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Summary 
This EMBO workshop is intended to expose Latin American scientists to cutting 
edge work done by colleagues around the world in the area of  genomics and gene 
expression regulation. To provide a wide diversity of  models and mechanisms, we 
have selected speakers working on animal, plant and microbial systems and have 
strived to balance this diversity in the sessions. The workshop includes lectures, 
short talks and poster presentations. In addition, we have programmed a visit to a 
research site in the Atacama Desert where scientists of  the CGR are carrying out a 
ten-year long project aimed at characterizing the genomes of  desert plants, animals 
and soil microorganisms. Highlights of  this research will also be presented. 

Organizers 
Miguel L Allende. Director, Center for Genome Regulation. Professor, Department 
of  Biology, Faculty of  Science, University of  Chile. Santiago, CHILE.  
E-mail:   mallende@uchile.cl 

José Luis Gómez-Skarmeta. Investigation Professor. Deparment of  Gene 
Regulation and Morphogenesis, Centro Andaluz de Biología del Desarrollo 
(CABD-CSIC-UPO). Universidad Pablo de Olavide. Sevilla, SPAIN 
E-mail:   jlgomska@upo.es 

Funding 
We have received and EMBO Courses and Workshops Programme Grant 
(w19/93) to carry out this event. Additional funding has been provided by the 
CGR (FONDAP 15090007) and DRiDANS (PIA-CONICYT ACT1401). 
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Invited speakers 

• Shawn Burgess. NHGRI, Bethesda, USA 

• Víctor Corces. HHMI, Emory University, Atlanta, USA 

• Beatriz Diez. Universidad Católica de Chile, Santiago, Chile 

• Cristina Dorador, Universidad de Antofagasta, Antofagasta, Chile 

• Antonio Giraldez. Yale University, New Haven, USA 

• Maite Huarte. CIMA, University of  Navarra, Pamplona, Spain 

• Manuel Irimia. CGR, Barcelona, Spain 

• Ryan Lister. University of  Western Australia, Perth, Australia 

• Tomas Marques-Bonet. Universitat Pompeu Fabra, Barcelona, Spain 

• Jason Podrabsky. Portland State University, Portland, USA 

• Patricia Saragüeta. IBYME, Buenos Aires, Argentina 

• Arnau Sebé-Pedrós. CGR, Barcelona, Spain 

• Marcela Sjöberg. P Universidad Católica de Chile, Santiago, Chile 

• Joachim Wittbrodt. Heidelberg University, Heidelberg, Germany 
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Program 

January 10, 2019. 

12:00-14:30. Registration and Lunch. 

14:30-15:00 Introductory Remarks by Miguel Allende and José Luis Gómez-
Skarmeta 

15:00-16:00 Inaugural conference. Victor Corces: Mechanisms of  transgenerational 
inheritance of  obesity epiphenotypes 
16:00-17:30 Session I 

          The CGR Atacama Desert and the Chilean 1000 Genomes Projects 
(Allende, González, Orellana) 

17:30-18:00 Coffee Break. Poster viewing. 

18:00-19:30 Session II. 

          Maite Huarte: Functional long noncoding RNAs in the regulation of  the cancer genome 
          Shawn Burgess: De Novo assembly of  the goldfish (Carassius auratus) genome and the 
evolution of  genes after whole genome duplication 

          Cristina Dorador: 15 years of  study of  the microbial ecology of  high-altitude saline 
wetlands: diversity and unique adaptations to polyextreme conditions 
19:30 Welcome mixer and Dinner 

 

January 11, 2019. 

9:00-10:30 Session III. 

          Jason Podrabsky: Nuclear receptors and metabolic dormancy: potential mediators of  
embryonic-maternal conflict in developmental programming 
          Marcela Sjoberg: DNA demethylation and hydroxymethylation converge at cell-specific 
regulatory regions in the adaptive immune system 

          Tomás Marques-Bonet: Evolution of  gene regulation in the human and non-human 
lineages 
10:30-11:30 Coffee Break. Poster viewing. 
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11:30-12:30  Conference. Ryan Lister: Dissecting plant development at single cell resolution 

12:30-19:00 Field trip to CGR experimental site and Geysers del Tatio (social-
scientific event). Bag lunch. 

19:30 Dinner 

 

January 12, 2019. 

9:00-11:00 Session IV. 

     Beatriz Diez: Microbial ecology and biogeochemistry of  hot springs and marine polar 
environments 
        Manuel Irimia: Amphioxus functional genomics and the origins of  vertebrate gene 
regulation 

     Antonio Giraldez: Histone acetylation provides a timer to zygotic genome activation 

11:00-12:00 Coffee break. Poster viewing. 

12:00-13:00 Session V. 

          Patricia Saragüeta: The jaguar (Panthera onca) genome: a model for genomic analysis 
of  South American species 
          Arnau Sebé-Pedrós: Evolution of  metazoan genome regulation, from molecular 
components to epigenomic landscapes 
13:00 Lunch 

14:30-15:30 Closing conference. Joachim Wittbrodt: Genetics of  Individuality 
16:00. Final comments and departure. 
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De Novo assembly of the goldfish (Carassius auratus) genome and the evolution of genes after whole genome 
duplication  
 
Zelin Chen1*, Yoshihiro Omori2*, Sergey Koren3, Takuya Shirokiya4, Takuo Kuroda4, Atsushi Miyamoto4, Hironori 
Wada5,6, Asao Fujiyama7, Atsushi Toyoda7,8, Suiyuan Zhang3, Tyra G. Wolfsberg3, Koichi Kawakami5, Adam M. 
Phillippy3, NISC Comparative Sequencing Program9, James C. Mullikin9,10, and Shawn M. Burgess1  
 
1 Translational and Functional Genomics Branch, National Human Genome Research Institute, Bethesda MD, USA 
2 Laboratory for Molecular and Developmental Biology, Institute for Protein Research, Osaka University, Suita, 
Osaka, Japan  
3 Computational and Statistical Genomics Branch, National Human Genome Research Institute, Bethesda MD, USA 
4 Yatomi Station, Aichi Fisheries Research Institute, Yatomi, Aichi, Japan  
5 Division of Molecular and Developmental Biology, National Institute of Genetics, Mishima, Shizuoka, Japan  
6 Present address: College of Liberal Arts and Sciences, Kitasato University, Sagamihara, Kanagawa, Japan  
7 Advanced Genomics Center, National Institute of Genetics, Mishima, Shizuoka, Japan  
8 Center for Information Biology, National Institute of Genetics, Mishima, Shizuoka, Japan  
9 NIH Intramural Sequencing Center, National Human Genome Research Institute, Bethesda MD, USA 
10 Cancer Genetics and Comparative Genomics Branch, National Human Genome Research Institute, Bethesda 
MD, USA 
 
For over a thousand years throughout Asia, the common goldfish (Carassius auratus) was raised for both food and as 
an ornamental pet. Selective breeding over more than 500 years has created a wide array of body and pigmentation 
variation particularly valued by ornamental fish enthusiasts. As a very close relative of the common carp (Cyprinus 
carpio), goldfish shares the recent genome duplication that occurred approximately 14-16 million years ago (mya) in 
their common ancestor. The combination of centuries of breeding and a wide array of interesting body morphologies 
is an exciting opportunity to link genotype to phenotype as well as understanding the dynamics of genome evolution 
and speciation. Here we generated a high-quality draft sequence of a “Wakin” goldfish using 71X PacBio long-reads. 
We identified 70,324 coding genes and more than 11,000 non-coding transcripts. We found that the two sub-
genomes in goldfish retained extensive synteny and collinearity between goldfish and zebrafish. However, 
“ohnologous” genes were lost quickly after the carp whole-genome duplication, and the expression of 30% of the 
retained duplicated gene diverged significantly across seven tissues sampled. Loss of sequence identity and/or 
exons determined the divergence of the expression across all tissues, while loss of conserved, non-coding elements 
determined expression variance between different tissues. This draft assembly also provides an important resource 
for comparative genomics with the very commonly used zebrafish model (Danio rerio), and for understanding the 
underlying genetic causes of goldfish variants. 
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Mechanisms of transgenerational inheritance of obesity epiphenotypes 
Victor G. Corces, Emory University, Atlanta, GA 30322, USA 

Mechanisms by which epiphenotypes are transmitted between generations through the paternal 
germline remain poorly understood. The nuclei of mammalian sperm are highly condensed, the 
DNA is mostly covered by protamines with only a few retained nucleosomes, and epigenetic 
information stored in the form of DNA methylation is quickly erased from paternal 
chromosomes shortly after fertilization. Experiments carried out in our lab suggest a more 
complex picture of the mouse sperm epigenome, suggesting the presence of multiple histone 
modifications, nucleosomes positioned around transcription start sites and transcription factor 
binding sites, and the presence of multiple transcription factors. Most promoters in mouse sperm 
contain the elongating form of RNA polymerase II, and are flanked by several positioned 
nucleosomes marked by a variety of active histone modifications. The sperm genome is bound 
by several transcription factors, including Mediator, the pioneer factor FoxA1, and estrogen 
receptor alpha. These proteins are found at promoters, enhancers, and super-enhancers, many of 
which are active in mESCs or adult tissues. CTCF and cohesin are also present in sperm DNA, 
where they mediate interactions that organize the sperm genome into domains and compartments 
that overlap extensively with those found in mESCs. This information suggests that mammalian 
sperm contain a rich and complex palette of epigenetic information that could be altered by 
environmental factors to paint novel phenotypic outcomes in the next generation. This is 
supported by experiments in which pregnant females exposed to endocrine disruptor chemicals 
give rise to progeny showing a variety of phenotypes, including obesity. The obese phenotype is 
transmitted between generations in the absence of further exposure. Experiments indicate that 
approximately 200 new protein binding sites are present in the sperm and fat tissue of obese mice 
from the F1 through the F4 generations. These new binding sites correspond to CTCF and ERα, 
suggesting that effects of these proteins on 3D chromatin organization and transcription of 
specific genes are responsible for the establishment and transmission of epiphenotypes.
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Microbial ecology and biogeochemistry of hot springs and marine polar environments 

Beatriz  Díez (bdiez@bio.puc.cl) 

Molecular Genetics and Microbiology Department, Pontificia Universidad Católica de 
Chile, Santiago, Chile.  

Center for Climate and Resilience Research (CR)2, Chile 

The microbial thermal mats represent ideal study models to understand the 
principles of microbial ecology and biogeochemistry. We investigate the effect of 
temperature in the microbial and viral communities of thermal systems through integrative 
approaches: metagenomics, metatranscriptomics, metaviromics, proteomics and 
biogeochemistry. Our analysis demonstrates spatial replacement of microorganisms that 
suggest niche differentiation by temperature, where the contribution of filamentous 
cyanobacteria of the genus Mastigocladus (Fischerella) by C and N2 fixation completely 
cover the demands of these compounds in thermophilic photoautotrophic mats.  Isolated 
strains of Mastigocladus spp. (99% identity in their 16S rRNA genes) form different 
proteomic clusters, suggesting the presence of ecotypes along the thermal gradient. We also 
discovered new cyanophages, that are infecting and controlling these thermophilic 
cyanobacteria relevant in hot springs biogeochemical cycles, suggesting potential global 
implications of these viruses for the general maintenance of these extreme ecosystems. 

In the other hand, the coastal marine observatory of Chile Bay located in the 
Western Antarctic Peninsula has become a study model in our research group, to better 
understand how climate change is affecting ecology and microbial biogeochemistry in 
Antarctica. In this natural observatory we are studying changes in microbial and viral 
structure, composition and function in the austral summer since 2013. Some of these 
relevant functions that we are studying are, for example, the use of proteorhodopsin (PR) 
(proton pump promoted by light) or the assimilation and fixation of C and N by different 
metabolic pathways, strategies that have been little studied in the Antarctic waters. The 
effect of both biotic and abiotic factors, and in particular those associated with deglaciation, 
on the taxonomy and function of these microbial and viral communities and their 
interactions, are the focus of our studies. Our results represent a novel contribution, with a 
significant impact on the conceptual models of this polar marine region.  

All these sponsored by: FONDECYT 1110696, 1105171 (CONICYT, Chile); DPI20140044 
(PCI- CONICYT, Chile); INACH10-15; FONDAP 15110009 - Center for Climate 
and Resilience Research (CR)2 (CONICYT, Chile). 
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15 years of study of the microbial ecology of high-altitude saline wetlands: 
diversity and unique adaptations to polyextreme conditions 

Cristina Dorador1,5*, Verónica Molina2, Martha Hengst3,5, Yoanna Eissler4 

1Laboratorio de Complejidad Microbiana y Ecología Funcional and Departamento de 
Biotecnología, Facultad de Ciencias del Mar y Recursos Biológicos, Universidad de Antofagasta, 
Antofagasta, Chile. 
2Programa de Biodiversidad and Departamento de Biología, Facultad de Ciencias Naturales y 
Exactas, Observatorio de Ecología Microbiana, Universidad de Playa Ancha, Valparaíso, Chile. 
3Departamento de Ciencias Farmacéuticas, Facultad de Ciencias, Universidad Católica del 
Norte, Antofagasta, Chile. 
4Centro de Investigación y Gestión de Recursos Naturales, Instituto de Química y Bioquímica, 
Facultad de Ciencias, Universidad de Valparaíso, Valparaíso, Chile. 
5Centre for Biotechnology and Bioengineering, Santiago, Chile. 

Saline wetlands (salares) are complex polyextreme aquatic ecosystems dominated by 
microorganisms. Microbial communities have been studied in these environments using mainly 
culture-independent methods, starting in the middle of 2000. Microbial communities are in 
general dominated by Bacteria (Proteobacteria, Bacteroidetes, Firmicutes) and Archaea 
(Euryarchaeota). Interestingly, studies report the presence of unique microbial communities 
in each of the aquatic systems studied and the presence of multiple bacterial phyla. The 
development of next generation techniques (NGS) together with metagenomics and single-cell 
genomics approaches opened a new window of knowledge regarding both microbial diversity 
and function in natural environments. Recent studies from Salar de Huasco, a polyextreme 
ecosystem located at 3800 masl in the Chilean Altiplano, has revealed a high microbial 
diversity responding to daily cycles of solar radiation, where in some samples, up to 60% of 
the bacterial phyla are members of the rare biosphere, including Candidate Phyla Radiation 
(CPR) and other undescribed and uncultivated bacterial lineages. Network analysis showed a 
clear compartmentalization of bacterial groups associated with each sample, indicating that 
every site and every sample has a unique bacterial core. Moreover, different microbial strains 
have been studied in order to understand their adaptations to different extreme conditions. 
For example, proteomic studies of UV-natural and artificial exposure revealed that 
Rhodobacter spp. has DNA repair pathways based on the use of compatible solutes as reactive 
oxygen species scavengers and a tightly regulated RecA-independent repair pathway. 
Multidisciplinary and a complementary approach of techniques are helping to reveal the 
complexity and evolution of microbial communities in aquatic ecosystems in northern Chile. 

Fondecyt 1181773; CeBiB FB0001; NEXER (Network for Extreme Environment Research, 
MINEDUC) 
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Histone acetylation provides a timer to zygotic 
genome activation. 
Shun Hang Chan, Miguel A. Moreno-Mateos, Yin Tang,  Liyun Miao, Charles Vejnar, Damir 
Musaev, Jose Luis Gomez-Skarmeta, Antonio J. Giraldez* 
Department of Genetics, Yale University School of Medicine, New Haven, CT, USA. 
antonio.giraldez@yale.edu. 

During the maternal to zygotic transition, the genome is initially silent and maternal factors 
control initial competency for transcription. We have recently identified that transcription factors 
Nanog, Oct4 and SoxB1are important to mediate the proper activation of the zygotic program of 
development, yet the mechanisms that control the timing of these events remains poorly 
understood. To identify the temporal dynamics of genome activation and the factors that mediate 
this process, we combined CRISPR-Cas9 mediated live imaging during embryogenesis with 
chromatin and transcription analysis.  We observed that genome activation is gradual and 
stochastic, and the active state is inherited in the daughter cells. We used the first gene 
transcribed during the transition, miR-430, as a model to show that H3K4me3 and H3K27Ac are 
key marks labeling active loci. Chemical inhibition of K27Ac readers blocks activation, while 
induction of H3K27Ac triggers premature transcription of the genome. We have identified a set 
of factors that control the timing of genome activation and our progress will be presented at this 
meeting. Taken together, our findings challenge current models of genome activation and reveal 
key factors that initiate zygotic development, a process relevant to developmental 
reprogramming in vivo and in vitro.
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 Functional long noncoding RNAs in the regulation of the cancer genome 

Maite Huarte 
CIMA, University of Navarra 

A major shift in our conception of genome regulation has emerged in recent years. It is 
now obvious that the majority of cellular transcripts do not code for proteins, and a very 
significant subset of them are long RNAs (lncRNAs). Many lncRNAs have been shown to be 
functional molecules, emerging as important regulatory molecules in tumor-suppressor 
and oncogenic pathways. For instance, we found that the transcription factor p53, which 
is crucial for the maintenance of cellular homeostasis, specifically regulates the 
expression of dozens of lncRNAs that constitute active components of this important 
tumor suppressor pathway. We found that some lncRNAs act at the chromatin level, not 
only influencing gene expression but also DNA replication and genomic integrity, 
representing a novel aspect of genome regulation and placing lncRNAs at the focal point 
of cancer biology. I will present our findings implicating lncRNAs in the regulation of 
these key aspects of the transformed phenotype of cancer cells, with particular 
attention to the molecular mechanisms that underlie their function. 
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Amphioxus functional genomics and the origins of vertebrate gene regulation.
Manuel Irimia. Centre for Genomic Regulation (CRG), Barcelona Institute of Science and 
Technology (BIST), Barcelona, Spain. Universitat Pompeu Fabra (UPF), Barcelona, Spain. 
mirimia@gmail.com.

Vertebrates have greatly elaborated the basic chordate body plan and evolved highly 
distinctive genomes that have been sculpted by two whole-genome duplications. Here we 
sequence the genome of the Mediterranean amphioxus (Branchiostoma lanceolatum) and 
characterize DNA methylation, chromatin accessibility, histone modifications and 
transcriptomes across multiple developmental stages and adult tissues to investigate the 
evolution of the regulation of the chordate genome. Comparisons with vertebrates identify 
an intermediate stage in the evolution of differentially methylated enhancers, and a high 
conservation of gene expression and its cis-regulatory logic between amphioxus and 
vertebrates that occurs maximally at an earlier mid-embryonic phylotypic period. We 
analyse regulatory evolution after whole-genome duplications, and find that-in vertebrates-
over 80% of broadly expressed gene families with multiple paralogues derived from whole-
genome duplications have members that restricted their ancestral expression, and 
underwent specialization rather than subfunctionalization. Counter-intuitively, paralogues 
that restricted their expression increased the complexity of their regulatory landscapes. 
These data pave the way for a better understanding of the regulatory principles that 
underlie key vertebrate innovations.
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Dissecting plant development at single cell resolution
Ryan Lister. Australian Research Council Centre of Excellence in Plant Energy Biology, 
School of Molecular Sciences, The University of Western Australia, Crawley, Western 
Australia 6009, Australia.

Challenges in the isolation of specific plant cell types and the inability to effectively culture 
plant cells of distinct defined identities have impeded the deep molecular characterization 
of the diversity of plant cell identities and developmental transitions. Moreover, the rigid cell 
wall that surrounds plant cells forms a challenging barrier to single cell dissociation and 
analysis. Consequently, little is known about the transcriptional state of very rare or 
transient cell populations. We have undertaken characterization of plant transcriptomes at 
single cell resolution through a combination of genomic and microscopy techniques. 
Improved experimental and computational methodologies for improved cell discrimination 
has enabled sensitive detection and mapping of transcriptional states of complex tissues, 
including rare, transient, and previously uncharacterized cell states. Reconstruction of 
developmental trajectories for distinct cell lineages revealed previously uncharacterized 
and complex topologies. Finally, through analysis of the dynamics of gene expression we 
have gained new insights into the different gene regulatory mechanisms at play during 
plant cell differentiation.



 

EMBO WORKSHOP: ATACAMA GENOMES !16

Evolution of gene regulation in the human and non-human lineages 

Tomas Marques-Bonet 

Institute of Evolutionary Biology (UPF-CSIC), Dr. Aiguader 88, 08003 Barcelona 

Evolutionary biologists have long sought to discern the molecular basis of phenotypic variation. Changes 
in gene regulation are thought to play a major role in evolution and speciation, particularly in primates. 
Over the last decade, the field has experienced a major shift towards inter-species comparative 
epigenomics in search of a conceptual step-forward in our understanding of evolution. However, the lack 
of coherent multi-omic datasets has hindered the integrative study of the interplay between epigenomic 
and genomic evolution in different species. In this talk, I will review the latest results from our lab 
covering comparative epigenomics and transcriptomics, and present a new study aimed to characterize at 
the global level the evolutionary dynamics of regulatory elements in the primate lineage. To that end, we 
have comprehensively profiled lymphoblastoid cell lines (LCLs) from human, chimpanzee, gorilla, 
orangutan and macaque to: 1) create a consistent dataset  that defines the regulatory landscape of LCLs in 
primates  2) investigate mechanisms of gene expression regulation and understand the contribution of 
inter-species  regulatory differences to gene expression variation 3) study the interplay between different 
regulatory elements and understand the chromatin changes underlying the emergence or repurposing of 
these elements.
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Nuclear receptors and metabolic dormancy: potential mediators of embryonic-
maternal conflict in developmental programming. 
Jason E Podrabsky. Department of Biology, Portland State University, Portland, OR 
97207; jpod@pdx.edu. 

Phenotypic plasticity is often driven by interactions between the genome and the 
environment during development. The mechanisms by which environmental 
information is integrated into gene expression programs during development remain 
largely uncharacterized. Recently we have discovered that vitamin D signaling 
regulates developmental trajectory associated with entrance into diapause in embryos 
of the annual killifish Austrofundulus limnaeus. This pathway provides for maternal 
provisioning as well as environmental influences to alter developmental outcomes in 
this species. Vitamin D exerts its effects on gene expression through activation of the 
vitamin D receptor (VDR) - a nuclear receptor that can cause large-scale shifts in 
genome organization and expression. The VDR is homologous to the DAF-12 nuclear 
receptor in C. elegans and the ecdysone receptor in Drosophila - both of which also 
regulate entrance into metabolic dormancy and major life history transitions in those 
species. We hypothesize that this class of nuclear receptors functions to integrate 
environmental information into developmental programs across a wide range of 
animals and thus represents an ancient mechanism for regulation of phenotypic 
plasticity. 
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The jaguar (Panthera onca) genome: a model for genomic analysis of South American 
species 

Patricia Saragüeta 

Instituto de Biología y Medicina Experimental (IBYME-CONICET) 
Departamento de Fisiología y Biología Molecular y Celular, Facultad de Ciencias 
Exactas y Naturales, Universidad de Buenos Aires (FCEN-UBA) 

Abstract 
The jaguar (Panthera onca) is the largest felid in the Americas and the only extant 
representative of the Panthera genus in this continent. In addition to being a symbol for 
wildlife conservation and an emblematic South-American predator, jaguars are keystone 
species (i.e. they have a disproportionately large effect on their environment relative to 
their abundance). P. onca is currently considered as a near threatened species worldwide 
(IUCN Red List) and as a critically endangered species in Argentina. As a result of joint 
efforts we reported the complete sequence of the jaguar genome, along with in-depth 
analyses comparing it to all other living big cats (lion, tiger, le(o)pard and snow leopard). 
The study resolved the evolutionary relationships among these species and the timing of 
their diversification, starting about 4.6 million years ago. The genomic approach revealed 
that their genealogical tree varies considerably across different parts of their genomes. 
We also identified several genes with signatures of positive selection in big cats, affecting 
features such as vision, olfaction, reproduction, metabolism and development. We are 
working to improve the quality of the reference genome, both in structure and in 
diversity, by: overcoming the quality problems already detected in the current version 
and, enhancing its assembly structure using DNA nanopore sequencing and high-
throughput sequencing chromosome conformation capture (HiC) technology in order to 
provide a strong base for further genomic studies and to reveal the molecular bases of the 
jaguar reproductive isolation from other Panthera lineages. This information will be 
extremely valuable to guide conservation strategies of this felid species. 
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Evolution of metazoan genome regulation, from molecular components to epigenomic 
landscapes 

Arnau Sebé-Pedrós, Weizmann Institute of Science/Centre for Genomic Regulation (CRG) 

A fundamental question in biology is how the myriad of specialized cell types observed in a multicellular organism 
is  encoded  by  a  single  genome sequence.  At  every  generation,  diverse  regulatory  mechanisms  orchestrate  the 
spatiotemporal deployment of these diverse cell type programs and starting from a single cell (the zygote). The 
evolutionary flipside of this developmental process is the emergence of animal multicellularity from single-celled 
ancestors.  Here,  we  will  ask  which  regulatory  genome  changes  accompanied  this  unicellular-to-multicellular 
transition. We will first explore how comparative genomics and proteomics illuminate the evolutionary history of 
specific chromatin molecular players, including transcription factors, histone modifications and chromatin modifiers. 
Then, we will examine the configuration of gene regulatory landscapes and genome-wide epigenetic marks in the 
closest unicellular relatives of animals, using chromatin profiling methods. Finally, we will contrast this unicellular 
genome regulation with our recent analyses of cell type regulatory programs in early-branching metazoans, using a 
combination of single-cell transcriptomics and chromatin profiling tools. These results advance in our understanding 
of the origin and early evolution of animal genome regulation and cell type complexity. 
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DNA demethylation and hydroxymethylation converge at cell-specific regulatory 
regions in the adaptive immune system 

 
 

Marcela Sjöberg Herrera 

 

Laboratory of Epigenetic Regulation, Department of Cellular & Molecular Biology, School of Biological 
Sciences, Pontificia Universidad Católica de Chile, Santiago, Chile. 

 
 
ABSTRACT 
 
DNA methylation regulates transcription by changing the binding affinity of chromatin remodeling 
complexes and transcription factors through the addition of a methyl group to cytosine residues. This 
covalent DNA modification can be reversed via a replication-dependent or a replication-independent 
mechanism. The latter, termed active DNA demethylation, features the oxidation of 5-methylcytosine 
(5mC) to 5-hydroxymethylcytosine (5hmC), which might regulate transcription but whose role has not 
been fully understood, partly due to technical limitations in its detection. We mapped the genome-wide 
distribution of 5mC and 5hmC at single-base resolution using oxidative bisulfite sequencing in primary, 
mouse naïve CD4+ T and B lymphocytes, to avoid confounding effects from cell proliferation. In 
addition, we profiled the whole-genome distribution of a variety of histone marks and the total 
transcriptome in these cell types. Comparative epigenomics and transcriptomics analyses reveal 
contrasting epigenetic states between cell types in terms of overall levels and distribution, which are 
conserved in mice and humans. Our study proves the importance of epigenomics and transcriptomics 
to gain new insights into mechanisms of epigenetic regulation that delineate cell types and states, 
targeting selected gene loci with important roles in key physiological processes such as adaptive 
immunity. 
  
Contributing authors:  
Nicolas Walker2, Catalina A. Vallejos3,10,11,12, Hui Shi2, Martin Del Castillo-Velasco Herrera1, Anastasiya Kazachenka2, Lira 
Mamanova6, Michael J. Booth4, Martin Bachman5, Mamunur Rashid1, Laurent Vanhille7, Aleksandra A. Kolodziejczyk6, Salvatore 
Spicuglia7, Shankar Balasubramanian4,5, Sarah Teichmann6, John Marioni5,8,9, David J. Adams1, Anne C. Ferguson-Smith2 
 
Affiliations: 
1Previous address: Experimental Cancer Genetics, Wellcome Trust Sanger Institute, Hinxton, Cambridge CB10 1SA, UK 
2Department of Genetics, University of Cambridge, Cambridge CB2 3EH, UK  
3European Molecular Biology Laboratory, European Bioinformatics Institute (EMBL-EBI), Wellcome Trust Genome Campus, 
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Genetics of Individuality 

Jochen Wittbrodt. Centre for Organismal Studies, Heidelberg University, Heidelberg 
69120, Germany jochen.wittbrodt@cos.uni-heidelberg.de. 

Individual genetic variation is a critical parameter in the interplay of intrinsic and 
extrinsic factors that produce states of health and disease. Its impact must be 
understood if we hope to translate findings between laboratory models and ultimately to 
the human context.  
The central issue is to distinguish between phenotypes that are "determined" by widely 
shared features of genomes, those influenced by individual variation, and stochastic 
events. A significant barrier in achieving this resides in the fact that current genetic 
models of complex vertebrates were deliberately bred to reduce variation as a source of 
noise and ensure experimental reproducibility.  
Yet it remains a major confounding factor in virtually every experiment with a biomedical 
goal, and the cost has been severe limitations in translating findings between different 
model systems, to apply them to the mechanisms that underlie human biology. We have 
started tackling these issues using the unique properties of medaka fish, which can be 
fully inbred from the wild.  
We have already inbred and performed whole-genome sequencing of a panel of 111 
diverse medaka lines originating from a single natural population. I will present first 
findings from the comparative analysis of these genomes and will highlight avenues to 
carrying out an in-depth phenotyping of these fish at scales ranging from organismal to 
molecular phenotypes.  A particular focus is on the integration of information across the 
cardiovascular systems of vertebrates, especially the wide range of phenotypes 
observed in humans. Our study focusses on comprehensiveness and replicability to 
broach the essential question of distinguishing between genetic, individual and 
environmental effects in the stratification of phenotypes related to human disease as we 
move into an era of personalized medicine. 
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Ecological genomics identifies known and new plant processes 
required for adaptation in the Atacama Desert. 

Mauricio González. Center for Genome Regulation and INTA. 
Universidad de Chile. Santiago, Chile. 

Even though the Atacama Desert is an extremely hostile environment for any 
living organism, rich plant diversity can be found in the Andes region. Here we will 
present a summary of an eight-year ecological genomic study of the Atacama Desert´s 
plants, their environment and their general relationships with soil bacteria.  

Our results indicate that there are 72 native plant species distributed in three 
vegetation zones: the “Andean steppe” between 4,500–4000 m a.s.l; the “puna” zone, 
between 4,000–3,300 m a.s.l; and the lowermost vegetation belt, the “prepuna”, from 
3,300 to 2,500 m a.s.l. We analyzed the transcriptome of the 32 most abundant species 
in order to find evolutionary adaptations developed by Atacama plants. By using a 
phylogenomics and molecular evolution approach, we found that processes involved in 
the response to high radiation, nucleic acid integrity and N metabolism are important for 
plant survival.  For each plant species, we analyzed the soil bacterial communities 
from two different compartments according to their proximity to the roots: the 
rhizosphere-surrounding soil (bacteria loosely attached to the roots; hereinafter RSS), 
and the bulk soil (plant-free soil, BS). The results obtained by using high-throughput 
sequencing of the 16S rRNA gene indicated that BS and RSS exhibited 1,864 and 2,632 
exclusive Operational Taxonomic Units (OTUs), and 10,089 shared OTUs. Thus, despite 
the fact that vegetation coverage represents only a 1% of soil surface, the RSS 
compartment contributes with a 17% of the soil OTUs, suggesting that plant 
community contributes to increase the heterogeneity of the environment and the 
richness of soil bacterial community. In addition, we observed a strong geographical 
pattern, where the plants grown in close proximity were associated with similar 
bacterial species. Finally, we analyzed the possibility of nitrogenase enrichment in plant-
adjascent soil bacteria. NifH gene was found in RSS for 80% of the plant species. RSS 
compartment of 57% of the tested plant species showed greater nifH abundance than 
BS. 

Our studies provide new insights into mechanisms for evolution of plant abiotic 
stress tolerance, and improve our understanding of the highly unique ecosystem of the 
Atacama Desert. In addition, plants are able to indirectly affect the diversity and 
richness of soil microorganisms by setting the environmental context in which microbial 
interactions occur. We believe that our research program is essential to understand the 
relationship of plant-soil microbiome, especially for plant survival under extreme 
environmental stress, and to develop biotechnology that could be used to improve 
crops in an era of climate change or to expand the limits of agriculture to marginal 
lands.
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Coping with life in extreme environments: Cistanthe longiscapa, a case of 
study. 
Ariel Orellana 
Centro de Biotecnología Vegetal and FONDAP Center for Genome Regulation. 
Facultad de Ciencias de la Vida, Universidad Andres Bello, Santiago, Chile 

The Atacama Desert is one the oldest and driest places on earth, with high 
radiation levels and precipitation levels that range from 100mm to less than 10 
mm per year at the hyperarid core. Episodes of rainfall exceeding these levels 
occur few times every decade and are responsible for triggering the rise of a rich 
community of plant species in a phenomenon known as “blooming of the desert”. 
Cistanthe longiscapa, an annual species, is the most abundant sighted species 
during this phenomenon and can withstand a prolonged period (3-4 months) 
without further precipitations. We found that this species exhibits eco-
physiological adaptations that are probably related to the high irradiation dry 
environment it inhabits. To better understand how these adaptations and to 
detect molecular mechanisms related to its resilience to high irradiation and 
water scarcity, the genome of this species was sequenced (1,042 scaffolds and 
N50= 1.7 Mbp) predicted genome size was of nearly 800 Mbp and a gene number 
estimated of 37.716. Both karyotype and kmer analysis suggest that the species is 
diploid, even though some level of duplication typical of polyploid species was 
found. Interestingly, some biological processes exhibit a great number of genes, 
in some cases up to several hundreds, that fall into categories that could be seen 
as a response of the genome to the extreme environment where this plant lives. 
Transcriptomic analyses of plants living in different sites revealed differences in 
their repertoire of expressed genes, indicating their plasticity to cope with 
differences in the environment.   
Supported by Fondap-CRG 15090007, Basal PB-16  
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Exploring the genomes of South American Cyprinidontiform fish displaying 
unique life histories and developmental mechanisms. 
Allende M1, Gajardo F1, di Genova A1, Valdivieso C1, Pereiro L1, Nardocci G1, 
Gutiérrez V2, Papa N2, Morales P1, Marina R1, Glavic A1, Hodar C1, Mendez M1, 
Maass A1, Berois N2, Montecino M1, Arezo M2, García G2. 
1. FONDAP Center for Genome Regulation, Chile. 2. Facultad de Ciencias, 
Universidad de La República, Uruguay. 

We have sequenced the genomes of South American killifish (Teleostei, 
Cyprinidontiformes), a group that displays a remarkable ability to adapt to 
changing and challenging environments through innovations in development and 
physiology. First, we have sequenced the genomes of four species of fish of the 
genus Orestias, that inhabit salt pans and freshwater bodies of water in the 
Chilean high desert (Altiplano). This group has undergone allopatric speciation in 
recent evolutionary time after geographical fragmentation of the single original 
habitat, a freshwater lake in the center of the South American continent. Some 
species have adapted to tolerate high salt concentrations while others remain in 
freshwater. With the genome sequences, we are examining the genetic repertoires 
of hialine vs freshwater species to identify genes under selection for high salt 
tolerance. In the second project, we have sequenced the genome of two annual 
fish from the eastern coast of the continent. These animals have adapted to 
survive in ephemeral ponds that dry out for part of the year, forcing the fish to 
grow, reproduce and die within a span of a few months. The next generation arises 
from embryos that are deposited in the susbstrate and that undergo 
developmental diapause allowing them to resist dissecation for extended periods. 
Development resumes and hatching occurs during the following rainy season. We 
have sequenced the genome of Austrolebias charrua and Cynopoecilus 
melanotenia, annual fish endemic to Uruguay, by using a combination of short and 
long read technologies. Despite having a common ancestor between both species 
dating less than 15Myr ago, the genome of A. charrua is twice the size (3Gb) of 
that of C. melanotenia. This rapid genome expansion occurred without 
multiploidization but, rather, by the spread of retroelements (REs) and other 
repetitive sequences (70% of the genome). Analysis of coding sequences shows 
that A. charrua also displays a two-fold expansion in the number of genes showing 
a paralog rate of 2.2 compared to 1.58 for C. melanotenia. We provide evidence 
for neo- and sub-functionalization of duplicated genes through tissue-specific 
transcriptome analysis between both species. Our results suggest that the 
genome of A. charrua is undergoing dynamic changes that may provide a 
mechanism for evolutionary innovation and adaptation to a highly unstable 
environment. 
Funding: FONDAP 15090007.
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Gli3 knockdown in medaka fish reveals skeletal element homologies between 
pectoral fins and tetrapod limbs. 
Joaquín Letelier1,2, Silvia Naranjo-Durán2, Estefanía Sanabria2, Elisa de la Calle-Mustienes2, Juan Ramón Martínez-Morales2 and José Luis 
Gómez-Skarmeta2 
1 Center for Integrative Biology, Facultad de Ciencias, Universidad Mayor, Santiago, Chile. 
2 Centro Andaluz de Biología del Desarrollo (CSIC/UPO/JA), Seville, Spain.  
 

One of the main questions in evolutionary biology is to understand how vertebrate 
appendages emerged and changed during evolution. Despite it was previously suggested by 
other research groups, we recently demonstrated with functional experiments that 
tetrapod paired limbs evolved from fish paired fins. By using the CRISPR/Cas9 technology in 
medaka fish (Oryzias latipes) we deleted the cis-regulatory elements responsible for the 
expression of the shh gene in the posterior part of the developing paired fins (ZRS+sZRS 
mutants). ZRS+sZRS mutant fish showed a complete lack of shh expression in the fin buds 
and a whole truncation of the paired appendages later in development, in a similar fashion 
to what observed in a mouse lacking Shh activity in the limb buds. The Gli3 gene is also 
expressed in the vertebrate developing appendages but, in contrast to Shh, it is restricted 
to the anterior region of the developing bud. Limbs from a mouse mutant for the Gli3 gene 
show digit polydactyly in a Shh-independent process, as appendages lacking both Gli3 and 
Shh, mimic the polydactyly Gli3 phenotype.  

In order to reveal homologies between fish fin and tetrapod limb skeletal elements, 
using CRISPR/Cas9 we transiently knocked-down the gli3 gene in medaka wild-type and 
ZRS+sZRS mutant fish. We found that gli3 transient removal in the ZRS+sZRS mutant 
background completely rescue the paired fin phenotype similar to what observed in the 
Shh/Gli3 mouse double mutant. In addition, gli3 transient mutants show extra proximal 
radial bones in pectoral fins, a phenotype strikingly similar to the polydactyly defect 
observed in the Gli3 mouse mutants. This work demonstrates for the first time that 
equivalent skeletal elements of the tetrapod autopod are present in fish paired fins. 
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Analysis of predicted metabolic pathways based on the genome of the annual killifish 
Austrolebias charrua

Cristina Muñoz 1, Ricardo Nilo 2 and Miguel Allende 1.
1 Center for Genome Regulation. Universidad de Chile
2 Universidad Mayor

Background: The comparison of genomic sequences between species, allows the identification of 
genes and proteins selected during evolution which allow species to adapt to their environment. To 
identify these differences, the metabolic pathways deduced from the repertoire of genes can be 
studied in the species of interest. Recently we have sequenced the genome of Austrolebias 
charrua (Cyprinodontiformes), whose eggs have the unique ability to survive the drying of their 
habitat by an adaptation in embryonic development.
We aim to compare the genome of Austrolebias with other fish species inhabiting less extreme 
environments. In particular, the metabolomic signature of these fish could reveal some of the 
mechanisms that these species would use to survive in fluctuating environments.
Methods: To determine a metabolic comparison between fishes, we developed a protocol, using 
existing bioinformatic tools such as E2P2v3, which allows us to recover enzymes from the 
sequenced genome information and contextualize them within metabolic pathways using Pathway 
Tools. In addition, to identify genes that could explain the biology of A. charrua, we used a 
comparative approach to identify genes under positive selection. We collected highly conserved 
proteins encoded by genes of teleost species and compared them to those of annual fish. 
Results: Our findings reveal that, metabolically, A. charrua is more directly related to fish that 
share the same type of life histories, and are even more closely related to species that share the 
same type of habitat. We are in the process of identifying genes under positive selection in 
A.charrua.
Conclusion: A. charrua has a metabolic signature that is consistent with its life history and 
environment, though it also shows features in common with all teleosts.

Funding: FONDAP 15090007
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DAxud1 as transcriptional regulator for stress response in Drosophila 
melanogaster 

Zúñiga-Hernández J1,2, Travisany D3, Meneses C4, Bastías M4, Allende M2 & 
Glavic A1,2. 

1) Drosophila Ring in Developmental Adaptations to Nutritional Stress (DRiDANS) 

2) Center for Genome Regulation (CGR) 

3) Center for Mathematical Modeling (CMM), Faculty of engineering, University of Chile 

4) University Andrés Bello 

ABSTRACT 

The protein family CSRNPs, which is only found in animals, whose orthologous is DAxud1 

in Drosophila melanogaster, has been linked to apoptosis and stress tolerance and 

proposed as a possible transcription factor due to its nuclear localization and its binding to 

specific nucleotide sequences, which was verified by in vitro assays. Until now, none 

revealed  its function in the cell nucleus, so in this work was wanted to relate this feature 

with its possible role in stress and apoptosis, with special focus in thermal stress. By 

studies with loss of function by RNA interference of DAxud1 it was possible to establish 

that there is a thermosensitivity phenotype, which is associated with a lower expression of 

the genes that code for proteins Hsp70 in the response to thermal stress, these are 

molecular chaperones essential for the tolerance to this type of stress and oxidative. In 

polytene chromosome observations by immunofluorescences for DAxud1::GFP it was 

confirmed that DAxud1 is an element of this structure and also, during thermal stress, 

undergoes relocations on loci encoding Hsp70. The areas where DAxud1 are most 

frequently located were identified using the DamID technique and were found to have a 

frequent localization and sequence of the genome with the sequence RTACATAY, which is 

present in all promoters of genes in the Hsp family.   

Funding: Drosophila Ring in Developmental Adaptations to Nutritional Stress (DRiDANS).
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Genetic–by-early life-nutrition interactions in sleep behavior and brain morphology in 
Drosophila 
Gonzalo H. Olivares* (1,2), Franco Núñez (1,2) Franco Vega-Macaya (1,2), Noemi Candia 
(1,2), Nolberto Zúñiga (1), Ricardo A. Verdugo (1), Patricio Olguín* (1,2) 
(1) Program of Human Genetics, ICBM, (2) Department of Neuroscience, Biomedical 
Neuroscience Institute (BNI), Faculty of Medicine, Universidad de Chile. 
* Correspondence to: patricioolguin@med.uchile.cl gonzaloolivares@uchile.cl  
 
Sleep can be defined as a reversible state of inactivity, which is controlled by circadian and 
homeostatic factors, and which is conserved across most metazoans. In vertebrates and 
Drosophila, starvation leads to suppression of sleep, however, it has not been studied 
whether early-life nutrition during development affects sleep variation and to what extent it is 
influenced by the morphology variation of the brain structures controlling sleep, such as the 
mushroom bodies (MBs) in flies. To answer this question, we characterized sleep traits and 
MBs morphology in a subgroup of flies of the Drosophila Genetic Reference Panel (DGRP) 
raised under prenatal nutritional restriction (NR). The DGRP is a collection of wild origin of 
205 sequenced isogenic lines that represent the genetic variation of a natural population. 
Therefore, the genetic variation of DGRP can be associated with the variation of specific 
phenotypes using GWA studies. Using this panel, we determined that genetic-by-early-life-
nutrition interaction contributes to variation of MBs morphology and sleep traits. By 
performing GWA analyses we identified single nucleotide polymorphisms (SNPs) associated 
with the sensitivity of MBs morphology and sleep traits to nutrition. Using this data, we infer 
gene networks that underlie the differential response to NR in Drosophila sleep and MBs 
morphology. These results shed light on how prenatal NR results in adaptations of 
development, and how they contribute to shape brain function during adult life.  
 
 
Acknowledgements: this work was supported by ANILLO ACT-1401 and BNI 
Competing interests: The authors declare they have no competing interests. 
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In vitro monitoring of invasive species in water ecosystems 

Tamara Matute, Axel Sepúlveda, Fernán Federici 

Center for Genome Regulation and Millennium Institute for Integrative Systems 
and Synthetic Biology (MIISSB). Departamento de Genética Molecular y 

Microbiología, Facultad de Ciencias Biológicas, Pontificia Universidad Católica de 
Chile, Santiago, Chile. 

The conservation of natural resources and biological diversity represents an 
urgent challenge worldwide. The presence of invasive alien species (IAS) in 
natural ecosystems is among the major challenges that currently affect 
biodiversity. This translates not only into a big deterioration in biological 
diversity and ecosystem damage but also into significant economic losses. Given 
the scarce possibilities of controlling an invasive species once it has colonized a 
location, international recommendations point to early monitoring strategies as 
the most economical and effective option that allows executing anticipated 
prevention plans. However, one of the main barriers in the control and 
containment of IAS is the lack of adequate monitoring systems and the difficulty 
of mobilizing lab resources and infrastructure for their execution. Therefore, the 
need to create economic, rapid and efficient monitoring systems that allow 
infield early identification of IAS is urgent. Here, we present the development of 
an integrated approach of in vitro biological tools, hardware, and software for 
the generation of an effective organism environmental monitoring system in 
water ecosystems. For this aim, we propose: (1) the development of molecular 
biology and bioengineering tools for building the required DNA in a rapid, 
systematic and low-cost way, (2) the adaptation and optimization of in vitro 
molecular systems for their use in environmental DNA monitoring, (3) the 
generation of low cost and open hardware resources to be used in the 
prototyping of detection systems, and (4) the development of free and open 
source software for device programming and data processing. We hope the 
integration and optimization of the developed tools allow the early identification 
of IAS in water ecosystems through the low-cost monitoring and easy operation. 
We aim to demonstrate that the combination of open access to bio-hard-software 
tools not only lead to cost reduction and the creation of practical applications to 
local needs but also allow the approximation to other disciplines. In this regard, 
we hope this open source approach will accelerate scientific development to 
meet new needs in a broader range of disciplines.
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Mitochondrial genome assembly from total DNA sequencing data 
reveals insights into the evolutionary process among Chilean 
altiplanic species of Orestias [Teleostei: Cyprinodontiformes]  

Valdivieso, Camilo; Gajardo, Felipe; Cumplido, Nicolás and Allende, Miguel L. 

Center for Genome Regulation. Department of Biology, Faculty of Sciences, Universidad 
de Chile. 

The genus Orestias comprises a group of endemic South American fishes confined 
to the Andean Plateu of Chile, Peru and Bolivia. Recent analyses have shown that the 
divergence times between the different members of this genus coincide with the rise of 
the Andes and the separation of the altiplanic masses of water, hence it is a suitable 
model for the study of an allopatric evolutionary speciation process. Previous 
phylogenetic analyses performed with mitochondrial markers revealed that two species, 
O. ascotanensis and O. gloriae, which inhabits close saltpan springs (Ascotan and 
Carcote, respectively), are highly divergent. However, when the same mithochondrial 
markers were used on another pair of species, O. laucaensis and O. chungarensis, which 
inhabits Lauca River and Chungara Lake, they could not discriminate between them and 
suggested that these species may be in an ongoing speciation process. Furthermore, the 
differences observed between O. ascotanensis and O. gloriae were consistent with a 
long isolation time between these two species, while the species belonging to the Lauca 
National Park, O. laucaensis and O. chungarensis, had a more recent isolation time 
consistent with a the recent rise of the Parinacota volcano.  

In order to resolve the phylogenetic relationships among the members of this 
genus and gain insights in the evolutionary process, we took advantage of the NGS data 
previously acquired by our group. Thereafter, by using the published reference 
mitochondrial genome of O. ascotanensis we assembled and annotated three additional 
Orestias mitochondrial genomes and compared them using a phylogenomic approach.  

Our results revealed almost no differences (2 SNPs) between the whole 
mitochondrial genomes of O. chungarensis and O. laucaensis, in contrast with the highly 
divergent mitogenomes of O. gloriae and O. ascotanensis (216 SNPs).  

Together, these results suggest that the mitochondrial genomes of both species 
have not accumulated enough mutations to allow discriminating between them, 
consistent with their recent isolation time. Hence, we suggest that the usage of 
mitochondrial markers to discriminate between these two species should be 
reconsidered in future studies, as well as the benefits of including phylogenomic 
approaches to resolved conflicting evidence between phylogenetic analyses on other 
clades.
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Transposon-mediated genome size expansion: the case of Austrolebias charrua.

Gajardo Escobar F., Di Genova A., Valdivieso C., Pereiro L., Cumplido N., Arezo 
MJ., Nardocci G., Rojas N., Gutiérrez V., Marina R., Papa N., Berois N., Orellana 
A., Gutiérrez R., González M., Mendez M., Montecino M., Hodar C., Glavic A., 
Maass A., García G., Allende ML.
1. Center for Genome Regulation. Blanco Encalada 2085. Santiago, Chile.
2. Facultad de Ciencias, Universidad de la República. Iguá 4225, Montevideo, 
Uruguay.

Austrolebias is a Latin american killifish genus which habitat spans from southern 
Brasil to northern Argentina and Uruguay. It is member of a group of fishes called 
annuals, given an unusual life cycle that have a duration of approximately one 
year. This fish habits temporary pounds that get dry in summer, so they have 
evolved strategies based on developmental arrests that make their eggs able to 
survive until the next rainy season. Beside its annual nature, Austrolebias genus 
has undergone a speciation burst which also coincides with an expansion in the 
genome size of the entire group. Further analysis have shown that such genome 
expansion is a consequence of recent transposable elements (TEs) activity, where 
retrotransposons contribute most to genome size. To gain knowledge into the 
implicances of such transposon-mediated genome expansion we sequenced the 
genome of Austrolebias charrua (3.3 Gbp) and its sister specie Cynopoecilus 
melanotaenia, whose genera have not undergone genome size expansion (1.04 
Gbp). Our results shows recent TE activity and allowed us to identify TE families 
preferentially inserted in gene containing regions in both species.
FONDAP 15090007.
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HoxC genes are required for the normal patterning of the zebrafish axial and 
caudal fin skeleton 

Nicolás Cumplido1,3, Salomé Muñoz-Sánchez1, Gloria Arratia2 and Miguel L. Allende1 

1FONDAP Center for Genome Regulation. Facultad de Ciencias, Universidad de Chile. 

2University of Kansas, Biodiversity Institute, Lawrence, KS, USA. 

3nicump@gmail.com 

Introduction. The evolution of the caudal fin in ray-finned fishes is a textbook example on 
the interplay between development and evolution. It was marked by major changes on the 
terminal portion of the axial skeleton, and is regarded today as highly important for the 
classification of modern teleosts. Despite this, little is known about the underlying genetic 
mechanisms involved in its development, or how they differ from the other fins or 
appendages. Hence, we asked if a particular subset of Hox genes – a group of transcription 
factors involved the early patterning of the body – could be involved in the shaping of the 
zebrafish caudal fin. We searched them by focusing on the Hox13 paralogous group, since 
their members are known to be expressed on the posterior portion of the body in 
vertebrates, and studied the effects of specific mutations on them.  

Material and Methods. We studied the hox expression pattern on zebrafish larvae, using in 
situ hybridization, and chose a subset of them expressed at the posterior end of the body. 
Then, we specifically mutated them, using CRISPR/Cas9 technique, and studied the effects 
over the fish skeleton.  

Results. We found out that a distinct and previously unknown module in development 
comprising members of the HoxC cluster are restricted and required for the normal 
patterning of to the caudal instead of the pectoral fin, contrary to the known HoxA/D 
cluster involvement on fin development.  

Discussion. Our findings suggest that the teleostean caudal fin represents a distinct and 
unique morphogenetic module, opening new possible interpretations over the evolution of 
fins in teleosts, and the evolution of appendages in vertebrates. 

Acknowledgments. Center for Genome Regulation, FONDAP 15090007; Beca Doctorado 
Nacional 2015, Folio 21150789.
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Determining population structure among Argentinian jaguars (Panthera onca)

Francisco Pisciottano*1 , Inti Tarifa1 , Cinta Pegueroles Queralt2,3 , Jesse R. Willis2, Irene Consuelo Julca Chavez 2,3 ,

Toni Gabaldón 2,3,4, Patricia Saragüeta 1,5

1-Instituto de Biología y Medicina Experimental (IBYME-CONICET); 2-Bioinformatics and Genomics Programme. Centre for Genomic
Regulation (CRG); 3-Universitat Pompeu Fabra (UPF); 4-Institució Catalana de Recerca i Estudis Avançats (ICREA); 

5-Universidad de Buenos Aires (UBA)

* fpisciottano@gmail.com / pisciottano@dna.uba.ar

The jaguar (Panthera onca) is the largest felid in America and the most emblematic South American

predator. This carnivore species holds a high environmental importance in all ecosystems it inhabits for

its apex predator role. Jaguar populations have suffered an important decline over the last century and

today this species is considered as critically endangered in Argentina. Ensuring the sustainability of the

remaining jaguar populations demands a high degree of knowledge about the current state of their

genetic  variability  levels  and a  description of  population  structure  is  essential,  especially  to  allow

rational translocation and reintroduction actions. The first  jaguar reference genome was released in

2017 (Figueiro et al. 2017) by the Jaguar Genome Project, a consortium we integrate. 

With the aim of generating useful resources and information for the jaguar genetics and conservation

from the genomic perspective, we carried out the whole genome sequencing of 9 jaguar samples using

Illumina 2500 NSG technology.  Here  we present  the  first  results  obtained  from these  9  genomes

compared to  the  reference.  We performed a  population  structure  analysis  in  order  to  estimate  the

optimal number of populations present in our data and a Multiple Correspondece Analysis  (MCA)

clustering of our samples based on over 280.000 homozygous variable positions in their genomes. The

estimation of the optimal number of populations present among our samples resulted in 6, according to

the Structure analysis. However, the MCA clustering analysis only revealed 5 groups of individuals.

The main genetic cluster of animal obtained is integrated by captive animals from zoos and natural

reserves and surprisingly a Paraguayan male. Apart from this central group, a wild Argentinian sample

from Misiones (a province in the north-east of the country) was located. Also, an animal of Uruguayan

origin and the reference, built from a Brazilian animal, located in individual clusters.

More work including heterozygous variable position analysis will be performed to better describe the

genetic variability among the sequenced jaguar genomes and accurately describe the current genetic

situation and population structure of this species in Argentinian territory.
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Evolution of gastrulation in cavefish: heterochronic cell movements and maternal factors

Jorge Torres-Paz, Julien Leclercq and Sylvie Rétaux

Paris-Saclay Institute of Neuroscience, CNRS UMR9197, Université Paris-Sud and Université 
Paris-Saclay, Gif-sur-Yvette, France.

In animals the basic body plan is determined at early stages of embryogenesis. In fish and 
amphibians dorso-ventral polarity is established by maternal factors present in the oocyte. 
Downstream to the dorsalizing effect of maternal factors and the establishment of the organizer, 
the antero-posterior axis is specified during gastrulation, leading to the induction and 
regionalization of the neural tube. Subtle modifications in such early events are susceptible to 
have a major impact in later morphogenesis that can be deleterious or bring along morphological 
diversification. Here we used cave and surface morphotypes of the fish Astyanax mexicanus to 
study early embryonic events that could account for phenotypic evolution. First, we found 
differences in patterns, levels and dynamics of dkk1b expression in the prechordal plate from 
early gastrulation to somitogenesis. Our analyses of axial and paraxial mesodermal markers 
indicate that those differences might stem from heterochronic hypoblast internalization and 
convergent extension movements, which occur earlier in cavefish. Using F1 hybrid embryos 
obtained by reciprocal crosses of the two inter-fertile morphotypes we found that observed 
gastrulation differences depend fully on the maternal contribution. Later phenotypic differences 
in neural development became progressively hidden when zygotic genes take the control over 
development. Our work strongly suggests that maternal effect genes and developmental 
heterochronies occurring during gastrulation have impacted morphological brain change during 
cavefish evolution.

Grant support: FRM (Equipe FRM DEQ20150331745 RETAUX) and CNRS.
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Identification of long non-coding RNA and microRNA regulatory networks in the Atacama 
Desert fish Orestias ascotanensis. 

Rodrigo Maldonado1, Gino Nardocci1, Miguel Allende2 and Martin Montecino1. 

FONDAP Center for Genome Regulation. 1Institute of Biomedical Sciences, Universidad 
Andrés Bello and 2Faculty of Sciences, Universidad de Chile. Santiago, Chile.  

In recent years, non-coding RNAs including microRNAs (miRNAs) and long non-coding 
RNAs (lncRNA) have emerged as relevant post-transcriptional regulators of gene 
expression. Specifically, it has been shown that lncRNAs can influence protein expression 
by the sequestration of a shared miRNA pool that would otherwise have targeted a protein-
coding mRNA. Transcripts involved in such interactions are named competing endogenous 
RNA (ceRNA). Despite the relevance of ceRNAs in diseases such as cancer, the biological 
relevance of these interactions in other biological contexts remains unexplored. In this 
project we aim to determine whether ceRNA interactions contribute to the changes in gene 
expression that occur during seasonal acclimatization in the Atacama Desert fish Orestias 
ascotanensis. To achieve this, we have sequenced the transcriptome of O. ascotanensis 
including protein-coding mRNA, lncRNAs and miRNAs. Prediction of miRNA-mRNA 
interactions showed a high abundance of transcripts with few miRNA binding sites (MBS) 
and a small population of transcripts that exhibit multiple MBS. To identify regulatory 
lncRNAs, we used a bioinformatics approach based on determining the distances of 
putative lncRNAs to the closest annotated protein-coding transcript. Our results show that 
1,275 (57.5%) lncRNAs exhibit an intergenic location and 942 (42.5%) an intragenic 
location. In addition, we assessed whether widely-conserved lncRNAs (e.g. Cyrano; oip5-
as) that have been shown to have role in establishing lncRNA-miRNA regulatory networks 
are also expressed in O. ascotanensis. Our results indicate that lncRNAs like Cyrano (oip5-
as), including its miR-7 binding site, are conserved in O. ascotanensis, albeit its genomic 
position respect to the nearest protein-coding gene has changed from intergenic to 
intragenic. As the function of lncRNAs can be conserved between species despite the lack 
of sequence similarity, we propose that miRNA-lncRNA interactions that modulate gene 
expression may have been conserved in O. ascotanensis, and that these regulatory networks 
may have a critical role during adaptation of this fish to its extreme environmental 
conditions.  
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Efficient single-copy HDR by 5’ modified long dsDNA donors 

Jose Arturo Gutierrez-Triana*12, Tinatini Tavhelidse*1, Thomas Thumberger*1, 

Isabelle Thomas1, Beate Wittbrodt1, Tanja Kellner1, Kerim Anlas1, Erika 

Tsingos1, Joachim Wittbrodt1 

* these authors contributed equally to this work 

1 Centre for Organismal Studies, Heidelberg University, Heidelberg, Germany 

2 present address: Escuela de Microbiología, Facultad de Salud, Universidad 

Industrial, Santander, Colombia 

CRISPR/Cas9 efficiently induces targeted mutations via non-homologous-

end-joining but for genome editing, precise, homology-directed repair (HDR) 

of endogenous DNA stretches is a prerequisite. To favor HDR, many 

approaches interfere with the repair machinery or manipulate Cas9 itself. 

Using medaka we show that the modification of 5’ ends of long dsDNA donors 

amplified by PCR strongly enhances HDR and favors efficient single-copy 

integration by retaining a monomeric donor conformation thus facilitating 

successful gene replacement or tagging. 

The simplicity and reproducibility of this method will be of relevance for 

applications requiring precise insertion/replacement of DNA elements. 
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Patterns of adaptive evolution in hearing loss genes in mammals 

 

Anabella P. Trigila 1, Francisco Pisciottano 1 and Lucía F. Franchini1 

 

1
Instituto de Investigaciones en Ingeniería Genética y Biología Molecular (INGEBI), Consejo           

Nacional de Investigaciones Científicas y Técnicas (CONICET), Buenos Aires, C1428,          

Argentina. 

 
 

Genome-wide studies identifying critical innovations in coding and non-coding DNA are           

continually growing, but the evidence showing how these genetic changes may simultaneously            

impact phenotype is scarce. In the inner ear, no studies have previously addressed the relevance               

of coding and non-coding DNA for its impact on evolution, development or disease. Classical              

and recent studies on non-syndromic hearing loss, a condition that affects approximately 1 in              

1,000 human newborns, have identified possible causal genes. We hypothesize that these hearing             

loss genes must play a critical role in the development and physiology of the mammalian inner                

ear and have thus been a critical target during evolution. We identified signatures of selection at                

the coding and non-coding level for a compiled dataset including classic non-syndromic deafness             

genes and novel hearing loss genes candidates recently identified by the Mouse Phenotype             

Consortium. We found 41 hearing loss genes that show strong evidence of coding positive              

selection in the mammalian lineage. We also detected some genes showing signatures of             

accelerated evolution in non-coding conserved regions, expanding the number of functional           

genomic territories associated with inner ear genes that were probably shaped by positive             

selection in the mammalian lineage. Our results indicate that key genes and regulatory regions              

underwent adaptive evolution in mammals, suggesting that these genes could have played an             

important role in the appearance of the functional novelties that characterize the mammalian             

inner ear. 

 

Funding : This work was supported by grants from the Agencia Nacional de Promoción             

Científica y Tecnológica (PICT 2013-1642; PICT2015-1726; PICT2016-1429) to LFF. APT and           

FP have doctoral and postdoctoral fellowships from Consejo Nacional de Investigaciones           

Científicas y Técnicas (CONICET-Argentina). 
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Backuping Genomic info from South American 
endangered Species, Yaguar first on the line. 
Inti Tarifa 1, Fransisco Pisciottano 1, Clementina Penna1, Ester Sauz Martinez2,Toni 
Gabaldon 2, Patricia Saragüeta1 

1 Instituto de Biología y Medicina Experimental (IByME)-Buenos Aires, Argentina 
2 Centre de Regulació Genómica (CRG)-Barcelona, España 
 
The use of next generation sequencing technology has allowed to disassembly genomes of 
new species into parts. Nevertheless knowing the identity of the parts forming these 
genomes still isn't enough to clarify the primary sequence and still less informative in the 
process of reconstructing genomic structure and function. 
 Our project seeks to combine both classical short by Illumina technologie and long read 
sequencing using Oxford Nanopore Platform (ONT) with approaches that might clarify the 
spatial genomic conformation.  
We hope this information leads to a whole new comprehension in genetic circuits. Aiming to 
solve questions in a large spectrum of disciplines as differentiation, innate behavior, non 
genetic heritage, evolution and illness for example.  
Being the Jaguar (Panthera Onca) top specie in its trophic chain its population can be 
considered as an health indicator of its habitat. As its population declines we focused our 
efforts on this key predator, aiming to assist conservative works through quality genomic 
information. So far we sequenced nine yaguar individuals through Illumina and one also 
through ONT. We also sequenced other three novel south american feline species by a 
second generation approach allowing evolutionary studies inside this group. 
The current Panthera Onca  genome assembly done with a 84X coverage managed to 
reconstruct completely 56,05% of genes present. Its using data from long read sequencing 
that we expect to generate a second version in which at least 95% of genes may be 
identified. Then we aim to construct a third version with chromosome length scaffolds using 
HiC technique. Workflow exposed here is then to be applied to other South American 
species. 
 
This Project is financed by a grant given by SECyT, Research project PICT 2015 3426. 
2015-2018 
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The role of mab21l2 during zebrafish eye development 

Leonardo E. Valdivia1, Cristian Sobarzo1, Julie Plaisancie2, Lisa Tucker2, Sydney Leaman2, 
Emiliano Vicencio1, Mario Sanhueza1, Felipe A. Court1Rebecca Wycliffe2, Steve W. Wilson2  

leonardo.valdivia@umayor.cl 

1Center for Integrative Biology, Facultad de Ciencias, Universidad Mayor, Chile. 
2Department of Cell and Developmental Biology, University College London, UK 

Vertebrate eyes form as two outgrowths of the developing brain, named optic vesicles, which 
are later transformed into optic cups. If this transformation fails, eye formation is disrupted. 
In humans, Mab21l2 is a gene that when mutated results in eye malformations. However, its 
function is largely unknown. One approach to assess its role is to look both for interactions 
with known pathways controlling eye development and for transcriptional changes that 
accompany the phenotype.  
We have generated a CRISPR/Cas9 knockout zebrafish line in the mab21l2 gene. In these 
mutants, eye specification is unaffected but morphogenesis proceeds with disruption of basal 
lamina and abnormal optic cup folding, resulting in small and flattened eyes; this is 
reminiscent of a BMP gain-of-function. Indeed, the expression of a BMP reporter is increased 
in mutant optic cups and we found evidence of a genetic interaction between mab21l2 and 
TGF-ß signalling in the growing eye. To elucidate the genetic program driven by mab2112, 
RNAseq was performed in mutant versus wildtype at the onset of optic cup morphogenesis. 
The data was confirmed by qPCR. Functionally, mab21l2 is conserved as knockdown in 
Drosophila affects eye formation. 
Our findings suggest that mab21l2 restricts the BMP pathway during eye morphogenesis. 
Furthermore, the RNA-seq experiment revealed that 60% of the differentially expressed 
genes are clustered in transcriptional functions and are specifically expressed within the eye. 
Therefore, mab21l2 is nearly at the top of the optic cup morphogenetic cascade. Further 
genome-engineering and enhancer/suppressor screens in Drosophila will help unravelling the 
mab21l2 function. 

Funding: FONDECYT 11160951 
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LABioinfo.org: an integrated web portal for user-friendly bioinformatics 
tools and genomic information on organisms of interest in Latin America 
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² Beagle Bioinformatics 

³ Centro de Informática, Universidade Federal da Paraíba, Brazil. 
4 Núcleo Multidisciplinar de Bioinformática, Instituto Metrópole Digital, Universidade Federal do Rio            
Grande do Norte, Natal, Brazil. 
5 Programa de Doctorado en Genómica Integrativa, Vicerrectoria de Investigacion, Universidad           
Mayor, Santiago 

* Corresponding author 
 
Latin America (LatAm) harbour over 30% of the world’s biodiversity, is a major producer/exporter of               
important global commodities (e.g. salmon, sugarcane, mining) and is affected by important neglected             
diseases (e.g. leishmaniasis, malaria, dengue). To date, dozens of important organisms in LatAm has              
been sequenced and deposited in public databases. However, they are not made available with updated               
gene predictions/annotations in an integrated repository, as those available for USA (e.g. UCSC             
Genome Browser) or Europe (e.g. Ensembl). Particularly worrisome is the fact that most of the               
original publications of these genomes doesn’t have authors from the region. This might be result of                
the absence of an initiative supporting bioinformatics and computational biology in a collaborative             
effort. Aiming to power-up the local data-driven biology ecosystem, we describe here a web-portal              
(LABioinfo.org) that integrates different computational solutions developed by LatAm groups; and an            
integrated database containing genomic information for +70 eukaryotic organisms of importance for            
local human health, economy and biodiversity protection. For that, we firstly integrated 13 softwares              
and databases developed by local teams, initially part of our initiative, in an user-friendly              
environment. These tools democratize transcriptomics, systems biology and non-coding RNAs          
analyses. Additionally, we implemented a Genome Browser containing updated gene predictions and            
functional annotations from +70 organisms of interest for the region. Our perspectives are to integrate               
more locally-developed tools, standardized coding/non-coding gene predictions for integrated         
genomes and novel organisms. We also hope to invite novel collaborators to be part of this initiative. 
 
FUNDING: Fondecyt 11161020, PAI-CONICYT PAI79170021, FONDAP 15130011 
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Svil-a and svil-b are required for muscle development in Medaka 
Undurraga CA, Vazquez-Marín J, Naranjo S, Martínez-Morales JR and Letelier J. 
Centro Andaluz de Biología del Desarrollo, CABD/CSIC/UPO, 41013 Sevilla, Spain. 

Supervilin is a member of the Gelsolin/Vilin super-family of actin-binding proteins and 
the gene encodes a peripheral membrane protein with distinct domains. The amino-
terminus contains actin-binding domains and the carboxy-terminus contains a myosin II 
domain. The gene product is tightly associated with both actin filaments and plasma 
membranes, suggesting a role as a high-affinity link between the actin cytoskeleton and 
the membrane. Several transcript variants encoding different isoforms of supervillin 
have been described. One of these isoform is Svil2, also called Archvillin, is the biggest 
splicing isoform that was discovered in skeletal muscles and is a component of the 
costameric membrane skeleton. This isoform contains four more coding exons (exons 3, 
4, 5 and 9) as compared to Supervilin. In Medaka (Oryzias latipes) only svila has been 
annotated in the genome. We found in medaka a gene very similar to Human and Mouse 
Archvillin that we named svilb. These isoform also contains four more exons and have 
Myosin II-, Actin- and Nebulin-binding regions. In medaka, both svila and svilb are 
expressed in muscles at early stage (24hpf). When we generate a CRISPR/Cas9 knockout 
of both genes in Medaka, we observed that single mutants of each gene don’t show an 
evident phenotype and the mutant fishes were able to grow to adult. In contrast, the 
svila;svilb double mutants don’t survive the larvae stage and died after a few days. We 
observed that the larvae svila -/- svilb +/-, even though they don´t reach adulthood 
either, display a curled phenotype with no swimming behaviour. We conclude that svila 
and svilb plays a major role in the assembly and/or maintenance of the muscles and its 
dysfunction leads to developmental abnormalities of the muscles in Medaka. 
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Discovering the molecular basis of diapause I in the annual killifish 
Austrolebias charrua: a transcriptomic approach. 

Papa, N.1, Sotelo-Silveira, J.1,3  Valdivieso, C.2, Pereiro, L.2, Gajardo F.2,  

 Di Genova, A.2,5, Chalar, C. 4, Berois, N.1, Allende, M.2 Arezo, M. 1 

1Sección Biología Celular, Facultad de Ciencias, Universidad de la República, Montevideo, 
Uruguay. 
2Center for Genome Regulation, Facultad de Ciencias, Universidad de Chile, Santiago, Chile.  
3Departamento de Genómica. Instituto de Investigaciones Biológicas Clemente Estable. 
Montevideo, Uruguay 
4Sección Bioquímica, Facultad de Ciencias, Universidad de la República, Montevideo, Uruguay. 
5 Centro de Modelamiento Matemático, Facultad de Ciencias Físicas y Matemáticas, 
Universidad de Chile. 

T The conquest of almost all Earth’s regions has been achieved because 
living organisms are capable to settle even in extreme environments. The 
different states of tolerance are summarized in the term dormancy. In this state 
the vital activities are reduced until the environment parameters return to 
conditions compatible with organism´s life. Developmental arrests in annual 
killifish embryos are examples of dormancy. During the dry season, survival of 
these species depends on resistant embryos buried in the mud that will hatch in 
the following rainy season. The unique developmental pattern documented in 
this group is characterized by a temporally and spatially separation of epiboly 
from endomesoderm internalization and the ability to undergo diapauses: DI 
during the dispersed cell phase (blastula/gastrula stage), DII halfway through 
somite stage and DIII at pre-hatching stage. Our research group is focused on 
the understanding of the mechanisms involved in the regulation of diapauses 
through an interdisciplinary approach. In this context, as a first comprehensive 
step, we are analyzing differential gene expression by a transcriptomic 
approach. We compared mRNA repertory from 1-16 cell stage embryos 
(maternal condition), embryos that were exposed 72 hs to diapause I induction 
signals (DI induction), embryos that were cultured 72 hs in Yamamoto solution 
(no induction) and embryos that had exit DI. After detecting the expression of 15 
thousand transcripts in average per condition our preliminary analysis 
uncovered close to seven hundred transcripts differentially expressed upon 
induction of DI exclusively. When analyzed through their Gene Ontology, 
alternative RNA processing was the most enriched category. Moreover, different 
homeodomain transcription factors were also found. The stress tolerance to 
environmental factors grants annual killifish embryos the condition of 
extremophiles. Answering questions related to arrest regulation is a challenge 
that goes beyond basic knowledge.  

FONDAP 
Facultad de Ciencias. Universidad de la República. Montevideo – Uruguay. 
Comisión Académica de Posgrado. Universidad de la República. Montevideo – Uruguay. 



EMBO WORKSHOP: ATACAMA GENOMES !43


