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Abstracts: Society for Development Biology 64th Annual Meeting
1. MicroRNAs and Their Regulatory Roles in Plants and Animals.
David P. Bartel. Massachusetts Institute of Technology and Whitehead
Institute for Biomedical Research.

histone modification to regulate chromatin states and gene expression
patterns in the germline.

MicroRNAs are endogenous ¨22-nucleotide RNAs that can play
important regulatory roles by pairing to the messages of protein-coding
genes to specify mRNA cleavage or repression of productive translation.
We are using molecular and computational approaches to identify microRNAs in plants and animals and then investigate their functions. My talk
will highlight recent findings, many of which result from close collaborations with other laboratories. Potential topics include: the genomics of
microRNAs in invertebrates, vertebrates, and plants; expression profiling of
microRNAs in mammals, which supports the idea that most microRNAs are
pol II products and that many are processed from the same transcripts as
neighboring microRNAs or flanking exonic elements; the antiquity of
microRNA-directed regulation in plants and the essential roles of this
regulation during Arabidopsis development; improved methods for
computational identification of microRNA regulatory targets in animals,
which indicate that more than a third of the human genes are conserved
microRNA targets; the typical features of metazoan microRNA target sites
and ideas on the purpose and scope of microRNA-mediated gene
regulation.

3. Solving the Signal-Regulated Enhancer: A Structure – Function
Approach. Scott Barolo, Paulette Ference, Christina Rogers, Maya
Subbarao, and Krista Golden. Univ. of Michigan Medical School, Ann
Arbor, MI.

2. Epigenetic Control of the X Chromosomes by the C. elegans MES
Proteins Methylation of Histone Tails. Susan Strome,1 Laurel Bender,1
Jinkyo Suh,1 Coleen Carroll,1 Wenchao Wang,1 Taryn Phippen,1
Ru Cao,2 and Yi Zhang2. 1Dept. of Biology, Indiana Univ., Bloomington,
IN 47405; 2Dept. of Biochemistry and Biophysics, Lineberger
Comprehensive Cancer Center, Univ. of North Carolina, Chapel Hill,
NC 27599.
The C. elegans MES proteins are required for germline survival and
fertility. One role of the MES system appears to be silencing the X
chromosomes in the hermaphrodite germline. MES-2 and MES-6, orthologs
of the Polycomb Group chromatin repressors E(Z) and ESC, exist in a
complex with their novel partner MES-3. We have demonstrated that the
MES-2/3/6 complex is responsible for di- and trimethylation of histone H3
on Lys27 in the adult germline and in embryos. MES-dependent H3-Lys27
marks are lightly distributed on autosomes and concentrated on the Xs. Our
results suggest that MES-mediated methylation of H3-Lys27 represses
expression of genes on the X chromosome and probably at autosomal sites
as well. This regulation is essential for normal early germline development.
Development of the soma appears to be less dependent on H3-Lys27
methylation, as mes mutant embryos at all stages display greatly reduced
levels of Lys27 methylation but nevertheless develop into healthy (albeit
sterile) adults. MES-4 functions independently of the MES-2/3/6 complex
and has a unique distribution: associated with the autosomes and absent
from most of the length of the X. Antibody staining results suggest that
MES-4 also functions to methylate histone H3 tails. Our working model is
that MES-2/3/6 and MES-4 operate, perhaps antagonistically, at the level of
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Signaling pathways affect cell fate mainly by controlling the
expression of pathway target genes via enhancers (cis-regulatory
elements). Although many signal-regulated enhancers have been studied,
basic questions about these regulatory elements remain unanswered. This
is best illustrated by the fact that synthetic versions of well-characterized
enhancers nearly always fail to drive gene expression in vivo. Therefore, it
seems that we do not yet know all of the component parts of the enhancer
or its basic structure. We are investigating the structure and function of
several well-studied signal-regulated enhancers via Drosophila transgenic
reporter assays. We find that the known transcription factor (TF) binding
sites within these enhancers are not sufficient for transcriptional activation
in vivo, even when these sites are placed in their native arrangement and
spacing. Therefore, additional unknown regulatory factors appear to be
required for the activity of each of these enhancers. We are currently
pursuing the identities and functions of these novel factors. We have also
found interesting differences between enhancers that respond to signaling
in a tissue-specific manner and those that respond ‘‘universally’’ to a
pathway. We find that signal-regulated TF binding sites isolated from
tissue-specific enhancers are not able to activate transcription; however,
binding sites for the same TFs, when isolated from universally responding
enhancers, are able to respond to signaling in vivo. Thus, the difference
between a universal and a tissue-specific response to signaling may depend
on the sequence of individual TF binding sites.

4. Lmp4 Regulates Tbx5 Transcriptional Activity by Controlling its
Nuclear Localization. Hans-Georg Simon,1 Troy Camarata,1 Andre
Kulisz,1 Teng-Leong Chew,2 Ben Bimber,1 and Jennifer Yeung3.
1
Department of Pediatrics, Northwestern University, Feinberg School of
Medicine, and Children’s Memorial Research Center; 2Northwestern
University, Feinberg School of Medicine; 3Northwestern University.
Congenital malformations of the limbs and heart as seen in Holt – Oram
syndrome are caused by mutations in the Tbx5 gene. The encoded Tbx5
transcription factor has been shown to play essential roles during the
development of limbs and heart in virtually all vertebrates. In order to
elucidate how Tbx transcription factors interact with other proteins within a
regulatory network, we have identified a novel PDZ-LIM domain
scaffolding protein, Lmp4, that specifically binds Tbx5. The co-expression
in the limbs and heart and co-localization within a cell suggest a conserved
Lmp4 function in both developing organs. In the presence of Lmp4, Tbx5
shuttles out of the nucleus and via Lmp4 localizes to actin filaments. To test
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will ultimately contribute to our understanding of regulatory mechanisms
utilized to establish appropriate spatial and temporal control of Snail
transcription in development and disease.

171. Morpholino Oligonucleotide Knock-down of Slug Reveals a
Number of Potential Downstream Target Genes. Lisa A. Taneyhill,
Edward G. Coles, and Marianne Bronner-Fraser. California Institute
of Technology, Division of Biology, Pasadena, CA 91125, USA.
The neural crest is a population of migratory cells that arises from the
dorsal neural tube during neurulation. The induction and migration of the
neural crest rely upon the activity of Slug, a protein that plays a key role
in regulating the epithelial-to-mesenchymal transition that characterizes
neural crest cell delamination from the dorsal neural tube. Slug, a member
of the Snail superfamily of transcriptional repressors, functions as an
important regulator of the neural crest through its ability to modulate the
activity of other genes whose expression is important during crest
development. We have applied the technique of morpholino antisense
oligonucleotide knock-down to examine effects of Slug on potential
downstream target gene expression in avian embryos at various time
periods. In particular, we have assessed the resulting response of several
genes previously known to be involved in the induction and migration
processes (FoxD3, rhoB, rhoA, N-cadherin, Msx1, BMP-4, Pax3) by
quantitative PCR (QPCR). We have found that the expression of many
genes is unaltered by the knock-down of Slug after long-term incubation
in the presence of the Slug morpholino. However, short-term incubation
(4 h) with the Slug morpholino allows us to observe both increases
(FoxD3) and decreases (rhoB) in gene expression. These data demonstrate
the potential utility of morpholino antisense technology in identifying
veritable targets of key regulatory molecules at multiple time points
during chick embryonic development.

172. The Mechanism of Maternal mRNA Localization in the Early
Drosophila Embryo. Jennifer L. Semotok and Howard D. Lipshitz.
Department of Mol. & Med. Genetics, University of Toronto, Prog. in
Dev. Biol., HSC, Toronto, Canada.
During Drosophila development, mRNA localization is utilized to
achieve cellular asymmetries to determine the body axes and to specify
regional cell fates. ‘‘Degradation-protection’’-based mRNA localization
occurs during early embryogenesis and acts to localize initially ubiquitous
mRNAs by targeting them for degradation in the bulk cytoplasm while
protecting them from the degradation machinery in the posterior pole plasm
(future germ line). Recent work has shown that Smaug, an RNA-binding
protein, is both necessary and sufficient to trigger maternal mRNA decay in
the bulk cytoplasm resulting in the posterior localization of mRNA (Curr
Biol. 2005, 15:284 – 94). Smaug’s genetic and physical interaction with
components of the CCR4/POP2/NOT deadenylase complex suggests that
Smaug acts to recruit the deadenylase complex to specific mRNAs resulting
in deadenylation and subsequent decay. Our current work is focused on
identifying the cis-element(s) that targets mRNA for Smaug-mediated decay.
Preliminary data suggest that an abundant model maternal mRNA, Hsp83
mRNA, contains a major instability element within its coding region and an
auxiliary element in its 3VUTR. The position of these cis-elements is
reminiscent of mammalian c-fos and c-myc mRNA instability which require
translation through the coding region instability determinant to trigger
deadenylation and decay. We are presently defining these cis-elements,
determining whether Smaug binds directly or indirectly to one of the
elements, and examining the role of translation in Hsp83 mRNA localization.

173. Characterization of the C. elegans Hypoxia-Inducible Factor and
its Regulators. Jo Anne Powell-Coffman, Chuan Shen, Sara
McMaken, and Kelly Gillette. Iowa State University, Ames IA.

During development, homeostasis, or disease states, cellular oxygen
levels are often insufficient to meet physiological demands, and this
condition is termed hypoxia. Mammalian cells respond to hypoxia by
implementing changes in gene expression to increase anaerobic energy
production, protect cells from stress, regulate cell survival, and increase
local angiogenesis. The requisite changes in gene expression are largely
controlled by the hypoxia inducible factor 1 transcription factor. The C.
elegans hif-1 gene is orthologous to the mammalian hypoxia inducible
factor alpha units, and C. elegans has proven to be a powerful genetic
model system for deciphering hypoxia signaling and response. Stability of
the C. elegans HIF-1 protein is regulated by the evolutionarily conserved
EGL-9/VHL-1 pathway. When oxygen levels are sufficiently high, the
EGL-9 enzyme hydroxylates a specific proline residue in HIF-1. This
promotes binding of HIF-1 to the VHL-1 E3 ligase, and HIF-1 is targeted
for degradation. Other cellular signals are known to converge on HIF-1, but
the mechanisms by which they interact to control hypoxia response are not
fully understood. Using whole-genome microarrays, we identified 110
genes that exhibited a > 2-fold difference in mRNA expression in hypoxic
conditions. Sixty-three of these gene expression changes required hif-1
function. The central goal of our current studies is to identify novel
regulators of HIF-1 and to characterize the complexes and networks that
control this critical transcription factor. Towards these goals, we have
employed genetic strategies to identify genes that control HIF-1 function.

174. The Prep-1 Interactome and a Novel Inhibitor of Prep-Pbx
Activity, p160 Myb-Binding-Protein. Victor M. Diaz Cortes,1
Angela Bachi,1 and Francesco Blasi2. 1University of Vita Salute San
Raffaele, DIBIT, Milan, Italy; 2University Vita Salute San Raffale and
IFOM (FIRC Institute of Molecular Oncology), Milan, Italy.
The Prep-Pbx dimers play an important role in development. We
have started a proteomic approach to identify the molecular interactors of
the Prep-Pbx dimer by cloning a modified version of Prep-1, Prep-1-TAP
which allows the Tandem Affinity Purification of the protein and
associated partners. Prep-1-TAP contains a C-t tag with a Calmodulin
Binding Peptide (CBP), two Protein A (ProtA) modules and a TEV
cleavage sequence between each domain. We have first verified the
functionality of Prep-1-TAP expressed in vivo concluding that the
protein is indistinguishable from wild type. Nuclear and cytoplasmic
extracts containing Prep-1-TAP has been affinity purified in two non
denaturing steps: (1) binding to an IgG matrix and elution with the TEV
protease; (2) purification with calmodulin-coated beads in the presence
of calcium. The final highly purified eluate has been resolved by SDSPAGE, silver stained, and proteins identified by MALDI-TOF/MS. The
purified complex contained, in addition to Prep-1 also Pbx-1 and Pbx-2,
confirming the specificity of the purification, and other proteins, many
involved in transcription, like RNA-Pol-II. We now report data on one
specific protein, p160MBP (Myb-Binding Protein). We have verified the
interaction by co-immunoprecipitation and immunofluorescence co-localization. We show that p160MBP inhibit the binding of Prep-Pbx dimers
to DNA and decrease transcription from a HoxB1 enhancer-luciferase
construct. We conclude therefore that we have identified a novel, strong,
interactor/inhibitor of Prep-1.

175. Functionality of JcDNV-Derived Somatic Transformation Vectors
in Insects and the Role of Viral Enhancer Sequences. Paul D.
Shirk,1 Richard B. Furlong,1 Jennifer Gillett,2 and Herve Bossin3.
1
USDA ARS CMAVE, Gainesville, Florida; 2University of Florida,
Gainesville, FL; 3FAO/IAEA Agriculture and Biotechnology
Laboratory, Seibersdorf, Austria.
Stable somatic transformation of insects following microinjection of
syncytial embryos (Royer et al, 2001) or by transfection of cells lines
(Bossin et al., 2003) can be achieved by integration of entire plasmids

Abstracts
containing the Junonia coenia lepidopteran densovirus (JcDNV) genome.
We assessed effects of sequence modifications including the presence of
expression cassettes on the efficiency of JcDNV somatic transformation
activities in Lepidoptera and Diptera. Cloning of 3xP3EGFP outside the
JcDNV sequence did not affect the somatic transformation rate. Removal
of coding sequences for some JcDNV nonstructural proteins or the 3V
inverted terminal repeat (ITR) had no effect on the transformation rate.
Removal of 177 bp from the 5V ITR did not decrease somatic
transformation rates. However, removal of a 680-bp region within the 3V
terminus of the nonstructural protein coding sequence eliminated most
transcriptional activity directed by the P9 promoter. Addition of the 680bp DNV-enhancer to JcDNV vectors lacking this sequence restored
transcriptional activity. Together with previously published results, these
modifications demonstrate that the somatic transformation activity is
dependent upon sequences of the 3V ITR and influenced by sequences
internal to the densovirus genome. Bossin et al. (2003) J. Virology. 77:
11060 – 11071 Royer et al. (2001) Insect Mol. Biol. 10: 275 – 280.
Research supported in part by USDA ARS, Exelixis Inc. & CSREES NRI
to PDS.

176. The Zebrafish kohtalo/trap230 Gene is Required for the Development of the Brain, Neural Crest and Pronephric Kidney. Sungkook Hong,1 Caroline E. Haldin,2 Paul E. Ulanch,2 Nathan D.
Lawson,1 Brant M. Weinstein,1 Igor B. Dawid,1 and Neil A.
Hukriede2. 1NIH, Bethesda, MD 20892; 2University of Pittsburgh
School of Medicine, Pittsburgh, PA 15261.
Many mutations that display defects during embryonic development
affect molecules which have region or cell type-specific expression. The
results presented here stress the fact that gene products with widespread
expression and function may nevertheless have regionally specific roles
during embryogenesis. We isolated two alleles of a recessive lethal mutation
that affects zebrafish development. By positional cloning, we showed that
kohtalo(kto) is the trap230 homolog. TRAP230 is a component of the
mediator complex, which has a role in the transcription of multiple genes by
mediating the interaction of enhancer-binding factors with the basal
transcriptional machinery. In kto mutants, morphogenesis of the forebrain
and midbrain is compromised and the anterior – posterior expansion of the
hindbrain is incomplete. In addition, pigment cells of the trunk region fail to
migrate and branchial arches do not develop normally in the mutant,
suggesting that trap230 is important in neural crest development. Also,
glomerular anlagen of the pronephric kidney are specified in mutant embryos
but fail to move towards the midline. Therefore, a common feature of kto
mutant embryos is a failure of morphogenesis thereby implicating a
component of the mediator complex in the control of cell migration in the
zebrafish embryo.

177. GEISHA is the Gallus Expressed Sequence Tag In Situ Hybridization Analysis. Diana Darnell, George Bell, Simran Kuar, and
Parker Antin. University of Arizona Health Sciences Center, Department of Cell Biology and Anatomy, Tucson, AZ.
Several major vertebrate genomes have been sequenced, and emphasis is
shifting to understanding gene function, which remains unknown for
approximately half of all genes. A crucial early step is to determine spatial
and temporal patterns of gene expression, especially in early embryos in
which genes regulating normal development are expressed. Since gene
expression analysis in human embryos is ethically untenable, mapping of
expression patterns will be accomplished in model organisms such as the
chicken. The chicken embryo provides many advantages for large-scale
expression screening, including striking early developmental similarities to
human, low expense and ready availability. The goal of the GEISHA (gallus
est in situ hybridization analysis) project is to create a chicken embryo in situ
hybridization expression resource. The objectives are as follows: (1) to use
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automated high throughput whole mount in situ hybridization analysis to
map the location of expressed sequences in chick embryos through 4 days of
development; (2) to acquire additional reliable expression data from
individual researchers and from published resources (Developmental
Dynamics, Developmental Biology and MOD are on board to share
information); and 3) to house expression information in a relational database
accessible to the research community via the web (http://geisha.biosci.
arizona.edu). This will provide a valuable and comprehensive resource for
the biomedical research community. The GEISHA project is funded by NIH
grant 344080.

178. Genome-Wide Expression Profiling of Xenopus laevis metamorphosis programs. Biswajit Das,1 Liquan Cai,1 Mark G. Carter,2
Alexei A. Sharov,2 Yu-lan Piao,2 Minoru S. Ko,2 and Donald D.
Brown1. 1Department of Embryology, Carnegie Institution of Washington, 115 W University Pkwy., Baltimore, MD 21210; 2Developmental Genomics and Aging Section, Laboratory of Genetics,
National Institute on Aging, National Institutes of Health, 333 Cassell
Drive, Suite 3000, Baltimore, MD 21224.
During Xenopus laevis metamorphosis, TH controls genetic programs
ranging from complete organ growth such as limb development to cell
death in the gills and tail. In addition, most tadpole organs are induced by
TH to remodel. These include the intestine, pancreas, heart, liver, and brain.
To identify the T3 dependent pathways involved in metamorphosis, we
have explored gene expression profiles of some of these programs using an
oligonucleotide-based microarray (Agilent Technologies Inc.). The 21564
unique 60-mer oligo spots in the microarray represent about 99% of all the
UniGene clusters (Build 48). The expression profile of genes expressed in
stage 54 tail was compared with the profiles after 24 h and 48 h of T3
induction. In addition, tails at the climax of metamorphosis (stage 62) were
profiled. The significance and reliability of the system is described. The
TH-dependent proliferation programs in the hindlimb and brain were also
profiled. New pathways involved in the TH-induced tail resorption program
and HL and brain proliferation programs are revealed and confirmed by in
situ hybridization.

179. A Genetic Map for Xenopus tropicalis. Dan Wells,1 Laura Gutierrez,1
Zhenkang Xu,1 Larry Bellot,1 Ye Yuan,2 Matthew Hitchens,2 Amy K.
Sater,1 and Steven E. Scherer2. 1Dept. of Biology and Biochemistry,
University of Houston, Houston, TX; 2Human Genome Sequencing
Center, Baylor College of Medicine, Houston, TX.
We are developing a genetic map for X. tropicalis, an essential resource
for the emergence of X. tropicalis as a model system for the genetic
analysis of vertebrate development. We are using a bioinformatics-based
strategy to identify Simple Sequence Length Polymorphisms (SSLPs).
First, unique sequences containing tri- or tetranucleotide repeats are
identified within X. tropicalis genomic sequence assemblies provided by
the Joint Genome Institute. These sequences are then tested for size
polymorphisms between Nigerian and Ivory Coast strains. We have
identified over 1000 SSLPs; the SSLP marker database is currently
available online at http://tropmap.biology.uh.edu. We have also generated a
mapping cross DNA panel with over 500 sibling F2 individuals from an
original cross of inbred Nigerian (male) and Ivory Coast (female) strain
grandparents. This mapping cross DNA panel represents over 1000
informative meioses, providing a theoretical limit of resolution of 0.1 cm.
A preliminary map of 1000 SSLP markers against a subset of the mapping
cross DNA panel representing 192 F2 individuals should be available by
summer 2005. Our goal is to map 5000 SSLP markers against the mapping
cross DNA panel, yielding an invaluable aid for positional cloning of genes
identified by mutation. We would like to thank Vijay Dontharaju, Shiran
Pasternak, Peter Blythe, and Keelan Hamilton who also contributed to this
work.

