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Structural plasticity of the human genome in disease and evolution 
 
Francesca Antonacci 
 
University of Bari (Bari, Italy) 
 
 
Structural variation is increasingly acknowledged as an important source of human 
genetic variation accounting for disease and population diversity. Significant advances 
have been made over the past few years in mapping and characterizing structural 
variation in the human genome. Inversion polymorphisms, however, represent a 
relatively unexplored form of structural variation. Although they are not usually 
associated with alterations in gene copy number and, thus, do not have a primary effect 
on phenotype, several of the polymorphic inversions identified to date confer a 
predisposition to further chromosomal rearrangements in subsequent generations. The 
majority of inversions described in the human genome are flanked by highly identical 
segmental duplications causing assembly errors in genome references as well as 
problems for inversion discovery using next-generation sequencing approaches. 
Combining molecular cytogenetics, genomic approaches, and sequencing of long 
molecules we recently characterized some of the largest inversion polymorphisms in 
the human population. We investigated their worldwide population characteristics, 
established their association to human disease, and unveiled their evolutionary history. 
Our data shows that inversion polymorphisms are common and some show striking 
population stratification. Inversions associate with regions predisposed to disease-
causing microdeletions and reoccur at a high frequency due to the presence of 
duplicated sequences at their boundaries. These structural polymorphisms occur at 
varying frequencies in populations leading to different susceptibility and ethnic 
predilection. 
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DNA methylation of solid tumors 

 
Laura Baglietto 
 

Department of Clinical and Experimental Medicine, University of Pisa, Italy 
 
 
Aberrant DNA methylation is a well known feature of many solid tumors. Global 
hypomethylation common to many cancer types and single CpG aberrant methylation 
typical of specific cancer tissues represent potential biomarkers of risk, early 
detection, diagnosis and prognosis of cancer. Despite the large number of potential 
DNA-methylation biomarkers reported in the scientific literature, very few of such 
markers have been translated into commercially available tests. The main reasons 
for the large gap between research and clinical practice are the lack of reproducibility 
of the results and the low sensitivity and specificity of many DNA-methylation based 
biomarkers. Some examples from the literature will be discussed with a focus on the 
epidemiological and statistical challenges inherent in epigenetic studies. 
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Genes, peoples and languages, twenty years later 

 
Guido Barbujani 
 
Dipartimento di Scienze della Vita e Biotecnologie, Università di Ferrara 
 
 
Luca Cavalli-Sforza’s book Genes, people and languages, published in 1996, is a 
powerful synthesis of a research effort spanning half a century. Starting from Darwin’s 
intuition that the same demographic processes shape biological and linguistic 
diversity, geneticists such as Luca Cavalli-Sforza and Robert Sokal, archaeologist such 
as Colin Renfrew, and linguists such as Merritt Ruhlen, embarked in the ambitious 
project to assemble a multidisciplinary reconstruction of the human past. 
This project received a formidable impulse by the development of powerful tools for 
the analysis of whole genomes. We are now understanding, in fine and sometimes 
surprising detail, how modern human populations expanded from Africa, had contacts 
with different human forms, and evolved similarities and differences, both at the 
genetic and cultural level. Among the many possible examples, I shall focus on the 
processes leading to the first dispersal of Homo sapiens from Africa, and on the 
Europeans’ demographic history, including the debate on who were the first Indo-
European speakers.  
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Interactions between genome and microbiome along human lifespan 
 
 
Elena Biagi1, Silvia Turroni1, Marco Candela1 and Patrizia Brigidi1 
 
1Unit of Microbial Ecology of Health, Department of Pharmacy and Biotechnology, 
University of Bologna 
 
 
Human gut microbiome has been linked to inflammatory bowel diseases, allergies, 
metabolic disorders, and even cancer. Such diseases, in turn, have been associated with 
host genetics. This observation led to questioning the relationship between 
microbiome composition and functionality and the host’s genome, which is supposed 
to be a component in the complex interplay between microbes’ and host’s physiology. 
In the last few years, studies on human twins have begun to provide answers to 
questions about which taxa or metagenomics functions in the gut microbiome are 
heritable and to what extent. Even if the studies available to date are still small by 
GWAS standard, and are known to present many challenges, associations between 
human genes and microbes or microbial functions have emerged, and seem consistent 
among human populations, with an average heritability <10%. Example of such 
findings is the association between the abundance of Bifidobacterium and the human 
lactase non-persister genotype, as well as the identification of members of 
Christensenellaceae as the most heritable components of the human gut microbiome. 
The latter have also been identified as peculiarly related to the host longevity, an 
interesting and very complex trait of human phenotype, in which genetics, microbiome 
and environment all play important roles. 
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Genetics of sex determination in insects 
 
Daniel Bopp1and Leo Beukeboom2 
 
1Institute of Molecular Life Sciences, University of Zürich, Switzerland 
2Groningen Institute for Evolutionary Life Sciences, University of Groningen, 
Groningen, Netherlands  
 
 
 Studies in different fly species suggest a common logic of how sex is determined 
in higher Diptera. An instructive signal at the top, relayed by a short cascade, sets the 
sex-specific mode of the effector gene at the bottom of the pathway. This will then 
regulate sex-specific differentiation genes globally to express either the female or male 
phenotype. Despite a high degree of diversity at the instructive level, the signal-
relaying part of the pathway is remarkably well conserved. In principle, it is composed 
of the transformer gene, which acts as a conserved binary switch that transduces the 
selected sexual fate, female when ON, male when OFF, to the downstream effector 
doublesex that controls overt sexual differentiation. An interesting recurrent finding is 
that transformer is switched ON in the early zygote by maternally provisioned 
transformer activity and hence predisposes the embryo for female development. 
Different mechanisms evolved which prevent maternal activation of zygotic 
transformer to allow for male development. The existence of different mechanisms in 
natural populations of Musca domestica makes the housefly a particularly suited 
system for studying evolutionary transitions in sex determination. We find that these 
variations are based on minor changes in an otherwise well conserved pathway. Hence 
the housefly provides an ideal platform to study the principles of the underlying 
genetic control and to understand how such pathways evolve.  
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Polygenic and multifactorial risk scores in cancer prediction 

 
Federico Canzian 
 
Genomic Epidemiology Group, German Cancer Research Center (DKFZ), 
Heidelberg, Germany 
 
 
Over 1,500 genetic loci affecting the risk of nearly all cancer types and subtypes have 
been discovered. Individual risk variants are typically single nucleotide 
polymorphisms (SNPs), ranging from frequent to moderately rare in the population, 
and associated with small increases in cancer risk, with most odds ratios being smaller 
than 1.5. Thus, the significance of each individual locus for cancer risk prediction is 
modest at best. However, at least for the most intensively studied cancers, all of the 
susceptibility markers known to date explain a non-negligible fraction of familial 
relative risk. Therefore, combining these variants together in polygenic risk scores 
(PRS) may be used to stratify people according to their risk of developing cancer. In a 
recent evaluation of a 313 SNP breast cancer PRS, women in the highest 1% of risk 
had a 4.37-fold risk of developing breast cancer compared with women in the middle 
quintile, and those in the lowest 1% had a 0.16-fold risk. Additionally, combining PRS 
with established risk factors in multifactorial risk scores (MRS) further improves 
predictive power. PRS and MRS established by us for cancers where fewer loci are 
known, such as pancreatic cancer or multiple myeloma, show smaller but still 
substantial risks. On the other hand, areas under receiver-operator curve (AUC) for all 
these scores are modest. Nevertheless, it can be already envisaged to use risk scores to 
improve the efficacy of existing cancer screening programs. 
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The role of microRNA-mediated circuits in the control of gene expression 
fluctuations 

 
Michele Caselle 
 
Department of Physics, Torino University, V. Giuria 1, Torino 
 
 
Fine tuning of gene expression is essential for many cellular processes, from cellular 
responses to external stimuli to the cell cycle and circadian clocks. However, gene 
expression is subject to stochastic eluctuations, naturally inducing an uncertainty in 
the amount of gene products, with potential consequences on biological functions and 
phenotypes.  In this talk, we discuss a few regulatory strategies involving microRNAs, 
transcription factors and epigenetic regulators which guarantee optimal control of 
these stochastic fluctuations. 
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Duccio Cavalieri 
 
Department of Biology, University of Florence. Via Madonna del Piano 6, 50019, 
Sesto Fiorentino, Florence, Italy 
 
 
Metagenomics is revolutionizing our idea of ourselves and of our genomes. 
Life at the interface of the microbial and superorganismal world is the focus of a 
number of studies highlighting how understanding of the boundaries of healthy living 
requires a deep insight into how microbes interact with our metabolism and immune 
system. Nutrition and the environment emerge as a crucial regulator of this equilibrium 
and exerts major modulating roles.  
Here we will discuss the computational challenges in exploring and integrating big 
data at the interface between environmental pollution, nutrition, microbiome and 
immunity for self-sustainability of health. 
We describe how this massive interdisciplinary endeavour requires handling and 
interconnecting large amounts of data from different sources, genetics, microbiomics, 
phenotyping. 
Finally, we will critically assess how achievements in the field of computational 
metagenomics associated to measurements on the fitness of the system will foster the 
understanding of how evolution and natural selection acts on a system that 
encompasses a number of interconnected cells, both of the host and of the microbiome. 
The understanding of the system in an evolutionary perspective will foster industrial 
application of microbiome information in sectors as diverse as healthy ageing, 
nutrition and immunology, for self-sustainability of health and for the development of 
novel functional foods and healthy lifestyles.  
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Integration of multiple technologies for the de-novo assembly of complex 
genomes 

 
Luca Marcolungo, Emanuela Cosentino, Barbara Giovannone, Concetta De Quattro, 
Giulia Lopatriello. Matteo Ballottari, Michela Cecchin, Marzia Rossato, Massimo 
Delledonne 
 
Department of Biotechnologies, University of Verona, 37134 Verona, Italy 
 
 
Several new genomic sequencing and mapping technologies have become available 
that are strongly facilitating and fastening the generation of high-quality genomes. 
These technologies differ in the capability of improving the quality of genome 
assembly, in the technical complexity and of course, in the cost of the analysis. We 
exploited the complementary features of the currently available genomic technologies 
to reconstruct the highly repetitive genome of Haematococcus pluvialis, a microalga 
well known for its capacity to synthesize high amounts of astaxanthin, a xanthophyll 
carotenoid renowned for its commercial application in various industries comprising 
aquaculture, food, cosmetics, nutraceuticals, and pharmaceuticals. H pluvialis has 
been recently sequenced with Illumina paired reads and mate pairs up to 20 kb and 
assembled in contigs having an N50 of only 8 kb, in scaffolds having an N50 of 250 
kb and with a final genome of 660 Mb, much bigger than expected. We have taken a 
more comprehensive approach by producing short (Illumina) and long (PacBio and 
Oxford Nanopore) reads for contig assembly, and linked reads (10X Genomics), 
Chromosome Conformation Capture Hi-C (Phase Genomics) and optical maps 
(Bionano Genomics) for scaffolding and pseudomolecule-level assembly. We will 
present a benchmarking study that we undertook to improve the contiguity of this 
genome, as well as the improvements obtained by the sequential integration of 
additional data layers that led to the assembly of a high quality genome that represents 
a foundation for genes annotation to decipher the peculiarities of this species and for 
genome editing approaches. 
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Structural analysis of mammalian telomere replication 
 
Ylli Doksani 
 
IFOM (Milan, Italy)  
 
 
Telomeric repeats, covered by the shelterin complex, protect chromosome ends from 
the double strand break response. Our telomeres shorten gradually with every cell 
division eventually leading to cellular senescence, which is thought to prevent 
tumorigenesis and contribute to ageing. Apart from the gradual erosion, sometimes 
telomeres can be lost abruptly due to replication failures. These replication failures are 
attributed to the repetitive nature of the telomeric sequence and the propensity to form 
secondary structures, but what exactly goes wrong at telomeric replication forks is not 
clear.  
We have developed a two-step procedure for the purification of telomeric repeats from 
mammalian cells and are using it to visualize telomere structure and telomere 
replication forks in Electron Microscopy (EM). Using this approach, we can visualize 
known telomeric features like the t-loop structure and molecules with a terminal 
single-stranded overhang. Apart from these known telomere features, we observed 
that, telomeric repeats have the propensity to form intramolecular loops. We can 
induce these intramolecular loops at telomeres with DNA damage, but they accumulate 
spontaneously in ALT tumor cells that maintain telomeres by recombination. We 
propose that internal loops are formed by strand exchange events at sites of telomeric 
nicks and gaps, and resemble intramolecular Holliday Junctions. They could be 
cleaved by Holliday Junction resolvases, leading to extrachromosomal telomeric 
circles and telomere shortening. 
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How do cells count centrosomes? 
 
Matteo Burigotto1, Daniele Migliorati1#, Alessia Mattivi1#, Giovanni Magnani1#, 
Stefano Maffini2, Sabrina Ghetti1, Chiara Valentini1, Martin Offterdinger3, Alexander 
Schmidt4, Andrea Musacchio2,  Andreas Villunger5  & Luca L. Fava1* 
 
 
1Armenise-Harvard Laboratory of Cell Division, Department of Cellular, 
Computational and Integrative Biology - CIBIO, University of Trento, Trento, Italy 
2Department of Mechanistic Cell Biology, Max Planck Institute of Molecular 
Physiology, Dortmund, Germany 
3Division of Neurobiochemistry, Biocenter, Medical University of Innsbruck, Austria 
4Proteomics Core Facility, Biozentrum, University of Basel, Switzerland 
5Division of Developmental Immunology, Biocenter, Medical University of Innsbruck, 
Austria 
#shared contribution  *corresponding author 
 
 
Genome duplication and centrosome amplification are widespread phenomena across 
cancer types and are both associated with poor prognosis. Cytokinesis failure, a 
common malfunction of the cell division cycle, causes the simultaneous duplication of 
the genome and the centrosomal content, which results into an increased carcinogenic 
potential.  To preserve tissue homeostasis, healthy cells failing cytokinesis activate the 
tumor suppressor p53, resulting into cell cycle arrest or apoptosis. While the fact that 
a p53-dependent response is engaged upon cytokinesis failure is known since the 
1970s, the mechanism allowing p53 to respond to cytokinesis failure has long 
remained elusive. Recently, we discovered that cells failing cytokinesis activate the 
PIDDosome multiprotein complex, leading to Caspase-2-mediated MDM2 cleavage, 
and p53 stabilization. In my talk I will present our ongoing work supporting the 
hypothesis that supernumerary centrosomes serve as signaling centers, promoting the 
local activation of the PIDDosome to control cell fate via p53.  
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Mining cancer transcriptomes to uncover novel long non-coding RNA 
biomarkers and targets for therapy 

 
Pieter Mestdagh 
 
Cancer Research Institute Ghent, Ghent University, Belgium. Department for 
Biomolecular Medicine, Ghent University, Belgium. 
 
 
Until recently, it was believed that only a small fraction of the genome contained 
relevant information, used by the cell to produce proteins. The majority was referred 
to as ‘junk DNA’ with no obvious function throughout life. The introduction of 
massively parallel RNA-sequencing technology has drastically changed that view. 
Today, there’s ample evidence demonstrating that the majority of the genome is 
transcribed, producing non-coding RNA (ncRNA) transcripts that differ in size, shape, 
expression and function. The bulk of the non-coding transcriptome consists of so-
called long non-coding RNAs (lncRNAs). These lncRNAs are characterized by an 
exquisite tissue-specificity of lncRNAs which makes them extremely attractive as 
targets for therapeutic intervention or biomarkers for disease diagnosis and treatment 
response monitoring.  
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Genetic, epigenetic and structural factors affecting regulatory variation in 
grapevine 

 
Gabriele Magris1,2, Gabriele Di Gaspero2, Mirko Celii1,2, Emanuele De Paoli1, Rachel 
Schwope1,2, Aldo Tocci1,2, Michele Morgante1,2 
 
1Università di Udine, Dipartimento di Scienze agroalimentari, ambientali e animali, 
Udine, Italy, 2IGA, Istituto di Genomica Applicata, Udine, Italy 
 
 
A large fraction of phenotypic variation appears to be determined by regulatory rather 
than coding variation. Relatively little in comparison to animals is known about the 
transcriptional regulatory structure of plant genomes in terms of number, location and 
evolutionary conservation of cis-regulatory elements. The recent hyperactivity of 
transposons seen in most Angiosperm species is a specific characteristic of plant 
genomes. The impact of such movement has been described in terms of structural 
effects on sequence variation but much less is known on the global impact on 
regulatory variation and its effects on epigenetic variation and chromatin structure. 
Grapevine (Vitis vinifera) contains a complex genome of 487 Mb that exhibits 
extensive colonization by transposon elements, making it a convenient model in which 
to study how gene expression is regulated. We have exploited a high quality reference 
genome sequence, additional haplotype-specific sequences, genome-wide single 
nucleotide and structural variation for more than 120 genotypes, information on 
epigenetic features such as DNA methylation, histone modifications and chromatin 
accessibility and an analysis of chromatin conformation through HiC to identify 
through biochemical, genetic, evolutionary and bioinformatic approaches regulatory 
regions and regulatory variants. We will both address questions related to the control 
of gene expression, the frequency of cis-regulatory variation and the role of 
transposable elements and their variation in affecting gene expression. 
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Beans (Phaseolus ssp.) as a model for understanding crop evolution 
 

Roberto Papa1 
1 Marche Polytechnic University (Ancona, Italy) 
 
 
Phaseolus can be considered as a unique model for the study of crop evolution, and in 
particular, for an understanding of the convergent phenotypic evolution that occurred 
under domestication. The almost unique situation that characterizes the Phaseolus 
genus is that five of its ∼70 species have been domesticated (i.e., Phaseolus vulgaris, 
P. coccineus, P. dumosus, P. acutifolius, and P. lunatus), and in addition, for P. vulgaris 
and P. lunatus, the wild forms are distributed in both Mesoamerica and South America, 
where at least two independent and isolated episodes of domestication occurred. Thus, 
at least seven independent domestication events occurred, which provides the 
possibility to unravel the genetic basis of the domestication process not only among 
species of the same genus, but also between gene pools within the same species. Along 
with this, other interesting features makes Phaseolus crops very useful in the study of 
evolution, including: (i) their recent divergence, and the high level of collinearity and 
synteny among their genomes; (ii) their different breeding systems and life history 
traits, from annual and autogamous, to perennial and allogamous; and (iii) their 
adaptation to different environments, not only in their centers of origin, but also out of 
the Americas, following their introduction and wide spread through different countries. 
In particular for P. vulgaris this resulted in the breaking of the spatial isolation of the 
Mesoamerican and Andean gene pools, which allowed spontaneous hybridization, thus 
increasing of the possibility of novel genotypes and phenotypes. 
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CRISPR/CAS9 and beyond: lights and shadows of a genetic revolution 
 
Giovanni Perini 
 
University of Bologna (Bologna, Italy) 
 
 
Since the very beginning of Genetics, geneticists have been always attracted by the 
possibility to modify genomes to generating desired phenotypes and thus, to 
understand novel gene function through correlation of genotype to phenotype. For 
many decades, this occurred through random mutagenesis and selection, until when in 
the early eighties of the 20th century, thanks to prior discoveries of recombinant DNA 
and DNA sequencing, several experimental protocols were developed to introduce 
specific and controlled mutations in genomes of model organisms. Among them the 
most laborious ones were developed by Mario Capecchi and Oliver Smithies to 
introduce specific gene mutations in the mouse genome. Because of the complexity of 
the model system involved, it was thought that Capecchi and Smithies had reached the 
unreachable and that their methods would have lasted for a very long, long time. Yet, 
with great surprise, in 2013, just 25 years after their seminal work, a new genome 
editing technology, developed by Michelle Charpentier, Jennifer Daudna and Feng 
Zhang, has appeared and rapidly wiped out the previous ones, and generated a buzz in 
the scientific community. That is CRISPR/CAS9, a technology based on a single 
ribonucleoprotein complex that through a specific RNA (guide) can recognize any 
desired genomic sequence upon which the CAS9 enzyme, as a pair of scissors, can 
precisely introduce double strand breaks. The double strand breaks are, then, repaired 
through the NHEJ recombination pathway which can often produce 
insertions/deletions into the DNA target site, thus consenting the production and 
selection of cells or organisms (bacteria plants and animals) with the desired mutation. 
Nowadays, the technology relies on just one plasmid expressing both the desired guide 
RNA and the CAS9 protein, and the plasmid can be easily transferred inside cells 
through the commonly known transfection methods. Moreover, the genome editing 
approach can be applied to any type of cell and species without any sort of restriction, 
and does not require any selection step to isolate the wished mutant. More importantly, 
the number of genomic sites that can be simultaneously targeted is essentially 
unlimited, thus allowing the design of single-step generations of cells or organisms 
with multiple mutations. The technology, being apparently very easy, has become so 
popular that has spread to majority of molecular biology labs, similarly to what 
occurred for PCR in the ’90. 
In this lecture, I will review some recent development and improvements of the 
CRISPR/CAS9 technology and how it is impacting on essentially any fields of biology. 
Finally, I will try to highlight some of the ethical concerns the technology raised, in 
particular when applied to humans, and the reasons for why the scientific community 
should urge an open discussion on ethical implications about the use of CRISPR/CAS9 
based genome editing.  
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"Tumors as wounds that never heals”: insights from YAP/TAZ biology 
 
Stefano Piccolo 
 
Department of Molecular Medicine, University of Padua School of Medicine, viale 
Colombo 3, 35126 Padua, Italy; IFOM Istituto FIRC di Oncologia Molecolare, via 
Adamello 16, 20139 Milan, Italy  
 
 
We study how cells sense their environment and use this information to build and 
maintain tissues with specific form, size and function, and how these systems are 
corrupted in diseases. At the centerpiece of these events is the activity of the 
transcriptional coactivators YAP and TAZ. Enhanced YAP/TAZ activity is emerging 
as a hallmark of multiple human tumors. I will discuss the cell and tissue-level 
mechanisms that lead to unrestrained YAP/TAZ activity, in turn essential for tumor 
formation and for tissue regeneration upon injury. I will also present new evidence on 
the function of YAP/TAZ in regulating the biology of normal somatic stem cell 
explanted from adult tissues. 
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Genome duplication and transmission: lessons from chromosomal instability 
syndromes 

Filippo Rosselli 
 
UMR8200 CNRS – Gustave Roussy Institute- Villejuif, France 
 
 
Ataxia telangiectasia (AT), ataxia telangiectasia-like syndrome (ATLD), Bloom 
syndrome (BS), Nijmegen syndrome (NBS) and Fanconi anemia (FA) are the major 
pathologies that constitute the group of syndromes. chromosomal instability. Clinically 
and genetically heterogeneous, this group of rare genetic pathologies is characterized, 
to a very variable degree depending on the different syndromes, by developmental 
abnormalities, neurodegeneration, immunodeficiency, reproductive failure, 
accelerated aging, susceptibility to cancer and leukemia, hypersensitivity to DNA 
damage and replication poisons, and chromosomal "fragility". 
Linked to the clinical profile of patients, the genetic, molecular and biochemical 
analyzes carried out in recent years after the identification of genes whose loss of 
function is responsible for the development of these different chromosomal instability 
syndromes made it possible to understand the mechanisms allowing the cell to 
safeguard the structural and numerical integrity of its chromosomes. 
By using Fanconi anemia as key model, we will review our current understanding of 
how the proteins of DNA damage response network work from replication to 
cytokinesis to ensure optimal transmission of undamaged chromosomes between 
daughter cells. Finally, we will outline how genetic defects that alters DNA damage 
response pathways may lead to clinically etetogeneous syndromes 
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Contextualization of Molecular Network Models and their Applications to 
Cancer Biology 

 
Thomas Sauter1, Maria Pires Pacheco1, Tamara Bintener1, Philippe Lucarelli1, Luana 
Presta1, Thomas Pfau1, Patricia Martins Conde1, Sebastien De Landtsheer1 
 
1Systems Biology group, Life Sciences Research Unit, University of Luxembourg, 
Luxembourg 
 
 
Mathematical modelling of molecular networks allows for the discovery of knowledge 
at the system level. However, existing modelling tools are often computation-heavy 
and do not offer intuitive ways to explore the model, to test hypotheses or to interpret 
the results biologically. 
We have developed computational approaches to contextualize logical models of 
regulatory networks, as well as constraint based genome scale models of metabolic 
networks with biological measurements. These approaches are based on a probabilistic 
description of rule-based regulatory interactions between the different molecules, 
respectively linear programming of the constraint based metabolic models. The 
resulting Matlab toolboxes allow for automatically and efficiently building and 
contextualizing networks, which includes a pipeline for conducting parameter 
analysis, knockouts and easy and fast model investigation. The contextualized models 
then provide qualitative and quantitative information about the network and suggest 
hypotheses about biological processes. 
Applications include the model guided re-sensitization of mutBRAF melanoma cells 
being resistant to TRAIL receptor-targeted agonist treatment, as well as the metabolic 
model based drug repositioning for selectively targeting colon cancer.  
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Development of genetic systems for control of insect pests 
 
Max Scott 
 
Department of Entomology and Plant Pathology, North Carolina State University, 
Raleigh, NC, USA 
 
 
The New World screwworm is a dark blue blowfly that is a devastating pest of 
livestock in South America and some Caribbean islands. The Australian sheep blowfly 
is a major pest of sheep in Australia and New Zealand. Female screwworm and sheep 
blowfly flies lay their eggs on an open wound and after hatching, the larvae eat the 
animal. Over a 50-year period screwworm was eradicated from North and Central 
America through area-wide releases of radiation sterilized male and female   
flies, a control program known as the Sterile Insect Technique or SIT. Currently the 
USDA-COPEG biosecurity facility in Panama, mass rears and releases millions of 
sterilized screwworm adult flies in the barrier zone between Panama and Colombia, 
preventing the re-introduction of the pest from southern countries. As SIT 
is significantly more efficient if only males are released, we have developed transgenic 
male-only strains of this insect that carry tetracycline repressible female-lethal genetic 
systems. The initial strains developed were pupal lethal but in the second-
generation strains, females die at the embryo or early larval stages. The 
genetic systems are equally effective in sheep blowfly. The screwworm transgenic 
lines have been tested for fitness parameters that are relevant for mass rearinand 
performance in the field. One strain was selected for mass rearing and has been 
evaluated in an open field test. While, the male-only strains could be effectively used 
for control of screwworm in some locations (islands, west coast Sth America), more 
efficient genetic systems will likely be needed for most of Sth America. For example, 
either a self-limiting gene drive or Y-linked CRISPR system targeting genes essential 
for female development or fertility could be much more effective and significantly 
cheaper than SIT.  How such systems could be developed for screwworm and sheep 
blowfly will be discussed. 
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The human microbiome and metagenomics: what’s next 

 
Nicola Segata 
 
Department CIBIO, University of Trento 
 
 
Shotgun metagenomics is the sequencing-based study of complex microbial 
communities by directly sampling and analyzing their genomic pools. This approach 
has uncovered a substantial amount of diversity in the human microbiome, but a large 
fraction of the sequences in a metagenome remains uncharacterized. I will show how 
the combination of metagenomics sequencing and new computational approaches 
applied at the scale of many thousands of diverse human metagenomes can lead to the 
discovery of hundreds of previously unknown microbes. I will describe the catalog of 
154,723 microbial genomes that we reconstructed from 9,428 metagenomes spanning 
body sites, ages, countries, and lifestyles. These genomes were recapitulated into 4,930 
species-level genome bins, 77% without genomes in public repositories. Some novel 
candidate species are very prevalent, expand underrepresented phyla, and are enriched 
in non-Westernized populations. I will then focus on key but under-investigated gut 
microbial commensals, Prevotella copri and Eubacteriun rectale, showing that it is 
now possible to perform strain-level population genomics studies directly on 
metagenomics samples. Some human-associated microbes are also found in non-
human primates, opening intriguing scenarios on their co-evolution with their primate 
host. I will then discuss what are the perspectives and challenges in high-resolution 
and large-scale metagenomics and their biomedical implications on the study of the 
human microbiome. 
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The metabolic landscape of antibiotic modes of action 
 
Mattia Zampieri  
 
Institute of Molecular Systems Biology, ETH Zurich, Switzerland 
 
 

Despite rapid technological progress, the discovery of novel antibiotics has been 
stalled for the past 50 years. To combat the growing burden of antibiotic resistance, 
innovative drug discovery paradigms are required to improve and expedite the 
antibiotic discovery process. A crucial bottleneck in drug discovery is the identification 
of compounds’ Mode of Action (MoA). To address this problem we developed a rapid 
and systematic metabolome profiling strategy to classify the MoA of bioactive 
compounds. In contrast to existing methods based on phenotypic drug profiling, 
mostly on the basis of growth assays, we exploit here the intracellular response of 
about 1000 metabolites as a truly multiparametric readout of the cellular response. The 
specific advance over existing metabolic platforms is a faster throughput of 1-2 orders 
of magnitude, allowing our combined MS-based metabolomics and computational 
workflow to scale with the size of typical compound libraries. I will present our recent 
results obtained from analyzing an open access set of ~200 novel anti-tuberculosis 
compounds with unknown MoAs and discuss how our metabolome-based screening 
approach is directly applicable to extract multiple quantitative signatures indicative of 
functional properties of MoAs in large compound libraries. I will illustrate how this 
technology enables monitoring the metabolic response of Escherichia coli to 1279 
human targeted drugs and revealed an unexpectedly large spectrum of metabolic 
effects in E. coli. Combining metabolic profiling with chemogenomic data, we 
predicted epistatic drug interactions and showed how to expand the search for new 
antimicrobial treatments to compounds with no growth-inhibitory activity.  
 


