual, we studied the population structure and demographic history of the white-
faced storm-petrel (Pelagodroma marina) across its distribution range in the Atlantic and Pacific Oceans. We found high 
neutral genetic diversity and low levels of population structure within hemispheres. Preliminary results from a multi-locus 
coalescent analysis suggest that populations on either side of the equator started diverging approximately 0.85 million years 
ago, possibly due to paleo-oceanographic changes off the African coast. In addition, since then they have not been 
exchanging migrants. Intrinsic barriers, as timing of breeding, are likely reinforcing population divergence across hemispheres. 
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During the Pleistocene, equids were the most abundant, medium-sized grazing animals of the grasslands and steppes of 
Africa, Asia, and the Americas. Today there remain only seven species and many of these species are at risk. Conservation 
status for the extant species show a wide range of categories, from Vulnerable for the Asiatic wild ass (Equus hemionus), to 
Lower risk (LR) for the Kiang (Equus kiang) and Critically Endangered (CR) for the African wild ass (Equus africanus). The 
African wild ass (Equus africanus) represents one of the most fragile species in terms of conservation in the Equus genus. 
Over the last century, anthropogenic pressures (e.g., hunting and habitat degradation) together with rapid environmental 
changes (e.g. desert expansion) and a probable hybridization with domestic ass have been driving the African wild ass (Equus 
africanus) to the brink of extinction. Once distributed across a wider range, north and west into Sudan, Egypt and Libya, the 
African wild ass is now believed to be circumscribed to East Africa (part of Sudan, highlands of Ethiopia, Somalia and Eritrea). 
The few data that exist about the extant number of individuals living in the wild is limited to one, E. a. somaliensis, of the two 
subspecies, and suggests that only approximately 400 individuals exist in the wild. Given the current status of the species, 
design and implementation of conservation programs for the remaining populations of this large wild ungulate, are urgently 
needed. However, prior to designing adequate conservation strategies, it is important to understand the distribution of genetic 
variation in a species and therefore to develop and/or test molecular tools that will be useful in such purpose. In this work we 
tested 25 published microsatellite primer-pairs that have been previously used in several horse studies, on 22 individuals from 
wildlife reserves and zoos. From the 25 loci tested, 15 amplified well and showed moderate allelic richness (5.13 mean 
number of alleles) and moderately high heterozigosity (0.59). This set of 15 microsatellites will facilitate conservation and 
genetic studies for the African wild ass (Equus africanus) and potentially for other closely related species. 
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A comprehensive knowledge of the genetic basis of colouration is crucial to understand how divergent colour phenotypes 
arise and how they contribute to the emergence of new species. The European ocellated lizard, Lacerta lepida, has 
considerable colour variation, associated with the three major bio-climatic regions on the species‘ distribution range. The 
Mediterranean habitats that characterize the majority of the Iberian Peninsula are inhabited by the nominal subspecies L. l. 
lepida, but in northwest of the Peninsula, under Atlantic climate influence, it is replaced by L. l. iberica whereas in the 
southeast L. l. nevadensis occupies an arid region. The L. l. iberica phenotype presents more black scales while in L. l. 
nevadensis, the typical black scales are brown instead and may have advantages for the lizards‘ camouflage in the dry 
landscape. Variation in the coding sequence of Melanocortin-1 receptor (Mc1r) was assessed in ocellated lizards to search for 
associations with melanin-based colour phenotypes. A non-conserved and derived amino acid change (T162I) was found in 
association with the L. l. nevadensis phenotype. Another amino acid substitution (S172C) was associated with the presence 
of black scales in both L. l. lepida and L. l. iberica, but no mutations were found to be associated with the higher proportion of 
black in L. l. iberica. Extensive genotyping of Mc1r along the secondary contact zone between L. l. nevadensis and L. l. lepida 
revealed reduced gene flow, with only two F1 hybrids detected. Implications of these findings are discussed in relation to 
previous knowledge about the evolutionary history of ocellated lizards. 
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The family Littorinidae is a taxonomic group of marine gastropods widespread around the world and widely used in evolution 
and adaptation studies. Some of their most interesting aspects include large morphological variation and local adaptation that 
seems to depend on plastic or genetic cues under the influence of microenvironmental factors (1). Further, different 
populations and species seem to show different dispersal abilities. The mangrove periwinkle Littoraria scabra and the rocky 
shore Littoraria glabrata have been recently investigated through geometric morphometry methods along an eastern African 
latitudinal gradient in order to assess the effect of habitat and geographic distance in their differentiation (2). The present 
study aims to complement these morphological results with a new phylogenetic and phylogeographic approach based on 
sequence data from three mitochondrial genes (12S rRNA, 16S rRNA and COI). Thus, in this way we can verify if the 
morphological adaptations are correlated with the genetic structure of populations and whether this structure is influenced by 
different habitats and distinct dispersal capabilities of species. 
References: 
(1) McQuaid CD (1996) Oceanography and Marine Biology: an Annual Review 34:233-262. 
(2) Silva IC Ecological Research (in press). 
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The spittlebug Philaenus spumarius (Hemiptera, Cercopidae) is a widespread insect across the Holartic region, which has 
been studied for its adult colour/pattern balanced polymorphism. Here we investigate the phylogenetic and phylogeographic 
patterns in this species and related species from the same genus Philaenus by analysing populations throughout Europe and 
North America. Mitochondrial genes cytochrome oxidase I, cytochrome oxidase II and cytochrome b were used as molecular 
markers for the phylogenetic and phylogeographic analysis. Congruent results were obtained through several different 
methods that suggest a deep divergence among distinct phylogroups inside the species Philaenus spumarius and a marked 
genetic distinction between sympatric species. Our findings enable a better understanding of the historical events involved in 
shaping evolutionary patterns in these species suggesting so far a typical southern refugia species. 
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Across thousands of years of domestication and selective breeding, different domestic pig breeds/populations arose 
displaying differential levels of resistance and tolerance again pathogens (e.g., bacteria, virus). It is known that genetic 
variation in functional genes related to innate immunity may underlie the genetic basis for such immune response differences 
among pig breeds and populations. Previous genetic studies revealed strong evidence for positive natural selection in many 
immunity-related genes from a diverse range of animal species and that sites inferred to be under positive selection may have 
adaptive significance. To explore and characterize potential adaptive mutations and genetic variants of immunity genes in 
domestic and wild pigs, we re-sequenced two genes, interferon omega 1 (IFNW1) and interleukin 8 (IL8), for a panel of 
samples from wild and domestic pigs including both European and Asiatic lineages. For IFNW1, a gene with function of 
cytokine activity and cytokine receptor binding, five single nucleotide polymorphisms (SNPs) were identified in a coding region 
fragment (Exon 1), in which four are synonymous mutations and one is a non-synonymous mutation. For IL8, a member of the 
CXC chemokine family, one of the major mediators of the inflammatory response, no SNPs were found in three coding region 
fragments (Exons 1, 3, 4). Interestingly, those five SNPs of IFNW1 were only present in wild and domestic pigs from China 
(Asiatic lineage), but completely absent in European counterparts. This pattern suggests that those mutations arose in the 
Asiatic lineage after separation from the European lineage, resulting from human selection or natural selection under different 
environments. However, the lack of polymorphisms for IL8 in our panel of samples is compatible with the pattern expected 
under purifying selection. This preliminary study demonstrates the urgent need for genome-wide candidate genes re-
sequencing to find functional genetic variation underlying adaptation and phenotypic diversity in wild and domestic pig 
populations. 
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The analysis of the genetic structure and its framing in a geographic or ecosystem context has been offering vital insights into 
the evolution and distribution of many pathogens, enhancing our knowledge about their origin, dispersal and future 
evolutionary potential. In particular, plant pathogenic fungi can represent a high burden at the economic and/or social level, so 
that the acquisition of such knowledge could greatly increase the efficiency of disease control measures. The pathogenic 
fungus Colletotrichum kahawae causes Coffee Berry Disease (CBD), which remains one of the most devastating diseases 
affecting coffee crops (Coffea spp). Currently, the fungus is restricted to the African continent where it ravages plantations 
with severe socio-economic repercussions, but its potential dispersal to other producing countries represents a serious threat. 
Despite several attempts to characterize the genetic diversity of this fungus, the results have shown the species as a nearly 
clonal population throughout its range, making it impossible to infer evolutionary or demographic events, presumably due to 
the recent origin from the closely related fungus C. gloeosporioides. To tackle this issue, we are currently undertaking a multi-
locus sequencing approach to analyze nucleotide polymorphisms in sequence data. Our first results, using 44 isolates of C. 
kahawae and 9 isolates of C. gloeosporioides from 13 distinct geographical locations confirm the low level of genetic variation 
but revealed the existence of two clades within C. kahawae, suggesting some geographic structure. Isolates from Angola and 
Cameroon clustered together in the Atlantic clade, which seems to represent the ancestral state, while isolates from Burundi, 
Kenya, Tanzania, Zimbabwe, Ethiopia, Rwanda and Malawi formed the Indic clade. The continuance of this work may ensure 
a deepening of our knowledge in the phylogeography of C. kahawae and hopefully will contribute to a better understanding of 
its evolutionary history and potential as a pathogen. 
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The Portuguese Dappled White (Euchloe tagis) is a butterfly (Insecta, Lepidoptera) whose distribution encompasses 
fragmented and morphologically distinct populations (over 13 described subspecies) in the Atlantico-Mediterranean region 
from Portugal to Italy, Morocco and Algeria. This fragmentation arises fundamentally from its ecological specificity, depending 
on hard, rocky limestone soils where a lush Mediterranean calcicole scrubland develops, which is also where its caterpillar 
foodplants, Candytufts, are to be found. 
To understand the genetic and ecological background behind the variability in wing-pattern as well as to infer its historical 
background aspects, we used a widely tested molecular mitochondrial marker, the barcode region of the COI gene comprising 
a 596-bp fragment, in about 90 specimens of E. tagis from the Iberian Peninsula and neighbouring France. 
After the analysis we could conclude certain important aspects about this charismatic species: 
1) It has survived for a long time in the Iberian Península, retaining much of the genetic diversity that has been generated 
within the area; 
2) There exist multiple divergences between some sympatric mitochondrial lineages (1,5-2%); 
3) The population genetic structure has proven to be very complex and surprisingly not linked to current formal taxonomy; 
4) The genetic divergence between clades can be traced down to particularly harsh climate events such as major Glaciations; 
5) Subsequent admixtures might have taken place during the interglacial periods of warmth; 
6) Populations with greatest haplotype diversity come from central and Northern Iberian populations, denouncing admixture 
after isolation in milder climate refugia. 
Using this species as a model, we can confirm the polycentric hypothesis of Glacial refugia within the important Iberian Glacial 
refuge after successive Quaternary climate cycles of cold and warmth. Moreover, E. tagis shows some unexpected migratory 
abilities not well understood in the light of current morphological structuring. 
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The increase of human activities impact in marine habitats has lead to a necessity of establish efficient management and 
conservation decisions towards marine mammals. In order to implement legislation on cetacean protection, it is necessary to 
obtain data on population genetics (structure and diversity), ecology (abundance, distribution, rates of survival, reproduction, 
mortality and migration) and morphology, as well as the impact of human activities on these wildlife species. The main goal of 
the present study was to assess the level of genetic population diversity and structure of short-beak common dolphin 
(Delphinus delphis) in the Northwest region of Iberia, through the analysis of mitochondrial control region and 6 microsatellites 
of stranded animals in the centre/north of Portugal and Galician coast. Measures of genetic diversity and an analogue 
measure of FST (ƟST and RST) along with a Bayesian approach were calculated in order to analyse possible sub-
populations in this region. The present study suggests the existence of a single stock of Delphinus delphis in the Northwest 
Coast of Iberia, which point towards high levels of gene flow between individuals. Since the strandings occurred in this region 
present evidence of high levels of accidental captures, the results of the present study will be essential to know the genetic 
characteristics of this population of Delphinus delphis in order to support management and conservation strategies. 
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UV radiation is a major environmental harmful agent that causes damage to several biological molecules, including DNA. 
According to the wavelength, UV radiation can cause distinct but overlapping injures to DNA that may lead to the occurrence 
of mutations and cell death. Therefore, survival will not only depend on organism‘s resistance mechanisms but also on the 
capacity and efficiency of repair processes. Bacteria are thought to be particularly vulnerable to UV damage due to their 
haploid genome and to their simple cellular organization that limits effective shading and potential benefits of pigmentation. As 
bacteria play a central role in ecological processes on marine environments, where they are subjected to unstable conditions 
of salinity, radiation and temperature, it is expected that several mechanisms have evolved to enhance survival and 
resistance. Planctomycetes are a phylum of enigmatic bacteria that possess striking and distinctive characteristics as yeast-
like cell division by budding and compartmentalized cell plan that places them in a very intriguing position when it comes to 
evolution and cell biology. This group is known to be a key player in several ecosystems due to their physiological diversity 
and ubiquity in many habitats. However, despite this widespread distribution, the physiology and metabolism underlying this 
ubiquity is still not well understood. Several marine planctomycete strains have been used to assess resistance to UV 
radiation in terms of viability and DNA damage. The single cell gel electrophoresis (comet assay) was optimized for 
Planctomycetes and used to evaluate the DNA damage caused by UV radiation. Furthermore, using a protocol for the comet 
assay adapted in our laboratory to yeasts, we assessed the presumable protector effect of ethanolic cell extracts of 
Planctomycetes using Saccharomyces cerevisiae cells irradiated with several different dosage of UV radiation. Our results 
indicate that these bacteria show a significant resistance to UV radiation and that they seem to improve survival of S. 
cerevisiae to this type of radiation. 
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Our current knowledge of the natural life history of the industrial and model organism Saccharomyces cerevisiae is still very 
incipient because for very long it was regarded as a purely domesticated species. Most other sibling Saccharomyces species have 
also been rarely isolated consistently from nature, with the exception of Saccharomyces paradoxus that was considered to be the 
wild close relative of Saccharomyces cerevisiae. With the aim of initiating a broad study of Saccharomyces ecology, we recently 
developed a new method to isolate these yeasts from natural samples, which employs low temperatures (10ºC) during the 
selective isolation procedure (1). This allowed us to broaden the scope of Saccharomyces species found in the bark of oak trees - 
up to now the most consistent non-sugary Saccharomyces habitat - as cryophilic species (S. uvarum, S. bayanus and S. 
kudriavzevii) were also collected. One particular species, S. kudriavzevii had been found previously only in Japan and was thought 
to be endemic of this region, but our survey of oak bark in Portugal uncovered a new population of this species. When studying the 
new isolates, we noted a remarkable genetic difference between the Portuguese and Japanese populations. While Japanese 
strains of S. kudriavzevii cannot utilize galactose because all seven galactose (GAL) utilization genes are inactive pseudogenes 
(2), all Portuguese strains can utilize galactose. We subsequently investigated the genetic basis and genome-wide impact of this 
variation by sequencing all 18 known S. kudriavzevii isolates using next-generation sequencing technology (3). We confirmed that 
all GAL genes (except for the optional co-activator GAL3) are functional in the Portuguese strains, and that, surprisingly, none 
have been acquired from other Saccharomyces species. Laboratory crosses provide no evidence for pre- or post- zygotic barriers 
between Japanese and Portuguese strains, and the unlinked GAL genes segregate independently. The divergence of neutral sites 
within the GAL genes suggests that the multilocus GAL network has been maintained in these two states for nearly the entire S. 
kudriavzevii lineage, despite recent gene flow throughout most of the genome. Experimental evidence further suggests that 
inactivation of the GAL3 and GAL80 regulatory genes facilitated the origin and long-term maintenance of the two gene network 
states. This natural variation supports the idea that species are capable, under certain conditions, of maintaining complex multi-
locus variation involving complete gene networks. 
References: 
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East Africa and South Arabia represent the first geographical steps of the Southern route for the Out of Africa dispersal by 
anatomically modern humans. The attractiveness and the time frame associated to this event - ~60-80KYA; overshadowed the 
importance of posterior events contributing to the present genetic identity of people from Arabian Peninsula. Mitochondrial DNA 
(mtDNA) studies are very powerful in providing insights about human history, and currently the total information is obtained by 
performing the complete sequencing (~16569bp) of haplotypes belonging to informative haplogroups (haplogroup is a group of 
haplotypes sharing ancestry). In this work we focused on mitochondrial haplogroup R0a, the most frequent and widespread in 
Arabia and neighbor regions (e.g. 22% in Yemen). We performed the complete sequencing of 71 R0a haplotypes, mostly from 
Yemen and Soqotra Island, and a few from East Africa and North Africa, for comparison purposes. Through the interpretation of a 
phylogenetic tree comprising 89 whole mitochondrial genomes (71 sequenced in this work and 18 from the literature) we assessed 
the internal diversification of R0a haplogroup, which can be divided in two main branches designated R0a1 and R0a2. R0a1a is 
the most frequent sub-haplogroup concerning the R0a1 branch and shows strong signals of population expansion, with many 
branches emerging from the root. R0a2 sub-haplogroup presents some internal organization in a larger number of rare sub-
clades. A new branch deriving from the root of the tree, R0a3, was discerned in this work, but seems to be very rare. Interestingly, 
two sub-haplogroups, R0a1a1a and R0a2f1, are restricted to Soqotra and near mainland locations, showing also signs of 
population expansion, which can help in elucidating the colonization of this island. The estimation of the Time to Most Common 
Recent Ancestor for the lineages considered in this work rendered age estimates that placed R0a and R0a1 in the time frame of 
20-25 KYA. A time frame of 12-16 KYA was encountered for the sub-haplogroups reporting population expansions signals 
(R0a1a, R0a2 and R0a3). The sub-haplogroups restricted to Arabian Peninsula (as R0a2c) were placed in a time frame of 5-11 
KYA. The particular cases of R0a1a1a and R0a2f1, restricted to Soqotra and near mainland locations, displayed ages of 4,343 ± 
1,358 YA and 3,363 ± 2,378 YA, respectively. Overall, the dates obtained describe the entrance of ancestral R0a lineages in 
Arabia, some of them reaching also North and East Africa, around 21-16 KYA, corresponding to wet climatic periods (35-20 KYA 
and 15-13 KYA). Expansions occurred in the post-Last Glacial Maximum (~16 KYA) marked an important step (with R0a1a 
reaching high frequencies), corroborating the hypothesis of a strong human resettlement of Arabia in this period. The genetic 
evidence for the settlement of Soqotra matches the earliest archaeological evidence for seafaring activity in the peninsula. 
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S-RNase-based gametophytic self-incompatibility evolved once before the split of the Asteridae and Rosidae, about 120 
million years ago. In Prunus (Amygdaloideae) the pollen gene is a single F-box gene (called SFB), that presents the expected 
evolutionary signatures of an S-pollen (such high levels of synonymous and non-synonymous divergence, as well as enough 
positively selected amino acid sites to account for the many specificities known to be present in natural populations). In 
Prunus species, the S-pollen protein is assumed to protect self S-RNases from being inhibited by a general S-RNase inhibitor. 
Under this model, heteroallelic pollen should be self-incompatible if, at least, one of the S-pollen proteins matches one of the 
S-pistil proteins. In Malus and Pyrus (Maloideae), however two and three F-box genes (called SFBBs) have been suggested 
as putative S-pollen genes. By performing a detailed characterization of SFBB-like genes in Sorbus aucuparia (Maloideae) we 
show that SFBB-like genes are a large gene family. Although low levels of diversity are obtained for five Sorbus SFBB genes, 
that are known to be in linkage to the S-RNase gene, evidence for positively selected amino acid sites are found. Therefore, 
multiple S-pollen genes are determining S-pollen specificity in Maloideae. A model, in which the pollen S determinant inhibit 
all S-RNases except that of the corresponding S-haplotype (similar to the one proposed for Petunia), but with multiple S-
pollen genes determining specificity is presented for Maloideae species. 
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Single Nucleotide Polymorphisms (SNPs) are of considerable value in population genetics studies as they are the most 
abundant class of human variation, while they represent very old and stable substitutions with often marked differences 
between populations. Due to its geographical location and history, East Timor is a discrete region of interest since there is an 
ethnical and linguistic heterogeneity that is likely to be reflected in the observed genetic diversity. The unique characteristics 
of the region can be explained by the existence of various physical barriers that prevented admixture between immigrant 
populations that occupied East Timor since the first occupation by modern humans ~40 KYA (1). For our study, sampling had 
a well-distributed geographic spread and took into account the variety of cultures and languages of East Timor - that suggest 
a lack of admixture between the three migrant groups: Vedo-Australoids 40-20 KYA; Melanesians 5 KYA and Proto-Malay 4.5 
KYA (1). Previous studies have clustered the linguistic groups into two main sets: Austronesian (Fabronic and Ramelaic) and 
non-Austronesian (or Papuan). Papua New Guinean populations are considered the source of the non-Austronesian influence 
while the Austronesian influence has its origins in SE Asia and even as far as the Indian sub-continent. An additional marginal 
European contribution to population diversity should also be noted from Portuguese colonization in the last four centuries. 
Furthermore Oceania is known to show high genetic diversity but lacks sufficient population studies, particularly using 
autosomal markers. We therefore aimed to characterize East Timor using a broad array of autosomal SNPs. Genotypes from 
134 independent SNPs (including established forensic ID-SNP 52plex (2) and ancestry-informative SNP 34plex (3) assays) 
provided: analysis of variability within East Timor; an assessment of patterns of past admixture and; allele frequencies for the 
established forensic SNPs. Reference training set we created from genotypes of the CEPH panel samples using SPSmart 
SNP browser (http://spsmart.cesga.es/). The use of dedicated SNP sets designed for specific population comparisons allows 
the differentiation of the five major population groups with greater precision. Notably we found SNPs differentiating Oceanians 
were particularly informative in this study. All assays used standard AB SNaPshot single base extension chemistry. The 
results obtained point to East Timorese ancestry shared between Oceania and East Asia, with Oceanian the marginally 
greater component. Results indicate that combining the genotypes of dedicated ancestry informative SNP sets allows an 
increase of the discrimination power and consequent reduction of classification error. 
This study has financial support from FCT, Fundação para a Ciência e Tecnologia, Portugal (project PTDC/CS-
ANT/108558/2008), COMPETE, QREN (EU funding FEDER). 
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The Quercus genus includes several species with huge genetic variability. In the last decades, studies regarding genetic 
diversity and molecular characterisation in Quercus emerged. In this study, we evaluated the genetic variability of 21 
individuals belonging to nine Quercus species using inter-simple sequence repeats (ISSR). These markers have been widely 
used in several plant species and they are feasible in the assessment of genetic variability among species, cultivars and 
individuals. For ISSR amplification, we tested 17 primers: 10 from the set9/100 of University of British Columbia and seven 
reported by (1). The amplification conditions, the PCR reaction mixture and the detection methodology were made following 
(2). All primers showed ISSR polymorphism within and among species, confirming the high genetic variability described within 
the Quercus genus. After the presence/absence analysis of the ISSR bands, an UPGMA dendrogram was constructed. The 
individuals belonging to Quercus ilex L. subsp. ilex were clustered together with Quercus ilex L. subsp. rotundifolia, probably 
due to the fact that both are subspecies of Q. ilex and possess morphological similarities. The same was detected between 
Quercus pyrenaica and Quercus robur that also share similar morphological characteristics. However, most of the individuals 
were clustered according to their species, revealing that ISSRs are feasible for the establishment of taxonomic relationships. 
References: 
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Sambucus nigra L. is an economic important species with several applications and have wide distribution through the 
Northern and Southern hemispheres. In Portugal, it is largely abundant at the North, especially in Varosa Valley. However, 
this species has been scarcely characterized at the molecular level (1; 2). In this study, we evaluated the genetic variability 
among 30 S. nigra clones that were sampled in the clonal field of the Agricultural Cooperative of the Varosa Valley (Tarouca). 
This field is composed by several sections, each one with 14 clones of the same mother-tree. Those mother-trees were 
collected in five regions: Dalvares, Salzedas, Ferreirim, Cimbres and Ucanha. The genetic variability of the clones was 
assessed with ISSR and ITS PCR-RFLP. For ISSR amplifications we used 11 primers of the set 9/100 from the University of 
British Columbia. The ITS1-5.8S-ITS2 region of the ribosomal DNA was amplified with two primers that were previously 
successful in hexaploid wheat (3). ISSR polymorphism was detected among clones from the same and different sections. The 
pool of ISSR data was used for the construction of an UPGMA dendrogram. This tree showed three groups but in general, the 
clones were clustered by section and sections with origin in the same region were clustered together. The ITS rDNA 
amplification resulted on a fragment of ~800 bp (invariant in size among the clones). These PCR products were digested with 
AluI, HpaII, MspI, RsaI and TaqI. Only the HpaII, MspI and TaqI produced polymorphic patterns. The restriction enzymes 
HpaII and MspI have the same recognition site and both are sensitive to cytosine methylation. The absence of variable 
patterns among them indicated no methylation at their recognition site. Each one of these enzymes produced two polymorphic 
patterns among the 30 clones. TaqI produced three RFLP patterns. The pool of the PCR-RFLP data achieved with the three 
enzymes was used for the construction of an UPGMA dendrogram. Two main groups arose: Group 1 including clones from 
sections D (Dalvares region), F (Ferreirim) and U (Ucanha); Group 2 showed three subgroups, two of them integrating clones 
from section C (Cimbres) and the third and largest one integrated most of the clones from section U (Ucanha), all from 
sections S (Salzedas) and the clone D1:2 (Dalvares). In general, the clones from the same section and sections with origin in 
the same region were clustered together. The results achieved by the dominant and the codominant markers were similar. 
Both marker systems were useful and reliable in the detection of clonal variation that could be explained by the occurrence of 
somatic mutations probably resulting from cutting propagation characteristic of this species. 
References: 
(1) Clarke Jand Tobutt K (2006) Molecular Ecology Notes 6:453-455. 
(2) Simonovik B et al. (2007) Plant Breeding 126:628-633. 
(3) Carvalho A et al. (2009) Journal of Genetics 88(3):363-367. 
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Evolutionary history of Iberian Cyprinidae has been extensively investigated, but unanswered questions about their dispersal 
and speciation processes still remain. Genetic studies in these lineages have relied mostly on mitochondrial markers. 
Phylogenetic studies using multi-locus approaches are currently resolving complex lineage relationships. Multi-locus analysis 
relying on nuclear genes that undergo different evolutionary constraints may provide a good opportunity for identifying 
speciation processes related to natural selection. To gain new insights regarding the evolutionary history of Western Iberian 
Cyprinidae, we conducted an analysis based on nuclear genes under different evolutionary constraints. Altogether, exons and 
introns of genes covering multiple biological functions were used related to sex differentiation, bone structure, embryonic 
development, transcription mechanisms, protein synthesis and vision. Measurements of nucleotide diversity and 
differentiation were obtained. To specifically address possible adaptive processes driving the evolution of each gene, rates of 
non-synonymous (dN) and synonymous (dS) substitutions were further estimated using maximum likelihood methods (PAML). 
Finally, we conducted a comparative analysis of the phylogenetic signal obtained in each gene by constructing gene trees and 
comparing their respective topologies. 
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The genus Dilta Strand, 1911 (Microcoryphia, Machilidae), is a group of 33 strictly palearctic insect species with a general 
distribution throughout Europe, with the exception of the Balcans and North Africa. Its major diversity is found in the Iberian 
Peninsula (around 15 species). We analyzed fragments of the 12S and 16S Ribosomal RNA in 14 species. While the 12S 
fragment (465bp) was successfully amplified in all species, the 16S (547bp) only amplified in seven. The datasets were 
analyzed using different phylogenetic inference methods both separately and after concatenation. Because alignments are 
critical for the outcome of the analysis two strategies were followed, one using Clustal and the other, more restrictive, with 
Gblock. Different levels of restrictions for the presence of gaps in the final alignment were considered. The different inference 
phylogenetic methods for the different datasets revealed a consistent pattern. The basal relation among them, however, 
remains uncertain. Surprisingly, the levels of sequence divergence were particularly high, with a maximum 12S and 16S 
divergence of 22% and 21%, respectively. 
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Dilta Strand, 1911 (Archaeognatha, Machilidae) is a genus of primitive, slender, elongated and wingless insects, with close-
fitting dull scales. The genus Dilta has a strictly palaearctic distribution and a particular set of species in this group is found at 
the Canary Islands archipelago. There, these insects live usually on well vegetated habitats and are commonly associated 
with Pinus canariensis, Erica sp., Laurus novocanariensis and Myrica faia, but can also be found above the timber-line. 
Although the genetic structure of the species in the genus is largely unknown, in a previous study of a different set of Dilta 
species the sequence divergence reached 22% at the 12S rRNA gene. In the present work, we assessed the genetic 
differentiation among several Dilta species collected throughout the Canary islands using two mitochondrial genes, 12S rRNA 
and 16S rRNA. The first results from the canarian Dilta species analysis indicate a lower species differentiation, suggesting a 
more recent divergence among the island species. 
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Pinus sylvestris L. is widely distributed in Europe, preferentially, through Northern cold regions. It is supposed to be native in 
Portugal but most of the exemplars have resulted from plantation. Nowadays, Portugal constitutes the upper occidental limit of 
its distribution. As far as we know, the P. sylvestris stands located at the North of Portugal were never studied at the 
molecular level. With this study we intend to analyse the genetic diversity in 30 individuals collected in mature stands from 
three different locals at the North of Portugal (local 1 - Murça; local 2 - Serra da Padrela; local 3 - Marão) using the inter-
microsatellite (ISSR) markers and to evaluate a putative correlation between geographic area and genetic similarity. For that 
purpose, we tested 30 primers from the set 9/100 of University of British Columbia but only eight were selected for the study 
due to the production of a high number of ISSR bands and polymorphic patterns. Each band was considered an ISSR locus 
and after the presence/absence analysis of the bands, we constructed an UPGMA with the pool of the ISSR data. Group 1 
included the individuals from local 1. In Group 2, it were considered two subgroups: G2-S1, composed by four samples from 
local 2, and G2-S2, which clustered the remaining individuals from local 2 and all from local 3. The individuals 29 and 31 from 
Serra da Padrela showed the highest genetic similarity coefficient (0.78). In general, the ISSR markers showed genetic 
variability among locals (inter-local diversity) and within locals (intra-local diversity). These markers were specific enough to 
discriminate samples from different regions once the individuals from local 1 were clustered apart in Group 1 as well as most 
of the samples from local 2 (G2-S1). The ISSRs also amplified unique bands in eight of the 30 individuals analyzed here. 
These bands could be converted in specific markers after their cloning and sequencing, and they could be related to 
interesting characters. The inter-local genetic diversity could be explained by different edapho-climatic conditions and stand 
proveniences, and the intra-local variability might be a consequence of the wind-pollination of this species. 
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In the Portuguese Archipelagos, the endemic populations of Columba palumbus azorica (Azores) and Columba trocaz 
(Madeira) are an important genetic resource, but they are still vulnerable. Priorities for the conservation of C. p. azorica 
include the clarification of its taxonomic status, comprising the analysis of genetic variability. In this study, a panel of 
"candidate SNPs" in nuclear introns have been identified being recognized several interspecific SNPs useful to differentiate 
genetically C. p. palumbus from C. trocaz. Samples of C. p. palumbus from across six European populations cluster together 
in a single clade with little differentiation. For C. p. azorica, samples appear in different clades, showing a mixture of 
genotypes in this population. In some cases, C. p. azorica haplotypes seems to be closer to C. bollii (Canary Islands) and C. 
trocaz than to the European populations of C. p. palumbus. Contrary to any expectation, these results suggest that C. p. 
azorica may have a different evolutionary history from C. p. palumbus, probably with colonization events at different periods 
from the European mainland populations with possible introgression and recombination among the different forms. 

 

 
 
P83 

The trans-Saharan slave trade – clues from interpolation analysis and high-
resolution characterisation of mitochondrial DNA lineages 
 
Pereira J.B.

(1,2)
 ,Harich N.

(3)
 ,Costa M.D.

(1,2)
 ,Fernandes V.

(1,2)
 ,Kandil M.

(3)
 ,Silva N.

(2)
 and Pereira L.M.

(2,4)
  

(1)
Faculty of Biological Sciences, University of Leeds, Leeds, United Kingdom 

(2)
Instituto de Patologia e Imunologia Molecular 

da Universidade do Porto, Porto 
(3)

Laboratoire d‘Anthropogénétique, Départment de Biologie, Faculté des Sciences, 
Université Chouaïb Doukkali, El Jadida, Morocco 

(4)
Medical Faculty, University of Porto, Porto 

presenting author´s email: joanap@ipatimup.pt 
 
Human migration events are being traced through high-resolution mitochondrial DNA (mtDNA) studies. The specific 
characteristics of mtDNA allow this uniparental marker to be used in evolutionary studies as it is possible to construct realistic 
phylogeographic analysis in human populations. The North African gene pool bears a high frequency of sub-Saharan 
lineages, in a proportion of ¼ to ½, which increases with geographic proximity to sub-Saharan Africa. It is believed that the 
Sahara desert is a strong geographical barrier since desertification occurred around 5,000 years ago, diminishing the gene 
flow of the sub-Saharan genes to North Africa. However, the Arab trans-Saharan slave trade could have facilitated greatly the 
migration of lineages, since its beginning in the middle of the seventh century, and still happening nowadays in Mauritania and 
Sudan. There were six main routes through which slaves, mainly females, were brought by Berber and Arab merchants 
essentially to Morocco, Algeria, Libya and Egypt. In order to ascertain the genetic influence of the Western trans-Saharan 
slave trade, we analysed 81 samples from El Jadida in Morocco, performing mtDNA haplogroup affiliation, including high-
resolution screening of selected haplogroups, and full characterisation of L3 lineages, which is the most diversified sub-
Saharan haplogroup. The results showed that the proportion of sub-Saharan and west Eurasian mtDNA haplogroups is as 
expected, with frequencies of 30.86% and 69.14%, respectively. The main part of West Eurasian lineages is possible 
originated from Iberian expanded clades like H1, V and U5b. Considering the L lineages frequencies in African populations, it 
is clear the gene flow barrier as it is evident a horizontal gradient across the continent. The interpolation analyses of L3 sub-
haplogroup distributions reveal a match to the known trans-Saharan routes and the coalescence age estimate for the L 
sequences observed in North African show that they share a young ancestry with lineages observed in sub-Saharan Africa (in 
the last 10,000 years), indicating its introduction in more recent/historical times. Both these observations favour the 
hypothesis that the trans-Saharan trade contributed significantly to the North African gene pool. 
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Ageing is a process dependent on the interaction of many factors, including genetic ones. Disentangling between the 
particular contributions of these factors is quite demanding, but since the mitochondrial theory of ageing was proposed, 
mitochondrial DNA (mtDNA) surveys have gained most attention in the genetic field. Many mtDNA variants and some mtDNA 
haplogroups have been described as longevity associated in European and East Asian populations, but no studies have been 
performed in the most diverse populations, the Africans. Other authors hypothesized that, instead of a particular 
substitution/haplogroup being longevity protective, a ―golden mean‖ of mildly-deleterious substitutions present in the mtDNA 
lineages would conduct either to longevity or to ageing. In this survey we looked for possible variants and haplogroups 
associations with longevity, by performing the analyses of complete mtDNA sequences in a group of centenarians versus a 
control group from Tunisia. This population harbors a mixed Eurasian/sub-Saharan mtDNA pool, which could facilitate the 
evaluation of a possible association between longevity and sub-Saharan diversity. The statistical analyses included the 
phylogenetic evaluation of lineages observed in the groups, which is usually disregarded in surveys applied to clinical 
genetics, a serious bias for non-recombining genomes. The phylogeny of the Tunisian centenarians was similar when 
compared with any tree constructed for mtDNA complete sequence in the general worldwide population. The sub-Saharan 
haplogroups were significantly less represented in centenarians (9.5%) than in controls (54.5%), but it is not possible to rule 
out an influence of population structure, which is high in these populations. The recurrent polymorphisms, described before in 
other studies as protective for longevity, were not more frequent in centenarians than in controls. Although the Tunisian 
centenarians harbored less synonymous and replacement polymorphisms than controls, this difference was not statistically 
significant. So far, it does not seem that centenarians have significantly less mildly deleterious substitutions, as shown here 
for Tunisian, and also confirmed for Japanese and UK/US centenarian‘s data, not supporting the ―golden mean‖ hypothesis to 
longevity. 
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In Drosophila, cold-resistance is a major adaptation to climate that seems to have evolved several times independently. In D. 
melanogaster several genes have been identified as being involved in cold resistance. Here we show that, in D. americana, a 
species distantly related to D. melanogaster, variation in two candidate genes for cold-resistance (Frost and a Dca duplicate) 
was found to be significantly associated with chill-coma recovery times. Thus, in Drosophila, the molecular basis of variation in 
cold resistance is, at least partially conserved in distantly related species. Nevertheless, there are important differences 
regarding these genes genus-wide. Dca-like genes are always found in higher copy number in species of the Sophophora 
subgenus than in species of the Drosophila subgenus. Furthermore, we show that, species of the Drosophila subgenus have 
longer Frost PEST regions (putatively involved in rapid protein degradation) than species of the subgenus Sophophora. 
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The observation that the coding sequences of some higher eukaryotes genes overlap might seem unexpected in light of the 
fact that the great majority of the genomes are gene deserts. This type of arrangement is more frequently associated with 
viral, bacterial, organelle and compact eukaryotic genomes, where is assumed to be a way to overcome space constrains. 
Nevertheless, even in higher eukaryotes, a significant fraction of genes overlap, that is, unique nucleotide sequences are part 
of more than one transcription unit. The regulation and evolutionary history of an overlapping gene pair is here exemplified by 
COG8, which encodes a component of the Conserved Oligomeric Golgi complex, and PDF, whose protein is involved in the 
deformylation of mitochondrion-encoded proteins. An impaired COG8 has been shown to result in a congenital disorder of 
glycosylation and human PDF has been regarded as a potential anticancer target. We show that the genes are not 
contiguous in fishes and amphibians; are in close proximity in reptiles, birds and some mammals; while in primates and 
rodents, their genomic sequences overlap in a region that includes the 3‘ end of COG8 and the entire PDF gene. Overlapping 
genes often exploit the 3‘ and 5‘ UTR signals of the partner and we have shown here that this seems to be the case of PDF 
and COG8, where both transcripts share the same terminal exon with its splice acceptor site and poly-adenylation signal. 
Furthermore, luciferase-based assays demonstrated that, after the overlapping event, PDF has retained its own independent 
promoter. As accidental results of genomic rearrangements, the evolutionary success of overlaps between coding or 
regulatory sequences requires the simultaneous retention of reading-frames and the preservation of functional upstream and 
downstream regulatory signals. Under such circumstances, gene viability and evolution are possible; in the absence of any of 
these conditions, most overlaps involving critical genes will be eliminated by purifying selection. The preservation of the 
COG8/PDF overlapping system throughout evolution seems to have been achieved because all the former conditions were 
fulfilled allowing the conserved functions of COG8 and PDF to remain unaffected. 
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Metalothioneins (MTs) are metal-binding proteins that play crucial roles in metal homeostasis and detoxification. The 
mammalian metallothionein family consists of four tandemly clustered genes (MT1 to MT4) that have been originated by gene 
duplication. Although all genes encode for conserved cysteine-rich peptides, MT1 and MT2 represent the ubiquitous members 
of the group while MT3 and MT4 seem to have confined activity in brain and epithelium, respectively. During human evolution, 
MT1 gene expanded by further duplications, which have resulted in 13 younger duplicated genes. The expression profile of 
human and mouse MTs reveals that while some duplicates retain the parental ubiquitous pattern some others show a restrict 
tissue-specific transcriptional activation. It also reveals lack of expression of human MT4, the most conserved duplicate 
between humans and mice. Further inspection of human coding sequences revealed that human MT4 seems to be no longer 
under functional constraints and is accumulating loss-of-function mutations in humans which have not reached fixation, 
indicating that the pseudogeneization event is evolutionary recent. Since the metal-binding properties of MT4 overlap those of 
MT1 and MT2, the increased number of MT1 duplicates, some of which also show tissue-specific expression seems to have 
provided a physiological buffer against the putative deleterious effect of the loss of MT4 in humans. 
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Genome alterations in response to mRNA mistranslation in yeast 
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Errors in mRNA translation (mistranslation) result in synthesis of aberrant proteins that misfold, aggregate or are degraded, 
speeding up cell degeneration and the development of diseases in mammals. In yeast and other unicellular organisms, 
mistranslation increases tolerance to stress and generates phenotypic diversity with adaptive and evolutionary potential. The 
observation that pathological events in eukaryotic cells are often related to genomic instability and genome rearrangements, 
together with literature evidences that mistranslation is mutagenic in bacteria, prompted us to investigate whether mRNA 
mistranslation could trigger genome instability. For this, we have engineered Saccharomyces cerevisiae strains to 
mistranslate constitutively and used several markers of genome instability to characterize these cells. Flow cytometry analysis 
indicated that mistranslating cells were often polyploid or aneuploid and epifluorescence microscopy of DAPI stained cells 
revealed nuclei morphology alterations and appearance of non-nucleated cells. A comparison of the genome of mistranslating 
and control cells using DNA oligonucleotide microarrays (aCGH) showed that mistranslating cells increased the copy number 
of genes involved in RNA processing, DNA damage repair, protein biosynthesis and cell division. Interestingly, these cells also 
increased the number of Ty retrotransposon gene copies, suggesting that mistranslation may trigger transposon mobilization 
and consequently genome mutagenesis. Our results raise the hypothesis that mistranslation may cause disease through 
genome instability and it will be interesting to determine whether such instability is oncogenic. 
Our work is supported by the Portuguese Foundation for Science and Technology through project PTDC/BIA-BCM/64745. JP 
is supported by the FCT grant SFRH/BD/22598/2005. LC is supported by FCT program Ciência2008. 
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Plant meiocytes undergo subsequent mitotic divisions to form the gametes, which must rapidly reprogramme their epigenome 
before fertilization. In Arabidopsis, the male germline differentiates by asymmetric division of haploid uninucleated 
microspores, giving rise to a vegetative cell enclosing a smaller generative cell that divides before anthesis to originate two 
sperm cells. The vegetative nucleus (VN) retains a somatic nature, orchestrates pollen tube growth and does not contribute 
with genetic material to the next generation. However, recent observations indicated that DNA demethylation and expression 
of particular transposable element (TE) loci occurs in the VN, producing siRNAs that might reinforce epigenetic silencing of 
TE activity in the gametes (1). Transcriptional profiling of FACS-purified mature pollen and sperm cells has shown that 
transcripts involved in small RNA biogenesis and RNA-directed DNA methylation are enriched in sperm cells (2), suggesting 
active epigenetic reprogramming as well as post-transcriptional regulation of gene expression. Our deep sequencing analysis 
of small RNA libraries from pollen and sperm cells revealed that 49 known miRNA families are enriched in the male gametes. 
We could predict 31 potentially novel miRNAs in sperm cells and can show cleavage of some of their predicted target 
transcripts in pollen samples. Thus our comparative sRNA sequencing coupled with the transcriptome data and pollen 
5‘RACE analysis suggests that miRNA pathways are active during sperm cell specification. Moreover, we are testing the 
hypothesis that some miRNAs accumulate in the male gametes to be delivered to the female gametes upon fertilization and 
only play a role during early embryonic development. 
References: 
(1) Slotkin RK (2009) Cell 136:461-472. 
(2) Borges F (2008) Plant Physiology 148:1168-1181. 

 

 



S5 
Genomics and Regulatory Networks 

 

 59 

OC90 

Heterochromatic and methylation dynamics during Arabidopsis thaliana 
embryogenesis and early germination 
 
Ribeiro-Varandas E.

(1)
 ,Carvalho A.

(1)
 ,Pereira H.S.

(1)
 ,Barão A.

(1)
 ,Viegas W.

(1)
 and Delgado M.

(2)
  

(1)
CBAA, Instituto Superior de Agronomia, UTL, Lisboa 

(2)
Faculdade de Engenharias e Ciências Naturais, Universidade 

Lusófona de Humanidades e Tecnologias, Lisboa 
presenting author´s email: edna77ribeiro@gmail.com 
 
Embryogenesis and early germination processes are crucial for plant development and survival, but the organization of 
heterochromatic domains, dynamics of methylation patterns, and centromere behaviour associated to these developmental 
stages are not yet understood. We therefore analyzed A. thaliana wild type embryos in globular, heart and torpedo stages, as 
well as early germination stages, where A. thaliana drm1/2 mutants (1 and 4 old seedlings) were also utilized. The results 
demonstrate a significant variation in heterochromatic nuclear content, with a substantial increase in heterochromatic content 
at torpedo, followed by a drastic decrease at the beginning of the germination process. By the 4th germination day the 
heterochromatic content is established. Results obtained with A. thaliana drm1/2 mutants show that this dynamic organization 
is blocked by DNA hipomethylation at early developmental stages. The observed variation in heterochromatic content 
throughout germination and embryonic development is accompanied by a dynamic organization of the centromeric and 
pericentromeric 180bp sequence. However, the organization of the centromere itself, revealed by the detection of the 
centromeric histone CenH3, is conserved regardless of the developmental stage or methylation status. To further understand 
heterochromatin dynamics throughout early development, we also analysed the ribosomal domain. The average number of 
45S rDNA signals was found to increase by two and one and a half between 1st and 4th day old wild type drm1/2 seedlings, 
respectively. This reveals that NOR association levels diminish along the germination process. Quantitative real time PCR 
further showed that the expression of 18S is downregulated in 4 day-old seedlings and this downregulation is less marked in 
drm1/2 mutants. Our results represent a new global approach, and demonstrate for the first time that methylation patterns are 
dynamic during embryogenesis and this dynamics is different from that observed after germination. 
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Organization of cells in space, in ways and manners to configure an organism is essential during embryonic development, as 
well as cell fate specification. Planar cell polarity (PCP) is the organization of cells within the plane of the epithelium, first 
described in Drosophila. This polarity is perpendicular to apical-basal polarity and is seen in many tissues, from fly to man. 
Proper cell signalizing is required for parallel arrangement of hairs and bristles in Drosophila wing and ommatidia eye. In 
vertebrates, PCP signalling is essential to skin development (scales in fish, feathers in birds and hair in mammals) and in 
tissue movements during vertebrate gastrulation in a process known as convergent extension (1). A ―core‖ group of tissue 
polarity genes has been identified and include Frizzled (Fz), Dishevelled (Dhs), Prickle (Pk), Flamingo (Fmi) and Strabismus 
(Stbm). Disruption of these genes results in loss of the coordinate, planar organization, but cells maintain their normal apical-
basal polarity and overall structure. A Frizzled signalling pathway dedicated to PCP (the non-canonical Frizzled pathway) acts 
through Dishevelled and small G proteins, as does the classical WNT pathway, but then diverges downstream of Dishevelled. 
Interaction between Prickle and Dishevelled is conserved among species, but Prickle interactions with other proteins are only 
beginning to be elucidated. Our aim is to identify proteins that interact with Prickle proteins, which will allow us to better 
understand Planar Cell Polarity mechanisms. We have used the yeast two-hybrid system for identification of proteins that 
interact with Prickle. We have cloned four conserved domains of Prickle (2), namely Cys, PET, LIM and PkH domains in the 
yeast high copy plasmid pLex-9. We started our study using PET domain that is specific of a small protein family, including 
Dyxin, LMO and Testin. Before screening a 17 days embryonic mouse cDNA library, 2-hybrid system was tested and our 
results showed that PET domain could be used in this system because it does not activate non specifically the 2- hybrid 
system. Using the PET domain as bait we have obtained an efficiency transformation of 2,79x105 clones/micrograme of DNA, 
which corresponds to global genome representation. After using the double selection required for the two hybrid system we 
have obtained 697 clones. Sequencing these clones allowed us to identify several proteins that are good candidates for direct 
interaction with PET domain, namely Rock 1, Pias 3, Freud-1 and Myak-S. These interactions are being confirmed using the 
GST pull-down technique. One of these proteins has already been implicated for epithelial constriction, which is essential to 
apical constriction that occurs during embryonic development (3). Therefore, we speculate that PET domain of Prickle is 
involved in interactions with proteins to form a planar polarity signalling complex that might be involved in cytoskeleton re-
organization. 
References: 
(1) Axelrod JD (2009) Semin Cell Dev Biol 20:964-971. 
(2) Bekman Eand Henrique D (2002) Gene Expression patterns 2:73-77. 
(3) Nishimura Tand Takeichi M (2008) Development 135:1493-1502. 
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The Squalius alburnoides is an hybrid cyprinid fish endemic from the Iberian Peninsula and resulted from interspecific 
hybridisation between females of Squalius pyrenaicus (P genome) and males of an unknown species related to Anaecypris 
hispanica (A genome). It is regarded as a hybridogenetic complex that includes individuals of various ploidy levels and 
genomic constitutions, which make it an interesting model to address question about gene expression regulation and genomic 
interactions in an allopolyploid context. Polyploid lineages resulting from hybridisation events have to face two important 
challenges, namely: the regulation of expression in a system of multiple gene copies and the overcoming of instability 
resulting from the presence of distinct genomes. For that, intricate dosage-compensation mechanisms must be working in a 
way that enables the lineages‘s adaptation and viability. In the Squalius alburnoides allopolyploid complex, the regulatory 
mechanisms that enable the species to cope with the gene dose increase and the different genomic contributions only 
recently started to be investigated (1). It was found that in triploid S. alburnoides, a compensation mechanism exists, reducing 
transcript levels of triploid fish to the diploid state (1). In the previously mentioned work, the same mass of tissue from diploid 
and triploid fish was used as source of RNA, but is now known that the same tissue in diploid and triploid fish represents 
different percentages of the animal body weight (2), and that the same weight of tissue between 2n and 3n probably 
corresponds to different cell numbers. That approach could have affected the magnitude of the detected silencing. Now we 
have been standardizing the experiments by cell number and not by tissue weight or initial quantity of total RNA. Gene 
expression levels for three house-keeping genes (b-actin; rpl8 and gapdh) were assessed by Real-time PCR between 2n and 
3n S. alburnoides liver cells, sorted from a light scatter consistently defined cell population. Additionally, the diploid expression 
levels for each parental genome (P and A) were as well assessed and compared, in order to preliminarily determine the level 
of contribution of each parental genomes to the hybrid forms. 
References: 
(1) Pala I et al. (2008) Current Biology 18:1344-1348. 
(2) Juchno V et al. (2009) Fish Physiology and Biochemistry DOI 10.1007/s10695-009-9322-x. 
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Hemileia vastatrix, the causal agent of Coffee Leaf Rust in coffee crops worldwide, affects Arabic coffee (Coffea arabica, 
which represents 70% of coffee production) causing up to 30% yield losses if no control measures are applied. These 
burdensome losses associated with the high costs of control application, emphasise the importance of the creation of 
resistant plants. Over the past 50 years, research at CIFC enabled the characterisation of resistant coffee germplasm and the 
identification of races of the pathogen, since the C. arabica – H. vastatrix interaction follows the gene for gene theory. The aim 
of this work is the identification and expression analysis of genes involved in the first steps of H. vastatrix differentiation 
process. For such, genes involved in the differentiation and pathogenicity of other rust fungi (available in the literature) were 
compared with an H. vastatrix EST database (Fernandez et al., 2010), enabling the identification of candidate genes involved 
in H. vastatrix differentiation process. An in vitro system was used to obtain the first steps of H. vastatrix differentiation 
process. Uredospores germination and appressoria differentiation were monitored by light microscopy and no significant 
differences were observed between artificial membranes and leaves. Nuclear condition of spores, germlings and appressoria 
observed in vivo and in vitro, studied by DAPI detection, was identical. The differential expression of genes involved in 
signalling (mitogen-activated protein kinase and Gα protein subunit), transport (aminoacid and sugar) carbohydrate 
metabolism (manitol dehydrogenase, invertase and chitin deacetylase) during in vitro uredospore germination and 
appressoria formation are studied by RT-qPCR analysis, using the translation elongation factor and cytochrome b genes as 
housekeeping controls. The characterisation of the expression patterns of genes involved in the differentiation of this 
pathogen will enhance our comprehension on the genetic basis of pathogenicity in H. vastatrix. Together with the information 
on the genetics of Coffea spp. resistance to H. vastatrix, this knowledge will improve our understanding of gene for gene 
interaction in the H. vastatrix – Coffea spp. pathosystem, leading to a more informed deployment of resistant varieties in 
coffee crops in order to attain a sustainable agriculture. 
References: 
(1) Fernandez D et al. (2010) Poster présenté au Journées J. Chevaugeon – VIIIème rencontres de 
Phytopathologie/mycologie Aussois:France-5-29 Janvier. 
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Our previous study revealed a polymorphic maximum number of Ag-NORs among Old Portuguese bread wheat cultivars (1). 
These cultivars, with a maximum of 4 and 6 Ag-NORs were used in direct (4 NORs x 6 NORs) and reciprocal (6 NORs x 4 
NORs) crosses. In this study, we intended to analyze the transmission of Ag-NORs to the F1 and F2 generations as well as 
the NOR methylation patterns in those plants. The first goal was accomplished after using the sequential technique of silver 
staining and FISH performed with the probes pTa71 and genomic DNA from Aegilops tauschii, simultaneously. The NOR 
methylation indexes and patterns were evaluated after genomic Southern blots of the F1 and F2 plants performed with the 
restriction enzymes HpaII and MspI, and after hybridization with pTa71. The silver staining technique revealed that the F1 
hybrids presented a maximum number of Ag-NORs: a) equal to the female parent (maternal effect); b) 6 Ag-NORs in both 
direct and reciprocal crosses; and c) 4 Ag-NORs in both direct and reciprocal crosses. These 3 transmission modes of the 
characteristic maximum number of Ag-NORs could not be explained by the mendelian genetics. Besides, the dominance of 6 
Ag-NORs or 4 Ag-NORs indicated a stochastic onset in the inheritance of this characteristic. Therefore, the inheritance of the 
Ag-NORs number by the F1 seems to be epigenetically regulated. After the rRNA genes expression study in a total of 2,400 
F2 plants, a proportion of 2:1:1 of plants with 4NORs:5NORs:6NORs was achieved. Combining the plants with total and 
partial inactivation of the 5D NOR (4 and 5 NORs), and comparing that proportion with those plants with total activation of the 
5D NOR (6 NORs), we noticed a ratio of 3:1. Although this proportion is characteristic of mendelian genetics, it should be 
discarded since in this study, at least, 3 rDNA loci are involved. After evaluating the NOR methylation indexes and patterns, 
we verified that the natural variation detected among the parent cultivars (1) was epigenetically transmitted to the F1 and F2 
generations, due to the observation of intermediate methylation indexes between the parental values. Additionally, we 
observed a reconfiguration of the NOR methylation patterns which corroborate this assumption. Similar results were achieved 
by (2) in the F1 and F2 generations of Arabidopsis thaliana. Our results evidenced that NORs were themselves determinant of 
natural variation in NOR methylation and their inheritance suggests the involvement of several mechanisms. 
Acknowledgements: this work was supported by the Project PTDC/AGR-GPL/65876/2006 and by the PhD grant 
SFRH/BD/17348/2004, both financed by the Portuguese Foundation for Science and Technology (FCT). 
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Legumes (Leguminosae) are among the most important agricultural taxons on Earth. Their unique feature is the ability to 
enter a nitrogen-fixing root nodule symbiosis with prokaryotes, resulting in the conversion of atmospheric nitrogen to ammonia 
that is subsequently supplied to the plant for incorporation into amino acids. As most of higher plants, legumes can also 
establish an arbuscular mycorrhiza (AM) symbiosis with fungi. In return for the supply with carbohydrates the fungus transfers 
minerals, and in particular phosphorus, from the soil to the plant. The project aims to analyze the transcriptome of wild type 
and mutant lines of the model legume Medicago truncatula in different developmental stages of both root nodule and AM 
symbiosis. Data obtained with Affymetrix GeneChip arrays, representing more than 48K Medicago transcripts, will be made 
available to the community in form of the Truncatulix database (1). Our ongoing research covers genes differentially 
expressed during the initiation and development of root nodules as well as during the differentiation of nodule tissues; 
differentially regulated gene sets in response to altered nitrogen metabolism in root nodules; and gene transcription profiles 
during distinct mycorrhizal colonization processes under varying inorganic phosphate fertilization levels. The new data sets 
are likely to elucidate important aspects of nodule development including metabolic specializations between infected and 
uninfected cells of the nitrogen-fixing zone; information concerning the fine regulatory mechanism controlling inorganic 
nitrogen assimilation and nitrogen use efficiency in plants; and how genes are involved in plant-fungus signaling that is fully 
controlled by phosphate availability. 
References: 
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Intercellular communication, cell-cell adhesion and fusion are among the earliest evolutionary cellular events that were 
determinant for the successful transition to multicellularity. Despite the different cell types known to undergo fusion, the 
underlying cellular events seem to be similar irrespective of cell type. Therefore, it is plausible that some molecular players 
have been retained over evolution due to their essential cellular functions. In plants, fertilization is a fundamental biological 
process, which involves two independent fusion events. However, the molecular mechanisms by which plant gametes 
recognize each other and fuse or that determine the specificity of each fusion event is still poorly understood. We undertook a 
comparative transcriptome approach combined with bioinformatic analyses across different model organisms in order to 
identify candidate genes in Arabidopsis with potential fusogenic properties. As first candidates, we identified two sperm cell-
expressed genes with homology to tetraspanins. Tetraspanins belong to a large family of membrane proteins in eukaryotes 
with known functions in cell-cell communication, adhesion and gamete fusion. We found that other members of the 
Arabidopsis tetraspanin family are specifically enriched in male and female gametes as well as in other reproductive tissues. 
We are currently exploring their possible functions in different cellular processes during sexual plant reproduction with a focus 
on gamete interactions. 
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The origin of morphological novelties is a long-standing challenge in evolutionary biology. Its understanding demands 
elucidation of developmental and genetic mechanisms that produce such new structures. Dorsoventral asymmetry of flowers 
is thought to have evolved many times independently in different angiosperm lineages from radially symmetric ancestors 
providing a good system to study molecular interactions responsible for the establishment of a novel trait. Antirrhinum majus 
flowers are asymmetric along their dorsoventral axis, having distinct dorsal, lateral and ventral organ petals and stamens. The 
genetic regulatory network underlying this trait requires the combined activity of four transcription factors: CYCLOIDEA 
(CYC), DICHOTOMA (DICH), RADIALIS (RAD) and DIVARICATA (DIV). Previous genetic and molecular studies revealed 
that RAD acts downstream of CYC and DICH to establish the dorsal identity to the flower primordia. DIV is expressed in the 
whole floral primordium, even though it only has a phenotypic effect in the ventral regions of the flower. It has been suggested 
that RAD might antagonize the function of DIV post-transcriptionally. Because RAD and DIV encode for related MYB-Like 
transcription factors, one possibility would be that DIV might act as a transcriptional activator to promote ventral identity, while 
RAD might inhibit DIV through competition for a common protein or DNA target. To study the molecular mechanism 
underlying the antagonistic action of RAD on the function of DIV, a Yeast-Two-Hybrid screening was performed using RAD as 
bait. Two new related MYB-Like transcription factors were identified as being interactors with RAD (RAD INTERACTING 
PROTEIN1 and RAD INTERACTING PROTEIN2, RIP1 and RIP2), and interestingly they also interact with DIV. These highly 
similar RIPs, which belong to a yet uncharacterized class of MYB-Like transcription factors, could be the cofactors 
responsible for the molecular antagonism between RAD and DIV. Binding studies with RAD, DIV and RIPs will be performed 
in order to understand the affinity and specificity of this interaction. 
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MicroRNAs (miRNAs) are short (~22 nt) non-coding regulatory RNAs that control gene expression at the translational level. 
Deregulation of miRNA expression has been discovered in a wide variety of tumours and it is now clear that they contribute to 
cancer development and progression. Cervical cancer is one of the most common cancers in women worldwide and there is a 
strong need for a non-invasive, fast and efficient method to diagnose the disease. We investigated miRNA expression profiles 
in cervical cancer using a microarray platform containing probes for mature miRNAs. We have evaluated miRNA expression 
profiles of a heterogeneous set of cervical tissues from 25 different patients. This set included 19 normal cervical tissues, 4 
squamous cell carcinoma, 5 high-grade squamous intraepithelial lesion (HSIL) and 9 low-grade squamous intraepithelial 
lesion (LSIL) samples. We observed high variability in miRNA expression especially among normal cervical samples, which 
prevented us from obtaining a unique miRNA expression signature for this tumour type. However, deregulated miRNAs were 
identified in malignant and pre-malignant cervical tissues after tackling the high expression variability observed. We were also 
able to identify putative target genes of relevant candidate miRNAs. Our results show that miRNA expression shows natural 
variability among human samples, which complicates miRNA data profiling analysis. However, such expression noise be 
filtered and does not prevent the identification of deregulated miRNAs that play a role in the malignant transformation of 
cervical squamous cells. Deregulated miRNAs highlight new candidate gene targets allowing for a better understanding of the 
molecular mechanism underlying the development of this tumour type. 
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We are studying how various Ascomycota species reassigned CUG codons from leucine to serine and trying to elucidate the 
evolutionary pathway of such reassignment. Our model system is Candida albicans, which translates CUG codons as serine 
using a novel tRNA CAGSer that replaces the standard tRNACAGLeu. Here we present the phylogeny of the tRNAsCAG in 
the phylum Ascomycota and show how divergent evolution of these tRNAs shaped the decoding rules of all CUN codons. The 
sub-phylum Saccharomycotina includes three different clades, namely: 1) the CTG clade which includes species that 
translate CUG codons as serine, 2) the WGD clade which includes species with a Whole Genome Duplication, and 3) the 
Protoploid clade which includes species that diverged before the WGD event. We discovered two new types of tRNA CAGLeu 
genes in Protoploid species. The existence of these new tRNAsCAGLeu in one clade (Protoploid), their absence in another 
(WGD), plus the occurrence of tRNACAGSer in the third clade (CTG) shows that CUG codons are translated with different 
levels of efficiency within Saccharomycotina species. CUG reassignment in the Ascomycota had a profound effect on the 
decoding rules of the CUN codon family. Since these tRNAs appeared and evolved in a relatively short period of time, our 
data shows for the first time how tRNAs influence and determine codon usage and decoding rules, with consequences at 
genome level. 
This study was supported by the Portuguese Foundation for Science and Technology through project PTDC/BIA-
BCM/64745/2006. MS holds a grant SFRH/BPD/20781/2004/97Z8 
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Protein synthesis fidelity is essential for proteome stability and for functional maintenance of cellular processes, however, 
mRNA translation is affected by tRNA frameshifting, misense and nonsense errors which cause disease in humans and mice, 
namely neurodegenerative diseases. To study the cellular basis of these diseases and the biology of genetic code 
mistranslation, we have engineered inducible tRNA misreading in Saccharomyces cerevisiae and used mRNA profiling of total 
and polysome associated mRNAs (translatome) to determine whether general codon misreading affects gene expression. 
Induced mistranslation up-regulates genes involved in the general stress response and in the unfolded protein response 
(UPR). Transcriptome and translatome data analysis and cross-validation showed that the cellular response to mistranslation 
is mainly transcriptional, however the expression of several stress genes was potentiated at the translational level and 
expression of a small number of genes was regulated at the translational level. The translatome of mistranslating cells helped 
unveiling the fundamental roles of the general stress response and permitted the identification of the transcription factors that 
control the cellular response to mistranslation. The data provides the first global view of how mistranslation causes eukaryotic 
cell degeneration and death. 
Our work is supported by the Portuguese Foundation for Science and Technology through project PTDC/BIA-BCM/64745. JP 
is supported by the FCT grant SFRH/BD/22598/2005. 
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Plants, as sessile organisms, are constantly exposed to several environmental cues (extreme temperatures, salinity or 
drought). These conditions cause them important biological alterations, namely at molecular level. Particularly, under heat 
stress conditions occur modifications in the post-transcriptional machinery, inducing alterations in plant transcriptome and 
proteome. The analysis of heat-treated Arabidopsis transcriptome, using the Affymetrix microarray gene expression profiles 
(NASC), allowed the identification of one gene of interest (HRR) that is highly overexpressed in these conditions and 
possesses an unknown gene/protein function. Phenotypic characterization on mutant and overexpressed seeds corroborates 
the association of this gene to heat stress responses. Results will be presented concerning the bioinformatic and expression 
analysis of this heat stress responsive gene that seems to be implicated at the post-trascriptional regulation 
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Plants are exposed to marked abiotic and biotic stresses and therefore have genomes with high plasticity. Genome answer to 
stress conditions entails the modulation of gene expression patterns through epigenetic processes associated to chromatin 
remodelling. In this context, the question about how repetitive coding and no-coding sequences change their organization 
patterns under temperature stress was the aim of the present work. Plant response to temperature stress conditions was 
studied through the evaluation of chromatin physical organization of rDNA and pSc200 sequences in interphase nuclei of rye 
(Secale cereale L.). Nor loci are composed by numerous repetitive rDNA sequences, clustered in specific chromosome 
regions (Nucleolar Organizer Regions - NORs), comprehending a euchromatic active domain and a heterochromatic silenced 
one. On the other hand, pSc200 is a non-coding rye-specific sequence mapped in almost all subtelomeric domains. Rye 
seedlings were germinated in controlled conditions and were analyzed after exposure to High Temperature Stress (HTS, 4 
hours at 40ºC), after HTS plus 7 hours recover time period and after Cold Stress (CS, 1 day at 4ºC). Analysis of chromatin 
organization was performed through Fluorescence In Situ Hybridization (FISH) in untreated and treated seedlings. Chromatin 
remodelling changes were detected under either temperature stress conditions in both repetitive sequences analyzed, 
revealing nuclear topology distinct adjustments correlated with different plant response strategies under stress conditions. 
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A família Fagaceae é uma importante família de espécies florestais que se encontra distribuída por todo o hemisfério Norte. 
Os géneros europeus Fagus, Quercus e Castanea contribuem determinantemente para os ecossistemas onde se inserem. 
Destes ecossistemas, o montado tem uma importância fundamental na zona mediterrânica especialmente em Portugal onde 
estão presentes com distribuição simpátrica a azinheira, Q. rotundifolia e o sobreiro Q. suber, espécies esclerófilas de 
folhagem persistente. Apesar das suas semelhanças os genomas destas espécies têm tamanhos diferentes sendo a 
azinheira a espécie com maior genoma. Um dos principais componentes dos genomas são os elementos transponiveis (TE) 
que têm capacidade para se amplificarem e transporem de um local para outro no cromossoma, e assim assumirem um 
papel central na estrutura, evolução e função de genomas eucariotas sendo particularmente abundantes em plantas.Os 
retroelementos, particularmente aqueles que possuem repetições terminais longas (LTR - Long Terminal Repeat) em cada 
uma das suas extremidades apresentam um processo de transposição semelhante ao dos retrovirus envolvendo um 
mecanismo de transcrição reversa seguido da integração da cópia do novo DNA no genoma. As duas classes de 
retrotransposões LTR ―gypsy-like‖ e ―copia-like‖, apenas diferem na ordem das suas proteínas codificadas. Estes 
retroelementos são uma ferramenta muito usada na caracterização dos genomas ao poderem ser convertidos em 
marcadores genéticos. Neste trabalho utilizou-se o genoma de azinheira para isolar e caracterizar a nível molecular e 
citogenético oito sequências parciais de retroelementos ―gypsy-like‖ e ―copia-like‖. A amplificação destas sequências com 
primers específicos revelou que algumas das cópias destes elementos se encontram inseridas com orientações opostas. A 
análise comparativa com os genomas de Q. suber, C. sativa e F. sylvatica revelou que uma das sequências ―copia-like‖ 
apresenta o mesmo padrão em todas as espécies, enquanto todas as outras mostram variabilidade interespecífica. 
Adicionalmente, uma sequência RVT ―gypsy-like‖ apresenta um padrão igual nas duas espécies de Quercus e diferente nos 
outros genomas evidenciando as relações filogenéticas entre as espécies estudadas. A organização interfásica de algumas 
destas sequências foi também estudada por FISH revelando um padrão disperso. Estas sequências revelaram-se muito úteis 
para a caracterização genómica das Fagaceae, abrindo perspectivas para um melhor conhecimento da história evolutiva 
desta família. 
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Salinity is one of the major constrains to increasing production in rice (Oryza sativa L.) growing areas worldwide being 
secondary only to drought. We now need to face up climate change and the use of more and poorly irrigated land to 
accommodate the growing demand for rice. Therefore, the comprehension of the underlying molecular basis of salt stress 
adaptation in rice is nowadays crucial. The main goal of this research is to study the diversity of rice cultivars in order to find 
the correlation between allelic variation and contrasting phenotypes under salt stress. Our final target is to find rice responsive 
alleles for salinity tolerance and design new markers for breeding purposes. We are using the EcoTILLING strategy to 
characterize natural alleles at specific loci, across approximately 400 germplasm accessions (of worldwide provenance). This 
mini-core collection is representative of the large morphological, physiological, and ecological variation available in 
domesticated rice. After DNA isolation from the 400 accessions, we pooled each sample with the respective reference variety 
‗Nipponbare‘ or/and ‗IR64‘. A crude extract of the endonuclease CEL1 was purified from celery (CJE- Celery Juice Extract) 
and used for digestion of mismatches and polymorphism detection in agarose gel electrophoresis. Primers were designed to 
amplify 1Kb fragments covering the whole gene region OsCPK17. This gene belongs to a family of calcium-dependent protein 
kinases (CDPK), known to be involved in stress response. OsCDPK17 contains cis-elements responsive to various stress 
stimuli: ABA, light, dehydration and defence. Apparently, OsCDPK17 seems to be down regulated by cold, drought and salt, in 
the some stress tolerant cultivars. The results obtained so far confirmed the existence of different haplotypes in OsCPK17. 
Phenotyping experiments will be performed soon in order to identify putative correlations with the allelic variants already 
found. We will present our most recent data and discuss the utility of EcoTILLING and SNP discovery in breeding efforts for 
salt tolerance. 
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Embryogenesis in conifers presents distinct features when compared to Angiosperm embryogenesis. Due to the major 
worldwide economic importance of many conifer species, a better knowledge of embryo development in these plants is 
needed and can be important for application in propagation strategies. In a previous study where maritime pine (Pinus 
pinaster) zygotic embryos were used, one transcript encoding to a small GTP-binding protein was identified as differentially 
expressed during early stages of embryo development. This transcript, named PpRab1, putatively codes for a protein that 
contains the double cysteine motif (GGCC) in the C-terminal, target for the post-transcriptional modification prenylation, and 
five conserved short regions (RabF1-RabF5) characteristic of the Rab family of small GTPases. To a better knowledge 
regarding the role of this gene during embryogenesis, somatic embryogenic tissue from Norway spruce (Picea abies) was 
genetically transformed in order to overexpress PpRab1. A general improvement in the regeneration of mature somatic 
embryos was observed in the transformed lines. Further analyses of these lines will allow us to confirm the maturation 
promoting effect of this transcript and provide clues to uncover its role in embryogenesis. 
Fundação para a Ciência e a Tecnologia (FCT), through projects POCI/AGR/57902/2004 and PTDC/AGR-GLP/102877/2008 
and grant SFRH/BD/32037/2006 (MS) is acknowledged for financial support. 
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A collection of 134 bread wheats (Triticum aestivum L.) and 128 durum wheats (Triticum durum Desf. and Triticum turgidum 
L.) mainly grown in Portugal were characterized for the composition of wheat storage proteins: high molecular weight glutenin 
subunits (HMW-GS), low molecular weight glutenin subunits (LMW-GS) and ω-gliadins. The composition of HMW-GS, LMW-
GS and ω-gliadins, encoded at Glu-1, Glu-3 and Gli-1 loci, respectively, was revealed by sodium dodecyl sulphate 
polyacrylamide gel electrophoresis (SDS-PAGE). Wheat storage proteins allelic composition of bread and durum wheat 
patterns is given. Bread wheat collection showed a total of 56, 42 and 36 patterns for HMW-GS, LMW-GS and ω-gliadins, 
respectively. Sixty-one different alleles were identified for the nine loci studied. For HMW-GS encoded at Glu-A1, Glu-B1 and 
Glu-D1 loci, 4, 10 and 6 alleles were observed, respectively. LMW-GS displayed similar polymorphism, at Glu-A3, Glu-B3 and 
Glu-D3 loci, which comprise 5, 9 and 3 alleles, respectively. Fifteen alleles were observed for ω-gliadins found at Gli-A1, Gli-
B1 and Gli-D1 loci with, 5, 16 and 3 alleles, respectively. In the durum wheat collection, a total of 22, 24 and 25 patterns were 
observed for HMW-GS, LMW-GS and ω-gliadins, respectively. Fifty different alleles were identified for the seven loci studied: 
Glu-A1 (3), Glu-B1 (13), Glu-A3 (6), Glu-B3 (7), Glu-B2 (2), Gli-A1 (5) and Gli-B1 (14). A total of 129 patterns resulted from 
the genetic combination of the all alleles encoded at the nine loci in the bread wheat and 99 patterns were identified from the 
genetic combination of the all alleles encoded at the seven loci in the durum wheat. The genetic distances within bread and 
durum wheat and the cluster groups are presented. The variation among the most frequent alleles between the old and the 
modern bread and durum wheat grown in Portugal is discussed. 
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The model organism Saccharomyces cerevisiae stands today at the forefront of molecular biology and functional analysis in 
genetics and genomics. However, understanding of the ecological, evolutionary and population genetic features that shaped 
the biology of this species is underscored by a wealth of knowledge on molecular and cellular biology obtained from a very 
limited number of laboratory strains. In this reasoning, we constituted one of the largest bio-databanks of S. cerevisiae that 
were obtained from winemaking environments in Portugal and France.  
During the harvest time of 2001 to 2009, 604 grape samples were collected in appellations of origin in Portugal (Vinho Verde, 
Dão, Douro, Bairrada, Estremadura, Palmela, Ribatejo, Açores) and France (Languedoc). The grape samples belonged to the 
varieties Alvarinho, Aragonez, Arinto, Avesso, Baga, Bical, Castelão, Carignan, Loureiro, Maria Gomes, Terrantez, Touriga 
Nacional and Verdelho. Yeast populations, in particular S. cerevisiae, were isolated after spontaneous fermentation of the 
extracted grape juice. From the final stage of 258 fermentations, 7740 yeast isolates were obtained, belonging mainly (5496 
isolates) to the species S. cerevisiae. An initial genetic screen, based on mitochondrial DNA restriction fragment length 
polymorphism (mtDNA RFLP), electrophoretic karyotyping or interdelta sequence analysis, was followed by microsatellite 
analysis of strains with unique genetic profiles. Isolates were assigned to 752 different strains, based on their microsatellite 
allelic distribution. The resulting web-based autochthonous strain collection is one of the largest S. cerevisiae bio-databanks 
and is a resource for sustainable biodiversity preservation, equitable sharing of genetic data and winemaking strain selection.  
This work was financially supported by the programs POCI 2010 (FEDER/FCT, POCTI/AGR/56102/2004) PTDC (AGR-
ALI/103392/2008) and the European Community´s Seventh Framework Programme (FP7/2007-2013) under grant agreement 
nº 232454. 
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Sterols are isoprenoid-derived lipids that have essential roles in plant growth and development. Although recent knowledge 
has emerged in plant sterol metabolism, a key question remains: do plant sterols play stricktly a structural role or are they also 
involved as signaling molecules? In a screening for essential genes involved in plant drought tolerance we identified an 
Arabidopsis mutant dry2/sqe1-5 (drought hypersensitive/squalene epoxidase 1) that is affected in the Squalene Epoxidase 
Gene-1 (SQE1) [1]. Squalene epoxidase enzymes catalyse the conversion of squalene into 2,3-oxidosqualene, the precursor 
of cyclic triterpenoids. Mutations in SQE1 cause reduced root and hypocotyl elongation, diminished stature and unviable 
seeds, indicating an essential role of this gene in plant development. dry2/sqe1-5 also shows altered production of Reactive 
Oxygen Species (ROS) and delocalization of RHD2 NADPH oxidase in roots hairs. Therefore we propose that sterols have an 
essential role in the localization of NADPH oxidases required for ROS regulation. In addition to their predicted structural 
function, we propose that plant sterols have essential signalling roles in plant development and that sterol signalling is 
mediated through the regulation of ROS. To further investigate this possibility we set out to identify second-site mutations 
induced by EMS that abrogated the drought hypersensitivity phenotype observed in dry2/sqe1-5, as this phenotype is easily 
scored. Second site mutations in the dry2/sqe1-5 background suppress the defective shoot growth and ROS accumulation. 
We are now in the last stage of identifying those second-site mutations using map-based cloning. 
References: 
(1) Posé D (2009) The Plant Journal 59:63-76. 
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The earths‘ biosphere is large and varied, from temperate environments inhabited by humans and most other eukaryotes, to 
hostile environments inhabited by extremophilic microorganisms. Indeed life on earth is ubiquitous, even being located in 
such extreme environments as the deep oceans, hydrothermal vents, Antarctic waters, soda lakes and acidic springs. We are 
interested in microbial adaptation to extremes of temperatures, both low and high, with a particular focus on organisms 
inhabiting permanently low temperature environments. The ability of these organisms, known as psychrophiles, to not only 
survive, but to thrive, in this environmental extreme has stimulated interest in the biochemical strategies used by these for 
adaptation. Clearly these organisms have successfully overcome the major obstacles inherent to life in the cold and 
effectively adapted their cellular components to the environment. Their strategy of adaptation must include: maintenance of 
membrane fluidity, efficient transcription and translation rates, efficient nutrient transport, cryoprotection and importantly, the 
maintenance of an efficient enzyme activity. We have focused on the latter factor i.e. the adaptation strategies used by these 
organisms to maintain high enzyme activity at low temperatures. Aim: to determine the molecular determinants of low 
temperature adaptation in industrially important cold adapted enzymes. We have isolated and characterized two cold adapted 
enzymes: an extracellular xylanase and a periplasmic thiol-disulphide oxidoreductase. The three dimensional structures of 
these has been determined (X-ray crystallography and NMR, respectively) and their biochemical, physicochemical and 
biophysical characteristics have been examined and compared to those of their mesophilic and thermophilic homologs. In 
particular, their activity, stability and structural dynamics in relation to temperature have been studied and shows these 
enzymes to be characterised by a high activity at low temperatures, a reduced stability and possibly also an increased 
flexibility. These enzymes have successfully overcome the low temperature challenge and this is believed to be achieved by 
means of an increase in the flexibility of the protein structure, thereby allowing for the molecular motions necessary for 
activity in their low thermal energy environment. Nevertheless, while the observed decreased stability and high activity at low 
temperatures does support this hypothesis, there is, as yet, no direct experimental evidence of an increase in flexibility. 
Currently we are investigating NMR as a means for probing this proposed role of protein dynamics in adaptation to 
temperature. Here we will discuss the principal results of our studies of these two enzymes indicating the putative adaptation 
strategies of each and showing how extremophilic environments offer potentially rich sources of novel enzymes with a 
potential for use in industry. 
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Strawberry tree (Ericaceae) is a species of Mediterranean climates growing in several countries of the Mediterranean basin as 
well as in Portugal and Ireland. The edible fruits have been used in different ways yet the production of a popular spirit is still 
the main application. The species is also interesting from an ecological perspective since it is drought tolerant and fire 
resistant. In spite of its large distribution in Portugal little is known about the genetic diversity of the species and no efforts 
have been carried out to select the most interesting trees. Material from selected trees (based on fruit production) in a total of 
27 was collected all around the country covering the distribution area of the species. In order to find out DNA markers to 
characterise genetic diversity and to fingerprint Arbutus unedo, random amplified polymorphic DNA (RAPD) and microsatellite 
markers (SSR) were used. The set of 20 RAPD primers used generated 124 bands, from which 71 (57.3%) were polymorphic 
and the expected heterozygosity was 0.27±0.014. The cluster analysis (UPGMA) based on the Jaccard similarity index 
showed a similarity of 71% among the trees of different origins. Only four genotypes could be grouped according to their 
geographical distribution. Eleven SSR primers designed for Vaccinium (an Ericaceae as A. unedo) were selected according to 
their polymorphism, number of alleles per locus, cross-amplification, allele scoring quality and the repeat motif, and were 
tested in A. unedo. Six loci showed to be polymorphic, with 71% mean expected diversity, 10.5 mean number of alleles, and 
67% of average polymorphic information content. A mean homozygote excess was found (11%) although not significant. 
Estimation of null allele frequency was about 9% on average. The linkage disequilibrium test showed that all the loci were 
independent. The UPGMA clustering based on the Lynch and Ritland coefficient showed that only two genotypes shared 
about 50% of the alleles, but without a consistent geographic pattern, similarly to the results obtained by RAPD analysis. The 
Mantel test confirmed that there is no correlation between the genetic and the geographical distance matrices, for both 
makers. Reduced gene flow, due to fragmentary distribution, together with the type of mating system of this species 
(pollination by small insects), are plausible explanations for these results. As far as we know our work is the first detailed 
study to evaluate A. unedo diversity by molecular markers opening new perspectives for fingerprinting analysis and for 
conservation and improvement purposes. 
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Optimization of somatic embryogenesis (SE) in maritime pine (Pinus pinaster) is critical for functional genomics approaches 
aiming at the dissection of plant developmental processes and response to abiotic and biotic factors. The objective of the 
present work is to improve SE in pine for application of genetic engineering strategies for future validation of the role of 
candidate genes in the response to the pinewood nematode disease (Bursaphelenchus xylophilus). SE in conifers has been 
induced in most cases using 2,4-dichlorophenoxyacetic acid (2,4-D) in the initiation media (1). There are however a few 
studies reporting the use of other plant growth regulators (PGRs) namely brassinolide (BL). BL is the most bioactive form of 
the growth-promoting plant steroids termed brassinosteroids (BRs). SOMATIC EMBRYOGENESIS RECEPTOR-LIKE 
KINASE (SERK) genes have been demonstrated to play a role in somatic embryogenesis in several plant species and 
recently it was demonstrated that AtSERK1 is involved in mediating BR signaling (2). We have studied the effect of 
brassinolide in the induction of SE in maritime pine in comparison with other PGRs, namely phenyl-N'-(2-chloro-4-pyridyl)urea 
(CPPU) and 2,4-D. A promoting effect of BL on the induction of embryogenic cell lines was observed. Furthermore, the early 
growth of somatic embryo plants was also enhanced. Results will be presented and discussed. Acknowledgements: This work 
was supported by by Autoridade Florestal Nacional through the project ―Resposta Biotecnológica ao Problema do Nemátode 
da Madeira do Pinheiro‖. 
References: 
(1) Miguel C et al. (2004) Plant Cell Tissue Organ Cult 76:121-130. 
(2) Albrecht C et al. (2008) Plant Physiology 148:611-619. 
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Cork oak (Quercus suber L.) is among the most important tree species, both economically and ecologically, in the Western 
Mediterranean region, where it constitutes unique open woods created and maintained by man, known in Portugal as 
―montados‖. The largest cork oak forests, covering about 700.000 ha are located in Portugal. Due to the economical value of 
these sustainable ecosystems and also because cork-oak woodlands are renowned reservoirs of biodiversity, the spatial 
organization of the genetic variation in Q. suber natural populations needs to be better understood as to provide reasonable 
guidelines for conservation strategies. Although a great deal of details on the genetic divergence of the Mediterranean cork 
oak populations has been uncovered and several hypotheses have been advanced concerning its evolutionary history, there 
is still much to unravel. To achieve this goal a different and complementary analysis of cork oak chloroplastidial and nuclear 
DNA was performed under a phylogeographical framework. This study is the starting up of a project aiming at assessing 
genetic variation in natural populations of cork oak, selectively sampled from the entire Mediterranean distribution, by 
investigating nucleotide diversity in intraspecific variable cpDNA regions and nuclear microsatellites (SSRs) polymorphisms. 
Here we present the very first results of the analysis of some key Portuguese populations for two chloroplastidial intergenic 
spacer regions and three EST (Expressed Sequence Tags)-derived microsatellites (EST-SSRs). Although a low level of 
variability has been found up to now, some polymorphisms at the cpDNA regions and rare alleles were identified in some 
populations. Population structure and diversity parameters will be discussed. 
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The Arabidopsis genome contains five Class III homeodomain-leucine zipper (HD-Zip III) genes: REVOLUTA (REV), 
PHABULOSA (PHB), PHAVOLUTA (PHV), which form one clade, and AtHB15 and AtHB8 that form a separate one. This 
gene family has been reported to regulate apical embryo patterning, embryonic shoot meristem formation, organ polarity, 
vascular development, and meristem function. The HD-Zip III proteins are characterized by comprising a DNA-binding HD-Zip 
domain, a START domain and a C-terminal MEKHLA domain. In Arabidopsis, REV has been described as playing a role in 
vascular patterning and both PHB and PHV on lateral organ polarity. AtHB15 and AtHB8 transcription factors are found to be 
expressed in the procambium cells and their roles have been suggested to be antagonistic. In Populus, a whole-genome 
duplication event has been described, with about 8000 pairs of duplicated genes remaining in the Populus genome to the 
present day (1). Through an in silico analysis, eight putative orthologous of the five HD-Zip III proteins have been identified in 
the Populus genome with domain homology amongst them and also to the Arabidopsis conserved domains. Aside from the 
Populus REV orthologs PttHB1/PttHB2 (2) and PtaHB1 (3), characterization of the other HD-Zip III genes in poplar has not 
been reported. We have found AtHB15 protein to have a higher homology to Populus proteins HB5 and HB6 and AtHB8 to 
HB7 and HB8, which are also more closely related with each other than the remaining HD-Zip III proteins. Presently it is not 
known if these paralogs have evolved different functions. We have isolated HB5, HB6, HB7 and HB8 genes from both 
Populus trichocarpa and Populus tremula x P. tremuloides and a set of transformation constructs were prepared in order to 
manipulate HB5 and HB8 transcript levels in poplar shoots. Detailed analysis of the transformants is still ongoing to study 
these transcription factor´s functions focusing on their involvement in vascular development. Acknowledgements: Fundação 
para a Ciência e a Tecnologia (FCT, Portugal) for financial support through project PTDC/AGR-GPL/098369/2008 and grant 
SFRH/BD/30074/2006 to A.M.. We thank Dr. Max Cheng for providing P. trichocarpa Nisqually-1 clone and Dr. Brian Jones 
for the P. tremula x P. tremuloides T89 hybrid clone. 
References: 
(1) Tuskan G. A. (2006) Science 313:1596-1604. 
(2) Hertzberg M.and Olsson O. (1998) Plant J. 16:285-295. 
(3) Ko J.-H. (2006) New Phytologist 169:469-478. 
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Arabidosis thaliana is a small dicotyledonous plant that is used as a plant model system in molecular biology. Although closely 
related with economically important crops, such as several Brassica species, Arabidopsis does not show any agricultural 
feature that can be exploited. However, it has been the subject of intense genetic, biochemical and physiological research in 
the last years because of several traits that make it a very useful organism for experimental analysis. Arabidopsis is not a 
woody plant and do not possess a vascular cambium but, under specific conditions, secondary xylem can also be produce by 
this small dicotyledonous. Some genes that are involved n wood formation can be easier characterized in this model plant 
than in large plants such as eucalypts, pines or birches. In fact woody plants have long life cycles, which make impracticable 
the analysis of the hybrids and the distribution of genes among the progeny. The main goal of this research is concerned with 
the genetic study of some putative genes, which are involved on secondary growth and in the differentiation of the vascular 
system being responsible for wood formation in trees. We are particularly interested in the role of these genes under the 
control of the promoter of two other different genes that belong to the class III HD-ZIP. Genes of this class are responsible for 
the production of transcription factors and, among them, are the AtHB8 and AtHB15 genes that are expressed in the 
procambium and in the xylem precursor regions, respectively. The technical procedure starts with the in cross 
(transactivation) between the transgenic activator lines (AtHB8 and AtHB15) and the reporter lines (selected genes). The 
expression pattern of the activator lines will reflect the expression pattern of the reporter lines. The lines obtained displaying 
the putative phenotype will be analyzed by several techniques such as SEM (scanning electron microscopy), histochemistry, 
in-situ hybridization, confocal microscopy, and GUS staining. Once proved that this system works in Arabidopsis our long-
term objective is to apply this protocol in woody plants to increase cell proliferation in the vascular cambium resulting in trees 
able to produce more wood without affecting the general organization of the vascular tissues. As preliminary results we have 
a high number of transgenic plants for each line that was transformed by floral dipping. Homozygotic transgenic plants are 
being used on the transactivation process. 
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The market value of products derived from fermentations with Saccharomyces cerevisiae is expected to increase much above 
the general market growth in the future. Winemaking represents a multi-billion Euro industry that could benefit greatly from 
yeast research, owing to the direct impact of yeast on several key areas of wine production. In this reasoning, the Molecular 
and Environmental Research Centre (CBMA) of the University of Minho gathered one of the largest bio-databanks of S. 
cerevisiae, comprising currently 600 strains that were mainly obtained from winemaking environments. Their genetic and 
phenotypic characterization has been concluded within previous research.  
The aim of the present study was to develop a high-throughput method to differentiate S. cerevisiae strains according to their 
―spectrometric signature‖ using UV-VIS-SWNIR (220-1100nm) spectroscopy. This powerful multivariate methodology used in 
analytical chemistry has a great potential for metabolomics studies (1). A 96-well plate device was developed and adapted for 
UV-VIS-SWNIR fiber optics spectroscopy. The S. cerevisiae strains used herein derived from different geographic locations 
and were used for distinct biotechnological applications. Spectra of cells grown in microwell plates (YPD medium, 30 °C, 72 
hours) were acquired in the region of 220–950nm using an Ocean Optics spectroscopy system. For the distinction between S. 
cerevisiae strains, the recorded spectra were corrected by Robust Mean Scattering Correction (RMSC) and processed by 
statistical unsupervised Principal Component Analysis (PCA) to categorize closely related spectral curves into distinct groups. 
Preliminary results show that UV-VIS-SWNIR spectroscopy has the potential for S. cerevisiae strain differentiation. Further 
developments in signal processing are underway for in-depth evaluation of highly detailed spectral differences and a more 
complete characterization of this species at the strain level. 
This work was funded by the Portuguese Science and Technology Foundation (Projects PTDC/BIO/69310/2006 and 
PTDC/AGR-ALI/103392/2008), the European Community´s Seventh Framework Programme (FP7/2007-2013) under grant 
agreement nº 232454 and OpenPAT - The OpenSource Process Analytics Technometrics, owner of the software plataform. 
References: 
(1) Castro C.C. et al. (2009) International Conference on Bio-inspired Systems and Signal Processing. 
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This study aims at the characterization of the fermentative yeasts flora of the vineyards of the Azores islands, for biodiversity 
preservation and the constitution of a Saccharomyces cerevisiae strain collection as a genetic resource for future strain 
selection and improvement.  
During the harvest of 2009, 88 grape samples were collected from eight islands of the archipelago that belonged to traditional 
(Arinto, Verdelho and Terrantez) and hybrid (―American‖) grape varieties. The sampling plan covered 36 locations, including 
vineyards in appellations of origin and vineyards that were abandoned for more than 5 years. Forty-nine spontaneous 
fermentations were achieved from the musts of 88 grape samples. About 83% of the musts obtained from grapes of traditional 
varieties finished fermentation, while this value was 47% and 33% for musts from hybrid varieties in non-abandoned and 
abandoned vineyards, respectively. From the final phase of each fermentation, 30 isolates were obtained, resulting in a total 
of 1470 isolates. The molecular identification was performed by restriction fragment length polymorphism analysis (RFLP) of 
ITS sequences. The S. cerevisiae strains were differentiated by the comparison of polymorphic patterns that were obtained 
from interdelta sequences amplification. Six hundred and sixty isolates of non-Saccharomyces species and 810 isolates of S. 
cerevisiae were obtained, which were classified in 168 strains. Surprisingly, the percentage of S. cerevisiae in fermentations 
performed with grapes from abandoned vineyards was significantly higher (75%) compared to the values determined for non-
abandoned vineyards (56%, for both traditional and hybrid varieties). Contrarily, the number of S. cerevisiae strains per 
fermentation was lower (3-11 strains) in samples collected from abandoned vineyards compared to non-abandoned vineyards 
(1-23 strains). The relative proportion of S. cerevisiae and non-Saccharomyces species was not associated with the grape 
variety, but rather the type of vineyard. The highest number of S. cerevisiae strains per fermentation was observed in samples 
collected from the Graciosa Island. Our results show that the vineyards on the Azores Islands have a high genetic diversity of 
S. cerevsiae, whereas this species can also be found in vineyards with no human intervention.  
This work was financially supported by the DRCT, the programs POCI 2010 (FEDER/FCT, POCI/AGR/56102/2004), PTDC 
(AGR-ALI/103392/2008) and the EC´s Seventh Framework Programme (FP7/2007-2013) under grant agreement nº 232454. 
We appreciate the assistance of the ―Serviços de Desenvolvimento Agrário das Ilhas dos Açores‖ and numerous wine 
producers. 
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High-throughput molecular characterization of microbial isolates requires the application of automated microfluidic 
electrophoresis. We herein evaluate the factors that affect interlaboratory reproducibility of interdelta sequence typing for 
Saccharomyces cerevisiae strain delimitation, using microfluidic electrophoresis (Caliper Lab Chip

®
). This approach is 

necessary for the constitution of bio-databanks, equitable sharing of genotypic data among laboratories, for biodiversity 
conservation and sustainable development of genetic resources. Delta sequences are 300 bp regions flanking 
retrotransposons Ty1 and Ty2 of S. cerevisiae, occurring also as separate elements dispersed throughout the genome. PCR-
based interdelta sequence typing has a high discriminatory power [1], generating polymorphic banding patterns. Our 
approach included 12 genetically diverse S. cerevisiae strains, two different Taq polymerases (commercial and in-house 
cloned/prepared) and two different thermal cyclers. PCR amplifications were performed in two laboratories, resulting in a total 
of 384 electrophoretic banding patterns (32 replicates for each strain). From the combinations between strains, Taq 
polymerase, thermal cycler and laboratory, a total of 60 different groups was obtained. Data were analyzed in terms of the 
fragment sizes (bp), absolute and relative concentrations of each band. Due to the lack of normality (Kolmogorov-Smirnov 
and Shapiro-Wilk tests) and the homogeneity of variances (Levene's test), the ANOVA test was not applied. The non-
parametric alternative, Kruskal-Wallis one-way analysis of variance was used to test the equality of the medians among the 
different groups. By rejecting the null hypotheses with a p-value < 0.001, we performed multiple pairwise comparisons using 
the method proposed by Conover and Iman [2], based on a t-Student distribution to search for the origins of the differences. 
The data obtained revealed that both the performance of experiments in two independent laboratories and the use of different 
Taq polymerases introduced significant variability between the respective replicates. The use of in-house cloned/prepared 
Taq polymerase was associated with highest variability, pointing to the need for careful experimental standardization of PCR-
based interdelta sequence analysis. This work was funded by the Portuguese Science and Technology Foundation (Projects 
PTDC/BIO/69310/2006 and PTDC/AGR-ALI/103392/2008), the European Community´s Seventh Framework Programme 
(FP7/2007-2013) under grant agreement nº 232454. 
References: 
(1) Schuller D et al. (2004) FEMS Microbiology Letters 231:19-26. 
(2) Galvão de Mello F (2000) Probabilidades e Estatística - Conceitos e métodos fundamentais. Livraria Escolar Editora. 
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Species of the genus Suillus (Suillaceae, Basidiomycota) are important components of ectomycorrhizal fungal communities in 
pine forest stands and are increasingly used as inoculants in nurseries. Selection of the best fungal strains is a crucial step in 
this biotechnological approach for improvement of establishment and growth of the pine plantations. Morphological diagnosis 
of Suillus species is a complex task due to their great morphological similarity, which can lead to incorrect identification. In 
addition, since morphological characters are effective only for fungal sporocarps, fungal mycelia in mycorrhizal structures 
cannot be identified with accuracy. The limitations of the morphology-based identification systems require the use of 
molecular methods. Several studies showed that fungal species discrimination through the analysis of genomic variability in 
the internal transcribed spacer (ITS) of the nuclear ribosomal genes represents a powerful approach to the diagnosis of fungal 
diversity. With the aim to develop molecular markers for fungal identification in mycorrhizal structures, genetic variation within 
the ITS region of Mediterranean Suillus species was examined by restriction fragment length polymorphism (RFLP) and direct 
sequencing of polymerase chain reaction products. Sporocarps were collected from different geographic regions and forest 
stands in Portugal and Spain. Interspecific variation in length and number of restriction sites of the amplified ITS region was 
detected with the use of the CfoI, HinfI and MboI restriction enzymes. Phylogenetic relationships among a total of 9 species of 
Suillus studied and other European species retrieved from UNITE and GenBank were also analyzed by neighbor-joining and 
maximum parsimony methods. Results showed that PCR/RFLP analysis of the ITS region is an effective genomic approach 
for species discrimination in the genus Suillus. These molecular markers will be very useful in ecological studies and 
certification of inoculated plants in the nurseries. 
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Adverse environmental factors, such as drought, salinity or temperature fluctuation, negatively affect plant growth and 
development. The resulting disruption of cellular homeostasis often leads to increased production of reactive oxygen species 
(ROS). These species are generated from energy or electron transfer to ground state oxygen, being extremely toxic to the cell 
by easily reacting with proteins, lipids and nucleic acids. In addition to their role as toxic by-products of unbalanced 
metabolism, ROS are also key signalling intermediates linking abiotic stress perception to stress adaptive responses. 
Considering the implications of ROS accumulation in plant cells, an integrated network of ROS-detoxifying agents must be 
able to efficiently adjust ROS to desirable levels. Recently, post-translational modifiers have been implicated in several 
responses to abiotic stress. In this work we show that an Arabidopsis thaliana insertion mutant involved in protein modification 
and previously associated with abiotic stress resistance, displays altered ROS homeostasis, possibly due to impaired activity 
of the ROS scavenging network. 
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Plants are well adapted to tolerate the environmental perturbations that they are inevitably exposed to. Understanding how 
plants perceive high temperatures and rearrange its molecular machinery to prevent the dramatic changes that can occur 
under this abiotic stress is essential to surpass its potential negative effects, including the significant reduction in some crops 
yields. HZF is a heat responsive gene encoding for a RING (Really Interesting New Gene) zinc finger protein involved in the 
germination of Arabidopsis thaliana seeds. HZF loss-of-function causes a delay in the germination process under heat stress 
conditions, suggesting that this gene might be important for the extension of the dormancy period or the inhibition of the 
triggering of germination. RING finger proteins are sometimes found in dimmers that have been demonstrated to form 
redundant pairs of RING-type E3 ubiquitin ligases. Therefore, a highly homologous gene to HZF (LZF), also encoding for a 
RING finger protein, has been proposed to have a function redundant to HZF. The events that occur during germination are 
largely affected by the activity of hormones. In silico analysis of both HZF and LZF expression revealed that these genes 
might be regulated by abscisic acid (ABA), which suggests that HZF-LZF complex of E3 ligases might play a role in ABA 
signalling during germination. Functional characterization of HZF is currently in progress with both focus on the heat stress 
response and the ABA influence on hzf and lzf single mutants. The expression profile of HZF and LZF, in hzf and lzf seeds 
and seedlings, subjected or not to heat stress, will be presented. Additionally, HZF promoter activity, in different structures of 
the plant under heat stress will be analysed in HZF::GUS transgenic Arabidopsis plants. Moreover, the subcellular localization 
of the HZF:GFP fusion protein will be presented. Germination assays of hzf and lzf seeds, in the presence of different ABA 
concentrations, will be discussed taking into account the possible role of HZF/LZF in germination regulation, a key control 
point to the plant life cycle. 
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The objective of the present study was to evaluate populational relationships among Saccharomyces cerevisiae strains 
isolated from some of the Portuguese most important grapevine varieties in different appellations of origin, using polymorphic 
microsatellites.  
Three hundred eighty four grape samples were collected during several harvest seasons in the Vinho Verde (grape varieties: 
Arinto, Alvarinho, Avesso, Loureiro, Touriga Nacional) and Bairrada (grape varieties: Arinto, Baga, Castelão Francês, Maria 
Gomes, Touriga Nacional) appellations of origin. From the final stage of 124 spontaneous fermentations, 3720 yeast isolates 
were obtained, mainly belonging to the species S. cerevisiae. An initial genetic screen, based on mitochondrial DNA 
restriction fragment length polymorphism (mtDNA RFLP) and/or interdelta sequence analysis, was followed by microsatellite 
analysis of strains with unique genetic profiles. For all loci analyzed, observed heterozygosity was three to four times lower 
than the expected value, probably due to a strong populational substructuring. Populational structures were identified in 
groups of strains from different appellations of origin, vineyards and grape varieties, based on the accumulation of small 
allele-frequency differences across ten loci. The presented large-scale approach shows that genetic differences among 
S.cerevisiae populations derived from ―diagnostic‖ vineyard-, specific alleles and the accumulation of small allele-frequency 
differences across ten microsatellite loci. Each vineyard contained differentiated S. cerevisiae populations, confirming the 
occurrence of specific native strains that can be associated with a terroir. Microsatellite typing revealed a very fine population 
resolution of indigenous S. cerevisiae strains for the evaluation of populational differences associated with the grape variety 
and the geographical regions.  
Financially supported by the Portuguese Science and Technology Foundation (FEDER/FCT, POCI/AGR/56102/2004, 
PTDC/AGR-ALI/103392/2008) and the European Community´s Seventh Framework Programme (FP7/2007-2013) under 
grant agreement nº 232454. 
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The Staphylococcus genus is widely distributed in nature, with some species inhabiting specific ecological niches. 
Staphylococci are found living naturally on the skin and mucous membranes of warm-blooded animals and humans; however 
they are also isolated from a wide range of foodstuffs such as meat, cheese, milk, and from environmental sources such as 
soil, sand, air, and water. The level and diversity of the Staphylococcus spp. occurring in the environment and dairy products 
of a small manufacturing dairy plant were investigated. Amplified ribosomal DNA restriction analysis (ARDRA) and Multiplex-
PCR were used to differentiate among 107 strains of the Staphylococcus genus. ARDRA was applied using a universal primer 
and a fragment of 3.3 Kb was amplified containing the 16S rRNA gene, 16S-23S intergenic spacer region, and about 1436 bp 
of the 23S rRNA gene. Species-specific restriction patterns were found using the restriction enzymes HindIII, XmnI, SspI, 
VspI, EcoRV, PvuII, separately. Additionally, classification of staphylococcal enterotoxin (SE) and toxic shock syndrome toxin-
1 genes (TSST-1) by Multiplex-PCR was also performed. Nine species were identified in the whole cheese production chain, 
namely, S. saprophyticus, S. aureus, S. epidermidis, S. chromogenes, S. simulans, S. sciuri, S. equorum, S. haemolyticus 
and S. caprae. The prevalent strains isolated were: S. equorum (32.7%) and S. saprophyticus (25.2%) species followed by S. 
epidermidis (14%) and S. simulans (10.3%). A low incidence of enterotoxigenic strains was obtained, with only 12 strains 
(11.1%) being positive for one or more toxin genes. Thus, ARDRA and Multiplex-PCR were proven to be valuable alternative 
tools for staphylococci identification, allowing a comprehensive insight about their occurrence in a cheese manufacturing 
plant. Furthermore, it allowed us to conclude that S. equorum and S. saprophyticus were the prevalent species in this 
particular cheese plant. 
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In the Mediterranean Basin, the strawberry tree (Arbutus unedo L.) has medicinal, ornamental, economical, and 
environmental importance. During the last decades, several occurrences have caused the decline of the strawberry tree in 
Portugal being replaced by other species. In this context, the knowledge of genetic variability in the wild populations is 
essential for a proper conservation. This work aimed to characterize genetically and morphological 38 A. unedo genotypes, 
30 of which located in Trás-os-Montes e Alto Douro region, and the remaining 8 genotypes in Beira Interior region, to assess 
their biodiversity. The genetic diversity was assessing by RAPD (Random Amplification of Polymorphic DNA) markers. The 
dendrogram was obtained from the matrix of pairwise distances through the Nei and Li coefficient using the UPGMA 
(Unweighted Pair Group Method with Arithmetic Mean) grouping method. Morphological characterization was performed 
through the evaluation of several quantitative traits measured on 40 fresh leaves per plant. The quantitative traits analysed 
were leave length and width, leave length/width ratio, peduncle length and leave fresh and dry weigh. Distance matrix of 
morphologic data was assessed using Euclidean distance. A Mantel test was used to analyze correlations between genetic, 
morphological, and geographical distances. Among a total of 20 arbitrary 10-mer primers, seven produced polymorphic RAPD 
profile. The highest number of polymorphic loci was exhibited in the Trás-os-Montes samples and the lowest in the Beira 
Interior samples. The distance UPGMA tree grouped together the genotypes according to their geographical origin, showing 
that each sample is genetically structured. Morphological differences were also found between genotypes. However, the 
clustering obtained from the morphological data was different from the obtained in the RAPD analysis. In this work we discuss 
also the significance of the findings for the genetic variability of A. unedo. 
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Through evolution Nature created and refined proteins for a wide range of functions, working as structural components or as 
molecular motors. Amino acid sequences fold and combine into precise 3D-patterns to create materials, able to perform work 
when submitted to specific stimuli. With the development of protein engineering and nano (bio)technologies, and by using 
recombinant DNA technology, it is now possible to design and construct Protein-Based Polymers (PBPs) with an absolute 
control of its composition, sequence and length. These new family of polymers occur in a wide range of biological systems, 
fulfilling precise functional roles based on their structure comprising short repeating sequences such as GAGAGS in silk 
fibroin (G – glycine, A – alanine, S - serine) or VPGVG in mammalian elastin (V – valine, P - proline). In the present work we 
aimed at the design and synthesis of a new set of copolymers (Silk-Elastin-Like Polymers – SELPs), consisting of flexible 
Elastin-like blocks and crystalline Silk-like blocks in different ratios. The genes were constructed by using chemically 
synthesized monomers of DNA coding-blocks for silk and elastin (5 repetitions of the silk block and 10 repetitions of the elastin 
block) with adequate flanking restriction sites, producing compatible ends after enzymatic digestion. The final polymers were 
obtained by a series of concatenation and ligation reactions, followed by self-ligation of the monomers. By combining the silk-
like and elastin-like blocks in various ratios, it was possible to produce a variety of biomaterials with diverse properties, such 
as viscosity (dependent on number of elastin-blocks) and gelation time (dependent on number of silk-blocks). SELP1 polymer, 
consisting in 4 repetitions of the polymerization of 10-silk blocks and 20 elastin-blocks, was produced in E. coli and purified by 
affinity chromatography. Thermograms obtained by differential scanning calorimetry (DSC) show reversible phase transition 
behaviour reproducible for at least 4 cycles. Stable, brittle and hard films were obtained by solvent casting of a polymer 
solution. Fibers within the nanoscale range were electrospun with a 12% polymer solution. These properties allow the 
formulation of new biomaterials that can be tailored for distinct biomedical applications, such as drug delivery and tissue 
engineering devices. 
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Tamarillo (Cyphomandra betacea) is a woody plant of the Solanaceae family, known for its highly nutritious edible fruits. In 
recent years, different aspects related with somatic embryogenesis induction and somatic embryo development of tamarillo 
have been studied at our lab making it a suitable model to understand the cytological and molecular mechanisms involved on 
somatic embryo formation and development, a morphogenic process with important applications both for plant cloning and 
genetic transformation. Several explants of tamarillo, such as mature zygotic embryos and young leaves, have the potential to 
respond on a somatic embryogenesis induction medium (MS basal medium supplemented with 9%sucrose and an auxin, 
2mg/l 2,4-D for zygotic embryos or 5mg/l picloram for leaves) initiating embryogenic and non-embryogenic cell lines, that differ 
morphological, cytological and physiologically. In the sequence of the assays performed a non-embryogenic protein (NEP25) 
was identified in tamarillo. In our present work post-transcriptional gene silencing, achieved by transformation of tamarillo with 
constructs that express hairpin RNA sequences homologous to NEP25 gene, is being applied to study the role of this protein. 
GATEWAY cloning technology was used to prepare a construct encoding a hairpin RNA targeting NEP25 gene and containing 
the nptII gene as the plant selectable marker, which was incorporated into LBA4404 Agrobacterium tumefaciens competent 
cells. An improved Agrobacterium-mediated transformation protocol for tamarillo leaf explants was developed based on the 
regeneration of transformed plants by somatic embryogenesis. One-month induced leaves were used as explants for a 2 days 
co-culture period with A. tumefaciens, after which they were rinsed, dried out and transferred to a somatic embryogenesis 
induction medium (5 mg/l Picloram) containing carbenicilin (250 mg/l) and kanamycin (100mg/l). Afterwards, explants were 
transferred to a fresh induction medium with these antibiotics at 14 days intervals. A high percentage of explants exhibited 
kanamycin resistance and cell proliferation followed by the formation of embryogenic calli. These embryogenic lines 
proliferated on the same induction conditions and some explants were transferred to MS basal medium, with kanamycin 
(50mg/l). After one month on a selective-conversion medium somatic embryos and plantlets were obtained. In approximately 6 
months more than 50 self-rooted kanamycin resistant plants were obtained from a single embryogenic cell line, which 
demonstrates the efficiency of somatic embryogenesis as a method for the regeneration of transformed plants. Putative 
transgenic plants are now being analyzed by PCR and RT-PCR. NEP25 gene silencing will be estimated by proteomic 
analysis and NEP25 silenced or down-regulated tamarillo plants will undergo a somatic embryogenesis induction process in 
order to evaluate the role of NEP25 protein on somatic embryogenesis induction. 
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Gene therapy has gained significant attention over the past two decades as a potential method for treating genetic disorders 
such as severe combined immunodeficiency, cystic fibrosis, and Parkinson´disease, as well an alternative method to the 
traditional chemotherapy used in treating cancer [1]. In the past decade, a significant amount of work has focused on finding 
effective carrier vectors able to compact and protect the genetic material (oligonucleotides, DNA, RNA) in order to avoid both 
in vitro and in vivo barriers for gene delivery. Given the problems of safety encountered with viral vectors, non-viral carrier 
systems appeared as a potentially viable alternative for the delivery of therapeutic genes [2], with other important advantages: 
less toxic and immunogenic, can be targetable, the size of transferred DNA can be quite high, and are easy for large-scale 
production. We have studied the potential of a new liposomal formulation for cellular transfection, with monoolein (MO) as 
helper lipid. Lipoplexes composed of pDNA and dioctadecyldimethylammonium bromide (DODAB)/1-monooleoyl-rac-glycerol 
(MO) at different molar ratios (4:1, 2:1 and 1:1) and at different cationic lipid/DNA ratios were investigated. Dynamic Light 
Scattering (DLS), Zeta Potential (ζ), electrophoresis and Ethidium Bromide (EtBr) exclusion assays were used to study the 
formation, integrity, and physicochemical properties of the lipoplexes (size and charge), and the effect of MO on DNA 
compaction. Cytotoxicity, transfection efficiency, as well as the intracellular localization of labeled DNA were evaluated on 
293T cells. It was found that the presence of MO not only increases the efficiency of DNA condensation, but also affects the 
physicochemical properties of lipoplexes. The effect of MO content it was also evident on lipoplexes stability against heparin 
and heparan sulphate aggression, which could possibly reflect the first step lipoplex-cell interaction. DODAB:MO formulations 
were capable of efficiently mediate in vitro cell transfection, with no associated toxicity. These results were consistent with 
fluorescence microscopy studies, which illustrated that lipoplexes were able to gain entry into the cytosol and deliver DNA to 
the nucleus. The understanding and establishment of an optimized carrier system will give direction toward the development of 
safe and efficient vectors to transfer effective human therapy genes, as cytokine genes, genes coding for antigens to modify 
target cells, tumor suppressor genes or suicide genes. 
References: 
(1) Edelstein M. L. et al. (2004) The Journal of Gene Medicine 6:597-602. 
(2) Oliveira A.C. et al. (2009) Acta Biomaterialia 5:2142-2151. 

 

 
 
OC128 

Phenotypic and genotypic study of vancomycin-resistant enterococci and extended-
spectrum beta-lactamase Escherichia coli strains isolated from an agriculture 
wastewater treatment plant 
 
Gonçalves A.

(1-4)
 ,Igrejas G.

(1,2)
 ,Radhouani H.

(1-4)
 ,Silva N.

(3,4)
 ,Pinto L.

(1-4)
 ,Correia S.

(1-4)
 ,Pacheco R.

(1-4)
 ,Pirra A.

(6,7)
 ,Torres 

C.
(5)

 and Poeta P.
(3,4)

  
(1)

Center of Genetics and Biotechnology, University of Trás-os-Montes and Alto Douro, Institute for Biotechnology and 
Bioengineering, Vila Real 

(2)
Department of Genetics and Biotechnology, University of Trás-os-Montes and Alto Douro, Vila 

Real 
(3)

Veterinary Science Department, University of Trás-os-Montes and Alto Douro, Vila Real 
(4)

Center of Studies of Animal 
and Veterinary Sciences, University of Trás-os-Montes and Alto Douro, Vila Real 

(5)
Biochemistry and Molecular Biology Area, 

University of La Rioja, Logroño 
(6)

Agronomy Department, University of Trás-os-Montes and Alto Douro, Vila Real 
(7)

Chemistry 
Research Center, University of Trás-os-Montes and Alto Douro, Vila Real 
presenting author´s email: ppoeta@utad.pt 
 
Enterococci are increasingly encountered as significant pathogens, and have become a major cause of nosocomial infections. 
Resistances to penicillin, vancomycin [vancomycin-resistant-enterococci (VRE)] and high-level of aminoglycosides are 
clinically important because they limit antibiotic treatment options. Furthermore, the emergence and wide dissemination of 
extended-spectrum beta-lactamases (ESBLs) among clinical Escherichia coli isolates in hospitals in recent years are of great 
concern and represent a problem for the treatment of infectious diseases. It has also been reported that E. coli isolates 
containing ESBLs are frequently detected in community and have also been found in food-producing animals and household 
pets. We intend to analyse the prevalence of VRE and ESBL-producing E. coli recovered from an agroindustrial wastewater 
treatment plant (AWTP) in wastewater after chestnut and wine production. Ten samples of water from an AWTP in Northern 
Portugal were collected in 2009. Samples were seeded in Slanetz-Bartley agar plates supplemented with vancomycin (VRE 
detection) and also in Levine agar plates supplemented with cefotaxime (ESBL-producing E. coli detection). Two colonies per 
sample were selected for further studies. Antibiotic susceptibility was tested for 11 antibiotics in the enterococcal isolates and 
for 16 antibiotics in the E. coli isolates. VRE identification was performed by biochemical and molecular methods. Vancomycin 
resistance genes (vanA, vanB, vanC-1, vanC-2/3 and vanD) and other resistance genes [tet(M), tet(L), erm(B), ant(6’)-Ia, 
aph(3’)-IIIa, vat(D) and vat(E)] were tested by PCR in all VRE. The presence of the Tn5397-like and Tn916/Tn1545-like 
transposons was checked by PCR. In Escherichia coli isolates the presence of genes encoding TEM, SHV, OXA and CTX-M 
type β-lactamases was studied by specific PCRs. The following resistance genes were also studied by PCR: tet(A), tet(B) and 
cmlA genes. VRE isolates were detected in five (all vanA- E. faecium isolates) of the ten samples collected. All isolates 
showed tetracycline and erythromycin resistance with the presence of tet(M) and erm(B) genes, respectively. The ant(6’)-Ia 
and aph(3’)-IIIa genes were detected on the 7 streptomycin and kanamycin resistant isolates, respectively. The vat(D) and 
vat(E) genes were not identified on the quinopristin-dalfopristin resistant isolates. Additionally, the presence of the Tn5397-like 
and Tn916/Tn1545-like transposons was not detected on the tetracycline resistant isolates. ESBL-producing E. coli isolates 
were detected in one of the ten samples collected. A SHV type β-lactamase was identified in the two isolates of this positive 
sample that also harboured tetA and cmlA genes (associated with tetracycline and cloramphenicol resistance). In conclusion, 
VRE and ESBL-producing E. coli were detected in waters prior to treatment on an agroindustrial wastewater treatment plant. 
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Azo dyes account for approximately 60-70% of all dyes used in food and textile manufacture, as they may provide a wide 
range of colours and are relatively safe. However, azo dyes in textile industry wastewater are a major environmental concern, 
since these compounds are inefficiently degraded by conventional wastewater treatment plants. We have previously found 
that certain strains of Saccharomyces cerevisiae efficiently degraded azo dyes under aerobic conditions through reduction 
requiring the plasma membrane ferric reductase encoded by FRE1.In order to improve the specific dye reduction, we 
genetically engineered the ferric reductase system directly, regulatory pathways controlling the ferric reductase system and 
the redox metabolism. Physiological analyses of the recombinant strains indicate that FRE1 over expression is the genetic 
modification that had highest impact on azo reduction efficiency. Overproduction of the NADPH producing enzyme glucose 6 
phosphate dehydrogenase also had a positive effect, suggesting that NADPH is used directly or indirectly in the reduction. 
Simultaneous over expression of the genes ZWF1 and FRE1 resulted in a more than additive increase azo reduction rate, 
suggesting that both enzymes share metabolic control over the azo reduction process. This also shows that NADPH is a co-
factor used by FRE1. 
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The heavy metals and the polycyclic aromatic hydrocarbons are organic pollutants of great environmental persistence 
considered among the most dangerous chemical pollutants to the ecosystems. In general, these pollutants are food chain 
contaminants known for its adverse effects on animal and human health, particularly in the increased incidence of certain 
cancers in humans. This study aims at assessing the main environmental risks due to contamination by heavy metals and 
organic compounds, using genotoxicity tests (genetic and cytogenetic techniques) performed on house mice, collected from 
sites with different concentrations of these pollutants. The area studied was the Setúbal peninsula, located in southern 
Portugal, which is one of the most industrialized and densely populated of the country. The hepatic concentrations of elements 
such as nickel, cadmium, lead, chromium, mercury, copper, zinc and manganese was obtained in mice live-trapped in three 
different sites within the Setúbal peninsula, classified in accordance with their biotic and abiotic characteristics as Forest, 
Urban and Industrial sites, plus in a Reference site where no sources of environmental contamination had been identified. The 
health condition of analysed mice was evaluated on the basis of several morphophysiological and haematological parameters 
(e.g. body and internal organs weight, blood cells count). Specimens caught in the Industrial site, comparatively the most 
polluted site, had higher liver content of cadmium, mercury and manganese compared with the other sites, and showed as 
well lower body weights, increased mean relative liver weight, changes in haematological parameters and increased 
frequency of micronuclei. We then tested if the genetic profiles, conferred by the frequencies of both CYP1A1 and XRCC1 
polymorphisms (genes associated with cytochrome P450 metabolism and DNA repair) were related to the predominant 
contaminants in each of the tested situations. These responses may indicate physiological stress and genetic damage due to 
diminished environmental quality. Results also suggest that biomonitoring of contaminants using wild mammals is a key-
methodology for an accurate environmental impact assessment, allowing to improve our understanding of the health impact of 
environmental pollution in natural populations. 
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Bone morphogenetic protein 2 (BMP-2) is a potent osteoinductive cytokine from the TGF-β superfamily that triggers the 
development of stem cells into osteoblasts. Its therapeutic interest has led to the development of various production systems 
for recombinant variables of BMP-2. Production has been achieved in expression systems ranging from animal cells to 
bacteria, but is always associated with three major drawbacks: low production rates (in animal cells), low activity (bacterial 
cells) and low solubility due to aggregation in inclusion bodies (bacterial cells) [1]. In this study we have developed a strategy 
to overcome the low production levels as well as the insolubility of BMP-2 in E. coli by fusing it with an elastin like polymer 
(ELP). This recombinant ELP, based on repetitions of the main monomer VPAVG, displays no measurable cytotoxicity [2] and 
exhibits thermoresponsive properties as well as hysteresis behaviour [3]. By exploring this thermal responsiveness we are 
able to purify the fusion protein using a simple and low cost method and thus avoid expensive chromatographic techniques. 
The mature human-BMP2 domain was cloned in frame to the N-terminus of the (VPAVG)n (n = 60 or 220) polymers. The 
production of the genetic constructs was achieved in E. coli BL21 (DE3) with Lysogeny Broth (LB) supplemented with lactose 
for auto-induction. Purification of the hybrid BMP2:(VPAVG)n polymers was accomplished by exploring the thermal 
responsiveness of the ELP tail. Physical and chemical characterization, as well as bioactivity studies of both constructs are 
currently in progress. 
References: 
(1) Bessa P. C. et al. (2008) Journal of tissue engineering and regenerative medicine 2:1-13. 
(2) Bessa P. C.and Machado R. (2010) Journal of Controlled Release 142:312-318. 
(3) Machado R. et al. (2009) Journal of Nano Research 6:133-145. 
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Bisfenol-A (BPA) has great applications in industry, having been commercialized for over 50 years and being a key 
component of the majority of the plastic products we use in our daily lives. There are various studies that show that this 
organic compound has effects on the endocrine system of fish and mice. However, its environmental impact and effects on 
humans are not fully understood. In order to better comprehend the effects of BPA on reproduction, we analyzed the 
expression of oogenesis and spermatogenesis relevant genes in Caernohabditis elegans, which have been exposed to BPA. 
Wild-type C. elegans (N2) were exposed to two concentrations of BPA (10 and 0.1 μM) for various time-spans and gene 
expression analyzed by Q-RT-PCR using primers for vitelogenin1 and 2 (vit1 and vit2), MSP (major sperm protein), actin and 
18s genes. Vitelogenin is a protein involved in egg production and its expression is hormonally. Actin is a component of the 
cytoskeleton in all cells, being the only known exception nematode sperm where MSP (major Sperm protein) substitutes the 
role of actin. Our results show that BPA affects vit1 and vit2 expression as well as the expression of actin and MSP (using 18s 
as control). Furthermore, the observed variations in gene expression appear to depend on numerous factors, including 
developmental stage and time of exposure to BPA. We are currently analyzing expression profiles of these genes in 
synchronized populations with distinct larvae and adult developmental stages exposed to BPA for various time periods. 
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Objectivo: Estudar o perfil fenotipico da resistência a antibióticos e mecanismos genéticos implicados em enterococos 
isolados de 124 amostras fecais de ruminantes (51 bovinos e 73 ovinos) abatidos para consumo humano. Método: As 
amostras fecais foram obtidas directamente do recto dos animais abatidos em matadouros e semeadas em placas Slantez-
Bartley. Isolou-se 1 colónia/amostra sendo identificada por métodos bioquímicos e moleculares. Estudou-se a 
susceptibilidade a 11 antibióticos segundo as normas do CLSI. A técnica de PCR foi usada para confirmar a espécie e 
pesquisar os genes de resistência a antibióticos. Resultados: As espécies de enterococos isoladas com maior frequência 
tanto em bovinos como em ovinos foram, respectivamente: E. hirae (49%, 45,2%), E. faecium (29,4%, 26%), E. faecalis 
(5,9%, 5,5%) e E. durans (2% e 4,1%); foram ainda identificados 2,7% de E. casseliflavus em ovinos. Todos os isolados 
apresentaram uma elevada percentagem de resistência à tetraciclina (49% bovinos e 50,7% ovinos). Nos bovinos a 
resistência à eritromicina, quinupristina-dalfopristina (QD) e canamicina (25,5%, 21,6% e 13,3%, respectivamente) foi 
superior à encontrada nos ovinos (17,8%, 16,4% e 9,6%, respectivamente). Pelo contrário, resistência à estreptomicina foi 
superior nos ovinos (12,3%), nos bovinos foi (5,9%). Resistências de 2,9% para a gentamicina e cloranfenicol, foram 
detectadas apenas em isolados de bovinos e resistência à ciprofloxacina (8,2%) e à ampicilina (5,5%), apenas em isolados 
de ovinos. Os genes tetM e tetL foram detectados na maior parte dos isolados resistentes à tetraciclina. Todos os isolados de 
ovinos resistentes à eritromicina tinham o gene erm(B). Os genes vat(D) e vat(E) associados à resistência à QD, não foram 
detectados. Os genes aph(3`)-IIIa e ant(6)-Ia que codificam a resistência à canamicina e estreptomicina, foram detectados 
em todos os isolados. Conclusão: O tracto intestinal de ruminantes constitui um reservatório de enterococos multiresistentes 
a vários antibióticos o que poderá constituir um problema de saúde pública. 
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Escherichia coli is a common inhabitant of the intestinal tract of animals and people, and can be easily spread through water, 
soil and food. In recent years E. coli has developed resistance to some antimicrobial agents that has been associated with 
failures in the treatment of infectious diseases. Bacteria can be transferred between animals and people, including 
antimicrobial-resistant bacteria, and for this reason it is important to analyze the phenotype and the mechanisms of 
antimicrobial resistance not only of pathogenic bacteria but also of the commensal ones in the intestinal tract of people and 
animals. In fact, commensal bacteria such as E. coli can serve as reservoirs of resistance genes for potentially pathogenic 
bacteria. We investigated the antimicrobial resistance in faecal E. coli isolates from Iberian lynx and Iberian wolf in order to 
obtain a deeper knowledge about the distribution of antimicrobial resistance genes in wild ecosystems. Eleven fecal samples 
from Iberian lynx (Lynx pardinus) were collected from captive animals in Doñana National Park, Spain, during 2008 and 2009 
and thirty fecal samples from Iberian Wolf were collected from the soil in the Northeast of Portugal during 2008 and 2009. 
Samples were seeded in Levine agar plates and two colonies per sample were selected for further studies. Antibiotic 
susceptibility was tested for 16 antibiotics by the disk diffusion CLSI method. Resistance genes [tetA, tetB, aadA, cmlA, sul1, 
sul2, sul3, aac(3’)-II, aac(3’)-IV] were tested by PCR in all isolates. From the 22 isolates obtained from Iberian lynx, 19 
showed tetracycline resistance (with the presence of tetA or tetB resistance genes), 17 showed streptomycin resistance (16 
with aadA), 4 cloramphenicol resistance (with cmlA), 5 gentamicin resistance [with aac(3’)-II and/or aac(3’)-IV], and 13 
trimethoprim-sulfamethoxazol (SXT) resistance (11 with sul1 and/or sul2 and/or sul3). From the 26 isolates obtained from 
Iberian wolf, 24 showed tetracycline resistance (with the presence of tetA and tetB resistance genes), 11 showed 
streptomycin resistance (7 with aadA), 5 cloramphenicol resistance (3 with cmlA), 2 gentamicin resistance [with aac(3’)-II], 
and 6 SXT resistance (with sul1 and/or sul2 and/or sul3). This study demonstrates that the intestinal microbiota of Iberian lynx 
and Iberian Wolf are a reservoir of antibiotic resistant E. coli isolates. This is the first report of antibiotic resistant E. coli 
isolates in Iberian Lynx and data recovered may possibly contribute to a better management and applicability of the use of 
antimicrobial agents in future treatments to these animals. Also, it is interesting to underline that resistant genes are widely 
distributed throughout different areas, even in wild ecosystems. 

 



S7 
Molecular Genetics and Biotechnology 

 

 83 

P134 

Genetic study of antimicrobial resistance among faecal enterococci isolates from 
common buzzards (Buteo buteo) in Portugal 
 
Radhouani H.

(1-4)
 ,Igrejas G.

(1,2)
 ,Pinto L.

(1-4)
 ,Gonçalves A.

(1-4)
 ,Ramos S.

(1-4)
 ,Araújo C.

(1-4)
 ,Silva N.

(3,4)
 ,Torres C.

(5)
 and Poeta 

P.
(3,4)

  
(1)

Centre of Genetics and Biotechnology, Institute for Biotechnology and Bioengineering, University of Trás-os-Montes and 
Alto Douro, Vila Real 

(2)
Department of Genetics and Biotechnology, University of Trás-os-Montes and Alto Douro, Vila Real 

(3)
Veterinary Science Department, University of Trás-os-Montes and Alto Douro, Vila Real 

(4)
Center of Studies of Animal and 

Veterinary Sciences, University of Trás-os-Montes and Alto Douro, Vila Real 
(5)

Biochemistry and Molecular Biology Area, 
University of La Rioja, Logroño, Spain 
presenting author´s email: hradhouani@utad.pt 

 
Objectives: 1. Determine the occurrence of different enterococcal species in faecal samples of buzzards in Portugal 2. 
Determine the phenotypes of antibiotic resistance of these enterococci isolates and the implicated mechanisms of resistance. 
Methods: Thirty three faecal samples recovered from Common Buzzards (Buteo buteo) of Northern Portugal, were collected 
from September 2007 to February 2008. All the faecal samples were collected individually from each animal and obtained in 
collaboration with CRATAS (Center of Collecting, Welcome and Handling of Wild Animals). Faecal samples were diluted and 
sampled in Slanetz-Bartley agar plates. Colonies with typical enterococcal morphology (one colony per animal) were identified 
by cultural characteristics and by biochemical tests. Species identification was confirmed by the use of the polymerase chain 
reaction (PCR) using primers and conditions for the different enterococcal species. The recovered enterococci were tested for 
their resistance to 11 antimicrobial agents by disk diffusion method. Macrolide [erm(A), erm(B), erm(C) ], streptogramin 
[vat(D), and vat(E) ], tetracycline [tet(M), tet(L)], aminoglycoside [aph(3´)-IIIa, aac(6')-aph(2"), ant(6)-Ia)] and chloramphenicol 
[catA] resistance genes were tested by PCR in all isolates which showed resistance for these antibiotics. A PCR assay was 
used to demonstrate the presence of the Tn5397-like and Tn916Tn1545-like transposons. Results: E. faecium was the most 
prevalent detected species (44.9%), followed by E. faecalis (17.2%), E. hirae and E. durans (13.7%). High percentages of 
tetracycline (86.2%), erythromycin (79.3%) and quinupristin/dalfopristin (69%) resistances were found among our isolates, 
and lower percentages were identified to other antibiotics: streptomycin (34.5%), chloramphenicol, ciprofloxacin and 
kanamycin (27.6%), gentamicin and ampicillin (13.8% and 6.8%, respectively). No teicoplanin- or vancomycin-resistant 
enterococci were detected. Most of tetracycline-resistant isolates carried the tet(M) and/or tet(L) genes. Genes associated 
with Tn916/Tn1545 and/or Tn5397 transposons were detected in most of the tetracycline-resistant isolates. The erm(B) gene 
was detected in most of erythromycin-resistant isolates. The vat(D) and vat(E) genes were present in 45% and 10% of 
quinupristin/dalfopristin-resistant isolates, respectively, and the ant(6)-Ia gene in 60% of the streptomycin-resistant isolates. 
All five kanamycin-resistant isolates carried the aph(3)´-IIIa gene. The aac(6´)-aph(2´´) and the cat(A) genes were identified in 
five of our gentamicin- and chloramphenicol-resistant isolates. Conclusions: The significant presence of antibiotic resistance 
genes in fecal bacteria of common buzzards will allow tracking of the flow of resistance genes and the identification of the 
origins of these determinants in the environment. 
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Methicillin-resistant Staphylococcus aureus (MRSA) have been recently found to colonize the nasal mucosa of various animal 
species, raising important questions regarding public and animal health. Nasal carriage is a recognized risk factor for 
staphylococcal infection in humans but the significance of nasal carriage in animals has not been elucidated. MRSA is a well-
known human pathogen and more recently has emerged as a pathogen in veterinary medicine. Methicillin resistance is 
mediated by mecA, a gene conferring resistance to all beta-lactams. In addition, MRSA strains are often resistant to 
antimicrobials other than beta-lactams, thereby limiting the range of therapeutic options and increasing the risk of treatment 
failure as well as the costs for antimicrobial therapy and hospitalization. The aim of the study was to investigate the 
occurrence of methicillin-resistant staphylococci in the nasal cavity of dogs in Portugal. Nasal swabs were collected from a 
total of 56 animals. Methicillin-resistant staphylococci were isolated on selective media. A total of 16 MRSA isolates were 
recovered and investigated for their antimicrobial susceptibility by disc-diffusion test to chloramphenicol, ciprofloxacin, 
clindamycin, erythromycin, acid fusidic, kanamycin, mupirocin, penicillin, quinupristin-dalfopristin, rifampicin, tetracycline, 
trimetoprim-sulfametoxazole, gentamicin and tobramycin. The presences of resistance genes were analyzed by PCR and the 
SCCmec ans spa types were determined. All MRSA isolates harbored the mecA gene and all were typed as SCCmec.type-
IV. Four spa-types were detected (number isolates): t032 (7), t747 (6), t432 (2), and t4726 (1). All our isolates were resistant 
to ciprofloxacin and erythtromycin (100%) and lower percentages were identified to other antibiotics. No chloramphenicol-, 
mupirocin-, trimethoprim-sulfametaxole-resistant staphylococci were detected. The ermB, ermC and msrA genes, associated 
with erythromycin resistance, were detected in 10, 14 and 5 MRSA isolates, respectively. All gentamicin-, tobramycin- and 
kanamicin-resistant isolates carried the aac(6’)-aph(2’’), ant4 and aph(3’)-IIIa genes, respectively. A total of 3 MRSA isolates 
showed tetracycline resistance and carried the tetM gene. These results suggest that MRSA could be a reservoir of 
antimicrobial resistance genes and may indicate a putative risk of cross-transmission of MRSA isolates between pet animals 
and humans. 
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The objective of this study was to evaluate the level of the incidence of vancomycin resistant enterococci in sludge and 
sewage of urban and poultry-slaughterhouse wastewater treatment plants (WWTP). A total of 17 vancomycin resistant 
enterococci (eight vanA-containing Enterococcus faecium and nine vanC1/vanC2-containing Enterococcus 
gallinarum/casseliflavus) were found among 499 isolates of sewage and sludge samples of 14 urban and 9 poultry-
slaughterhouse WWTP. These seventeen VRE isolates showed resistance to kanamycin (n=8), tetracycline (n=7), 
erythromycin (n=7), ciprofloxacin (n=7), ampicillin (n=7), streptomycin (n=6), and gentamicin (n=2). The tet(M) gene, related 
with tetracycline resistance, was found in 6 of 8 vanA-containing isolates, in all seven vanC-1 isolates and one of two vanC-2 
isolates. The erm(B) gene in 7 erythromycin-resistant isolates; and the aac(6’)-aph(2’’) gene in the two high-level-gentamicin-
resistant isolates. Moreover, two vanA-containing E. faecium isolates harbored the hyl virulence gene, and three isolates the 
entA bacteriocin gene. The purK-1 allele, was detected in our urban vanA-containing E. faecium isolate, and we found as well 
the purK-6 allele in one poultry-slaughterhouse vanA-containing E. faecium isolate. This study suggests that the WWTP might 
be an important source of dissemination of antibiotic-resistant enterococci in Portugal. Possibly, antimicrobial drugs or 
chemicals released into the sludge and sewage system may sustain VRE. 
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The extensive and inappropiate use of chemical antibiotics has led to a development of resistant pathogens. The antimicrobial 
peptides (AMPs) have arised as a good alternative to traditional pharmaceutical agents. They exhibit a broad range of 
antimicrobial activities but antitumoral and antiviral activities have also been found. AMPs are usually small, cationic 
molecules that occur as part of the innate defense mechanism in many organisms, even in microbes and viruses [1]. With the 
increasing interest in AMPs, several new strategies are emerging for their recombinant production. In this work we describe a 
new strategy for the production of two soluble recombinant antimicrobial peptides in E. coli: ABP-CM4 and BMAP-28, from 

Bombyx mori (silkworm), and Bos Taurus (cow), respectively. ABP-CM4 is an amphipatic -helical, 35 amino acid sequence 
peptide, belonging to the cecropin family and has been described as possessing antibacterial, antifungal and antitumoral 
activities. BMAP-28 belongs to the cathelicidyn family and consists of a helical structure with 28 amino acids. The DNA coding 
sequences were chemically synthesized with the inclusion of an ATG start codon in the N-terminus and a formic acid 
chemical-cleavage site in the C-terminus. These sequences were fused in frame to the N-terminus of the gene coding for the 
elastin-like polymer (ELP), consisting of 220 repeats of the main pentamer VPAVG. This ELP has been described as 
exhibiting thermoresponsive properties that were exploited for purification [2]. Both recombinant constructs were cloned in a 
modified pET25 expression vector and expressed in E. coli BL21(DE3) (Novagen). The culture conditions for high levels of 
recombinant proteins expression were obtained. Purification was based on the use of the inverse transition cycling method 
[3]. The global aim of this work involves the full physico-chemical characterization as well as the evaluation of the biological 
activity of the recombinant ABP-CM4::VPAVG220 and BMAP-28::VPAVG220 fusion proteins produced. 
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(3) Daniell H. et al. (1997) Methods in Molecular Biology 63:359-371. 
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Cardoon (Cynara cardunculus L.) is a dicotyledonous herb originally from the Mediterranean area that can be considered as a 
potential lignocellulosic feedstock for biofuels production owing to its good adaptability to the hot and dry climates and high 
aerial biomass productivities. Some preliminary studies on cardoon biomass showed good prospects as substrate for 
biological conversion into ethanol or other products, but more information is needed to establish its real potential (1). To 
optimize processes involved in the conversion of biomass to fuels is important to understand cell wall biosynthesis and 
regulation. The plant cell wall is particularly amenable to the application of engineering principles in redesigning cell walls to 
meet energy needs and therefore a potencial target. In this context, the cellulose synthase genes (CesA genes) involved in 
the synthesis of primary and secondary cell wall play an important role. The main aim of this work was to perform a molecular 
and functional characterization of CesA genes related to cell wall formation and regulation processes in Cynara cardunculus. 
Degenerated primers were designed in conserved regions of CesA cDNA sequences available im public database. PCR tests 
using different primer combinations identified 5 putative CesA genes in Cynara cardunculus: CcCesA8, CcCesA4, CcCesA7, 
CcCesA2 and CcCesA1 and their phylogenetic relationship was analysed. CcCesA8 gene was selected for further 
characterization studies. Genome walking was employed for the extension of CcCesA8 sequence towards 5' and 3' ends. The 
quantification of the gene transcript was performed by real-time PCR and evaluated in different tissues of wild and cultivated 
cardoon. Results of the expression patterns obtained will be presented and discussed. 
References: 
(1) Martínez J. et al. (1990) Applied Biochemistry and Biotechnology 24-25:127-134. 
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Extracts of Ginkgo biloba leaves (GBE) have been used for centuries in traditional oriental medicine to treat a very wide range 
of ailments. These extracts contain flavone glycosides, terpene trilactones (ginkgolides and bilobalide), ginkgolic acids, 
proanthocyanides and other uncharacterized compounds. The flavone glycosides and terpene trilactones fractions are 
believed to be responsible for the pharmacological properties of GBE, which are very popular, making it as one of the best-
selling herbal medications worldwide. In this work we investigated the DNA protective effect of GBE in the model organism 
Saccharomyces cerevisiae. Typical experiments involved incubation of yeast cells with GBE before and during oxidative 
shock by hydrogen peroxide. Our results obtained with the comet assay show that DNA damage is significantly decreased 
upon GBE treatment (before and during H2O2 incubation) in a dose-dependent manner. In addition, DNA repair is significantly 
improved in cells pre-treated with GBE. As expected, GBE treatment improved survival of yeast cells when challenged with 
oxidative shock with H2O2. Intracellular oxidation of yeast cells was considerably decreased upon pre-treatment with GBE as 
revealed by flow cytometry with the redox sensitive probe dichlorofluorescein diacetate. Even in the absence of H2O2, yeast 
cells showed a decreased intracellular oxidation state, suggesting that GBE can protect cells from endogenous reactive 
oxygen species. 
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Lactic, acetic and propionic acids have been used for many years in industrial and pharmaceutical companies and, more 
recently, lactate has been used for production of biodegradable polymers and as a substitute for petroleum-derived 
chemicals. Understanding in detail the mechanisms underlying the transport of carboxylic acids is crucial towards an efficient 
biological production of these compounds. In Saccharomyces cerevisiae, Jen1p is a major monocarboxylate H

+
 symporter 

specific primarily for lactate, pyruvate and for acetate, encoded by the JEN1 gene (TC 2.A.1.12.2) (1). A phylogenetic tree of 
ScJen1p homologues (2) showed the existence of two main clusters: a Jen1 group of proteins (monocarboxylate transporters) 
and a Jen2-like proteins (dicarboxylate transporters). By homology threading of the Jen1p with the LacY permease we were 
able to obtain a 3D dimensional model, that together with site directed mutagenesis strategies, pointed to the existence of 
common structure between these two permeases. Furthermore, we have also shown that a highly conserved motif in the 7th 
transmembrane segment (TMS7) is part of the substrate translocation pathway (3). Conserved mutations in this motif affect 
the kinetics of Jen1p, as well as, its specificity towards physiological substrates. In this work, we rationally design, combine 
and analyse novel mutations in two other conserved regions located in TMS5 and TMS11 of Jen1p, which we predicted to 
affect more dramatically Jen1p specificity. The domain in TMS5 was identified by structure/function studies based on 
phylogenetic molecular comparisons among Jen1p homologues with different specificities and is critical for distinguishing 
mono- and di-carboxylate permeases. The conserved aminoacids in TMS11 domain pointed to the importance of this domain 
that was demonstrated to be involved in substrate binding. We thus identified several residues critical for Jen1p activity, 
among which some also function as critical specificity determinants for the distinction of mono- from di-carboxylates. Overall, 
our results constitute a first step towards the elucidation and genetic manipulation of substrate specificity in the 
lactate/pyruvate:H

+
 symporter subfamily (TC#2.A.1.12.2) and a tool for the in silico prediction of the function of Jen1p 

homologues in other fungi of industrial importance. 
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(1) Casal M et al. (1999) JOURNAL OF BACTERIOLOGY 181:2620-2623. 
(2) Casal M et al. (2008) FEMS Microbiol Rev 32:974-994.(3) Soares-Silva I et al. (2007) Molecular Membrane Biology 
24:464-474. 
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Carboxylic acids are commonly used in food and pharmaceutical industries, however new uses for these compounds are 
emerging. These acids are now starting to be considered as building-block chemicals and can even be substitutes for 
petroleum-derived chemicals. Understanding in detail the metabolism and transport of these acids has become more 
important than ever. In this work we aimed to engineer the yeast Saccharomyces cerevisiae to produce citric acid, a 
compound with many industrial applications, namely in the food and pharmaceutical industry. Saccharomyces cerevisiae is a 
well known organism, easy to manipulate, with genetic tools available and tolerant to low pHs, which makes of it a suitable 
cell factory to the production of this compound. Mitocondrial aconitase is responsible for citrate metabolization on the Krebs 
cycle. Citric acid overproduction has been found in a CEN.PK Saccharomyces cerevisiae strain deleted on the gene 
responsible for aconitase (Aco1) expression. Other manipulations have been performed in order to improve citric acid 
production, namely the overexpression of citrate synthase and of an engineered peroxisomal malate dehydrogenase lacking 
the peroxisomal targeting sequence SKL. Citrate synthase is responsible for citric acid production on the Krebs cycle. 
Concerning malate dehydrogenase, the peroxisomal form (Mdh3) is not subject to glucose repression, in contrast to the 
cytoplasmic form (Mdh2). MDH3deltaSKL resulted in a >20-fold increase in cytosolic malate dehydrogenase activity, followed 
by a malate overproduction (1). The dicarboxylate will enter the mitochondria via mitochondrial transporters promoting the 
efflux of citrate to the cytoplasm. Assays concerning citric acid production are being performed in all the constructed strains 
and will be presented in this communication. This work also aims the identification of these acid exporters since it could 
contribute to an overall improvement in the yield of these acids. Up to now no gene encoding a plasma membrane 
tricarboxylate permease has been identified, although the existence of a mediated transport system for tricarboxylates was 
described in the yeast Candida utilis and according to our results in Yarrowia lipolytica. The sequencing of Y. lipolytica 
genome has demonstrated the existence of a family of 6 homologs to other yeast carboxylic permeases (Jen1 and Jen2 
family), but their function is still unclear. In order to study the importance of these genes we performed their heterologous 
expression in the strain S. cerevisiae jen1ady2 mutants, that presents no activity for a carboxylate permease (2), using the 
expression system p416GPD. Additionally, GFP will be used as reporter gene in order to determine these proteins cellular 
location. With this approach, we intend to functionally characterize the members of the entire yeast Jen permease family 
members. 
References: 
(1) Zelle R.M. (2008) Applied and Environmental Microbiology 74:2766-2777. 
(2) Soares-Silva I. (2007) Mol. Memb. Biol. 24:464-474. 
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The plant cell wall is structurally complex and biologically recalcitrant. Microorganisms play a fundamental role in the 
decomposition processes of plant biomass and secrete numerous polysaccharide-degrading enzymes that attack cellulose, 
hemicellulose and pectin. Bacillus subtilis possesses an enzymatic consortium that enables the release of arabinosyl 
oligomers and arabinose from hemicellulose arabinans and arabinose-containing polysaccharides. In our current working 
model arabinan degradation is accomplished by at least two extracellular hemicellulases, AbnA and Abn2, with the resulting 
products, arabinose and arabino-oligosaccharides, being transported by different systems. Arabinose enters the cell through 
the AraE permease and the uptake of arabinosyl oligomers occurs most likely via AraNPQ, a putative ABC-type transporter, 
belonging to the metabolic operon araABDLMNPQ-abfA (1, 2). To ascertain the involvement of AraNPQ in the uptake of 
arabinose oligomers we constructed chromosomal araN and araNPQ in-frame deletion mutants. The physiological effect of 
these mutations in the utilization of arabinan, arabino-oligosaccharides and arabinose-containing polysaccharides as the sole 
carbon and energy source was determined. The results indicated that AraNPQ is responsible for the uptake of the linear α-
1,5-arabinosyl oligomers from the degradation of arabinan, but the non-linear α-1,2 and α-1,3 linked arabino-oligosaccharides 
are likely to be transported by an additional, and yet unidentified, transport system. In the AraNPQ transport system, AraN is 
the sugar-binding protein and AraPQ the transmembrane proteins, however no ATPase was found in the operon. In B. subtilis 
two putative ATPases sharing high identity, MsmX and YurJ, were suggested to energize several systems, including AraNPQ 
(3). Thus, we inactivated the msmX gene and found that its product is essential for the functionality of AraNPQ. Furthermore, 
the hypothetical transporter for α-1,2 and α-1,3 linked arabino-oligosaccharides is likely to be an ABC importer energized by 
MsmX. Since its role in energizing the maltodextrins transporter MdxEFG has been previously demonstrated, these results 
represent the first characterization of an ABC transporter devoted to the uptake of arabinose oligomers, and the existence in 
B. subtilis of one ATPase (MsmX) interacting with different ABC transport systems. This unusual capacity of MsmX to interact 
with multiple ABC-type transporters, contrary to other ATPases that specifically energize a single system, is currently under 
investigation.  
This work was supported by grant PPCDT/AGR/60236/2004 and PTDC/AGR-AAM/102345/2008 from FCT, POCI 2010 and 
FEDER to ISN. 
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(1) Inácio J. M.and de Sá-Nogueira I. (2008) J. Bacteriol. 190:4272-4280. 
(2) Inácio J. M. et al. (2008) Microbiology 154:2719-2729. 
(3) Quentin Y. et al. (1999) J. Mol. Biol. 287:467-484. 
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The transference of genetic material as a way of treatment of certain pathologies has been investigated since the beginning of 
the 70‘s, being, nowadays, one of the most important developments occurring in medicine. The concept of gene therapy can 
be applied to any therapeutic procedure in which nucleotide sequences are intentionally added or modified in cells/tissues. 
Among all gene transference systems, the use of viral vectors stands out. By replacing replication phase genes by genes of 
interest, they convert the cell they infect by making a new viral sequence along the cell membrane and bringing the modified 
genome in contact with the faulty cell genome. The interest has been centered in four types: retrovirus (including lentivirus), 
adenovirus, adeno-associated virus and herpes simplex type 1 virus. Originally directed to the treatment of hereditary 
diseases, essentially monogenic ones, nowadays the gene therapy also targets multiple acquired diseases as AIDS, 
cardiovascular diseases and different types of cancer. Despite the various clinic protocols approved for gene transference in 
humans, the real benefits achieved to date with gene therapy are still very far from the initial proposes. However, continuing to 
identify and resolve potential obstacles and maintaining a strong attention in vector improvement, gene therapy can certainly 
improve the result of a wide range of diseases. 
Keywords: Therapy, genes, vectors, retrovirus, adenovirus, adeno-associated virus, herpes simples type 1 virus 
References: 
(1) Kootstra NAand Verma IM (2003) Annu. Ruv. Pharmacol. Toxicol. 43:413-439. 
(2) Feigin Aand Eidelberg D (2007) Movement Disorders 22:1223-1228. 
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Cells are exposed permanently to different types of environmental stress and to stress caused by oxidative metabolism in 
mitochondria that target macromolecules like DNA. Although cells dispose a range of stress response mechanisms, balance 
between DNA damage-causing stress and DNA repair capacity is crucial. Cells have evolved molecular repair mechanisms in 
case of DNA damage so that genome stability is maintained. Once DNA damage occurs, cell cycle is arrested, allowing the 
focus of all resources needed for the repair process. Hydroxyurea (HU), a compound that blocks the synthesis of 
deoxynucleotides, inhibiting DNA synthesis, is able to induce cells to arrest in S phase of the cell cycle. In the present study 
we aim to investigate the effect of cell cycle arrest on the DNA repair capacity of Saccharomyces cerevisiae cells treated with 
hydrogen peroxide. We used the comet assay, previously optimized for yeast in our laboratory, in cells grown in medium 
containing HU and then submitted to oxidative shock. In this test, cells are embedded on agarose, lysed and a short 
electrophoresis is applied in order to move de genomic DNA out of the nucleoid. The length of the "DNA tail" correlates with 
DNA damage. Determination of DNA damage and repair was performed through the measurement of the DNA tail length 
immediately after the oxidative shock and after incubation at 30ºC for different time points, respectively. Also, we have tested 
HU on cells pre-treated with Ginkgo biloba L. leaves extract (GBE), suggested by previous studies by our group to have an 
antigenotoxic effect on cells challenged with oxidative shock. Preliminary results obtained show that cells grown in medium 
containing HU are less susceptible to oxidative stress provoked by different concentrations of H2O2, compared to the control 
situation. In addition, pre-incubation with GBE improved DNA damage repair. Thus, these results suggest that cells with 
arrested cell cycle are more efficient in DNA damage repair and less susceptible to oxidative stress. Furthermore, we show 
evidence suggesting that GBE improves this repair process in cell cycle-arrested cells. 
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Some changes may occur in chromosomes when the cells are in contact with a genotoxic agent such as hydrogen peroxide. 
The hydrogen peroxide, through the Fenton reaction, leads to reactive oxygen species (ROS) that can induce a number of 
modifications to DNA like abasic (AP) sites, single-strand breaks (SSBs), double-strand breaks (DSBs) and DNA crosslinks. 
DNA bases are particularly susceptible to oxidation mediated by ROS, and the majority of oxidized bases, including 8-oxo-G, 
are removed by base excision repair (BER). DSBs are formed when two SSBs on opposite DNA strand are localized in close 
vicinity. DSBs are the most lethal DNA damage so, the efficiency of the repair mechanism is essential. One repair system is 
the homologous recombination (HR), which is highly efficient in the model organism Saccharomyces cerevisiae. Therefore, 
this is an excellent model to study DNA damage repair by HR. The DEL Assay, which is based in a genetic construct with two 
genetic markers, LEU and HIS, the latter of which is interrupted by the former, allows us to evaluate DSBs in S. cerevisiae by 
HR. When a DSB occurs inside the genetic construct, the yeast cell activates HR, so that, damage is repaired leading to loss 
of the LEU marker and reconstitution of HIS marker. Therefore, cells become prototrophic to histidine and auxotrophic to 
leucine, which can be identified with selective media. Originally, this method was used to search for clastogens (1), in this 
work we used it to evaluate the effect of natural compounds on DNA repair in cells that have undergone DNA damage 
induced by hydrogen peroxide. We have optimized the DEL Assay to assess DNA repair by HR upon hydrogen peroxide 
shock and to screen compounds or plant extracts that can protect cells from DNA damage. To carry out this method, cells 
were incubated with hydrogen peroxide in conjunction with Ginkgo biloba leaf extract (GBE) or were incubated with hydrogen 
peroxide after being pretreated with GBE to evaluate whether the presence of the extract induces DNA repair or not. When 
there is DNA damage, a marker inversion (LEU and HIS) occurs on the genetic construction by homologous recombination, 
so that, by selection on selective media, we can calculate the frequency of recombinants, which can be compared with the 
control. Our results suggest that GBE did not influence homologous recombination frequency, hence the antigenotoxic activity 
of GBE (2) may be mediated by other DNA repair mechanism. 
References: 
(1) Kirpnick Z (2005) Mutation Research 582:116-134. 
(2) Marques F (2009) Master Thesis. 

 

 



S7 
Molecular Genetics and Biotechnology 

 

 89 

 P146 

Plasmids for in vivo construction of integrative Candida albicans vectors in 
Saccharomyces cerevisiae 
 
Vieira N.

(1)
 ,Pereira F.

(1)
 ,Casal M.

(1)
 ,Brown A.J.P.

(2)
 ,Paiva S.

(1)
 and Johansson B.

(1)
  

(1)
CBMA (Centre of Molecular and Environmental Biology), Department of Biology, University of Minho, Braga 

(2)
School of 

Medical Sciences, Institute of Medical Sciences, University of Aberdeen, Aberdeen, United Kingdom 
presenting author´s email: fpereira@bio.uminho.pt 
 
A general system has been devised for the in vivo construction of Candida albicans integrative vectors in Saccharomyces 
cerevisiae. The system is especially useful for the integration of genes in C. albicans that cannot be propagated in 
Escherichia coli possibly because of their toxic effects. The ligation of S. cerevisiae 2μ sequences to a C. albicans integrative 
vector permits in vivo maintenance and gap repair cloning within S. cerevisiae. After the vector assembly, it can be purified 
from S. cerevisiae or amplified by PCR and then used for transformation of C. albicans. The S. cerevisiae 2μ sequence is 
completely removed by linearization prior to C. albicans transformation, such that no unwanted DNA is transferred in the final 
construct. The system was successfully used to clone and reintegrate the C. albicans JEN2 gene, which encodes a 
membrane protein that is apparently toxic to E. coli. Three popular C. albicans integrative vectors CIp10, CIp20 and CIp30 are 
now available in versions that permit gap repair in S. cerevisiae.  
GenBank Accession Nº: CIp10-2μ (GU550119), CIp20-2μ (GU550120) and CIp30-2μ (GU550121). 
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(1) Vieira N. et al. (2010) Yeast Submitted. 

 

 
 
P147 

Odorant-binding proteins as biotechnological tools for odour-control 
 
Matamá T.

(2) 
,Silva C.M.

(1) 
,Cavaco-Paulo A.

(2)
 and Casal M.

(1)
 

(1)
CBMA, Department of Biology, University of Minho, Braga, 

(2)
Textile Engineering Dept., University of Minho, Guimarães 

presenting author´s email: teresam@det.uminho.pt 
 
The search for new solutions to prevent the development of unpleasant odours is of much interest for both the textiles and 
cosmetics industries. Odour control can be accomplished by the hindrance of unpleasant smelling substances and/or by the 
release of fragrances. Odorant-binding proteins (OBPs) are a subclass of lipocalins defined by their property of reversibly 
binding volatile chemicals (odorants). They are soluble proteins, highly expressed in the nasal mucus of vertebrates and in 
the sensillar lymph of insects and in general, they have a broad specificity for odorants. Porcine OBP (pOBP) has the 
classical lipocalin fold: each monomer is composed of a nine-stranded β-barrel, which forms a cavity with a surface area of 
around 500 Å

2
. The odorants bind reversibly to this hydrophobic cavity mainly through van der Waals interactions. The use of 

OBPs is a new and exciting strategy for odour control in materials such as textiles with cosmetic, medical and detergent 
applications. The general goal of this work is to functionalize materials so as that they are able to release fragrances and/or to 
absorb molecules responsible for unpleasant odours. The most immediate aim is the expression of free pOBP so as to allow 
for its incorporation into nanoparticles for detergent or cosmetic applications. The cDNA coding for pOBP was cloned into the 
expression vector pET-28a and established in Escherichia coli BL21(DE3). The soluble recombinant pOBP containing a 
6xHis-tag was purified by metal ion affinity chromatography. Results for the characterization of the binding affinity of the 
recombinant pOBP, free and immobilized on a solid material, for the fluorescent ligand 1-aminoanthracene, will be presented. 
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Trabalhos práticos experimentais de Genética e Biologia Molecular na Escola 
Secundária de Santa Maria Maior 
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Professores e investigadores na área da Educação são unânimes em considerar o trabalho prático como decisivo para uma 
melhor educação científica (1). No entanto, este trabalho tem que ser aliciante para os jovens e responder a desafios 
científicos, éticos e sociais que dominam as suas vidas. Os trabalhos de Microbiologia e Genética pertencem a este grupo e 
são aceites entusiasticamente pelos alunos embora haja vários constrangimentos na sua aplicação: os equipamentos e 
materiais utilizados são dispendiosos, os professores não têm grande acesso a formação inicial e contínua nesta área, cada 
vez mais o currículo aponta para conteúdos extensos e os manuais e outras fontes de informação vulgarmente acessíveis 
possuem actividades práticas insuficientes ou mesmo inexistentes relativamente a estes conteúdos. Na Escola Secundária 
de Santa Maria Maior um grupo de professores de Biologia e Geologia, apoiado pelo Departamento de Biologia da 
Universidade do Minho e aproveitando as valências do Programa Ciência Viva, consegue, de uma forma consistente desde 
há cinco anos, desenvolver trabalho prático experimental no campo da Genética e Biologia Molecular, lutando contra 
orçamentos rígidos, programas espartanos e distância aos centros de investigação, obtendo como compensação o empenho 
e a satisfação dos seus alunos. Conscientes que ainda há um longo caminho a percorrer, mas gratos pelo já percorrido, 
estes professores trabalham com os alunos algumas das técnicas de manipulação de material genético, também usadas em 
áreas de investigação paralelamente com as técnicas clássicas de Microbiologia. No laboratório da Escola estuda-se o ciclo 
de vida de Saccharomyces cerevisiae utilizando organismos mutantes, a transformação bacteriana, utiliza-se a técnica de 
electroforese em diferentes contextos didácticos além da observação, caracterização e identificação de microrganismos. 
References: 
(1) Oliveira M.T. (1999) Trabalho Experimental e Formação de Professores Ensino Experimental e Construção de 
Saberes:35-53. 
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No ensino e na aprendizagem da Genética Clássica o recurso às árvores genealógicas é bastante usual, especialmente, na 
análise da transmissão, ao longo de gerações, de uma determinada característica física, como a cor dos olhos ou do cabelo, 
o formato dos lóbulos das orelhas; ou da perpetuação de certa anomalia genética, como o albinismo, o daltonismo, a 
polidactilia; ou, até, mesmo de doenças hereditárias, como a hemofilia, a ‗doença dos pézinhos‘, o cancro do cólon, da 
próstata e da mamã, miopia e a progeria (1). De facto, a construção de árvores genealógicas permite aos professores 
introduzir os conceitos de transmissão de genes dominantes e recessivos de uma forma mais pertinente para cada aluno: 
cada aluno pode construir a sua árvore e nela explorar a perpetuação de uma determinada característica genética à sua 
escolha. Deste modo, o aluno consegue visualizar a manifestação ou não da característica genética que optou estudar. Este 
facto acaba por impulsionar o aluno para o recurso ao quadro de Mendel de maneira a conseguir descobrir a probabilidade 
da transmissão da característica recessiva e da dominante pelos diversos membros da família. Contudo, a construção à mão 
das árvores genealógicas torna-se numa tarefa complicada e, ao fim de algum tempo cansativa, pelo que o recurso à 
ferramenta da Web 2.0 www.meusparentes.com.pt se torna imperativo: permite uma construção dinâmica, quase intuitiva de 
uma árvore genealógica, com a possibilidade de adição de fotos e outras informações sobre cada um dos membros da 
família, tornando o seu processo de construção mais estimulante para o aluno. Ademais, permite que outros membros da 
família possam aceder à árvore genealógica principiada pelo aluno (2). O estudo realizado baseou-se na aplicação da 
ferramenta MeusParentes na abordagem da Genética Humana a três turmas de 9º ano e na abordagem do domínio de 
referência ―O Elemento‖ do Núcleo Gerador ―Saberes Fundamentais‖ a duas turmas de Educação e Formação de Adultos de 
Nível Secundário. Foi solicitado aos alunos que construíssem uma árvore genealógica que recuasse até aos seus avós 
paternos e maternos, e no caso dos alunos adultos, que se prolongasse até aos seus netos. Posteriormente, foi-lhes pedido 
que escolhessem e rastreassem a (in)existência de uma característica física ou uma doença comum no seio familiar. O 
entusiasmo dos alunos foi notório e muitos deles procederam ao levantamento de mais do que uma característica física. Em 
contrapartida, no caso da transmissão de doenças genéticas, os alunos adultos demonstraram um interesse superior, 
comparativamente aos alunos de 9º ano. Acrescenta-se, ainda, que antes da utilização da dita ferramenta online foi 
implementado um questionário sobre conhecimentos informáticos e no final foi aplicado um questionário de opinião sobre 
essa mesma ferramenta. 
References: 
(1) Jenkins L. (2010) http://www.education.com/activity/article/Family_Genes_middle/. 
(2) Rose C.and Germain K. (2005) The Complete Idiot. 
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The last remodelling of the Biology Programs for High school students, implemented for grades 10-12 six years ago, inserted 
more complex molecular biology notions as well as its applications including molecular diagnostics in health and disease, 
forensic and biotechnological applications. In most schools, the teachers responsible for teaching these subjects did not learn 
them during their university studies and thus experience difficulties in teaching them. Furthermore, popular TV series like CSI 
have alerted the students for the wide applications of the powerful molecular techniques, and they want very often to explore 
further the information they receive in class. With this in mind, and with the objective of both improving the teachers training in 
these areas and contribute to promote the students interest in these subjects, we have developed at the University of Algarve 
a project called Lab-it where teachers are trained in basic molecular biology and acquire the required knowledge to then 
implement laboratory classes exemplifying these subjects. Bearing in mind that the practical component of the Molecular 
Biology is crucial to the clear understanding of the theory and that it plays a major role in bringing the subject to life, we 
provide the necessary equipment and work closely with these teachers, ultimately empowering them to run the practical‘s on 
their own. For this to be possible, and because school laboratories are not equipped accordingly, we have developed the 
concept of setting up in each high school, upon demand of the teacher and in collaboration with him, a basic molecular 
biology laboratory where the teacher can lead his students into several hands-on experiments, with the technical help of a 
trained molecular biology technician who is present during all the experiments and helps the teacher throughout his class with 
equipment manipulation. Furthermore, this approach does not disrupt the teaching day or students timetable since it is done 
within the normal class schedule. This service could also be expanded to lower grades, adapting the protocols accordingly. 
Another advantage of this system is that one set of equipments serves all High Schools in Algarve thereby significantly 
reducing the costs of equipping all the schools. We see this as a project that if successful could be expanded to cover other 
areas in Portugal.This project has been run since 2008 as a pilot project, and due to the success of the first trials we are now 
with a full timetable involving all high schools in the District of Faro covering the entire Algarve region. 
Acknowledgements: This project as received financial contributions from DRE, Ciência Viva, and Biotech companies. 
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Este projecto teve como objectivo procurar a explicação para a presença um fenótipo raro, mas recorrente, sempre com 
muito baixa frequência - o tegumento preto do que pareciam ser ervilhas, em grão, encontradas em lotes de ervilhas de 
diferentes proveniências à venda em lojas e em feiras agrícolas na área de Braga. Esta coloração do tegumento, não 
encontrada descrita na literatura, poderá ser uma característica genética ou não. Pisum sativum L pode ser dividida em duas 
subespécies, Pisum sativum L. arvense (L.) Asch. & Graebn. e Pisum sativum L. sativum (L.) Poir. A primeira apresenta 
flores de cor lilás e sementes coloridas enquanto que a segunda apresenta flores brancas e sementes de cor creme ou 
esverdeadas. Havendo a possibilidade de se tratar de confusão e mistura entre sementes de Pisum sativum L. e de 
sementes de espécies afins, do género Latirus, ocasionalmente de cor preta, pretendeu-se caracterizar as plantas obtidas 
das sementes de diferentes colorações dos lotes acima referidos. Foi feita a sementeira em estufa de ervilhas dos diferentes 
lotes e procedeu-se ao estudo das seguintes características: folha (intensidade do recorte do folíolo, forma das estipulas, 
densidade máxima as manchas das estípulas, forma da base do estandarte); vagem (comprimento, largura máxima, grau de 
curvatura, tipo de curvatura, coloração antocianínica da sutura); cor da semente e cor da flor. Nas ervilheiras obtidas foi 
possível observar quais os tipos de sementes obtidas que adoptaram características semelhantes às dos vinte e dois tipos 
de sementes diferentes que lhes deram origem. Contudo, nenhuma das sementes obtidas apresentou tonalidade preta. Foi 
possível verificar pelas plantas que geraram que todas as sementes com tegumento preto eram de facto ervilhas, 
caracterizadas como pertencendo à subespécie Pisum sativum sativum. A tratar-se de uma característica hereditária, não é 
o de um caso clássico de monohibridismo, pois foram excluídas as hipóteses de o gene, responsável pela tonalidade preta 
do tegumento, ser homozigótico dominante ou recessivo (ambos originariam 100% de sementes pretas) e de ser 
heterozigótico dominante (originariam 75% de sementes pretas), visto que não surgiu nenhuma semente de tonalidade 
preta, num número total bastante alargado. Os resultados também não se coadunam com uma relação de codominância ou 
de dominância incompleta. Posto isto, colocam-se as hipóteses de não se tratar de uma característica genética ou, mais 
provavelmente, de ser uma excepção à genética mendeliana. Neste último caso, poderíamos estar perante uma interacção 
genica simples, em que há mais do que um par de genes não alelos a contribuir para a mesma característica – genes 
complementares - podendo estes estar ou não no mesmo cromossoma. Futuros estudos deverão confirmar ou infirmar a 
ocorrência dos resultados experimentais obtidos. 
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Com a introdução do tema da Biotecnologia no programa de 12º ano, criou-se um enorme desafio aos professores do ensino 
da Biologia no Secundário, mas surgiu também uma dificuldade difícil de superar: como preparar aulas práticas de 
Biotecnologia/Genética Molecular, em escolas sem equipamento, reagentes e, muitas vezes até sem instalações 
laboratoriais apropriadas. O kit Biogénius é assim o resultado de uma colaboração longa e frutuosa entre professores de 
Biologia do ensino secundário e investigadores da área da biologia molecular de diversas instituições, no âmbito de uma 
parceria com a Ordem dos Biólogos. O principal objectivo foi o de fazer chegar aos professores um conjunto de materiais 
que lhes permitam realizar aulas práticas direccionadas para o programa de Biologia do 12º ano, nomeadamente no capítulo 
da Biotecnologia, que sejam didácticas, motivadoras e que permitam a participação activa de todos os alunos. A principal 
preocupação foi a de fazer chegar esse material a todas as escolas do país, permitindo que um docente possa realizar estas 
experiências independentemente de existirem ou não infra-estruturas laboratoriais disponíveis (laboratórios, bancadas, 
equipamento, material descartável, etc.). Na realidade, para a realização de todas as experiências deste kit, um professor 
necessita apenas de água destilada e de um forno microondas ou pequeno fogão para banho-maria. Adicionalmente, foi um 
objectivo deste projecto conceber um kit que proporcionasse à escola uma base de equipamento simples, eficaz e pouco 
dispendioso que possa ser utilizado ano após ano, num sistema aberto que possa ser utilizado com recargas disponíveis de 
reagentes ou material biológico preparado pelos professores. Assim, os professores têm agora à sua disposição um kit que 
lhes permite realizar, várias vezes, 3 experiências diferentes com os seus alunos: Extracção de DNA bacteriano e testar a 
sua resistência a processos de degradação; Análise da conformação de plasmídeos e a resolução de um caso de Fraude 
Canina através de um ―DNA fingerprinting‖ 
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Estratégias de e-ensino/aprendizagem na divulgação e pedagogia da Genética 
 
Aguiar C. 
Departamento de Biologia/ CBMA (Centro de Biologia Molecular e Ambiental), Universidade do Minho, Braga 
presenting author´s email: cristina.aguiar@bio.uminho.pt 
 
O paradigma de Bolonha trouxe alterações aos processos de ensino e aprendizagem, exigindo mudanças pedagógicas e 
metodológicas profundas e criando novos desafios aos seus agentes. O ensino pretende-se centrado no aluno, que passa a 
ser um agente activo da sua própria aprendizagem/formação, e que por sua vez abrange não só o desenvolvimento de 
competências específicas como de competências genéricas e transversais. Tais competências passam a ser desenvolvidas 
não só em salas de aulas mas ao longo de toda a vida, noutros espaços e tempos que se estendem para além dos 
tradicionalmente alocados à educação formal. Neste contexto, o maior desafio de um professor será o de saber orientar, 
motivar e envolver cada vez mais e melhor os seus alunos na construção da sua própria aprendizagem. As Tecnologias da 
Informação e Comunicação (TIC) têm sido apontadas como possíveis recursos eficazes ao serviço dessa missão, não só 
porque: (i) permitem explorar novos cenários pedagógicos e/ou outros espaços/tempos de aprendizagem, que 
adicionalmente respeitam a diversidade de competências, os ritmos individuais e os objectivos pessoais, como (ii) pelo facto 
da actual geração de alunos ter nascido, crescido e vivido no seio de tecnologias digitais. Para estes nativos digitais

1
, que 

apresentam uma grande afinidade com os ambientes tecnológicos, as TIC poderão representar um factor de motivação 
adicional. É assim natural que várias ferramentas e recursos tecnológicos tenham vindo a ser explorados ao serviço da 
educação, no âmbito de estratégias pedagógicas geradoras de novas situações de aprendizagem. O ensino passou a ter 
novos formatos para além do presencial e as modalidades de e-learning, b-learning e m-learning estabelecem-se e surgem 
para responder aos novos desafios. O ensino da Genética não é excepção e várias ferramentas pedagógicas como 
plataformas de e-learning, laboratórios virtuais, fóruns, chats, blogues e podcasts, entre outros, têm vindo a ser usados na 
prática pedagógica. Na Licenciatura em Biologia Aplicada da Universidade do Minho têm vindo a ser testadas e aplicadas 
várias destas estratégias na docência das unidades curriculares relacionadas com a Genética (Hereditariedade e Evolução e 
Genes e Genomas). Mais recentemente, tem-se recorrido à utilização de podcasts diversos

2,3
 para reforçar e complementar 

o ensino presencial, para inovar e motivar, indo de encontro a diferentes métodos e estilos de ensino/aprendizagem e 
explorando outras facetas da relação pedagógica. Nos vários estudos realizados constatou-se que a utilização destes 
ficheiros áudio se revelou uma experiência extremamente positiva e uma mais-valia pedagógica, capaz de promover uma 
aprendizagem independente e activa bem como o desenvolvimento de determinadas competências e melhores resultados 
académicos

4
. 

Referências: 
1
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2
Aguiar C et al (2009) Using podcasts to reinforce learning outcomes in Biology. Biochemistry and Molecular Biology 

Education 37(5): 287-289. 
3
Carvalho AA et al (2008) Taxonomia de Podcasts (http://www.iep.uminho.pt/podcast/Taxonomia_Podcasts.pdf) 

4
Carvalho AA et al (2009) Podcasts in Higher Education: Students and Teachers Perspectives. In Arthur Tatnall & Anthony 

Jones (Eds.) Education and Technology for a Better World. Berlin: Springer, 417-426 
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A investigação face aos novos paradigmas da docência e desafios de ensinar 
 
Igrejas G. 
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Departamento de Genética e Biotecnologia, Vila Real 
presenting author´s email: gigrejas@utad.pt 
 

"Vem por aqui" — dizem-me alguns com os olhos doces 
Estendendo-me os braços, e seguros 
De que seria bom que eu os ouvisse 
Quando me dizem: "vem por aqui!" 
Eu olho-os com olhos lassos, 
(Há, nos olhos meus, ironias e cansaços) 
E cruzo os braços, 
E nunca vou por ali... 

Não, não vou por aí! Só vou por onde 
Me levam meus próprios passos... 
Se ao que busco saber nenhum de vós responde 
Por que me repetis: "vem por aqui!"?  
Prefiro escorregar nos becos lamacentos, 
Redemoinhar aos ventos, 
Como farrapos, arrastar os pés sangrentos, 
... 
Não sei por onde vou, 
Não sei para onde vou 
Sei que não vou por aí! 
Excerto do ―Cântico Negro‖ (José Régio) 

 
No actual contexto de desenvolvimento científico e tecnológico será impraticável e mesmo contraproducente que o ensino 
vise apenas transmitir conhecimentos específicos de forma exaustiva, esquecendo que a sua função primordial é contribuir 
para a educação geral dos cidadãos. Os processos de ensino devem ser centrados nos alunos, valorizando as suas 
vivências e objectivos de vida, pois estes são aspectos importantes que condicionam e estimulam as suas aprendizagens. 
Nesta abordagem e numa perspectiva construtivista da aprendizagem, esta deve passar pela realização de actividades 
práticas como parte integrante e fundamental dos processos de ensino e aprendizagem dos conteúdos. O trabalho prático 
deve ser entendido como um conceito abrangente que engloba actividades de natureza diversa, que vão desde as que se 
concretizam na sala de aula com recurso aos elementos habituais, às que exigem um laboratório. Ao Docente caberá decidir 
o grau de abertura das tarefas ponderando as competências que os alunos já possuem, o tempo e os recursos disponíveis, 
no sentido da promoção do ensino tutorial e no sentido de documentos tão importantes sobre o conceito de Universidade e 
da Formação ao Longo da Vida, em que se enfatiza o papel da educação e da formação, não apenas no contexto da 
aquisição de competências profissionais, mas também, como meio de promoção de uma cidadania activa e do 
fortalecimento da coesão social. As relações entre Ciência, Tecnologia e Sociedade devem ser exploradas e consideradas 
como razões de ordem motivacional, razões ligadas aos aspectos sociais, éticos e morais que advêm da compreensão do 
impacto das aplicações científico-tecnológicas na vida dos cidadãos e dos seres vivos em geral. Neste tipo de abordagens, 
o conhecimento e a compreensão de conceitos e processos científicos devem enfatizar a dualidade unidade versus 
diversidade, o que permite compreender e respeitar a diferença. As visitas de estudo realizadas a parques temáticos, jardins 
botânicos, museus, e a exploração de informação veiculada por livros e revistas de divulgação científica para o público em 
geral, ou mesmo a análise de notícias divulgadas pelos ―media‖, pode contribuir para salientar a importância da Genética 
nas sociedades contemporâneas e na sua relação com a biodiversidade do planeta. Neste âmbito destacamos a 
originalidade que teriam ―As Olímpiadas de Genética‖, como um estímulo concreto à valorização do conhecimeto científico e 
ao gosto pela investigação. Como sabemos, o Processo de Bolonha representa um desafio tão vasto que visa perfis 
próprios de um espaço económico mais dinâmico e competitivo do mundo baseado no conhecimento e capaz de garantir um 
crescimento sustentável, com mais e melhor empregabilidade. Neste contexto, foram implementadas reformas profundas no 
sentido de uma maior eficácia, modernização e simplificação das instituições de ensino superior tendentes a um desejável 
patamar de excelência, marcado por perfis competitivos, de referência nacional e internacional. Em suma, neste contexto, 
releva-se a importância da formação e o seu papel na melhoria da qualidade das sociedades e da aprendizagem numa 
vivência profissional intensa, intercalar para o futuro de cada Homem. 
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Taqman® protein expression assays 
 
BIOPORTUGAL 
 
Os Taqman Protein Expression Assays ajudam a quantificar a expressão de proteínas usando a química Taqman e PCR em 
Tempo real, com um fluxo de trabalho simples e robusto, com melhor sensibilidade e especificidade que métodos clássicos 
de imunocitoquímica ou citometria de fluxo, bem como são mais rápidos e usando até 10 a 100 x menos amostra. 
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The next big thing in sequencing is small - the GS Junior System 
 
Roche Diagnostics 
 
Roche Diagnostics is presenting the launch of a new sequencing instrument, the GS Junior. The GS Junior uses GS FLX 
Titanium Chemistry, with the same read length and read quality as the proven Genome Sequencer FLX system providing 
100,000 reads for each run, which corresponds to 1/10 of the outcome of the GS FLX. All 454 sequencing applications will be 
available on the GS Junior at launch, with an optimized and simplified workflow. The lower throughput means that smaller 
projects will fit in one run, with lower startup and sequencing run cost than for the GS FLX. Furthermore, all data analysis can 
be completed on the companion PC, which is included in the GS Junior package. The GS Junior system is optimal for non-
sequencing experts who need sequencing and researchers who want to run small-scale, long read length, next-generation 
sequencing projects, like microbial genome projects, metagenomic surveys, or small targeted re-sequencing projects using 
Amplicons or sequence capture. GS Junior complements the GS FLX, broadening the 454 Sequencing offering by providing 
convenient access to next generation sequencing at a reasonable price. 
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Genotypes of group C streptococci from bovine mastitis 
 
Márcia Rato
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Presently at 
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Introduction: Strains of Streptococcus dysgalactiae subsp. dysgalactiae (Group C Streptococcus, GCS) are described as 
alpha-hemolytic or nonhemolytic and are associated only with animal infections (1), such as bovine mastitis, a disease with 
major economic consequences for the dairy industry. The aim of this work was to search among bovine GCS field isolates for 
the presence of genes usually found among streptococcal species of human origin. 
Methods: A total of 19 alpha-haemolytic S. dysgalactiae subsp. dysgalactiae isolates were recovered from 304 bovine mastitis 
milk samples at Portuguese herds during 2002-03 and were identified as according to commercial kits (API-20 STREP, 
BioMérieux; BBL Crystal Gram-Positive, Becton Dickinson), and by amplification and sequencing of the 16S rRNA gene. All 
isolates were grouped into SmaI pulsed-field gel electrophoresis (PFGE) clusters with 80% similarity according to 
dendrograms constructed using the Dice coefficient and UPGMA. Resistance against tetracycline-T, macrolides 
(erythromycin-E), and lincosamides (pirlimycin-PRL) and the macrolide-lincosamide resistance phenotypes were evaluated by 
disk diffusion. Genes associated with tetracycline resistance [tet(M), tet(O), tet(W), tet(L), tet(Q), tet(K), tet(S)] and macrolide-
resistance [mef(A), erm(A), erm(B)], and virulence phage-encoded genes [speA, speC, speL, speK, speM, spd1, ssa] of the 
human-specific pathogen S. pyogenes (Group A streptococci, GAS), were searched for by PCR.  
Results: All isolates were tetracycline resistant with a majority (66.7%) carrying tet(M) or tet(O) genes. Subsets of isolates 
were erythromycin and pirlimycin resistant (MLS phenotype) and contained erm(B) or erm(A) genes (22.2%) or erythromycin 
susceptible and pirlimycin resistant (LSA phenotype), and contained the linB gene (16.6%), located in mobile elements. The 
phage-encoded virulence genes speC, speL, speK, speM, and spd1 of GAS were detected in 10 (55.6%) of 18 isolates of 
bovine GCS. A total of four PFGE clusters comprised 53% of the GCS and only one was found to be herd specific. 
Conclusions: Our findings indicate that alpha-haemolytic GCS isolates, which are known to be environmental or contagious 
pathogens and a cause of bovine mastitis, carry genetic determinants, such as the linB gene encoded by a large conjugative 
plasmid (2), suggesting that horizontal gene transfer may occur among streptococcal bovine mastitis pathogens. Also the 
detection of superantigen and exotoxin genes encoded by prophages of the human-specific GAS suggests that animal GCS 
may be reservoirs of important virulence determinants. 
(1) Vieira VV, et al. 1998. Int J Syst Bacteriol. 48:1231 
(2) Bozdogan B, et al. 1999. Antimicrob Agents Chemother. 43:925  
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Maps 

UM, Campus of Gualtar 
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Useful information 
 

Número de emergência (emergency number) 112 

Hospital de S. Marcos - Braga 253209000 

Cruz Vermelha Portuguesa (Delegação de Braga) 253208870 

Telef. Emergência (ambulâncias): 253 208 872 

Bombeiros Municipais de Braga (fire department) 253264077 

253278488 

Bombeiros Voluntários de Braga (fire department) 253200430 

PSP - Polícia de Segurança Pública (police) 253200420 

253268060 

Polícia Municipal de Braga 253609740 

GNR - Guarda Nacional Republicana 253215444 

253675284 

Polícia Judiciária 253255000 

253275774 

Posto turismo Braga (tourism office) 253262550 

Estação de Braga dos Caminhos de Ferro (railway station) 808208208 

Radoviária Nacional (bus station) 253209410 

Braga Táxis Service 24/24 253253253 

966233602 

Taxis Flôr do Minho 253683133 

253683228 
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