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Keynote Lectures
Monday September 16th 7:10 pm

The zebrafish sensory lateral line: how it forms and regenerates
Dr. Tatjana Piotrowsi
Stowers Institute for Medical Research, USA
Hearing loss and balance deficiencies can often be attributed to damage or destruction of sensory
hair cells located within the inner ear. While some sensory epithelial structures can regenerate in
adults, sensory hair cells in the ear lack such regenerative capacity in mammals. Non-mammalian
vertebrates, however, routinely regenerate hair cells during homeostasis and following injury. The
zebrafish lateral line has emerged as an excellent model system for studying sensory hair cell
regeneration, particularly because the morphology and developmental mechanisms of hair cells are
highly conserved between the major vertebrate lineages. I will summarize what we have learned in
recent years about the development and the cellular basis of regeneration. In addition, to elucidate
how hair cell regeneration is triggered and to characterize the gene regulatory network underlying
zebrafish hair cell regeneration we recently performed single cell RNASeq analyses. The speed and
synchronization of hair cell regeneration in the zebrafish allowed us to characterize the
transcriptional changes in unprecedented temporal and cellular detail, which will help the field to
interrogate which of these responses also occur in mammals and which ones fail to be triggered.

Tuesday September 17th 6:40 pm

The regulation of embryo patterning and maturation in Arabidopsis
Dr. Pablo Jenik
Franklin & Marshall College, USA
As a botanist once said, a seed is a baby, in a box, with its food. Seeds were a key evolutionary
adaptation, significantly contributing to the success of flowering plants. The “baby” in the seed is the
embryo which, after early patterning, contains all the basic tissue types and stem cells needed to
make a plant. The “food” (storage products) will nourish the plantlet until it is self-sufficient, and is
stored either in the embryo or the endosperm. The accumulation of storage products is the result of
embryo maturation, a set of processes that occur during the second half of seed formation.
Maturation also leads to the acquisition of desiccation tolerance and dormancy. We have been
exploring the regulation of these pathways using Arabidopsis thaliana as a model organism. We
started by analyzing embryo-defective mutants. One we studied in detail was a strong allele of
DICER-LIKE1 (dcl1-15), the RNase III responsible for microRNA biogenesis. dcl1-15 is embryonic lethal,
but not as severe as null dcl1 mutations, allowing for the study of the processes regulated by
microRNAs during embryogenesis. Our data showed that the mutant embryos were defective in
central-peripheral patterning and meristem establishment. Our analysis of dcl1-15 mutants also
uncovered a novel role for microRNAs: the regulation of the embryonic maturation program. We
found that dcl1-15 is a heterochronic mutation: dcl1-15 embryos turn on their maturation program
much earlier, as reflected in the early maturation of chloroplasts and accumulation of storage
products. Our attention is now focused on the mechanisms that determine the timing of onset of
maturation. Our recent experiments have shown that the key determinant of onset is developmental
stage, not the time elapsed since fertilization. We have also shown that the cellularization of the
endosperm is uncoupled from the initiation of maturation. Our research continues to explore the
mechanisms that control embryonic maturation.

Session Speakers
Experimental and Theoretical Models of Pattern Formation
Monday 3:35 pm-5:05 pm
Insights into pollen aperture patterning from a Turing-type mathematical model and analysis of
novel aperture mutants in Arabidopsis
Shayne Plourde, Prativa Amom, Michelle Tan, Adriana Dawes, Anna Dobritsa
Ohio State University, USA
Pollen provides an excellent system to study pattern formation at the single-cell level. Pollen surface
is covered by the pollen wall exine, whose deposition is excluded from certain surface areas, the
apertures, which vary between the species in their numbers, positions, and morphology. What
determines aperture patterns is not understood. Pollen of Arabidopsis thaliana normally develops
three apertures, equally spaced along the pollen equator. However, Arabidopsis mutants whose
pollen has higher ploidy and larger volume develop four or more apertures. To explore possible
mechanisms responsible for aperture patterning, we developed a mathematical model based on the
Gierer-Meinhardt system of equations. This model was able to recapitulate aperture patterns
observed in the wild-type and higher-ploidy pollen. We then used this model to further explore
geometric and kinetic factors that may influence aperture patterns and found that pollen size, as well
as certain kinetic parameters, like diffusion and decay of morphogens, could play a role in formation
of aperture patterns. In conjunction with mathematical modeling, we also performed a forward
genetic screen in Arabidopsis and discovered two mutants with aperture patterns that had not been
previously observed in this species but were predicted by our model. The macaron mutant develops a
single ring-like aperture, matching the unusual ring-like pattern produced by the model. The
doughnut mutant forms two pore-like apertures at the poles of the pollen grain. Further tests on
these novel mutants, motivated by the modeling results, suggested the existence of an area of
inhibition around apertures that prevents formation of additional apertures in their vicinity. This work
demonstrates the ability of the theoretical model to help focus experimental efforts and provide
fundamental insights into an important biological process.
Pnrc2 promotes oscillatory transcript decay during vertebrate segmentation
Monica Mannings, Kiel Tietz, Thomas Gallagher, 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, or somites, within the presomitic mesoderm (PSM).
Molecular components of the clock include the her/Hes family of transcriptional repressors, but
additional transcripts also cycle. While transcriptional regulation of clock-associated genes has been
studied comprehensively, post-transcriptional mechanisms governing oscillatory gene expression are
not well-understood. Our previous work demonstrated that Proline rich nuclear receptor coactivator
2 (Pnrc2) promotes decay of clock-associated transcripts like her1 and dlc during segmentation, and
loss of pnrc2 results in stabilization of cyclic mRNAs. Microinjection of pnrc2 mRNA and pnrc1 mRNA,
which codes for a protein that shares sequence similarity with Pnrc2, both restore normal her1
expression. Both Pnrc2 and Pnrc1 contain highly conserved C-terminal domains known to be
important for mediating interactions among proteins invovled in mRNA decay, such as Dcp1a and
Upf1. Additionally, to identify cis-regulatory elements that are necessary for oscillatory transcript

destabilization, we utilized a reporter-based assay that showed that Pnrc2 promotes reporter mRNA
instability in a 3'UTR-dependent manner. Regulatory motifs within the 3’UTR, a Pumilio Response
Element and AU-rich Element, provide recognition to proteins that promote mRNA decay and
translational repression. Interestingly, while cyclic transcripts accumulate in pnrc2 mutants, cyclic
protein does not accumulate. Discordant expression of clock-associated mRNA and protein in pnrc2
mutants suggests that multiple levels of post-transcriptional gene regulation are implemented to
sustain molecular oscillations during somitogenesis, and we are currently investigating trans factors
that may be involved in post-transcriptional control of oscillatory gene expression during vertebrate
segmentation.
Correlated expression of segmentation clock genes drives robust pattern formation
Oriana Zinani1,2, Ertugrul Ozbudak1,2
1
Cincinnati Children's Hospital, United States; 2University of Cincinnati College of Medicine, United States
Chromosomal adjacency of coexpressed gene pairs is widespread throughout metazoans. Because
correlated expression of many genes can simply be achieved by common upstream regulators, the
functional advantage of maintaining co-regulated adjacent gene pairs in the genome remained
unknown. Here, we studied the transcriptional variability of two paired segmentation clock genes
(her1 and her7) in multiple genetic backgrounds in zebrafish and showed that gene pairing minimizes
uncorrelated transcriptional variability and provides robustness for developmental pattern formation.
We further showed that the juxtacrine Delta/Notch signaling minimizes correlated variability by
averaging out volume-independent heterogeneities among neighboring cells while a negative
feedback loop established by the Her1/7 proteins further minimizes uncorrelated variability. Our
results demonstrate that combination of gene pairing, juxtacrine signaling and negative feedback
loop maintains transcriptional variability of a rapid developmental clock under a tolerable limit and
provides robustness in pattern formation. These findings will inspire ideas for engineering precise
synthetic clocks in tissue culture and organoids.
Quantitative Analysis of Transcriptome Dynamics During Developmental State Transitions
Kristin Johnson, Simon Freedman, Madhav Mani, Carole LaBonne
Northwestern University, USA
How a single cell ultimately gives rise to a patterned, complex organism is one of the most
fundamental questions in biology. Throughout the course of embryonic development, the potency of
cells become increasingly restricted, progressing from a pluripotent state to different lineage
restricted states. Although gene expression at both the pluripotent start point and lineage restricted
end point have been characterized, we lack a quantitative view of cell state transitions during
developmental decision making. The pluripotent cells of Xenopus blastula-stage embryos are an
optimal system in which to study these state transitions. The decision-making process spans hours
rather than days in these cells, allowing dynamics to be studied at higher temporal resolution. We
have used transcriptomics to interrogate the process by which pluripotent cells transit to two
different lineage restricted states; neural progenitors and epidermis. Our experimental pipeline
quantifies changes in gene expression across six time points during the ~7 hours these cells take to
achieve lineage restriction. Our data uncovers dynamic changes in signaling pathways and gene
regulatory networks during these transitions. Interestingly, analysis of transcriptome and pathway
dynamics indicates that the transition from pluripotency to a neural progenitor state is
unidimensional, whereas the trajectory to achieving an epidermal state is more complex, providing
independent support for, and novel insights into, the neural default model. These studies provide
quantitative insights into the logic and dynamics of stem cell decision making.

Uterine luminal patterning lies upstream of embryo-uterine axis alignment
Manoj Madhavan
Institute for Quantitative Health Science and Engineering, Department of Biomedical Engineering, Michigan
State University
In preparation for embryo implantation, the uterine lumen in mammals undergoes architectural
changes to form structures called uterine crypts. Previous work has established that in mice,
histologically defined two-dimensional crypts overlap with three-dimensional uterine luminal folds.
These folds form along the uterine mesometrial-antimesometrial (M- AM) axis and the embryo
homes specifically at the AM pole. Developing muscle around the gut villi play a crucial role in their
epithelial folding and patterning. We hypothesized that embryo induced muscle contractions regulate
epithelial sheet folding and crypt formation in the uterus. Using confocal microscopy, 3D imaging and
image analysis we evaluated folding at pre-implantation time points in normal pregnant or muscle
contraction deficient uteri. In normal pregnant time course, we observe that fold formation correlates
with timing of embryo entry and location of embryos in the uterus. Interfering with uterine muscle
contractions disrupts the formation of organized luminal folds and partially affects the location of
embryo attachment. Wnt5a-Ror signaling, a non-canonical Wnt signaling pathway, plays an
important role in luminal epithelial organization during early pregnancy. Consequently, uterinespecific deletion of ligand Wnt5a and receptors Ror1 and Ror2 leads to aberrant 2D crypt formation,
3D fold formation, and causes embryos to implant in misfolded regions. Further analysis reveals that
embryo orientation within misfolded regions of the Wnt5a-Ror deficient uteri is disrupted, providing
new insights into the permissive role of luminal folding in aligning the embryonic-abembryonic axis of
the embryo with the uterine M-AM axis. We propose that Wnt5a-Ror signaling regulates muscle
contractions to induce uterine luminal folding in preparation for implantation and disrupting the
organized folding pattern affects embryo development and downstream pregnancy outcomes.

Evolution and Development
Tuesday 8:35 am-10:05 am
Evolution of a highly conserved family of glycosyltransferases
Cora MacAlister
University of Michigan
Proteins are subject to a vast array of potential post-translation modifications which can alter their
function in significant ways. Glycosylation, or the addition of sugars residues to peptide backbones,
occurs across the diversity of life. While some types of glycosylation are broadly conserved within the
eukaryotes, other types are more limited in their distribution. Hydroxyproline O-arabinosylation (HypAra) is the addition of short, linear changes of arabinose sugars to hydroxyproline residues. Though
this modification is abundant in plants and green algae, it is limited to this group. The series of
enzymes required to produce this modification are strongly conserved across the land plants,
suggesting an important and evolutionarily conserved function. The HPAT (hydroxyproline Oarabinosyltransferase) enzymes initiate the arabinose chain and in the absence of HPAT activity HypAra is not formed. Using reverse genetics, we have characterized the function of this modification in
three plants, the model flowering plants Arabidopsis thaliana and tomato and the moss
Physcomitrella patens. Data from Arabidopsis and Physcomitrella point to important roles in tip
growing cell types and suggest altered cell wall structure is the most significant effect of missing
Hyp-Ara. We found an interesting recent gene duplication in tomato leading to a four member HPAT
family. Two of these HPATs are the result of a recent gene duplication and unlike most HPATs that
are broadly expressed across plant tissues and life stages these two are limited to male reproductive
tissue. Despite very high DNA sequence similarity and overlapping expression patterns, the single
loss of function mutants of either gene have distinct mutant phenotypes, suggesting non-redundant
function. Therefore, despite the deep and strong conservation of these enzymes, they continue to
evolve through duplication followed by specialization.
The ancient NEMP family supports metazoan fertility and mechanical resistance of the nuclear
envelope
Yonit Tstatskis4, Robyn Rosenfeld2,4, Curtis Boswell2, Joel Pearson4, Brian Ciruna2, Rod Bremner2,4,
Laurence Pelletier2,4, Yi Qu4, Kyunga Kim2,4, Ariz Mohammad1, Xian Wang2, Micheal Robson3, Karen
Krchma1, Jun Wu1, Wade Dunham4, Jaoa Gcocalves4, Didier Hodzic1, Anne-Claude Gingras2,4, Andrea
Juriscova2,4, Helen McNeill1,2,4
1
Washington University School of Medicine, USA; 2University of Toronto, Canada; 3University of Edinburgh,
UK; 4Lunenfeld Tanenbaum Research Institute, Canada
Nuclear Envelope Membrane Proteins (NEMP), are well conserved but poorly understood 5
transmembrane proteins. By generating NEMP null alleles in Drosophila, C. elegans, zebrafish and
mouse we discovered that NEMP proteins are required for fertility across the animal
kingdom. Human association studies link SNPs near the NEMP1 locus with early menopause and
blood disorders. Loss of NEMP1 in mice not only leads to female infertility, but also results in death of
erythroblast progenitors during early stages of enucleation in males and females. BioID and AP-MS
screens indicate that NEMP1 binds multiple LEM domain proteins, and this interaction supports
fertility. Atomic Force Microscopy (AFM) reveals NEMP proteins support mechanical stiffness of the
nuclear envelope via formation of a NEMP-EMERIN complex. We conclude that NEMP plays

conserved and essential roles in NE mechanical stability, and metazoan fertility, via interactions with
LEM domain proteins
RNA Polymerase I versus III function in neural crest cells, neuronal development, and myelination
Kristin Watt1, Sirma User1, Fengli Guo1, Paul Trainor1,2
1
Stowers Institute for Medical Research, USA; 2Department of Anatomy and Cell Biology, University of
Kansas Medical Center, USA
Ribosome biogenesis is a multi-step process involving the coordination of the three RNA
Polymerases with transcription of 47S rRNA by RNA Polymerase (Pol) I, ribosomal protein genes by
Pol II, and 5S rRNA by Pol III. This global process is required for all cell growth and proliferation.
Ribosomopathies are a group of tissue-specific disorders with an underlying defect in the process of
ribosome biogenesis. Two examples are Treacher Collins syndrome and Pol III-related
leukodystrophy, which both result from mutations in the Pol I and III subunit POLR1C. While Treacher
Collins syndrome is primarily characterized by defects in neural crest cell development resulting in
craniofacial anomalies, Pol III-related leukodystrophy is primarily characterized by insufficient
development of myelin within the central nervous system. The mechanisms underlying the tissuespecificity of these distinct syndromes remain unknown. Our work in zebrafish has revealed that
polr1c is necessary for rRNA transcription and normal neural crest cell and craniofacial development.
In contrast, how mutations in polr1c alter central nervous system development remains unresolved.
At 24 hours post fertilization, we observed cell death throughout the neural tube in polr1c mutant
zebrafish, including the region where oligodendrocyte progenitors, which produce myelin within the
central nervous system, are located. At 2 days post fertilization, which is prior to the onset of
myelination, the oligodendrocyte population is diminished in mutants compared to controls. At later
stages of development, myelin basic protein is significantly downregulated. This implies that a deficit
in neural progenitor cells may lead to the hypomyelination characteristic of leukodystrophy.
Distinguishing the function of Pol I versus Pol III in the presentation of craniofacial versus central
nervous system phenotypes will further our understanding of the tissue-specificity of Polr1c
dysfunction in human development and disease.
Does Artificial Diapause Mimic Natural Diapause?
Zachary Raider, Diana Flores, Ripla Arora
Institiute for Quantitative Health Science and Engineering, Department of Obstetrics Gynecology and
Reproductive Biology, Michigan State University, USA
Diapause is a phenomenon in mammals where the mother’s uterus and her embryo(s) are paused,
prior to implantation. This allows us to a) see a freezeframe of embryo development before
implantation and b) study stem cells (paused embryos although dormant, stay alive in an
undifferentiated state similar to stem cells). In mice, a two-day delay in development is induced
naturally when the mother delivers a litter and simultaneously starts her next pregnancy, also termed
as natural diapause. In the lab, researchers induce delayed implantation by removal of the ovaries
followed by progesterone-only injections, preventing estrogen-induced implantation also called
artificial diapause. Recently, we developed a confocal imaging and analysis protocol that allows us to
localize embryos along the length of the uterine horn in three-dimensions. Thus, we evaluated
embryo location in uteri isolated at pre-implantation time points in a) natural pregnancy, b) natural
diapause and c) artificial diapause. In a natural pregnancy, embryos exit the oviduct, move through
the horn, and attach in 24 hours. In natural diapause, the embryos exit the oviduct and spend ~ 24
hours outside the oviductal-uterine junction – the first pause, followed by movement through the
horn, arrival at respective implantation sites and then a second pause for an additional 24 hours

before they attach. Thus, we provide evidence for the first time that embryos are not paused for 48
hours continuously in natural diapause conditions. Surprisingly, in artificial diapause, we found that
the embryos spread out through the horn and are paused at the implantation sites prior to
attachment suggesting that artificial diapause only mimics the second pause but not the first 24hour delay observed in natural diapause. These observations will have implications for better
understanding the condition of the embryo as well as the uterus in the paused state and should be
taken into consideration for future studies.
Differential expression of lncRNAs in molluscan and mammalian stages of Schistosoma mansoni
Hyung Chul Kim1, Emmitt R Jolly1,2
1
Case Western Reserve University, Department of Biology, Cleveland, OH, USA 44106
2
Case Western Reserve University, Center for Global Health and Disease, Cleveland, OH, USA 44106
Despite the low level expression of long noncoding RNAs (lncRNAs), the differential expression of
specific lncRNAs plays important roles during development of many organisms. Schistosoma mansoni
is a parasitic flatworm with a complex life cycle that transitions between molluscan and mammalian
hosts. Once in a snail host, the sporocysts develop over 5 weeks and undergo asexual reproduction to
give rise to the infectious cercariae. The tight integration of sporocyst to the snail host
hepatopancreas, however, hinders the omics study in the molluscan stage, so sporocyst
transcriptome has only been examined in immature in vitro samples. Here we analyzed in vivo mature
sporocyst transcriptome to identify 8,519 lncRNAs between the molluscan and mammalian stages of
the parasite. We further demonstrate that the lncRNAs are differentially expressed in a
development-dependent manner. A co-expression correlation network between lncRNAs and
protein-coding genes was employed to identify clusters of genes with potential functional relevance.
Further analysis also shows lncRNA-lncRNA and lncRNA-kinome correlation that signify lncRNAs
with prospective roles in gene regulation. Our results demonstrate the differential expression
patterns of lncRNAs in host-dependent developmental stages of S. mansoni and suggest their
intracellular interaction for potential functional roles in development.

Epigenetics: From Development to Aging
Tuesday 10:35 am-12:05 pm
Epigenetic regulation of stem cell potential in blastula and Neural Crest Cells
Paul Huber, Anjali Rao, Carole LaBonne
Northwestern University, USA
Neural Crest Cells (NCCs) are a stem cell population unique to vertebrate embryos. NCCs arise in the
ectoderm at the neural plate border, and retain broad multi-germ layer developmental potential
through neurulation. Much remains to be learned about genetic and epigenetic mechanisms that
regulate the retention of pluripotency in NCCs at stages when neighboring cells are undergoing
lineage restriction. Here we report that the activity of epigenetic readers of the BET (Bromodomain
and Extra Terminal) family is essential for both maintenance of pluripotency in naïve blastula cells,
and the establishment of NCCs. Blastula cells from embryos treated with pharmacological inhibitors
of BET proteins lose pluripotency, as evidenced by down-regulated expression of key components of
the pluripotency GRN, and are unable to respond to lineage instructing cues. Similarly, treatment of
embryos with these inhibitors leads to decreased expression of NC markers at neurula stages. Our
data suggests that the key BET family member targeted by these inhibitors is BRD4, as morpholinomediated depletion of BRD4 phenocopies the effects of the inhibitors. BRD4 is a reader of acetylated
lysines, and we have previously shown that erasure of these marks by HDACs is also essential for
pluripotency. Because the phenotypic consequences of inhibiting a reader and an eraser of histone
acetylation were strikingly similar, we compared the effects of HDAC and BRD4 inhibition on the
transcriptome. Our data show that expression of only a subset of genes is significantly altered in
response to both inhibitors. Moreover, while HDAC inhibition leads to precocious and aberrant upregulation of genes that direct multiple lineage states, loss of BRD4 activity predominantly results in
down-regulation of targets. Together these findings advance our understanding of the epigenetic
control of pluripotency and the formation of the vertebrate neural crest, and the role of lysine
acetylation in these processes.
Uncovering Ciliary Heterogeneity
Sai Keshavan Balchand1,2, Ching-Fang Chang1,2, Kelsey Elliott1,2, Praneet Chaturvedi1,2, Samantha
Brugmann1,2,3
1
Division of Plastic Surgery, Cincinnati Children's Hospital Medical Center, USA; 2Division of Developmental
Biology, Cincinnati Children's Hospital Medical Center, USA; 3Shriners Children's Hospital, USA
Embryonic development requires precisely coordinated and tightly regulated responses to many
morphogenic signals. Primary cilia are nearly ubiquitous, microtubule-based structures that serve as
a hub for transducing many of these developmentally important signaling events. Genetic mutations
in over 100 ciliary genes have been associated with a growing class of congenital human syndromes
collectively called ciliopathies. Despite the biological importance of ciliary function, our understanding
of the etiology of ciliopathies is still incomplete due to a high degree of variability in both the
molecular read-out and phenotypic presentation. Herein, we tested the hypothesis that molecular
and phenotypic variation between ciliopathies was due to heterogeneity within the primary ‘ciliome’.
Using the developing mouse craniofacial complex as a model system and publicly available ciliary
data sets, we performed RNA-seq across six different tissues (FNP, MNP, MXP, limb, dNT, vNT) and
determined that approximately 25% of the ciliome was differentially expressed across tissues. We
further examined three mechanisms for the origin of heterogeneity within the primary ciliome:

alternative splicing, signaling environments and tissue lineage. While we only detected alternative
splicing events for 65 ciliary genes (7% of the ciliome) and were unable to identify a significant
number of differentially expressed ciliary genes that correlated with differences in the Hedgehog
signaling environment; we were able to determine that differential expression of 170 ciliary genes
(18% of ciliome) was highly correlative with tissue lineage. Using scRNAseq of facial tissues MXP,
MNP and FNP we identified that expression of some ciliary genes (and corresponding proteins) were
restricted to either mesenchymal or ectodermal cells. These results suggest that during
development, the landscape of ciliary gene expression is highly heterogenous.
Ybx1 negatively regulates PRC2 for neural lineage specification during mouse brain development
Yurika Matsui, Myron Evans, Beisi Xu, Catherine Willis, Jennifer Loome, Luis Milburn, Yiping Fan, Jamy
Peng
St. Jude Children's Research Hospital, USA
During brain development, neural progenitor cells (NPCs) undergo changes in gene expression to
differentiate to neurons and then glia. Although NPC differentiation lays the foundation of brain
development, the intricate gene regulation required for NPC function is relatively little understood.
The histone lysine 27 (H3K27) methyltransferase complex, PRC2, plays an essential role in neural
differentiation, and its genetic depletion causes developmental defects in the brain. Recently, our lab
has identified Ybx1, a DNA/RNA-binding protein, to be an interactor of PRC2. Ybx1 depletion causes
exencephaly, a condition of brain growth outside the skull. We hypothesize that Ybx1 regulates PRC2
to execute dynamic gene expression in embryonic mouse NPCs (mNPCs). To test this hypothesis, we
examined how gene expression and genome-wide chromatin dynamics of mNPCs are influenced by
Ybx1. Gene expression profiling suggests that Ybx1 regulates PRC2 target genes. We utilize the
innovative CUT&RUN technology to profile chromatin dynamics in a small number of mNPCs.
Through this approach, we found that Ybx1 binds to promoter regions on chromatin and regulates
gene expression through PRC2 and potentially other chromatin modifiers. One striking observation
was that Ybx1 promotes the expression of forebrain-specifying genes by reducing H3K27me3 levels.
H3K27me3 reduction is likely through modifying PRC2 activity, as pharmacological inhibition of PRC2
reversed the abnormal gene expression and cellular defects of Ybx1-depleted mNPCs. Our findings
suggest that Ybx1 critically regulates PRC2 for forebrain specification and development. Our findings
delineate a novel PRC2 regulatory mechanism to execute spatiotemporal gene expression programs
underlying brain development.
Differential gene regulation in an allotetraploid during the maternal-to-zygotic transition
Wesley Phelps, Anne Carlson, Miler Lee
University of Pittsburgh, USA
After fertilization, a maternal contribution of factors to the egg activates the previously silent
embryonic genome. Newly transcribed RNA replace the maternally contributed RNA, thus
reprogramming the embryo to eventually give rise to all adult cells in the organism. Although this
"maternal-to-zygotic transition" occurs across taxa, the mechanisms underlying it are highly
divergent. We focus on understanding this phenomenon in egg-laying vertebrates, in which
homologs of mammalian pluripotency factors likely play a broadly conserved role in activating the
embryonic genome. For the amphibian Xenopus laevis, we take advantage of its allotetraploid genome
to perform intraspecific comparative genomics to discover novel mechanisms that regulate the
maternal-to-zygotic transition. X. laevis arose from hybridization of two progenitor species diverged
~34 million years, with the majority of both genomes maintained as distinct, non-recombining
subgenomes. We find that in the context of a shared set of maternal regulators from the egg, these

two subgenomes show differential activation, implicating regulatory sequence divergence between
homeologous gene pairs. To further explore this, we performed low-input chromatin profiling
(CUT&RUN) and found differential enhancer activity across homeologous regions, as marked by the
activating histone modification H3K27ac, suggesting differential engagement of maternal factors at
these loci. Comparative motif analysis reveals selective enrichment of specific transcription factor
binding motifs at active enhancers, including homologs of mammalian pluripotency factors OCT4 and
SOX2, which likely mediate differential subgenome activation. We anticipate that further comparative
analyses in X. laevis and other taxa, taking advantage of the evolutionary diversity of embryonic gene
regulation, will yield further insight into how transcriptomes are reprogrammed and how pluripotency
is induced across vertebrates.

Organogenesis and Morphogenesis
Tuesday 2:50 pm-4:20 pm
The acquisition of positional information across the radial axis of the cochlea
Donna Fekete1, Vidhya Munnamalai2,3,4
1
Purdue University, USA; 2The Jackson Laboratory, USA; 3University of Maine, USA; 4Tufts University, USA
Complex yet esthetically pleasing patterns are found throughout nature, and the mechanisms
underlying their formation offer an intriguing set of puzzles to solve. One of the most highly-ordered
epithelia of the vertebrate body is the sensory organ for hearing, the organ of Corti, that is housed
within the cochlear duct. Because the readout of pattern is so striking at a cellular level when looking
down on the surface of the organ, it is frequently studied in the context of planar cell polarity. Another
mechanism, involving the use of morphogen gradients, is likely to be involved in the establishment of
cellular patterning at the multicellular level, both along and across the organ of Corti. I will focus on
pattern formation across the organ’s width, its radial axis, primarily in the mouse and chicken. Wellknown signaling families act locally through cell-cell interactions (Notch), or across the radial axis
where they may serve as morphogens (Fgfs, Bmps, Wnts, Shh), to regulate the expression of
downstream transcription factors. These factors, in turn, likely endow cells with positional
information to specify cell fates. Ultimately, the cochlear duct is subdivided around its circumference
into first 5 and then 6 functional subdomains, including medial vs. lateral subdivisions of the organ of
Corti that form distinct circuits with the brain. This basic medial-lateral organizational framework of
the hearing organ is conserved across birds, monotremes and mammals, albeit with some size and
cell-type modifications that may be related to differences in morphogen bioactivities.
Wnt and TGF? coordinate growth and patterning to regulate size-dependent behavior
Christopher Arnold1,2, Blair Benham-Pyle1, Jeffrey Lange1, Christopher Wood1, Alejandro Sánchez
Alvarado1,2
1
Stowers Institute, USA; 2HHMI, United States
Differential coordination of growth and patterning across metazoans gives rise to a diversity of sizes
and shapes at tissue, organ, and organismal levels. While tissue size and tissue function can be
interdependent, mechanisms coordinating size and function remain poorly understood. Planarians
are regenerative flatworms that bi-directionally scale their adult body size and asexually reproduce,
via transverse fission, in a size-dependent manner. This paradigm offers a robust context to address
the gap in knowledge underlying the link between size and function. A novel planarian fission protocol
revealed that progeny number and fission initiation frequency scale with parent size. Fission progeny
size is fixed by previously unidentified mechanically vulnerable planes spaced at an absolute distance
along the anterior-posterior (A/P) axis. An RNAi screen of A/P patterning genes uncovered TGFβ and
Wnt signaling components as regulators of fission initiation frequency rather than fission plane
position. Finally, inhibition of Wnt and TGFβ signaling during growth altered the patterning of
mechanosensory neurons, a neural sub-population that is distributed in accordance with animal size
and modulates fission behavior. Therefore, our study identifies a novel role for TGFβ and Wnt in
regulating size-dependent behavior, uncovering an interdependence between patterning, growth,
and neurological function.

A Novel Mouse Model of White Sponge Nevus
Samantha Vold, Colton Mowers, Hao Chang
University of Wisconsin-Madison, USA
White Sponge Nevus (WSN) is a condition characterized by the formation of white thickened plaques
on the non-keratinized stratified squamous epithelium. Lesions are most commonly found in oral
mucosa, and less frequently in extra-oral sites. Available treatments are limited to treat the infection
caused by the folds of extra tissues that trap and promote bacterial/fungal growth but have no effect
on the course of the disease. There is a great need for elucidating the disease mechanisms to develop
more effective therapies. The goal of this study is to generate a mouse model for better
understanding the mechanisms and pathogenesis of WSN, which will ultimately facilitate the
development of novel targeted therapies. We focus on Keratin (KRT) 13 because it is highly expressed
in the mucosa and mutations in this gene have been commonly associated with WSN patients.
However, it remains unknown whether there is a causal relationship between KRT13 mutations and
WSN. To answer this question, we have generated a Krt13 knockout (KO) mouse allele using
CRISPR/Cas9. We have found that Krt13 KO tongues of four-week-old mice show a white and
wrinkled appearance, and histological analyses reveal significant hyperplasia in the epithelial cells,
both of which are typical features of WSN. Interestingly, we have also found a significant upregulation
of Cyclin D1 expression in Krt13 KO tongues, suggesting a possible involvement of cell cycle
misregulation in WSN development. Since Krt13 expression in the tongue starts in early embryonic
stages and Krt13 KO tongues appear normal at birth, we reason that loss of Krt13 does not directly
cause the overproliferation of epithelial cells, but rather impairs the maintenance of tissue
homeostasis. Together, our study not only defines the role of Krt13 in epithelial tissues and WSN but
also establishes novel mechanisms linking cytoskeleton to tissue homeostasis.
Contribution of the Neural Crest Cells to Inner Ear Development
Vibhuti Khan, William J. Davis, Martín L. Basch
Case Western Reserve University, USA
The stria vascularis (StV) is a specialized epithelial structure of the mammalian cochlea that produces
endolymph, the potassium-rich fluid responsible for the positive endocochlear potential. This positive
extracellular potential is the major driving force for proper signal transduction by sensory cells in the
ear, and thus normal hearing. Strial degeneration is estimated to cause more than 30% of age-related
hearing loss. StV is composed of 4 types of cells, marginal cells, Intermediate cells, basal cells, and
endothelial cells. Intermediate cells of the stria are originated from the migratory population of neural
crest cells (NCCs) and are essential for normal hearing. NCCs also give rise to the glial of the
VIIIth ganglion and dark cells of the vestibular system. Intermediate cells of the StV and the dark cells
of the vestibular system share about 95% of their transcriptome with melanocytes. 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. In order to better
understand the contribution of NCCs to the different cell types in the inner ear, we have used two
transgenic mice lines inducible Wnt1-CreER and Wnt1-Cre. We have set up a timed mating of these
mice to the Ai3 reporter mice to label early and late-migrating subpopulations of NCCs and to map
the contribution of NCCs to the development of the inner ear. Our preliminary data suggest that an
early migratory population of NCCs give rise to the majority of the melanoblast and glial cells in the
inner ear. During embryonic development, the ingression of NCCs into the lateral wall of the cochlea
follows a basal to apical gradient similar to the gradient of hair cell differentiation.

Endocycling in the adult Drosophila accessory gland
Allison Box, Samuel Church, David Hayes, Laura Buttitta
University of Michigan, USA
The Drosophila melanogaster accessory gland is a functional analog of the mammalian prostate made
up of two secretory epithelial cell types, termed main and secondary cells. This tissue is responsible
for making and secreting seminal fluid proteins and other molecules that contribute to successful
reproduction. Here, we show that similar to the mammalian prostate, this tissue grows with age. We
find that the adult accessory gland grows in part via endocycles to increase DNA content and cell size.
The differentiated, bi-nucleated main cells remain poised to endocycle in the adult gland, and tissue
damage or upregulation of signals that promote growth are sufficient to trigger dramatic endocycling
leading to increases in cell size and ploidy, independent of mating status. Our data establishes that
the adult accessory gland is not quiescent, but instead uses endocycles to maintain accessory gland
function throughout the fruit fly’s lifespan. We next plan to elucidate the signaling pathways
responsible for the upregulation of endocycling induced by accessory gland damage and test whether
gland function is restored along with accessory gland size. Promoting gland overgrowth via oncogenic
activation of endocycling leads to tumor-like phenotypes, suggesting this tissue may be an effective
model for certain aspects of prostate tumorigenesis.

Stem Cells and Regeneration
Wednesday 8:30 am-10 am
Genetic Mechanisms Driving the Development of Fenestrated Brain Vasculature
Ryota Matsuoka1,2, Sweta Parab1,2, Rachael Quick1,2
1
Lerner Research Institute, Cleveland Clinic, USA; 2Cleveland Clinic Lerner College of Medicine of Case
Western Reserve University, USA
In the vertebrate central nervous system (CNS), vascular endothelial cells (vECs) exhibit
heterogeneous characteristics of structure and function, which are critical in mirroring the CNS’s
diverse functions and establishing its barrier systems. A striking example of this heterogeneity is
observed in vECs that develop fenestrae, small pores in the endothelium, which permit high vascular
permeability. This anatomical and functional feature is in stark contrast to that of the vECs which
form the blood-brain barrier (BBB) that limits the permeability of blood-borne substances and cells.
However, the molecular mechanisms leading to this vascular heterogeneity in the CNS remain largely
unknown. Here we show that a cell-specific, unique vascular endothelial growth factor (Vegf)mediated angiogenic mechanism drives fenestrated vascular development in the zebrafish choroid
plexus (CP), a major organ responsible for cerebrospinal fluid production. We found that zebrafish
Vegf orthologs, specifically Vegfab and Vegfc, play a functionally redundant role in regulating CP
vascularization: Zebrafish carrying mutations in vegfab or vegfc exhibited a prominent, yet not fully
penetrant, defect in the formation of the major vessel that provides blood supply to the
myelencephalic CP. vegfab;vegfc double mutants displayed enhanced penetrance and expressivity of
this phenotype leading to severely impaired fenestrated CP vascular development. However, we
observed that their neighboring blood vessels that form the BBB remained largely unaffected in
these double mutants. Genetic and pharmacological analyses showed that Vegfr2 and its
downstream PI3K and MAPK/ERK pathways are critical for Vegfab/Vegfc-dependent formation of
the fenestrated CP vasculature. Therefore, our findings identified the first molecular cues that drive
the development of fenestrated CP vasculature in vertebrates, illuminating the developmental
mechanisms behind the generation of heterogenous brain vascular networks.
Abnormal hippocampal neurogenesis underlies epilepsy
Qi-Gang Zhou, Hoonkyo Suh
Cleveland Clinic, United States
New neurons are continuously produced, developed, and incorporated into hippocampal neural
circuits in the adult brain. This neurogenesis plays an essential role in cognitive function and
maintenance of physiological homeostasis. We investigated how pathological development of new
hippocampal neurons leads to a neurological disease, epilepsy. Using a rabies virus-mediated
retrograde tracing system and a DREADD chemogenetic method, we demonstrated that abnormal
development and aberrant circuitry integration of newborn neurons underlie chronic epilepsy. A
rabies virus-mediated mapping study revealed that aberrant circuit integration of hippocampal
newborn neurons formed excessive de novo excitatory connections as well as recurrent excitatory
loops, allowing the hippocampus to produce, amplify, and propagate excessive recurrent excitatory
signals. In epileptic mice, DREADD-mediated specific suppression of hippocampal newborn neurons
dramatically reduced epileptic spikes and seizure occurrence in an inducible and reversible manner.
Conversely, specific activation of hippocampal newborn neurons increased both epileptic spikes and
seizures. Thus, our study reveals an essential role for hippocampal newborn neurons in the formation

and function of epileptic neural circuits, providing critical insights into newborn neurons as a potential
therapeutic target to treat epilepsy.
Neural Crest Cells as a Potential Therapy to Treat Congenital Deafness
Justine Renauld, Martín Basch
Case Western Reserve University, USA
Mammals are able to hear due to sensory cells present in the cochlea which convert sound vibrations into
nerve impulses. These cells require a special environment called the endolymph which is rich in potassium
and creates an endocochlear potential (EP). This endolymph is generated by the stria vascularis (StV), which
is a specialized epithelial structure located in the lateral wall of the cochlea. The StV is composed of three
different cell types of distinct embryonic origin: marginal cells derived from otic epithelium, melanocyte-like
intermediate cells derived from neural crest cells and basal cells of a mesenchymal origin. During
neurulation, neural crest cells emerge from the ectodermal layer and migrate through the body to
differentiate into different cell types. In the cochlea, neural crest cells form the intermediate cells of the StV
as well as the glial cells of the spiral ganglion. Problem in development, migration or differentiation of neural
crest cells give rise to congenital malformations such as Waardenburg disease. In the cochlea, the absence
of intermediate cells interferes with the function of the StV and the establishment of the EP, resulting in
deafness. Our aim is to determine whether multipotent neural crest cells can replace the missing
intermediate cells in a strial deafness mouse model, and subsequently restore hearing. For this project, we
studied the injection of labeled neural crest cells into neonatal mice. We first characterized and confirmed
the absence of intermediate cells and the elevation of the hearing threshold in the cochlea of our strial
deafness mouse model by immunostaining and Auditory Brainstem Response (ABR). Then we confirmed the
location and the survival of injected cells by immunostaining. Finally, the impact of the surgery on ABR
thresholds were then measured 21 days later. Here, we have optimized the protocol to deliver cells with
potential therapeutic effects into the lateral wall of the cochlea in mice.
Interleukin-6 induces retina regeneration through RPE reprograming
Zeyu Han, Taylor Lentz, Tracy Haynes, Katia Del Rio-Tsonis
Miami University, USA
Approximately 253 million people throughout the world live with a visual impairment. Many of these
impairments are caused by degenerative retinal diseases. The embryonic chick has been used to
study retinal regeneration since it is able to regenerate its retina when completely removed
(retinectomy) in the presence of exogenous fibroblast growth factor 2 (FGF2). The regeneration takes
place from two sources: via the activation of retinal stem/progenitor cells resident in the ciliary
margin (CM) of the eye or by reprogramming of the retinal pigmented epithelium (RPE). Interleukin 6
(IL-6) is a pro-inflammatory molecule that has recently been implicated in tissue regeneration,
including Müller Glia cell reprogramming in postnatal chickens and zebrafish, as well as in optic nerve
regeneration in zebrafish. We have previously identified IL-6 as a downstream target of Complement
3a signaling during C3a-induced chick retina regeneration. IL-6 was sufficient to induce chick retina
regeneration from the ciliary margin (CM) as well as by RPE reprogramming. Blocking IL-6 signaling
resulted in significantly reduced C3a-induced CM regeneration and Mapk-Stat3 signaling. However,
further characterization of the mechanism of how IL-6 induces RPE reprogramming was not pursued.
To determine if IL-6 mimics the effects of the injury on intact RPE, recombinant chicken IL-6 was
injected between retina and RPE in intact eyes at embryonic stage 4 (E4, 4 days). We found that
some injury responsive factors (IRFs) such as Six3, Cry1, and Gp130 were upregulated 6 h postinjection of IL-6 in the RPE. Meanwhile, FGF2 did not show significant regulation of listed genes after
6 h. In addition, we show that IL-6 is sufficient to regenerate all retina cell types via RPE

reprogramming 7 d post-retinectomy. We also characterized the lamination of the regenerated retina
and the distribution of generated cell types. Funding sources: National Eye Institute R01 EY026816
to KDRT
Resizing the Muscle Stem Cell Pool via Signaling from the Myofiber
Christoph Lepper
The Ohio State University, USA
When unperturbed, quiescent somatic stem cells are poised to affect immediate tissue restoration
upon trauma. Yet, little is known regarding the molecular mechanism(s) controlling initial and
homeostatic 'scaling' of adult stem cell pool sizes relative to their target tissues for effective
regeneration. We show that transgenic TEAD1-expressing skeletal muscle features a dramatic
hyperplasia of muscle stem cells (i.e. the satellite cells, SCs) but surprisingly without affecting muscle
tissue size. Such super-numeral SCs attain a 'normal' quiescent state, accelerate regeneration, and
maintain regenerative capacity over several injury-induced regeneration bouts. In dystrophic muscle,
the TEAD1 transgene also ameliorated the pathology. We further demonstrate that hyperplastic SCs
accumulate non-cell-autonomously via signal(s) from the TEAD1- expressing myofiber, suggesting
that myofiber-specific TEAD1 overexpression activates a physiological signaling pathway(s) that
determine initial and homeostatic SC pool size. We propose that TEAD1 and its downstream effectors
are medically relevant targets for enhancing muscle regeneration.

Signaling Pathways: Genetic, Genomics, and Cellular
Regulation of Development
Wednesday 10:15 am-11:45 am
Building Patterning-Dependent Chromatin States
Shelby A. Blythe
Northwestern University, USA
Following zygotic genome activation, Drosophila embryos undergo the MBT having established a
homogeneous chromatin landscape common to all somatic cells of the embryo. Ubiquitously
expressed pioneer factors, such as Zelda, establish this initial ‘ground state’ of chromatin structure.
Over the next 24 hours of development, cell fate specification and differentiation will take place,
bringing with it the emergence of cell-type specific chromatin organization. How do such patterns
emerge, and how do developmental patterning systems drive these changes? To address this, I have
profiled chromatin accessibility by ATAC-seq between the MBT and gastrulation comparing wild-type
embryos with those deficient for all maternal patterning systems. Unlike wild type embryos,
quintuple bicoid oskar capicua torsolike Toll[RM9] mutants develop with an apparent single uniform
cell identity that carries a molecular signature of posterior endodermal progenitors. I demonstrate
that with the exception of Bicoid, maternal systems drive patterning events largely constrained by
the initial state of chromatin structure. However, distinct zygotic targets of maternal patterning
systems drive regionalized chromatin accessibility patterns, resulting in emergent heterogeneity.
One single factor, odd-paired, accounts for ~30% of all new accessibility states that emerge in
response to maternal patterning cues. Such patterning-dependent changes in chromatin accessibility
states represent the emergence of ‘new’ information in the genome, occurring largely at previously
silent cis-regulatory modules that are typically not bound by maternal pioneers such as Zelda and
GAGA. Future work will involve testing the relative impact of regulating the emergence of such
accessibility states in space and time.
Core Hippo pathway components act as a brake on Yap/Taz in the developing biliary network
Zachary Brandt, Ashley Echert, Jonathan Bostrom, Paula North, Brian Link
Medical College of Wisconsin, USA
The development of the biliary system is a complex and poorly understood process, relevant to
multiple diseases including, biliary atresia, choledochal cysts, and gallbladder agenesis. We present
here an important and disease relevant role for Hippo-Yap/Taz signaling in this context. Specifically,
we find sav1 necessary for larval survival in zebrafish. Detailed analysis of sav1 mutants suggest
improper differentiation and expansion of both intrahepatic and extrahepatic biliary cells. These
effects are driven primarily by Yap, but not Taz signaling. Re-expression of Sav1 protein in sav1-/hepatocytes is able to overcome these initial deficits and allow sav1-/- fish to survive, suggesting cell
non-autonomous signaling from hepatocytes. Examination of these surviving adults reveals cell
autonomous roles for Hippo-Yap/Taz in the extrahepatic biliary system, with implications for
extrahepatic biliary carcinomas. stk3 mutagenesis revealed the phenotypes observed in sav1 mutants
function through canonical Hippo signaling, support a role for phosphatase PP2A, and suggest further
unknown roles for sav1. Overall, this study finds a role for Hippo-Yap/Taz signaling in the
maintenance of extrahepatic biliary ducts, while reporting results with implications on known Hippo
pathway signaling mechanisms.

Combined Genetic-Pharmacologic Inactivation of ADAMTS1 and ADAMTS5 Uncovers Novel Roles in
Myocardial Differentiation, Cardiac Rotation and Ventricular Septal Closure
Timothy Mead1, Simon Foulcer1, Courtney Nelson1, Jonathan Larkin2, Suneel Apte1
1
Cleveland Clinic, USA; 2GlaxoSmithKline, USA
ADAMTS1 and ADAMTS5, closely related secreted metalloproteases that remodel the extracellular
matrix (ECM) during heart development, are co-expressed during cardiac development in the outflow
tract and cardiac jelly/myocardium. Mice lacking either Adamts1 or Adamts5 have mild cardiac
phenotypes. Genetic combinatorial deletion of Adamts1 and Adamts5 is not possible since their loci
are tightly linked. Therefore, a novel approach combining genetic inactivation of Adamts1 with
pharmacological inactivation of ADAMTS5 was undertaken. Adamts1-/-;Adamts5x/x embryos have
severe developmental cardiac defects resembling Tetralogy of Fallot including overriding aorta,
ventricular septal defect and stenotic pulmonary valves. Myocardial differentiation is perturbed with
reduced cardiac jelly remodeling as shown by insufficient compact and trabecular myocardium and a
retention of a primitive ECM. Versican, a substrate of both ADAMTS1 and ADAMTS5, was aberrantly
distributed with no ADAMTS-mediated versican cleavage product, versikine, observed in Adamts1-/;Adamts5x/x embryos. Versikine was localized to the ventricular septal fusion site in control hearts, but
was missing in Adamts1-/-;Adamts5x/x hearts suggesting a role for versikine in septal fusion.
Genetically lowering the concentration of this fragment in either Adamts1-/-;hdf+/-or Adamts5x/x;hdf+/embryos also resulted in a ventricular septal defect, supporting this hypothesis. Furthermore, a
proteomics approach identified additional, novel ADAMTS1 and ADAMTS5 substrates.
ThesefindingssuggestthatADAMTS1 and ADAMTSS5 cooperate during cardiac development and are
necessaryfor cardiac jelly/myocardial differentiation, cardiac outflow tract rotation and ventricular
septal formation through the cleavage of versican. This has important implications in understanding
the role of ECM regulation during cardiac development and provides novel insights into the etiology of
congenital heart disorders.
Early cellular mechanisms contributing to Rbpj deficient Brain Arteriovenous Malformation
pathogenesis in mice
Subhodip Adhicary, Corinne Nielsen
Ohio University, USA
Abnormally enlarged blood vessels underlie many life-threatening disorders, including Arteriovenous
Malformations. Brain Arteriovenous Malformations (BAVM)s are anomalies of the cerebrovasculature
where the typical artery-capillary-vein architecture is replaced by direct arteriovenous (AV)
connections, accompanied by shunting of high-pressure arterial blood to veins, often causing vessel
rupture and hemorrhage. BAVMs are particularly difficult to treat, as the molecular and cellular
etiologies remain elusive. We study BAVM pathogenesis in a genetic mouse model that is deficient
for endothelial Rbpj (transcriptional modulator of Notch signaling). Rbpj deletion is induced shortly
after birth (Postnatal day (P)1 and P2), selectively in endothelial cells (EC)s. Mice deficient for
endothelial Rbpj exhibit vessel tortuosity, AV shunting and hemorrhage – clinical features observed in
patients – by P14. We are investigating cellular and molecular abnormalities in brain ECs, following
Rbpj deletion, in order to uncover mechanisms of BAVM pathogenesis. We hypothesized that
endothelial Rbpj deletion leads to cellular abnormalities, including aberrant EC number and/or
morphology, in the brain vasculature, driving BAVM pathogenesis. Using EdU pulse-chase and brain
whole mount immunofluorescence, we studied possible changes in brain EC proliferation and EC
area/morphology, respectively. We found that, following endothelial deletion of Rbpj from birth, brain
EC proliferation and area were not affected but EC morphology was altered – from an elongated to a

rounded EC shape. This altered EC morphology may be an initial contributor to brain AV expansion. To
uncover molecular factors that promote BAVM, we first identified an early postnatal timepoint (P7)
for studying brain EC specific transcriptomic profiles and in vitro properties of isolated primary brain
ECs. Understanding mechanisms that drive vessel enlargement will allow us to target them during
future therapeutic strategies.
A versatile zebrafish model of pro-inflammatory diseases that is both conditional and tissue
specific
Sara Ibrahim, Isra Haider, Arianna Harris-Kawano, Raghavendra Mirmira, Emily Sims, Ryan Anderson
Indiana University School of Medicine, USA
Maladaptive signaling by pro-inflammatory cytokines (PICs) such as Tumor Necrosis Factor-α (TNFα),
Interleukin-1β (IL1 β), and Interferon-? (IFN?), can activate downstream signaling cascades that are
implicated in the development and progression of multiple inflammatory diseases. Despite playing
critical roles in pathogenesis, the availability of in vivo models in which to model tissue-specific
induction of PICs is limited. To bridge this gap, we have developed a novel multi-gene expression
system dubbed: Cre-Enabled and Tetracycline-Inducible transgenic system for conditional, tissuespecific expression of Pro-Inflammatory Cytokines (CETI-PIC3). This binary transgenic system
permits the stoichiometric co-expression of TNFα, IL1-β, IFN?, and an H2B-GFP fluorescent reporter
gene in a dose dependent manner. Furthermore, cytokine mis-expression is enabled only in tissue
domains that can be defined by Cre recombinase expression. We have validated this system in
zebrafish using an insulin:Cre line. In doubly transgenic fish, quantitative real-time polymerase chain
reaction (qRT-PCR) demonstrated increased expression levels of IFN?, IL1β, and TNFα mRNA.
Moreover, specific expression in pancreatic β cells was demonstrated by both TNF-α
immunofluorescence and GFP fluorescence. Cytokine-overexpressing islets elicited specific
responses: β cells exhibited increased expression of genes associated with reactive oxidative species
(ROS)- mediated stress and endoplasmic reticulum (ER) stress, surveilling and infiltrating
macrophages were increased, and β cell death was promoted. This powerful and versatile model
system can be used for modeling, analysis, and therapy development for diseases with an underlying
inflammatory etiology.

Education Workshop: Scientific Writing 101. Fellowships,
papers, and grants! Oh my!
Monday 1:30 pm-3:30 pm @ Tinkham Veale Ballroom C

Organizers: Emmitt Jolly, PhD (Dept. of Biology, CWRU) and Claudia Mieko Mizutani, PhD
(Dept. of Biology, CWRU)
Description: Scholarly writing is an essential skill in science. In fact, most of lab PI’s time is
said to be spent on writing. This workshop will discuss about scientific writing in fellowship
application, grant application, manuscript and PhD thesis. Researchers and trainees will
share their experience in becoming better writers, training their students in writing,
reviewing written work from the scientific community, and talk about the rewards and
challenges that come with writing.
Presenters/Discussion Leaders:
Dr. Nicole Crown, Assistant Professor, Case Western Reserve University.
Dr. Donna Fekete, Professor, Purdue University.
Trizi Ibarra, PhD candidate, Case Western Reserve University.
Dr. Emmitt Jolly, Associate Professor, Case Western Reserve University.
Dr. Brian Link, Professor, Medical College of Wisconsin.
Dr. Claudia Mieko Mizutani, Associate Professor, Case Western Reserve University
TBA, CWRU Writing Center
Schedule:
1:30 – 1:35 pm – Introduction to workshop. Emmit Jolly, PhD
1:40pm – 2:40pm - Break out session:
Round table 1: Fellowship applications for PhD students and Postdocs. Table leaders: Dr.
Emmitt Jolly and Dr. Nicole Crown
Round table 2: Grant writing. Table leader: Dr. Brian Link
Round table 3: Manuscript writing and thesis writing. Table leaders: Dr. Donna Fekete and Dr.
Claudia Mizutani
2:40 – 2:55 pm – Discussion summary (each table will summarize their discussions 5 min
each)
3:00 -3:10pm – Personal experience of Applying for a PhD fellowship. Beatriz Ibarra, PhD
candidate.
3:10 – 3:20 pm- Applying for a NIH/K-99 award. Dr. Nicole Crown.
3:20 - 3:30pm – Closing thoughts and resources, CWRU Writing Center.

Applications of Single Cell Analysis in Developmental Biology
Tuesday 12:10 pm-2:40 pm @ Tinkham Veale Ballroom B
Schedule:
12:10 pm-1:10 pm - Advancing Biology: Single Cell Genomics and Spatial Transcriptomics
for Advanced Cell and Developmental Research.
Brian Fritz, PhD, 10x Genomics, Senior Marketing Manager.
Here we will cover the latest in single cell genomics, along with the exciting move into spatial
transcriptomics, and how these technologies have continued the advancement of the field of
developmental biology.

1:15pm-1:45pm
Mark Cameron, PhD. Associate Professor, Director, Applied Functional Genomics Core,
Department of Population & quantitative Health Sciences, Case Western Reserve University

1:50pm-2:20pm - Single cell expression analysis reveals anatomical and cell cycledependent transcriptional shifts during heart development.
Guang Li, Assistant Professor, University of Pittsburgh
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Session 2: Monday 6:05 pm-7:05 pm @ Tinkham Veale Ballroom A
Session 3: Tuesday 4:35 pm-5:35 pm @ Tinkham Veale Ballroom A
ID #1 A Targeted Genetics Screen to Identify Meiotic Cohesion Regulators
Ali Ahsan, Aaron Severson PhD
Cleveland State University, United States
During oogenesis in animals deficient for REC-8, a subunit of the cohesin complexes required for
sister chromatid cohesion (SCC), CO recombination fails and sister chromatids segregate away from
one another prematurely in meiosis I. Consequently, zygotes inherit two copies of each chromosome.
Chromosome segregation in meiosis II fails, and the progeny of rec-8 mutant mothers usually survive
as viable polyploids. In contrast, homologs segregate randomly during meiosis I in oocytes produced
by spo-11 mutants, which lack the transestrase required for crossover recombination. This results in
aneuploidy, and nearly all the embryos die. We have shown that mutations disrupting SCC mediated
by REC-8 cohesin markedly suppress the lethality of spo-11 mutants (88% vs 8% viable), but
mutations disrupting the related COH-3/4 cohesin complex do not. Thus, a screen for spo-11
suppressors can identify complex-specific regulators critical for the formation of healthy gametes,
including factors required for loading of REC-8 cohesin, for stepwise release of SCC mediated by REC8 cohesin and for establishment of SCC by REC-8 cohesin, for example, mutations within subunits of
REC-8 cohesin or in factors that couple premeiotic DNA replication to SCC establishment. A pilot
screen of 4000 haploid genomes identified three suppressors. The first cloned was a null allele of htp3 which encodes a component of the synaptonemal complex. This mutation revealed differential
loading mechanisms of REC-8 and COH-3/4 and demonstrated the first evidence that the meiotic
chromosomal protein HTP-3 regulates cohesin. We will continue the screen to identify additional
regulators. Our analysis will provide insight into how cohesin and SCC are regulated during C. elegans
meiosis. We expect our results will be relevant to plants and mammals, which also require multiple,
functionally specialized meiotic kleisins.
ID #3 Building Patterning-Dependent Chromatin States.
Shelby A. Blythe
Northwestern University
Following zygotic genome activation, Drosophila embryos undergo the MBT having established a
homogeneous chromatin landscape common to all somatic cells of the embryo. Ubiquitously
expressed pioneer factors, such as Zelda, establish this initial ‘ground state’ of chromatin structure.
Over the next 24 hours of development, cell fate specification and differentiation will take place,
bringing with it the emergence of cell-type specific chromatin organization. How do such patterns
emerge, and how do developmental patterning systems drive these changes? To address this, I have
profiled chromatin accessibility by ATAC-seq between the MBT and gastrulation comparing wild-type
embryos with those deficient for all maternal patterning systems. Unlike wild type embryos,
quintuple bicoid oskar capicua torsolike Toll[RM9] mutants develop with an apparent single uniform
cell identity that carries a molecular signature of posterior endodermal progenitors. I demonstrate
that with the exception of Bicoid, maternal systems drive patterning events largely constrained by
the initial state of chromatin structure. However, distinct zygotic targets of maternal patterning
systems drive regionalized chromatin accessibility patterns, resulting in emergent heterogeneity.

One single factor, odd-paired, accounts for ~30% of all new accessibility states that emerge in
response to maternal patterning cues. Such patterning-dependent changes in chromatin accessibility
states represent the emergence of ‘new’ information in the genome, occurring largely at previously
silent cis-regulatory modules that are typically not bound by maternal pioneers such as Zelda and
GAGA. Future work will involve testing the relative impact of regulating the emergence of such
accessibility states in space and time.
ID #5 Kinesin Associated Protein 3 is required for spermatogenesis and somatic motile cilia function
in planarians
Donovan Christman, Labib Rouhana
Department of Biological Sciences, Wright State University, Dayton, OH 45435, United States
Microtubule-based structures are an essential part of eukaryotic cells as they are involved in a
number of processes such as phagocytosis, chromosome separation, intracellular transport, and cell
motility. Transport along microtubules is accomplished by kinesin superfamily proteins (KIFs), which
are motor proteins that bind cargo and use ATPase activity to move along microtubules in an
anterograde fashion. One of the most common kinesin complexes is composed of KIF3 dimers and
the Kinesin Associated Protein 3 (KAP3). This complex is known as the KIF3 complex and functions
along microtubules in cilia and flagella. A KAP3 ortholog in Schmidtea mediterranea (Smed-KAP3) was
identified as a candidate gene with enriched expression in the planarian reproductive system. Wholemount in situ hybridization analyses confirmed preferential expression of Smed-KAP3 in planarian
testes. Functional analysis by RNA interference (RNAi) followed by immunofluorescence revealed loss
of flagella in elongating spermatids of Smed-KAP3 knockdown animals. Additionally, Smed-KAP3(RNAi)
planarians exhibited an inchworm-like movement rather than the continuous gliding seen in negative
control knockdowns. The inchworm-like phenotype is indicative of dysfunctional epidermal motile
cilia, which line the outside of the organism and propel planarian movement. This was confirmed by
transmission electron microscopy analysis, which showed fewer and shorter epidermal cilia on SmedKAP3(RNAi) animals. From these data we conclude that Smed-KAP3 is required for assembly and/or
maintenance of planarian motile cilia and flagella. Broader implications of this research include
information that can be applied towards understanding asthenozoospermia and ciliopathies caused
by motile cilia disfunction.
ID #7 Characterization of a conserved Transient Receptor Potential Channel required for
spermatogenesis in planarian flatworms
Haley Curry, Labib Rouhana
Department of Biological Sciences, Wright State University, Dayton, OH 45435, USA
The molecular processes underlying the control of external stimuli on development of the
reproductive system remain to be understood. The Transient Receptor Potential superfamily of
proteins (TRPs) consists of cation channels that respond to external stimuli and are abundant in the
somatosensory as well as reproductive systems. Mammalian TRP-Melastatin 3 (TRPM3) channels
are activated by heat and the neurosteroid pregnenolone. Here we characterize an ortholog of TRPM3
in the planarian flatworm Schmidtea mediterranea (Smed-TRPM3). Smed-TRPM3 was hypothesized to
play a role in germline development due to enriched expression in the reproductive system of sexual
planarians. In situ hybridization analysis revealed that Smed-TRPM3 is preferentially expressed in
planarian testes and ovaries. Functional analysis by RNA interference (RNAi) revealed that SmedTRPM3 promotes spermatogenesis, as Smed-TRPM3(RNAi) planarians had fewer and less-developed
testes compared to control knockdowns. We hypothesize that Smed-TRPM3 responds to the

hormone pregnenolone to ultimately regulate gonad development. Alternatively, Smed-TRPM3 may
be regulating reproductive development in response to temperature.
ID #9 CRISPR-Cas9 Mediated Disruption of a Possible Cuticular Plate Structural Gene Dematin
Mike Dercoli1,2, Shengxuan Wang1,2, Lana Pollock1,3, Brian McDermott1,2,3,4
1
Case Western Reserve University Department of Biology, United States; 2University Hospital Department of
Otolaryngology-Head and Neck Surgery, United States; 3Case Western Reserve University Department of
Genetics and Genome Sciences, United States; 4Case Western Reserve University Department of
Neurosciences, United States
Hearing loss is a problem that affects millions of people across the planet having a significant impact
on people’s quality of life. The genetic and mechanistic causes of many types of hearing loss is still
unclear. In order to develop robust and targeted therapies for individuals suffering from hearing loss
there must be a strong genetic and mechanistic understanding of the auditory system. At the cellular
level, hearing is made possible by cells capable of mechanotransduction in the inner ear.
Mechanotransduction is the process of converting mechanical stimuli into electrical signals in
specialized cells. The subset of these cells in the auditory system are hair cells. Hair cells have actinbased staircase-like projections called stereocilia. These stereocilia originate from an apical region
rich in filamentous actin called the cuticular plate (CP) where rootlets of the stereocilia are located.
The CP region has been suggested as a structural base for the movement of stereocilia.
Understanding the molecular mechanisms responsible for mechanosensitivity in hair cells involves
studying the role of important proteins that are expressed in hair cells and their interactions. Our lab
has recently localized a protein, dematin to the CP of hair cells in zebrafish. Dematin is an actin
binding and bundling protein originally found to be structurally important in the erythrocyte junctional
complex in erythrocytes. This structural role of dematin in erythrocytes along with its localization in
the CP of zebrafish stereocilia leads us to believe it could be filling a similar function there. The goal of
this project is to use CRISPR-Cas 9 mediated gene disruption to generate a dematin knockout in the
zebrafish model in order to determine the reliance of hair cell stereocilia on this protein. Successfully
knocking out dematin can allow for a better understanding of the molecular basis of the cuticular
plate’s function and possibly how it relates to the stereocilia.
ID #11 Kuhnian Revolution in Developmental Biology: Molecular Sensors & the Influx of Physics
Patrick Ferree
Duke University, USA
Thomas Kuhn invented convenient vocabulary for describing revolutions in the history of science. His
concept of the ‘paradigm shift’ is used extensively—and across disciplines—to refer to special
scientific transitions: when scientists discard one set of ideas and adopt another by redefining old
concepts, or inventing/discovering new ones. David Parker (a neuroscientist at Cambridge) recently
argued that innovations in technology have yet to inspire true Kuhnian revolutions in neuroscience.
He argues convincingly that novel tools have generally been used to verify/test—but never
innovate—existing conceptual models. Furthermore, he thinks that any mention of Kuhnian
revolution in neuroscience is generally an abuse of language. Here, I consider the relationship
between technology and contemporary developmental biology. I argue that developmental biology
is undergoing a proper Kuhnian scientific revolution. My argument rests on the idea that
contemporary technologies are transforming a field that was once very much a taxonomy of
organisms into a field much more mathematically malleable, open to theoretical discourse and
quantitative investigations. Like Parker’s neuroscience, I believe that many (if not most) of these
intellectual incorporations generally test existing conceptual models and traditional hypotheses. But

unlike neuroscience, I discuss here the idea that contemporary advances in the physics of biology are
inspiring the creation of novel concepts useful for understanding embryonic development, and in
doing so, transforming the science of developing organisms. In presenting this poster, I hope to
encourage conversation regarding the rich history and philosophy of developmental biology.
ID #13 Two independent signaling pathways regulate uterine embryo movement.
Diana Flores, Devan Patel, Savannah Wright, Manoj Madhavan, Ripla Arora
Institute for Quantitative Health Science & Engineering, Department of Obstetrics, Gynecology and
Reproductive Biology, Michigan State University, United States
How a mammalian embryo determines and arrives at its site of attachment is a mystery that has
puzzled researchers for decades. Additionally, in multiparous species such as mice, how adequate
embryo spacing is achieved to avoid competition for maternal resources is not well known. Using our
enhanced confocal imaging and 3D image reconstruction technology, we evaluate murine embryo
location in the uterus, at specified time intervals along the longitudinal oviductal-cervical axis. Our
analysis reveals three distinct pre-implantation stages prior to attachment: a) Embryo entry; b)
Embryo clustering (unidirectional movement); and c) Embryo scattering (bidirectional movement).
Embryos enter the uterus around midnight on Day 2 of pregnancy (day of the plug is day 0.5).
Subsequently, embryos move as a cluster along the oviductal-cervical axis until they have traveled
about half the length of the uterine horn and spend ~6 hours clustered in this location. Later, they
scatter themselves along the entire uterine horn length and eventually space out equally. While the
movement of embryo clusters is regulated by contractions of the uterine smooth muscle, embryo
scattering seems to be independent of uterine contractions and relies instead on embryo-uterine
communication. We propose a mechanism, where embryo clusters present in the middle of the horn
provide an opportunity for the uterus to sense and count the embryos, allowing equal spacing of
these embryos along the given length of the horn. Thus our data support the idea that in mice, uterine
implantation sites are not predetermined and instead, are guided by the number of embryos entering
the uterine lumen.
ID #15 Features of oscillatory transcript 3’UTRs regulate Pnrc2-mediated decay during zebrafish
somitogenesis
Thomas Gallagher1,2, Kiel Tietz1,2, Monica Mannings1,2, Zachary Morrow1, Nicolas Derr1, Sharon
Amacher1,2,3,4
1
Molecular Genetics, The Ohio State University, Columbus, OH, 43210, USA; 2Center for RNA Biology, The
Ohio State University, Columbus, OH, 43210, USA; 3Biological Chemistry and Pharmacology, The Ohio State
University, 43210, USA; 4Center for Muscle Health and Neuromuscular Disorders, The Ohio State University,
43210, USA
Vertebrate segmentation is controlled by the segmentation clock, a molecular oscillator that
regulates gene expression and cycles rapidly. Oscillating genes include hairy/Enhancer of splitrelated (her or Hes) genes, which encode transcriptional repressors that auto-inhibit their own
expression, and deltaC (dlc), which encodes a Notch ligand that mediates cellular signalling. Oscillatory
transcripts are decayed rapidly, and this depends upon the gene pnrc2 (proline-rich nuclear receptor coactivator 2) that encodes an mRNA decay adaptor. Previously, we showed the her1 3’UTR confers
instability to otherwise stable transcripts in a Pnrc2-dependent manner (Gallagher et al, 2017),
however, the molecular mechanism(s) by which oscillatory transcripts are cleared remained largely
unknown. To identify cis-regulatory features residing in the her1 3’UTR that are critical for Pnrc2mediated decay, we developed transgenic inducible zebrafish reporter lines containing varied her1
3’UTR regions. We find that the last 179 nucleotides (nts) is necessary and sufficient to confer Pnrc2-

dependent reporter mRNA decay in developing embryos. Motif analysis reveals a Pumilio response
element (PRE) and AU-rich element (ARE) within the last 179 nts of the her1 3’UTR, both of which are
required for rapid turnover of reporter mRNA in vivo. Similar to the her1 3’UTR, the dlc 3’UTR confers
instability to reporter mRNA and contains PRE and ARE motifs, suggesting that a common
mechanism may underlie rapid oscillatory transcript decay. Taken together, our findings implicate
factors including Pumilio (Pum) and AU-rich binding proteins (ARE-BPs) as regulators of oscillatory
transcript decay. We are now characterizing pum1 and pum2 genetic mutants and future work
includes analysis of genes encoding ARE-BPs that may contribute to oscillatory expression. Overall,
our goal is to define post-transcriptional regulatory mechanisms that promote oscillatory expression
during vertebrate segmentation.
ID #17 Genetic analysis of the planarian female reproductive system
Elizabeth Gomez, Labib Rouhana
Wright State University, USA
The study of conserved gene function in invertebrate reproductive systems provides relevant
information about human development and fertility. Planarians are able to undergo whole body
regeneration and develop an entire hermaphroditic reproductive system post-embryonically, making
them an ideal model for studies of gene function during development of sexual organs. Cytoplasmic
Polyadenylation Element Binding proteins (CPEBs) are key regulators of specific messenger RNAs
during germline development. CPEB1 is required for development and function of female organs in
the planarian Schmidtea mediterranea. Disruption of CPEB1 expression through RNA interference
(RNAi) followed by transcriptome analysis revealed additional genes expressed in the female
reproductive system. Analysis of 100 of these candidate genes by in situ hybridization verified
enriched expression of six genes in the ovaries and 18 genes in the testes. Functional analysis of
these 24 genes by RNAi revealed a Pre-mRNA Processing Factor 19 (PRP19) ortholog required for
development of testes and ovaries. Detailed characterization of PRP19 knockdown planarians and
additional analysis of genes expressed in ovaries and testes are ongoing. These efforts will identify
genes that are required for development of oocytes or sperm and provide a better understanding of
the molecular mechanisms responsible for securing successful development of animal gametes.
ID #19 Wnt signaling is required for phosphorylation of Erk1/2 during murine cranial bone
development in vivo.
Beatriz Ibarra, Cody Machen, Radhika Atit
Case Western Reserve University, USA
Loss of Wnt/β-catenin signaling in the cranial mesenchyme (CM) results in a cell fate switch from
skull bone to cartilage by an unknown mechanism. Identifying signaling factors that regulate these
cell fate decisions in craniofacial development is necessary for understanding the etiology of birth
defects, such as craniosynostosis and skeletal dysplasia. 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 and E13.5, without affecting total
Erk1/2 protein levels. We have observed that activation of Erk1/2 is dependent on Wnt signaling and
is significantly diminished in CM of Wnt ligand secretion mutants suggesting that there is a Wnt
signaling threshold required for activation of Erk1/2 in the CM during skull bone formation. Loss of
Erk1/2 in CM in vivo results in increased expression of Sox9 in CM at E16.5 and loss of calvarial bone

formation, highlighting a role of Erk1/2 during cranial bone formation in vivo. 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 elucidate new
therapeutic targets or preventative treatments for craniofacial disorders and would be applicable to a
larger community that studies Wnt signaling and cell fate in other disease contexts, including cancer.
Funding: NIH – F31DE028487, T32AR7505, R01DE18470 (RA), and GAANN
ID #21 The Regenerative Capacity of the Chicken Cochlea Predicts the Existence of Auditory Stem
Cells
Sakin Kirti, Amanda Janesick, Stefan Heller
Stanford University School of Medicine, USA
The mammalian cochlea lacks regenerative capability, which is a major reason for the permanence of
hearing loss. In contrast, the avian cochlea is able to fully regenerate lost hair cells from a pool of
supporting cells. We aimed to characterize the cellular composition of the chicken cochlear sensory
epithelium using single cell RNA-sequencing to identify similarities and differences with the
mammalian cochlea. We identified novel gene markers such as CXCL14 and C14Orf180 which mark
different avian hair cell types. These genes are also found in mouse cochlear hair cell subtypes and
they provide the first molecular evidence that avian short hair cells are comparable with mammalian
outer hair cells, and avian tall hair cells are comparable with mammalian inner hair cells. In addition,
our findings suggest that chicken supporting cells express glial genes which make them inherently
more stem-like, and more likely to proliferate during regeneration. Using a previously established
damage model, we quantitated supporting cell numbers in virtual reality (VR) to show that their
numbers are equivalent before and after damage. Quantitation in VR also revealed that all neural
supporting cells mitotically divide while abneural supporting cells undergo phenotypic
conversion. Finally, we observed that interferon-inducible genes are upregulated 1-2 days after hair
cell loss, yet there is no evidence of increased activity of macrophages or other immune cells entering
the chicken cochlea. Rather, we found that the supporting cells “hijack” these immune genes and we
speculate that they utilize them for regeneration. Future studies will employ JAK/STAT inhibitors to
identify whether interferon-related signaling is essential for hair cell regeneration. Ultimately, we aim
to compare avian and mouse models in order to identify the missing link in mammals that prevents
the cochlea from regenerating the cells that are fundamental for hearing.
ID #23 Ethanol Exposure Results in Faster Conduction, Smaller Cushion at AVJ in the Looping Heart
Shan Ling1, Hope Yashnik1, Michael Jenkins1, Michiko Watanabe2, Andrew Rollins1
1
Dept of BME, Case Western Reserve University, United States; 2Dept of Pediatrics, School of Medicine, Case
Western Reserve University, Rainbow Babies and Children’s Hospital, The Congenital Heart Collaborative,
United States
In addition to neurological and craniofacial defects, fetal alcohol syndrome also leads to cardiac
abnormalities. It has been demonstrated that early ethanol-exposure induces increased retrograde
flow and smaller cardiac cushions compared to controls. It is also known that endocardial cushion
formation at the atrioventricular junction (AVJ) is necessary to produce the AVJ conduction delay
because it separates AVJ myocardium from endocardial-derived factors. Therefore, we hypothesize
that the ethanol exposed embryos that develop smaller AVJ cushions would exhibit abnormally fast
AVJ conduction. In order to support this hypothesis, we compared the cardiac morphology and AV
conduction between quail embryos that were injected with ethanol at gastrulation stages and
uninjected control embryos. They were incubated until HH stage 19 after the active remodeling of the

primitive cardiac jelly and emergence of endocardial cushions. Embryonic hearts were dissected,
stained with a voltage-sensitive fluorescent dye, then imaged under an optical mapping (OM)
microscope to capture conduction maps. Finally, they were imaged in 3-D using optical coherence
tomography (OCT) for structural analysis. The images captured by OM were processed to calculate
the activation time. The endocardial cushions in the OCT images were manually segmented and their
volumes were estimated. Our preliminary results show that compared with controls, ethanol exposed
embryos that exhibit smaller cushions also develop abnormally fast conduction at the AVJ. More data
will be required to quantify the relationship between conduction and cushion morphology. Conduction
velocity maps paired with surface projections of the cushion thickness is a future goal.
ID #25 Mitochondrial Calcium Uniporter is Necessary for Hearing Preservation, but not for Cochlea
Development in Mice
Manikandan Mayakannan1; Steven Walker1; Aditi Deshmukh1; Elizabeth Perea1; Danqi Wang2; Kumar
N. Alagramam1; Ruben Stepanyan1
1
Department of Otolaryngology, University Hospitals Cleveland Medical Center, School of Medicine, Case
Western Reserve University; 2Swagelok Center for Surface Analysis of Materials, Case Western Reserve
University
Mitochondrial Ca2+ regulates a wide range of processes including morphogenesis, metabolism,
excitotoxicity, and cell survival. In cochlear hair cells, mitochondrial uptake of the abundant [Ca2+]
inflowing through activated MET and voltage gated Ca2+ channels ensures cytosolic homeostasis
and contributes to Ca2+ buffering. Rapid mitochondrial Ca2+ uptake occurs via a highly selective
channel comprised of the pore forming subunit, the mitochondrial Ca2+ uniporter (MCU), and a few
other regulatory proteins. Using an MCU deficient (MCU-/-) mouse model, we investigated the
development, morphology, functioning, and calcium homeostasis of auditory hair cells in the first two
post-natal weeks. Surprisingly, no difference was evident in MCU+/+, MCU+/-, and MCU-/- mice with
respect to the following: (i) number of auditory hair cells, (ii) thickness of Stria Vascularis, (iii) number
of ribbon synapses innervating the IHCs, (iv) intracellular and mitochondrial Ca2+ levels, (V) uptake of
FM 1-43 by hair bundles, and (vi) superoxide levels in mitochondria. Scanning electron micrographs
revealed no observable structural defects in the cochlea, especially the hair cells, in the absence of
MCU. However, the knockout mice developed initial high frequency hearing loss at 4 weeks of age
that progressed to profound deafness by 12 weeks of age. At this time point, up to 20% of the outer
hair cells (OHCs) in the mid-cochlear region of the MCU-/- mice were lost. Those stereociliary bundles
of the OHCs still present, were showing signs of degeneration. Occasionally, the inner hair cells (IHCs)
were also found to be lost. Taken together, these observations indicate the normal development of
cochlea in young post-natal mice in the absence of MCU. However, in adult mice, MCU is essential for
hair cell preservation and hearing maintenance.
ID #27 Spatial Boundary Resolution during Patterning of the Neuroectoderm
Andrew Montequin
Northwestern University, USA
A classic model for vertebrate ectodermal patterning posits that a gradient of BMP signaling activity
during gastrulation specifies neural plate tissue at low levels, neural plate border at moderate levels,
and epidermis at high levels. However, the dynamic properties of this patterning mechanism remain
poorly understood. Our immunofluorescence studies in whole-mount Xenopus laevis embryos have
revealed that, at early neurula stages, transcription factors that mark the neural plate (Sox2) and the
neural plate border (Pax3) co-localize within individual nuclei. As neurulation proceeds, the spatial
boundary between domains marked by these proteins resolves until co-localization of neural plate

and border markers is no longer detected. This suggests a more dynamic model for neuroectodermal
patterning, where an initially broad spatial pattern set up by a gradient of BMP activity is
subsequently refined by additional mechanisms. Importantly, we find that downregulation of BMP
signals expands the neural plate domain without altering the resolution of these distinct transcription
factor domains, suggesting that the mechanism for boundary refinement acts downstream or
independent of BMP signaling. Transcriptional cross-repression is one possible mechanism for
driving the resolution of boundaries between juxtaposed fates during development. Interestingly,
SoxB1 factors (Sox2/3) and Snail family transcription factors, which mark neural crest progenitors
within the neural plate border, exhibit mutually repressive behavior in other developmental contexts
but these properties have not been studied in the context of neuroectodermal patterning. Here we
use high-resolution imaging, quantitative image analysis techniques, and molecular genetic
perturbations to test this model. Together, these data provide new insights into the problem of how
individual cells interpret positional information to form spatial boundaries between juxtaposed fates.
ID #29 Control of Pluripotency by Kruppel-like Factors in Blastula Stem Cells and Neural Crest Cells
Sara Rigney, Carole LaBonne
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, unique stem cells that retain broad, multigerm layer
potential long after most cells become lineage restricted. We proposed a model that neural crest cells
maintain pluripotency by retaining regulatory features from pluripotent blastula cells earlier in
development. In embryonic development, the balance between pluripotency and differentiation is
controlled by a core gene regulatory network (GRN) of transcriptions factors. To support the model of
retained regulatory features in neural crest cells we showed that blastula cells and neural crest cells
share a common GRN in addition to expressing their own unique pluripotency factors. While many
factors of the blastula and neural crest cell GRN’s are known, questions about how these factors
regulate pluripotency in these cell types suggest other unknown factors may be involved. We
hypothesized that likely additional regulatory factors were the Kruppel-like factors (Klf) 2, 4, and 5. In
addition to Klf4 being one of the Yamanaka factors that reprograms differentiated cells back to a
pluripotent state, Klfs 2,4, and 5 have been shown to be required for maintaining pluripotency in
mouse embryonic stem cells. Here we present data from gain of function studies with Klfs in Xenopus
laevis embryos supporting the hypothesis that Klfs have a role in the maintenance of pluripotency and
the exit from pluripotency in both blastula and neural crest cells. In addition to classic in-situ analysis,
we used newly developed protocols for immunofluorescence, confocal microscopy, and quantitative
image analysis to analyze the effects of these genetic manipulations at single-cell resolution in a
quantitative manner that has not been previously possible in the Xenopus system.
ID #31 Investigating cdx4 gene regulation in zebrafish neural crest cells
Ruby Schnirman, Manuel Rocha, Victoria Prince
University of Chicago, United States of America
Neural crest cells (NCCs) are a vertebrate-specific multipotent cell type that migrates from the
dorsolateral aspect of the developing neural tube to give rise to neurons, glial cells, chondrocytes, and
melanocytes. There are distinct populations of NCCs along the anteroposterior (AP) body axis, with
trunk and cranial NCC populations differing in their underlying gene regulatory networks,
differentiation potential, and migratory behaviors; however, the mechanisms governing this AP
regionalization are not fully understood. We have identified the zebrafish Cdx4 transcription factor as
a candidate to confer trunk NCC identity. The gene cdx4 is expressed in the tailbud and developing

spinal cord. Moreover, our in situ hybridization data confirm that cdx4 is expressed in premigratory
trunk NCCs. In this project, we are investigating the functions of putative regulatory elements of the
zebrafish cdx4 gene that may drive expression in NCCs. We have identified nine regions of open
chromatin near cdx4 that may serve as putative regulatory elements from an ATAC-seq dataset. We
have clone these putative enhancers into reporter constructs that utilize the AC/DS transposase
system for efficient integration. By injecting these constructs into one-cell stage embryos, we are
currently evalualuating their ability to drive reporter gene expression and characterizing their
expression patterns. Our goal is to identify regulatory sequences that drive trunk NCC expression and
to gain an understanding of how the complex patterns of cdx4 expression are regulated. Once
identified, such elements will provide trunk NCC-specific markers that facilitate further investigation
of regionalization, and serve as a starting point for construction of a gene regulatory network for cdx4
and potential evolutionary studies.
ID #33 Glucocorticoid Receptor is Required for Metamorphic Completion in Xenopus tropicalis
Zachary Sterner, Leena Shewade, Daniel Buchholz, Ph.D.
University of Cincinnati, USA
Stress hormones are critical for survival at birth in mammals due to their importance in lung
maturation. However, the major stress hormone in amphibians, corticosterone (CORT), is known only
to modulate the action of thyroid hormone (TH) and has no known developmental action of its own.
To examine the developmental role of stress hormone signaling in frog developmental progression,
we have produced glucocorticoid receptor (GR) knockout Xenopus tropicalis. Identifying individual
genotypes was achieved using a PCR-based method, called the heteroduplex mobility assay (HMA).
GR Mutant sequences were validated through DNA sequencing and demonstrated a 10 bp deletion.
Growth and development were measured over the course of metamorphosis via snout-vent length
and Nieuwkoop-Faber staging, respectively. GR mutants developed at a faster rate compared to
wild-type individuals up until NF 59. After this stage, GR mutants stalled and demonstrated no
significant difference from wild-type individuals. The observed developmental stall can be explained
by gene expression data at NF 61, showing significantly lower expression of thyroid hormone
receptor beta in GR mutants. At NF 58, where we observe increased developmental rate for the GR
mutants, we see no significant difference between expression of thyroid hormone receptor beta,
potentially demonstrating a developmental action of CORT independent of TH. Additionally, we find
that GR mutants perish before the completion of metamorphosis, demonstrating the importance of
CORT signaling in metamorphic completion. Here we demonstrate that there are developmental
actions of CORT apart from modulation of TH signaling and that GR is required for metamorphic
completion. Understanding the developmental actions of CORT could potentially aid in explaining the
mechanism underlying the decline of amphibians and provide a mechanism for the negative
developmental consequences associated with stress-exposed organisms.
ID #35 Cell-autonomous and non-cell-autonomous roles of Ezh2 in skin development
Venkata Thulabandu, Timothy Nehila, Radhika Atit
Case Western Reserve University, USA
The developing skin is made up of two different tissues: the epidermis and the dermis. The
development of dermis and its signaling to the epidermis are integral to skin patterning. Dermal
development commences with dermal fibroblast (DF) precursors differentiating into DF progenitors
that further differentiate into heterogeneous dermal papillae (DP, hair promoting), papillary fibroblast
(PFs, hair promoting) and reticular fibroblasts (RFs, scar forming) among others. How the
developmental program of DFs is tuned to generate DF heterogeneity and dermal-epidermal
signaling is unknown. Epigenetic mechanisms, such as gene silencing by Polycomb Repressive

Complex 2 (PRC2) can modulate expression of known factors that are crucial for dermal and
epidermal differentiation. We observed PRC2-mediated histone modification throughout murine
embryonic dermal differentiation. Thus, we hypothesize that dermal PRC2 regulates DF
heterogeneity by modulating key developmental signaling pathways, and subsequently affecting
dermal-epidermal crosstalk. To address this hypothesis, we conditionally ablated PRC2’s enzymatic
component, Ezh2, in the DF precursors of mouse embryos. These mutants exhibit an increase in the
number of Tw2+ DF progenitors, and also exhibit alterations in DF heterogeneity: an increase in
reticular fibroblasts. Surprisingly, in a non-cell-autonomous manner, themutants exhibit dramatic
epidermal hyperplasia which can be phenocopied with exogenous retinoic acid (RA) exposure in wildtype embryos. Further, we were able to rescue the epidermal hyperplasia in the mutants through oral
administration of BMS453, a pan retinoic-acid receptor antagonist. Taken together, these results
demonstrate new and unexpected roles for dermal PRC2 to cell–autonomously control dermal
heterogeneity, and non-cell-autonomously control epidermal differentiation by maintaining critical
RA signaling levels. Acknowledgements: Funded by NIH-NIDCR R01 DE-01870 (RPA)
ID #37 Exploration of the functional domains of a hair cell protein
Haoming Wang
Case Western Reserve University, United States
Vertebrate auditory function relies on hair cells of the inner ear. We have identified a protein called
HCP7 by reverse genetics, which is required for zebrafish hearing. Here, we generate a method to
uncover the functional domains of HCP7 using hcp7-/- zebrafish and a plasmid with hcp7 cDNA. This
plasmid contains two hair cell promoters, one carries a Cerulean marker and the other carries hcp7gfp, facilitating the identification of transient transgenic hair cells in the mutant background. This
method will be used to rapidly identify the functional domains of HCP7 for a more complete
understanding of the role of this protein in hearing.
ID #39 Morphogen-coordinated cell migration encodes positional information for pattern formation
along the DV axis in D. melanogaster cellularization embryos
Yongqiang Xue, Aravindan Krishnan, Claudia Mizutani
Case Western Reserve University , USA
Morphogenetic gradients provide positional information by regulating gene patterning in a thresholddependent manner. While this role has been extensively investigated to explain cell fate specification
in static developmental fields, little is known about how cell differentiation is coordinated with cell
movements dynamically. The D. melanogaster cellularization embryo was long treated as a stage with
static cells acquiring fates. However, cells actually adopt a stereotyped migration pattern that
consists of coordinated movements from the poles and lateral regions towards the dorsal midline
during cellularization. In this work, we show that the morphogen Decapentaplegic(Dpp)/BMP-4
attracts cells towards regions of gradient peak activity during cellularization, and that the
Dorsal(Dl)/NF-kB gradient plays an early role in establishing DV cell distribution within the
blastoderm prior to cellularization. Then, we performed a bioinformatics search for candidates that
might function as molecular effectors in cell migration downstream of DV morphogens, and identified
two genes: frazzled(fra) and Gukh-holder(gukh). We show that gukh is regulated by both Dl and Dpp,
while fra is repressed by Dl dosage dependently. Mutations in fra and gukh disrupt the stereotyped
cell migration pattern, leading to abnormal dorso-ventral gene patterning. This result suggests that
cell migration regulates cell fate specification independent from morphogen gradients. We also show
that Fra is apically enriched on cell vertices and co-localizes with the apical junction protein Echaderin(E-cad). Moreover, Fra is necessary for E-cad enrichment on cell membrane, while Dl

represses the same pattern of E-cad. Taken together, our data suggest that Dl regulates cell
migration by affecting cell polarity and cell-cell interactions through its downstream effectors. In
sum, we show that morphogen regulate pattern formation also by coordinating cell migration besides
its threshold dependent manner.
ID #41 Fluorescent Imaging of Nicotine-dispersed Golgi Vesicles
Zola Yi
University of Chicago, USA
Drug abuse produces long-lasting changes at synapses that remodel neural circuits causing addiction
and neurodevelopmental changes to unborn children. The mechanisms underlying drug-induced
changes in neurons and neural circuits are poorly understood. We find that nicotine induces longlasting changes in cell structure relevant to how it alters neurons and their circuits. We first found
that nicotine increases the numbers of intracellular acidic vesicles that contain high numbers of the
nicotinic acetylcholine receptors (nAChRs) that bind nicotine with high affinity. These acidic vesicles
“trap” the anti-smoking drug varenicline and the trapping appears to be critical for its anti-smoking
actions. Recently, we have found that the vesicles arise because nicotine causes dispersal of the Golgi
apparatus, but only in neurons expressing high-affinity nAChRs. The dispersed Golgi membranes are
trafficked to dendrites and axons where they are positioned at localized domains where nAChR
secretion and recycling occurs. We are developing new tools to fluorescently label the dispersed Golgi
vesicles. One strategy is to use fluorescent lectins that specifically label types of sialic acid that are
added to the nAChRs as they are trafficked through the Golgi vesicles. We will use fluorescent lectin
Maackia Amurensis [MAA] conjugated to biotin streptavidin 647 to label types of sialic acid that are
added to the nAChRs as they are trafficked through the Golgi vesicles of neurons. These ligands will
be tested in cultured rat neurons known to express α4β2Rs.
ID #43 Early Aged ECM and Tissue Stiffness Synergistically Modulate Cardiac Post-injury Response
Bhargavee Gnanasambandam1, Xinming Wang1, Subhadip Sepanati2, Paul Park2, Samuel Senyo1
1
Department of Biomedical Engineering, Case Western Reserve University, USA; 2Department of
Ophthalmology and Visual Sciences, School of Medicine
Transplanting cardiac extracellular matrix (ECM) from regenerative organisms has been
demonstrated to increase regeneration in low-regenerating hearts. Here with the adult heart in mind,
we propose that altering mechanical properties can enhance the regenerative response of ECMtreated hearts. Adult mammals have negligible cardiac regenerative capacity compared to young
mammals that exhibit an increase in cardiomyocyte proliferation in response to injury. The aging
cardiac ECM changes in composition and increases in stiffness even in the first week of life which
correlates with loss of cardiac regeneration potential in the mouse. In this study, we investigate the
role of mechanical features and aged ECM to modulate matrix-induced cardiac post-injury response
using mouse heart explants and cell culture models. Cardiomyocyte proliferation, myofibroblast
differentiation, and vascularization are examined. We observe that tuning mechanical features
correlates with modulating the bioactivity of transplanted ECM to regulate cardiac post-injury
response. We further provide evidence that the yes-associated protein (Yap) signaling pathway may
play a role in matrix bioactivity in cardiomyocyte proliferation and possibly cardiac matrix
mechanosensitivity.
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ID #2 Adamts6 Function Is Crucial For Skeletal Development in Mice
Morgan Black1,3, Chaochang Li1,2, Chuanqi Qin1, Margaret Hanlon1, Yu Lan1,2
1
Cincinnati Children's Hospital Medical Center, United States; 2University of Cincinnati College of Medicine,
United States; 3DePauw University , United States
ADAMTS (A Disintegrin-like and Metalloproteinase with Thrombospondin type 1 motifs) proteins are
secreted, extracellular matrix (ECM)-associated metalloproteinases. There are 19 ADAMTS proteincoding genes in mammals. Among them is Adamts6, which is often referred to as an orphan enzyme.
Interestingly, the Adamts6 mutant mice generated in our laboratory are associated with craniofacial
and heart defects as well as significant skeletal anomalies. In this study, we attempted to uncover the
molecular and cellular mechanisms underlying the morphological defects by examining the patterns
of expression of known molecular markers of cartilage and bone development. We found that the
skeletal developmental defects in Adamts6 mutant mouse embryos were associated with
impairment of regional cell proliferation and differentiation.
ID #4 DETERMINING WHETHER ANTAGONISTIC FUNCTIONS OF ECO-1 AND WAPL-1 REGULATE
MEIOTIC SISTER CHROMATID COHESION IN C. elegans
Samhita Chaudhuri
Cleveland State University, USA
In all organisms, genome stability requires the faithful segregation of chromosomes during cell
division. Accurate chromosome segregation depends on sister chromatid cohesion (SCC), mediated by
a conserved protein complex called cohesin. Cohesin is composed of two long coiled- coil subunits,
namely SMC-1 and SMC-3, a non-SMC subunit called SCC-3, and an alpha-kleisin. Cohesion in C.
elegans meiosis requires REC-8 and COH-3/4 kleisins. In mitotically proliferating yeast and
mammalian cells, Wapl protein negatively regulates cohesion by binding to and opening the
Smc3/kleisin interface, preventing SCC establishment by allowing cohesin to dissociate from the
chromosomes. The acetyl- transferase Eco1 counteracts Wapl by acetylating the SMC-3 subunit of
cohesin. My research focusses on whether ECO-1 antagonizes WAPL-1 in C. elegans meiosis and if
ECO-1 is critical for establishment of meiotic SCC by REC-8 and COH-3/4 cohesins. Consistent with
previous publications, we found that WAPL-1 is not essential for the removal of COH-3/4 cohesin
from the long arms. Reduced staining of COH-3/4 in eco-1 mutant germline indicates that ECO-1
might be required for stable COH-3/4 loading in meiosis. eco-1 homozygous worms produce ~11%
males, consistent with defects in meiotic chromosome segregation. Surprisingly, we don’t see
obvious cohesion defects in the germline. When we performed FISH experiments with eco-1; rec-8
worms, we saw polyploid nuclei in the premeiotic zone, suggesting that ECO-1 may establish
cohesion in mitotic cells that is mediated by a cohesin complex that contains a different kleisin than
REC-8. Also, this finding indicates that REC-8 is performing a role in mitotic nuclei in addition to its
role in meiotic nuclei. We are also conducting biochemical assays to test whether or not C. elegans
ECO-1 is indeed an acetyltransferase that acetylates cohesin subunits. Together, these studies will
provide a better understanding of the genetic pathway for SCC establishment.

ID #6 Genome-wide responses in meiotic recombination to structural variants
Danny Miller2, Nicole Crown1
1
Case Western Reserve University, USA; 2University of Washington, USA
Crossovers (COs) are formed during meiosis by the repair of programmed DNA double-strand breaks
(DSBs) and are required for the proper segregation of chromosomes. More DSBs are made than COs,
and the remaining DSBs are repaired as noncrossovers (NCOs). The distribution of recombination
events along a chromosome occurs in a stereotyped pattern that is shaped by CO-promoting and COsuppressing forces, collectively referred to as crossover patterning mechanisms. Chromosome
inversions are structural aberrations that, when heterozygous, disrupt the recombination landscape
by suppressing crossing over. In Drosophila species, the local suppression of COs by heterozygous
inversions triggers an increase in crossing over on freely recombining chromosomes termed the
interchromosomal (IC) effect [1, 2]. The molecular mechanism(s) by which heterozygous inversions
suppress COs, whether noncrossover gene conversions (NCOGCs) are similarly affected, and what
mediates the increase in COs in the rest of the genome remain open questions. By sequencing whole
genomes of individual offspring from mothers containing heterozygous inversions, we show that,
although COs are suppressed by inversions, NCOGCs occur throughout inversions at higher than wildtype frequencies. We confirm that CO frequency increases on the freely recombining chromosomes,
yet CO interference remains intact. Intriguingly, NCOGCs do not increase in frequency on the freely
recombining chromosomes and the total number of DSBs is approximately the same per genome.
Together, our data show that heterozygous inversions change the recombination landscape by
altering the relative proportions of COs and NCOGCs and suggest that DSB fate may be plastic until a
CO assurance checkpoint has been satisfied.
ID #8 Interrogating the Sin3A/HDAC Complex during Cardiogenesis using a Zebrafish Model of
Hypoplastic Left Heart Syndrome
Ricardo DeMoya
University of Pittsburgh, USA
Congenital heart disease is the most common birth defect, presenting in 10-12 of every 1000 live
births in the world, but causes for this are poorly understood. Recently, Liu et. al. (2017) revealed the
complex genetics causing hypoplastic left heart syndrome (HLHS) from a forward genetic screen. This
showed that mutations in both Sin3A associated protein 130kDa (Sap130) and Protocadherin A9
(PcdhA9) genes were responsible for HLHS in mice. We generated a zebrafish sap130a mutant using
CRISPR/Cas9 technology and reported a similar small ventricle defect and functional deficits. We
hypothesized that the cardiac progenitor populations could be reduced in sap130a mutants, leading
to a smaller ventricle. We used in situ hybridization to probe for transcripts specific to cardiac
progenitors. We determined loss of sap130a does not influence the first heart field (FHF) significantly,
suggesting the second heart field might be affected. Chamber function was analyzed in sap130a
mutants to determine if a deficit existed when compared to wildtypes. Utilizing light sheet
microscopy, we discovered that sap130a mutants have deficient ventricular chamber function.
Together these data suggest that the sap130a is critical for cardiac development and function. Lastly,
we asked if sap130a works alone to cause the phenotype. SAP130 is a known part of the
Sin3A/HDAC complex, so we asked if other components are also important for cardiogenesis.
Antisense morpholino knockdown studies showed us that depletion of sap18, sap30L, sin3aa, and
sin3ab can also cause a similar small ventricle phenotype. These data suggest that the Sin3A/HDAC
complex plays an important role in cardiogenesis and disruption of its function in development could
lead to CHDs. Future studies will provide mechanistic insight into Sin3A’s regulation of heart
development.

ID #10 Motif dependent Gli-Hand2 synergism is required for mandibular transcriptional networks
Kelsey Elliott1, Xiaoting Chen1, Joseph Salomone1, Praneet Chaturvedi1, Rolf Zeller2, Brian Gebelein1,
Matthew Weirauch1, Kevin Peterson3, Samantha Brugmann1,4
1
Cincinnati Children's Hospital Medical Center, USA; 2University of Basel, Switzerland; 3Jackson Laboratory,
USA; 4Shriners Children's Hospital, USA
Gli transcription factors (TFs) bind cis-regulatory elements to transduce a Hedgehog (Hh) signal in a
context-specific manner, dictating target gene expression and subsequent tissue patterning.
Surprisingly, ChIP-seq data revealed that genes associated with the vast majority of genetic loci to
which Gli TFs bind in the developing mandible (MNP), are not differentially expressed upon loss of Gli
expression. These data suggest additional regulatory inputs are necessary to convey Hhmediated/Gli-directed tissue patterning. Here, we report that bHLH motifs are among the top-ranked
motifs within Gli3 ChIP-seq peaks, and that ChIP-seq peaks for the bHLH TF Hand2, were 111-fold
enriched within Gli ChIP-seq peaks. Examination of several target genes revealed Hand2 and Gli3
contribute to gene regulatory networks associated with a variety of critical cell processes of the
developing MNP, establishing a mechanism for the micrognathia and hypoglossia observed in Hand2
or Gli conditional knockouts. Furthermore, we observed the lack of canonical (GACCACC), high-affinity
Gli binding regions within overlapping Gli3/Hand2 ChIP-seq peaks. Subsequent interrogation of Gli
motifs present in Gli3/Hand2 overlapping peaks revealed that Gli3 utilizes a non-canonical,
‘divergent’ Gli binding motif (GACC*CC) when cooperating with Hand2 which allows for synergistic
activation of Gli targets essential for MNP patterning, including Foxd1. These data suggest a novel,
cooperative mechanism utilized by Gli3 and Hand2 during MNP development. Overall, our work
establishes insight into the existence of a sequence-dependent mechanism for propagation of graded
Hh signal transduction.
ID #12 A mechanistic understanding of genotype-phenotype variation in congenital anomalies
Sharien Fitriasari, Paul Trainor
Stowers Institute for Medical Research, United States
Genetic and non-genetic modifiers can modulate the outcome of a genotype resulting in phenotypic
variance. The variability of genotype-phenotype correlation can be observed in different congenital
anomalies such as Treacher-Collins Syndrome (TCS), which is a craniofacial disorder that occurs with
an incidence of 1:50,000 live births. TCS is primarily associated with mutations in the TCOF1 gene,
which encodes a nucleolar phosphoprotein called Treacle that is necessary for normal craniofacial
development. Currently more than 200 mutations spanning the entire length of Treacle are
associated with considerable inter- and intra-familial phenotypic variance in TCS patients, precluding
genotype-phenotype correlation. Genetic background and environmental factors may therefore
critically influence TCS pathogenesis. It has been established that Tcof1 haploinsufficiency in mouse
models results in deficient ribosome biogenesis and oxidative stress-induced DNA damage, both of
which are associated with p53-dependent apoptotic cell death. We discovered that the endogenous
levels of Treacle protein as well as reactive oxygen species (ROS) vary according to the genetic
background of the mice. Manifestation of the severe phenotype correlates with low levels of Treacle
coupled with higher level of endogenous ROS, whereas a mild phenotype correlates with high levels
of Treacle and low levels of ROS. Collectively our data provides a novel mechanism to account for the
phenotypic variability observed in TCS which could potentially apply to other congenital anomalies.

ID #14 Evidence that Chd7, the gene mutated in CHARGE Syndrome, is required for retinal
neurogenesis
Philip Gage, Lisheng Chen, Donna Martin
University of Michigan, USA
CHD proteins are ATP-dependent chromatin remodelers that contribute to epigenetic gene regulation
by altering nucleosome-spacing, and multiple family members are essential regulators of neural
development, connectivity, and function. Blindness, deafness, and cognitive deficits are highly
penetrant features in CHARGE Syndrome (coloboma, heart defects, atresia of the
choanae, retardation of growth and development, genital and urinary defects, and ear anomalies and
deafness), which results from heterozygous mutations in CHD7. The requirement for CHD7 during
early eye morphogenesis is well established but a potential later role in retinal neurons has not been
assessed. We show that CHD7 is present in the neural ectoderm beginning in the early eye primordia
and continuing during neurogenesis. Functional testing of adult Chd7+/-eyes revealed reduced visual
function by optomotry, a decrease in b-wave amplitude by ERG, and thinning of the inner retina by
OCT. The latter two results are suggestive of a previously unknown role for Chd7in differentiation
and/or function of retinal interneurons. However, as in human CHARGE patients, eyes of Chd7+/-mice
exhibit coloboma and abnormal retinal blood vessels, raising the possibility that the visual deficits in
these mice may be secondary to the structural and/or blood vessel phenotypes rather than due to
primary neuronal defects. To make this distinction, we generated retina-specific Chd7knockout
animals (Pax6-Cre;Chd7F/F), which lack coloboma and abnormal blood vessels. Eyes of Pax6Cre;Chd7F/Fmice exhibit the same visual defects as Chd7+/-eyes despite having apparently normal
overall structure and vasculature. Collectively, our data are most consistent with a primary defect in
the differentiation, connectivity, or function of at least one class of retinal interneurons. Efforts to
identify the specific neuron(s) affected and ultimately the underlying mechanism(s) are ongoing.
ID #16 Establishing the role of MABP8 in Cochlear Hair Cells using Conditional Knockout Mice
Benjamin Gilbert
Case Western Reserve University, United States
MABP8 is a large actin-bundling and microtubule/actin crosslinking protein that is primarily
characterized as being responsible for cytoskeletal organization, ciliogenesis, and cell polarity.
MABP8 is required for embryonic development and has several known roles across many tissues.
Mice that lack this gene, generated by conventional means, die at embryonic day 7.5, around the time
of gastrulation. MABP8 has been shown to localize to the cuticular plate of hair cells, a structural
support organelle in the sensory cells of the inner ear. With regard to the known roles and
conservation of MABP8, we hypothesize that the structural-mediating capabilities of MABP8 extend
to the hair cell’s cuticular plate, and therfore, to hearing capabilities. In order to assess the role of
MABP8, floxed mutants were bred with an inner ear specific Pax2-Cre line to generate conditional
knockout mice that were then characterized by confocal imaging.
ID #18 Heads or Tails? Differential translational regulation in cercarial heads and tails of
schistosome worms
James Hagerty, Emmitt R. Jolly
Case Western Reserve University, USA
Schistosomes are obligate helminths responsible for ~218 million cases of human schistosomiasis.
Infection occurs when cercariae penetrate human skin and initiate developmental progression into
parasitic obligate worms that consume red blood cells. Transcriptomic studies of infectious cercariae
reveal abundant mRNAs associated with energy metabolism and host invasion. However, the cercaria

is transcriptionally quiescent, suggesting that mRNAs are primed prior to cercarial escape from the
snail host. The use of transcriptomics to understand protein expression presumes that transcription
and translation are coupled and the cercarial stage has been treated as a single unit for -omic
analysis. Per contra, the relationship between transcription and translation in infectious cercariae has
not been described. To understand the correlation between transcription and translation in cercariae,
we measured nascent translation levels in cercarial heads, cercarial tails and in the developing
schistosomula. The loss of the cercarial tail is essential for the transformation from a cercaria to a
schistosomulum. We observed that translation was initially limited and the translation rate
accelerated during the first 72-hours after tail loss. When we tested nascent translation in cercarial
heads, cercarial tails, whole cercariae, and 4-hour schistosomula, we found that translation is
upregulated in the cercarial tail when compared to the cercarial head and that translation was
undetectable in heads using immunofluorescent image quantification. These data represent a major
shift in how we understand the cercaria. The cercarial head is transcriptionally and translationally
repressed while being sufficient for progression into a schistosomulum. In addition, transcription and
translation are not linked in Schistosoma mansoni cercaria. Thus, our current approach of treating the
cercaria as a single functional unit for -omic studies may be insufficient to understand cercarial
development.
ID #20 The Effects of Prenatal Alcohol Exposure on Global DNA Methylation in Developing Hearts
Safdar Jawaid1,2, Amrin Chowdhury1,3, Caitlyn Gillespie1, Michael Jenkins2, Michiko Watanabe1,
Stephanie Ford1
1
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Cleveland, OH, United States; 3Brecksville-Broadview Heights High School, Broadview Heights, OH, United
States
Fetal Alcohol Syndrome Disorder (FASD) is caused by prenatal alcohol exposure (PAE), the intake of
alcohol during pregnancy which can lead to craniofacial, neurobehavioral and cardiac abnormalities.
Published studies from our laboratory and others showed that in an avian model of FASD the
embryos suffered lower survival and a higher incidence of congenital defects, including heart defects.
While many mechanisms have been proposed for the effects of ethanol exposure, recent findings
support epigenetic consequences including altered DNA methylation that regulates gene expression
during development. We hypothesized that PAE-induced heart defects will be prevented by adding
compounds that would allow proper DNA methylation during embryonic development. We chose
quails as our animal model that develop four-chambered hearts similar to humans, and glutathione,
an over-the-counter supplement that is connected to one-carbon metabolism, to prevent PAEinduced congenital defects. Fertilized eggs were injected 21 hours after the beginning of incubation
with ethanol solution to simulate a single binge-drinking episode during the first trimester of
pregnancy. Sets of eggs were also injected with glutathione alone, or simultaneously with 50%
ethanol along with other controls. Embryonic hearts were dissected after 8 days of incubation when
they would normally complete septation into 4 chambers. The global methylation assay of DNA
extracted from these cohorts of 8-day embryo hearts showed a significant reduction in the amount
of 5-methyl cytosine in the ethanol-treated embryonic hearts, while glutathione prevented this
ethanol-induced decrease in DNA methylation. To further understand the PAE-induced alteration in
DNA methylation and the role of glutathione, we will assay global and specific gene methylation
patterns at the various stages of embryonic heart development.

ID #22 Spatial patterns in the coronary microvasculature and myocardial nuclei in embryonic hearts
Maryse Lapierre-Landry1, Hana Kolesova2, Yehe Liu1, Michiko Watanabe1, Michael Jenkins1
1
Case Western Reserve University, United States; 2Charles University, Czech Republic
The coronary microvasculature plays a role in many diseases including myocardial infarction in
women and congenital heart diseases in children and adults, but little is known about its
development in the embryo. A lack of tools and techniques for whole-heart vessel labeling and
imaging has prevented accurate visualization and analysis of healthy and diseased microvasculature.
Here, we combine tissue clearing, fluorescent staining and confocal microscopy to drastically improve
coronary microvasculature visualization in the embryonic quail heart. We injected quails with DiI at
two developmental stages (day 9 and 13) to fill the coronary vasculature. We used our custom optical
clearing solution (LIMPID) to clear the sample, then stained with DAPI. Confocal microscopy produced
detailed 3D images of whole embryonic quail hearts showing a dense vascular network and highly
aligned myocardial nuclei. In post-processing, vessels were automatically segmented, and the 2D
orientation and the depth of each segment was calculated. The orientation of the myocardial nuclei
was calculated using a Fourier transform technique. The coronary microvessels were found to be
highly aligned with each other and to progressively change orientation (63° to -95°) with depth,
following a similar pattern across all hearts. Additionally, coronary vessels were shown to be aligned
with the myocardial nuclei throughout the free ventricle wall. Our staining and clearing technique
reveal for the first time how highly organized the coronary vessels and cardiac cells are at these
developmental stages. By characterizing normal heart vasculature, future studies can identify how
disease or exposure to teratogens (e.g., alcohol) affects patterns of coronary and myocardial
orientation during development.
ID #24 Establishing the Axolotl as a Model Organism for Retina Regeneration
Tianlin Lu1,2,3,4, Syd Harris1,2, Bailey Haynes1,2, Jenna Bierly1,2, Zeyu Han1,2,3, Tracy Haynes1,2,3,
Konstantinos Sousounis4, Jessica Whited4, Katia Del Rio-Tsonis1,2,3
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Discovery Center at Tufts, USA
There are no treatments available to cure blindness due to retinal diseases that afflict millions of
people worldwide. Regenerating a functional retina could be a possible cure. Lower vertebrates, like
newts and axolotls, retain great regenerative abilities in many tissues including their eyes. It is known
that newts can regenerate their retina throughout life by transdifferentiation of the retina pigmented
epithelium (RPE). However, this mechanism in axolotls has not been reported. Our preliminary data
show that axolotls have the ability to regenerate retina tissue post-retinectomy in the presence of
exogenous fibroblast growth factor-2 (FGF-2) during larval stages. This project aims to further
establish the axolotl as a model organism to study retina regeneration. We are using histology and
immunohistochemistry to define the timeline in which the axolotl can regenerate its retina. We will
use gene editing to determine if reprogramming of the RPE is the source of regeneration. Therefore,
we are generating a transgenic line that would lineage trace RPE cells in order to follow RPE
descendants through regeneration. For this, CRISPR/Cas9 will be used to knock-in a construct
expressing the Cre recombinase at the loci of the RPE specific gene, RPE65. By understanding how
the axolotl responds to eye injury and retina loss, advanced therapies to repair human retina may be
developed.

ID #26 Are induced pluripotent stem cells (iPS) and induced extraembryonic endoderm (iXEN) cells
formed through a common progenitor cell during Oct4, Sox2, Klf4 and c-Myc (OSKM) somatic cell
reprograming?
Alexandra Moauro, Dan O'Hagan, Amy Ralston PhD
Michigan State University, USA
OSKM reprogramming has been shown to create induced pluripotent stem cells (iPS) and induced
extraembryonic endoderm (iXEN) cells in mouse and dog. Both iPS and iXEN have promising
therapeutic potential and provide novel in vitro developmental models. Understanding iPS and iXEN
cell formation during OSKM reprogramming is key to progressing the use of these cells. We
hypothesize that both iPS and iXEN cells are produced in OSKM reprogramming when somatic cells
pass through a progenitor state similar to the inner cell mass (ICM) of the blastocyst rather than
somatic cells reprogramming directly to an iPS or iXEN state. To test this hypothesis, we derived
Nanog-mCherry and Gata6-H2B-Venus mouse embryonic fibroblasts (MEFs) that allow us to visualize
the expression of ICM markers during reprogramming, since Nanog and Gata6 are co-expressed in the
ICM of the early blastocyst. We have created a Nanog-mCherry mouse and have begun testing
properties of cells expressing Nanog and Gata6. Our preliminary results show that reprogramming
with GATA6-H2B-Venus MEFs, which contain only one functional Gata6 allele, decreases the
formation of iXEN. This strongly suggests that two functional Gata6 alleles are essential for iXEN
formation. Our data is consistent, as Gata6 plays an important role in primitive endoderm
development. Understanding whether an ICM-like state arises during reprogramming will change our
understanding of somatic cell reprogramming mechanisms.
ID #28 Inhibition of Jagged-specific Notch signaling reduces normal luteal angiogenesis but causes
hemorrhaging of hyperstimulated ovaries
Natalie Kofler2,3, L. A. Naiche1, Lilli Zimmerman3,4, Jan Kitajewski1,3
1
Physiology and Biophysics, University of Illinois Chicago, USA; 2Institute for Sustainability, University of
Illinois Urbana-Champaign, USA; 3Obstetrics and Gynecology, Columbia University, USA; 4Weill Cornell
Medical College, USA
Robust angiogenesis in the corpus luteum is critical for maintenance of pregnancy and thus
mammalian female fertility. During typical angiogenesis, blood vessels sprout from preexisting
vasculature and recruit pericytes to induce maturation, vessel quiescence, and regulation of
endothelial proliferation and vascular permeability. In luteal angiogenesis, pericyte invasion into the
corpus luteum may precede endothelial entry, and pericytes may act to both recruit and stabilize
nascent vasculature. Endothelial induction of Notch signaling in adjacent pericytes help recruit and
maintain pericyte coverage in some but not all tissue types. We show that in the corpus luteum,
pericytes remain in a relatively undifferentiated state with no evidence of contractile function and a
subset of luteal pericytes express the Notch ligand Jag1. We have employed a Notch decoy, N110-24,
which specifically blocks Jag1 induction of Notch signaling. We determined that during physiologic
ovulation, Jag1 inhibition suppresses luteal angiogenesis, including invasion of both endothelium and
pericytes, but does not appear to alter endothelial-pericyte interactions. Conversely, after ovarian
hyperstimulation (a condition occurring during fertility treatments), Jag1 inhibition causes vascular
dilation, overt hemorrhage into the ovary, and disruption of pericyte organization. These results
indicate that Jagged inhibition has different effects in different angiogenic conditions, and may be
used to both positively and negatively regulate vessel formation.

ID #30 Non-Mendelian Inheritance in C. elegans: a violation of the Law of Independent Assortment
Taylor R. Schilling, B.S. and Aaron F. Severson, Ph.D
Center for Gene Regulation in Health and Disease and BGES Department, Cleveland State University
Mendel’s laws of inheritance can predict typical genotypic frequencies in subsequent generations.
The second law, the Law of Independent Assortment, states that alleles determining different traits
are inherited independently of each other. However, in C. elegans males, it has been previously
observed that extrachromosomal DNA arrays and chromosomes containing integrated multicopy
DNA arrays segregate away from the single male X chromosome, appearing more frequently in male
than hermaphrodite offspring. For example, we observed that 80% of progeny inheriting a
patroclinous copy of chromosome III balancer qC1[nIs281], are males and 20% are hermaphrodites
instead of the expected 50% of each sex as predicted by Mendel’s laws. A future goal is to perform
FISH to visualize this unusual dependent assortment of chromosomes III and X. We also performed
several crosses with different extrachromosomal and integrated arrays (oxEx229, mIs10, ccIs4251,
syIs44) and analyzed the inheritance patterns in the offspring to demonstrate that the effects of
non-Mendelian inheritance are not specific to the qC1[nIs281] balancer. The largest deviations from
expected Mendelian frequencies resulted from crosses in which the array contained X chromosome
homology. Finally, we are performing a forward genetic screen to identify mutations that disrupt
non-Mendelian inheritance of the qC1[nIs281] balancer, shifting its transmission back to the
expected ratio of 50% males and 50% hermaphrodites. Mutated pha-1/qC1[nIs281] males were
crossed with pha-1 hermaphrodites and males fathering progeny in equal male and hermaphrodite
proportions were considered candidates for having mutations resulting in expected inheritance
patterns. Identifying genes required for non-Mendelian inheritance will define mechanisms that drive
evolutionary change.
ID #32 How does the HIPPO pathway promote blastomere polarization and cell fate determination?
Robin Seay, Amy Ralston
Michigan State University, United States
The process of mammalian development requires that a single fertilized zygote differentiate into
over 200 cell types in the newborn offspring. Identification of factors that direct these initial cell fate
decisions in the embryo is important to understanding the genetic and biochemical requirements for
stem cell establishment. Apicobasal polarization of blastomeres in the pre-implantation mouse
embryo plays an important role in the determination of blastomere cell fate. Our lab has
demonstrated that HIPPO family transcription factors YAP1 and WWTR1 are necessary for the
maintenance of cell polarity, as embryos lacking Yap1/Wwtr1 display a loss of the apical domain
proteins aPKC and PARD6B around the blastocyst stage (Frum et al., eLife, 2018). Here, we delve
deeper into the mechanism of how HIPPO promotes blastomere polarization, in order to ultimately
answer the question of how, as transcription factors, YAP1/WWTR1 are able to promote cell
polarization and influence cell fate. We first hypothesized that YAP1/WWTR1 are required for the
initial polarization of blastomeres. To test this hypothesis, we examined the localization of aPKC and
PARD6B in embryos lacking maternal and zygotic Yap1/Wwtr1. Contrary to our hypothesis, we
observed that blastomeres lacking YAP1/WWTR1 exhibit normal localization of aPKC and PARD6B.
Therefore, we concluded Yap1/Wwtr1 are not required for the initiation of polarization, but only its
maintenance. To understand the molecular mechanisms by which YAP1/WWTR1 maintain the apical
domain, we will next test two non-exclusive hypotheses. First, YAP1/WWTR1 promote transcription
of apical domain-specific proteins. Second, YAP1/WWTR1 promote transcription of proteins that help
localize apical domain components. Understanding how HIPPO signaling directs polarization and

these early cell fate decisions will improve our knowledge of stem cell neogenesis and development,
and help identify novel molecular causes of birth defects and infertility.
ID #34 Non-canonical Function of C.elegans piRNA Pathway
Wen Tang1,2, Craig Mello2
1
Ohio State University, USA; 2University of Massachusetts Medical School, USA
piRNAs are expressed in the germline and are required for fertility in many organisms. The bestestablished function of piRNAs is to defend genome against transposons. It remains unclear whether
these piRNAs have additional functions beyond genome defense, and whether they impact animal
development outside of the germline.Here we show that a single piRNA derived from the Xchromosome (21ux-1) plays an important role in dosage compensation and sex determination in the
nematode C. elegans. 21ux-1 targets the transcript of xol-1, a pivotal regulator of sexual
development and dosage compensation. Mutations of 21ux-1 sensitize hermaphrodite embryos to
dosage compensation and sexual transformation defects. We show 21ux-1 functions in preserving
the gender naiveté of embryos by preventing maternal transmission of xol-1 mRNA and protein from
the mother to embryos. X-chromosome derived non-coding RNAs such as Xist are associated with
dosage compensation. Here we describe the first example of a nematode X-derived non-coding RNA
that regulate such process through a novel maternal repressive mechanism. Our findings suggest
that Piwi pathways have conserved functions linked to these and potentially many other critical gene
regulatory events.
ID #36 Epigenetic reprogramming in the regeneration of ocular tissue
Emily Van Zeeland1, Jared Tangeman1,3, George Tsissios1,3, Tainlin Lu1,3, Erika Grajales-Esquivel1,
Aristotle Kayafas1,3, Anthony Sallese1, Katia Del Rio-Tsonis1,2
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In 1957, Conrad Waddington suggested the major force guiding cellular differentiation was a cell’s
epigenetic landscape, a term defining the physical organization of DNA which includes regulators
such as histone modifications and DNA methylation. However, it is unknown how the epigenetic
landscape may change during cell reprogramming processes such as tissue regeneration, and
furthermore, the role of epigenetic plasticity in determining an organism’s regenerative capacity
remains unexplored. We hypothesize that global resetting of epigenetic marks such as histone/DNA
modifications and reorganization of chromatin are unifying themes underlying different regenerative
responses to injury. To explore this, we compared two model systems that are able to regenerate eye
tissues from pigmented cells: the embryonic chicken that can regenerate the neural retina from the
underlying retinal pigment epithelium (RPE), and the eastern newt, capable of regenerating the lens
by the reprogramming of dorsal iris pigmented epithelial cells (IPEs). Examination of the nuclear
architecture of the chick RPE following retina removal revealed a global repatterning of DNA
methylation and histone modifications following injury, with overall trends toward active DNA
demethylation. Evaluation of DNA and histone modifications in the newt dorsal IPEs following
lentectomy similarly revealed a dynamic chromatin landscape defined by variable DNA methylation
abundance and patterns during 25 days of lens regeneration. Furthermore, we observed an increase
in repressive histone modification in the non-regenerative ventral IPEs, revealing a potential
epigenetic barrier to regeneration in the ventral IPE. Altogether, these results indicate that chromatin
remodeling following injury is an integral facet of the regeneration process, observed across a
multitude of species with differing regenerative potentials.

ID #38 SoxB functions outside of embryogenesis in schistosomes after host invasion
Stephanie Wood1, Kenji Ishida2, James Hagerty1, Anida Karahodza1, Janay Jones3, Emmitt Jolly1
1
Case Western Reserve University, USA; 2Biomedical Research Institute, USA; 3Wilkes Community College,
USA
Schistosome helminths are a major global problem and infect over 200 million people. Infection
occurs when transient, free-swimming cercariae penetrate human skin and begin a complex
developmental transition, adapting from water to saline blood. This transition includes development
of the primordial gut and tegumental surface, elongation of the body, and evasion of the host
immune response. Although our knowledge of schistosome parasites has expanded since the
genome was sequenced, our understanding of schistosome development after infection of the
human host has been incremental. Thus, it is important to define the basic genetic pathways crucial
for schistosome development after infection. We identified a schistosome homolog of Sox2, a Sox B
type transcriptional activator that is expressed prior to blastulation in mammalian development and
is needed for embryogenesis. Sox B proteins are transcriptional activators that coordinate with
several protein partners and are associated with pluripotency, stem cells, neuronal differentiation,
gut development, and cancer. Although most mammalian studies on Sox proteins have been analyzed
in cell culture, schistosomes express a Sox2-like gene after infecting a human host, long after
formation of a blastula, when schistosomes have about 1000 cells. We have characterized a
schistosome SOXB whose expression is developmentally regulated, and show it is a conserved Sox
protein, functions as a transcriptional activator, and binds Sox specific DNA elements. We also show
its localization in the cercariae and developing schistosomula. However, it is not clear that the
schistosome SOXB functions in conjunction with some known coregulators of SoxB proteins,
suggesting that it may play a distinct role or have a differing mechanism of action in developing
schistosomes. This work demonstrates that schistosomes are an unexpected resource to expand a
potential role for Sox2 function at the organismal level, rather than at the embryonic level.
ID #40 A bioinformatics approach for identifying genes involved in aging
Jacquelyn Yarman, Claudia Mieko Mizutani, Rui Sousa-Neves
Case Western Reserve University, United States
Here we introduce a novel genetic genomic strategy to study aging using two closely related species
of fruit fly, Drosophila melanogaster and Drosophila simulans. These two species are very closely
related and offer a unique opportunity to study gene regulatory networks and the genetics of aging.
Since their recent separation some 5.4 million years ago, they acquired distinct resistances to
environmental stresses such as heat and dehydration. These phenotypes are of significance because
there is evidence that mutations in genes that impact stress tolerance also influence lifespan and
neurodegeneration. Therefore, here we asked if combining divergent D. melanogaster and D. simulans
gene networks into a single hybrid organism would dysregulate aging. Our results show that male
hybrids with one D. simulans X-chromosome, live much longer than either single species or female
hybrids. Conversely, the sibling female hybrids of D.melanogaster and D. simulans, with one Xchromosome from each parental species, have significantly reduced lifespan than either single
species or male hybrids. Our results suggest that the modified longevity is regulated by interactions
between genes located on the X-chromosome and autosomal genes. Additionally, the Xchromosome of D. simulans must carry recessive alleles of such genes since the presence of the D.
melanogaster X-chromosome leads to reduced lifespan in hybrids. To identify genes involved in this
dysregulated aging, we compared the X-chromosome coding sequences of D. melanogaster and D.
simulans and found 111 divergent genes. We next identified the possible autosomal partners of these
genes that were also divergent between D. melanogaster and D. simulans. We narrowed autosomal

candidate genes by detecting overrepresented Gene Ontology terms in the candidate set compared
to what is observed in the D. melanogaster genome. Our analysis resulted in 27 autosomal genes with
predicted functions such as regulation of metabolism, cellular biosynthetic processes, and gene
expression. We are currently performing experiments using RNAi to target the autosomal candidate
genes and validate if disruption in the interaction between the divergent X-linked genes and
autosomal gene partners modifies aging. Since the specific function of various genes we identified
are unknown, our study has the potential to uncover novel genes previously not linked to aging.
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The cornea becomes innervated in a highly coordinated fashion by trigeminal axons that provide
sensory input. Multiple aspects of cornea development, including innervation, are sensitive to
embryonic levels of thyroid hormone (TH). Although previous work showed that increasing TH levels
could enhance axonal extension through the corneal stroma in a thyroxine (T4)-dependent manner,
details underlying the stimulatory effect of TH on cornea innervation are unclear. Here, by comparing
the effects of the two main THs, 3,5,3′-triiodothyronine (T3) and T4, throughout all stages of cornea
innervation we provide a more complete characterization of the stimulatory effects of TH on corneal
nerves and begin to unravel the underlying molecular mechanisms. We found that T3, but not T4, can
accelerate the growth rate of trigeminal axons in the eye prior to their entry into the cornea,
hastening the formation of the pericorneal nerve ring and causing precocious innervation of the
cornea. Our results demonstrated that T3 acts as a trophic factor on embryonic trigeminal neurons to
directly stimulate their growth. Moreover, T3 specifically downregulating inhibitory Robo receptors
that normally act to restrict nerve advancement through the Slit-containing corneal tissues, a finding
that explained how corneas become prematurely innervated in the presence of T3. Further, T3
continued to stimulate the growth rate and also enhanced defasciculation of nerves upon their entry
to the cornea in a fashion that overlaps with T4. The shared influence of T3/T4 over axons traversing
the cornea appeared to arise as a secondary consequence to T3/T4 influencing the structure of the
cornea. Specifically, both T3 and T4 were found to dramatically alter the expression of KS- and CScontaining corneal proteoglycans and sulfation enzymes. Altogether, these findings uncover new
roles for TH on corneal development and shed insight on the mechanistic basis of both T3 and T4 on
cornea innervation.
ID #44 Evidence that the receptor anchor CORACLE contributes to decision-making processing by
assembling heteromeric nicotinic receptors
Alexis Thornburg, Aravindan Krishnan, Rui Sousa-Neves
Case Western Reserve University, United States
The ability to make decisions is widespread in the animal kingdom, suggesting that a conserved
molecular mechanism is responsible for forming the neuronal network needed to generate decisions.
Yet, both the molecular components and the neuronal network involved in decision-making still
remain largely unknown. To identify these components, our lab has been using the innate ability of
Drosophila females to either accept or reject males during courtship. This effort led to the
identification of the transcription factor DATI. Low levels of dati in cholinergic neurons cause females
to almost invariably reject males. More recently three genes in cholinergic neurons that are regulated
by DATI were identified: two nicotinic receptors (nAchRα6 and nAchRα7) and one receptor anchor
(coracle, referred to as cora). Low levels of these genes, individually, produced the same conspicuous

rejection of males as dati knockdown. This suggests that the receptor anchor CORA may be required
for the proper positioning of these two cholinergic receptors, and consequently in setting up a circuit
capable of generating these decisions. To investigate this, we employed confocal imaging in
Drosophila melanogaster brains expressing a protein trapped version of nAchRα6 (nAchRα6GFP) and
also stained these brains with specific antibodies against CORA and nAchRα7. To analyze these
complex images, we segmented the fluorescent signals of each channel, counted the number of
signals automatically, and determined how many of them overlapped. Our results show that nicotinic
receptors can be found in a homomeric form that contains either nAchRα6 or nAchRα7, or a
heteromeric form that contains nAchRα6 and nAchRα7. We found that heteromeric receptors
invariably appear associated to the receptor anchor CORA. In contrast, CORA co-localizes with a much
smaller fraction of the homomeric receptors. Together, our data strongly suggest that DATI modifies
neurons involved in a key decision-making circuit by regulating the production of two types of
receptors and the receptor anchor that is required to assemble these receptors in a heteromeric form.
Since neither receptor alone is capable of producing normal acceptance, it seems likely that
heteromeric receptors may be more efficient in generating excitation than homomeric receptors.
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