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2020 Strategic Conference of Fish Investigators  

Plenary and Concurrent Session Talks (Sorted by Date and Time) 

Category: Genomics and Proteomics 

DANIO-CODE: Compendium of Enhancers and Promoters during Zebrafish Development 

Ferenc Mueller, University of Birmingham 

2/4/2020 - 8:30:00 PM - 8:45:00 PM 

DANIO-CODE is an international effort to annotate the functional elements of the zebrafish 

genome. (https://www.birmingham.ac.uk/generic/danio-code/index.aspx). Published and 

unpublished genomics data of 37 labs was annotated and reanalyzed by standardised pipelines 

to create a track hub, which is currently available to upload to UCSC or Ensembl genome 

browsers at https://danio-code.zfin.org. Its current database contains over 1300 genome-wide 

datasets generated by 17 assay types (e.g. ChIP-seq, RNA-seq, ATC-seq, CAGE-seq etc.) from 38 

stages of development (https://www.birmingham.ac.uk/generic/danio-code/index.aspx).  

As a first output from this community resource we comprehensively identify cis-regulatory 

elements by integrating a range of transcriptome, chromatin modification and chromatin 

accessibility datasets during embryo development. We classify promoters into distinct classes 

based on their architecture and developmental usage characteristics and demonstrate dynamic 

use of alternative promoters, which need to be considered in genome editing designs aiming to 

block transcription. By using machine learning, we successfully obtain characteristic footprints 

strongly separating active promoters and enhancers from other accessible regions, and to more 

accurately delineate and classify enhancers into active and poised states. Finally, we explore 

the apparent conservation of epigenetic marks and chromatin topology organization on the 

level of TADs and predictability of sub-TAD topologies between fish and mammals. 

Category: Stem Cells and Regeneration 

Genomic Analysis of Enhancer Identity and Function in Hair Cell Regeneration 

Shawn Burgess, National Human Genome Research Institute 

2/4/2020 - 8:45:00 PM - 9:00:00 PM 

Millions of Americans experience a hearing or balance disorder due to permanent hair cell 

damage or loss which negatively impacts quality of life. The hair cells are the mechanosensory 

cells used in the auditory and vestibular organs of all vertebrates and in the lateral line systems 

of aquatic vertebrates. In zebrafish and other non-mammalian vertebrates, hair cells turn over 

during homeostasis and regenerate completely after being destroyed or damaged by acoustic 

or chemical exposure, while in mammals, destroying or damaging hair cells results in 

permanent impairments to hearing/balance.  
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Transcriptional profiling experiments on adult zebrafish inner ears following injury have 

identified ~2,200 genes that are implicated in hair cell regeneration (Liang et al. 2012). We have 

tested 254 candidate genes for roles in hair cell regeneration in zebrafish using CRISPR/Cas9 

mutagenesis of genes transcriptionally responsive to regeneration. To date, we have found 10 

genes necessary for hair cell regeneration. We hypothesize that appropriate gene regulation 

was key to how those genes respond during injury/regeneration. 

Our goal is to identify in vivo the enhancers that are involved in repairing a functional 

vertebrate inner ear. To identify enhancers in the inner ear and in response to hair cell damage, 

we developed a transgenic zebrafish to permit conditional and selective ablation of hair cells in 

the adult zebrafish inner ear. This model expresses the human diphtheria toxin receptor (hDTR) 

gene under the control of the myo6b promoter, resulting in hDTR expressed specifically in hair 

cells. Cell ablation is achieved by intraperitoneal injection of diphtheria toxin which has a high 

affinity for the human receptor. On adult zebrafish that have undergone hair cell specific 

ablation, we investigated the genome-wide epigenome and transcriptome of single cells from 

the inner ear at consecutive time-points following hair cell ablation.   

Because physical accessibility of genomic DNA can be used as a proxy for the “active” genome, 

we identified open chromatin locations using single-cell Assay for Transposase Accessible 

Chromatin with high-throughput sequencing (scATAC-seq), a method for mapping chromatin 

accessibility genome-wide. scATAC-seq revealed transcription factor motif patterns in specific 

cell types that become accessible as a consequence of hair cell regeneration. Enhancer 

transcription correlates with outputs from downstream coding genes and may represent the 

earliest event in gene activation. Therefore, we used single-cell transcriptomics (scRNA-seq) to 

identify genes transcriptionally responsive to regeneration. Correlation of RNA expression and 

chromatin accessibility in single cells revealed transcriptomic and epigenomic events that occur 

in a regenerating inner ear. Future work will employ a genetic screen using CRISPR/Cas9 

mutagenesis to generate mutants for identified enhancers and functionally validate their roles 

in hair cell regeneration. Results from our approaches will a have an important positive impact 

on our understanding of hair cell regeneration mechanisms and suggest potential therapeutic 

strategies to stimulate a regenerative response in the mammalian inner ear. 

Category: Brain and Behavior 

The Dorsal Lateral Habenula Mediates the Internal-directional Information Utilization in 

Operant Behavior Learning 

Hitoshi Okamoto, RIKEN Center for Brain Science (CBS) 

2/4/2020 - 9:00:00 PM - 9:15:00 PM 

We asked how animals can select correct information to perform the proper behaviors under 

different given situations by asking the zebrafish to utilize internal or external navigation 

information, i.e. to decide egothetically whether to turn left v.s. right or idiothetically to turn 
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toward the targets of different colors (e.g. red or blue), to learn operant behavior in reward 

reinforcement training. To achieve it, we devised a novel automated system and unbiasedly 

monitored the learning behavior which required selection of information under the situation of 

repeated rule shifts. The results indicate that zebrafish is able to accomplish operant behavior 

learning through both internal-directional rule and external-cued rule. Surprisingly, we found 

that the zebrafish with silenced lateral subregion of the dorsal habenula (dHbL-silenced) 

showed the impairment specifically in the application of internal-directional rule. We have 

previously shown that the lateral and medial regions of the dorsal habenula (dHbL and dHbM) 

are engaged in making zebrafish behave as dominant winners and subordinate losers in social 

conflicts. Our results suggest that the winners’ neural pathway from the dorsal habenula 

functions to facilitate zebrafish to attend more to internal cues than to external cues in their 

decision making. 

Category: Brain and Behavior 

The Amygdalar and Hippocampal Functions in Zebrafish 

Koichi Kawakami, National Institute of Genetics 

2/4/2020 - 9:15:00 PM - 9:30:00 PM 

The amygdala and hippocampus are major components of the mammalian brains and perform 

crucial roles in processing of emotional memory or episodic and spatial memory, respectively. 

In teleost, the dorsomedial or dorsolateral telencephalon (Dm and Dl) have been postulated to 

be homologs of the amygdala and hippocampus mainly based on neuroanatomical studies. 

However, precise neural circuits have yet to be explored. Here we identify the neuronal 

populations essential for emotional learning and episodic and spatial learning by a genetic 

approach in zebrafish. We generated a large number of transgenic fish that expressed Gal4FF in 

specific neuronal populations in the brain, crossed these them with the UAS-neurotoxin line to 

inhibit the activity of the Gal4FF-expressing neurons, and analyzed behaviors of the double 

transgenic fish. We found that, when the activity of a subpopulation of neurons in Dm was 

inhibited, the fish showed deficits in non-trace fear conditioning, and, when the activity of a 

subpopulation of neurons in Dl was inhibited, the fish showed deficits in trace fear conditioning, 

but not in non-trace fear conditioning, and spatial learning. Thus, we propose these neuronal 

populations are functional equivalents of the amygdala and hippocampus, respectively. 

Category: Early Development 

Mechanism of genome activation during the maternal to zygotic transition. 

Antonio Giraldez, Yale University 

2/5/2020 - 8:30:00 AM - 8:45:00 AM 

After fertilization the 3D organization of the vertebrate genome is dramatically remodeled, 

coinciding with the transcriptional activation at many loci and the acquisition of different 

chromatin marks. This system provides a unique opportunity to understand the sequence of 
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events required to transition from a silent to an active transcriptional state that is fundamental 

for developmental reprogramming. Among the different histone marks, H3K27ac is often 

associated with open chromatin and transcriptionally active loci. However, it is still unclear 

what’s the causality among binding of sequence specific transcription factors, histone mark 

H3K27ac, chromatin accessibility, high order genome organization and transcription. To address 

this fundamental question, we have used the zebrafish embryos at a state where the 

transcription factors Nanog, Pou5f3, and SoxB1 play critical roles in awakening gene 

transcription at a proportion of the zygotic genome. Using triple maternal-zygotic (MZ) mutant 

for Nanog, Pou5f3, and Sox19b we have analyzed the temporal dynamics of chromatin 

accessibility (ATAC-seq), transcription and histone acetylation. We observed that these triple 

mutants, genome accessibility is lost at enhancers but not promoter regions of their target 

genes. In contrast, we observe that loss of these TFs reduces histone H3K27 acetylation mark in 

the first active genes at both enhancer region and promoter region. Interestingly, recruiting 

histone acetyl transferases to different target genes in the mutant background restores 

transcription in these mutants. These results provide a clear sequence of events during genome 

activation and suggest that histone activation recruitment, can overcome TF activity and is 

sufficient to activate the genome. We are currently using light em correlative electron 

microscopy and cryo-electron tomography to understand how the nucleosome architecture is 

reorganized before and after genome activation at specific loci that are first activated in the 

genome.  These analyses  have the goal to understand fundamental mechanisms of initiation, 

how TADs, and histone acetylation are established and remodeled in vivo, and their effect on 

gene expression both during and after MZT - a universal transition across animals. 

Category: Cell Biology & Cell Migration 

Zebrafish Primordial Germ Cells -  Migration and Fate Maintenance 

Erez Raz, Institute for Cell Biology 

2/5/2020 - 8:45:00 AM - 9:00:00 AM 

In many organisms, primordial germ cells (PGCs) are specified at a different location than that 

of the gonad, the location where they differentiate into gametes. The PGCs thus migrate 

towards their target while encountering a range of different somatic tissues that themselves 

undergo morphogenetic and differentiation processes. 

The migrating germ cells preserve their fate and motility employing the vertebrate-specific RNA 

binding protein Dead end, which allow the cells to resist differentiation cues originating from 

cells and tissues along their way, while controlling the expression of proteins important for cell 

migration. 

In this presentation, the mechanisms by which the Dead end preserves the fate of the cells and 

the mechanisms cells employ to migrate directionally relative to cells in their environment will 

be discussed. Specifically, we found that chemokine directed actomyosin contractility at the cell 
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front promotes the generation of cellular protrusions in form of blebs at this aspect of the cell. 

At the same time, this activity inhibits the formation of the cell rear by generating cytoplasmic 

flow directed towards the cell back. The molecules directed to the cell back by the cytoplasmic 

flow suppress the formation of the front by connecting the membrane to the cell cortex, 

thereby inhibiting bleb formation at the rear. In addition, we find that the persistent directional 

migration of the PGCs requires the function of the cell-adhesion molecule E-cadherin by 

regulating the rear-wards cytoplasmic flow. 

Category: Reproduction and Endocrinology 

Regulation of Zebrafish Gonad Differentiation by Genes in Germ Cells 

Bon-chu Chung, Academia Sinica 

2/5/2020 - 9:00:00 AM - 9:15:00 AM 

Zebrafish sex differentiation has been enigmatic problem bothering many researchers. It is 

important to understand the mechanism of zebrafish reproduction to ensure proper production 

of progeny. Zebrafish adopts a female dominant ZZ/ZW system in sex determination, and the 

number of germ cells is critical for gonad differentiation. We investigated the role of germ cells 

in gonad differentiation by studying the genes expressed during the sex-determining stage of 

gonad development, around 2-3 weeks post fertilization. We detected expression of a germ-cell 

specific gene, foxl3, in proliferating germ cells. When germ cells enter meiosis, foxl3 expression 

was turned off. When foxl3 was disrupted by the CRISPR technique, the resulting mutant fish 

were all males, and their germs were arrested before meiosis. Our transcriptomic analysis 

indicated that genes involved in meiosis and reproduction were down?regulated in mutants. 

This result indicates the importance of foxl3 in zebrafish sex determination. Its deficiency leads 

to female-to-male sex reversal probably due to a block in meiosis. 

Category: Early Development 

Interpretation of the BMP Morphogen Gradient Patterning the Dorsoventral Axis 

Mary Mullins, University of Pennsylvania 

2/5/2020 - 9:15:00 AM - 9:30:00 AM 

Bone Morphogenetic Protein (BMP) acts as a morphogen to pattern the dorsal-ventral (DV) axis 

in all vertebrates. In zebrafish, a gradient of BMP signaling activity across the embryo forms 

during gastrulation, where the highest level of BMP signaling is found ventrally and the lowest 

levels dorsally. It is unknown how cells along this axis interpret distinct levels of BMP signaling 

into differential gene activation to specify cell fate. To address this question, we identified 

genes that are directly regulated by BMP signaling through an RNA-sequencing strategy. To 

assay how the BMP gradient is interpreted by these target genes, we measured the spatial 

relationships between nuclear phosphorylated Smad5 (pSmad5) and the boundaries of target 

gene expression, identifying multiple genes with expression boundaries that correlate with 

distinct levels of pSmad5. To test if the differential pSmad5 levels act as thresholds for the 
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induction of different genes, we examined the change in gene expression domain size in 

mutants that effect the shape of the BMP signaling gradient across the embryo. These and 

other results show that discrete threshold levels of pSmad5 establish the expression patterns of 

multiple target genes, and that signal duration plays little or no role in target boundary 

delineation. 

Category: Early Development 

Cell Competition Corrects Noisy Wnt Morphogen Gradients to Achieve Robust Patterning 

Tohru Ishitani, Gunma University / Osaka University 

2/5/2020 - 10:00:00 AM - 10:15:00 AM 

Morphogen signaling forms an activity gradient and instructs cell identities in a signaling 

strength-dependent manner to pattern developing tissues. However, developing tissues also 

undergo dynamic morphogenesis, which may produce cells with unfit morphogen signaling and 

consequent noisy morphogen gradient. Here we show that a cell competition-related system 

corrects such noisy morphogen gradients. Zebrafish imaging analyses of the Wnt/ß-catenin 

signaling-gradient, which acts as a morphogen to establish embryonic anterior-posterior 

patterning, revealed that unfit cells with abnormal Wnt/ß-catenin activity spontaneously 

appear and produce noise in the Wnt/ß-catenin-gradient. Communication between the unfit 

and neighboring fit cells via cadherin proteins stimulates the apoptosis of the unfit cells by 

activating Smad signaling and reactive oxygen species production. This unfit cell elimination is 

required for proper Wnt/ß-catenin-gradient formation and consequent anterior-posterior 

patterning (Akieda et al., Nature Commun 2019). We will also present the recent findings, 

including the roles of this morphogen noise-cancelling system in other tissue robustness and 

disease prevention. 

Category: Stem Cells and Regeneration 

Runx1 Promotes Scar Deposition and Inhibits Myocardial Proliferation and Survival During 

Zebrafish Heart Regeneration 

Mathilda Mommersteeg, University of Oxford 

2/5/2020 - 10:15:00 AM - 10:30:00 AM 

Runx1 is a transcription factor that plays a key role in determining the proliferative and 

differential state of multiple cell-types, during both development and adulthood. Here, we 

report how runx1 is specifically upregulated at the injury site during zebrafish heart 

regeneration, but unexpectedly, absence of runx1 results in enhanced regeneration. Using 

single cell sequencing, we found that the wild-type injury site consists of Runx1-positive 

endocardial cells and thrombocytes that induce expression of smooth muscle and collagen 

genes without differentiating into myofibroblasts. Both these populations are absent in runx1 

mutants, resulting in a less collagenous and fibrinous scar. The reduction in fibrin in the mutant 

is further explained by reduced myofibroblast formation and by upregulation of components of 
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the fibrin degradation pathway, including plasminogen receptor Annexin 2A as well as 

downregulation of plasminogen activator inhibitor serpine1 in myocardium and endocardium, 

resulting in increased levels of Plasminogen. In addition, we also find enhanced myocardial 

proliferation as well as increased myocardial survival in the mutant. Our findings suggest that 

Runx1 controls the regenerative response of multiple cardiac cell-types and that targeting 

Runx1 is a novel therapeutic strategy to induce endogenous heart repair. 

Category: Physiology & Metabolism 

Metabolic Adaptation and Resilience in Cavefish 

Nicolas Rohner, Stowers Institute for Medical Research 

2/5/2020 - 10:30:00 AM - 10:45:00 AM 

Adaptation to the total darkness of caves requires drastic changes to an animal’s metabolism. 

Astyanax mexicanus is a promising research organism to unravel the genetic basis of such 

changes, as there are surface and cave morphotypes of the same species available. We have 

previously shown that cavefish evolved impressive physiological adaptations such as increased 

appetite, elevated blood sugar levels and insulin resistance but without the common markers 

and symptoms of metabolic diseases and high blood sugar. We now have focused on the 

question why cavefish are able to develop large amounts of hypertrophic visceral adipocytes 

without obvious signs of inflammation? We found that cavefish display reduced amounts of 

pro-inflammatory cytokines when challenged with LPS. Using two independent single-cell 

analyses we identified stark changes in innate immune cell populations of cavefish. We 

hypothesized that this could stem from a decrease in parasitic load in the cave environment. 

Field experiments confirmed this hypothesis and we found high parasitic loads in the surface 

fish but a complete absence of parasite infections in cavefish. Taking together, our work 

suggests that cavefish have evolved resilience phenotypes that allow them to tolerate stark 

deviations from what would be considered normal physiology in other vertebrates. 

Category: Other 

Identification of immune cell subsets in the regenerating zebrafish heart: resident and 

regeneration-specific macrophages 

Didier Stainier, Max Planck Institute for Heart and Lung Research 

2/5/2020 - 3:30:00 PM - 3:42:00 PM 

Upon myocardial infarction (MI), the dead tissue is replaced by a permanent scar, thus reducing 

cardiac function and compromising quality of life and survival.  While humans are unable to 

regenerate their heart, zebrafish can restore functional cardiac tissues (including the 

myocardium) upon injury, through processes involving the initial formation of a scar, 

cardiomyocyte dedifferentiation/cell-cycle reentry, and progressive scar resolution.  An 

adequate immune response is critical to achieve successful regeneration.  Yet, the particular 

immune populations and their pro-regenerative mechanisms are far from being understood. 
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With this work, we aim to identify and characterize immune cell subsets with potential pro-

regenerative roles during zebrafish cardiac regeneration.  

We generated single-cell transcriptomic data which revealed distinct immune cell populations 

within the zebrafish heart, with defined temporal dynamics.  This analysis allowed us to identify 

non-inflammatory mpeg1.1-/epdl1-positive cells in the uninjured heart, indicative of resident 

macrophage-like cells.  Histological and cytological analyses showed that resident mpeg1.1-

positive cells are mostly embedded within the atrial myocardium and display heterogeneous 

morphologies, characteristic of monocytes and dendritic cells.  They are highly enriched in id2a 

expression, suggesting that they are under tight differentiation control.  Interestingly, resident 

epdl1-positive cells deplete soon after ventricular cryoinjury.  Accordingly, our results suggest 

that this population gives rise to an additional early-emerging mpeg1.1-/granulin-positive pro-

inflammatory population, thus contributing to the required early inflammatory wave.  

We also identified a regeneration-specific intermediate-to-late mpeg1.1-/c1qa-positive 

macrophage population, highly enriched in the expression of the proliferation markers pcna 

and mki67.  These data suggest that c1qa-positive cells represent a population of proliferating 

macrophages with potential roles in cardiomyocyte dedifferentiation/proliferation and scar 

resolution.  

Altogether, this work constitutes a basis to understand the immune regulation of heart 

regeneration in a regeneration-competent organism, with prospective therapeutic value for 

regeneration-incompetent hearts.  

Category: Cilia and Centrosomes 

The Circular Fluid Flow in the Zebrafish Left-right Organizer Ensures Leftward Particle 

Transport 

Maximilian Fürthauer, Institut de Biologie Valrose, CNRS, INSERM, Université Côte d'Azur 

2/5/2020 - 3:30:00 PM - 3:42:00 PM 

Cilia-driven Left-Right Organizer (LRO) flows underlie symmetry breaking in numerous 

vertebrates. How the LRO flow directs laterality remains however controversial. While it has 

been suggested that distinct populations of motile and immotile cilia create and sense the flow, 

recent observations have questioned the capability of mechanosensors to detect the LRO flow. 

We obtained evidence that extracellular vesicles that could potentially transport signalling 

molecules are present in the zebrafish LRO. While a straight linear leftward flow is present in 

the mouse node, the zebrafish LRO presents a circular fluid flow, raising the question whether 

this type of flow geometry is compatible with the lateralized transport of extracellular material? 

Through quantitative flow imaging and mathematical modelling, we show that the zebrafish 

LRO flow promotes a global leftward transport of extracellular material. The localized secretion 
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or reception of symmetry-breaking signals is not required for their chiral transport. Flow 

imaging in mutants reveals that the loss of a key feature of the LRO flow that is required for the 

leftward transport of extracellular material correlates with the occurrence of laterality defects. 

The circular zebrafish LRO flow is therefore capable of ensuring a chiral transport of 

extracellular material that could underlie chemosensation-based symmetry breaking.  

Category: Brain and Behavior 

Genetic Program Controlling Neuronal Differentiation in the Cerebellar Neural Circuits 

Masahiko Hibi, Graduate School of Science, Nagoya University 

2/5/2020 - 3:30:00 PM - 3:42:00 PM 

The cerebellum plays an important role in some skillful movements, motor learning, and 

cognitive functions. Purkinje cells (PCs) and granule cells (GCs) are major cerebellar neurons. 

PCs receive inputs from axons of GCs and the neurons in the inferior olivary nuclei (IOs), and 

integrate their information to elicit cerebellar functions. In zebrafish, a portion of GCs also 

project their axons to crest cells in the dorsal hindbrain. We found that PCs, crest cells, and the 

IO neurons are derived from the neuronal progenitors that express the proneural gene ptf1a in 

the ventricular zone of the hindbrain. It remains elusive what genetic program controlling 

differentiation of neurons from the ptf1a-expressing progenitors. We found that the homeobox 

gene gsx2 cooperates with ptf1a to control the cell fate of the IO neurons. Furthermore, we 

found that transcriptional activators Foxp1b and Foxp4, and transcriptional corepressors Skor1b 

and Skor2 are expressed in differentiating PCs. foxp1b;foxp4 double mutant larvae showed a 

strong reduction in PCs. skor1b;skor2 double mutant larvae completely lacked PCs but instead 

showed a marked increase in GCs, indicating their essential roles in the PC differentiation. Our 

findings shed light on the mechanism controlling differentiation of different types of neurons 

from the same progenitors. 

Category: Stem Cells and Regeneration 

Comparative Analyses of Inflammatory Cell Heterogeneity and Function in Heart 

Regeneration by Single-cell RNA Sequencing 

Shih-Lei Lai, Academia Sinica 

2/5/2020 - 3:42:00 PM - 3:54:00 PM 

Zebrafish possess a robust capacity for heart regeneration. In the first week following 

cryoinjury, macrophage infiltrates the damaged tissue and is required for neovascularization, 

cardiomyocyte proliferation, and scar resolution. Systemic depletion of macrophage before 

cryoinjury by single clodronate liposome (CL) administration led to delayed macrophage 

recruitment, neutrophil retention, and compromised heart regeneration, suggesting the 

properties of those delayed macrophages have changed.  
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To characterize and compare the heterogeneity and function of the inflammatory cells in the 

regenerative (PBS-control hearts) and non-regenerative (CL-treated hearts) conditions, we 

isolated both macrophages (mpeg1:mCherry) and neutrophils (mpx:EGFP) and subjected them 

to single-cell RNA sequencing (scRNAseq). A combined analysis of more than 20000 cells 

revealed the presence of 15 monocyte/macrophage clusters and 6 neutrophil clusters based on 

marker gene expression. Comparing their numbers in regenerative and non-regenerative 

conditions and differentially expressed genes (DEGs), we assigned pro- and anti-regeneration 

clusters, identified cluster-specific markers, and predicted their functions. 

Interestingly, we found some pro-regeneration clusters highly express inflammatory cytokines 

il1b and tnfb (instead of tnfa), suggesting that inflammatory signals might play positive roles 

(even in the resolution phase) in regeneration instead of causing detrimental effects. Also, 

some pro-regeneration clusters show DEGs related to phagocytosis, metabolic pathways, 

immune response, and chemokine signaling, while anti-regeneration clusters show DEGs 

related to cell adhesion/junction, developmental processes and response to wounding. 

Furthermore, we found some macrophage clusters highly express non-myeloid genes, as well as 

genes with specific physiological functions, highlighting the plasticity and potential roles of 

these cells in heart regeneration. 

We are now working on functional characterization of interesting genes/clusters and exploring 

the feasibility of tuning macrophage polarity to accelerate cardiac repair and regeneration. 

Category: Brain and Behavior 

Analysis of molecular/neural basis underlying decision making according to social familiarity 

in small fish, medaka 

Saori Yokoi,  

2/5/2020 - 3:42:00 PM - 3:54:00 PM 

Some social animals can recognize socially-familiarized conspecific individuals (social 

recognition) and familiarity affects their behavior, which may be important for social 

adaptation. Disorders in human brain function for this system are assumed to cause mental 

illnesses, such as autism, and great attention has recently been paid to the underlying 

neural/molecular mechanisms of these disorders. Oxytocin (OT) is considered to be involved in 

social recognition and social behavior in rodents and humans. For example, social 

familiarization (repeated encounters) decreases approach behaviors of male wild-type mice 

toward unfamiliar females, but not OT KO males. Thus, the OT KO males are thought to have 

defects in social recognition (social amnesia). In this study, we investigated social behaviors of 

individual medaka fish, which is a model organism commonly used for molecular genetics, 

toward group-reared fish (defined as familiar fish) in the same tank and toward unfamiliar 

conspecifics reared in a different tank. Wild-type males exhibit mating behaviors, irrespective of 

social familiarity. In contrast, we found that social familiarity strongly affects male social 
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behaviors (e.g., courtship, aggressive, and mate-guarding behaviors) in isotocin-related gene 

mutants. Isotocin (IT) is a fish homologue of OT. This result suggested that IT-related gene 

mutants lost social motivation toward conspecifics. In some fish, imprinting affects the social 

preferences of the juvenile fish based on the traits of their parents that care for them during 

the early development period. Next, to examine whether or not imprinting mediates social 

recognition of mutants for IT mutants, we investigated whether social familiarization (rearing in 

the same tank only as adults) could recover the lost of social motivation in the mutants toward 

unfamiliar fish. 

Category: Physiology & Metabolism 

Long-term Metabolomic and Transcriptomic Consequences of Habenula Injury 

Yung-Shu Kuan, Inst. of Biochemical Sciences, National Taiwan University 

2/5/2020 - 3:42:00 PM - 3:54:00 PM 

The diencephalic habenula nuclei (HA) and their connections to the midbrain interpeduncular 

nucleus (IPN) constitute highly conserved conduction pathway in the vertebrate brain. HA-IPN 

has been shown to play important roles in modulating emotion and behavior such as reward or 

stress responses. Although previous studies have linked a variety of behavior and neurological 

disorders such as anxiety, depression and schizophrenia with lesions of the HA-IPN, the 

underlying mechanisms that associated with these altered behaviors are mostly unknown. 

Particularly, long-term consequences post the HA neuronal damages have not been clearly 

addressed before. Utilizing laser or electroablation to create lesions of zebrafish HA neurons at 

larval stage, we have investigated the changes of metabolomic or transcriptional profiles of the 

whole brain at 1.5 or 3 months post HA ablation. Our preliminary results indicated that while 

catecholamine related neurotransmitters and cellular redox metabolites are significantly down 

regulated, the cAmp, pyridoxal and acetylcholine are significant up regulated in the HA 

damaged brains. In addition, the expressions of genes involving in cellular redox reaction are 

notably altered whereas the expressions of genes involving in several ion transports are notably 

decreased. The significance of these altered metabolism and gene expressions are currently 

under our confirmation and investigation. 

Category: Stem Cells and Regeneration 

Molecular Insights into Injury-induced Myocardial Proliferation and Regeneration in Zebrafish 

Jing-Wei Xiong, Peking University 

2/5/2020 - 3:54:00 PM - 4:06:00 PM 

Zebrafish has become a powerful animal model for regenerative studies because of the capacity 

of its adult organ regeneration. Understanding the cellular and molecular mechanisms on 

zebrafish heart regeneration holds great potential for priming the mammalian heart for 

regeneration. By single-cell RNA-Seq and ChIP-seq analyses, we identified several new signaling 

molecules for promoting myocardial proliferation and regeneration in zebrafish. We previously 
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found that chromatin remodeling factor Brg1 is required for promoting heart regeneration in 

zebrafish (Xiao et al., 2016 Nature Communications). Brg1 was induced during heart 

regeneration, and myocardial-specific inhibition of Brg1 interfered with the formation of 

proliferating cardiomyocytes, leading to severe cardiac fibrosis and compromised myocardial 

regeneration. We also found that endothelial-specific over-expression of dominant-negative 

Brg1 inhibits myocardial proliferation after ventricular resection. Ongoing work focuses on how 

injury-induced Brg1 selectively regulates chromatin accessibility of its targeted genes in the 

endocardium and myocardium. Together, I will present how Brg1 interacts with other signaling 

molecules to synergistically coordinate myocardial proliferation and regeneration after injury in 

zebrafish. 

Category: Disease Models 

Zebrafish as a Tool for Advancing Toxicogenomics and Toxicant Induced Liver Disease 

Kirsten Sadler Edepli, New York University Abu Dhabi 

2/5/2020 - 3:54:00 PM - 4:06:00 PM 

Environmental exposures are ubiquitous and all organisms evolve in the context of a chemically 

diverse environment.  Environmental chemicals directly impact many human diseases, even if 

the exposure is transient.  We have developed zebrafish to investigate how the toxicants 

influence gene expression and disease related outcomes in the liver. Our focus on arsenic and 

ethanol reflects the global importance of these two causes of liver disease:  with are over 100 

million people world wide who have exposure to unsafe levels of one of these chemicals; a 

large subset are expected to be exposed to both.  Moreover, arsenic and ethanol have been 

hypothesized to target similar intracellular processes in hepatocytes, and our work in zebrafish 

has shown that subtoxic co-exposures to these cause fatty liver. Moreover, we found that the 

transcriptional response in the liver to arsenic, ethanol and other exposures that cause fatty 

liver reflects activation of the unfolded protein response reflecting endoplasmic reticulum (ER) 

stress as well as the oxidative stress response.  We uncovered unique and shared 

transcriptional responses of these complex pathways as affected by arsenic and ethanol, and 

then investigated their functional relevance to arsenic and ethanol induced liver disease, 

revealing that cellular pathways contribute to toxicity. This demonstrates the power of using 

zebrafish for toxicogenomics combined with functional investigation of disease related 

mechanisms.    

Category: Frontiers in Medaka Research 

Molecular basis underlying social cognition in medaka fish 

Hideaki Takeuchi, Tohoku University 

2/5/2020 - 3:54:00 PM - 4:06:00 PM 

Within group-living animals, individuals appropriately tailor attitudes and responses to other 

group members according to the social context and external environment. At the simplest level, 
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the behavioral output can be described as approach and affiliation (positive response) versus 

agonistic behavior and avoidance (negative response). The neural substrate that works 

between sensory input and behavioral output, or the integrative circuits underlying behavioral 

choice, however, is vast and mysterious. To address this issue, we have focused on medaka fish, 

a model animal used mainly in the field of molecular genetics. Previously, we demonstrated 

that medaka females recognize familiar males following prior visual exposure, and social 

familiarity influences female mating receptivity. Medaka females exhibit a positive response 

(high receptivity) to familiar males, and a negative response (low receptivity) to unfamiliar 

males. Next, we found that medaka use faces to discriminate males. Females can discriminate 

between two male faces, but upside-down of the faces made it more difficult to discriminate 

them. Thus faces may be special for fish, just as humans (Wang and Takeuchi 2017). This is the 

first study that shows the face inversion effect in animals other than mammals. Furthermore, 

using molecular genetics, we demonstrated the essential role of oxytocin system in mate choice 

based on familiarity recognition in both sexes. 

Category: Cardiovascular Development & Function 

Heterogeneous Mural Cells Regulate Coronary Vessel Development and Participate in Heart 

Regeneration in Zebrafish 

Ching-Ling Lien, University of Southern California 

2/5/2020 - 4:06:00 PM - 4:18:00 PM 

In the developing juvenile zebrafish heart, nascent coronary blood vessels form with 

endothelial cells emerging from the atrioventricular canal (AVC). The development of mural 

cells and their functions in coronary vessel maturation have not been characterized. 

pdgfrß(encoding Platelet-derived Growth Factor Receptor beta) is first expressed in the 

epicardium around the AVC. Its expression becomes localized explicitly in the mural cells as the 

coronary endothelial cells continue to undergo angiogenesis and maturation. pdgfrßmutant fish 

display severe defects in mural cell recruitment to the vascular endothelial cells and result in 

abnormal coronary vessel development. In contrast to small coronary vessels, the mural cells 

around large coronary arteries also express cxcl12b and this upregulation of cxcl12b occurs 

after the blood flow starts. Using single cell RNAseq, we characterized mural cell populations 

during heart development and regeneration. Furthermore, pdgfrßexpression dynamically 

changes and pdgfrb mutants show defects in revascularization during heart regeneration. Our 

findings suggest that heterogeneous populations of mural cells associated with coronary vessels 

are present in zebrafish hearts and establish them as an essential component in coronary 

vasculature formation during heart development and regeneration. 

Category: Brain and Behavior 

Neural Circuits for Visual Stimulus Competition in Zebrafish 

Julie Semmelhack, HKUST 

2/5/2020 - 4:06:00 PM - 4:18:00 PM 
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All visual animals must be able to pay attention to important stimuli in their environment in 

order to survive. Previous studies in owls showed that the optic tectum is important for 

selecting the location of highest priority stimulus. However, the role of this circuitry in behavior 

remains unclear. Here we develop a behavioral and imaging paradigm using larval zebrafish 

prey capture to study stimulus competition in a behaving animal. 

Using head-fixed larvae, we simulate prey by projecting two moving dots on a screen, and track 

tail movements to establish which of the two stimuli the larva was hunting. We found that 

when we vary the size of the two objects, larvae reliably choose the optimal size prey. 

Using 2-photon imaging, we found cell bodies in the optic tectum that respond to prey stimuli. 

Then, we added a competing prey stimulus, and compared the effect of adding a more vs. less 

salient stimulus. We found that when the competing stimulus was more salient, the neurons 

that responded initially were strongly suppressed. These results indicate that the principles of 

stimulus competition should generalize to other animals, and that we can use larval zebrafish to 

identify the neural circuitry underlying this process.  

Category: Stem Cells and Regeneration 

The Role of Distinct Populations of Muscle Stem Cells during Regeneration and Organ Growth 

Peter Currie, Australian Regenerative Medicine Institute 

2/5/2020 - 4:45:00 PM - 4:57:00 PM 

Live imaging of the collective cellular response to tissue injury remains a long-term goal of the 

regenerative medicine field. In an attempt to attain this goal we have developed zebrafish 

models of tissue injury where the optical accessibility of the larvae allows the application of 

non-invasive techniques to assay repair in real time. Here we apply this approach to 

regenerating skeletal muscle in order to determine the cellular and molecular events that 

define regeneration in vivo. Transgenic zebrafish reporter lines fluorescently tagging wound-

present cellular components were subject to acute injury, enabling the location and response 

dynamics of individual wound-occupying cells to be correlated to the stem cell compartment 

during muscle repair. In contrast to regeneration, organ growth requires a careful balance 

between cell commitment and stem cell self renewal to maintain tissue growth trajectories. 

While stem cell action during regeneration and disease has received much attention, the basis 

of stem cell deployment during organ growth remains poorly defined. Using imaging and fate 

mapping techniques in zebrafish we identify a lifelong stem cell pool that exhibits extensive 

clonal drift, shifting from the random deployment of a large population of stem cells during 

larval growth, to the reliance on a small number of dominant stem cell clones to fuel adult 

muscle growth. We define a distinct set of molecular mechanisms for the regulation of the stem 

cells required for organ growth and compare and contrast the regulation of these two distinct 

muscle stem cell pools. 
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Category: Chemical Biology 

Small molecule inducing ß-cell proliferation by ATF6-dependent unfolded protein response 

Olov Anderson, Karolinska Institutet 

2/5/2020 - 4:45:00 PM - 4:57:00 PM 

It is known that ß-cell proliferation expands the ß-cell mass during development and under 

certain hyperglycaemic conditions in the adult. However, it has been difficult to identify 

chemicals that induce ß-cell proliferation. Here, we used a novel high-throughput technique in 

zebrafish and screened 3119 chemicals to determine whether they promoted ß-cell 

proliferation, and identified HG-9-91-01, which was further confirmed to drive proliferation of 

zebrafish, mouse, and human ß-cells in a glucose-dependent manner. HG-9-91-01 is an inhibitor 

of Salt-Inducible Kinases (SIK), and ß-cell specific overexpression of Sik1 blocked the effect of 

HG-9-91-01. Single-cell transcriptomic analyses of ß-cells demonstrated that HG-9-91-01 

induced an early wave of ATF6-dependent unfolded protein response (UPR), which was not 

related to increased insulin expression. ATF6 activation was essential for HG-9-91-01 to 

stimulate ß-cell proliferation whereas the PERK arm of the UPR was activated in quiescent ß-

cells, reconciling previous reports on the role of UPR in ß-cell proliferation. 

Category: Brain and Behavior 

Characterisation of a Neural Circuit Mediating Innate Fear 

Suresh Jesuthasan, Lee Kong Chian School of Medicine 

2/5/2020 - 4:45:00 PM - 4:57:00 PM 

Danger signals elicit a change in movement and arousal state, thereby enabling animals to 

evade predators. A number of brain regions that mediate such responses have been identified 

by work in mammals. To more fully characterize the circuits involved, we turned to larval 

zebrafish, which are accessible to brain-wide activity imaging at cellular resolution. A well-

documented danger signal in fish is the alarm substance Schreckstoff. Although the response of 

adult fish is well established, it has not been clear whether larvae show an alarm response. By 

observing individuals in 5-cm deep tanks, we find that larval zebrafish aged 5 - 7 days display 

immobility and an increase in inter-bout interval when exposed to Schreckstoff. Higher 

concentration increases the duration of immobility in a greater fraction of animals. Calcium 

imaging shows that Schreckstoff activates gng8-positive olfactory sensory neurons innervating a 

lateral glomerulus (LG) in the olfactory bulb. Correlated transient activity was seen in the 

olfactory epithelium, olfactory bulb, posterior telencephalon, ventral telencephalon and dorsal 

right habenula. A transient rise was seen in the anterior entopeduncular nucleus, while 

persistent rise in activity, which outlasted stimulus delivery, was detected in the lateral 

habenula, posterior tuberculum, superior raphe and midbrain periaqueductal gray. In addition 

to the well-established vertebrate fear circuit elements such as the amygdala, periaqueductal 

gray and raphe, these observations suggest that the entopeduncular nucleus – lateral habenula 

pathway is a component of the network mediating innate fear to an olfactory cue. 
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Category: Stem Cells and Regeneration 

Skin Cells Undergo Non-canonical Cell Division to Support Expanding Body Surfaces in 

Zebrafish 

Chen-Hui Chen, Academia Sinica 

2/5/2020 - 4:57:00 PM - 5:09:00 PM 

As animals grow during development, the skin cell population must meet the demand for 

complete coverage of an ever increasing body surface area. Despite much progress in the study 

of in vivo cell dynamics, it remains unclear how skin cells collectively behave to support 

expanding body surfaces at the organismic level. To address this issue, we created palmskin, a 

multicolor cell membrane tagging system that allows us to monitor the entire population of 

superficial epithelial cells (SECs) in developing zebrafish larvae. Using time-lapse imaging, we 

made the surprising observation that during a specific developmental window, many SECs on 

the body surface readily divide; a single SEC can divide twice to generate four progeny cells 

over a two-week period. Remarkably, live-cell tracking of DNA content and flow cytometry 

revealed that these terminally differentiated skin cells can undergo cell division without DNA 

replication, resulting in up to 20% of SECs with reduced genome size. Based on a simple 

mathematical model and in toto quantitative analysis of cell apical surface area and cell height, 

we propose that non-canonical cell division in skin cells can serve as an efficient mechanism to 

generate more epithelial surface during rapid growth. 

Category: Brain and Behavior 

Cannabinoid Signaling in Sensory Tissues 

Martine Behra, School of Medicine University of Puerto Rico 

2/5/2020 - 4:57:00 PM - 5:09:00 PM 

Cannabinoid research gained a lot of attention recently because of legalization of medicinal and 

recreational usage of cannabis. Our understanding of the role of endocannabinoid signaling 

during development remains poor. Up to date, two bone fide cannabinoid receptors (CNR1 and 

CNR2) were described that bind endo and exocannabinoids. CNR1 is best studied because of its 

wide and strong expression in the CNS starting in the zebrafish brain as early as one-day post-

fertilization. Expression of CNR2 has remained more elusive and challenging to study and its 

role was mostly described in the immune system. However, mounting evidence is pointing to a 

concomitant role in the CNS and the PNS. More recently, expression data shown that CNR2 was 

expressed in adult sensory tissues like the eye and the organ of Corti, raising the question of its 

function and expression in those tissues during development. We found that cnr2 was 

expressed in hair cells of the inner ear and the lateral line of developing zebrafish. We will 

present our current findings on a potential role for cnr2 in those mechanoreceptors based on 

our analysis of CRISPR-Cas9 generated cnr2upr1/upr1 viable KO animals. 
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Category: Disease Models 

Nicastrin Deficiency Induced Tyrosinase-dependent Acquired Pigment Loss and Skin 

Inflammation 

Yun-Jin Jiang, National Health Research Institutes 

2/5/2020 - 4:57:00 PM - 5:09:00 PM 

Skin depigmentation diseases, such as vitiligo, are pigmentation disorders that often destroy 

melanocytes. However, their pathological mechanisms remain unclear and, therefore, 

promising treatment or prevention was lacking. Here we demonstrated that a zebrafish 

insertional mutant showing a significant reduction of nicastrin transcript, possesses 

melanosome maturation defect, Tyrosinase-dependent mitochondrial swelling and 

melanophore cell death. The depigmentation phenotypes were proven to be a result of ?-

secretase inactivation. Furthermore, macrophages were recruited to and phagocytosed 

melanophore debris. Thus, we characterized a potential zebrafish depigmentation disease 

model, nicastrinhi1384 mutants, which can be used for further treatment/drug development of 

skin depigmentation- or inflammation-related diseases. 

Category: Stem Cells and Regeneration 

The Role of Macrophage in Neuromast Regeneration 

Shyh-Jye Lee, Department of Life Science, National Taiwan University 

2/5/2020 - 5:09:00 PM - 5:21:00 PM 

In zebrafish lateral line, interneuromast cells (INCs) are kept quiescent by underlying Schwann 

cells (SWCs). Although INCs can differentiate into NMs during regeneration, how INCs escape 

from the inhibition by SWCs is not clear. Here, we demonstrate that the posterior lateral line 

nerve (pLLn) is retracted from the lateral line at the proximal injured site in tail-amputated 

larva. The retracted pLLn presumably could not activate neighboring SWCs and thus allowed 

the elevation of Wnt signaling to form primordium-like clusters and new NMs. We also 

specifically ablated neuromast without interfering underlying pLLn and SWCs. Unexpectedly, 

neuromasts were still regenerated in a few larva. By in toto imaging, we observed higher 

numbers of infiltrating macrophages in the injured neuromast sites and uneven distribution in 

between injured sites. More interestingly, we witnessed the crawling of macrophages in 

between lateral line and SWC during regeneration and also in between the 2nd primordium and 

1st mature lateral line during development under confocal microscopy. It suggests that 

macrophages physically separate and alleviate the inhibition from pLLn and SWCs to break the 

quiescence of INCs during regeneration and development in the zebrafish lateral line. 

Category: Disease Models 

C9orf72 is Essential for Neurodevelopment and Motility Mediated by Cyclin G1 

Yi-Chuan Cheng,  

2/5/2020 - 5:09:00 PM - 5:21:00 PM 
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Dementia is the most common neurodegenerative disease, and amyotrophic lateral sclerosis 

(ALS) is the most common degenerative disorder of motor neurons. The causes for these two 

types of disorders are currently unclear. The G4C2 repeat expansion in the noncoding region of 

the C9orf72 gene is the major genetic cause of both ALS and frontotemporal lobar dementia 

(FTD). We examined the effects of C9orf72 deficiency in zebrafish by using C9orf72 constructs 

lacking the complete GTPase-activating domain and confirmed the dominant-negative effect of 

these deletion constructs by using a morpholino knockdown. We found that disrupting C9orf72 

function caused a reduction in GTPase activity, defective axon formation and neuron survival, 

and impaired motility during neural development. Furthermore, we identified Cyclin G1 as a 

downstream target for C9orf72, and downregulation of Cyclin G1 in C9orf72-deficient zebrafish 

rescued all the phenotypes including those with axonal, cell apoptotic, and motility defects. 

Therefore, we identified Cyclin G1 as an essential downstream molecule of C9orf72 that can 

ameliorate the defects caused by C9orf72. This study demostrates that the phenotype of 

C9orf72 deficiency can be rescued by CyclinG1. Therefore, the results of this study reveal a 

novel mechanism of C9orf72 in neural development and aid in interpreting the cellular 

processes underlying ALS–FTD. 

 

 

Category: Stem Cells and Regeneration 

The MITF Paralogue tfec is Required in Neural Crest Development for Fate Specification of the 

Iridophore Lineage from a Multipotent Pigment Cell Progenitor 

Robert Kelsh, University of Bath 

2/5/2020 - 5:09:00 PM - 5:21:00 PM 

The neural crest stem cell is a key in vivo stem cell model system. Mechanisms of fate 

specification from multipotent stem cells centre around interacting transcription factors, but 

understanding how the gene regulatory network (GRN) determines one fate instead of another 

remains unclear. Our recent work indicates that pigment cell fates, including the well-studied 

melanocyte and the shiny iridophore, derive from multipotent progenitors. Melanocyte fate 

specification depends upon the ‘master regulator’ Microphthalmia-related Transcription Factor 

(MITF). Here we develop a core GRN underpinning fate specification of zebrafish iridophores. 

We show by targeted mutagenesis that an MITF paralogue, Tfec, is an iridophore master 

regulator. mitfa and tfec are widely co-expressed in premigratory neural crest cells (NCCs); fate 

specification of both pigment cell-types requires maintenance of expression of one 

transcription factor, but also downregulation of the other. tfec mutants present no defects in 

non-pigment cell fates, but unexpectedly show a transient delay in the development of other 

pigment cell-types. We demonstrate that tfap2a and foxd3 act redundantly to establish tfec 

expression in multipotent NCCs, whilst sox10, sox9b, tfap2a and foxd3 are important for 
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downregulation of early tfec expression. These observations pave the way towards an 

integrated understanding of pigment cell fate choice. 

Category: Hematopoiesis 

Extracellular Matrix Regulates Integrated Definitive Hematopoietic and Vascular Smooth 

Muscle Development 

Wilson Clements, St. Jude Children's Research Hospital 

2/5/2020 - 5:21:00 PM - 5:33:00 PM 

Hematopoietic progenitor cells arise from trunk arterial endothelial precursors during 

vertebrate development across phyla. Definitive hematopoietic stem and progenitor cells 

(HSPCs) begin as endothelial cells and undergo an endothelial-to-hematopoietic transition (EHT) 

wherein they bud from the primitive endothelium, enter circulation, and migrate to subsequent 

maturation and residency niches. Vascular elaboration, maturation, and investment with 

smooth muscle occurs at times overlapping the earliest specification of HSPCs, and likely 

involves integrated and coordinated signaling programs. We have determined that vascular 

smooth muscle cell (VSMC) precursors, originating from the sclerotome compartment of the 

somite, are required for specification of HSPCs, and mature into differentiated VSMCs 

concomitant with emergence of HSPCs from the arterial endothelium. Loss of function and 

pharmacological studies reveal that specific extracellular matrix (ECM) modifications are 

required for both processes. Our studies reveal a novel role for ECM in both the earliest 

specification of HSPCs and the maturation of VSMC-invested vasculature during development, 

and point to ECM-regulated alterations in the signaling environment to coordinate these 

simultaneously occurring developmental processes. 

Category: Other, Brain and Behavior 

Making Functional Neuronal Circuitry: Interneuron Specification in the Spinal Cord 

Katharine Lewis, Syracuse University 

2/5/2020 - 5:21:00 PM - 5:33:00 PM 

A crucial step in neuronal circuit formation is the specification of neurons with appropriate 

functional properties, such as the neurotransmitter that neurons use. If neurons inhibit rather 

than excite synaptic partners in neuronal circuitry (or vice versa) then the behaviors of those 

circuits will be dramatically disturbed. We have identified several transcription factors that are 

required to specify and/or maintain neurotransmitter properties of particular spinal neurons. 

For example, we have shown that Pax2 and Pax8 are required for inhibitory fates of many spinal 

neurons and Evx1, Evx2, Lmx1ba and Lmx1bb are required for excitatory fates of V0v neurons. 

We have also identified transcription factors that are required for excitatory fates of dI2 

neurons and several other transcription factors that are downstream of Evx1 and Evx2 in V0v 

neurons that may be part of a gene regulatory network (GRN) that specifies excitatory fates in 

these, and other spinal neurons. Our ultimate aim is to identify the GRNs that regulate 
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neurotransmitter fates in all spinal neurons. I will present our most recent work, including our 

surprising discovery that a classic Nkx family-member homeobox transcription factor does not 

require its DNA-binding domain to function. 

Category: Hematopoiesis 

A single-cell resolution developmental atlas of zebrafish caudal hematopoiesis 

Feng Liu, Institute of Zoology, Chinese Academy of Sciences 

2/6/2020 - 10:00:00 AM - 10:15:00 AM 

The fundamental bottleneck for clinical application of hematopoietic stem cell (HSC) is the 

shortage of effective guidelines for ex vivo HSC expansion. Although significant efforts have 

been devoted to accomplish long-term ex vivo HSC expansion via improving defined culture 

systems, systematical studies on HSPC expansion in resident niches in vivo are limited. Here, we 

decipher a dynamic developmental atlas covering 28,776 cells and 23 cell types of zebrafish 

caudal hematopoietic tissue (CHT) via single-cell RNA-sequencing. The heterogenous HSPCs 

with differential transcriptome states are also characterized by different metabolic states. 

Importantly, transcriptome analysis of non-hematopoietic niche components identifies an 

unrecognized endothelial cell (EC)-like stromal cell and functional assays reveal that an EC-like 

stromal cell specific factor can facilitate HSPC expansion. Furthermore, transcriptomics and live-

imaging analysis identified a novel hemogenic endothelium population supporting a potential 

hemogenic role of endothelial niche. These findings enhance our understanding of 

hematopoietic niches for HSPC expansion and differentiation, and will provide novel insights 

into improving long-term HSC expansion ex vivo. 

Category: Hematopoiesis 

Metaphocytes: A New Immune Cell Type in Zebrafish Mucosal Tissues 

Zilong Wen, The Hong Kong University of Science and Technology 

2/6/2020 - 10:15:00 AM - 10:30:00 AM 

Tissue-resident macrophages (TRMs) are highly heterogeneous and engage in a wide range of 

diverse functions. Yet, the heterogeneities of their origins and distinct functions remain poorly 

defined. Using a high temporal-spatial resolved cell labeling combined with transcriptome and 

functional analysis, we have recently identified a myeloid-like cell population in zebrafish 

mucosal tissues including epidermis, gill and gut. This newly identified myeloid-like cell 

population, designated as metaphocytes, are of non-mesodermal origins but shares a high 

degree similarity in both cell morphology and transcriptome profile with conventional TRMs in 

the mucosal tissues. Surprisingly, unlike conventional TRMs, metaphocytes respond to neither 

injury nor bacteria challenge, but rather they capture soluble antigens from external 

environment through transepithelial protrusions and regulate immunity via different 

mechanism. Our study documents the existence of non-mesoderm-derived myeloid-like cells 
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that manifest distinct function from conventional TRMs, which opens a new paradigm for 

investigation the heterogeneities of resident immune cells in mucosal tissues. 

Category: Cardiovascular Development & Function 

Mechanisms of Adhesion during Vascular Development and Pathogenesis in Zebrafish 

Anne Lagendijk, Institute for Molecular Bioscience 

2/6/2020 - 10:30:00 AM - 10:45:00 AM 

It has long been appreciated that physical forces contribute to vascular development. The 

quantification of mechanical force and analysis of its conversion into biochemically relevant 

information (mechanotransduction) is inherently challenging. The recent application of FRET-

based sensors that report tension through adhesive proteins have greatly aided in vitro studies. 

To visualize and investigate adhesive forces in the developing vasculature in vivo, we generated 

a zebrafish VE-cadherin FRET-based Tension Sensor (TS) transgenic strain. We placed VE-

cadherin-TS under the control of VE-cadherin’s own regulatory elements. This resulted in 

localization at endothelial cell junctions allowing live-imaging of protein and junctional 

dynamics. VE-cadherin-TS protein is functional and capable of rescuing a VE-cadherin mutant 

allele to adulthood. Furthermore, we show that quantifiable FRET reflects acto-myosin 

dependent tension through VE-cadherin using both ratio-metric FRET and lifetime 

measurements.  

Applying this novel tool, we found that arterial maturation during development involves a 

progressive decrease in tension across VE-cadherin. We continue to show that this 

morphological and tensile maturation requires Vegfr2 and that the presence of intra-cellular 

calcium allows tensile changes through VE-cadherin to occur.  

We further demonstrate in a novel mosaic cellular model of Cerebral cavernous Malformation 

(CCM), a vascular pathology. CCMs arise as clusters of vessels with an enlarged diameter, most 

often in the brain. We have observed in our model that one of the earliest defects of cellular 

cavernous malformation (Ccm1 loss) is reduced junctional tension through VE-cadherin. We are 

currently analysing the transcriptional changes upon Ccm1 loss and examining the impact of 

differentially expressed genes upon cell morphology and mechanics. 

Our findings show that intra-molecular tension across adhesive proteins can be imaged with 

high-resolution in vivo and offers new insights into the mechanical processes in vascular 

development and disease. 

Category: Stem Cells and Regeneration 

Mechanisms Driving the Construction and Maintenance of Adult Neural Stem Cell Ensembles 

Laure Bally-Cuif, Institut Pasteur 

2/7/2020 - 8:30:00 AM - 8:45:00 AM 
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We aim to understand how single cell and population events combine to ensure the 

maintenance of neural stem cell (NSC) pools in the adult brain. We focus on the dorsal 

telencephalon (pallium), which hosts NSCs in all adult vertebrates. The zebrafish pallial NSC 

pool consists of a monolayer of tightly juxtaposed, quiescent radial glia. These cells transiently 

activate to amplify or generate neurons, and form a continuous neurogenic lineage from 

embryo to adult. We address, at the single cell and population levels, the cell heterogeneities, 

fate decisions and clonal dynamics sustaining NSC maintenance, combining genetic lineage 

tracing, scRNAseq and intra-vital imaging to record over weeks the behavior of NSC groups (> 

1,000 cells) in their niche. Within this frame, I will discuss our most recent work highlighting 

that (i) the NSC quiescence/activation balance is spatio-temporally controlled through cell-cell 

interactions occurring across the germinal sheet, and (ii) the NSC pool is maintained at long 

term through population asymmetry and functional specialization, where the amplification, 

self-renewal and neurogenic potential of NSCs are hierarchically segregated over different sub-

pools. These findings highlight that NSC pools are systems combining heterogeneous cell states 

and functions, which respond, in part, to population-emerging cues. 

 

 

Category: Stem Cells and Regeneration 

Comparative Transcriptomic and Epigenomic Approaches Reveal Mechanisms that Regulate 

Zebrafish Müller Glia Reprogramming and Neuronal Regeneration 

David Hyde, University of Notre Dame 

2/7/2020 - 8:45:00 AM - 9:00:00 AM 

Injury induces zebrafish retinal Müller glia to reprogram and divide asymmetrically to produce 

neuronal progenitor cells, which continue to proliferate and differentiate into missing neuronal 

cell types. In contrast, retinal damage induces mammalian Müller glia to enter gliosis without 

regenerating neurons. We comprehensively profiled changes in Müller glia gene expression and 

chromatin conformation from damaged zebrafish and mouse retinas using bulk RNA-seq, 

single-cell RNA-seq, and ATAC-seq to identify mechanisms regulating zebrafish Müller glia-

dependent neuronal regeneration. Cross-species integrative analysis of these data identified 

evolutionarily conserved and species-specific gene networks controlling glial quiescence, gliosis 

and reprogramming. We found the reprogrammed zebrafish Müller glia are transcriptionally 

very similar to progenitor cells in the developing retina. This has obvious implications on how 

the Müller glia-derived progenitor cells commit to the different neuronal cell types during 

regeneration. We also demonstrate that zebrafish Müller glia transition from quiescence to a 

short transient gliotic stage before reprogramming and acquiring neurogenic competence. 

Using this comparative analysis, we will present a transcription factor model that regulates 

Müller glia transition from gliosis to reprogramming in the damaged zebrafish retina and 
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provide a functional analysis of several candidate genes/signaling networks from this 

comparative analysis that support this transcriptional model. 

Category: Organogenesis 

Post-embryonic Invasion of Non-placodal Cells into Lateral Line Mechanosensory Organs 

Tatjana Piotrowski, Stowers Institute for Medical Research 

2/7/2020 - 9:00:00 AM - 9:15:00 AM 

To gain a better understanding of the cellular basis of hair cell regeneration in the lateral line 

we characterized neuromast cell types by scRNASeq and performed fate mapping and clonal 

analyses. Surprisingly, we identified previously uncharacterized cell types located in the 

amplifying poles of the neuromast. Multi-color labeling lineage tracing using zebrabow of 

juvenile and adult neuromasts revealed that these cells possess a different clonal origin from 

other lateral line cells. In support of a non-placodal origin, these cells do not express known 

neuromast-specific markers. Indeed, time lapse analyses revealed that these cells are not 

lateral line cells but enter the neuromasts post-embryonically. After entering the sensory 

organs the cells are highly motile for several hours before anchoring in the poles and extending 

basal and apical cellular protrusions. The cells are negative for markers of highly motile cell 

types, such as neural crest cells, macrophages and neutrophils. Zebrabow analyses of adult fish 

show that these sensory organ-invading cells are derived from skin cells (basal keratinocytes) 

adjacent to the neuromasts. By using correlative light and electron microscopy, we show that 

the invading pair of cells stay in close contact with each other and together form an apical cup-

shaped structure with microvilli. Only one cell of each pair is Notch-positive, suggesting a lateral 

inhibition mechanism that specifies one of the cells as a support cell. We are performing 

scRNASeq and functional analyses to determine the fate and identity of the invading cells. To 

our knowledge this is the first report of basal keratinocytes post-embryonically contributing 

cells to a sensory organ. 

Category: Organogenesis 

Shaping the Zebrafish Myotome by Inter-tissue Friction and Active Stress 

Timothy Saunders, National University of Singapore 

2/7/2020 - 9:15:00 AM - 9:30:00 AM 

Organ formation is an inherently biophysical process, requiring large-scale tissue deformations. 

Yet, understanding how complex organ shape emerges during development remains a major 

challenge. During zebrafish embryogenesis, large muscle segments, called myotomes, acquire a 

characteristic chevron morphology, which is believed to aid swimming. Myotome shape can be 

altered by perturbing muscle cell differentiation or the interaction between myotomes and 

surrounding tissues during morphogenesis. To disentangle the mechanisms contributing to 

shape formation of the myotome, we combine single-cell resolution live imaging with 

quantitative image analysis and theoretical modeling. We find that, soon after segmentation 
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from the presomitic mesoderm, the future myotome spreads across the underlying tissues. The 

mechanical coupling between the future myotome and the surrounding tissues appears to 

spatially vary, effectively resulting in spatially heterogeneous friction. Using a vertex model 

combined with experimental validation, we show that the interplay of tissue spreading and 

friction is sufficient to drive the initial phase of chevron shape formation. However, local 

anisotropic stresses, generated during muscle cell differentiation, are necessary to reach the 

acute angle of the chevron in wildtype embryos. Finally, tissue plasticity is necessary for 

formation and maintenance of the chevron shape, which is mediated by orientated cellular 

rearrangements. Our work sheds light on how a spatio-temporal sequence of local cellular 

events can have a non-local and irreversible mechanical impact at the tissue scale, leading to 

robust organ shaping. 

Category: Imaging and Technology Development 

Human Genetic Disease Mimicry in Zebrafish thought Somatic Base Editing 

Filippo Del Bene, Institut de la Vision, SU, INSERM, CNRS 

2/7/2020 - 10:00:00 AM - 10:15:00 AM 

Zebrafish has become a powerful model to study cancer genetics. Several models of cancer 

have been generated in zebrafish by combining transgenesis, chemical treatments, gene 

mutations using CRISPR/Cas9, and xenotransplantation. A vast number of cancers are modeled 

in zebrafish and in the majority of cases they are employing transgenic lines expressing mutated 

human oncogenes under the control of tissue-specific promoters. A major limitation under 

these experimental conditions is the loss of the endogenous gene expression regulations, which 

is locus-dependent and that is often critical in these diseases. In this context, being able to 

combine tumor suppressor knockout and oncogene activation in an endogenous manner is an 

important challenge in the field. Here we have developed an efficient method to recapitulate 

these human mutations directly in the genome of zebrafish to create more physiological 

models of human cancers. First, applying the very recently developed base editors using 

CRISPR/Cas9 based proteins, we established a precise, rapid and tissue-specific base editing 

method in zebrafish. Secondly using this technique, we are currently developing zebrafish 

cancer models in which we could efficiently recapitulate combinations of human cancer 

mutations by somatic single-base conversion at endogenous loci. Finally, we are also expanding 

a toolbox of several base editors that recognize different PAMs working in zebrafish. This will 

broaden the editing possibilities to mimic human disease causing mutations in zebrafish, which 

could be of great use for the zebrafish community and that is essential for biomedical research. 

Category: Chemical Biology 

Screening of a Small Molecule Library for Chemicals that Increase Motile Cilia using a 

Zebrafish Model 

Seok-Yong Choi, Chonnam National University Medical School 

2/7/2020 - 10:15:00 AM - 10:30:00 AM 
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Cilia are classified into primary (non-motile) cilia and motile cilia. Ciliopathies are a group of 

genetic disorders caused by dysfunctional cilia. Motile cilia play a vital role in the clearance of 

mucus and foreign matter along the trachea and bronchi, circulation of cerebrospinal fluid, 

movement of ova from the ovary and sperm motility. Defects in the motile cilia result in 

hydrocephalus, chronic respiratory infections, and infertility. As such, restoration of motile cilia 

with respect to structure and function is critical to the treatment of motile ciliopathies. 

However, there has been no effective therapeutic modalities for motile ciliopathies to date. To 

develop a small molecule that can increase motile cilia, we performed a small molecule library 

screen using Tg(foxj1a:gfp) zebrafish. Foxj1 transcription factor is a master regulator of motile 

ciliogenesis. We identified several hit compounds, whose efficacy was further confirmed with 

anti-acetylated a-tubulin immunostaining of WT zebrafish treated with the compounds. One 

such hit compound effectively rescued the ependymal motile cilia in a zebrafish genetic model 

with decreased motile cilia. Furthermore, the efficacy of the hit compound was tested using 

multi-ciliated cells differentiated ex vivo from primary mouse tracheal epithelial cells. Finally, 

administration of the hit compound to the mice via tail vein increased tracheal motile cilia. We 

plan on  testing the efficacy of the hit compound in a genetic mouse model with defective 

motile cilia. 

Category: Disease Models 

How do Mutations in the RNA-binding Protein TARDBP Promote Motor Neuron Death? 

Bettina Schmid, Karolinska Institutet 

2/7/2020 - 1:30:00 PM - 1:42:00 PM 

Amyotrophic lateral sclerosis (ALS) is a devastating motor neuron disease affecting the upper 

and lower motor neurons leading to muscle wasting and ultimately death due to respiratory 

failure. About 97% of all patients show characteristic pathological aggregates of the RNA-

binding protein TARDBP (also called TDP-43). Interestingly, mutations in the low complexity 

domain of TDP-43 have been found to be causative for ALS, indicating that TDP-43 is directly 

involved in the disease pathomechanism.  How these mutations cause ALS is still unclear. To 

investigate the consequences of the mutations and to test some of the proposed mechanisms 

of disease in vivo, we introduced an ALS-associated mutation into the TARDBP zebrafish 

orthologous gene. In addition, we generated a knock in line harboring 3 of the ALS-associated 

mutations to increase the genetic burden and potentially displaying more pronounced 

phenotypes. These lines are currently analyzed to test some of the proposed pathomechanisms 

for ALS. Results of these ongoing studies will be presented.  
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Category: Reproduction and Endocrinology 

Circadian Roles in Reproduction 

Han Wang, Center for Circadian Clocks, Soochow University 

2/7/2020 - 1:30:00 PM - 1:42:00 PM 

The circadian clock generates and maintains 24-hour oscillations in almost all organs. However, 

the testis remains mysterious without a clear understanding of its circadian function, which has 

long been thought as the exception in the circadian system. Here, transcriptome analysis 

reveals more than 1, 000 rhythmically expressed genes in the zebrafish testis. Key circadian 

clock genes are expressed in spermatogonia and in particular, rhythmically in Sertoli cells, and 

regulate genes involved in retinoic acid (RA) signaling. Loss of Clock1a results in arrested 

spermatogonial differentiation and reduced fertilization, which can be rescued by time-of-day-

specific RA treatment. Further, chronic perturbation of circadian regulation leads to similar 

reproductive defects. The circadian clock acts through RA signaling to synchronize 

spermatogonial differentiation via zbtb16a and to promote fertilization via izumo1. Together, 

our findings for the first time demonstrate that the testis clock ticks in a cell-specific manner 

and contribute to reproduction through RA signaling, highlighting circadian roles in male 

fertility. 

Category: Cardiovascular Development & Function 

Discovery of a Novel Gene Required for Cardiac Rhythm 

Kelly Smith, The University of Melbourne 

2/7/2020 - 1:30:00 PM - 1:42:00 PM 

Cardiac arrhythmias affect ~5% of the population and are associated with sudden death. Whilst 

the cause can be complex, there is a proven genetic component. To identify new regulators of 

cardiac rhythm, we performed a forward genetic screen in zebrafish and isolated the grime 

mutant. Grime phenotypes include bradycardia, skipped beats and 2:1 (atrium:ventricle) 

arrhythmias. Whole-genome sequencing mapping identified the causative mutation in a gene 

encoding a multi-transmembrane domain protein with no ascribed function. We established a 

mouse knockout and find that mice die at birth. Mouse embryos have enlarged hearts, 

consistent with impaired function. Optical mapping of action potentials in live zebrafish 

embryos show prolonged repolarization of the membrane, suggesting an electrical defect. 

Single cell patch-clamp analysis confirmed defective action potential repolarisation. Voltage-

clamping analysis showed increased calcium currents, demonstrating the protein is required to 

repress calcium currents. Calcium transients imaging using gCaMP6f confirmed increase calcium 

activity in the heart and calcium imaging of isolated mouse cardiomyocytes also showed 

increased calcium and arrhythmic transients. Finally, sequencing information from patients with 

arrhythmogenic disorders reveal heterozygous mutations in grime. Together, this work 

describes a gene discovery project from zebrafish, through to mouse and finally humans, 

identifying a new regulator in cardiac rhythm. 
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Category: Cardiovascular Development & Function 

Marcksl1 Modulates Endothelial Cell Response to Haemodynamic Forces to Control Blood 

Vessel Shape and Size 

Li-Kun Phng, RIKEN Center for Biosystems Dynamics Research 

2/7/2020 - 1:42:00 PM - 1:54:00 PM 

Endothelial cells (ECs) become exposed to haemodynamic forces as soon as they generate 

lumen. Previous studies in the zebrafish have shown that blood flow deforms EC membranes to 

induce apical membrane blebbing during lumen expansion and such blebbing activity ceases in 

fully perfused blood vessels. We recently discovered that the actin bundling protein, Marcksl1, 

is highly enriched at the EC cortex and that their overexpression specifically in ECs causes 

membrane blebbing and increases in EC size and blood vessel diameter. Marcksl1-induced 

blebbing is suppressed by reduced blood flow, indicating that increased levels of Marcksl1 

weakens ECs to become more deformable in the presence of haemodynamic forces. In contrast, 

the loss of Marcksl1 expression results in decreased EC size and vessel diameter. Together, 

these findings demonstrate that 1) blood flow can deform blood vessels to enlarge lumen size 

and/or induce membrane blebs, 2) ECs actively oppose the deforming forces of blood flow to 

maintain cell shape and vessel diameter, and 3) Marcksl1 is a molecular regulator of EC 

response to blood flow to control vessel diameter by regulating cortical actin organisation. 

Category: Cell Biology & Cell Migration 

Gap Junction Network among Pigment Cells for Stripe Pattern Formation of Zebrafish 

Masakatsu Watanabe, Osaka University 

2/7/2020 - 1:42:00 PM - 1:54:00 PM 

Zebrafish feature black and yellow stripe pattern on its body and cell-cell interaction among 

pigment cells are crucial to generate the pattern. Gap junction is an intercellular channel that 

mediates transfers of <1,000 Da small molecules between neighboring cells. Two types of gap 

junction protein, Connexin39.4 (Cx39.4) and Connexin41.8 (Cx41.8), are expressed in both 

melanophores and xanthophores and critical for generating the stripe pigment pattern. 

Although the importance of these connexins is obvious, how these proteins contribute to the 

stripe formation remains unclear; this is because distinct types of connexins potentially form 

heteromeric gap junctions, which precludes accurate elucidation of individual connexin 

functions in vivo. Here, by arranging Cx39.4 and Cx41.8 expression in pigment cells, we 

identified the simplest gap-junction network required for stripe generation. Moreover, 

electrophysiological analysis revealed that Cx39.4 gap junction exhibits spermidine-dependent 

rectification property. Our results suggest that Cx39.4 facilitates the critical cell-cell interactions 

between melanophores and xanthophores that mediate a unidirectional activation-signal 

transfer from xanthophores to melanophores, which is essential for melanophore survival. 
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Category: Reproduction and Endocrinology 

Zebrafish as a Model for Studying Ovary Development - A Small Story about Zinc 

Jianzhen Li, Northwest Normal University 

2/7/2020 - 1:42:00 PM - 1:54:00 PM 

The role of androgenic steroids on ovarian development has attracted much attention in recent 

years, but the molecular mechanism is still largely unknown. In this study, using zebrafish as a 

model, we found that the trace metal zinc mediates the action of androgen on oocyte 

maturation. The ovarian and serum testosterone is transiently stimulated by LH during oocyte 

maturation. Testosterone could mimic the action of LH on oocyte maturation, and its action 

appears to be independent of the classical nuclear androgen receptor. Consistent with a recent 

finding that a zinc transporter (Zip9) has been suggested as a novel androgen receptor, we 

found the labile zinc concentration could be induced by testosterone in the ovarian follicular 

cells, and zinc could mimic the action of testosterone on oocyte maturation and signaling. 

Moreover, the action of testosterone on oocyte maturation could be abolished by the chelation 

of zinc. Thus, the evidence support the notion that zinc could mediate the action of androgen 

on oocyte maturation in zebrafish. This finding would shed light on understanding the role of 

androgen in ovary development and the molecular mechanism of oocyte maturation in fish. 

Category: Cardiovascular Development & Function 

Endoderm-derived venous formation 

Naoki Mochizuki, National Cerebral and Cardiovascular Center Research Institute 

2/7/2020 - 1:54:00 PM - 2:06:00 PM 

The circulatory system including heart, blood vessels, and blood cells derives mainly from 

mesoderm. Both anterior-lateral and posterior-lateral plate mesodermal cells give rise to 

cardiomyocytes and endothelial cells (ECs). Here we report that isl1-positive cells become 

venous ECs in the trunk and tail vessels. The lineage trace analysis using isl1-cre driver fish 

crossed with loxp-mcherry-loxp-GFP line revealed that the isl1 promoter-activated cells give 

rise to inter-somitic venous ECs, lymphatic ECs, and tail vein ECs. Draculin-positive cells did not 

colocalize with isl1-positive cells. We, therefore, investigated the origin of isl1-positive cells. We 

assumed the possibility that endodermal cells might become ECs. When depleting sox32, the 

number of isl1-positive cells was decreased. In addition, the number of etv2-positive ECs was 

decreased, suggesting that endodermal cells might become ECs through isl1-positve cells. We 

further confirmed this by demonstrating that the cells regulated by sox17, a downstream 

molecule of sox32, in the dorsal forerunner cells become ECs in the tail region. Collectively, we 

for the first time report that endodermal cells become venous ECs in zebrafish. 
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Category: Cell Biology & Cell Migration 

Slit-Robo signalling is essential for fin morphogenesis through establishing an adhesive 

gradient via Sphingosine-1-Phosphate 

Tom Carney, Lee Kong Chian School of Medicine 

2/7/2020 - 1:54:00 PM - 2:06:00 PM 

Distal growth of fin and limb buds is driven by immigration of core mesenchymal cells 

originating from the mesoderm. Apically derived morphogens such as Wnts and FGFs orientate 

the polarity, migration, division and adhesive properties of these cells, which is essential for 

appropriate morphogenesis. We characterised the zebrafish mutant stomp, which has defects 

in fin morphogenesis, including blister formation occurring below the basement membrane. We 

positionally cloned stomp and identified a mutation in Slit3, better known for its function as an 

axon guidance molecule. We further show that slit3 is expressed by immigrating mesenchyme 

and signals to Robo receptors expressed in the apical ectodermal ridge of the fin. Through 

genetic interaction and biochemical experiments, we have identified that activated Robo 

receptor promotes generation and release of Sphingosine-1-Phosphate (S1P), which 

subsequently diffuses back to the mesenchyme to promote their polarization and orientation 

and activates focal adhesion mediated binding to the interstitial matrix of the fin fold. We thus 

show that the Slit-Robo pathway plays a surprising but critical role in fin fold morphogenesis 

and outline an unappreciated function in establishing an S1P gradient. This establishes a novel 

mechanism regulating appendage morphogenesis and the biophysical properties of its 

constituent cells. 

Category: Cardiovascular Development & Function 

On the Trail of Zebrafish Pacemaker Cells 

Cecilia Winata, International Institute of Molecular and Cell Biology in Warsaw 

2/7/2020 - 2:30:00 PM - 2:42:00 PM 

Cardiac pacemaker cells are responsible for initiating and coordinating the electrical signals that 

cause rhythmic and synchronized contractions of the heart. They are set apart from 

cardiomyocytes early in the course of heart development through the initiation of distinct 

molecular programs. To better understand the molecular mechanism underlying pacemaker 

development and function, we profiled the transcriptome of the sinoatrial ring and 

atrioventricular canal - regions that are known to possess pacemaker activity in the zebrafish 

heart. These were FACS-isolated from zebrafish transgenic lines sqet33mi59B and sqet31 

expressing EGFP in respective cell populations. Besides genes known as hallmarks of the 

pacemaker cells such as hcn4, shox2, and tbx18, the analyses also revealed new candidate 

genes and signaling pathways underlying pacemaker development and function. Comparative 

analyses between the transcriptomes of cardiomyocytes and the two pacemaker sites revealed 

distinct molecular profiles, which provide insights into the mechanism of their diversification 
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and suggests the heterogeneity of cell types composing the pacemaker regions. I will present 

the latest results from our ongoing work on this topic. 

Category: Organogenesis 

FGF and TGF-beta Signaling Regulate Spatial Pattern of Lens Fiber Differentiation in Zebrafish 

Ichiro Masai, Okinawa Institute of Science and Technology Graduate University 

2/7/2020 - 2:30:00 PM - 2:42:00 PM 

Vertebrate lens consists of anterior lens epithelium and posterior lens fiber core. During 

development, lens epithelial cells proliferate, move posteriorly, and start to differentiate into 

lens fiber cells at the lens equator. Previous studies suggest that FGF is secreted from the retina 

along the AP axis of lens. It is believed that lens epithelial cells are exposed by FGF and then 

enter lens fiber differentiation at the equator. However, the mechanism underlying the 

equator-specific onset of lens fiber differentiation is still unknown. We reported zebrafish 

VPS45 mutant, in which lens epithelial cells abnormally enter lens fiber differentiation without 

passing through the equator. This ectopic lens fiber differentiation does not depend on FGF, but 

TGF-beta signaling. Since VPS45 regulates endocytic transport, endosomal trafficking normally 

suppresses lens fiber differentiation through TGF-beta inhibition. Furthermore, we found that 

FGF receptor-like 1b (Fgfrl1b) is specifically expressed in lens epithelium. Fgfrl1b lacks an 

intracellular kinase domain, and functions as a decoy receptor that traps FGF ligand. Indeed, 

FGF target expression and lens fiber differentiation are enhanced in Fgfrl1b morphants. Thus, 

Fgfrl1b regulates fine tuning of lens fiber differentiation. Taken together, we conclude that 

Fgfr1b and TGF-beta regulate spatial pattern of lens fiber differentiation in zebrafish. 

Category: Cell Biology & Cell Migration 

A Non-Canonical IRAK1 Signaling Pathway Drives Cell Survival in Response to Ionizing 

Radiation 

Samuel Sidi, Icahn School of Medicine at Mount Sinai 

2/7/2020 - 2:30:00 PM - 2:42:00 PM 

IRAK1 kinase is a core effector of Toll-like receptor (TLR) innate immune signaling from flies to 

humans. In this pathway, IRAK1 becomes activated within minutes of microbe sensing by cell-

surface TLRs, via receptor-directed Myddosome formation (MyD88-IRAK4-IRAK1). Activated 

IRAK1 then engages the NF-?B inflammatory response, involving profound antiapoptotic 

signaling in macrophages and dendritic cells. In a zebrafish chemical screen, we unexpectedly 

identified IRAK1 as essential for cell survival in response to ionizing radiation. This function is 

conserved in human cells, drives tumor resistance to radiotherapy (RT) in cancer models, and 

associates with locoregional recurrence in HNSCC patients treated with post-operative RT (1).  

Taking genetic, cell biological and biochemical approaches in zebrafish and cultured human and 

mouse cells, we find that, as in TLR signaling, IR-induced IRAK1 activation occurs within minutes 
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of stimulus and requires IRAK4. However, IR-induced IRAK1 signaling (i) does not rely on the 

Myddosome adaptor MyD88; (ii) fully relies on the kinase’s catalytic activity, unlike in the TLR 

pathway; and (iii) drives cell survival not by engaging NF-kB but by countering caspase-2-

mediated apoptosis. Strikingly, we further find that IR triggers IRAK1 translocation not to the 

cell surface, as observed in response to immune stimulation, but to the nucleus, where it is 

promptly activated at double-strand DNA breaks (DSBs). Thus, irradiated vertebrate cells utilize 

IRAK1 to evade apoptosis not by co-opting the TLR pathway, but by engaging a novel, IRAK1-

dependent DNA damage response.  

In a mass spectrometry search for proteins that bind IRAK1 after IR but not immune stimuli, we 

identify the DSB sensing subunit of DNA-PK kinase, Ku80/XRCC5. Both Ku80 and the catalytic 

activity of DNA-PKcs are essential for IR-induced IRAK1 activation. DNA-PK may thus substitute 

for TLRs as upstream sensor in the DSB route to IRAK1 activation. Collectively, these data 

uncover the backbone of a novel DNA damage response pathway related to TLR signaling. This 

raises the possibility that the means by which cells respond to DNA damage and pathogens may 

have evolved from an ancestral threat-response mechanism, a hypothesis we are currently 

exploring in invertebrate systems including Drosophila.   

(1) Liu PH, et al. Nat Cell Biol 21:203-213, 2019. 

Category: Organogenesis 

Regulation of Bioelectric Signaling in the Control of Appendage Scaling 

Christopher Antos, Shanghaitech University 

2/7/2020 - 2:42:00 PM - 2:54:00 PM 

All animals grow organs and appendages to exact dimensions. This control on proportional 

growth is a fundamental, yet poorly understood phenomenon that involves the coordinated 

scaling of all stem/ progenitor cells of each tissue to the body. We previously found that the 

phosphatase calcineurin regulates scaling of zebrafish appendages. We now show that 

calcineurin is involved in tissue scaling by directly regulating Kcnk5b, a potassium channel that 

regulates membrane potential. We observe that increasing calcineurin activity inhibits channel 

activity at the plasma membrane in cells overexpressing the zebrafish Kcnk5b; whereas, 

inhibiting the endogenous calcineurin activity of the cells increases Kcnk5b activity. Calcineurin 

interacts with Kcnk5b in the C-terminal cytoplasmic tail, and removal of a predicted consensus 

calcineurin binding site in KcnK5b increased its channel activity even in cells overexpressing 

activated calcineurin. Calcineurin regulates targets by dephosphorylation. We found that a 

dephosphorylation mimic of the channel decreased channel conductance, while the 

phosphorylation mimic increased conductance and made the channel resistant to calcineurin 

inhibitory effects. Furthermore, in vivo activation of Kcnk5b leads to dramatic increases in the 

expression level and tissue domains of components of two morphogen pathways required for 

the development and growth of all organs. From in vivo mosaic analyses, activation of these 
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genes by Kcnk5b is cell autonomous, indicating a direct regulatory relationship between 

bioelectric signaling of each cell and the transcription of these genes. Thus, our results provide 

a mechanism from the plasma membrane to gene transcription through which calcineurin 

mediates post-translational regulation of bioelectric signaling to scale tissue. 

Category: Cardiovascular Development & Function 

Regulation of Cardiac Development by Dynamic miRNAs and their Target mRNAs 

H Joseph Yost, University of Utah 

2/7/2020 - 2:42:00 PM - 2:54:00 PM 

Congenital heart defects (CHDs) are multifactorial structural abnormalities that are the leading 

cause of death from birth defects. Although some of the major transcriptional networks that 

are involved in cardiac development have been identified, less is known about the 

posttranscriptional regulation of cardiac development. A growing body of evidence suggests 

that many CHDs involve epigenetic misregulation, including RNA regulatory events such 

microRNA (miRNA) directed mRNA degradation. A few small non-coding miRNAs have been 

shown to play important roles in developmental processes, including heart morphogenesis. 

However, there are hundreds of miRNAs that have not been studied in vivo. 

During development, the embryonic heart undergoes multiple morphogenetic steps to go from 

the linear heart tube to a mature heart. It is during this developmental period that many CHDs 

arise. In order to understand the RNA regulation events that drive heart morphogenesis, we 

conducted simultaneous small RNA and RiboZero (mRNA) RNA-seq time courses in zebrafish 

from 24hpf to 72hpf, finding over six thousand significantly changed transcripts. We developed 

a pipeline that identifies multiple dynamic miRNA families and inferred predicted mRNA targets 

through inverse correlation analysis. For example, one of these dynamic miRNA families, mir-

24, has 19 probable targets, and we have shown that mir-24 quadruple mutants display cardiac 

development phenotypes. This dataset provides an important resource for studies of RNA 

regulatory events implicated in cardiac development and disease. 

Category: Physiology & Metabolism 

Aging-related Decline in Metabolic-rate is Programmed Rather than Being Affected by Short-

term Diet-induced Obesity in Zebrafish 

Itoh Motoyuki, Chiba University 

2/7/2020 - 2:42:00 PM - 2:54:00 PM 

Metabolic alterations are relevant for the aging process. Declining metabolic rate with age is a 

common future of many animals, but it is not well understood how it does so. Here, we used 

zebrafish as a model for understanding how metabolic changes occur during aging and the 

interaction between aging and obesity on the metabolic rate. The oxygen consumption rate 

(OCR) has been used as an index of metabolic processes; however, it is difficult to accurately 
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evaluate OCR with movement being considered because zebrafish need to move freely during 

the OCR measurement. To measure metabolic rate with high accuracy and efficiency, we 

developed a method for simultaneously collecting data on sequential oxygen consumption and 

distance moved by zebrafish using optical dissolved-oxygen sensors and the EthoVision video-

tracking system as well as an automatic feeding system for zebrafish whereby obese zebrafish 

were produced by short-term overfeeding treatment. Using these systems, we examined 

metabolic changes during aging and overfeeding. First, we used 1- to 22-month-old zebrafish to 

evaluate changes in metabolism during the aging process. Measurements of body mass and 

length showed that the growth of the body rarely continued beyond 6 months, at which point 

zebrafish reach adulthood. Spontaneous swimming activity peaked at approximately 6-10 

months and declined thereafter. Metabolic rates at low movement dramatically dropped during 

the first 4 months and gradually decreased with age after 10 months. These data suggest that 

metabolic aging becomes evident at approximately 10–14 months and that the metabolic rate 

(low movement) is useful for the detection of age-related metabolic changes in zebrafish. 

Second, by short-term overfeeding treatment using the automatic feeding system, we found 

that overweight is a strong risk factor for the development of metabolic disorders in zebrafish, 

but there was no interaction between obesity and aging on the metabolic rate. Therefore, our 

data suggest that the aging-related decline in metabolic-rate may be mostly programmed 

rather than being affected by energy balance disorder. 

Category: Genomics and Proteomics 

A Genetic Screen for Epigenetic Regulators 

Brant Weinstein, NICHD, NIH 

2/7/2020 - 2:54:00 PM - 3:06:00 PM 

Multicellular organisms contain a diversity of cell types with a wide range of cellular functions. 

Although the role of transcription factors and morphogens in establishing different cell types 

during development has been extensively studied, the contribution of epigenetic mechanisms 

such as histone modifications and/or DNA methylation in generating cellular diversity during 

development is still not well understood.  Large-scale genetic screens have been highly 

successful in identifying epigenetic regulatory genes in invertebrates such as worms and flies, 

but similar large-scale genetic screens to identify epigenetic regulators have not yet been 

carried out in vertebrates, which have different epigenetic regulators and epigenetic molecular 

mechanisms. 

We are using the zebrafish to carry out the first large-scale genetic screen for mutants in 

epigenetic regulatory genes in a vertebrate organism.  We have generated a novel “EpiTag” 

transgenic reporter line that permits easy and rapid visualization of epigenetic silencing during 

embryonic development, and we are performing a large-scale F3 ENU mutagenesis screen to 

uncover novel recessive mutants with defects in either ubiquitous or tissue-specific epigenetic 

silencing.  We are using RNAseq to rapidly map and molecularly clone the defective genes from 
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these mutants.  A pilot screen of 70 F2 families has already yielded 16 mutants defective in 

ubiquitous (4 mutants) or tissue-specific (12 mutants) epigenetic gene silencing or activation, 

and we will report on some of these mutants.  Functional characterization of the mutated 

genes from our ongoing genetic screen will yield many important new insights into epigenetic 

regulation of development in vertebrates, just as comparable powerful genetic screens carried 

out in invertebrates have done.  We will also describe powerful applications of our “EpiTag” 

reporter for studying regeneration and epigenetic reprogramming during germ line 

development. 

Category: Cardiovascular Development & Function 

An Adult Zebrafish Model for Phospholamban R14del Cardiomyopathy 

Jeroen Bakkers, Hubrecht Institute 

2/7/2020 - 2:54:00 PM - 3:06:00 PM 

The heterozygous phospholamban (PLN) p.Arg14del (R14del) mutation is found in patients with 

dilated or arrhythmogenic cardiomyopathy. Little is known about the physiological processes 

preceding PLN R14del induced cardiomyopathy, which is characterized by sub-epicardial 

accumulation of fibrofatty tissue, and a specific drug treatment is currently lacking. Here, we 

addressed these issues using a knock-in PLN R14del zebrafish model. Hearts from adult 

zebrafish with the R14del mutation display age-related remodeling with sub-epicardial 

inflammation and fibrosis. Echocardiography revealed contractile pulsus alternans before overt 

structural changes occurred, which correlated at the cellular level with action potential 

duration alternans. These functional alterations are preceded by diminished Ca2+ transient 

amplitudes in embryonic hearts. We found that istaroxime treatment ameliorates the in vivo 

Ca2+ dysregulation, rescues the cellular APD alternans, while it improves cardiac relaxation. 

Thus, we present novel insight into the pathophysiology of PLN R14del cardiomyopathy and 

identify istaroxime as a potential novel drug for its treatment.  

Category: Organogenesis 

Characterization of FGF/ERK signal pathway in zebrafish somitogenesis 

Takaaki Matsui, Nara Institute of Science and Technology 

2/7/2020 - 2:54:00 PM - 3:06:00 PM 

Vertebrate segments called somites are generated by the periodic segmentation of the anterior 

end of the presomitic mesoderm (PSM). During somite formation, clock genes oscillate within 

the posterior PSM to form somites at a regular timing. The temporal information ties up with 

the posteriorly moving FGF gradient. Here we showed that fgf8a gradient is converted into the 

steep gradient of ERK activity. When new somites formed, ERK activation site in the PSM 

shorted immediately, leading to the stepwise regression of ERK activity. Retrograde tracking of 

somite boundary cells revealed that somite boundary cells are originated from the border of 

ERK activity, indicating that the sharp border of ERK activity corresponds to the segmental pre-
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pattern. We also found that, in clock-deficient embryos, the stepwise regression of ERK activity 

occurs at an irregular timing, eventually leading to formation of irregularly-sized somites. To 

reveal its mechanism, we generated a computational model of ERK-mediated somitogenesis, in 

which bistable ERK activity is regulated by an FGF gradient, cell-cell communication, and the 

clock, and presented a mechanism by which the clock reduces the inherent somite irregularity 

observed in clock-deficient embryos. Overall, our results uncover previously unidentified 

dynamics of ERK activity during zebrafish somitogenesis.  

Category: Cell Biology & Cell Migration 

Defining molecular and spatial differences orchestrating lymphatic endothelial cell migration 

Katarzyna Koltowska, Immunology, Genetics and Pathology, IGP, Uppsala University 

2/7/2020 - 3:30:00 PM - 3:42:00 PM 

Lymphangiogenesis, the formation of lymphatic vessels from pre-existing veins, is a dynamic 

process that requires cell migration. Despite the location, trunk or face, lymphatic endothelial 

cell (LEC) progenitors actively probe the surroundings as they migrate to form the lymphatic 

vascular network. The transcription factor Mafba is expressed in LEC progenitors and is 

essential for their migration in the trunk. However, the molecular and cellular mechanisms by 

which it regulates the LEC migration remains elusive. Here we uncovered unexpected regional 

differences in the requirements for the two paralogues of Mafb during LEC migration.  

To determine the regulation of LEC migration in detail, we have characterised mafbb mutant 

embryos and double mutants for mafba and mafbb. Our careful analysis, using confocal 

microscopy in combination with lymphatic specific transgenic lines has revealed differences in 

the development of the two lymphatic beds, the face and the trunk. Surprisingly, lymphatic cell 

migration is dose-dependent on these genes in a tissue-specific manner. Using live-imaging we 

further dissect the cellular behaviours of LEC progenitors in these mutants. Taking advantage of 

single cell RNA-sequencing we aim to define the mechanistic difference at the molecular level in 

LEC progenitors in the Mafb mutants. Together this work will contribute to our understanding 

of how cell migration is spatially regulated in different environments. 

Category: Frontiers in Medaka Research 

What is the Leucophores in Medaka? - Pigment Cell Differentiation in Medaka - 

Kiyoshi Naruse, National Institute for Basic Biology, 

2/7/2020 - 3:30:00 PM - 3:42:00 PM 

Medaka possesses four distinct types of pigment cells known as melanophores, xanthophores, 

iridophores, and leucophores. Leucophore is specific to several fish species including medaka 

and zebrafish do not have leucophores at the juvenile stage. In medaka, there are several 

mutants affecting leucophore development such as the leucophore free, leucophore free-2, 

white leucophore, many leucophores and few melanophores. We have been positionally cloned 
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the causal genes of these body color mutants and found that causal gene of each mutant is 

slc2a15b, pax7a, slc2a11b, sox5 and kitlga respectively. Medaka pax7a mutant does not have 

both xanthophores and leucophores and the sox5 mutant have no xanthophores and has 

almost doubled number of leucophores in medaka. As pax7a is important transcription factor 

for xanthophore development in zebrafish and the sox 5 mutant has doubled number of 

leucophores, we concluded that xanthophore and leucophores share the common precursor 

cells(xanth-leucoblast) and the sox5 act as fate switch of xanthophore or leucophores pathway. 

In contrast, the fm mutants showed a smaller number of melanophore and leucophore but 

normal number of xanthophore and iridophores. From these results, we concluded that the kit 

signaling is important for proliferation and/or differentiation process for the melanoblast and 

leucoblast lineage independently and not affect to xanth-leucoblast. 

Category: Disease Models 

Zebrafish Ciliopathy Models: Similarities and Differences with Mammalian Systems 

Zhaoxia Sun, Yale University School of Medicine 

2/7/2020 - 3:30:00 PM - 3:42:00 PM 

The cilium is a microtubule-based structure that has been classified to two major categories: 

motile and primary cilia. Motile cilia beat to generate fluid flow across an epithelial surface or 

propel cell movement.  In human, ciliary dissects lead to multiple diseases, including polycystic 

kidney disease (PKD) and primary ciliary dyskinesia (PCD).  

We isolated a group of mutants with a cystic kidney phenotype more than a decade ago in a 

genetic screen in zebrafish. Through mouse and human genetics, several genes in this group 

have been linked to cystic kidney disease. However, a subgroup of these mutants model PCD, 

instead of PKD. PCD is a group of rare human genetic diseases caused by cilia motility defect 

and characterized by recurrent infections of the respiratory system, male infertility and 

frequently laterality defects. This difference in functional consequences of gene inactivation 

highlights the physiological changes of the kidney between aquatic and land animals.  While 

renal cilia in zebrafish are motile and facilitate the excretion of excessive fluid, they are 

immotile in mammals, consistent with the need of water conservation in land animals. Thus 

cystic kidney mutants in zebrafish represent a broad collection of mutants with ciliary defects, 

including defective cilia biogenesis, cilia motility and potentially cilia-mediated signaling. A 

subset, particularly those with specific cilia motility defects, model PCD and may not be directly 

relevant to human PKD. We will present examples of both types of zebrafish cystic kidney 

mutants and the mechanism we learned so far.  

Category: Disease Models 

tp53 Mutation Promotes Intestinal Inflammation via Dysbiosis of the Gut Microbiota 

Jeong-Soo Lee, KRIBB/KIST 

2/7/2020 - 3:42:00 PM - 3:54:00 PM 
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Both tp53 mutations and intestinal dysbiosis have been implicated in intestinal chronic 

inflammation eventually increasing the risk of the colon cancer, but the cause-effect 

relationship of tp53 mutations and the gut dysbiosis remains unclear. We showed that tp53 

zebrafish mutant larvae exhibited increased inflammation in the intestine compared to the 

wildtype (WT) control due to the colonized intestinal microbiota evidenced by its reduction 

under a germ-free condition (GF). Metagenome analyses revealed an inherent gut dysbiosis of 

tp53 mutants in which the microbial diversity were dramatically reduced, along with abundance 

of gamma-proteobacteria. Among them, Aeromonas jandaei was identified as a major enriched 

opportunistic pathogen capable of inducing inflammation and better colonization in tp53 

mutants. Interestingly, Ex-GF experiments showed that colonization of GF tp53 mutant hosts 

with the symbiotic WT intestinal microbiota induced the increased inflammatory responses 

similar to conventionally-reared tp53 mutants, strongly suggesting a causal role of the host 

tp53 mutation in the aberrant inflammation phenotypes. This study will provide a clue to 

understand in vivo interactions of the host and gut microbiota that may be responsible for 

aberrant inflammatory responses related to a variety of diseases including cancers. 

Category: Genomics and Proteomics 

Dynamic Transcriptional and Chromatin Accessibility Landscape of Medaka Embryogenesis 

Qiang Tu, Chinese Academy of Sciences 

2/7/2020 - 3:42:00 PM - 3:54:00 PM 

Medaka (Oryzias latipes) has become an important vertebrate model widely used in genetics, 

developmental biology, environmental sciences, and many other fields. A high-quality genome 

sequence and a variety of genetic tools are available for this model organism. However, existing 

genome annotation is still rudimentary, as it was mainly based on computational prediction and 

short-read RNA-seq data. Here we report a dynamic transcriptome landscape of medaka 

embryogenesis profiled by long-read RNA-seq, short-read RNA-seq, and ATAC-seq. Integrating 

these datasets together, we constructed a much-improved gene model set including about 

17,000 novel isoforms, identified 1600 transcription factors, 1100 long non-coding RNAs, and 

50,000 potential cis-regulatory elements as well. Time-series datasets provided another 

dimension of information. With the expression dynamics of genes and accessibility dynamics of 

cis-regulatory elements, we investigated isoform switching, regulatory logic between accessible 

elements and genes during embryogenesis. We built user-friend web tools to present these 

datasets. This resource provides the first comprehensive omics datasets of medaka 

embryogenesis. Ultimately, we term these three assays as the minimum ENCODE toolbox and 

propose the use of it as the initial and essential profiling genomic assays for model organisms 

that have limited data available. This work will be of great value for the research community 

using medaka as the model organism and many others as well. 

Category: Hematopoiesis 

Endothelial CDS2 Deficiency Causes VEGFA-mediated Vascular Regression and Tumor 
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Inhibition 

Weijun Pan, Shanghai Institute of Nutrition and Health 

2/7/2020 - 3:42:00 PM - 3:54:00 PM 

The response of endothelial cells to signaling stimulation is critical for vascular morphogenesis, 

homeostasis and function. Vascular endothelial growth factor-a (VEGFA) has been commonly 

recognized as a pro-angiogenic factor in vertebrate developmental, physiological and 

pathological conditions for decades. Here we report a novel finding that genetic ablation of 

CDP-diacylglycerol synthetase-2 (CDS2), a metabolic enzyme that controls phosphoinositide 

recycling, switches the output of VEGFA signaling from promoting angiogenesis to unexpectedly 

inducing vessel regression. Live imaging analysis uncovered the presence of reverse migration 

of the angiogenic endothelium in cds2 mutant zebrafish upon VEGFA stimulation, and 

endothelium regression also occurred in postnatal retina and implanted tumor models in mice. 

In tumor models, CDS2 deficiency enhanced the level of tumorsecreted VEGFA, which in-turn 

trapped tumors into a VEGFA-induced vessel regression situation, leading to suppression of 

tumor growth. Mechanistically, VEGFA stimulation reduced phosphatidylinositol (4,5)-

bisphosphate (PIP2) availability in the absence of CDS2-controlled-phosphoinositide 

metabolism, subsequently causing phosphatidylinositol (3,4,5)-triphosphate (PIP3) deficiency 

and FOXO1 activation to trigger regression of CDS2-null endothelium. Thus, our data indicate 

that the effect of VEGFA on vasculature is context-dependent and can be converted from 

angiogenesis to vascular regression. 

Category: Other, Brain and Behavior 

Swimming Performance of Zebrafish is Governed by Water Temperature, Caudal Fin Length 

and Genetic Background 

Hirata Hiromi, Aoyama Gakuin University 

2/7/2020 - 3:54:00 PM - 4:06:00 PM 

Several zebrafish strains such as AB, TU, WIK and TL have been established for genetic study. 

Each strain has its morphological and behavioral traits. Motor traits, however, have not been 

explored in zebrafish strains. We here applied a swimmill, which is a treadmill for fish, and 

measured swimming ability of adult zebrafish by critical swimming speed, which is the 

maximum water velocity in which fish can keep swimming. First, we confirmed that swimming 

ability does not vary between female and male. Second, we found that the appropriate water 

temperature for swimming was between 16 and 30 oC. Third, our fin clip experiments using 

long-finned zebrafish revealed that zebrafish can exhibit high swimming ability when the caudal 

fin length was set between 3 and 10 mm, implying that long-finned zebrafish are unfavorable 

for fast swimming. Finally, we compared swimming ability of several zebrafish strains and 

demonstrated that WIK fish was significantly less capable of swimming despite that they have 

short caudal fin (~9 mm). The offspring of WIK fish were less capable of swimming, while 



39 
 

hybrids of WIK and TU showed high swimming performance comparable to TU. Thus, lower 

swimming ability of WIK strain is inheritable as a motor trait. 

Category: Cardiovascular Development & Function 

Alpha Kinase 2 (Alpk2) is Required for Cardiac Contractility during Zebrafish Development 

Fu-i Lu,  

2/7/2020 - 3:54:00 PM - 4:06:00 PM 

Heart failure (HF), a polygenetic disorder, can be caused by alterations in genes involved in 

cardiac muscle structure or function. By using quantitative train loci (QTL) mapping in mouse 

heart failure model, we previously identified seven heart failure modifier loci (Hrtfm1 to 

Hrtfm7) that are related to heart function and survival. Hrtfm4 on mouse chromosome 18 

determines up to 21% of overall survival as well as heart function. Alpk2 (Alpha kinase 2) in the 

Hrtm4 is one of the strongest candidate genes based on its biological relevance to heart 

development. 

Alpk2 belongs to an atypical protein kinase family and is highly conserved between mouse and 

zebrafish. We confirmed that zebrafish alpk2 is highly expressed in cardiac and skeletal muscles 

and suggested a potential role in heart development and function. Using the loss-of-function 

approaches, we found both alpk2 morphants and mutants featuring pericardial edema, blood 

stasis and reduced fractional shortening at 48 hpf (hours post fertilization). Similarly, the 

homozygous alpk2 knockout adults also exhibited lower ejection fraction, another indicator of 

poor heart contractility, and may be linked to impaired mitochondria integrity in 

cardiomyocyte. All these results support that alpk2 is required for normal heart function in 

zebrafish. 

Category: Reproduction and Endocrinology 

Targeted Mutagenesis of Dead End (dnd1) for Infertility Control of Zebrafish and Freshwater 

Angelfish by CRISPR/Cas9 

Hong-Yi Gong,  

2/7/2020 - 3:54:00 PM - 4:06:00 PM 

The Dead end (dnd1) gene is essential for PGCs migration, survival and may also play an 

important role in maintaining PGCs cell fate. In this study, we report targeted mutagenesis of 

dnd1 gene in the zebrafish model and ornamental freshwater angelfish (Pterophyllum scalare) 

by CRISPR/Cas9 to obtain dnd1 knockout zebrafish and angelfish to explore the possibility of 

100% infertility. Heterozygotes and homozygotes of dnd1 knockout zebrafish are both selected 

by genotyping in F1 and F2 generation. Loss of germ cell-specific marker vasa signal at the 

genital ridge of 24 hpf embryo was revealed in F2 dnd1 KO zebrafish by whole-mount in situ 

hybridization. Based on the histological analyses of gonad between wild-type male and 

homozygotes dnd1 knock-out zebrafish, dnd1 knock-out resulted in the loss of germ cells, but 



40 
 

no difference between wildtype and heterozygotes zebrafish. The adult zebrafish with 

homozygotic dnd1 knockout are all male with courtship behavior to make wild-type female 

zebrafish spawning. The spawned eggs were found unfertilized then all died within 10 hours. 

Heterozygotes and homozygotes of dnd1 knockout freshwater angelfish generated by 

CRISPR/Cas9 are also both successfully selected by genotyping in F1 generation. Targeted 

mutagenesis of dnd1 by genome editing can be applied in infertility control of transgenic 

fluorescent fish for GMO regulation and in the management of non-transgenic precious 

ornamental fish breeds. 

Category: Cancer 

Identification of Drugs Against Hepatocellular Carcinoma and Discovering Liver Protection 

Mechanism for Fucoidan 

Chiou-Hwa Yuh, National Health Research Institutes 

2/7/2020 - 4:30:00 PM - 4:42:00 PM 

Hepatocellular carcinoma (HCC) ranked fourth in cancer-related mortality worldwide, and there 

is no effective treatment for advanced HCC. We have established a zebrafish drug screening 

platform and identified two multiple tyrosine kinase inhibitors, 419S1 and 420S1, can prevent 

HCC formation in adult transgenic zebrafish, the therapeutic index for 419S1 was much higher 

than for Sorafenib. We further screened small molecules library and two candidate compounds 

(LIB1O0078 and LIB1O0144) were identified exhibited anti-HCC effects. High toxicity of these 

compounds are further reduced by conjugated with nanodiamonds (ND). These ND-conjugated 

drug are suitable for anti-HCC with low side effect under physiological conditions. Using 

zebrafish model and omics study, we identified the hepatocyte protection mechanism for Oligo-

Fucoidan, a sulfated polysaccharide extracted from brown seaweed, exhibits anti-inflammation 

and antitumor effect, though binds to the asialoglycoprotein receptor (ASGPR)1/2 receptor, 

activation of the ASGPR/STAT3/HNF4A axis. We revealed that phosphofructokinase-liver form 

(PFKL), the rate-limiting enzyme of glycolysis, modulates ribose-5-phosphate isomerase A 

(RPIA), a key enzyme in the non-oxidative PPP pathway, and uncovered the mechanism for IL6 

promotion of tumorigenesis through pSTAT3 activating AMPK and PFKL transcription, and 

pAMPK stabilizing PFKL. Targeting AMPK or STAT3 might be a promising therapeutic direction 

for the treatment of liver cancer. 

Category: Disease Models 

Loss of slc39a14 causes Simultaneous Manganese Deficiency and Hypersensitivity in Zebrafish 

Elisabeth Busch-Nentwich, University of Cambridge 

2/7/2020 - 4:30:00 PM - 4:42:00 PM 

Hypermanganesaemia with Dystonia 2 (HMNDYT2) is a neurodegenerative disorder presenting 

with accumulation of manganese (Mn) in the brain and progressive dystonia-parkinsonism. It is 

caused by mutations in SLC39A14, a Mn uptake transporter. In HMNDYT1, a second Mn 
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transporter defect, chelation therapy significantly improves neurological symptoms and 

stabilises disease progression. In contrast, response to chelation therapy in individuals with 

HMNDYT2 is variable and some patients’ neurology deteriorates upon chelation treatment. The 

reasons for this discrepancy are unknown. A zebrafish model of HMNDYT2, the mutant 

slc39a14U801, shows Mn accumulation in the brain and abnormal swimming, recapitulating the 

patient phenotypes. Here we use this mutant to study the gene regulatory response to loss of 

slc39a14 in conjunction with Mn exposure and uncover targets of Mn toxicity. We performed 3’ 

tag RNA sequencing on wild-type and mutant slc39a14U801 zebrafish larvae at five days post 

fertilisation unexposed and exposed to MnCl2 from 48 hours post fertilisation. Anatomical and 

GO enrichment analyses show that genes affected by Mn exposure in wild types are primarily 

expressed in the brain and eye. We find an enrichment of genes involved in calcium 

homeostasis and the unfolded protein response, linking Mn toxicity to endoplasmic reticulum 

stress. As expected, homozygous slc39a14U801 individuals have increased sensitivity to 

elevated Mn levels as demonstrated by a much stronger transcriptional response to the 

exposure. However, surprisingly, we also find that most genes that are de-regulated in 

unexposed mutants are rescued by Mn treatment. This suggests that the mutants have a 

subcellular or tissue-specific Mn deficiency in addition to Mn-driven neurotoxicity. This has 

important implications for chelation therapy in HMNDYT2 patients and might help to explain 

the observed adverse effects. Together our work demonstrates the combined power of the 

zebrafish model and whole organism gene expression analysis. 

 

Category: Chemical Biology 

Prospecting 10,000 Strains of Fungi for Bioactive Compounds 

Jeroen Den Hertog, Hubrecht Institute 

2/7/2020 - 4:30:00 PM - 4:42:00 PM 

Fungi are well known for the production of a wide variety of secondary metabolites with 

biological activity. Commonly used drugs, including penicillin, cyclosporin and lovastatin all 

originate from fungi. Continuous discovery of novel compounds from fungi proves that fungi as 

a source of new compounds is far from depleted. Here, we present a large scale screening of 

secreted secondary metabolites from >10,000 fungal species using zebrafish embryogenesis as 

read-out. Following incubation from 6hpf onwards, 1,535 fungal secondary metabolites induced 

morphological abnormalities at 2 dpf, varying from an undulating notochord to pigmentation, 

heart and tail defects, amongst others. Fungal strains were selected based on the phenotype 

they induced and the bioactive compounds were isolated by activity-guided purification using 

HPLC. Purified active compounds were identified using LCMS, UV-Vis spectrometry, high 

resolution mass spectrometry and NMR. The biological activity of novel and known fungal 

metabolites that we identified in zebrafish embryos will be discussed. 



42 
 

Category: Disease Models 

Optimized gene regulatory switch for zebrafish transgenesis using chimeric Q system 

Hyunju Ro, Department of Biological Sciences, Chungnam National University 

2/7/2020 - 4:42:00 PM - 4:54:00 PM 

Though the Gal4-UAS regulatory system has been widely used for regulating transgene 

expression in several animal models, the progressive methylation on the CpG-rich UAS became 

problematic for reactivation of the transgene after generation change over time. A recently 

reported Q transcriptional regulatory system (QF-QUAS) originated in Neurospora crassa 

functions similarly to Gal4-UAS, but unlike the UAS sequences, QUAS does not contain CpG 

dinucleotide which can be subjected to DNA methylation. To overcome the inherent flaw of 

Gal4-UAS system, we newly developed a novel gene regulatory switch which is free from 

promoter methylation with reliability and robustness of transgene expression. The QF-QUAS 

based binary gene expression cassette consists of two independent components; the one is a 

driver acting as a potent transcriptional activator (QF), the other is an effector responsive to the 

driver only when stimulated by a reliable chemical inducer, tebufenozide. As QF is highly toxic 

in zebrafish, we generated a non-hazard driver cassette by testing the toxicity of several 

different chimeric QF constructs. Using our newly developed system, we successfully generated 

zebrafish driver lines and their corresponding effectors integrated with human oncogenic 

BRAF(V600E) gene and others in their genome respectively. The transgenes expression can be 

triggered by the administration of tebufenozide to the embryos containing both the driver and 

the effector cassettes. 

Category: Disease Models 

Hallmarks of primary neurulation in the zebrafish forebrain: implications for identifying 

genetic variants implicated in neural tube defects 

Rachel Brewster, University of Maryland Baltimore County 

2/7/2020 - 4:42:00 PM - 4:54:00 PM 

Cranial neural tube closure defects, including exencephaly and anencephaly, are among the 

most frequent neural tube defects (NTDs), yet the underlying genetic causes are mostly 

unknown. With the advent of next generation sequencing and the generation of millions of 

genetic variants in patient cohorts with NTDs, there is a pressing need to develop efficient 

screening methods for causal genes. The zebrafish embryo is an attractive model owing to its 

early accessibility and transparency that enable real time, high resolution imaging of the 

dynamic cell shape changes that shape the neural tube. In addition, CRISPR/Cas9 gene editing is 

well developed in this model, with the possibility of carrying out rapid mutagenesis screens in 

the first generation. However, the mode of neurulation in zebrafish has remained controversial 

as the hallmarks of primary neurulation, the presence of hingepoints and neural folds that 

converge and fuse at the dorsal midline, have not been reported in this organism. We report 

here on our ongoing work to characterize forebrain morphogenesis, which has revealed 
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unexpected conservation of features of neurulation. Our preliminary data identify for the first 

time the presence of wedge-shaped medial and dorsolateral hingepoints in the anterior neural 

plate. Disruption of myosin functionality via pharmacological inhibition prevents apical 

constriction and timely neural fold fusion. Ongoing experiments aim to test the role of the 

planar cell polarity pathway and shroom3 in hingepoint formation. These findings have 

significant implications in terms of the evolutionary conservation of mechanisms of neurulation 

and the use of zebrafish for functional characterization of genetic variants implicated in NTDs. 

Category: Cardiovascular Development & Function 

Discovering Genetic Modifiers for Cardiomyopathies via Zebrafish Forward Genetic Screening 

Xiaolei Xu, Mayo Clinic 

2/7/2020 - 4:42:00 PM - 4:54:00 PM 

Modifier genes contribute significantly to phenotype variation in many human diseases such as 

cardiomyopathy. However, the identities of these modifier genes remain largely unknown, 

largely because of the lack of an effective method. We have been leveraging efficient zebrafish 

genetics to develop a mutagenesis screen-based strategy for discovering genetic modifiers of 

cardiomyopathy.  To achieve this goal, we first generated adult fish models for different types 

of cardiomyopathy including both acquired cardiomyopathies such as doxorubicin-induced 

cardiomyopathy (DIC) and inherited cardiomyopathies such as BCL2-associated athanogene 3 

(bag3e2/e2)-based cardiomyopathy. We then used a gene-breaking transposon (GBT)-based 

insertional mutagenesis screening platform to generate a zebrafish cardiac insertional mutant 

(ZIC) collection.  We demonstrated the feasibility of identifying GBT mutants with DIC-modifying 

capacity by stressing the ZIC collection with DIC. Pilot screen of ~500 GBT lines identified 4 

potential modifiers. Further genetic studies in zebrafish, mouse and human confirmed their 

identities as cardiomyopathy genes. Importantly, some genetic modifiers can be manipulated to 

exert therapeutic effects on DIC, and some modifier DIC genes also exert modifying effects on 

bag3 cardiomyopathy. In summary, our data suggested the establishment of a forward genetic 

strategy that can be used for discovering genetic modifiers of different types of 

cardiomyopathy.  Future scaling up of this strategy promises systematic identification of genetic 

modifiers and therapies for different types of cardiomyopathies, a foundation for individualized 

medicine. 
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Category: Imaging and Technology Development 

Improved Self-organizing Map Method Provides High Sensitivity to Locomotion Behavior 

Analysis of Zebrafish Larvae with Multidimensional Information 

Bo-Kai Liao, National Taiwan Ocean University 

2/7/2020 - 4:54:00 PM - 5:06:00 PM 

Behavior states could be informatively revealed by analyzing locomotion of zebrafish, even for 

fish larvae that are first-day swimmer. In the present study, we developed a new image analysis 

strategy for semi-automated fish tracking and artificial intelligent algorithm to solve 

multidimensional parameters. Individual fish were kept in 3D-printed 20-well plates on a light 

pad and filmed with a video recorder. The image background of plate outlines was then 

removed, and the fish were tracked by optimized difference of gaussian algorithm with a self-

coded plugin in imageJ FIJI. To increase the sensitivity of computer clustering, more than 20 

parameters were obtained from the videos, including velocity, acceleration, angular velocity, 

halting time, drift, meander, location, etc. With these multidimensional data generated, 

samples were clustered by improved self-organizing map (SOM) based on Kohonen network, an 

unsupervised machine learning algorithm that uses artificial neural networks with no hidden 

layer to classify samples onto a two-dimensional map. Our analysis pipeline successfully 

distinguished larvae from different wildtype clutches, larvae treated with/without methyl blue, 

or sublethal doses of ammonia treatments. Our method provides fast and high sensitivity to 

locomotion behavior analysis of zebrafish larvae with better data-visualization to 

multidimensional information. 

Category: Disease Models 

Fish model of Parkinson's disease and its perspective for human disease 

Hideaki Matsui, Niigata University 

2/7/2020 - 4:54:00 PM - 5:06:00 PM 

Parkinson’s disease (PD) is a neurodegenerative disease showing alpha-synuclein-positive 

inclusions and loss of dopaminergic neurons and other neurons. Replication of PD phenotypes 

by using model animals is difficult, which partly limits its understanding and its therapy. PD is 

strongly associated with aging, yet most experimental animals may not exhibit age-related 

symptoms. First we introduce various fish models of PD using zebrafish and medaka. Second we 

show that Nothobranchius furzeri, a rapidly aging teleost having a short life span, exhibits PD-

like pathologies. By carefully looking into these fish models, we have recently found several 

hints for human PD pathogenesis. Finally we introduce some of the recent progress about fish 

and human PD. 

 


