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Schedule of Events 
All events will take place in the Tinkham Veale Center unless otherwise noted with (**) 

 

Friday, September 14th 
 
11:00 am-7:00 pm Registration Desk Open    Location: Foyer 
      

11:00 am-7:00 pm Poster Set Up      Location: Ballroom A 
 

12:00 pm-2:00 pm Emerging Technologies in Developmental Biology  Location: Room 134 
Workshop     

 

2:00 pm-4:00 pm Education Workshop     Location: Ballroom B 
  

4:30 pm-4:45 pm Meeting Opening and Announcements   Location: Ballroom B 
      

4:45 pm-6:15 pm Session 1: Experimental and Theoretical Models of  Location: Ballroom B  
Pattern Formation 

    Chair: Adriana Dawes        
 

6:15 pm-6:45 pm Coffee Break      Location: Foyer 
 

6:55 pm-8:00 pm Keynote Lecture I     Location: Ballroom B 
    Speaker: Carole LaBonne      
 

8:30 pm-10:30 pm Poster Presentation and Social Hour    Location: Ballroom A 
       

Saturday, September 15th 
 
7:30 am-8:30 am Continental Breakfast     Location: Foyer 
 

8:30 am-8:35 am Announcements     Location: Ballroom B 
     

8:35 am-10:05 am Session 2: Evolution and Development    Location: 
Ballroom B 
    Chair: John Masly 
     

10:05 am-10:35 am  Break        Location: Foyer 
    

10:35 am-12:05 pm Session 3: Epigenetics: From Development to Aging  Location: Ballroom B 
    Chairs: Joseph Ogas  
      

12:05 pm-3:00 pm Open Poster Viewing 
 

12:30 pm-2:45 pm Emerging Technologies in Developmental Biology   Location: Ballroom C 
Workshop   

 

3:00 pm-4:30 pm Session 4: Organogenesis and Morphogenesis   Location: 
Ballroom B 
    Chair: Michiko Watanabe 
     

4:30 pm-6:30 pm Poster Presentation and Vendor Viewing  Location: Ballroom A 
  

6:30 pm-7:45 pm Keynote Lecture II      Location: Ballroom B/C 
    Speaker: Polyxeni (Pola) Phillipidou 
 

7:45 pm-9:30 pm Banquet Dinner      Location: Ballroom B/C  
 

9:30 pm-10:30 pm Poster and Vendor Viewing     Location: Ballroom  
 
   



 

Sunday, September 16th 

 
7:30 am-10:30 am Poster Take Down     Location: Ballroom A 
 

7:30 am-8:30 am Continental Breakfast      Location: Foyer 
    

8:30 am-10 am  Session 5: Stem Cells and Regeneration  Location: Ballroom B 
    Chair: Ankur Saxena 
 

10:00 am-10:30 am Break       Location: Foyer 
    

10:30 am-12:00 pm Session 6: Signaling Pathways: Genetic, Genomics,  Location: Ballroom B 
and Cellular Regulation of Development       

Chair: Susan Cole         
 

12:00 pm-1:00 pm Keynote Lecture III      Location: Ballroom B  
    Speaker: Alejandro Sánchez-Alvarado      
 

1:00 pm-1:15 pm Closing Remarks     Location: Ballroom B 
 

1:15pm   Optional Tours of Natural History Museum,   Location: Foyer 
Botanical Gardens, and Cleveland Museum of Art    

  

  



Keynote Lectures 
 

Friday September 14th  
  
Dr. Carole LaBonne 
Professor and Chair of Molecular Biosciences Northwestern University 
 
 
“Life on the Edge: 150 years of Neural Crest and so much more to learn” 
 
First described by Wilhelm His 150 years ago, the neural crest is a cell population unique to vertebrates 
distinguished by its broad multi-germ layer developmental potential. Understanding the origins and 
development of these cells, and in particular their stem cell attributes, is essential to understanding the 
evolution of vertebrates, and we discuss the pioneering studies that launched this field. Recently a new 
model for the developmental/evolutionary origins of neural crest cells has been proposed that posits that 
these cells evolved via retention of attributes of the pluripotent blastula cells they are derived from. We have 
been investigating the gene regulatory and epigenetic mechanisms that enable these cells to preserve their 
remarkable developmental potential. 	Among the shared	attributes of these cells is a signature of high Map 
kinase signaling and low Akt signaling that is FGF mediated. 	We show that HDAC activity is also essential 
for both the formation of neural crest and the pluripotency of naïve blastula cells. HDAC inhibition blocks the 
ability of blastula stem cells to contribute to lineages of the three embryonic germ layers and causes 
precocious and aberrant expression of genes that direct multiple lineage states. We show that pluripotent 
naïve blastula cells and neural crest cells are both characterized by low levels of histone acetylation, and 
show that increasing HDAC1 levels enhance the ability of blastula cells to be reprogrammed to a neural crest 
state. Importantly, regulation of a key subset of genes in pluripotent blastula cells is dependent on the 
dynamic regulation of histone acetylation and readers of the BET family, in particular Brd4. Loss of BRD4 
causes lose pluripotency, as evidenced by down-regulated expression of key components of the pluripotency 
GRN, and an inability to respond to lineage instructing cues.	Together these results provide novel insights 
into the evolution of the pluripotency GRNs and the genesis of a cell type central to the evolution of 
vertebrates. 
 

 
Saturday September 15th 
 
Dr. Polyxeni (Pola) Phillippidou 
Assistant Professor, Case Western Reserve University, Dept. of Neurosciences 
 
“Hox genes govern the development of respiratory circuits.” 
 

Breathing is a basic motor behavior that is essential in all terrestrial vertebrates. The frequency and 
amplitude of respiratory contractions are driven by neural networks residing in the brainstem that 
coordinate the activation of dedicated sets of spinal motor neurons (MNs). Motor neurons within the spinal 
cord directly drive the activity of inspiratory and expiratory muscles, including the diaphragm and 
intercostals. Despite the complexity of the neural networks that regulate respiratory rhythms, diaphragm 
contraction is controlled by a single motor input supplied by MNs within the Phrenic Motor Column (PMC). 
We identified a transcriptional network orchestrated by two Hox transcription factors (Hoxa5 and Hoxc5) 
that controls critical aspects of respiratory circuit assembly. Selective deletion of Hox5 genes from MNs in 



mice leads to perinatal lethality due to respiratory failure. In Hox5 mutant mice, there is an extinction of PMC 
identity, characterized by a loss of PMC molecular determinants, progressive loss and disorganization of 
phrenic MNs, axonal misrouting, and, most strikingly, a dramatic loss of synaptic contacts at the diaphragm 
muscle. Several PMC-specific genes, including cell adhesion molecules, are downregulated in Hox5 mutants, 
differentially contributing to the multiple aspects of this phenotype. Erosion of PMC identity from cervical 
MNs also results in aberrant breathing cycles, indicating that establishing phrenic MN identity through Hox5 
gene activity is an obligate step in the wiring of mammalian respiratory networks.  

 
 

 
Sunday September 16th 
 
Alejandro Sánchez Alvarado 
Howard Hughes Medical Institute Investigator Investigator, Stowers Institute for 
Medical Research 
  
“Understanding sources of regenerative capacity in animals” 
	 
The study of natural and induced stem cells has ushered an age of re-examination of what it means to be a 
stem or a differentiated cell.	 Past and recent discoveries in plants and animals, as well as novel experimental 
manipulations are beginning to erode many of these established concepts, and are forcing a re-evaluation of 
the experimental systems and paradigms presently being used to explore these and other biological 
process.	Proliferating cells known as neoblasts include pluripotent stem cells (PSCs) that sustain tissue 
homeostasis and regeneration of lost body parts in planarians. However, the lack of markers to prospectively 
identify and isolate these adult PSCs has significantly hampered their characterization. We used single-cell 
RNA sequencing (scRNA-seq) and single cell transplantation to address this long-standing issue. Large-scale 
scRNA-seq of sorted neoblasts unveiled a novel subtype of neoblast (Nb2) characterized by high levels of 
PIWI-1 mRNA and protein, and marked by a conserved cell-surface protein coding gene,	tetraspanin 1	(tspan-
1).	tspan-1-positive cells survived sub-lethal irradiation, underwent clonal expansion to repopulate whole 
animals, and when purified with an anti-TSPAN-1 antibody, rescued the viability of lethally irradiated animals 
after single-cell transplantation. The first prospective isolation of an adult PSC bridges a conceptual dichotomy 
between functionally and molecularly defined neoblasts, shedding light on mechanisms governing	in 
vivo	pluripotency and a source of regeneration in animals. 

 
 



Session Speakers 
 

Experimental and Theoretical Models of Pattern Formation 
 

Friday 4:45pm-6:15pm 
 
The role of short and long range signaling in cell patterning 
Adriana Dawes, Carly Williamson, Helen Chamberlin 
Ohio State University, USA  
Many biological systems rely on both long range and short range signals in order to produce proper 
cell patterns during development. These patterns, such as alternating cell fates, are defined by 
different gene and protein expression levels. However, the relative contribution of these two 
signaling modes in establishing proper patterns is not well understood. Using vulval development of 
two nematode worm species, C. elegans and C. briggsae, as motivation, we derive an asymptotic PDE 
based on a simplified signaling network consisting of EGF, Notch and Wnt. We demonstrate that 
additional long range signals can provide a framework for understanding species-specific differences 
and that variations in short range signaling can amplify long range signals. These results suggest that 
long and short range signals have critical roles to play in proper cell patterning. 
 

Spatial fold-change of FGF signaling encodes positional information for segmental determination in 
zebrafish 
Ertugrul Ozbudak, M. Fethullah Simsek 
Cincinnati Children's Hospital Medical Center, USA 
Signal gradients encode instructive information for numerous decision-making processes during 
embryonic development. A striking example of precise, scalable tissue-level patterning is the 
segmentation of somites –the precursors of vertebral column– during which the FGF, Wnt and 
Retinoic Acid (RA) pathways establish spatial gradients. Despite decades of study proposing roles for 
all three pathways, the dynamic feature of these gradients that encodes instructive information 
determining segment sizes remained elusive. We developed a non-elongating tail explant system, 
integrated quantitative measurements with computational modeling, and tested alternative models 
to show that positional information is encoded solely by spatial fold-change (SFC) in FGF signal 
output. Neighboring cells measure SFC to accurately position the determination front and thus, 
determine segment size. The SFC model successfully recapitulated results of spatiotemporal 
perturbation experiments on both explants and intact embryos, and showed that Wnt signaling acts 
permissively upstream of FGF signaling, and that RA gradient is dispensable. 
 

Morphogen coordinated cell migration regulates cell fate specification along the dorso-ventral axis 
in the Drosophila melanogaster blastoderm 
Yongqiang Xue, Aravindan Krishnan, Juan Chahda, Robert Schweickart, Claudia Mizutani 
Case Western Reserve University, United States  
Morphogenetic gradients are known to specify cell fates by regulating gene expression patterns in a 
threshold-dependent manner. While this morphogen role has been extensively investigated, little is 
known about how morphogenetic gradients regulate stereotyped flows of cell movements, and how 
such movements influence tissue organization. The Drosophila blastoderm was long thought to be a 
developmental stage in which static cells acquire fates. However, during this stage, cells actually 
move in a stereotyped fashion from the poles and lateral sides of the embryo towards the dorsal 
midline. Employing a combination of quantitative measurements, georeferencing and spatial 
statistics we discovered that Dorsal/NF-kB plays an early role in pre-establishing the position of cells 
within the blastoderm, while Dpp/BMP-4 attracts cells towards regions with peak activity. Through a 
bioinformatics search we identified	frazzled	(fra) and	guk-holder	(gukh)	as genes with early dorso-
ventral expression patterns that are regulated by Dorsal and Dpp gradients. Fra protein is enriched in 
the cell vertices and co-localizes with E-cadherin, a cell junction protein. The removal 
of	fra	and	gukh	disrupts the normal stereotyped pattern of cell migration in the blastoderm and also 
leads to a diffused	localization of E-cadherin. Furthermore, both	fra	and	gukh	mutants exhibit 



abnormal	dorso-ventral patterning domains, suggesting that the alterations in the stereotyped cell 
movements impair cell fate specification along the dorso-ventral axis. Our next step is to employ 
mathematical modeling of gradient formation previously developed by our lab to test whether the cell 
movements controlled by morphogens can in turn lead to changes in gradient shape. Together, our 
studies using a simple model of blastoderm stage can help reveal how cell fate and cell movements 
are coordinated by morphogens. 
 

Differential spatiotemporal regulation of intercellular Ca2+ signaling by Phospholipase-C ß and 
Phospholipase-C? 
Dharsan Soundarrajan 
University of Notre Dame, United States of America 
During organ development, multiple chemical signals coordinate morphogenesis. Among the second 
messengers, cytosolic calcium ions play an important role in regulating cell growth, cell division, apoptosis 
and cell mechanics. 	However, regulation of intercellular calcium signaling dynamics is still poorly 
understood in epithelial systems. Recently, we have shown that calcium signaling provides an important 
read out of organ growth using the Drosophila wing imaginal disc as an experimentally tractable model 
system. Through quantitative analysis, we have identified several classes of calcium transients that occur in 
vivo: individual cellular spikes, localized intercellular calcium transients, large-scale intercellular calcium 
waves, and highly-stimulated calcium fluctuations termed fluttering. Here, we show these classes of 
calcium transients are differentially regulated. The receptor tyrosine kinase (RTK) family Insulin receptor 
(InsR) regulates localized cellular calcium spikes and intercellular calcium transients, but insulin signaling 
does not generate global intercellular calcium waves. In contrast, stimulation of calcium signaling through a 
Gq/phospholipidase-C β activity results in tissue-wide intercellular calcium waves. Furthermore, we also 
find that overexpression of cell cycle proteins such as Cyclin E lead predominantly to localized intercellular 
calcium bursts when stimulating Gq activity.	 Our findings indicate striking spatiotemporal differences 
between specific phospholipase C enzymes in stimulating calcium responses and provides insight into 
specific regulatory functions of diverse classes of intercellular calcium transients. 
 

Study of planarian fission identifies polarity signaling as a link between size-scaling and size-
dependent behavior 
Christopher Arnold1,2, Blair Benham-Pyle1, Jeffrey Lange1, Alejandro Sánchez Alvarado1,2 
1Stowers Institute, USA; 2HHMI, USA 
Tissue function can be modulated during animal growth, but how size-scaling is coupled with size-
dependent function is poorly understood. Planaria are regenerative flatworms of indeterminate size that 
reproduce asexually by separating posterior tissue via transverse fission. Development of a fission induction 
protocol permitted mechanistic dissection of this size-dependent process. After reaching critical length, 
planaria fission fixed sized progeny, scaling number and rate of fissions with parent size. Progeny size is 
fixed via mechanically-vulnerable planes regularly spaced along the A/P axis that are deposited and lost 
during growth and de-growth, respectively. Surprisingly, RNAi screening revealed a subset of polarity 
signaling genes regulating fission rate independent of the establishment of these A/P planes. These results 
identify a novel role for polarity signaling genes in regulating size-dependent behavior and may indicate that 
organisms use tissue patterning genes to couple growth with size-dependent function. 
 

Post-transcriptional regulation of Hes7 in the vertebrate segmentation clock 
Kara Braunreiter, Susan Cole 
The Ohio State University, USA 
In the mouse presomitic mesoderm (PSM), Hes7 expression oscillates with a 2-hour period. This cyclic 
expression is critical for timing the process of vertebrate segmentation where the period matches the 
production rate of somites from the PSM. The somites eventually develop into the vertebrae, ribs, and 
skeletal muscles of the back. Interestingly, the oscillation period is not consistent across the PSM and slows 
in the anterior PSM through an unknown mechanism. Sequences in the Hes7 3’UTR are required for the 
oscillatory expression and mathematical modeling predicts their influence on the Hes7 oscillatory period by 
affecting the mRNA half-life and translational efficiency. We identified multiple conserved putative 
polyadenylation sites in the genomic region downstream of mouse Hes7 and confirmed that they are 
utilized in the PSM. Alternative polyadenylation (APA) at these signals creates three distinct transcript 
isoforms that vary only in the length of 3’UTR produced. RNA in situ hybridization on mouse embryos 



confirms oscillatory expression of longer isoforms in the PSM. If the transcript isoforms have different 
properties such as half-lives and translational efficiency, modulating the ratio of the isoforms across the 
PSM could provide a mechanism by which the oscillation period of Hes7 slows in the anterior PSM. Indeed, 
we find that the longest isoform is reduced in the anterior PSM where oscillations are slower. To confirm 
this finding, the shortest and longest 3’UTR isoforms were directly compared to each other through 2-color 
in situ hybridization. We also find that longer isoforms exhibit reduced translational efficiency compared to 
shorter isoforms. Current work is aimed at determining the transcript half-life of the isoforms, dissecting the 
mechanisms that differentially regulate the isoforms, identifying mechanisms that affect polyadenylation 
site selections, and testing the in vivo requirement for Hes7 APA. 
 
 
 

Evolution and Development 
 

Saturday 8:35am-10:05am 
 
The evo-devo of complex traits: Dissecting the molecular bases of rapid morphological evolution 
John Masly 
University of Oklahoma, USA 
Understanding the evolutionary forces that drive divergence in morphology among species and how these 
forces shape molecular variation that directs developmental differences are major goals of evolutionary 
developmental biology.	 External reproductive structures display one of the more striking morphological 
differences observed among closely-related species, and this variation in morphology is typically the result 
of sexual selection and/or sexual conflict.	 However, little is known about how these two evolutionary forces 
shape variation at the molecular and developmental levels to direct such widespread, rapid morphological 
change.	 The posterior lobes of the genital arch— two recently evolved male genital structures found only 
among the four species of the Drosophila melanogaster species complex— provide a powerful model in 
which to study the developmental basis of rapid evolutionary change in a complex structure.	 We 
characterized the developmental differences among the D. melanogaster complex species and identified 
several aspects of growth that have diverged among them.	 Using a collection of inter-species genetic 
introgression lines, we also mapped several regions of the genome that specify species-specific 
morphologies and have identified a novel gene that specifies variation in posterior lobe size.	 We are 
currently combining functional genetic tests with live-cell imaging approaches to understand how species 
variation at this locus— and other loci within the posterior lobe gene regulatory network— directs species-
specific developmental differences.	 
 

Dysregulation of aging in hybrids of Drosophila species 
Jacquelyn Yarman, Claudia Mieko Mizutani, Rui Sousa-Neves 
Case Western Reserve University, United States  
There is ample evidence that systemic aging is significantly regulated by brain aging. There is also 
evidence that mutations in genes that increase stress tolerance increase longevity. Finally, there is 
evidence that different species exhibit different tolerances to stress. Here we asked whether aging is 
dysregulated in hybrids between two Drosophila species (D. melanogaster and D. simulans) that exhibit 
different stress tolerance and if we can identify genes involved in the regulation of longevity and 
neurodegeneration. To that end, we analyzed the aging of each pure species and their hybrids. Our 
results show although the lifespan of each species is different, males and females of each species 
have similar lifespans. In contrast, hybrids carrying one X-chromosome from D. simulans live 
far	longer than males or females of either species, which	suggests an incompatibility between genes 
that regulate longevity located on the X-chromosome of D. simulans	and the autosomes of D. 
melanogaster. Conversely, female hybrids carrying an X-chromosome from each species live 
significantly less than male hybrids and pure species of any sex. Together, these results indicate that 
longevity is regulated by X-chromosome genes and autosomal genes, and that the X-chromosome of 
D. simulans carries recessive alleles of such genes. To identify such genes, we compared the X-
chromosome genes that are most divergent between D. simulans/D. sechellia and D. melanogaster. D. 
sechellia separated from D. simulans some 300,000 years ago and was included in the analysis to 



avoid irrelevant polymorphism that might have accumulated in different D. simulans strains. This 
analysis led to the identification of 99 candidate genes. Sixteen of these genes have functions related 
to neural functions and five have been implicated in Alzheimer’s Disease. Future experiments will be 
able to address whether these genes are involved in neurodegeneration and longevity. 
Sub-functionalized migration dynamics of limb bud precursors revealed by cell tracking analyses 
Erin Boyle Anderson, Robert Ho 
University of Chicago, USA  
 

Evolution of the vertebrate neural crest from an ancestral pan-neural cell population 
Joshua York, Tian Yuan, Olga Lakiza, Kevin Zehnder, David McCauley 
University of Oklahoma, USA  
The origin of neural crest cells was a catalyst for the evolution of the vertebrate body plan. In jawed 
vertebrates, neural crest cells arise exclusively in the dorsal neural tube, and then migrate throughout 
the embryo where they form much of the peripheral nervous system, pigment, and craniofacial 
cartilage and bone. The current paradigm for the origin of neural crest cells is that they evolved within 
the embryonic dorsal neural folds of early vertebrates. Here, using a basal jawless vertebrate, the sea 
lamprey, we show that a core set of transcription factors controlling neural crest specification and 
migration are expressed throughout the entire dorsal-ventral axis of the embryonic lamprey neural 
tube, and that a marker of migratory crest in vertebrates, n-Myc, is expressed in cells emigrating 
from the lamprey ventral neural tube in a neural crest-like stream. CRISPR/Cas9-mediated knockout 
of n-Myc results in reduction of premigratory and migratory neural crest cells and reduction of the 
neural crest-derived head skeleton. Vital dye labeling in vivo reveals that cells in both the dorsal and 
ventral neural tube migrate in a neural crest-like manner into the embryonic pharynx, and in vitro 
slice culture assays confirm that individual cells can migrate from the ventral neural tube. Based on 
comparisons with invertebrate chordates and jawed vertebrates, we propose that ancestral “neural 
crest-like” cells in jawless vertebrates may have arisen throughout the entire embryonic neural 
tube—rather than the dorsal neural tube alone—and were able to migrate from any position along 
the neural dorsal-ventral axis. In jawed vertebrates, these ancestral migratory domains were lost, 
with bona fide neural crest cells becoming secondarily localized to the dorsal neural tube, where they 
were originally discovered 150 years ago.	 
 

Immortality or Death: Cell Fate Determination in a Simple Multicellular Organism 
James Umen, Gavriel Matt 
Donald Danforth Plant Science Center, USA  
Germ–soma differentiation is a hallmark of complex multicellular organisms, yet its origins are poorly 
understood. Volvox carteri ‘Volvox’ is a multicellular green alga that has recently evolved a simple 
germ–soma dichotomy with only two cell types: large immortal germ cells called gonidia and small 
terminally-differentiated somatic cells. A hypothesis for the origins of cell-type specialization 
involves cooption of temporally-regulated gene expression in a unicellular ancestor into cell-type 
expression in multicellular descendants. To test this we compared Volvox germ and somatic cell-type 
transcriptomes with each other, and with a high-resolution temporal transcriptome data set from a 
close unicellular relative, Chlamydomonas reinhardtii ‘Chlamydomonas’. We found highly differentiated 
germ and somatic expression programs in Volvox where cell-type genes had orthologs in 
Chlamydomonas which were expressed at distinct temporal phases—a result that supports the 
temporal-spatial cooption hypothesis. Somatic cells expressed a relatively specialized differentiation 
program overrepresented in young, lineage-specific genes, while gonidia expressed a more generalist 
program overrepresented in ancient genes that shared striking functional overlap with core 
metazoan pluripotent stem cell genes. We also found evidence for a strong metabolic dichotomy with 
gonidial cells expressing growth-related genes, and somatic cells expressing an altruistic program 
geared towards the assembly of flagella--which support organismal motility, and conversion of 
storage carbon to sugars--which act as donors of extracellular matrix glycoproteins whose secretion 
enables massive organismal expansion. Our data validate the utility of comparative genomics to 
decipher the origins of germ-soma specialization in volvocine algae which show parallels with more 
complex multicellular taxa. Key regulators of the germ-soma differentiation program are the subject 
of ongoing investigation. 



 

Epigenetics: From Development to Aging 
 

Saturday 10:35am-12:05pm 
 
 

Novel roles for epigenetic factors in establishment and maintenance of H3K27me3 in plants 
Benjamin Carter1, Brett Bishop1, Kwok Ki Ho1, Ru Huang2, Wei Jia2, Heng Zhang2, Pete E. Pascuzzi3, 
Roger B. Deal4, Joe Ogas1 
1Department of Biochemistry, Purdue University, United States; 2Shanghai Center for Plant Stress Biology, 
China; 3Purdue University Libraries, Purdue University, United States; 4Department of Biology, Emory 
University, United States  
Selective expression of genes in a tissue-specific manner is facilitated by the transcriptionally 
repressive epigenetic modification H3K27me3 in plants and animals.	 We identified a synergistic 
developmental phenotype in Arabidopsis lacking the CHD chromatin remodeler PKL, which promotes 
H3K27me3 enrichment, and the SWR1-family remodeler PIE1, which incorporates the histone 
variant H2A.Z. RNA-seq analyses reveal that PKL, PIE1, and the H3K27 methyltransferase CLF act in a 
common gene expression pathway.	 ChIP-seq analyses reveal that H3K27me3-enriched genes are 
largely a subset of H2A.Z-enriched genes, and that that loss of PKL, PIE1, or CLF results in strong 
defects in H3K27me3. Based on our observations and previous biochemical and genetic 
characterization, we explored a novel role for PKL in promoting H3K27me3. We found that 
recombinant PKL acts as a prenucleosome maturation factor, indicating that PKL contributes to 
chromatin assembly and promotes retention of H3K27me3. These data support the existence of an 
epigenetic pathway in which PIE1 promotes H2A.Z which in turn enables deposition of H3K27me3. 
PKL in turn acts after deposition to promote retention of H3K27me3 after DNA replication and/or 
transcription. Our analyses thus reveal new roles for the histone variant H2A.Z and ATP-dependent 
remodelers in construction and maintenance of H3K27me3-enriched chromatin in plants.	 The novel 
construction of H3K27me3-enriched chromatin may in turn contribute to the developmental fluidity 
observed in plants. 
 

The open chromatin landscape of 5-HT neurons 
William Spencer, Evan Deneris 
Case Western Reserve University, USA  
Serotonergic function requires precise spatiotemporal control of gene expression in 5HT neurons and 
altered expression patterns in these neurons are thought to contribute to psychiatric disorders. 
Serotonergic gene expression depends on proper patterns of open and closed chromatin states to 
permit appropriate transcription factor interactions with the promoters and enhancers of 5HT 
expressed genes. As is the case with virtually all neuron-types, nothing is known about how 5HT 
neurons acquire patterns of open chromatin to enable expression of genes needed for 5HT neuron 
function. 5HT neurons mature upon their initial postmitotic differentiation at about E11 through 
three weeks of postnatal life. During this prolonged stage, expression of hundreds of genes is 
upregulated to support acquisition of mature characteristics while other genes needed at earlier 
stages of development are turned off. We hypothesize that dynamic changes in patterns of 5HT 
neuron open chromatin underlies the dynamic patterns of gene expression that support 
differentiation and maturation of 5HT neurons. To investigate this idea, we used Tn5 transposase-
mediated insertion of sequencing adaptors (ATAC-seq) into native chromatin using flow sorted 5HT 
neurons. Our pipeline, 5HT-ATAC-seq, has produced highly reproducible maps of the open chromatin 
landscape in maturing 5HT neurons. Comparing 5HT neurons and non-5HT cells, over 20,000 5HT 
neuron-specific open chromatin regions were identified. 5HT-specific open regions mark putative 
transcriptional regulatory elements controlling 5HT expressed genes, including Pet1, Tph2, Gchfr, 
Slc6a4, Slc22a3, and Maoa. Our working 5HT-ATAC-seq pipeline enables investigation of how 
maturation of 5HT open chromatin relates to maturation of 5HT gene expression patterns, what is 
the impact of environmental and genetic factors on maturation of 5HT open chromatin patterns, and 
what are the regulatory mechanisms that establish 5HT neuron-type open chromatin landscapes. 
 



The H3K9me3 methyltransferase SETDB1/EGGLESS maintains female identity in Drosophila germ 
cells 
Anne Smolko, Laura Shapiro-Kulnane, Helen Salz 
Case Western Reserve University, United States  
In Drosophila females, germ cell sex is determined early in embryogenesis by the sex of the 
surrounding somatic gonadal cells. In adulthood, sex is maintained through a cell intrinsic mechanism 
that requires Sex-lethal (Sxl). Here, we provide data showing that Sxl silences sex-inappropriate 
transcription via a mechanism that includes SETDB1 (aka EGG)-mediated assembly of H3K9me3 
silencing islands.  
 
Using germline specific knockown (GLKD), we find that loss of setdb1 (setdb1 GLKD) results in a tumor 
phenotype and a depression of lineage-inappropriate genes, many of which are normally expressed 
in testis. By combining RNAseq and H3K9me3 ChIPseq datasets, we identified a set of 21 SETDB1-
target genes. Our studies show that SETDB1 controls accumulation of H3K9me3 over these genes 
without spreading to neighboring loci. Regional deposition is especially striking at a regulator a male 
germ cell identity, phf7, which contains an ovary and testis-specific transcription start site. In wild 
type females, H3K9me3 is deposited only over the testis-specific region. A reduction in H3K9me3 
due to knockdown of setdb1 correlates with inappropriate expression of the testis isoform and 
protein production in females. Inappropriate expression of PHF7 contributes to the setdb1 GLKD 
tumor phenotype. Furthermore, we find that H3K9me3 recruitment to phf7 and repression of testis-
specific transcription is dependent on Sxl. Thus, female identity is secured by an H3K9me3 epigenetic 
pathway in which Sxl is the upstream female-specific regulator, SETDB1 is the required chromatin 
writer, and phf7 is one of the critical SETDB1 target genes. 
 

Epigenetic Signatures of RPE Reprogramming 
Jared Tangeman1,4, Agustin Luz-Madrigal1, Erika Grajales-Esquivel1, Sarah Kosse1, Lin Liu1, Kai Wang1, 
Andrew Fausey1, Emilio Bloch1, Chun Liang1, Panagiotis Tsonis2,5, Katia Del Rio-Tsonis1,3 
1Miami University, USA; 2University of Dayton, USA; 3Center for Visual Sciences at Miami University, USA; 
4Cell, Molecular, and Structural Biology Program at Miami University, USA; 5Center for Tissue Regeneration 
and Engineering, University of Dayton (TREND), USA  
Mammals are unable to repair damaged retina, however, the study of species capable of regenerating 
lost retina may provide insights toward developing regenerative therapies for humans. The 
embryonic chick is able to regenerate the neural retina following surgical retina removal (retinectomy) 
and exposure to exogenous fibroblast growth factor 2 (FGF2). In this model, regeneration occurs 
through the reprogramming of cells of the retinal pigment epithelium (RPE) into retinal progenitors. 
We hypothesize that RPE reprogramming requires epigenetic regulation of gene expression to block 
RPE fate and induce retina identity. Visualization of DNA methylation and histone 
methylation/acetylation patterns in chick RPE revealed the presence of bivalent or “poised” 
chromatin. Furthermore, 3-D reconstruction of RPE nuclei before and after retinectomy revealed 
chromatin reorganization during reprogramming. These changes included reduced 5-methylcytosine 
(5-mC), dynamic cytosine demethylation intermediates, and a decrease in repressive histone mark 
H3k27me3. 5-mC changes were further investigated by whole genome bisulfite sequencing (WGBS) 
of RPE before and after retinectomy and FGF2 exposure. Sequencing revealed a global re-patterning 
of 5-mC, evident in differentially methylated regions, including those at retina-associated genes. 
Altogether, these results reveal that retinectomy and FGF2 exposure modify histone marks and 5-mC 
in the RPE to create a dynamic epigenetic landscape during reprogramming. 
 

Analyses of Aging Brains with Single Cell Resolution and Spatial Statistics reveal a role of Enhancer 
of zeste in chromatin relaxation in older brains 
Jacquelyn Yarman, Aravindan Krishnan, Tanaya Pande, Luke Stevens, Yongqiang Xue, Claudia 
Mizutani, Rui Sousa-Neves 
CWRU, United States  
The aging of brains is characterized by a decrease in performance, memory loss, changes in sleep 
patterns and behavior. Nevertheless, very little is known about how individual cells and brain circuits 
are impacted by age. Indeed, most of what we know about the aging of brains comes from whole 



mount proteomic and transcriptomic analyses. Transcriptomic analyses suggest that aging is marked 
by changes in the levels of transcripts which have been consistently interpreted as due to changes in 
transcriptional regulation. This view stems from a hidden assumption that number of cells in the 
brain remains constant during aging.	 To provide a more comprehensive understanding of the effects 
of aging in the number of cells and expression levels, we developed Bubble Maps, a powerful tool that 
determines the 3D position of each cell and their number in whole intact brains and employs 
georeferencing to extract spatial relationships. In addition, Bubble maps quantifies multiple 
continuous variables such protein, RNA, DNA relaxation levels. We combined Bubble maps with 
GTRACE, a genetic tool that allows for identifying cells in active and silenced states. Our results show 
that during normal aging the number of glutamatergic neurons change and that they can be found in 
three different states: recently active, active and silenced. Recently active neurons are generated 
continuously throughout adulthood, indicating that they transit dynamically between cell states. We 
also show that the number of neurons in each state is indirectly regulated by the chromatin 
remodeler Enhancer of zeste (E(z)). Our data also show that the RNA levels of the VGlut transporter in 
glutamatergic neurons decline with age, but this down-regulation is at the level of RNA degradation, 
not transcription. Similarly, the levels of protein rise during aging by abnormal protein degradation. 
Finally, we show that aging increases chromatin relaxation and that this relaxation is regulated by the 
activity of E(z). 
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Novel methods to probe congenital heart defects and their prevention in an avian model of fetal 
alcohol spectrum disorder 
Stephanie Ford1,3, Yehe Liu2, Meredith Broberg3, Jun Kim3, Andrew Rollins2, Michael Jenkins1,2, Michiko 
Watanabe1 

1Case Western Reserve University School of Medicine, USA ; 2Case Western Reserve University School of 
Biomedical Engineering, USA ; 3Rainbow Babies and Children's Hospital, USA 
Decades of public education regarding the dire consequences of prenatal alcohol exposure (PAE) has failed 
to reduce alcohol consumption during pregnancy. PAE can result in fetal alcohol spectrum disorder (FASD), 
which includes craniofacial dysmorphogenesis, neurobehavioral deficits, and cardiac defects. Recent reports 
reveal a high prevalence of FASD (≥1%) in North America, rivaling that of autism. 	Findings that alcohol 
disrupts neural crest cells (NCCs) may explain why individuals with FASD share characteristics with those 
with 22q11 deletion, yet there is little data on how these effects occur in FASD. 			  
 
We deployed our unique suite of biophotonic tools to interrogate a quail model of FASD in which 
craniofacial, cardiac and other defects resemble those of FASD individuals. Using optical coherence 
tomography (OCT) we revealed functional and structural defects of the cardiovascular system during 
cardiogenesis, some of which have not been described before.	 PAE increased regurgitant blood flow, which 
directly correlated to reduced endocardial cushion size and later abnormal atrioventricular valves and great 
vessels. 	More recently we introduced a novel OCT compatible imaging technique, one uniquely capable of 
high resolution blood vessel imaging, and discovered abnormal coronary microvasculature in the PAE 
model.	 We also detected that PAE alters NCC derived autonomic innervation of the embryonic heart. 	  
 
Our suite of tools has allowed rapid, quantitative, and thorough phenotyping of PAE consequences, and 
these tools are being deployed to identify compounds to prevent PAE induced CHDs.	 Alcohol alters the one-
carbon cycle and methylation and promotes oxidative stress.	 Analysis of human buccal samples reveal 
signature DNA methylation changes in FASD individuals. Protecting NCCs by supplementation with methyl 
donors such as folic acid and betaine and anti-oxidants such as glutathione may ameliorate the effects of 
alcohol.	 
 

Radial WNT5A-guided Post-mitotic Filopodial Pathfinding is Critical for Midgut Tube Elongation  
Sha Wang, Deborah Gumucio 



The early midgut undergoes intensive elongation, but the underlying cellular and molecular 
mechanisms are unknown. The early midgut epithelium is pseudostratified and its nuclei travel 
between apical and basal surfaces in concert with cell cycle, a process termed interkinetic nuclear 
migration (IKNM). Using 3D confocal imaging and 2D live imaging, we profiled behaviors of individual 
dividing cells. As the nucleus moves apically for mitosis, the cell remains connected to the basal 
surface via a basal process (BP). During mitosis, the BP splits in two, but one BP is generally lost. The 
remaining BP is always inherited by one daughter cell; the other nascent daughter is born without a 
basal connection but with an apical link to its sister. Interestingly, during G1, some daughters directly 
use the inherited BP as a “conduit” to transport the nucleus back to the basal side, while >50% of 
daughters generate a new basal filopodium and then use that filopodial path to return the nucleus. 
Importantly, we found that efficient filopodial pathfinding depends on mesenchymal WNT5A. In the 
absence of WNT5A, filopodial pathfinding is impaired; some cells fail to tether to the basal surface 
and their nuclei remain at the apical side for a prolonged period. These cells eventually undergo 
apoptosis, leading to a shortened midgut. Thus, these studies reveal previously unrecognized 
strategies for efficient post-mitotic nuclear trafficking, which is critical for early midgut elongation. 
University of Michigan, USA  
 

Nubp2 is Required For Embryogenesis and Has Novel Functions in Craniofacial Development 
Andrew DiStasio1,2 
1University of Cincinnati, USA; 2Cincinnati Children's Hospital, USA  
The N-ethyl-N-nitrosourea (ENU) forward genetic screen is a useful tool for the unbiased discovery 
of novel mechanisms regulating developmental processes. We recovered the Dorothy mutation in 
such a screen designed to recover recessive mutations affecting craniofacial and CNS development in 
the mouse. Dorothy homozygous embryos die prenatally and exhibit many striking phenotypes 
commonly associated with ciliopathies. The forelimbs of Dorothy homozygous mutants are truncated 
and lack posterior digits. Additionally, Dorothy homozygous embryos have severe craniofacial and 
forebrain phenotypes. We used exome sequencing to discover the causal genetic variant to be a 
missense mutation in nucleotide binding protein 2 (Nubp2). This finding was confirmed with a 
complementation analysis between the Dorothy allele and a Nubp2 null allele (Nubp2tm1a). In vitro 
experiments demonstrated that the Dorothy mutation does not interfere with translation or the 
proper localization of NUBP2 in the cytoplasm.NUBP2 is implicated in both the Cytosolic Iron/Sulfur 
cluster Assembly (CIA) pathway and in the negative regulation of centrosome duplication/ciliogenesis, 
although there is no known connection between these functions. Conditional ablation of Nubp2 in the 
neural crest lineage with Wnt1-cre recapitulated the Dorothy craniofacial phenotype. 
Immunohistochemistry revealed rampant cell death in the nasal prominences of affected embryos, 
while the proportion of proliferating NCC-derived mesenchyme remains the same. Furthermore, the 
loss of Nubp2 expression in the NCC lineage failed to recapitulate the supernumerary cilia phenotype 
previously described in vitro suggesting it is not required to regulate centriole number in the neural 
crest. Future experimentation will use RNA sequencing to address the hypothesis that the cellular 
death phenotype is associated with defects in the CIA pathway. 
 

Zebrafish muscle precursor streams require six1/six4 genes and are subdivided by the fin bud 
Jared Talbot1,2, Emily Teets1, Dhanushika R3,4, Phan Duy1, Zachary Morrow1,6, Peter Currie3,4, Sharon 
Amacher1,2,5,6 
1Department of Molecular Genetics, The Ohio State University, USA; 2Center for Muscle Health and 
Neuromuscular Disorders, USA; 3Australian Regenerative Medicine Institute, Monash University, Australia; 
4EMBL Australia, Monash University, Australia; 5Department of Biological Chemistry and Pharmacology, The 
Ohio State University, USA; 6Center for RNA Biology, The Ohio State University, USA  
Muscle precursors need to be correctly positioned during embryonic development for proper body 
movement. In zebrafish, a subset of hypaxial muscle precursors from the anterior myotomes undergo 
long-range migration, moving away from the trunk to form muscles in distal locations like the fin. We 
mapped long-distance muscle precursor migrations with exquisite resolution using live imaging. We 
identified conserved genes necessary for normal precursor motility (six1a, six1b, six4a, six4b and met). 
These genes are required for normal movement away from myotomes and needed again to partition 
two muscles within the fin bud. During normal development, one muscle precursor stream initially 



populates the fin bud, then the remainder of this stream contributes to the posterior hypaxial muscle. 
When we block fin bud development by impairing retinoic acid synthesis or Fgfr function, the entire 
stream contributes to the posterior hypaxial muscle indicating that muscle precursors are not pre-
specified for the fin. Our findings demonstrate a conserved muscle precursor motility pathway, 
demonstrate flexibility in muscle precursor fates, and reveal that the fin bud recruits muscle 
precursors from a posterior hypaxial muscle progenitor population. 
 

Tfap2a and Tfap2b are gatekeepers of terminal differentiation in renal progenitors during 
nephrogenesis 
Brooke E. Chambers1, Gary F. Gerlach1, Karen Chen1, Ignaty Leshchiner2, Wolfram Goessling2, Rebecca 
A. Wingert1 
1University of Notre Dame, United States; 2Harvard University, United States  
Nephron segmentation involves a precise coordination of events that are not fully understood. Here, 
we report for the first time that transcription factor AP-2 alpha (tfap2a) coordinates a gene regulatory 
network, in concert with its family member tfap2b, to control the progression from segment 
progenitor into the differentiated state. Through a forward genetic screen, we isolated a novel 
zebrafish kidney mutant with distal segment defects caused by a lesion that disrupts splicing of 
transcription factor AP-2 alpha (tfap2a). Until now, tfap2a has only been known as essential for neural 
crest and epidermis development. We discovered that tfap2a is dynamically expressed in renal 
progenitors, eventually restricting to the distal nephron. tfap2a deficient nephrons undergo normal 
segment patterning, however distal segment cells experience a block in differentiation. 
Overexpression of tfap2a rescued mutants and caused ectopic expression of distal segment markers. 
tfap2a/2b deficiency exacerbated distal phenotypes, revealing functional redundancy where tfap2a 
has a dominant role. Next, through epistasis studies we ascertained that tfap2a acts downstream of 
Iroquois homeobox 3b, a conserved distal lineage regulator, and upstream of irx1a, during nephron 
development. These studies reveal unappreciated functions of tfap2a in nephron terminal 
differentiation. Knowledge about the terminal differentiation programs of each nephron segment has 
central importance for understanding kidney disease and to advance regenerative medicine, as 
nephrons grown in renal organoid cultures from murine or human pluripotent cells fail to terminally 
differentiate. Identifying ways to fully recapitulate nephrogenesis, from progenitors to functionally 
active differentiated units in vivo, will facilitate long-range organoid applications such as drug 
discovery and regenerative therapies. 
 
 

Stem Cells and Regeneration 
 

Sunday 8:30am-10am 
 
Reverse Choreography of Olfactory Neurogenesis: Rule-Governed Equilibration of Multicellular 
Motion 
Vijay Warrier1, Celine Cluzeau1, Abigail Green-Saxena1, Bi-Chang Chen2, Eric Betzig3, Ankur Saxena1 
1University of Illinois at Chicago, USA; 2Academia Sinica, Taiwan; 3HHMI Janelia Research Campus, USA  
The complexity of multicellular patterning in vivo during organ-wide stem cell migration and 
differentiation is challenging to interpret quantitatively. To extract biologically meaningful information 
from complex datasets, we developed and applied unbiased, algorithmic approaches to identify, at a 
system-wide level, patterns of multicellular relationships between individual cells and cell lineages 
that form olfactory sensory neurons. Here, we image zebrafish embryos with lattice light-sheet 
microscopy to attain the highest spatiotemporal resolution to date in living vertebrates and, as a 
result, accurately track cranial neural crest and olfactory placode-derived stem cell migration in vivo 
for hundreds of cells. We directly analyze these data with algorithmic training and econometrics-
inspired methods that extract evidence of cell-cell and lineage-lineage relationships without user bias 
or in silico modeling. Our approach quantitatively discriminates between neural crest- and placode-
derived contributions to olfactory sensory neurons and indicates that cranial neural crest cells 
migrating into the olfactory epithelium segregate into two distinct, previously unidentified subtypes 
that we have termed ‘trend’ and ‘dispersed’ lineages. Furthermore, progenitor cell migration and 



intercalation are coordinated by at least two novel types of collective behavior. The first, ‘elastic 
tethering’, is consistent with a dynamical equilibration akin to a push-pull mechanism constrained to 
equilibrate around a constant mean separation. The second, ‘spatiotemporal exclusion’, describes a 
lack of overlap across space and time between dispersed neural crest and placodal lineages. Taken 
together, our approach evidences statistically significant patterning of the four-dimensional 
coordination of dual-origin progenitor cells during vertebrate olfactory neurogenesis and provides an 
algorithmic toolkit for probing organ-wide coordination in vivo. 
 

Regeneration of the zebrafish retinal pigment epithelium after widespread genetic ablation 
Jeffrey Gross, Nicholas Hanovice, Lyndsay Leach 
University of Pittsburgh School Of Medicine, USA  
The retinal pigment epithelium (RPE) is a specialized monolayer of pigmented cells within the eye 
that is critical for maintaining visual system function. Diseases affecting the RPE have dire 
consequences for vision, and the most prevalent of these is atrophic (dry) age-related macular 
degeneration (AMD), which is thought to result from RPE dysfunction and degeneration. An intriguing 
possibility for treating RPE degenerative diseases like atrophic AMD is the stimulation of endogenous 
RPE regeneration; however, very little is known about the mechanisms driving successful RPE 
regeneration in vivo. Here, we developed a zebrafish transgenic model (rpe65a:nfsB-GFP) that 
enabled ablation of large swathes of mature RPE. RPE ablation resulted in rapid RPE degeneration, as 
well as degeneration of Bruch’s membrane and underlying photoreceptors. Using this model, we 
demonstrate for the first time that larval and adult zebrafish are capable of regenerating a functional 
RPE monolayer after RPE ablation. Regenerated RPE cells first appear at the periphery of the RPE, 
and regeneration proceeds in a peripheral-to-central fashion. RPE ablation elicits a robust 
proliferative response in the remaining RPE.	 Subsequently, proliferative cells move into the injury 
site and differentiate into RPE. BrdU pulse-chase analyses demonstrate that the regenerated RPE is 
likely derived from remaining peripheral RPE cells. RNA-Seq of injured and regenerating RPE 
identified numerous genes and pathways associated with the injury and regenerative 
responses.	 These data demonstrate that the zebrafish RPE possesses a robust capacity for 
regeneration and identify potential mechanisms through which endogenous RPE regenerate in vivo. 
 

The role of nuclear lamina proteins in adult stem cell maintenance 
Rebecca Cupp, Tingting Duan, Samuel Cole Kitzman 
University of Iowa, USA  
Drosophila gametogenesis depends upon the maintenance of adult germline stem cells (GSCs). Otefin 
(Ote) is a nuclear lamina (NL) protein critical for GSC maintenance. Loss of Ote blocks germ cell 
differentiation and causes GSC death. Ote is a member of the conserved LEM-domain (LEM-D) 
protein family that contributes to nuclear structure through interactions with Barrier- Against-
Autointegration Factor (BAF), a histone and DNA binding protein. BAF and Ote are conserved in 
metazoans, with human and fly BAF displaying 63% amino acid identity. Strikingly, knockdown of BAF 
in the female germline phenocopies loss of Ote, emphasizing these proteins work together in GSC 
maintenance. To extend our studies of BAF, we used CRISPR technology to modify the endogenous 
baf gene to generate gfp-baf. Immunohistochemical analyses of GFP-BAF individuals revealed that 
BAF is enriched at the NL in diploid cells, with this localization dependent on Ote. Recently, an atypical 
premature aging disorder, Néstor-Guillermo Progeria, was identified. Individuals with this syndrome 
carry a mutation causing an A12T substitution in human BAF. To understand the etiology of this 
disease, we generated the homologous mutation in fly gfp-baf, gfp-bafA13T. We find gfp-bafA13T flies are 
viable. We are currently examining whether gfp-bafA13T flies display age-dependent phenotypes, with 
a focus on stem cell maintenance in the ovary. Together, these studies will provide insights into how 
LEM-D proteins and BAF contribute to maintenance of adult stem cell populations. 
 
Ephrin/Eph Forward Signaling Regulates Newt Lens Regeneration  
Georgios Tsissios 
Miami University, USA 
Adult newts possess the remarkable capability of regenerating lost body parts via a process known 
as transdifferentiation. In contrast with other tissues, regeneration of the lens has several 



advantages. The whole lens can be removed and the new lens regenerates from the dorsal iris 
pigment epithelial cells (iPEC’s) and never from the ventral iPEC’s thus making the ventral iris a 
natural non-regenerating control.	Over the years we have hypothesized that differences in the gene 
level between dorsal and ventral iris will shed light on mechanisms governing lens regeneration and 
might provide insights as to how we can extend our studies to lens regeneration-incompetent 
animals, such as mammals.	The Ephrin/Eph signaling pathway is involved in morphogenesis, 
migration, repulsion/adhesion and proliferation. Transcriptomic and proteomic analysis followed by 
qRT-PCRs and whole mount in situ hybridization during early lens regeneration stages pinpointed 
Ephrin ligands and Eph receptor as key molecules showing a graded expression across the 
dorsal/ventral iris. Due to their differential expression patterns, we hypothesized that Ephrin/Eph 
have assumed a role in providing dorsal-ventral identity to the adult newt iris, and that this identity 
might correlate with the ability to regenerate lens. Loss of function studies using a soluble inhibitor 
for Eph A class receptors caused cells from the ventral iris to transdifferentiate and become a lens. In 
contrast, inhibition of Eph B receptors did not result in induction of regeneration.These experiments 
revealed a striking outcome as they demonstrated induction of lens regeneration from the ventral 
iris, a regeneration incompetent tissue, for the first time	in vivo. Our results strongly suggest that 
Ephrin/Eph signaling plays a key role during lens regeneration and we believe that this regulation 
might provide clues to the lack of lens regeneration in higher vertebrates. 
 

HIPPO signaling regulates topology of the preimplantation mouse embryo to control the balance of 
placental and pluripotent progenitors 
Tristan Frum, Amy Ralston 
Michigan State University, USA  
The HIPPO signaling pathway plays important roles in animal morphogenesis. In mammals, HIPPO signaling 
regulates the activity of homologous transcription factors	Yap1	and	Wwtr1, which regulate genes that 
control cell proliferation, cell survival and cell identity in a variety of biological contexts. However, 
redundancy between	Yap1	and	Wwtr1	and between maternal and embryonic transcriptomes presents a 
challenge for evaluating the requirement for	Yap1	and	Wwtr1	in mammalian early embryogenesis. Here, we 
examine the phenotype of mouse embryos lacking maternal and embryonic	Yap1	and	Wwtr1.	We show that 
defects arise prior to implantation, when placental progenitors are specified from cells on the surface of the 
embryo and cells inside the embryo become pluripotent progenitors for the fetus. We show 
that	Yap1;Wwtr1	null embryos exhibit defects in the regulation of key cell identity genes, such 
as	Cdx2	and	Sox2, which label placental and pluripotent progenitors, respectively. 
Additionally,	Yap1;Wwtr1	null embryos exhibit a reduced ratio of cells on the embryo surface, suggesting 
that	Yap1	and	Wwtr1	regulate the balance of placental and pluripotent progenitors through an unexpected 
role in regulating embryo topology. We demonstrate that the role of	Yap1	and	Wwtr1	in embryo topology is 
regulated by HIPPO signaling, and independent of cell identity gene	Sox2. Instead,	Yap1;Wwtr1	null embryos 
fail to localize members of the Par complex to the apical membrane of surface positioned cells, despite 
otherwise normal cell polarity. The Par complex is essential for cells to maintain position on the embryo 
surface, suggesting the requirement for	Yap1	and	Wwtr1	to promote formation of the Par complex underlies 
the altered topology of	Yap1;Wwtr1	null embryos.		These results point to regulation of the Par complex as a 
novel mechanism by which HIPPO signaling and its effectors	Yap1	and	Wwtr1	contribute to morphogenesis 
and the establishment of pluripotency in the early mouse embryo. 
 
 

Signaling Pathways: Genetic, Genomics, and Cellular 
Regulation of Development 

 

Sunday 10:30am-12pm 
 
Regulation of coordinated Notch oscillations in the vertebrate segmentation clock 
Susan Cole 
Ohio State Univ, USA  



The vertebrate segmental body plan is most evident in the organization of the axial skeleton into the 
repeated structures of the vertebrae and ribs. The embryonic precursors of these structures are 
somites; transient structures that bud sequentially from the presomitic mesoderm (PSM). During 
somitogenesis, cells in the PSM exhibit synchronized oscillatory activation of Notch signaling with a 
period that matches the rate of somite formation. This cyclic expression acts as a “segmentation 
clock” integrating temporal and spatial information and regulating production of the correct number 
of somites of the appropriate size. Normal clock function requires tight spatial and temporal 
regulation of Notch activity at transcriptional and post-transcriptional levels. In mice, cyclic 
expression of the Lunatic fringe (LFNG) glycosyltransferase is required for normal somitogenesis, 
indicating that glycosylation of Notch pathway components is critical for clock function in mammals. 
In addition, PSM expression of Dll3, a cis-inhibitory Notch ligand, is crucial for mammalian 
segmentation. Data from our lab and others supports the hypothesis that during mammalian 
somitogenesis, glycosylation of Notch pathway proteins (and perhaps glycosylation of Notch ligands) 
by LFNG affects ligand activity. Interestingly the detailed mechanisms that regulate coordinated 
Notch activity in the PSM vary across vertebrate systems, providing a model to examine how changes 
in clock components and regulation contribute to the evolution of diverse axial skeletal plans across 
vertebrates. 
 

Craniofacial Development Requires Glycophosphatidylinositol Biosynthesis 
Marshall Lukacs, Praneet Chaturvedi, Rolf Stottmann 
Cincinnati Children's Hospital Medical Center, USA  
Post-translational protein modification via glycophosphatidylinositol (GPI) attachment is a multi-step 
process resulting in the plasma membrane anchoring of nearly 150 proteins. Patients with mutations 
in GPI biosynthetic pathway genes display an array of phenotypes including brain malformations and 
neurocristopathies. There is virtually no mechanism to explain the pathology or therapy for patients 
with germline GPI deficiency. Through a forward genetic screen we identified a mouse mutant (cleft 
lip/palate, edema, and exencephaly; Clpex)	with a hypomorphic mutation in	Post-
Glycophosphatidylinositol Attachment to Proteins-2 (Pgap2). Pgap2	is required for GPI anchor lipid 
maturation by promoting the addition of stearic acid to the lipid portion of the anchor in the golgi 
apparatus. We hypothesized the	Clpex	mutation results in a lack of surface expression of a critical 
GPI-anchored protein, Folate Receptor 1 (FOLR1), which is required for neural tube closure and neural 
crest cell survival.	In vitro	overexpression of tagged FOLR1 in	PGAP2-/-	cells demonstrates an inability 
to present FOLR1 on the plasma membrane. We found the cleft lip/palate phenotype 
in	Clpex	mutants is due to apoptosis of neural crest cells in the first branchial arch. In utero	dietary 
supplementation with folinic acid can rescue the cleft lip phenotype and partially rescue the neural 
crest cell apoptosis in	Clpex	but not the exencephaly or cleft palate. Surprisingly, RNA sequencing 
of	Clpex	mutants identified decreased expression of anterior patterning genes and a reciprocal 
increase in posterior patterning genes. Defects in GPI-anchored Cripto may underlie these changes in 
gene expression as Cripto regulates anterior-posterior patterning through Nodal. Loss of anterior 
patterning gene expression may underlie the folinic acid resistant neural crest cell apoptosis in	Clpex. 
These findings advance our understanding of the pathology of GPI deficiency and provide potential 
targets for therapy. 
 

Identification of Hox and GATA as context factors for the Wnt effectors TCF and ß-catenin 
regulating early lineage patterning in C. elegans embryos 
Amanda Zacharias1,2,3, Elicia Preston3, Teddy Lavon3, Barrington Bennett3, Shaili Patel3, Ilona Jileaeva3, 
John Isaac Murray3 
1Cincinnati Children's Hospital Medical Center, USA; 2University of Cincinnati College of Medicine, USA; 
3Perelman School of Medicine, University of Pennsylvania, USA  
The Wnt signaling pathway activates many target genes in the developing	C. elegans	embryo through 
its effectors TCF/POP-1 and β-catenin/SYS-1. To understand how Wnt activates distinct target 
genes in different signaled cells, we investigated the regulation of two Wnt targets:	Hox1/ceh-
13	and	Hox9/nob-1. Unlike most animals, expression of these Hox genes are early, broad, and 
overlapping, with	Hox1/ceh-13	expressed one cell cycle before	Hox9/nob-1	in several Wnt-signaled 
posterior daughter lineages at the 24-cell stage. We identified enhancers that control this early 



embryonic expression of	Hox1/ceh-13	and	Hox9/nob-1, including several putative shadow enhancers 
with overlapping expression.	Hox1/ceh-13	and the Hox co-factor	Meis/unc-62	activate	Hox9/nob-
1	expression in one particular sublineage through two enhancers, but a third	Hox9/nob-1	enhancer 
active in this sublineage does not require	Hox1/ceh-13	or	Meis/unc-62, suggesting the use of multiple 
regulatory strategies in these overlapping enhancers. We identified	GATA/elt-1	as a regulator 
of	Hox9/nob-1	expression in a distinct sublineage. Each	Hox9/nob-1	enhancer has multiple predicted 
binding sites for HOX1 or GATA and for TCF. This suggests that	Hox1/ceh-13	or	GATA/elt-1	provide 
context information to define which lineages express	Hox9/nob-1, while TCF and β-catenin further 
limit	Hox9/nob-1	expression to Wnt-signaled daughter cells. These results demonstrate 
that	Hox9/nob-1	is regulated by different combinations of context transcription factors in different 
sublineages. Our observation of an anterior Hox gene positively regulating expression of a posterior 
Hox gene to specify extreme posterior structures is novel. Furthermore, it appears that, in	C. elegans, 
Hox genes have acquired unique early lineage specification functions alongside their normal role in 
later positional identity, suggesting more diverse functions for Hox genes may exist in other simple or 
unsegmented organisms.	 
 

Disrupted Craniofacial Development in Mdm2 Hypomorphic Mice due to Aberrant p53 Activation 
Joselyn Cruz-Cruz 
Purdue University, USA  
Abnormal development of the head is reported in about	one-third	of human congenital disorders. 
Currently, craniofacial anomalies are corrected by postnatal surgeries with long-term health 
implications. There is a great interest in identifying genes involved in the etiology of craniofacial 
malformations for early detection and design of prenatal therapies. Recently, inappropriate activation 
of the tumor suppressor p53 has been linked to congenital disorders such as CHARGE syndrome 
characterized by	disrupted	craniofacial development. Our current study reveals a new role for MDM2, 
a ubiquitin ligase that negatively regulates p53, in craniofacial development. We found that inbred 
C57BL/6 Mdm2 hypomorphic embryos expressing low levels of MDM2 die late during 
embryogenesis. Interestingly, embryonic lethality could be rescued by loss of p53, reaffirming the 
importance of MDM2 in limiting p53 function during development. Mdm2 hypomorphic mice 
dissected at embryonic day 15 are smaller than their wild-type counterparts with the majority 
exhibiting abnormal tongue protrusion, short square faces, and coloboma. Also, a subset of these 
embryos exhibited exencephaly. Histological analyses of the head of Mdm2 hypomorphic embryos 
showed evidence of delayed fusion of the palatal shelves and in some cases, cleft palate with 
apparent increase apoptosis in eye retina. Moreover, skeletal and cartilage staining revealed reduced 
bone ossification in Mdm2 hypomorphic embryos. Most importantly, the phenotypic penetrance of 
these defects is dependent on the inbred C57BL/6 mouse genetic background as Mdm2 hypomorphic 
mice on a 129S6/B6 F1 hybrid genetic background lacked overt craniofacial phenotypes and survived 
to adulthood. In the future, we will determine the genes that are differentially expressed between 
genetic backgrounds to identify potential genes that influence craniofacial development through the 
modulation of p53 activity. 
 

Pnrc2 regulates 3'UTR-mediated decay of cyclic transcripts during somitogenesis 
Kiel Tietz, Thomas Gallagher, Monica Mannings, Zachary Morrow, Nicolas Derr, Sharon Amacher 
The Ohio State University, USA  
Vertebrate segmentation is regulated by the segmentation clock, a biological oscillator that controls 
periodic formation of embryonic segments. This molecular oscillator generates cyclic gene expression 
in the tissue that generates somites and has the same periodicity as somite formation. Molecular 
components of the clock include the	her/Hes	family of transcriptional repressors, but additional 
transcripts also cycle. Maintenance of oscillatory gene expression requires that transcriptional 
activation and repression, RNA turnover, translation, and protein degradation are rapid (one cycle is 
30 minutes in the zebrafish). Little is known about post-transcriptional control of cyclic transcripts 
during somitogenesis and our work employs genetic and biochemical approaches to better 
understand rapid cyclic transcript turnover. We have shown that loss of proline-rich nuclear receptor 
coactivator 2 (Pnrc2) in zebrafish causes accumulation of cyclic transcripts like	her1,	deltaC, 
and	deltaD, and that the	her1	3’UTR confers instability to otherwise stable transcripts in a Pnrc2-



dependent manner. To begin to identify 3’UTR cis-regulatory elements critical for Pnrc2-mediated 
decay, we show here that the last 179 nucleotides (nts) of the 725 nt	her1	3’UTR, and the 1327 
nt	deltaC	3’UTR, are sufficient to confer rapid instability. The	her1	and	deltaC	3’UTRs both contain a 
Pumilio Response Element (PRE), and we show that a PRE mutation abrogates the destabilizing 
activity of the	her1	3’UTR. These results suggest Pnrc2 may function with Pumilio, a known decay 
factor and translational repressor, to regulate rapid turnover of cyclic transcripts during 
somitogenesis. Our work explores mechanisms regulating oscillation dynamics during vertebrate 
segmentation and will further our understanding of pathways controlling post-transcriptional gene 
regulation. 
 

Tao inhibits BMP signaling during neuromuscular junction development in Drosophila 
Stephen Politano1, Ryan Salemme1, James Ashley2, Javier Lopez1, Toren Bakula1, Kathryn Puhalla1, 
John Quinn1, Madison Juszczak1, Lauren Phillip1, Robert Carrillo2, Pamela Vanderzalm1 
1John Carroll University, USA; 2University of Chicago, USA  
Tao is a conserved Sterile20-family kinase with multiple known roles in the cell. In Drosophila, it 
inhibits growth of epithelial tissues and neuroblasts through its function in the Hippo pathway, where 
it phosphorylates and activates the Hippo kinase. In addition to this growth-restricting role in 
development, in both mammals and in Drosophila, Tao also promotes proper neurite outgrowth, 
regulates links between actin and microtubules, and signals upstream of p38 MAPK in activity-
dependent dendrite formation. We have found that Tao also plays a role during synaptic development 
in Drosophila, which requires several conserved signaling pathways, including the Wnt and BMP 
pathways. Loss of	Tao	function in motor neurons leads to overgrowth of neuromuscular junctions 
(NMJs) in 3rd	instar larvae, while postsynaptic loss of	Tao	function has no effect on NMJ 
formation.	Tao	mutants have reduced evoked excitatory junctional potentials, suggesting the 
overgrown NMJs do not function normally.	However, presynaptic loss of other Hippo pathway 
components does not lead to similar overgrowth phenotypes, and loss of	yorkie	function does not 
suppress	Tao-dependent	NMJ overgrowth. Together, this strongly suggests that	Tao	is not acting 
through the Hippo pathway to restrict NMJ development. Instead,	Tao	requires and inhibits the BMP 
signaling pathway, as loss of	Tao	results in increased pMad in neuronal nuclei, and an increase in BMP 
target gene expression. These results support a role for	Tao	as a novel inhibitor of BMP signaling in 
motor neurons during synaptic development. 
 
 

  



 

Workshop: Emerging Technologies in 
Developmental Biology 

Organizers: Dr. Rui Sousa Neves and Dr. Emily Dragowsky 
Part I: Friday 12pm-2pm @ Kelvin Smith Library Room L215 

Part II: Saturday 12:30pm-2:45pm @ Tinkham Veale Ballroom C 
 

**Important Notes: The workshop session is open to all meeting participants. Please pre-
register to be included for lunch. KSL requires a photo ID for entrance, please indicate you are 

an SDB meeting participant at the front desk.** 
 

Workshop Speakers 
 
Junhyong Kim, University of Pennsylvania. Friday, September 14th (talk and discussion). 
“Single Cell Biology for Studies of Organismal Development” 
Recent advances in single cell biology has led to an explosion of new research and large-scale projects 
such as the Human Biomolecular Atlas Project to identify all distinct cell types of multi-cellular 
organisms. In this talk, I first give a short history of the growth of the field of single cell biology and then 
I outline experimental and computational protocols for single cell transcriptomics. I then discuss 
informatics techniques for using single cell transcriptomics to study development including dimension 
reductions, cell classifications, and pseudo-time reconstruction methods. I then discuss how current 
expectations under the differentiation landscape view of C.H. Waddington might be misleading. Using 
examples from C. elegans developmental single cell transcriptomics, I present a new concept of cell 
differentiation geometry and computational methods needed to characterize this geometry. 
 

Geoff Perumal, Zeiss. Friday, Sept. 15th (intro talk) and Saturday, September 15th (long talk). 
“ZEISS Versa 520 X-Ray Microscope: A high resolution and non-destructive imaging system fit for 
biological research”  
The ZEISS Versa X-Ray Microscope sets the bar in x-ray microscopy, and is the perfect tool for high 
resolution non-destructive imaging. The systems unique architecture permits for sub-micron resolution, 
contrast on unstained samples, and can be folded into the ZEISS correlative microscopy workflow or 
serve as a stand-along technique. It can handle large samples as easily as small ones, and free tissue as 
easily as embedded samples. As its name implies, it’s truly a versatile machine. Come learn more about 
the Versa technology, and how it can benefit your research. Computer demos of data analyses will be 
available on both days. 
 

Kristin Gallik and Ankur Saxena. The University of Illinois at Chicago Friday Sept. 14th (intro talk) 
and Saturday, September 15th (long talk). 
“From Imaging to Publication: How to Handle, Quantitate, and Present Live Imaging Datasets” 
In this workshop, we will outline the methodology used in the Saxena lab to image live zebrafish embryos 
and quantitatively process acquired data as a broadly applicable example for anyone interested in live 
imaging and analysis. Topics will include: 1. Tips, tricks, and perils of live imaging with multiple 
fluorophores, four dimensions (x,y,z,t), lasers constantly zapping your living samples, rapidly filling up 
hard drives, etc.; 2. …while also maintaining rigorous, consistent data collection; 3. …and then figuring 
out how to analyze and represent your beautiful data on a 2D piece of paper/screen in your favorite old-
school journal. Specific examples of data analysis will include (time permitting) the use of Bitplane’s 
Imaris software for cell tracking, surface construction, and fluorescence intensity measurements. 
 

Rui Sousa-Neves, Claudia M. Mizutani and Aravindan Krishnan, Case Western Reserve University. 
Friday Sept 14th and Saturday, Sept. 15th. 
“Bubble Maps, a novel platform for single cell analyses in intact tissues with geo-spatial statistics” 



Geospatial analyses combined with the ability to elaborate complex queries revolutionized our life. These 
methods allow for managing cities, find the nearest gas station, restaurants and hotels in the complex 
landscape of cities. They also allow to search for causal relationships between events in space and time. 
Bubble Maps applies this same concept of referencing the position of every cell in a tissue with variables 
such as cell size, levels of RNA and protein expression, chromatin condensation among others. The 
ability to query these data and perform spatial statistics reveals complex relationships among cells that are 
otherwise completely invisible. We will show the use of Bubble Maps to address questions about the 
aging of Drosophila brains. Does aging change the number of neurons? Is there variation of transcripts 
levels during aging? Are cells silenced during aging? Are there cells more sensitive to aging than others? 
Do logical effectors of behavior change during aging? Beyond the analyses of cells, subcellular attributes 
of cells can also be probed by Bubble Maps. Finally, the combination of Bubble Maps with recent 
advances in transcriptomics holds the potential to define the blueprint of all cells analyzed in a given 
tissue. Computer demos of the method will be available on both days. 

 
 

Demos 
 
HoloLens Microsoft and Visualization Wall      Sat 10:10am-10:30am and 1:30pm-2:50pm 
 Location: Interactive Commons Building on left side of Tinkham main entrance 
 Preregistration needed for entry. Sign-up sheet managed by Beatriz Ibarra (bai9@case.edu) 

For more information visit https://interactive-commons.webflow.io/collaborate 
 
Zeiss Microscope Demo                 Throughout Conference 
 Location: Tinkham Veale 2nd Floor by the end of Foyer 
 Details: A large field Axiozoom V16 macrozoom microscope will be available to visualize 
 complete organisms with fluorescence 

 
 

 

Education Session: Publish or Perish 
Friday 2pm-4pm @ Tinkham Veale Ballroom B 

 
A panel presentation and engaging breakout discussions on best practices in publishing, authorship 
and conflict resolution, the paper writing and peer-review processes. Join us to share and hear 
experiences from the standpoint of PIs, journal editors, research integrity officers and trainees. 
Refreshments will be served.  
 

 

Panel Members: 
Dr. Jocelyn McDonald, Kansas State University 
Tracy Wilson-Holden, Executive Director, Research Integrity, 
Education and Outreach, CWRU Office of Research Administration 
Dr. Radhika Atit, Case Western Reserve University 
Invited Guests: Dr. William Clay Spencer (CWRU),  
Dr. Paul Kulesa and Dr. Alejandro Sanchez Alvarado (Stowers 
Institute, Kansas)  
 
 

 



Posters 

 
Session 1 

Friday 8:30pm-10:30pm 
 
ID #1 Understanding the regulation of gene expression noise in the vertebrate segmentation 
network 
Qiyuan Hong 
Cincinnati Children's hospital, United States  
Gene expression is a fundamentally stochastic process. Taming gene expression variability (noise) is	critical 
for precise pattern formation during embryonic development. To investigate the source and buffering 
mechanism of expression variability, we studied a biological clock, the vertebrate segmentation clock, 
controlling the precise spatiotemporal patterning of the vertebral column. By counting single transcripts of 
the segmentation clock her-family genes in zebrafish we are able to quantify gene expression noise. Our lab 
has recently published that clock genes have low RNA amplitudes and expression variability is primarily 
driven by gene extrinsic sources, which is suppressed by Notch signaling. Using the same method, we have 
quantified the repressor strengths of redundantly functioning Her1 and Her7 proteins. We have also 
identified the contributions of Notch activator, and gene copy number and translational efficiency of Her-
family repressors on the expression noise of the segmentation clock genes. Many studies of stochastic gene 
expression have been performed with synthetic regulatory networks or promoter reporters for natural 
networks by using long-lived GFP mRNA and protein. However, many mRNAs coding for critical transcription 
factors governing embryonic development and adult homeostasis are short lived. Here, by studying short-
lived segmentation clock RNAs (halflives ~ 3–5 min), we investigated gene expression noise for the first time 
at the fastest dynamic scale (30-min period) in an intact vertebrate tissue. 
 
ID #3 Modulation of Neural Stem Cell Lineages by Hox Genes 
Hannah Carr 
University of Chicago, USA  
The neuronal progeny of stem cell lineages within the nervous system are integrated into circuits by 
genetic mechanisms that have yet to be fully explored. Understanding these factors will provide 
information for deciphering neurodevelopmental disorders and improving stem cell-based 
neurological treatments. Drosophila are an excellent model for studying circuit development due to 
the sophisticated genetic manipulations not available in more complex organisms and the limited 
number of neurons in the Drosophila CNS. The Drosophila nerve cord, which is the fly equivalent of 
the vertebrate spinal cord, is regionally specialized along the anterior-posterior (A/P) axis. For 
example, along the A/P axis, different sets of sensory neurons are found in the thorax, abdomen, and 
terminus. This study looks at one neuronal stem cell (or neuroblast) lineage 3-3 (NB3-3), a well-
researched lineage that gives rise to sensory processing interneurons called the even-skipped lateral 
neurons (ELs). In the abdomen, early-born ELs process mechano-sensitive input and late-born ELs 
process proprioceptive input. In the terminus and thorax there are fewer ELs, all of which are early-
born, but the sensory stimuli these neurons process is still unknown. Hox genes are regionally 
expressed along the A/P axis of the nerve cord and can influence the number of ELs generated by 
NB3-3 in the thorax. The role of Hox genes on ELs in other regions is unknown. The long-term goal of 
this research is to determine how Hox genes modulate NB3-3 to generate region-specific sensory 
processing circuits. Here, we report our progress in examining the role of three Hox genes, 
Antennapedia (Antp), abdominal-A (abd-A), and abdominal-B (abd-B) in modulating the number of ELs 
along the A/P. Our data so far suggest Hox genes, Antp, abd-A, and abd-B, affect the development of 
NB3-3 lineage in the thorax, abdomen and terminus, enabling us to next investigate the impact of 
these manipulations on the circuit level. 
 



ID #5 Screening Drosophila enhancer trap lines for expression in the developing male posterior lobe 
Samantha Cooper, Katharine Hubert, Bradley Hersh 
Allegheny College, United States  
The male posterior lobe in the Drosophila genus is a rapidly evolving morphological trait that serves as 
an excellent model to investigate the molecular basis of morphological change. Previous work in 
several labs has identified candidate genes that differ in expression levels in developing male genital 
discs between closely related species of Drosophila or that affect development of the posterior lobe in 
D. melanogaster. To identify regulatory elements that may be important for expression in the posterior 
lobe, we have screened the Janelia GAL4 collection. We crossed GAL4 driver lines for several 
candidate genes, including engrailed, dally, and InR, to a GFP responder line, and examined the 
posterior region for fluorescence at 48 hours after puparium formation (APF). For lines with 
fluorescence at 48 hours APF, we also characterized expression between 40 and 52 hours APF. 
Identification of these regulatory elements will allow comparison of sequence and function across the 
Drosophila genus and a greater understanding of how regulatory networks evolve to facilitate 
morphological evolution. 
 

ID #7 Gut Microbiota Composition and Sex Influence Circadian Rhythm in Mice 
Carina Elvira, Kenneth Onishi, Brian Prendergast 
The University of Chicago, USA  
Circadian rhythms (CRs) are ubiquitous in physiology. Species have developed a 24-hour time-
keeping mechanism that allows for internal physiology to synchronize with the external environment 
and thereby anticipate predictably-recurring stressors. Aberrant CRs are commonly found comorbid 
with Axis I psychiatric disorders. Accumulating evidence suggests that the gut microbiome affects 
behavior and brain function and that maternal immune activation (MIA) during gestation interacts 
with the gut microbiome via activation of peripheral immune responses. This study examined how 
gut microbiome, sex, and MIA affected CRs in mice. We used a mouse model of MIA to compare CRs 
of mice that received an immune challenge (i.p. poly(I:C), a viral mimic) during gestation with control 
mice that received saline during gestation. We performed this experiment on male and female mice 
from Jackson Laboratories (JAX) and Taconic Biosciences (Tac) of the same strain (C57BL6). It has 
been shown that JAX mice lack intestinal Th17 helper T cells, whereas Tac mice possess this immune 
cell vital to eliciting cognitive and emotional MIA behavioral phenotypes. The mice were then subject 
to various changes in light:dark cycles to analyze CRs. Locomotor activity from mice were collected 
and analyzed in a 2x2x2 design (MIA x Vendor x Sex). Here, we show effects of both microbiome 
(vendor) and sex on multiple aspects of CRs, whereas MIA had little effect. The findings in this study 
suggest that gut microbiome composition has a significant effect on CRs and support previous 
research showing that sex differences play a role in the circadian system. 
 

ID #9 Investigating Gal4 Line Candidates in Search for Single-Cell Level Resolution 
Alden Herrera 
The University of Chicago, USA  
All animal motor systems, including that within the human spinal cord, contain motor neurons which 
control muscle contraction, sensory neurons which sense somatosensory stimuli, and interneurons 
which connect the sensory and motor neurons. Interneurons have been historically more difficult to 
characterize than sensory and motor neurons. Understanding interneuron biology is undoubtedly 
important; abnormal interneuron function can lead to diseases such as schizophrenia, autism, and 
epilepsy. A powerful model for interneuron study is the	Drosophila melanogaster	motor system. 
For	Drosophila, there is a large collection of Gal4 lines which allow genetic access to small, 
reproducible subsets of interneurons. Still, detailed study of interneuron biology and development 
has been limited due to the lack of single-neuron specificity in existing Gal4 lines. The goal of this 
research is to develop tools to manipulate and monitor neurons at single-cell resolution. Our lab uses 
Even-skipped (Eve) lateral (EL) interneurons as a model to study interneuron biology. ELs arise from a 
single neural stem cell, many of the ELs have been characterized, and ELs have homologous neurons 
in the vertebrate spinal cord. There are ten unique ELs; we have yet to develop tools to manipulate 
and monitor each EL. This research aims to develop such tools, screening several candidate 
promoters using a split-Gal4 approach to identify subsets of promoters active in single ELs. Because 



genetics influences the motor system on a single-cell level, understanding the ELs’ individual cell 
identities will add to our growing knowledge of motor system development. Ultimately, this research 
will help answer questions such as those surrounding neurodegenerative disease, stem cell therapy, 
and artificial intelligence world take over. 
 

ID #11 Somatosensory response to noxious cold is acquired shortly after DRG neuronal 
differentiation 
Jawuanna McAllister1,2,3, Sanjana Pai4, Sam Hedund4, Kurt Marsden4, Cody Smith1,2 
1Department of Biological Sciences, University of Notre Dame, Notre Dame IN, United States; 2Center for 
Stem Cells and Regenerative Medicine, University of Notre Dame, Notre Dame, IN, United States; 
3Department of Biology, North Carolina Wesleyan College, Rocky Mount, NC, United States; 4Department of 
Biological Sciences, North Carolina State University, Raleigh, NC, United States  
The ability of animals to sense their external environment through somatosensory transduction is 
critical for their development and survival. In vertebrates, this involves dorsal root ganglia (DRG), 
collections of neuronal cell bodies and glia placed along the outside of the spinal cord. In mammals, 
somatosensory connections are established by birth or early postnatal life, however, the time at 
which DRG neurons are first sensitive and functionally active is not well understood. To investigate 
somatosensory development during early embryogenesis, we use trangenesis, MAP-mapping, and 
confocal microscopy in zebrafish. Tg(HuC:CaMPARI) zebrafish, which photo convert from green 
emission to red emission upon neuronal activation, show neuronal activity in DRG after noxious cold 
exposure. In testing distinct modalities, sensory neurons are specifically activated upon noxious cold 
exposure at early developmental ages. This activation occurs less than a day after DRG cells have 
differentiated, extended axons, and connected in the spinal cord. Additionally, exposure to this 
noxious stimulus induces animals to exhibit a distinct behavioral output, which we term a 
hypothermic shiver phenotype. Together, these results support the hypothesis that somatosensory 
response to noxious cold begins shortly after neuronal differentiation. This response also provides 
activity and behavioral outputs to investigate somatosensory nerve development and regeneration.  
 
 

ID #13 Ongoing work to characterize genes involved in the ingression of skeletogenic cells during 
embryonic development of the primitive pencil urchin, Eucidaris tribuloides 
Laura Romano, Maureen Madar, Na'il Scoggins 
Denison University, USA  
We are utilizing the sea urchin as a model system to explore the functional consequence of changes 
in genes and their cis-regulatory elements during embryonic development.	In particular, we are 
examining genes that are required for development of the larval skeleton. Skeletogenic cells ingress 
into the blastocoel and form two ventrolateral clusters in response to cues from the overlying 
ectoderm. These cells then secrete a variety of proteins, which leads to the formation of a pair of 
triradiate spicules on either side of the archenteron. We are currently focused on the molecular basis 
of differences in skeletogenesis between derived species and the “primitive” pencil urchin, Eucidaris 
tribuloides. In derived species, there are two ingression events: the skeletogenic mesenchyme 
ingresses from the vegetal plate in the early gastrula while the non-skeletogenic mesenchyme 
ingresses from the tip of the archenteron in the late gastrula. In the pencil urchin, there is just one 
ingression event with both skeletogenic and non-skeletogenic mesenchyme migrating away from the 
archenteron during mid to late gastrulation. The snail and twist genes encode transcription factors 
that are required for epithelial-mesenchymal transitions (EMTs) and are known to be upregulated 
upon ingression in derived species. Both genes are also associated with metastasis in a human 
context. We have isolated these genes from the pencil urchin and are now performing whole mount in 
situ hybridization to characterize their expression during embryonic development. In the future, we 
will study their transcriptional regulation so that we might gain more insight into the initiation of EMT 
as well as the heterochronic shift in the ingression of the skeletogenic mesenchyme that has 
occurred during echinoid evolution.  
 
 



ID #15 Initial Phagocytic Engulfment Influence Microglia during Neurodevelopment 
Michelle Wang, Abigail Zellmer 
University of Notre Dame, Notre Dame, IN, United States  
There is an overproduction of neuronal cells and synapses during development of the nervous 
system. Microglia are phagocytic surveillance cells of the central nervous system that are responsible 
for the re-orientation and/or pruning during the maturation process. Taking advantage of the precise 
interdigitation and connectivity of different retinal neuron populations during retinogenesis, we 
explore the underlying phagocytic ability of microglia. To address this, we used time-lapse imaging in 
zebrafish to track the dynamics of microglia phagocytic clearance and cell-to-cell interaction. Our 
data demonstrates a subset of microglia are stable in the retina during development and are active in 
the retina before most major classes of retinal cells have fully differentiated and developed. While 
they are localized in the plexiform layers in adults, microglia are not restricted to any single layer 
during early retinogenesis. Future studies will address the capacity at which microglia are able to 
engulf and clear phagocytic debris and provide insight into the initial spatiotemporal dynamics of 
microglia in the developing retina impacts the mechanistic role of them later in neurodevelopment. 
 

ID #17 Resetting the Epigenome during RPE Reprogramming Toward Retina Regeneration 
Emilio Bloch1, Andrew Fausey1, Agustin Luz-Madrigal1, Erika Grajales-Esquivel1, Jared Tangeman1,3, 
Sarah Kosse1, Lin Liu1, Kai Wang1, Chun Liang1, Panagiotis Tsonis2,5, Katia Del Rio-Tsonis1,4 
1Miami University, USA; 2University of Dayton, USA; 3Cell, Molecular, and Structural Biology Program at 
Miami University, USA; 4Center for Visual Sciences at Miami University, USA; 5Center for Tissue Regeneration 
and Engineering, University of Dayton (TREND), USA  
The retina is a fragile tissue lining the posterior of the eye, and contains the photoreceptive cells 
necessary for light detection. Unlike humans, which are unable to regenerate retina following retina 
loss or injury, the embryonic chick is able to restore retina through reprogramming of cells of the 
retinal pigment epithelium (RPE) into neural progenitors. RPE reprogramming occurs during a small 
window of development, between embryonic day 4 and 4.5, after surgical removal of the retina and 
exposure of RPE to fibroblast growth factor 2 (FGF2). However, the epigenetic changes underlying 
RPE reprogramming have not been documented. We hypothesize that robust epigenetic changes, 
including 5-methylcytosine (5-mC) re-patterning and histone modifications, occur during RPE 
reprogramming. Interestingly, immunohistochemistry revealed a dynamic 5-mC and histone 
landscape 6 hours into the reprogramming process, highlighted by a striking global reduction in 5-
mC. Furthermore, these changes were found to persist 3 days following reprogramming. To further 
investigate these 5-mC changes, whole genome bisulfite sequencing (WGBS) of the RPE was 
performed following retina removal and FGF2 exposure. WGBS revealed differentially methylated 
regions at retina-associated genes, suggesting 5-mC regulation during the reprogramming process. 
These findings reveal a dynamic epigenetic landscape present during RPE reprogramming, 
characterized by robust 5-mC changes and histone modifications. 
 

ID #19 Spatiotemporal disconnect between the developing eye and the primary palate 
John Abramyan 
University of Michigan - Dearborn, USA  
Amniotes exhibit significant heterochronic variation when it comes to eye development. Reptile 
embryos (including those of birds) form eyes early in development, resulting in disproportionately 
larger eyes when compared to mammals at similar developmental stages. In reptiles, the developing 
eyes span the lateral sides of the head and directly abut against the embryonic craniofacial 
prominences. These facial prominences will eventually fuse to form an intact upper jaw, 
encompassing the nasal cavities, upper lip and anterior palate. Perturbation of craniofacial fusion can 
result in deformation of the jaw, including the formation of clefts in the upper lip and palate. Due to 
the position and substantial size of the embryonic eyes in reptiles, we hypothesized a role for them in 
influencing craniofacial fusion by pushing the prominences forward during development. However, 
this hypothesis is at odds with the fact that mammals exhibit a delay in eye development and yet 
manage to undergo fusion seamlessly. In this study, we performed unilateral ablation of the eye 
primordium in chicken embryos and allowed them to develop past the point of craniofacial fusion. 
Contrary to expectation, reduction in eye size does not seem to have an effect on the fusion of the 



upper jaw in the chicken embryos. Fusion was observed simultaneously on both ablated and 
untreated sides of the face, despite minor changes in size, shape and position of prominences. This 
demonstration of independence between the facial prominences and the developing eye explains 
how the amniote eye may undergo allometric heterochrony without significantly affecting fusion of 
the upper jaw. Later embryonic stages however, do exhibit significant deviation of the ossified upper 
beak, indicating reliance of the overall morphological integrity of the skull on the developing eye. 
 

ID #21 Expression and Function of the Transcription Factor HNF4a in Kidney Development 
Ainsley Bradbury 
Cleveland Clinic Lerner Research Institute, United States of America  
The kidney is an essential organ for water homeostasis, solute homeostasis, and waste excretion. 
However, several aspects of its development are still unknown. The genes	HNF4aand	MAFBare 
known to play a role in kidney development; therefore, the effects of eliminating these genes 
from	Xenopusembryos,	an amphibian model system of kidney development, are explored. It was 
hypothesized that the embryos lacking	HNF4awill have defects in the proximal tubule of the 
kidney.	Xenopus	embryos were injected with	HNF4aantisense oligos. Three independent biological 
batches of injected and control embryos were analyzed by immunofluorescence and whole mount	in 
situhybridization. To visualize kidney structure two antibodies were used: 3G8, which stains proximal 
tubules, and 4A6, which stains distal tubules. In addition, an	in situ	was preformed to examine kidney 
patterning and	HNF4a	expression.	Immunofluorescence was also performed on paraplast sections 
of	Xenopusembryos using antibodies against HNF4 and MAFB and counterstained with	Lotus 
tetragonolobusLectin to visualize proximal tubules.Comparison of frog to mouse immunofluorescence 
was performed on paraplast sections of postnatal day P1 and P10 mouse pups stained with 
antibodies against	HNF4aand	MAFBand counterstained with	Lotus tetragonolobus	Lectin to visualize 
proximal tubules and Podocin to visualize podocytes. The mouse immunofluorescence staining found 
that	HNF4ais only expressed in the proximal tubules and that	MAFBis restricted to podocytes. There 
was no change in the expression patter between the two stages examined. Based on these data it 
was concluded that	HNF4ais expressed in the proximal tubules of both mice and	Xenopus	and is 
important for establishment of kidney proximal tubules.	  
 
 

ID #23 Characterization of epithelial cell rearrangements during lens placode invagination 
Nathalie HOUSSIN, Sung Ok Yoon, Timothy Plageman 
Ohio State University, USA  
Development of the vertebrate eye serves as a valuable model for epithelial morphogenesis. At the 
onset of lens formation, the surface ectoderm thickens to form the lens placode (LP) that undergoes 
a series of cell rearrangements and shape changes that drive invagination of the tissue. Currently, the 
cellular mechanisms driving epithelial invagination remain incompletely characterized. The 
contribution of apical constriction (AC) and mechanically constrained tissue growth only partially 
explain this process. To better characterize it, cellular junctions of mouse and chick embryos were 
visualized using fluorescent live microscopy. It was observed that LP cells behave differently from 
their surrounding neighbors. Central LP cells reduce their apical area isotropically and maintain their 
junctions with neighboring cells whereas peripheral LP cells are anisotropic and dynamically 
rearrange themselves resulting in a central converging movement. During this process, epithelial 
rosettes form through the contraction and elimination of bicellular junctions oriented 
circumferentially while rosettes resolution form through the generation and elongation of bicellular 
junctions oriented radially. Also, junctional contraction appears Rho-kinase dependent and occurs 
coordinately with several junctions of adjacent cells aligned in arcs. As Par-complex protein Par3 has 
previously been implicated to regulate invertebrate epithelial rosette resolution, its role during 
vertebrate placode invagination was determined. While Par3 protein appears to be isotropically 
localized in LP peripheral cells, it is localized to the vertices of rosettes. Static analysis of fixed 
embryos lacking Par3 demonstrated that rosette structure and anisotropic distribution depend on 
Par3. Further analysis of LP cell behaviors lacking Par3 using live imaging and pattern analysis tools 
will shed light into the role of rosette resolution, radial cell movement, and Par3 function during 
epithelial invagination. 
 



ID #25 Shaping epithelia through both actomyosin contractility and extracellular matrix constraint  
Jamison Jangula1, Ali Nematbakhsh2, Megan Levis1, Weitao Chen2, Mark Alber2, Jeremiah Zartman1 
1University of Notre Dame, USA; 2University of California, Riverside, USA  
How subcellular and cellular mechanical properties affect morphogenesis to define the overall organ 
shape during development is poorly understood. In particular, the curvature of epithelial sheets plays 
important roles in defining organ architecture and influencing subsequent stages of development. For 
example, a convex curvature profile in late stage Drosophila wing discs develops before wing 
eversion, which is required for formation of a flight-ready wing. Here, we have developed a novel 
multi-scale subcellular element (SCE) computational model simulating the cross-section of the wing 
pouch. The computational model was calibrated with experimental data of the Drosophila imaginal 
wing disc at multiple developmental stages. The combined experimental/computational modeling 
approach was used to test two hypothesized mechanisms determining the cross-sectional shape of 
the tissue during development. We found that differential apical and basal constraint by the 
peripodium and extracellular matrix on the epithelial cell layer significantly contributes to the tissue 
height and bending profile of the wing discs at the end of larval development. This computational 
finding has been validated experimentally by pharmacological degradation of the extracellular matrix. 
However, this external constraint cannot explain the observed asymmetric nuclear positions of 
elongated pouch cells. In silico results demonstrate that membrane contraction at the basal side of 
the cells recapitulates the observed asymmetrical nuclear positioning, while also contributing to 
bending of the tissue. Thus, interplay between the extracellular matrix and actomyosin contractility 
defines the overall curvature, tissue height, and nuclear positioning of cells within the epithelium. 
 

ID #27 Establishment and Maintenance of Phrenic Motor Neuron Identity 
Ritesh KC, Alicia Vagnozzi, Polyxeni Philippidou 
Case Western Reserve University, United States  
Motor neurons project their axons out of the central nervous system and make connections with 
peripheral muscle targets to form circuits that control movement.	A single group of neurons 	called 
phrenic motor column (PMC) relays information to the diaphragm in mammals to establish breathing. 
Hox5 proteins control PMC development and induce the expression of PMC-specific genes in vivo. 
However, the molecular mechanism of how this specificity is achieved is unknown, since Hox5 
proteins also share the 	ability to induce genes expressed in limb-innervating lateral motor column 
neurons with other Hox paralogs. PMC neurons also express high levels of the Hox cofactor Pbx1 and 
the POU- domain transcription factor (TF), Scip, during development. Scip, Pbx1 and Hox5 knockout 
mice exhibit similar phenotypes, suggesting that these TFs could act in coordination to induce PMC-
specific gene expression. Our preliminary overexpression data in 293T cells show that both Pbx1 and 
Scip co-precipitate with Hoxa5 suggesting their possible interaction during embryonic development. 
Therefore, we propose to perform genome wide Hoxa5/Pbx1/Scip ChIP sequencing experiments to 
identify PMC specific targets. While expression of these TFs underlies PMC induction, 	they are rapidly 
downregulated at postnatal stages, raising the question of how the expression of terminal effector 
genes is maintained. We would like to identify the genes that are important for PMC neuron 
maintenance. For this, we propose to perform RNA-seq experiments from adult phrenic and 
hypaxial	 populations of motor neurons to identify genes that are differentially expressed. This study 
will not only provide insights into phrenic motor neuron specification and maintenance but will also 
further our understanding of how different Hox proteins achieve tissue specificity in vivo.		 
 

ID #29 An internal promoter of zebrafish L-plastin drives stable transgene expression in the 
enveloping layer and embryonic periderm. 
Emily Baumgartner1, Zachary Compton1, Jacek Topczewski2,3, Elizabeth LeClair1 
1DePaul University, USA; 2Northwestern University Feinberg School of Medicine, USA; 3Medical University of 
Lublin, Poland  
Cytoskeletal regulation is essential for cell migration. L-plastin (lcp1) is a highly conserved actin-
bundling phosphoprotein with restricted expression in several highly migratory cell types, including 
normal leukocytes and metastatic tumors. Unexpectedly, we have found that L-plastin is also 
expressed in the enveloping layer (EVL), the first differentiated tissue of the developing zebrafish. 
This layer gives rise to the embryonic periderm, a monolayer with epithelial characteristics. To study 



the early expression of L-plastin we have generated a stable transgenic line that carries both a CRE 
recombinase and a membrane-enriched fluorescent tag downstream of a ~600 bp intron fragment (-
0.6 lcp1:CRE-P2A-EGFP-CAAX:pA).	 This fragment is sufficient to drive EGFP specifically in the EVL, 
mimicking endogenous expression of L-plastin protein. In vivo imaging of transgenic embryos during 
epiboly highlights the membrane dynamics of EVL cells, specifically their constant, rapid probing of 
the underlying deep cell population. EGFP could also be detected in fully differentiated periderm cells 
up to 48 hours post-fertilization. In silico analysis of the attached intronic sequence reveals an 
alternative transcriptional start site (TSS) flanked by nuclease-protected footprints and activating 
histones, consistent with a gene promoter. In accord with the EVL wave of L-plastin expression, the 
epigenetic marks on this region are narrowly restricted by developmental stage, peaking 4-8 hours 
post fertilization. We propose that L-plastin, already associated with leukocytes and tumors, is a 
highly specific marker for the EVL, another migratory cell population. Our stable zebrafish line should 
be useful for studying the EVL during epiboly and tracing its immediate lineage derivative, the 
embryonic periderm. In addition, the identification of EVL-specific regulatory elements will provide 
additional tools to examine transcriptional control in this embryonic layer.  
 

ID #31 Loss of Hnf4a in the murine nephron lineage phenocopies Fanconi renotubular syndrome  
Sierra Marable1,2 
1Cincinnati Children's Hospital Medical Center, USA; 2University of Cincinnati, USA  
Different nephron tubule segments perform distinct physiological functions, collectively acting as a 
blood filtration unit. Dysfunction of the proximal tubule segment can lead to Fanconi renotubular 
syndrome, with symptoms of excess excretion of water, glucose, and phosphate in the urine. It has 
been shown that a mutation in HNF4A is associated with Fanconi renotubular syndrome in humans 
and that Hnf4a is expressed specifically in proximal tubules in adult rat nephrons. However, little is 
known about the role of Hnf4a in nephrogenesis. We find that Hnf4a is expressed in both presumptive 
and differentiated proximal tubules in the developing mouse kidney. We show that Hnf4a is required 
for the formation of differentiated proximal tubules but is dispensable for the formation of 
presumptive proximal tubules. Furthermore, we show that loss of Hnf4a decreased the expression of 
proximal tubule-specific genes. Adult Hnf4a mutant mice presented with Fanconi renotubular 
syndrome-like symptoms, including polyuria, polydipsia, glycosuria, and phosphaturia. Analysis of the 
adult Hnf4a mutant kidney also showed proximal tubule dysgenesis and nephrocalcinosis. Our results 
demonstrate the critical role of Hnf4a in proximal tubule development and provide mechanistic 
insight into the etiology of Fanconi renotubular syndrome. 
 

ID #33 Protein Phosphatase 1 suppresses single cell motility behaviors to promote collective 
migration in vivo  
Jocelyn McDonald1, Yujun Chen1, George Aranjuez2, Ashley Burtscher2, Ketki Sawant1,2, Xiaobo Wang3, 
Damien Ramel3 
1Kansas State University, USA; 2Lerner Research Institute, Cleveland Clinic, USA; 3LBCMCP, CBI, U. Toulouse, 
CNRS, France  
Collective migration is critically important in embryonic development, wound healing and 
tissue regeneration. While extensive research has been conducted in a variety of models, the 
underlying mechanisms of collective cell migration are poorly understood. Drosophila border 
cells, which undergo a developmentally regulated group migration during oogenesis, provide 
an excellent genetic model for identifying how collectives move inside tissues. Border cells 
travel as a cohesive cluster of 6-10 cells between large “nurse cells” to reach the oocyte. 
While roles for several serine-threonine kinases and their target substrates have been 
identified in border cell migration, much less is known about roles for serine-threonine 
phosphatases. Here we show that Protein Phosphatase 1 (PP1) signaling maintains the 
collective cohesion and migration of border cells. Inhibition of PP1 activity, either through the 
endogenous PP1 protein inhibitor NiPP1, or by knockdown of PP1 catalytic subunits, causes 
border cells to round up and completely dissociate from the cluster during migration. These 
defects are fully rescued by overexpressing PP1 catalytic subunits. The PP1-inhibited border 
cells completely alter their migration mode, characterized by: 1) slow, single cell movement; 



2) extension of altered protrusions that form randomly between cells; 3) strong reduction of 
E- cadherin between cells; and 4) enrichment of F-actin and activated non-muscle myosin II 
(myo-II) around each cell rather than at the outer edges of the entire cluster. We have 
evidence that the myosin binding subunit (Mbs) of myosin phosphatase (MyoP), a known 
PP1 complex, similarly regulates cell shape and cohesion of border cells within the cluster. 
We propose that PP1 activity, at least in part through MyoP, promotes collective migration 
by suppressing single cell motility. Given high conservation of PP1 complexes, this may be a 
common mechanism for collective cell migration in other organisms. 
 

ID #35 Critical Roles of Retinoic Acid in the Development of the Coronary Vasculature 
Alexander Moise1,2, Suya Wang2,3 
1Northern Ontario School of Medicine, CA; 2Department of Pharmacology and Toxicology, School of 
Pharmacy, University of Kansas, Lawrence, Kansas, USA; 3Boston Children’s Hospital, Harvard Medical 
School, Boston, Massachusetts, USA  
Cardiovascular disease is the leading cause of death worldwide with coronary vascular disease being 
the most prevalent form. A better understanding of coronary vascular development could provide 
clues to assist heart regeneration and repair. Our studies provide evidence that retinoic acid (RA) 
signaling orchestrates the growth and vascularization of the heart, and that this process is critical to 
form a functional heart. Using models of RA excess or deficiency, we demonstrate that altered levels 
of embryonic RA result in defects in coronary vascular development and a hypoplastic myocardium. 
We further establish that the coronary defects resulting from excess or deficient RA synthesis can be 
attributed in part to an impairment in the development and migration of cell lineages derived from 
the embryonic epicardium. Accordingly, an accelerated epicardial epithelial-to-mesenchymal 
transition (EMT) is observed in Dhrs3 ablated mouse embryos which accumulate RA. Conversely, 
reduced RA synthesis generated via pharmacological inhibition delays the migration of epicardial cells 
into the myocardium. Through proteome and transcriptome profiling studies, we establish that RA 
signaling promotes the cytoskeletal rearrangement of epicardial cells by integrating within major 
cardiogenic and angiogenic signaling pathways. Of these, we demonstrate that RhoA pathway is 
required for the RA-induced cytoskeletal rearrangement of epicardial cells. Altogether our results 
provide evidence of the critical roles of RA in coordinating coronary vessel formation to support 
myocardial growth in the developing heart (Wang, S., et al. 2018. Developmental Dynamics, in press; 
Xiao Y, et al. 2018. Developmental Cell. 153-169 e156; Wang S, et al.2018. FASEB J., in press) This 
work was supported by grant R01HD077260 from NICHD. 
 

ID #37 Single-cell analysis reveals hair follicle dermal niche specification begins prior to 
morphogenesis  
Peggy Myung, Khushali Gupta, Jonathan Levinsohn, George Linderman, Demeng Chen, Thomas Sun, 
Marcus Bosenberg, Yuval Kluger, Keith Choate 
Yale University, USA  
How complex tissue structures emerge from a seemingly homogenous population of cells is a 
universal question in development. This phenomenon has been examined across numerous 
appendages; however, the molecular signals that orchestrate these initial events in appendage 
formation remain poorly delineated. Specifically, it is unknown if molecular specification occurs prior 
to morphogenesis.	 The hair follicle (HF) is one of the most tractable models to study organogenesis 
as its constituent populations, including its dermal niche (dermal condensate, DC) population are 
molecularly and morphologically defined. The HF-inductive properties of the DC are well-established, 
yet tracing steps that precede its morphologic emergence	has been challenging, as conventional tools 
lack the ability to discriminate quantitative molecular differences between apparently uniform cells at 
a single-cell level of resolution.	Combining unbiased single-cell RNA sequencing techniques with	in 
vivo	lineage analysis, we delineate key molecular and cellular	events that direct DC cell fate	 prior to 
and during formation of a morphologic DC. We show that DC cells specify a differentiation trajectory, 
a path by which dermal cells differentiate into DC cells, that begins prior to HF initiation and 
originates from Wnt-activated dermal progenitors. Our integrated analysis shows that Wnt/β-
catenin activation is required for dermal cell competency to progress into a dynamic phase of 



maturation and proliferation that leads to DC cell differentiation. Further, our combined analysis 
allowed us to revisit a decades-old theory, which proposed that quiescent differentiated DC cells are 
progeny of pre-DC cells that just	divided. We localize this proliferating pre-DC population	to	the peri-
DC region. Together, these findings uncover key stages in DC cell fate specification that were 
previously limited by morphological criteria while bringing new insight into mechanisms of niche 
establishment during organogenesis.	 
 

ID #39 A Role for Prickle1 in EMT and Migration of Zebrafish Cranial Neural Crest  
Noor Singh, Kamil Ahsan, Manuel Rocha, Victoria E. Prince 
University of Chicago, United States 
to a range of cell types including chondrocytes, neurons and melanocytes in the cephalic region. 
Proper development of this region requires complete differentiation and collective migration of 
cranial NCCs. Previous studies have shown directional migration of NCCs depends on Contact 
Inhibition of Locomotion (CIL), in which cells retract their protrusions and change direction upon 
contact. CIL is mediated by localized non-canonical Wnt/PCP signaling. Moreover, vertebrate 
orthologs of the	Drosophila	PCP protein, Prickle, have been shown to mediate function and 
localization of other core PCP molecules. In this study, we investigated the role of the 
zebrafish	prickle1a (pk1a)	and	prickle1b (pk1b)	paralogous genes in cranial NCC development and 
migration. Confocal time lapse imaging and subsequent analysis of cell dynamics showed that 
absence of either Pk1a or Pk1b results in morphological aberrations and dorsal clustering of pre-
migratory NCCs, along with abnormal directionality of migration. Further, live imaging of GFP-tagged 
F-Actin in NCCs of either	pk1a	or	pk1b	mutant specimens revealed that many of the clustered pre-
migratory NCCs continue to show ‘blebbing’ morphologies for extended time periods. This suggests 
that these cells fail to complete the epithelial to mesenchymal transition (EMT) process prior to 
initiation of collective migration. NCCs that did complete EMT still showed CIL defects, failing to break 
contact with neighboring cells. Finally, comparative immunohistochemical analysis of two key EMT 
proteins, E-Cadherin and N-Cadherin in	pk1a	and	pk1b	mutants versus wild-type specimens showed 
increased E-Cad levels in pre-migratory and migratory NCCs and decreased N-Cad levels in only 
migratory NCCs. Thus, Prickle1 molecules may regulate EMT and subsequent migration of cranial 
NCCs by regulating the dynamic expression of Cadherin molecules.   
 

ID #41 Fate of the neural crest cells in inner ear development  
Vibhuti Vibhuti, William J. Davis, Martín L. Basch 
Case Western Reserve University, USA  
Neural crest	cells	(NCCs) are the transient migratory, multipotent population of cells that give rise to 
many cell types during embryogenesis.	In the inner ear, NCCs give rise to the glial of the VIIIth	ganglion, 
dark cells of the vestibular system, and the intermediate cells of the stria	vascularis. These last two 
cell types, share about 95% of their transcriptome with melanocytes, which are a late-migrating 
subpopulation of NCCs. Skin melanocytes and glia originate from different subpopulations of NCCs. 
NCCs that will give rise to most derivatives in the embryo are early migrating, NCCs that originate 
melanoblasts migrate later and through a different path. 	Intermediate cells of the stria are essential 
for normal hearing; they contribute K+	to the endolymph, a specialized fluid that allows the function of 
the mechanosensory hair cells. Mutations that affect NCCs migration often result in syndromes that 
include deafness. The present challenge is to understand how and when these NCCs migrate and 
integrate into the inner ear to form the glial cells of the VIIIth	ganglion and intermediate cells of the 
stria	vascularis. In order to better understand the contribution of NCCs to the different cell types in 
the inner ear, we have used	an inducible	Wnt1-CreER	transgenic line to label early and late-migrating 
subpopulations of NCCs. Our preliminary data suggest that an early migrating population of NCCs 
gives rise to glial cells of the VIIIth	ganglion, while intermediate cells of the stria	vascularis originate 
from a late-migrating subpopulation of NCCs. 
 

ID #43 A quantitative high-throughput RNAi screen identifies multiple G-protein coupled receptors 
as regulators of epithelial development in the Drosophila wing 
Qinfeng Wu, Pavel Brodskiy, Nilay Kumar, Jeremiah Zartman 
University of Notre Dame, United States  



G-protein-coupled receptors (GPCRs) are the largest family of receptors in many organisms. 
The diverse set of GPCR proteins sense many different signals, including hormone, light and 
small molecules, and transduce the information into cells. Many of the receptors of major 
signaling pathways are GPCRs, such as Smoothened and Frizzled. Although GPCRs are 
essential to many of the physiological processes of organisms, there are few studies of the 
roles of GPCRs in regulating morphogenesis. To bridge the gap, we used the Drosophila wing 
as a model to study how GPCRs impact wing development. We knocked down all 111 
GPCRs	present in Drosophila individually using RNA interference to systematically investigate 
which GPCR regulates morphogenesis. We developed a high-throughput workflow for robust 
phenotypic analysis of Drosophila wings. The workflow integrates a HTML/PHP frontend, a 
MySQL backend and high-performance wing digitization. The screen workflow enables rapid 
and accurate screening of both quantitative and qualitative phenotypes. For strong hits, a 
qualitative analysis reveals several distinct classes of morphogenetic defects ranging from 
vein thickening to crumpled wings. To quantify subtle effects, the downstream algorithm 
analyzes and extract 14 quantitative features from the wing images. Using the workflow, we 
identify genes previously unknown to play a role in wing development. Surprisingly, we 
identified 5-HT receptor and GABA-B receptor families that regulate wing development. The 
two receptor families are traditionally studied as neural receptors, without known functions 
in regulating epithelia development. The identification of these and other receptors extends 
the class of known regulators of epithelial morphogenesis. The high-throughput workflow is 
instrumental to enable screening of human disease genes and other important genes to 
depict a comprehensive picture of how morphogenesis is regulated. 
 

ID #45 The Role of Ephrin/Eph Signaling During Newt Lens Regeneration  
Alyssa Miller1, Vayda Barker1, Anthony Sallese1, George Tsissios1, Panagiotis Tsonis2, Katia Del Rio-
Tsonis1 
1Miami University, USA; 2University of Dayton, USA  
The extraordinary capacity to regenerate certain tissues and organs is exhibited by several types of 
salamanders, especially newts. The newt has the ability to regenerate several body parts including 
the heart, liver, tail, limb, retina, and brain throughout their adult lives. The newts’ ability to 
regenerate the lens is particularly fascinating as it can be entirely removed from the animal and a 
new lens will regenerate from a completely different tissue, the dorsal iris pigmented epithelial cells 
(iPECs), through a process known as transdifferentiation. Interestingly enough, the ventral iPECs 
never regenerate. Additionally, Ephrins interact with their Eph receptors, which belong to the tyrosine 
kinase family of receptors. These molecules are known to have roles in cell migration, boundary 
formation, and proliferation. Molecular analysis during the early stages of lens regeneration revealed 
a differential expression of the Ephrin ligand and the Eph receptor between the dorsal and ventral 
irises. As a result of the dichotomy present in their level of expression, it was hypothesized that 
Ephrin/Eph interactions contribute to the ability of the dorsal iris and the inability of the ventral iris to 
regenerate a lens.	In vivostudies were performed to determine if loss of function of EphA and EphB 
receptors would impact regeneration. We determined that inhibition of EphA class receptors, but not 
EphB, led to transdifferentiation of the previously regeneration incompetent cells of the ventral iris. 
These novel results highlight the importance of the Ephrin/Eph A class in the regulation of 
regeneration. The induction of lens regeneration from an incompetent tissue, such as the ventral iris, 
could shed light on the mechanism for governing regeneration in higher vertebrates. 
 

ID #47 Development of cell-based therapies to treat congenital strial deafness 
Justine Renauld1, Gary Huang2, Martín Basch1 
1Departement of Otolaryngology, Case Western Reserve University, USA; 2Otolaryngology/Head and Neck 
Surgery, University Hospitals Cleveland Medical Center, USA  
The stria vascularis is a specialized epithelial structure localized in the lateral wall of the cochlea. It 
generates the positive endocochlear potential that is essential for mechanotransduction by sensory 
hair cells. It is composed of four different cell types of distinct embryonic origins: marginal cells 



derived from otic epithelium, melanocyte-like intermediate cells derived from neural crest cells, basal 
cells that have a mesenchymal origin, and mesoderm-derived blood vessels that are interspersed 
throughout the lateral wall.  
During inner ear development, neural crest cells (NCC) migrate through the cochlea to form the glial 
cells of the spiral ganglion and the intermediate cells of the stria vascularis. This process requires 
transcription factors such as SOX10, MITF, and EDNRB. In the absence of these transcription factors 
NCC do not reach their target sites and this results in congenital strial deafness, due to the lack of 
intermediate cells in the stria vascularis. Knock out or conditional knock out mice for these genes 
should be useful models of congenital strial deafness.  
Our aim is to determine whether multipotent NCC and/or melanoblasts can replace the missing 
intermediate cells in a strial deafness mouse model, and restore strial function and thus hearing.  
For this project, we decided to study the injection of GFP-labeled cells into neonatal, EdnrB KO mice. 
We first characterized and confirmed the absence of intermediate cells in the cochlea of KO mice by 
immunostaining; and measured the elevation of the hearing threshold by Auditory Brainstem 
Response. We also confirmed the location of the injection site and the survival of injected cells by 
immunostaining two days post injection. Here we show that we have optimized the protocols to 
deliver cells with potential therapeutic effects to the lateral wall of the cochlea of neonatal mice.  
This research was supported by the Hartwell Foundation. 
 

ID #49 The Effects of Exogenous Thyroid Hormone Treatment on Chick Corneal Innervation: 
Implications for Human Corneal Nerve Regeneration 
Mansi Patel, Elise Ziegenhorn, Ngan Pham, Shinho Kim, Vandhana Rajarathnam, Tyler Schwend 
Illinois Wesleyan University, USA  
The cornea, the outermost tissue of eye, becomes densely innervated by trigeminal axons that 
provide sensory input and trophic cues which are crucial to healthy vision. Unfortunately, corneal 
nerves are easily damaged during physical trauma or corrective surgeries, such as LASIK, and are very 
slow to regenerate or fail to do so completely in some patients. Herein we present findings showing 
that exogenous thyroid hormone can accelerate multiple aspects of chick cornea innervation, 
suggesting that thyroid hormone treatment may provide a therapeutic strategy to hasten corneal re-
innervation following injury. Specifically, treating chick embryos with thyroid hormones (T4 or T3) as 
trigeminal axons enter the eye and approach the cornea led to premature and excessive innervation 
of the cornea. Commencing treatments at later stages, only after nerves have begun to project into 
the cornea, enhanced the rate of growth of axons through the cornea and led to an overall increase in 
corneal nerve density, without altering the normal innervation pattern of the cornea. Mechanistically, 
chick embryonic trigeminal neurons cultured in vitro displayed increased neurite outgrowth	upon the 
addition of either T4 or T3 to the culture media, indicating that thyroid hormones can act directly on 
corneal nerves to promote their growth and extension. In full, these data suggest that thyroid 
hormone may have therapeutic potential for aiding in human corneal nerve regeneration. 
 

ID #51 Characterization of corneal epithelial stem cell markers in larval and adult Xenopus frogs. 
Surabhi Sonam, Kimberly Perry, Jonathan Henry 
University of Illinois-Urbana Champaign, USA  
Corneal epithelial stem cells (CESCs) and their proliferative progeny, the transit amplifying cells 
(TACs), are responsible for maintaining the integrity and transparency of the cornea. These stem cells 
(SCs) are used in corneal transplants and ocular surface reconstruction. Molecular markers are 
essential to identify/isolate these cells, yet no definitive CESC marker has been established. An 
extensive literature survey shows variability in the expression of putative CESC markers among 
vertebrates; being attributed to variations in developmental stages of these animals, approaches 
used in these studies and marker specificity. Here, we expanded the search for CESC markers using 
the model Xenopus laevis. Previous work suggested label-retaining SCs are present throughout the 
larval basal corneal epithelium, and later become concentrated in the peripheral cornea of adults. 
Using immunohistochemistry, we characterized the expression of candidate markers in Xenopus 
larvae and adults. Adult expression of some markers is similar to that reported in humans and other 
vertebrates, while localization of others is in striking contrast. p63, Krt19, Itgb-1, and Pax6 are 
restricted to larval basal cornea epithelial cells. After metamorphosis their expression is found in 



basal and intermediate layer cells of the mature cornea epithelium (p63, Krt19, Itgb-1). Surprisingly, 
Pax6 was not detected in the adult cornea epithelium. For the first time we report that Tcf4 can be 
used as a marker to differentiate cornea vs. skin in frogs, being only present in the skin. Although 
these markers are useful to identify different layers of the frog cornea epithelium, none is unique to 
CESCs or TACs. Our results confirm that there is no single conserved CESC marker. Using the frog 
model, we are currently undertaking functional studies to examine the role of these proteins in 
homeostasis and wound repair during corneal development. 
 

ID #53 Oxidative stress in age-1 & age-2 mutant strains of Caenorhabditis elegans.  
Markus Barbosa, Matthew W. Jones-Rhoades, Judith M. Thorn 
Knox College, USA  
Oxidative stress is one of the largest contributors to aging. Oxidative stressors form reactive oxygen 
species that attack cells by damaging important cellular components such as DNA, proteins and 
lipids. Caenorhabditis elegans has been used as a model of stress resistance due to the homology of 
stress response pathways in both humans and nematodes, including the insulin signaling pathway. 
To explore the relationship between stress resistance and the insulin pathway, we studied 
nematodes with mutations that result in extended lifespans: 	age-1, which encodes a kinase (PI3K) in 
the insulin signaling pathway, and age-2, for which the location of the mutation is unknown. 	In our 
study, we found that age-1 (TJ1052) and age-2 (HG231) single mutants, as well as age-1;age-2 double 
mutants (HG284) confer resistance to arsenite and t-butyl hydroperoxide in survival 
assays. 	However, we saw no significant difference between the mutant strains, suggesting that age-
2 may also encode a component of the insulin signaling pathway. In future experiments, we will 
examine downstream gene regulation to see if there is a significant difference in gene expression 
between age-1 and age-2 mutant strains. 
 

ID #55 The impact of Smad4-deficiency on trophoblast lineage development  
Jiami Guo2, Yijing Chen1 
1Kent State University, USA; 2University of Calgary, Canada  
A healthy mammalian pregnancy relies on a proper-functioning placenta, a transient organ critical for 
transporting nutrients and wastes between the mother and the developing fetus. The fetal 
component of the placenta is derived from various trophoblast lineages specified in early 
development. Mouse trophoblast stem (TS) cells established from the polar trophectoderm of 
blastocysts or the extraembryonic ectoderm of post-implantation embryos are precursors of 
trophoblasts and can contribute to all trophoblast lineage derivatives in vivo, providing a powerful in 
vitro system for studying trophoblast biology. Although it is known that TGF-β/Nodal and FGF4 
signaling is critical for TS cell self-renewal, the roles of various signal transducers and their interplays 
remain poorly understood. This study focuses on Smad4, the central mediator of TGF-β related 
signaling, in trophoblast lineage development. Utilizing Smad4-deficient TS cells derived from mutant 
preimplantation embryos, we find that Smad4 deficiency alters the kinetics and lineage distribution 
during trophoblast lineage differentiation in vitro. In particular, Smad4-deficient TS cells exhibit 
enhanced differentiation in the spongiotrophoblast and trophoblast giant cells lineages at the 
expense of the syncytiotrophoblast lineage. Moreover, our studies provide evidence linking the 
differentiation defects seen in the Smad4 null TS cells to alterations in the TGF-β, MAPK signaling 
pathways, as well as the Wnt signaling pathway. Furthermore, manipulating canonical Wnt signaling 
recapitulates some differentiation changes associated with Smad4-deficiency. Our study provides 
novel insights into the molecular interplays of signaling pathways that regulate trophoblast lineage 
development. 
 

ID #57 Embryonic Hematopoiesis and Angiogenesis: Placenta Holds the Clue 
Pratik Home, Soumen Paul 
University of Kansas Medical Center, USA  
The placenta acts as one of the major organs for hematopoietic stem cell (HSC) generation, and it has been 
shown that mid-gestation mouse placenta plays a significant role in the HSC development where it provides 
a temporary niche for definitive HSC pool. Different studies have implicated the role of GATA family of 
transcription factors in the development of HSCs in other organs, and we have shown previously that GATA2 
and GATA3 are involved in the trophoblast development and differentiation.	Recently we demonstrated that 



simultaneous knockout of both	Gata2	and	Gata3	in trophoblast lineage severely affected placental 
development. Also, the double knock-out resulted in significant developmental defects in the embryo proper 
leading to very early embryonic lethality.	Using conditional double knockout mouse model for GATA2 and 
GATA3, we showed that simultaneous knockouts of both	Gata2	and	Gata3	impaired embryonic and 
extraembryonic development. The double knockout also	resulted in significant developmental defects in the 
embryo proper with severe loss of hematopoietic population in both the embryonic and extraembryonic 
tissues accompanied. We used ChIP-seq and RNA-seq analyses in mouse trophoblast cells to define 
independent and common global targets for GATA2 and GATA3 and found that several pathways associated 
with the hematopoiesis and vasculogenesis are targets for both transcription factors. In this study, 
trophoblast-specific dual knockouts of	Gata2	and	Gata3	showed a similar loss of placental and embryonic 
hematopoiesis accompanied by angiogenic defects in the placenta and in turn leads to hypoxia-inducible 
factor 1a (HIF1a) upregulation and stabilization. The conditional double knock- out in turn leads to 
intrauterine growth retardation of the embryos. Based on these findings we propose that combinatorial role 
of GATA2 and GATA3 plays a critical part in the embryonic hematopoiesis and vasculogenesis. 
 
ID #59 Role of MapK/Erk signaling in ß-catenin dependent repression of cartilage during mouse 
skull bone development. 
Beatriz Ibarra 
Case Western Reserve University, USA  
Approximately 10,000 live births in the United States, annually, have defects in the craniofacial 
region. Identifying signaling factors that regulate cell fate decisions in craniofacial development is 
necessary for understanding the etiology of birth defects and identification of therapeutic targets. 
Our lab has shown that loss of Wnt/β-catenin signaling in the cranial mesenchyme (CM) results in a 
cell fate switch from skull bone to cartilage by a mechanism that remains unclear. Previous studies 
have demonstrated that extracellular signal-regulated protein kinase 1 and 2 (Erk1/2) activation is 
required for endochondral bone formation and repression of cartilage differentiation in the 
perichondrium of mouse femur. I hypothesize that Wnt/β-catenin signaling represses cartilage and 
promotes skull bone formation through activation of Erk1/2 signaling in mice. Using a CM-specific 
deletion of 	β-catenin, we demonstrate that Erk1/2 activation is diminished in CM at E12.5, without 
affecting total Erk1/2 protein levels. In addition, chemical inhibition of Erk1/2 activation with 
AZD6244 in calvarial mesenchyme in vitro results in increased cartilage formation and loss of early 
bone markers, and in vivo leads to 3-fold increase in Sox9 mRNA in WT mice. This increase in cartilage 
marker expression is increased further in 	β-catenindel/+ heterozygotes, indicating there may be a 
synergistic effect between these two pathways to repress cartilage. Demonstrating a functional link 
between these two signaling pathways in regulating skull bone cell fate decisions in vivo will improve 
our understanding of normal skull bone development and associated birth defects. Identifying new 
targets of Wnt signaling in bone development and cell fate could provide options for new therapeutic 
targets or preventative treatments of craniofacial disorders and would be applicable to a larger 
community that studies Wnt signaling and cell fate in other disease contexts, including cancer. 
 

ID #61 Craniofacial Development Requires Glycophosphatidylinositol Biosynthesis 
Marshall Lukacs1,2, Praneet Chaturvedi1, Rolf Stottmann1 
1CCHMC, United States; 2University of Cincinnati MSTP Program, USA  
Nearly 150 proteins are anchored in the plasma membrane through a multi-step, post-translational 
protein attachment of glycophosphatidylinositol (GPI). Patients with mutations in GPI biosynthetic 
pathway genes display an array of phenotypes including brain malformations and neurocristopathies. 
There is virtually no mechanism to explain the pathology, or a viable therapy, for patients with 
germline GPI deficiency. Through a forward genetic screen in the mouse we identified a hypomorphic 
allele of post-GPI attachment to proteins-2 (Pgap2) which we named cleft lip/palate, edema, and 
exencephaly (Clpex). Pgap2 is required for GPI anchor lipid maturation. We hypothesized the Clpex 
mutation results in a lack of surface expression of a critical GPI-anchored protein, folate receptor 1 
(FOLR1), which is required for neural tube closure and cranial neural crest cell (NCC) survival. We 
found the cleft lip/palate phenotype in Clpex mutants is due to apoptosis of NCCs in the first branchial 
arch. In utero dietary supplementation with folinic acid can rescue the cleft lip phenotype, but not the 
NTD or cleft palate. Though GPI biosynthesis is thought to be a ubiquitous, uniform process; we found 



Pgap2 and many other GPI biosynthesis enzymes showed increased expression in the first branchial 
arch and nasal processes during development. To determine if there is a NCC autonomous role for 
GPI biosynthesis in craniofacial development, we generated a mouse in which the NCCs are devoid of 
all GPI-anchored Proteins by conditionally deleting the first enzyme in GPI biosynthesis, 
phosphotidylinositol glycan anchor biosynthesis, class A (Piga), in the Wnt1-Cre lineage.	 These mutants 
displayed median cleft lip/cleft palate likely due to the apoptosis of NCCs. These findings advance our 
understanding of the pathology of GPI deficiency and provide potential targets for therapy. 
 

ID #63 A novel zebrafish neural development mutant reveals distinct axon and glial phenotypes in 
the CNS and PNS 
Anoohya Muppirala, Sarah Petersen 
Kenyon College, United States  
Proper nervous system function depends upon myelin, a fatty lipid substance that facilitates rapid 
signal propagation by ensheathing neuronal axons. In different regions of the nervous system, 
specialized glial cells with distinct developmental lineages are responsible for producing myelin. In the 
central nervous system (CNS) neural-stem cell derived oligodendrocytes myelinate neurons. 
Conversely, neurons of the peripheral nervous system (PNS) are myelinated by Schwann cells derived 
from the neural crest. Both cell types have distinct genetic and molecular regulators throughout 
development, many of which have yet to be elucidated. To address this, a large scale forward genetic 
screen 	in zebrafish was conducted to identify mutants with reduced myelination. From this 
screen, 	stl93 was isolated as a CNS hypomyelin mutant. Interestingly, transmission electron 
microscopy (TEM) analyses revealed a relatively normal proportion of myelinated CNS axons, while 
the overall number of CNS axons was reduced. In contrast, fewer PNS 	axons were myelinated, 
despite a normal axon count. To identify the causative lesion underlying these phenotypes, we are 
currently analyzing whole-genome sequencing. Furthermore, we are using in situ hybridization to 
identify early glial cell developmental defects. Based on our current data, 	we hypothesize that the 
causative lesion of stl93 may have distinct roles in neuronal and glial cell development that differ in 
the CNS and PNS. 
 

ID #65 Disrupting Canonical and Non-Canonical Wnt Signaling Through the Dishevelleds Leads to 
Gastrulation Defects 
Justine Ngo1, Masakazu Hashimoto2, Hiroshi Hamada3, Anthony Wynshaw-Boris1 
1Case Western Reserve University, USA; 2Osaka University, Japan; 3RIKEN Center for Biosystems Dynamics 
Research, Japan  
Wnt signaling, both canonical (β-catenin) and non-canonical (planar cell polarity [PCP]), are complex 
pathways that are highly conserved across species and are required to regulate many early 
developmental processes, such as cell fate specification, gastrulation, and tissue patterning. Our 
studies focus on the Dishevelled genes (Dvl1, Dvl2, and Dvl3), which encode proteins that mediate 
signal transduction for the canonical and non-canonical Wnt pathways through distinct protein 
domains (DIX, PDZ, and DEP). By knocking out all three Dvl genes, we can feasibly disrupt both Wnt 
pathways simultaneously and study how the absence of Wnt signaling might affect other important 
signaling pathways during early development. We discovered that homozygous deletions in all three 
of the Dvl genes (Dvl TKO) results in peri-implantation lethality due to defects at the onset of 
gastrulation. To determine the molecular mechanisms underlying the gastrulation defects, we 
differentiated Dvl TKO mouse embryonic stem cells (mESCs) into embryoid bodies (EBs) in order to 
model germ lineage differentiation in vitro. Surprisingly, we found that Brachyury, a key marker of 
mesoderm and a direct target of β-catenin in canonical Wnt signaling, could be induced in the 
absence of all Dvls in the Dvl TKO EBs. However, these mesodermal cells present in the Dvl TKO EBs 
fail to survive, suggesting that active Wnt signaling may be required for mesoderm maintenance. The 
other germ layers, endoderm and ectoderm, remain intact in the Dvl TKO EBs. Moreover, we found 
that several key genes involved in axis specification and gastrulation induction are significantly down-
regulated in Dvl TKO EBs, which may contribute to the mesodermal defects previously observed in 
vivo. Overall,	these studies	reinforce the importance of having intact Wnt signaling to ensure proper 
gastrulation. Our future studies will aim to better characterize the role of non-canonical Wnt/PCP 
signaling, which is currently poorly understood. 
 



ID #67 In vivo small molecule screens define modulators of peripheral myelination 
Sarah Petersen1, Ethan Bradley1, Emma Klug1, Sophia Letcher1, Rebecca Cunningham2, Caroline 
Wilde3, Ines Liebscher3, Torsten Schöneberg3, Kelly Monk2 
1Kenyon College, United States; 2Washington University in St. Louis, United States; 3University of Leipzig, 
Germany  
Myelin is a multilamellar structure that ensheathes vertebrate axons and facilitates signal 
propagation throughout the nervous system. The clinical importance of myelin is underscored by 
debilitating myelinopathies, such as multiple sclerosis, leukodystrophies, and Charcot-Marie-Tooth 
disease. In the peripheral nervous system, Schwann cells radially sort axons in a 1:1 relationship 
before spirally wrapping cell membrane to form myelin. Both radial sorting and wrapping are 
dependent upon the adhesion G protein-coupled receptor, Gpr126 (also known as Adgrg6), which has 
conserved function in myelination from zebrafish to mammals. As a GPCR, Gpr126 is an ideal 
pharmacological target for identifying small molecules that modulate Schwann cell development. We 
therefore performed an in vivo chemical screen in zebrafish to find compounds that suppress a 
gpr126 hypomorphic phenotype, thus promoting peripheral myelination. Our screen identified four 
candidate molecules, which represent a variety of drug classes, that modulate the myelinating 
potential of Schwann cells. Currently, we are creating dose-response curves for these compounds to 
find appropriate bioactive dose to potentiate Schwann cell development. We are also using an allelic 
series of gpr126 mutants to test whether these compounds act directly on Gpr126 and, if so, which 
domain/function of the protein. Our work suggests that we have identified small molecules that can 
act directly (e.g., exogenously activating Gpr126) as well as those that act in parallel via novel 
mechanisms. Therefore, we are	characterizing	chemical modulators of Gpr126 that elucidate its 
signaling modalities in different developmental contexts, along with	new candidate pathways for 
myelination. We hope that this work can form the basis for developing therapeutic compounds for 
peripheral myelinopathies in humans. 
 

ID #69 Probing neuronal diversity in the C. elegans ventral nerve cord 
Gabriela Sterkowicz 
University of Chicago, USA  
A central question in developmental neurobiology is how the remarkable diversity of cell types in 
nervous systems is achieved. One way to address this question is through the identification of 
transcription factors that control the development of specific neuronal cell types and the generation 
of reporter gene constructs that label these neuron types. Here, I present three experiments in this 
vein in the C. elegans motor neurons (MNs). I performed a series of PCR fusions to generate a new 
fluorescent reporter for the posterior Hox gene egl-5 (Adb-B/Hox9-13). This reporter will enable 
examination of the possibility of egl-5’s autoregulation in the MNs. Second, I used UV mutagenesis to 
integrate extrachromosomal arrays into the C. elegans genome, producing two new integrated lines of 
lin-39::rfp for use in future experiments, such as genetic screens. Lastly, I studied the engrailed 
homolog ceh-16, which was previously found to be expressed in only four MNs. I performed a series 
of genetic crosses between animals carrying a ceh-16::mCherry reporter with various gfp reporter 
animals and mutants. My results indicate that these may not be MNs, as they are neither cholinergic 
or GABAergic, but an altered ceh-16::mCherry expression pattern in unc-3 mutants suggests that ceh-
16 is regulated by unc-3. Further study is required to determine the role of ceh-16 in neuronal 
development and identify the neurons in which it is expressed. This work will support future 
investigation into the specification of motor neuron subtypes in C. elegans, which in turn may 
illuminate conserved principles that permit the development of neuron specificity across species. 
 

ID #71 Molecular mechanisms of phrenic motor neuron development and connectivity 
Alicia Vagnozzi, Polyxeni Philippidou 
Department of Neurosciences, Case Western Reserve University School of Medicine, USA  
The acquisition of neuronal identity through distinct transcriptional programs is critical for 
establishing synaptic specificity during development. Despite evidence that transcriptional programs 
dictate subtype-specific features, it is not clear how they impact circuit connectivity and behavior. 
The neural circuits that control respiration provide an excellent model to probe this question, as 
phrenic motor neurons (MNs) in the spinal cord provide the only motor input to the diaphragm, the 



major inspiratory muscle. Therefore, changes in the identity and connectivity of phrenic MNs have a 
robust impact on breathing. We have established that the transcription factors Hoxa5 and Hoxc5 are 
required for the development of the Phrenic Motor Column (PMC). Mice with a MN-specific deletion 
of Hox5 genes (Hox5MN?) exhibit defects in PMC cell body clustering and a dramatic reduction in axonal 
branching. Here, we show that Hoxa5MN? mice display changes in respiratory behaviors, such as 
elevated breathing frequency. Phrenic nerve recordings showed that PMC neurons in Hoxa5MN? mice 
displayed irregular and more frequent bursting, suggesting a reconfiguration of respiratory circuits. 
Consistent with this hypothesis, the dendritic orientation of PMC neurons was altered in Hoxa5MN? 
mice, indicating potential changes in PMC synaptic inputs. To identify the downstream pathways 
responsible for these effects, we performed RNA-seq in Hox5MN? embryos and identified 213 
differentially expressed genes. Gene ontology analysis indicated a predominance of targets involved 
in cell adhesion, and several of these genes were validated as Hox5 targets by in situ hybridization. 
We will further analyze promising candidates by examining knockout mice for defects in phrenic MN 
development and respiratory behavior. Our analysis will provide insight to a fundamental principle of 
nervous system development: how transcriptional networks control the assembly of neural circuits 
and, ultimately, behavior. 
 
ID #73 A potential role for Wnt signaling in neural crest cell ingression into the olfactory epithelium 
Kristin Gallik, Sriivatsan G. Rajan, Fritz Gerald D. Navales, Daniel Koshy, Ankur Saxena 
University of Illinois at Chicago, USA  
Neural crest cells (NCCs) are highly migratory, multipotent stem cells that contribute to tissues throughout 
the developing vertebrate embryo. We’ve previously shown that NCCs ingress into the zebrafish olfactory 
epithelium (OE), the sensory tissue of the nose, and differentiate into microvillous olfactory sensory neurons 
(mOSNs), but it remains unclear how NCCs become mOSNs rather than other derivatives. We found that the 
Wnt signaling receptor fzd8a is expressed within the developing OE of zebrafish embryos before and during 
NCC ingression. Given the known importance of Wnt signaling in earlier NCC development and fate 
specification, we hypothesized that this pathway may be involved in directing NCCs into the OE. To 
investigate this possibility, we used pharmacological agents and heat shock-based transgenic zebrafish to 
alter Wnt signaling in a temporally-specific manner. Embryos treated with Wnt signaling antagonists from 
24-31 hours post-fertilization (hpf) demonstrated statistically significant variability in the number of NCC-
derived cells found within the OE at 54 hpf. Activation of canonical Wnt signaling with either a Wnt signaling 
activator from 24-31 hpf or a heat shock-based transgenic at 22 hpf led to drastic reductions in the number 
of NCC-derived cells within the OE at 54 hpf. Collectively, our preliminary data suggest a possible role for 
Wnt signaling in NCC ingression into the OE. Future directions include spatiotemporally-specific alteration of 
Wnt signaling via fiber optic cable-based heat shock to define Wnt signaling’s role in small subgroups of cells 
during OE morphogenesis.  
 
ID # 75 Towards Understanding the Role of Sry Homology Box Genes in Mammalian Sex 
Determination 
ABHISHEK SINHA, Vinson Fan 
University of Michigan, United States  
Mammalian sex is determined by the paternal sex chromosome, specifying the bipotential 
gonad to develop as ovaries or testes. The Y-linked testes determining factor SRY (Sex-Related 
region of Y) along with its autosomal counterpart Sox9 (SRY-related Homology Box 
9) are necessary and sufficient to drive the testes development leading to male sexualization. 
One common model is that Sry/Sox9 function by activating a cascade of testes-specific 
genes. There is genetic evidence that they also promote testes formation by repressing the 
Wnt/ß-catenin pathway, a developmental signaling cascade required for ovarian 
development. The mechanism of Wnt antagonism by Sry/Sox9 is poorly understood. 
Using cell culture models, several groups have suggested that Sox9 blocks Wnt signaling by 
stimulating ubiquitin/proteasome-dependent degradation of ß-catenin. They also reported that 
Sox9 directly binds to ß-catenin or to components of the Wnt pathway normally mark ß- 
catenin for ubiquitination. I too observed robust inhibition of Wnt signaling by Sox9 in Sertoli- 
derived and other cell lines. But I found that the DNA-binding and transactivation domain 



(TAD) are required for Sox9 to antagonize Wnt signaling and down-regulate ß-catenin. 
Furthermore, my data indicate these activities are proteasome-independent. Preliminary data 
indicate that the transcriptional activity of Sry is also required for inhibition of Wnt signaling. 
Our central hypothesis is that Sry/Sox9 activates a transcriptional intermediate(s) which 
promotes ß-catenin degradation through a novel mechanism. We also believe it is likely that 
this activity of Sry/Sox9 plays an important role in promoting testes/male development.  
 
ID# 77 Structure-Function Study of POSTN: A Matricellular Protein Associated with Oncogenesis 
and the Wnt/ß-catenin Signaling Pathway 
Juan Ibarra, Kenneth Cadigan 
University of Michigan, United States  
Periostin (POSTN) is a 90-kDa matricellular protein whose elevated expression in mammalian tissues 
has been identified upon injury and neoplastic events. Notably, POSTN overexpression has been 
found in several cancers in human including breast, ovarian and colorectal cancers, as well as 
hepatocellular carcinomas, where it has been associated with oncogenesis, tumor progression and 
poor prognosis. In its role as a ligand for αvβ3 and αvβ5 integrins, POSTN has shown to support cell 
survival, motility, invasion and metastasis through activation of the PI3K-Akt and focal adhesion 
kinase (FAK) signaling. Interestingly, through an integrin-independent function it has been suggested 
that POSTN binds to Wnt ligands, leading to potentiation of Wnt/β-catenin signaling in cancer stem 
cells (CSCs). While association between POSTN and integrins and/or Wnt signaling are plausible 
mechanisms to explain POSTN’s oncogenic activity, the functional role by which POSTN promotes 
tumorigenesis remains poorly understood. Recently, the Cadigan lab has found that human POSTN 
can mimic the action of the matrix protein Tiggrin in the hematopoietic system of Drosophila. This 
Tiggrin function is thought to be independent of integrin signaling. In order to gain further insights on 
POSTN’s function in mammalian systems, I will perform a structure-function analysis of human 
POSTN. I will alter a region predicted to be required for its interaction to αvβ3 and αvβ5 integrins as 
well as several regions of sequence similarity between POSTN and Tiggrin. POSTN function will be 
tested in several assays for cell motility and migration in several human cell lines. The role of POSTN 
in potentiating Wnt/β-catenin signaling will be analyzed through using Wnt reporter genes. These 
approaches will determine whether the integrin and Wnt signaling functions of POSTN are separable 
by mutation. These reagents will ultimately be used to determine the contributions of specific POSTN 
functions to oncogenesis. 
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ID #2 Gap Junction Gating is Necessary for Regulating Intercellular Calcium Signaling in Developing 
Epithelia 
Ramezan Paravitorghabeh, Jeremiah Zartman 
University of Notre Dame, USA  
Cells detect a broad range of extracellular signals that provide inputs into a signaling network that 
acts as a classifier for determining cellular responses. Second messengers such as calcium ions 
(Ca2+) 	are important intermediary central integrators within this signaling network. However, the 
emergent properties of calcium signaling at the scale of cellular networks is still largely undefined. 
Here, we have developed a multiscale computational model of calcium signaling in a network of 
epithelial cells that are connected by gap junctions. This model is calibrated from experimental data 
generated in our group using the the Drosophila wing imaginal disc as a prototypical model of organ 
development. We demonstrate that the 	computational model can recapitulate the main classes of 
experimentally observed calcium signaling dynamics: single cell Ca2+ spikes, localized intercellular 



transient bursts, and intercellular waves. This provides evidence that intercellular signaling dynamics 
are tightly regulated, even though they are stochastic. We found that the main factors responsible for 
forming such diverse dynamical patterns are the strength and duration of the stimulation and 
nonlinear propagation of second messengers through gap junctions. These computational results 
lead to new insights and predictions in how calcium signaling encodes “organ-state” information for 
multicellular populations. 
 

ID #4 Comparative analysis of epigenetic landscapes and growth trajectories highlight protracted 
cortical neurogenesis in humans  
Christine Charvet 
Cornell University, USA  
The cortex of primates is relatively expanded compared with many other mammals. Little is known 
about what developmental processes account for the expansion of cortical neuron numbers in 
humans relative to other mammals. High-resolution structural and diffusion MR scans as well as 
histological material were used to compare the growth of the cortical proliferative pool between 
humans, macaques, and mice during fetal development. The data show that the growth of the 
cortical proliferative pool is protracted in humans compared with mice. We also compare enhancers in 
the cortex of humans and mice because enhancers control development and function by regulating 
gene expression. We define enhancers as the co-location of peaks in H3K27ac and H3K4me2 from 
chip seq data. We use these data to identify orthologous intragenic regulatory elements between 
humans and mice in the cortex during the major period of neurogenesis. We found that intragenic 
regulatory elements are enriched for genes associated with neurogenesis in humans. Taken together, 
these findings demonstrate that extending the duration of cell production is associated with the 
amplification of cortical neuron numbers and the evolution of major changes in cortical circuitry in the 
human brain. 
 

ID #6 Tracing Primordial Germ Cell Migration in Monodelphis domestica Using Pou5f1 
Immunocytochemistry 
Amelia Wright, Yolanda Cruz 
Oberlin Col Sci Ctr, USA  
Endogenous alkaline phosphatase is a commonly used lineage marker for avian and mammalian 
primordial germ cells (PGCs).	 In the laboratory opossum (Monodelphis domestica), however, alkaline 
phosphatase is undetectable during those embryogenetic stages when PGCs are expected to migrate 
from their origin in the epiblast to their destination in the gonadal ridges.	 Earlier work in our lab 
indicates that the pluripotency factor Pou5f1 (also known as Oct4) is expressed in pluripotent 
cleavage-stage cells of M. domestica embryos.	 Because Pou5f1 is also known to be expressed in 
PGCs, we hypothesized that it could serve as a PGC marker in M. domestica.	 Our results indicate that 
Pou5f1 promises to be a reliable, immunocytochemically detectable lineage marker for M. domestica 
PGCs.	 
 

ID #8 Microglia exit the CNS in developmental spinal root avulsion 
Lauren Green1,2, Julia Nebiolo1, Cody Smith1,2 
1Department of Biological Sciences, University of Notre Dame, USA; 2Center for Stem Cells and Regeneration, 
University of Notre Dame, USA  
Microglia are the resident macrophages of the CNS responsible for clearing debris and pruning 
synapses during development. Their ability to migrate outside of the CNS, however, is not 
understood. To address this, we developed a laser-induced injury protocol to model varying degrees 
of developmental damage found in obstetrical brachial plexus injury (BPI). Using time-lapse imaging, 
coupled with our BPI injury model in zebrafish, we show that microglia squeeze through the spinal 
boundary outside the glial limitans and emigrate to spinal roots. Although both macrophages and 
microglia respond to sites of injury, microglia are the primary debris clearing cell. Once outside the 
CNS, microglia enter an activated state, collect debris, and re-enter the spinal cord. These PNS-
experienced microglia bring injured debris into the CNS and clear debris more efficiently. Additionally, 
these debris-filled cells survey the animal and migrate to distal CNS areas from the injury site, 
including the brain. We show that upon elimination of macrophages, microglia emigrate more 
efficiently. This microglia emigration is balanced by two mechanisms; CNS-restriction via contact-



dependent cellular repulsion with macrophages and induced emigration via NMDA-dependence. 
Together, these discoveries open the possibility that microglia can migrate outside of their textbook-
defined regions during developmental injury. This warrants further investigation towards the role of 
microglia outside the CNS and the potential implications of CNS/PNS debris crossover. 
 

ID #10 Identification of Cardiac Glia in the Intracardiac Nervous System 
Nina L. Kikel, Cody J. Smith 
University of Notre Dame, United States  
The intracardiac nervous system (ICNS) is essential for cardiovascular function. While the distribution 
pattern of ICNS neurons are known, the characterization of glia in the ICNS is poorly understood. To 
study the role of glia in the ICNS, we used a zebrafish model and confocal microscopy to examine 
expression of cardiac glia throughout layers of the ventricle and atrial walls in developing embryos 
and dissected adult hearts. We have identified consistent expression of glial fibrillary acidic protein 
(GFAP) throughout the heart, with initial expression of GFAP in an embryo beginning at 72 hours post 
fertilization (hpf) and maximum expression intensity peaking at 6 days post fertilization (dpf). When 
costained with HuCD and acetylated tubulin neuronal expression is localized around the GFAP-
positive cells but do not directly overlap, indicating that the GFAP+ cells are not neuronal precursor 
cells. Furthermore, antibody staining in an adult heart revealed several different mature GFAP-
positive cells based on morphological differences. Future research will examine co-expression of 
other glial markers in the heart, and will examine the critical roles of these cells in cardiovascular 
function. Research on glial cells in the ICNS is critical as glia may help to maintain neuronal activity 
and structure, thereby indirectly influencing heart rate and providing new insight on contributing 
factors to cardiovascular diseases. 
 

ID #12 An Experimental Design to Examine the Effects of Ambiguous Gravitational Cues on 
Development and Behavior of the Fruit Fly (Drosophila melanogaster) 
Crystal Ostrander, Gary Lange 
Saginaw Valley State University, USA  
A novel experimental design is described in which we plan to examine the effects of ambiguous 
gravitational forces on the development and behavior of the fruit fly. Fruit fly eggs will be oviposited 
into a variation of standard food media and held within standard, glass vials. These vials will slowly 
rotate three dimensionally. This three dimensional rotation will cause the environment that the eggs 
hatch and develop into to experience a continuously changing (ambiguous) gravitational force of 
normal Earth gravity which will be also experienced by the flies as they are oviposited. Ambiguous 
gravity is defined as the study of gravitational forces a 1.0g (normal Earth gravity), but with the force 
of gravity being applied to living organisms in constantly changing directions. The net effect of these 
directionally changing forces is novel and as yet unstudied in the fly. This approach to the study of 
gravity on developmental biology is novel on several levels and complements zero gravity research 
currently underway at the International Space Station as well as the array of Earth based studies 
examining the effects of normal gravity and hypergravity. Assessments of development in our work 
will focus on neuromuscular development, locomotor behavior, brain development and reproductive 
behavior. Data to be collected will span across various metamorphic stages of development including 
larval, pupal and adult forms of the fly. 
 

ID #14 A Tau Tubulin Kinase required for spermatogenesis and development of motile cilia in 
planarian flatworms 
Labib Rouhana, Robert Magley 
Wright State University, Dayton, OH 45435, United States  
Microtubules are molecular filaments that regulate eukaryotic cell shape, division, and migration.	 In 
neurons, the stability and architecture of these structures is supported by microtubule-associated 
proteins (MAPs) of the MAP2/Tau family.	 Phosphorylation by Tau Tubulin Kinases (TTBKs) decreases 
the affinity of MAP2/Tau proteins to microtubules, and hyper-phosphorylation is associated with 
neurodegenerative pathologies such as Alzheimer’s disease.	 In addition to neurons, expression of 
TTBKs is enriched in testicular tissue, but their relevance to reproductive processes is unknown.	 We 
identified six TTBK homologs in the genome of Schmidtea mediterranea (Smed-TTBK-a, -b, -c, -d, -e, and 
-f) and detected preferential expression in the planarian testes for all six.	 Inhibition of Smed-TTBK-d 



expression by RNA-interference (RNAi) lead to severe spermatogenesis defects, including loss of 
spermatozoa and spermatids. 	In the soma, Smed-TTBK-d RNAi impaired the structure and function of 
motile epidermal cilia that power planarian gliding, as well as the osmoregulatory function of 
protonephridia.	 Three planarian MAP2/Tau homologs were also identified (Smed-MAPT-L1, -L2, and -
L3).	 Smed-MAPT-L1 is expressed broadly in the soma, while Smed-MAPT-L2 and -L3 are preferentially 
expressed in testes.	 Altogether, these results demonstrate that TTBKs contribute to development of 
sperm and motile cilia.	 We hypothesize that MAP2/Tau protein phosphorylation by TTBKs provide a 
conserved mechanism to regulate meiotic progression during spermatogenesis. 
 

ID #16 Generating intravital super-resolution movies with conventional microscopy reveals actin 
dynamics that construct pioneer axons 
Yide Zhang1, Evan Nicholas2,3, Abigail Zellmer2, Cody Kankel4, Scott Howard1, Cody Smith2,3 
1Department of Electrical Engineering, University of Notre Dame, United States of America; 2Department of 
Biological Sciences, University of Notre Dame, United States of America; 3Center for Stem Cells and 
Regenerative Medicine, University of Notre Dame, United States of America; 4Center for Research 
Computing, University of Notre Dame, United States of America  
Super-resolution microscopy is quickly taking over the research field by allowing us to visualize 
cellular structure and protein organization. Unfortunately, traditional approaches to this imaging 
technique are limited by difficulties such as phototoxicity during longer-term imaging. Here, we 
present a combinatorial imaging technique that combines algorithm-based deconvolution with 
stepwise optical saturation microscopy (SOS) to create DeSOS processing. DeSOS allows cells to be 
imaged without altering their native environment. This approach is based around confocal and two-
photon microscopes, and thus requires no additional hardware. The functionality of DeSOS was first 
tested by imaging actin in the dorsal root ganglia (DRG) neurons of both fixed and living transgenic 
Lifeact-GFP zebrafish. The resolution improvement in the DRG alone led us to attempt time-lapse 
imaging. We showed that DeSOS processing can be performed on time-lapse movies to create super-
resolution imaging in vivo. DeSOS time-lapse movies revealed at least seven distinct actin 
populations in DRG axons. Of particular interest was the actin population identified as stable base 
clusters, which are responsible for the neurite branching that produces a single pioneer axon for 
spinal cord entry. Further, activation of Rac1 in DRG undergoing branching destabilizes the stable 
base clusters and disrupts pioneer axon formation. DeSOS provides a manner by which biologists can 
broaden our understanding of cellular and subcellular organization and activity in living animals to a 
much further degree than traditional microscopy allows without additional hardware. 
 

ID #18 Resetting the Epigenome During RPE Reprogramming Toward Retina Regeneration 
Andrew Fausey1, Emilio Bloch1, Agustin Luz-Madrigal1, Erika Grajales-Esquivel1, Jared Tangeman1,3, 
Sarah Kosse1, Lin Liu1, Kai Wang1, Chun Liang1, Panagiotis Tsonis2,5, Katia Del Rio-Tsonis1,4 
1Miami University, USA; 2University of Dayton, USA; 3Cell, Molecular, and Structural Biology Program at 
MIami University, USA; 4Center for Visual Sciences at Miami University, USA; 5Center for Tissue Regeneration 
and Engineering, University of Dayton TREND, USA  
The retina is a fragile tissue lining the posterior of the eye, and contains the photoreceptive cells 
necessary for light detection. Unlike humans, which are unable to regenerate retina following retina 
loss or injury, the embryonic chick is able to restore retina through reprogramming of cells of the 
retinal pigment epithelium (RPE) into neural progenitors. RPE reprogramming occurs during a small 
window of development, between embryonic day 4 and 4.5, after surgical removal of the retina and 
exposure of RPE to fibroblast growth factor 2 (FGF2). However, the epigenetic changes underlying 
RPE reprogramming have not been documented. We hypothesize that robust epigenetic changes, 
including 5-methylcytosine (5-mC) re-patterning and histone modifications, occur during RPE 
reprogramming. Interestingly, immunohistochemistry revealed a dynamic 5-mC and histone 
landscape 6 hours into the reprogramming process, highlighted by a striking global reduction in 5-
mC. Furthermore, these changes were found to persist 3 days following reprogramming. To further 
investigate these 5-mC changes, whole genome bisulfite sequencing (WGBS) of the RPE was 
performed following retina removal and FGF2 exposure. WGBS revealed differentially methylated 
regions at retina-associated genes, suggesting 5-mC regulation during the reprogramming process. 



These findings reveal a dynamic epigenetic landscape present during RPE reprogramming, 
characterized by robust 5-mC changes and histone modifications.  
 
 

ID #20 Differential requirements of tubulin genes in mammalian forebrain development 
Elizabeth Bittermann, Ryan Liegel, Chelsea Menke, Rolf Stottmann 
Cincinnati Children's Hospital Medical Center, United States  
Tubulin genes encode a series of homologous proteins used to construct microtubules which are 
essential for multiple cellular processes. Neural development is particularly reliant on functional 
microtubule structures. Tubulin genes comprise a large family of genes with very high sequence 
similarity between multiple family members. Human genetics has demonstrated that a large 
spectrum of cortical malformations results from de novo heterozygous mutations in tubulin genes. 
However, the absolute requirement for most of these genes in development and disease has not 
been previously tested in genetic, loss of function models.	 Here we present a novel pathogenic 
tubulin allele: a mouse ENU allele of Tuba1a. Furthermore, we directly test the requirement for 
Tuba1a, Tuba8, Tubb2a, and Tubb2b in the mouse by deleting each gene individually using CRISPR-
Cas9 genome editing. We show that loss of Tuba8, Tubb2a or Tubb2b does not lead to cortical 
malformation phenotypes or impair survival. In contrast, loss of Tuba1a is perinatal lethal and leads to 
significant forebrain dysmorphology. Thus, despite their functional similarity, the requirements for 
each of the tubulin genes and levels of functional redundancy are quite different throughout the gene 
family. 
 

ID #22 Congenital heart defects in an avian model of fetal alcohol spectrum disorder: Novel 
methods for capturing cardiovascular phenotypes  
Stephanie Ford1,3, Yehe Liu2, Meredith Broberg3, Jun KIm3, Andrew Rollins2, Michael Jenkins1,2, Michiko 
Watanabe1 
1Case Western Reserve University School of Medicine, USA; 2Case Western Reserve University School of 
Biomedical Engineering, USA; 3Rainbow Babies and Children's Hospital, USA  
Decades of public education regarding the dire consequences of prenatal alcohol exposure (PAE) has 
failed to reduce alcohol consumption during pregnancy. PAE can result in fetal alcohol spectrum 
disorder (FASD), which includes craniofacial dysmorphogenesis, neurobehavioral deficits, and cardiac 
defects. Recent reports reveal a high prevalence of FASD (≥1%) in North America, rivaling that of 
autism. 	Findings that alcohol disrupts neural crest cells (NCCs) may explain why individuals with 
FASD share characteristics with those with 22q11 deletion, yet there is little data on how these 
effects occur in FASD. 			  
 
We deployed our unique suite of biophotonic tools to interrogate a quail model of FASD in which 
craniofacial, cardiac and other defects resemble those of FASD individuals. Using optical coherence 
tomography (OCT) we revealed functional and structural defects of the cardiovascular system during 
cardiogenesis, some of which have not been described before.	 PAE increased regurgitant blood flow, 
which directly correlated to reduced endocardial cushion size and later abnormal atrioventricular 
valves and great vessels. 	More recently we introduced a novel OCT compatible imaging technique, 
one uniquely capable of high resolution blood vessel imaging, and discovered abnormal coronary 
microvasculature in the PAE model.	 We also detected that PAE alters NCC derived autonomic 
innervation of the embryonic heart. 	  
 
Our suite of tools has allowed rapid, quantitative, and thorough phenotyping of PAE consequences, 
and these tools are being deployed to identify compounds to prevent PAE induced CHDs.	 Alcohol 
alters the one-carbon cycle and methylation and promotes oxidative stress.	 Analysis of human 
buccal samples reveal signature DNA methylation changes in FASD individuals. Protecting NCCs by 
supplementation with methyl donors such as folic acid and betaine and anti-oxidants such as 
glutathione may ameliorate the effects of alcohol.	 
 

ID #24 Examining interactions between mutations in collagen and the immune system in Drosophila 
melanogaster 



Katharine Hubert, Brad Hersh 
Allegheny College, United States  
Collagen is a structural protein present in the extracellular matrix (ECM) and connective tissues. 
Individuals with collagen disorders, such as Ehlers-Danlos Syndrome (EDS), have multisystemic 
defects as a result of faulty collagen. In Drosophila melanogaster temperature-sensitive collagen 4a1 
(Col4a1) mutants exhibit muscle degradation, intestinal instability, and increased immune system 
activity. Though these defects are observed in both D. melanogaster and human collagen mutants, the 
developmental and physiological pathogenesis associated with the mutations remains unknown. 
Linking multisystemic defects together could aid in the understanding and diagnoses of collagen 
syndromes, such as EDS. We hypothesize that the increased immune response is a result of the 
presence of faulty collagen, and that this increased response contributes to the defects in 
musculoskeletal and digestive systems. We are examining intestinal integrity and actin organization 
in body wall and oviduct muscles in wild-type, collagen mutant, immune mutant, and double-mutant 
flies. If mutant collagen and the immune system interact genetically, then we expect that reduced 
immune activity in the double mutants may rescue muscle structure and intestinal integrity to the 
wild-type morphology. This project may establish a connection between the effects of collagen 
mutations on immune, digestive, and musculoskeletal systems. 
 

ID #26 Determining Pathogenesis of a Rare Pediatric Intellectual Disability and Progressive 
Microcephaly Syndrome 
Katherine Johnson1, Leen Schafer2, Gene Yeo2, Ashleigh Schaffer1 
1Case Western Reserve University, United States; 2University of California San Diego, United States  
Human mutations in nuclear proteins that regulate mRNA export have been shown to be causative 
for multiple rare pediatric intellectual disability and progressive microcephaly syndromes. This 
complex is known to facilitate nuclear to cytoplasmic mRNA export and the cellular processes of 
transcription elongation and genome stability; however, the function of each protein in the complex 
remains unknown. We aim to resolve the temporal and spatial expression of these proteins and 
determine their requirement during neurogenesis. We will also investigate the mechanism of disease 
for the known pathogenic human variants using in-vitro and in-vivo approaches.  
 
To determine protein expression during neurogenesis, we have developed a mouse model harboring a 
proximal V5 tag, which we will characterize in conjunction with brain specific cell-type markers to 
identify vulnerable cell types to loss of this complex during brain development. To test the 
requirement for these proteins during neurogenesis, we will characterize a knockout mouse model by 
assessing brain morphology and changes in proliferation, R-loop formation, and apoptosis. To create 
a cellular model to study the molecular mechanism of this syndrome,	 we have generated primary 
mouse neuronal progenitor cells lines from multiple V5/- and V5/+ embryos. Once we have validated 
the phenotypes we see in-vivo are also present in the in-vitro system, we will assess mRNA export 
by collecting whole cell lysate RNA, as well as nuclear and cytoplasmic fractions of RNA for 
sequencing. If mRNA export is defective in mutant cells, we predict we will see retention of 
cytoplasmic RNAs within the nucleus. Since this protein complex is also known to play a role in 
transcriptional elongation and splicing, we may observe changes in mRNA expression levels and 
splicing. Overall, we aim to characterize the role of this complex in brain development, as well as 
characterize the pathogenic mechanisms leading to pediatric brain disease. 
 

ID #28 Effects of Prenatal Alcohol Exposure on Innervation and Coronaries in the Developing Hear 
Nikhita Kumar1,2, Angela Zhe1,2, Yehe Liu1, Caitlyn Gillespie1, Stephanie Ford1, Jun Kim1, Amanda 
Herring1, Safdar Jawaid1, Michael Jenkins1, Andrew Rollins1, Michiko Watanabe1 
1Case Western Reserve University, United States; 2Hathaway Brown School, United States  
Fetal Alcohol Syndrome (FAS) occurs when a pregnant woman consumes alcohol. Prenatal alcohol 
consumption may cause abnormalities in the fetus, which may result from aberrations in neural crest 
cell biology. We hypothesize that these altered cardiac neural crest cells will cause abnormalities to 
their derivatives, the cardiac innervation and coronaries. Quail eggs were injected with alcohol to 
mimic a session of binge drinking early in pregnancy. One set of control eggs was injected with 
phosphate buffered saline to see if injections alone cause abnormalities, while another set of controls 



remained uninjected. The eggs were incubated for eight or twelve days, times after which the hearts 
have formed four chambers with autonomic innervation. To visualize the cardiac innervation and 
endothelial cells, surviving hearts were made permeable with detergent and immunostained with 
fluorescent antibodies. Neuron-specific tubulin (TUJ1) marked the innervation, and endothelial 
antibody (QH1) stained endothelial cells. Analysis of the abnormalities of the innervation was done by 
tracing each nerve and counting the ganglia. FIJI Image J, an image processing program, quantified the 
branching of the nerves. Analysis of day 8 hearts showed no significant difference in the innervation 
branching, and analysis of day 12 hearts revealed no significant difference in the ganglia numbers. 
Preliminary findings showed that splitting of the major nerve, the thoracic sympathetic cardiac 
branch, may differ between control and ethanol treated embryos, which will be analyzed in the 
future. Endothelial cell staining showed less staining for ethanol injection hearts and similar staining 
between no injection and PBS injection hearts. This may imply that coronary development will be 
stunted in ethanol injection hearts. The lack of significant differences between ethanol and control 
hearts may be due to natural variation in nerve pattern, and thus more embryos are required for 
further analysis.  
	 
 

ID #30 Fate map and cell tracking analyses of the anterior lateral plate mesoderm reveals tbx5a 
function in left/right asymmetry, cell specification, and heart looping morphogenesis. 
Lindsey Mao, Erin Boyle Anderson, Robert Ho 
University of Chicago, USA  
Cells of the anterior lateral plate mesoderm (ALPM) in zebrafish migrate beginning at 18 hpf and 
differentiate into several fates: cardiac mesoderm; the pericardial sac; pharyngeal arches and the 
peritoneum. Current literature provides information on how some of these organ fields become 
specified; however, no group has studied the development of the entire tissue at the onset of 
morphogenesis. In this study, we elucidate a single cell resolution fate map of the ALPM by 
fluorescently labeling and following single cells. We show that at 18 hpf, the ALPM is not organized 
into organ-specific regions but consists of completely overlapping regions of cell fate. Despite the 
lack of regionalization, we report that ALPM precursors contribute to the second heart field 
asymmetrically in number across the left-right axis—specifically that there are twice as many heart 
precursors arising from the right side than the left. The results of the fate map were not predicted 
considering previous ideas on the contribution of the second heart field (SHF) and morphogenesis of 
the leftward positioned heart tube. We have corroborated the result of asymmetric contribution of 
the SHF by time-lapse analyses of individual cell migrations combined with large-scale cell labeling of 
the ALPM. Furthermore, we have determined that the observed asymmetries are dependent upon 
Tbx5a expression. Mutants in tbx5a function exhibit defects in morphogenic events such as cardiac 
jogging and looping, and we hypothesize that fate map shifts within the 18 hpf ALPM are responsible 
for the tbx5a mutant heart phenotype. Aligned with this hypothesis, we find changes in organ 
composition and morphology as a result of fate shifts in the Tbx5a-deficient fate map. Our data 
implicate tbx5a function in the maintenance of cardiac left-right asymmetry and cell specification 
between different ALPM fates, which may contribute to jogging and looping morphogenesis in the 
developing heart. 
 

ID #32 Neural Progenitor Cell-Mediated Spatiotemporal Control of Spinal Cord Vascularization 
Ryota Matsuoka 
Lerner Research Institute, Cleveland Clinic, USA  
Vertebrate organogenesis requires tight coordination of cell proliferation, differentiation and 
migration, along with the formation of blood vessels. Controlled vascularization is a key process for 
organ morphogenesis, whereas uncontrolled vascularization resulting in insufficient or excessive 
vasculature contributes to numerous human diseases. However, little is known about how individual 
organs establish unique vascular patterns adapted for their specific function in a spatiotemporally 
coordinated manner. Here we show that central nervous system-resident progenitors, referred to as 
radial glia, act sequentially as negative, then positive, regulators of angiogenesis to direct spatially 
and temporally controlled vascularization of the developing spinal cord in zebrafish. Intriguingly, we 
found that radial glia selectively limit overgrowth of venous vasculature as negative regulators at 



embryonic stages, while they promote arterial vessel formation as positive regulators at later larval 
stages. We further found that these bifunctional angiogenic actions of radial glia are key to 
determining the stereotypical spatiotemporal vascular patterning during spinal cord morphogenesis. 
Mechanistically, we showed that radial glia control these distinct vascular processes via the negative 
and positive regulation of Vegfa/Vegfr2 signaling; radial glia ensure the soluble Vegf decoy receptor, 
sFlt1, functioning in endothelial cells to limit the venous overgrowth, whereas Vegfab derived from 
radial glia promotes the arterial formation. Collectively, our findings identified neural progenitors as 
key angiogenic regulators that mediate the spatiotemporal control of spinal cord vascular 
development, providing new insights into organ-specific mechanisms of controlled vascular growth 
and morphogenesis. 
 

ID #34 Fibrillin-2 proteolysis by Adamts6 is essential for cardiac and limb development 
Timothy Mead1, Cagri Gulec2, Deiter Reinhardt3, Cecilia Lo2, Suneel Apte1 
1Cleveland Clinic Lerner Research Institute, USA; 2University of Pittsburgh School of Medicine, USA; 3McGill 
University, CAN  
ADAMTS6 belongs to a family of secreted metalloproteases that mediate proteolytic processing of 
several extracellular matrix (ECM) components. However, its role in embryonic development and its 
specific substrates have yet to be unequivocally identified. Adamts6 is expressed in the cardiac 
outflow tract, atrioventricular valves and myocardium as well as in the perichondrium of 
endochondral bones of the mouse embryo. Adamts6 mutant embryos (Adamts6-/-) died prenatally 
with congenital heart defects comprising double outlet right ventricle, ventricular and atrioventricular 
septal defect, defective craniofacial development consisting of cleft palate and micrognathia and a 
hindlimb clubfoot-like phenotype. ADAMTS6 is most homologous to ADAMTS10, which is widely 
expressed throughout the embryo, but Adamts10-/- mice are viable and do not show a major external 
phenotype. We generated Adamts6-/-;Adamts10-/- double knockout embryos identifying more severe 
defects than in either single knockout and additional malformations including shortened forelimbs 
and cutaneous hemorrhage, which illustrates ADAMTS6 and ADAMTS10 cooperation during 
development. Fibrillin-2, a microfibril-forming ECM glycoprotein that is a major component of 
connective tissue microfibrils accumulates in the Adamts6-/- outflow tract and the perichondrium of 
the developing limbs. We show that fibrillin-2 is a novel ADAMTS6 substrate. Furthermore, Fbn2 
haploinsufficiency in Adamts6-/- embryos restored near normal embryonic morphology. Together, 
these findings suggest that ADAMTS6 is principally required for fibrillin-2 turnover during cardiac and 
limb development with potential effects on fibrillin-2-mediated control of growth factors, such as of 
the TGFß superfamily. 
 

ID #36 A Surface Analysis Pipeline for Visualizing and Quantifying Gene Expression in Early Xenopus 
Embryos. 
Andrew Montequin, Madhav Mani, Carole LaBonne 
Northwestern University, United States  
Studies using Xenopus embryos have provided important insights into the basic regulatory principles 
underlying development, including those related to the formation of the neural crest and other 
vertebrate-specific cell types. The abundant large eggs and ease of genetic manipulations have been 
powerful tools for researchers over many decades. However, fluorescence microscopy techniques 
that have proven to be of great value in other model organisms have been challenging to adapt for 
uses in Xenopus embryos. The spherical shape of pre-tailbud embryos can lead to slight differences in 
mounting angles across experiments, and morphological features such as the neural fold tend to 
distort maximum intensity projections that are commonly used to represent three-dimensional 
confocal microscopy data. Here we present an image analysis pipeline to computationally detect the 
surface of Xenopus embryos in three dimensions and map it to a two-dimensional disk such that 
distances from a user selected center point are preserved. This can be done with little distortion of 
the overall morphology, paving the way for more quantitative measurements of fluorescence 
intensities to be made. 
 

ID #38 Investigating the Nature of the “Pioneer” Neuron Leading FBMN Migration through the 
Zebrafish Hindbrain 



Sweta Narayan, Anastasia Beiriger, Dr. Victoria Prince 
The University of Chicago, United States of America  
Complex neural circuits in the vertebrate hindbrain are established in part by embryonic neuronal 
migration, a process in which neurons relocate from their initial birthplace to their final location. In 
zebrafish, the facial branchiomotor neurons (FBMNs), a well-conserved group of neurons which 
contribute to the motor component of the seventh cranial nerve, originate in rhombomere (r)4 of the 
hindbrain and subsequently migrate caudally towards r6/7. Previous studies have indicated that 
FBMN migration in zebrafish is led by a pair of bilateral pioneer neurons, the first neurons to exit r4. 
Ablation of pioneers prevents migration of follower neurons out of r5. Separately, retrograde labeling 
has shown that the rostral and caudal efferent neurons (RENs and CENs) of the posterior lateral line 
(PLL) migrate caudally between r4 and r7 at approximately the same time as the FBMNs. The goal of 
this study was to investigate the relative positions of pioneers and PLL neurons in the hindbrain over 
time, and to determine whether the pioneers might be RENs or CENs rather than FBMNs. Single-cell 
photoconversions were conducted in transgenic embryos expressing the membrane-localized 
photoconvertible protein KAEDE in cranial BMNs. Photoconverted embryos were imaged at 48 hours 
post fertilization (hpf) using confocal microscopy, and the morphology of converted cells’ trailing 
axons was used as an indicator of cell identity. A mixed population of FBMNs and CENs was found 
leading caudal migration when conversions were conducted between 18 and 24 hpf. However, when 
conversions were conducted solely while the leading cell was in r5, converted neurons exhibited 
trailing axons that exit the brain in r4. Together, these results seem to eliminate the possibility of 
pioneers being CENs, which send their axons out of the hindbrain in r6. The results do not fully 
eliminate the possibility of pioneers being RENs, which extend their axons into r4 with the main 
fascicle of the FBMNs. 
 

ID #40 The role of AQP-1 in chick neural crest motility 
Jessica Teddy, Cathy McKinney, Rebecca McLennan, Paul Kulesa 
Stowers Institute for Medical Research, USA  
Neural crest cells migrate dynamically throughout the vertebrate embryo and form discrete streams 
to reach peripheral targets.	 What has remained unclear is how neural crest cells so efficiently invade 
dense extracellular matrix and loosely connected mesoderm within the embryonic microenvironment 
through which cells travel.	 We have identified aquaporin1 (AQP-1), a water channel protein, as highly 
expressed by invasive chick cranial neural crest cells (NCC).	 By fluorescently marking premigratory 
cranial neural crest cells and altering AQP-1 function, we show cell behaviors and invasion patterns 
are altered both in vitro and in vivo.	 I will present quantitative analyses of these data, including 
changes in cell speed, direction and invasion patterns that support a critical role for AQP-1.	 
 

ID #42 Reciprocal antagonism between Ppargc1a and Sim1a regulates boundary formation of renal 
progenitors during zebrafish pronephros development 
Joseph M. Chambers, Shahram Jevin Poureetezadi, Rebecca Wingert 
University of Notre Dame, USA  
The genetic and molecular mechanisms that regulate nephron segment patterning during kidney 
development are not fully understood. Through a bioactive small molecule chemical genetic screen, 
we discovered that peroxisome proliferator-activated receptor (PPAR) signaling is essential for 
pronephros segmentation in zebrafish. Next, we found that the co-activator, which binds activated 
PPARs to regulate transcription of target genes, is dynamically expressed in renal progenitors and is 
requisite for segmentation.	ppargc1a13186-/-	mutants with a T->A substitution that results in a putative 
null allele have a reduced distal tubule segment and increased proximal tubule domain, which was 
recapitulated in subsequent knockdown studies and rescued with overexpression. 
Further,	ppargc1a	acts to promote	tbx2b, a transcription factor necessary for proper formation of the 
distal segment. Interestingly,	ppargc1a13186-/- have an expanded	sim1a	domain, a transcription factor 
which is thought to regulate proximal segments. Conversely,	ppargc1a	expression was expanded 
in	sim1a	deficient embryos. This data suggests a negative regulation between the two factors. To test 
this interaction, we examined the proximal straight tubule domain in deficient, deficient, and doubly 
deficient embryos. While the loss of	sim1a	resulted in an abrogated proximal straight tubule, loss 
of	ppargc1a	resulted in expanded proximal straight tubule, but loss of both factors results in a 



completely restored segment boundary. Taken together, this data strongly suggests that Ppargc1a 
and Sim1a act to counterbalance each other in an antagonistic fashion that is necessary for proper 
nephron segment boundary formation. These findings reveal for the first time how a layer of 
redundancy within the mechanism of segment boundary delineation is used to mitigate segment 
formation. Thus, these studies have discovered a useful paradigm to advance our understanding of 
nephron segmentation mechanisms. 
 

ID #44 Effects of Prenatal Alcohol Exposure on Innervation and Coronaries in the Developing Heart 
Angela Zhu1,2, Nikhita Kumar1,2, Yehe Liu1, Caitlyn Gillespie1, Stephanie Ford1, Jun Kim1, Amanda 
Herring1, Safdar Jawaid1, Michael Jenkins1, Andrew Rollins1, Michiko Watanabe1 
1Case Western Reserve University, United States; 2Hathaway Brown School, United States  
Fetal Alcohol Syndrome (FAS) occurs when a pregnant woman consumes alcohol. Prenatal alcohol 
consumption may cause abnormalities in the fetus, which may result from aberrations in neural crest 
cell biology. We hypothesize that these altered cardiac neural crest cells will cause abnormalities to 
their derivatives, the cardiac innervation and coronaries. Quail eggs were injected with alcohol to 
mimic a session of binge drinking early in pregnancy. One set of control eggs was injected with 
phosphate buffered saline to see if injections alone cause abnormalities, while another set of controls 
remained uninjected. The eggs were incubated for eight or twelve days, times after which the hearts 
have formed four chambers with autonomic innervation. To visualize the cardiac innervation and 
endothelial cells, surviving hearts were made permeable with detergent and immunostained with 
fluorescent antibodies. Neuron-specific tubulin (TUJ1) marked the innervation, and endothelial 
antibody (QH1) stained endothelial cells. Analysis of the abnormalities of the innervation was done by 
tracing each nerve and counting the ganglia. FIJI Image J, an image processing program, quantified the 
branching of the nerves. Analysis of day 8 hearts showed no significant difference in the innervation 
branching, and analysis of day 12 hearts revealed no significant difference in the ganglia numbers. 
Preliminary findings showed that splitting of the major nerve, the thoracic sympathetic cardiac 
branch, may differ between control and ethanol treated embryos, which will be analyzed in the 
future. Endothelial cell staining showed less staining for ethanol injection hearts and similar staining 
between no injection and PBS injection hearts. This may imply that coronary development will be 
stunted in ethanol injection hearts. The lack of significant differences between ethanol and control 
hearts may be due to natural variation in nerve pattern, and thus more embryos are required for 
further analysis. 
 

ID #46 Understanding Cajal’s battering ram: Invadosomes mediate dorsal root ganglia primary axon 
entry at the DREZ and induce somatosensory nerve assembly 
Evan Nichols, Cody Smith 
University of Notre Dame, United States  
During development, pioneer axons must traverse complex molecular environments to generate 
reproducible neuronal circuits. Pioneer sensory axons of the dorsal root ganglia (DRG) face an 
additional challenge of having to cross a coherent cellular barrier to enter the spinal cord at the dorsal 
root entry zone (DREZ). Ramon y Cajal originally described the appearance of a “battering ram” in DRG 
pioneer axons at the DREZ. However, over time this hypothesis has largely been replaced following 
the description of boundary cap cells. We test these hypotheses using time-lapse imaging in 
zebrafish to visualize pioneer axon navigation and crossing of the glia limitans. We first demonstrate 
that DRG pioneer axon entry occurs before the arrival of boundary cap cells at the DREZ. There, the 
axon stalls, allowing for the formation of basally projecting actin structures and for accumulation of 
cytosolic vesicles – the two components of invadosomes. Both axonal stalling and invadosome 
formation correspond with rearrangement of the glia limitans. Inhibition of any of these invasion 
components results in failed axon entry and failed axonal ensheathment by glial progenitors. Further, 
preliminary data suggests that recapitulating invadosome formation can promote axon re-entry into 
the spinal cord in a dorsal root avulsion model. These data support Cajal’s battering ram model of 
DRG axon entry into the spinal cord in the form of invadopodia and membrane vesicles to traverse 
the glia limitans in both development and regeneration. 
 



ID #48 Exploring the role of Gene Expression Heterogeneity in Developmental State Transitions 
Sara Rigney 
Northwestern University, USA  
The evolutionary transition from simple chordate body plans to complex vertebrate body plans was 
driven by the acquisition of the Neural Crest, a unique stem cell population that retains broad, multi-
germ layer developmental potential long after most cells have become lineage restricted. We recently 
proposed a recised model for neural crest cell formation that posits that retention of regulatory 
features characteristic of pluripotent blastula cells underlies evolution of the neural crest. 
Pluripotency of blastula stem cells and neural crest cells is controlled by a gene regulatory network of 
transcription factors and co-factors subject to signaling pathway regulatory cues.	 Recent studies in 
cultured ES cells have suggested that heterogeneous expression of some pluripotency factors, such 
as Nanog, could play an important regulatory role in cell fate decisions. We recently observed that 
pluripotent cells explanted from Xenopus embryos exhibit dramatic and heterogeneous responses to 
inhibition of some epigenetic pathways. We hypothesized key pluripotency factors might also display 
heterogeneous expression during normal development, but methods for visualizing and analyzing 
those differences were limited in this system. Accordingly, we have developed and optimized 
protocols for immunofluorescence, confocal microscopy, and quantitative image analysis that allow 
the study of these differences at single cell level in embryos and explants.	 Here we present data 
showing that in Xenopus embryos, both pluripotent blastula cells and neural crest cells exhibit 
heterogeneity in the expression of some key potency factors. We are using these methods to test the 
hypothesis that heterogeneity in the expression of key pluripotency factors may play a role in how 
cells navigate the landscape of developmental state transitions.	 
 

ID #50 Stem Cells, Gene Regulatory Networks and the Evolution of Vertebrates 
Kyle Siegel, Anjali Rao, Lauren Geary, Carole LaBonne 
Department of Molecular Biosciences, Northwestern University, USA  
The neural crest is a transient stem cell population that gives rise to a broad and diverse set of 
derivatives in vertebrate embryos, including parts of the craniofacial skeleton, melanocytes, and the 
peripheral nervous system. Neural crest cells may have evolved via retention of aspects of the gene 
regulatory network that underlies pluripotency in naïve blastula cells. To further delineate shared and 
distinct features of neural crest cells and pluripotent blastula cells, we have been examining the roles 
that key signaling pathways, transcription factors, and epigenetic mechanisms play in these two cell 
types. 	Here we highlight a number of shared characteristics including a role for FGF-mediated Map 
kinase signaling in the maintenance of pluripotency, and a requirement that Akt signaling be kept low 
to prevent exit from pluripotency. We further show that both pluripotent blastula cells and neural 
crest cells exhibit low levels of histone acetylation, and demonstrate that HDAC activity is essential 
for maintaining this state. When HDAC activity is inhibited in explants of pluripotent cells, they lose 
expression of pluripotency factors and show aberrant and premature expression of markers of 
multiple lineage states.	 Finally, we discuss other signaling pathways and epigenetic factors that 
might play shared roles in neural crest cells and naïve blastula cells. 
 

ID #52 Ttc21b Genetically Interacts with Bbs7 and Bbs10 in Mice 
Zakia Abdelhamed, David Paulding, Rolf Stottmann 
Cincinnati Children's Hospital Medical Center, USA  
Ciliopathies are disorders of the primary cilia and characterized by marked phenotypic variability 
that can be attributed to genetic heterogeneity and/or modifier alleles in ciliopathy patients. 
TTC21B is most commonly mutated gene in ciliopathies with homozygous variants sufficient to 
cause NPHP12 and JATD4 syndromes, while heterozygous variants were found to modify the 
ciliopathy phenotypes in BBS7 and BBS10 mutant patients indicating a possible genetic interaction 
between TTC21B and BBS7/BBS10. To test this association in a model organism and understand the 
underlying molecular mechanism(s) that could explain varying phenotypes in ciliopathies, we 
crossed Ttc21balien mutant mice with null alleles for Bbs7 and Bbs10. The alien mouse is a null 
mutant for Ttc21b and develops embryonic lethal malformations recapitulating phenotypes of 
severe human ciliopathies. TTC21alien/alien;Bbs7-/- and TTC21alien/alien;Bbs10-/- double mutant animals 
develop fully penetrant polydactyly, exencephaly, and cranio-facial anomalies. They also developed 



other anomalies not seen in any single mutant alone. The primary cilia in the Ttc21balien/alien and 
TTC21alien/alien;Bbs10-/- 	mouse embryonic fibroblasts (MEFs) were shorter and reduced in number 
when compared to control while the TTC21alien/alien;Bbs7-/- double homozygous mutants completely 
lack any cilia. Consistent with the ciliogenesis defect, the double mutant cells showed disrupted 
response to Wnt and Shh signaling stimulation as indicated by abnormal Axin2 levels and disturbed 
GLI3A/GLI3R ratio, respectively. GLI1 was absent from nuclear extracts of the Ttc21balien/alienand both 
of the double mutant lines. Collectively, our data indicate that double mutations in Ttc21b; Bbs7 as 
well asTtc21b; Bbs10 modified and caused more severe anatomical and molecular phenotypic 
abnormalities than seen in each single mutant. This provided further evidence that these alleles 
may interact to affect the severity of ciliopathic phenotypes. 
 

ID #54 Fringe Glycosylation of Delta-like Ligands as a Mechanism to Regulate Oscillatory Notch 
Activity in the Segmentation Clock 
M. Skye Bochter1, Shinako Kakuda2, Robert Haltiwanger3, Susan Cole1 
1The Ohio State University, USA; 2Stoney Brook University, USA; 3University of Georgia, USA  
During vertebrate development the precursors of the segmented axial skeleton, called somites, form 
in a periodic manner, timed by a molecular clock called the segmentation clock. Notch activation in 
the clock is oscillatory, and the period of these oscillations matches the rate of somite formation. In 
mice, oscillatory Notch activation is regulated by the inhibitory ligand Delta-like3 (Dll3) 
andrequiresoscillatory expression of both the activating ligand Delta-like1 (Dll1) and the 
glycosyltransferase Lunatic Fringe (Lfng). The best described activity of LFNG is the glycosylation the 
Notch receptor, potentiating activation by DLL1. Examining Notch activation in embryos lacking Lfng 
we find the activation domain is expanded, suggesting that LFNGacts as a Notch inhibitor in the 
segmentation clock. In embryos lacking the inhibitory Dll3 we find that Notch activation in the clock is 
lost, suggesting Dll3, paradoxically, is required for robust Notch activation. When we examine Notch 
activation in Lfng;Dll3 double mutants, the loss of Dll3 appears to be epistatic to the loss of Lfng, 
suggesting that LFNG may act through DLL3 to modulate Notch signaling in the segmentation clock. 
We see that the levels of ligand and receptor expression are unchanged in the mutants, suggesting 
that the changes affecting Notch activation are post-transcriptional. By mass spectroscopy, we 
identified specific EGF-like repeats in the DLL1 and DLL3 extracellular domains to be efficiently 
glycosylated by LFNG, suggesting ligand glycosylation as a novel regulatory mechanism of Notch. Our 
findings here support a novel potential mechanism by which Dll3 and Lfng interact to modulate the 
temporal and spatial regulation Notch signaling during segmentation. Current work is testing a model 
where DLL1 and DLL3 glycosylation by LFNG could influence the strength of protein:protein 
interactions, altering ligand surface presentation and/or availability for active signaling thus 
regulating Notch activation. 
 

ID #56 Distinct regulatory programs control ascending and descending 5-HT axonal architecture 
Lauren J. Donovan, Evan S. Deneris 
Case Western Reserve University, United States  
Serotonin appears to modulate nearly all neural circuitry in the vertebrate CNS. 5HT neurons generate 
two highly ramified topographically organized axonal subsystems, ascending and descending, that 
delivers the transmitter throughout the brain and spinal cord, respectively, to influence numerous 
behavioral and physiological processes. Surprisingly, the intrinsic regulatory programs that enable the 
exuberant axonal growth of developing 5HT neurons is unknown. The LIM-homeodomain 
transcription factor, Lmx1b, is a key intrinsic regulator of 5HT neuron terminal differentiation through 
its activation of genes encoding 5HT synthesis, reuptake, and vesicular transport. Notably, Lmx1b 
expression continues in all 5HT neurons throughout postnatal maturation during which 5HT neurons 
build their axonal architectures. Its ongoing expression led us to hypothesize that Lmx1b regulates 
other genes responsible for 5HT axonogenesis. To investigate this, we generated conditionally 
targeted mice (Lmx1bfl/fl;ePet- Cre;Ai9; Lmx1bCKO) by crossing Lmx1bflox/flox mice with transgenic mice 
expressing Cre recombinase specifically in newborn 5HT neurons and mice carrying the Ai9 reporter 
to label 5HT axons with TdTomato. Strikingly, despite normal numbers of 5HT cell bodies, the spinal 
cord of Lmx1bCKOmice was nearly devoid of TdTomato+axons from cervical to lumbar levels. Moreover, 
5HT terminal fields in the forebrain of Lmx1bCKOmice revealed nearly complete absence of 



TdTomato+axons in the hippocampus, cortex, and olfactory bulbs. Lmx1bCKO axons are detected in the 
medial forebrain bundle between E12-E15 but they abruptly stop and fail to route to various 
forebrain structures. To define the Lmx1b regulated axonal transcriptome that governs serotonergic 
axonogenesis we are performing RNA-seq analyses with flow sorted Lmx1bCKOvs. Lmx1bCONascending 
and descending 5HT neurons. These studies will solve a major long-standing gap in understanding 
how the 5HT transmitter system is generated. 
 

ID #58 Investigating the Epigenetic Mechanisms Underlying Motor Neuron Diversity in C. Elegans 
Surabhi Hoover 
University of Chicago, USA  
Within the nervous system, there are multiple groups of neuron types classified based on 
morphological and molecular features. To understand how this diversity is generated, we study the 
development and diversification of motor neuron classes in the nematode Caenorhabditis elegans. 
There has been extensive research studying sex-shared motor neuron classes (SAB, DA, DB, VA, VB, 
AS, DD, VD), but limited research studying hermaphrodite-specific (VC) and male-specific motor 
neurons (CA, CP).  
 
	To understand the genetic programs underlying VC motor neuron (MN) development, I performed 
multiple genetic crosses between animals containing VC markers and animals with mutations on 
trancription factors and chromatin factors. The first mutated strain contains a deletion mutation in 
unc-3, a conserved transcription factor that has been shown to repress the expression of VC MN 
markers. The other mutated strain has a double mutation in the C. elegans histone 
methlytransferases MET-2 and SET-25. These two mutant strains were crossed with markers 
tagging specific VC neurons, mab-5::gfp, and general VC markers, hlh-10::gfp and ida-1::gfp. The 
results of these crosses will provide critical insights of VC MN development, thereby advancing our 
understanding of how neuronal diversity is generated. 
 

ID #60 Mutations in protocadherins impact neural circuit assembly 
Sarah Light 
The Ohio State University, USA  
Protocadherins (pcdhs) belong to a diverse family of cell adhesion molecules that are involved in a 
variety of developmental processes including neurogenesis, cell migration, and axon 
outgrowth.	 Mutations in various pcdhs are associated with neuro-developmental diseases in human 
patients including autism spectrum disorders, schizophrenia, and epilepsy. Our lab has previously 
shown that pcdhs are expressed extensively in the developing nervous system. In particular, they 
define neuronal columns in the zebrafish optic tectum that originate from single progenitors and may 
represent local signaling units. Pcdh mutations disrupt neuronal architecture and impair visually 
guided behaviors in zebrafish larvae. To explore the impact of pcdh loss on neural function, we 
performed	in vivo	two-photon whole-brain calcium imaging of wild type (WT),	pcdh19	mutant 
(pcdh19-/-), and	pcdh1a	mutant (pcdh1a-/-) larvae during the critical period of circuit assembly. Pcdh 
mutant larvae display significant differences in global network topology and activity patterns as 
compared to WT, although they do not have overt morphological phenotypes. These results suggest 
that the overall neuronal architecture and connectome of these mutants, as well as their 
developmental trajectories, are altered. In ongoing work, we are investigating signaling mechanisms 
downstream of pcdhs that may underlie these network development phenotypes. Our long-term 
goals are to determine the molecular and cellular mechanisms of pcdhs in order to better understand 
how they guide circuit development and how their loss of function leads to disease. 
 

ID #62 Transcriptional Co-factor Jab1 is Vital for Mouse Chondrocyte Differentiation 
Murali Mamidi, William Samsa, Ricky Chan, Guang Zhou 
Case Western Reserve University, USA  
Evolutionarily conserved transcriptional co-factor Jab1 regulates cell proliferation, differentiation, and 
apoptosis by modulating various transcription factors. We previously reported that the chondrocyte-
specific deletion of Jab1 in mice, Col2a1-Cre+; Jab1flox/flox mice, displayed a lethal chondrodysplasia 
phenotype at birth. Jab1-deficient chondrocytes displayed increased apoptosis, accelerated 
chondrocyte hypertrophy, G2 phase cell cycle arrest, and increased BMP response. To further identify 



Jab1 downstream targets, we performed in-depth analysis of Col2a1-Cre+; Jab1flox/floxmouse 
chondrocytes. Immunoprecipitation demonstrated that endogenous Jab1 interacts with endogenous 
Smad1/5, but not with endogenous Smad2/3 and Smad7. Interestingly, the small molecule inhibitor 
of type I BMP receptor, LDN-193189, can partially block the increased BMP signalling in Jab1 
conditional knockout (cKO) chondrocytes. Indeed, although Jab1 did not directly interact with a key 
type I BMP receptor Acvr1, the interaction between Smad1/5 and Acvr1 was significantly increased in 
Jab1-deficient chondrocytes. Thus, Jab1 might negatively regulate BMP signalling during chondrocyte 
differentiation in part by sequestering Smad1/5 from Acvr1. RNA-Seq analysis of Jab1 cKO 
chondrocytes showed 1993 significantly differentially expressed genes (1060 up and 933 down). 
Moreover, gene set enrichment analysis revealed that Jab1 regulates essential developmental 
pathways, such as p53, BMP/TGF-β, and apoptosis. A reporter assay confirmed enhanced p53 
reporter activity in Jab1 cKO chondrocytes. ChIP-qPCR showed that Jab1 directly regulates key 
cartilage-specific enhancer elements in the Col2a1 and Aggrecan genes. We are currently testing 
whether p53 inhibitor, Pifithrin-α, can rescue the chondrodysplasia phenotype in Jab1 deleted 
chondrocytes. In conclusion, our data shows that Jab1 acts as a transcriptional co-factor that 
interacts with key developmental pathways to control chondrocyte differentiation. 
 

ID #64 Characterizing the Role of Interferon Gamma in Glial Ensheathment  
Robert Gallant, Julia Nebiolo 
University of Notre Dame, United States  
AFFILIATION: (1) Department of Electrical Engineering, (2) Department of Biological Sciences. (3) 
Center for Stem Cells and Regenerative Medicine. University of Notre Dame, Notre Dame IN.  
The somatosensory nerve traverses both the peripheral nervous system (PNS) and the central 
nervous system (CNS) to relay sensory information to the brain. For efficient movement of this 
information, distinct glial cells ensheath axons of the CNS and PNS. Unfortunately, our understanding 
of how these domains are organized remains elusive. To fill this gap, we investigated the assembly of 
the dorsal root entry zone (DREZ), where peripheral sensory axons enter the CNS through the spinal 
cord in zebrafish. After pioneer sensory axons enter the spinal cord, they upregulate tnf-a to activate 
ensheathment by glial progenitors around 3 days post fertilization (dpf). To identify additional 
molecular determinants of DREZ formation and the ensuing glial ensheathment, we used CRISPR 
mutagenesis to target genes known to upregulate tnf-a. This screen identified ifny1-2 as a potential 
Schwann cell determinant. By using transgenesis and fluorescence microscopy to visualize GFP 
expression in Dorsal Root Ganglia (DRG) in ifny1-2 mutants, we showed that DRG in the mutant 
zebrafish failed to express tnf-a at 3 days post fertilization. Further screening revealed the infy1-2 
receptor crfb17 as a candidate molecule and downstream component stat3. Using pharmacological 
inhibition of Stat-3 we reveal a lack of GFP tnf-a expression at the DRG. This evidence suggests that 
injury molecules such as infy1-2 function as glial determinants during early development. 
 

ID #66 The PPAR cofactor Zfp407 is required for early embryonic mouse development 
Simran Patwa1, Alyssa Charrier2, David Buchner2,3 
1Hathaway Brown School, United States; 2Department of Genetics and Genome Sciences at Case Western 
Reserve University, United States; 3Department of Biochemistry at Case Western Reserve University, United 
States  
PPARgamma is a nuclear receptor transcription factor that is critical for maintaining insulin sensitivity 
and is the target of the most potent FDA approved class of insulin sensitizing drugs, 
thiazolidinediones. Zfp407 is a PPARgamma cofactor that directly interacts with the 
PPARgamma/RXR protein complex to enhance its transcriptional activity in adipocytes and has been 
shown to regulate the activity of the other PPAR family members, PPARalpha and PPARdelta, that 
are more widely expressed. While Zfp407 is widely expressed, its role during development	is not 
known. To determine the role of Zfp407 during development, we generated a knockout mouse that 
lacked Zfp407. Zfp407 deficiency resulting in early embryonic lethality, prior to embryonic day e4.5. 
Further work will be required to determine the cellular basis of embryonic lethality and whether the 
role of Zfp407 during development is mediated by its regulation of the PPAR family or via another 
unknown function.	 
 



ID #68 Inducible Factor- ß coordinates sprouting angiogenesis 
Diana Ramirez-Bergeron 

Case Western Reserve University, United States 
Infants with retinopathy of prematurity (ROP), a major cause of acquired blindness in children, show 
pathological retinal vascular development induced by the early exposure to ambient oxygen (21% O2). 
Normal retinal vascular development occurring via sprouting angiogenesis is tightly regulated by Vascular 
Endothelial Growth Factor A [(VEGF), tyrosine kinase receptor Flk-1 (VEGFR2), decoy receptor Flt-1 
(VEGFR1)] and Notch [receptors, ligands Jagged-1 (Jag1) and Delta-like 4 (Dll4)] signals to guide and specify 
sprouting endothelial cells (ECs) into tip or stalk cells. In response changes in O2 tension, growth of vessels is 
transduced by Hypoxia Inducible Factors [HIF- α subunits and their required heterodimeric partner aryl 
hydrocarbon receptor nuclear translocator (ARNT, HIF-1β)]. HIF-α subunits also interact, stabilize, and 
promote the activity of intracellular Notch-1 (ICN). Thus, we predict that the O2 sensing HIF-α subunits direct 
EC sprouting through distinct signals via its interactions with HIF-1β and ICN. In contrast to reported models 
of Notch inhibition that lead to increased vessel sprouting, endothelial inhibition of canonical HIF-1 [HIF-1βf/f 

Vecad-Cre ER2(Hif-1βΔiEC)] indicates significantly reduced vascularized areas in retinas from day 5 mouse 
pups. Further analysis of the Hif-1βΔiEC retinal vasculature shows decreased tip EC numbers and filopodia at 
the front, reduced branch points posteriorly, and misexpression of Notch- ligand Dll4. While ECs cultured 
under 2% O2 levels differentially modulates the expression of Notch and VEGF signaling molecules, Hif-1β KO 
EC cultures show altered transcriptional expression. Interestingly, 2% O2 culture conditions induces the 
expression of Dll4 yet has no effect on Jag1. Moreover, stimulation of control ECs with Dll4 increases while 
Jag1 decreasesICN’s transcriptional Hrt-2 target while overall Hrt-2 levels are reduced in Hif-1β KO ECs. 
Thus, HIF is critical in orchestrating retinal sprouting angiogenesis. 
 

ID #70 Dual Roles for Polycomb Repressive Complex 2 in skin development 
Venkata Thulabandu, Radhika Atit 
Case Western Reserve University, USA 
Skin develops from two different tissues: the epidermis and the dermis. Dermis consists of at least 
three types of heterogeneous fibroblast populations, including papillary fibroblasts, reticular 
fibroblasts and dermal papilla cells. Wnt/β-Catenin signaling plays a crucial role in regulating early 
dermal differentiation and achieving heterogeneity in dermal fibroblasts. Many mediators of this 
pathway are targets of Polycomb Repressive Complex 2 (PRC2) which silences genes by tri-
methylating lysine27 on histone3 (H3K27me3). H3K27me3 is present in embryonic dermal 
fibroblasts throughout development, suggesting the presence of PRC2 activity. PRC2 has been 
previously shown to regulate epidermal stem cell differentiation cell-autonomously and germ cell 
differentiation non-cell-autonomously. The precise role of PRC2 in dermal development is unclear. 
Thus, we hypothesize that dermal PRC2 is required to suppress Wnt/β-Catenin signaling through 
direct repression of Wnts and thereby regulate early dermal differentiation.To address this question, 
we conditionally ablated PRC2’s enzymatic component, Ezh2, in the dermal precursors. Our 
preliminary data show that dermal deletion of Ezh2 leads to 1) expansion of dermis, 2) increase in the 
number of Wnt responsive dermal fibroblasts 3) increase in the number of dermal fibroblast 
progenitors 4) but does not alter dermal fibroblast heterogeneity. Also, in a non-cell-autonomous 
manner, the dermal Ezh2 mutant mice consistently exhibit epidermal hyperplasia as seen in mice 
with exogenous retinoic acid application. To test if dysregulation of retinoic acid signaling caused 
epidermal hyperplasia in dermal Ezh2 mutant mice, we orally administered BMS453, a RARα and 
RARγ antagonist, which rescued the hyperplasia in the mutants. Taken together, these results 
underpin a critical role for dermal PRC2 in early dermal differentiation and epidermal differentiation, 
and also highlights an intersection between PRC2 and retinoic acid signaling. 
 

ID #72 FGFR2 Expression in Murine Calvarial Cells is Regulated by Tissue Nonspecific Alkaline 
Phosphatase (TNAP) via MAPK Signaling 
Iva Vesela, Nan E Hatch 
Department of Orthodontics and Pediatric Dentistry, University of Michigan, USA  
Craniosynostosis is a condition defined by premature fusion of cranial bones, results in high 
intracranial pressure and an abnormal craniofacial shape. It occurs in one third of patients with 
infantile hypophosphatasia, which is caused by a deficiency of Tissue Nonspecific Alkaline 



Phosphatase (TNAP) enzyme. It is also associated with gain or loss of function mutations in 
Fibroblast Growth Factor Receptor 2 (FGFR2). The phenotypes of the craniofacial skeleton in mice 
with activated FGFR2 or inactivated TNAP are similar. However, it is unknown whether these 
convergent phenotypes are based on the same underlying mechanism. We have identified decreased 
MAPK activity in calvarial cells and tissues of TNAP knockout mice. Therefore, this study investigates 
a potential connection between TNAP activity and FGF signaling in calvarial cells. We show here that 
TNAP deficient MC3T3E1(C4) cells and primary calvarial cells isolated from TNAP-/- mice had higher 
expression of FGFR2, on both transcriptional and translational levels, and lower protein level of 
transcription factor Ets2, as well as MAPK negative regulator Dusp6, when compared to respective 
controls. Adenoviral delivery of TNAP inhibited FGFR2 expression almost to the level of control cells 
and stimulated Ets1, Ets2 and Dusp6 expression. Additionally, inhibition of MAPK in MC3T3E1(C4) 
cells also increased expression of FGFR2, which all together suggests that TNAP controls FGFR2 
expression via MAPK activity involving transcription factors Ets1 and Ets2. This data indicates that 
craniosynostosis may occur in TNAP-/- mice and infants with hypophosphatasia due to aberrant FGF 
signaling downstream of TNAP deficiency. Future experimental plans include crossing TNAP-/- with 
FGFR2C342Y/+ mice to determine if the severity of craniosynostosis is exacerbated or relived in double 
mutant mice. Funding: Provided through grant 1R01DE02582701 (to N.E.H.) from NIH/NICDR 
 
ID# 74 A Newt Ex Vivo System to study RPE Transdifferentiation 
Bailey Haynes, Christian Gutierrez, Lam Phuong, Georgios Tsissios, Michael Robinson, Katia Del Rio-
Tsonis 
Miami University, USA  
The study of retina regeneration in animal models has been of interest due to the implication it has to 
retinal diseases such as macular degeneration and proliferative vitreoretinopathy (PVR). Salamanders 
such as the newt can regenerate lost or damaged retina via the transdifferentiation or 
reprogramming of the retinal pigment epithelium (RPE). Newts can undergo transdifferentiation even 
in the adult stage. In order to elucidate the exact mechanism of how RPE undergoes reprogramming 
into retina, we established an ex-vivo system where we can dissect which pathways are involved in 
RPE transdifferentiation. For this, we are using newt retina-less eye cups (RLECs). The RLECs were 
created by removing the anterior portion of the newt eye along with the retina and placing the 
remainder of the eye on a filter membrane. It has been shown that in the absence of exogenous 
factors, the RPE in this system does not undergo reprogramming. Media containing FGF2 combined 
with IGF1, SB431542 (activin A inhibitor) and/ or XAV939 (Wnt inhibitor), which have been shown to 
play a role in retina regeneration in other model organisms as well as during eye development, were 
added to the RLECs. Cultured RLECs were collected at 2, 4, 6 and 10 weeks and processed for 
histology and immunohistochemistry. By 10 weeks in culture, the RLECs had a multilayered structure 
reminiscent of a neuroepithelium that was positive for retinal markers RX and VSX2. In addition to 
having a neuroepithelium, the FGF2+SB431542 treatment also gave rise to lentoid structures 
positive for β-crystallin. 	Here we show that we have established an ex-vivo system where we can 
dissect the mechanisms involved in newt’s natural ability to transdifferentiate its RPE in response to 
injury in a controlled environment. 
 
 
ID# 76 Genome Editing of a Wnt Target Gene in Drosophila Cells 
Richard Stewart, Ken Cadigan 
University of Michigan, USA  
The canonical Wnt/β-catenin pathway induces expression of target genes through the recruitment of 
the co-activator protein β-catenin to Wnt-responsive cis-regulatory modules (W-CRMs). At the W-
CRM, β-catenin is recruited by the transcription factor T-cell factor/lymphoid enhancer-binding factor 
1 (TCF) to activate expression. Additional co-activating proteins, such as the histone 
acetyltransferase CBP/p300, are recruited to W-CRMs to influence the histone modification profile of 
the gene. The Drosophila gene naked cuticle (nkd) is a Wnt target that is repressed in the absence of 
Wnt signaling and expressed when the pathway is turned on. Previous work from the Cadigan Lab 
has shown that Nkd gene activation is accompanied by wide-spread histone acetylation, up to 40kb 



across the nkd locus, that is independent of transcription. This widespread acetylation is dependent 
on CBP/p300, which is recruited to an intronic W-CRM in the nkd gene locus through TCF and 
Armadillo (Arm; fly β-catenin). In non-Wnt target genes, Histone acetylation modifications are often 
restricted to regulatory modules and core promoters. To further study this phenomenon, I will use 
CRISPR/Cas9 gene editing to delete the nkd W-CRM in a Drosophila cell line. This knockout cell line 
will determine whether this observed widespread histone acetylation emanates from a single point, 
the W-CRM, or if additional factors are involved in modifying the chromatin landscape of Wnt target 
genes.  
 
 
 

 
   



Sponsors 

This meeting is made possible through the 
generous support from our sponsors. 

 
 
 

  

 
 
 
 
 
 

 
 

  
  

 
 
 

 
 
  


