UC Berkeley

UC Berkeley Electronic Theses and Dissertations

Title

RNA-binding proteins as regulators of transcription and axial patterning during Xenopus
embryogenesis

Permalink
https://escholarship.org/uc/item/4f69n5vj
Author

DeJong, Caitlin

Publication Date
2015

Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4f69n5vj
https://escholarship.org
http://www.cdlib.org/

RNA-binding proteins as regulators of transcription and axial patterning
during Xenopus embryogenesis

By

Caitlin Suzanne DeJong

A dissertation submitted in partial satisfaction of the
requirements for the degree of
Doctor of Philosophy
in
Molecular and Cell Biology
in the
Graduate Division
of the

University of California, Berkeley

Committee in charge:
Professor Richard M. Harland, Chair
Professor John C. Gerhart
Professor Nipam H. Patel
Professor Chelsea D. Specht

Summer 2015



RNA-binding proteins as regulators of transcription and axial patterning
during Xenopus embryogenesis

Copyright © 2015

By Caitlin Suzanne DeJong



Abstract

RNA-binding proteins as regulators of transcription and axial patterning
during Xenopus embryogenesis

by
Caitlin Suzanne DeJong
Doctor of Philosophy in Molecular and Cell Biology
University of California, Berkeley
Professor Richard M. Harland, Chair

The over-arching goal of this thesis is to expand our knowledge of the mechanisms by which
one cell, a fertilized egg, develops into an organism composed of multiple cell types, each with
different functions and behaviors. RNA-binding proteins have been identified as potent
regulators of development and embryogenesis. The studies presented in this thesis illustrate the
pleiotropic effects of RNA-binding proteins in Xenopus development and will focus specifically
on two RNA-binding proteins that are maternally deposited and zygotically transcribed: TAF15
and DGCRS.

TATA-binding protein-associated factor 15 (TAF15) belongs to the FET family of atypical
RNA-binding proteins, which also includes Fused in sarcoma (Fus) and Ewing’s sarcoma
(EWS). FET proteins were originally discovered as components of fusion oncogenes and are
most noted for their implication in various cancers and neuromuscular degenerative diseases.
However, little is known of the endogenous function of FET proteins. The diverse biological
activities of the FET family proteins can be likened to a biological Swiss army knife; as these
proteins contain domains for transcriptional activation, RNA-binding, DNA-binding, and
function in both RNA Polymerase II-mediated transcription and pre-mRNA splicing. An exciting
possibility is that the FET proteins may function to connect transcription and splicing. By
employing the bioinformatics approach of RNA-sequencing, I generated a list of significant
genes that are differentially expressed between uninjected and faf15 depleted embryos. From this
analysis I found that TAF15 regulates target genes at both the transcriptional and post-
transcriptional level. The studies that focus on the role of TAF15 in Xenopus development are
described in chapters two and three of this thesis.

In the second chapter of this thesis I describe studies that illustrate the novel concept that a
protein can regulate the same set of target genes but through different molecular mechanisms.
Both maternal and zygotic TAF15 regulate the expression of the transcripts fgfi-4, is/1, and pax§.
Interestingly, maternal TAF15 is required for the post-transcriptional regulation of fgfi4, isl1,
and pax8, regulating the splicing of single introns within these transcripts, whereas zygotic
TAF15 is required for the transcriptional regulation of these genes. Therefore, the studies
described in chapter two demonstrate, for the first time, that a single protein can utilize a
different molecular mechanism to control the same target genes and the use of these different
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mechanisms of action appears to be dependent on whether the protein is maternally deposited or
zygotically transcribed. Single intron retention is a known mechanism to retain transcripts in the
nucleus, preventing their translation. In chapter two of this thesis I provide evidence for the
following model: in the absence of genome activation, before the zygotic genome is transcribed,
maternal TAF15 cooperates with a splicing factor, the RNA-binding protein SRSF4, to regulate
the splicing of single introns from transcripts. As a result, TAF15 and SRSF4 control the splicing
of target genes and thus control the timing of transcript maturation and subsequent translation.
This mechanism is logical as it provides a mechanism by which to spatially and temporally
regulate gene expression in the absence of the ability to transcriptionally regulate genes. I further
show evidence that following zygotic genome is activation, zygotic TAF15 activates target gene
transcription, regulating genes at the transcriptional level, likely associating with the core
promoter. The findings described in chapter two of this thesis are the first to show that a single
protein can regulate the same gene targets but depending on the milieu of maternal of zygotic
cofactors, regulates these targets via different underlying mechanisms. The variety of functional
domains intrinsic to TAF15 supports the hypothesis that this atypical RNA-binding protein could
operate as part of both a splicing and transcriptional complex.

In the third chapter of this thesis I describe studies that illustrate the novel finding that
TAF15 is required for dorsoventral patterning via the repression of ventx2.1. Ventx2 and BMP4
function in an autocatalytic positive feedback loop to specify ventral tissue and antagonize
organizer function. Following taf15 depletion, ventx2.1 expression is expanded in the neural
ectoderm and embryos exhibit a BMP overexpression phenotype: reduction in head, and dorsal,
and posterior fin structures, with an increase in ventral tissue. Unlike the findings in chapter two,
in this study, both maternal and zygotic TAF15 function to suppress ventx2.1 expression. These
findings place TAF15 in the regulatory network of dorsoventral patterning and suggest that
maternal and zygotic TAF15 control expression of ventx2./ in a similar manner but do not rule
out differential mechanisms of this control. Currently, it is unknown if TAF15 represses ventx2.1
expression directly or if TAF15 is required to activate a repressor of ventx2.1.

In the fourth chapter of this thesis I describe studies that serve as a resource for future
investigations into the role of microRNAs (miRNAs) in Xenopus development. DiGeorge
syndrome critical region 8 (DGCRS) is a subunit of the microprocessor complex required for
miRNA biogenesis. Unlike most members (e.g. Dicer, Argonaute2) of the RNA interference
biogenesis pathway, DGCRS is required specifically for miRNA biogenesis. Furthermore, unlike
previous studies in mice and zebrafish that have depleted maternal dgcr8§ throughout oogenesis
to look at the role of miRNAs during embryogenesis, the antisense oligodeoxynucleotide (ODN)
that [ have designed can be used in host transfer assays to assess the effects of maternal dgcr8
depletion once oogenesis is complete, specifically during embryogenesis. Additionally, I have
designed a splice-blocking morpholino (MO) antisense oligonucleotide that targets zygotic dgcr§
for depletion. Using these two tools (ODN and MO), the first studies can be performed that tease
apart the role of maternal versus zygotic DGCRS8 during embryogenesis.

The work presented in this thesis exemplifies the value of carefully assessing biological
functions of genes that are both maternally deposited and zygotically transcribed. The surprising
finding that TAF15 utilizes distinct molecular mechanisms to control conserved target genes
depending on whether this protein is maternally deposited or zygotically expressed demonstrates
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a new level of molecular complexity that future studies must address. Additionally, these studies
further support the motivation to investigate RNA-binding proteins in development and disease
as they continually prove to be multifaceted players in molecular biology.
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Chapter 1: Introduction

How one cell, a fertilized egg, develops into an organism composed of multiple cell types,
each with different functions and behaviors, is a question that has inspired the field of
developmental biology since its inception.

Section 1.1 A brief history of developmental biology.

For centuries, the question of how a single cell, a fertilized egg, develops into an organism
has racked the minds of scientists and philosophers alike. Beginning with Paracelsus’
homunculus in the 1500’s, later followed by Hartsoeker's illustration of spermatozoon (1695)
and Malpighi’s observation that an early chicken embryo shares remarkable physical similarities
with its adult form (1673), we see the stirrings of an explanation for development in the concept
of preformation; a view that an organism is preformed and development is simply the growth of
a miniature being into adult form (Horder, 2010). Due to the small size and general
inaccessibility of embryos, it was not until the 1800’s, with Haeckel’s contribution of detailed
drawings comparing the development of eight different vertebrates across three embryological
stages, that we get an introduction to the dynamic natures of embryogenesis. In Haeckel’s work
we see a glimpse of the contribution developmental biology could have to the field of evolution;
it was around this time that embryology combined with comparative anatomy to explore ideas of
morphology and scientists began to explain development through epigenesis, where an organism
is not preformed but is formed gradually through shape changes and acquires adult features over
time (Horder, 2010). The theory of epigenesis was first originated by Aristotle ¢.350 BC (On the
Generation of Animals, 350 B.C.) but was not given much credibility until the 1800’s due to the
dominant creationist theories of the origin of life. During the period between 1901 and 1906,
using frog lenses, Hans Spemann identified the concept of induction: that a group of cells is able
to influence the developmental fate of neighboring cells (Spemann, 1938) (Saha, 1991) (Gilbert,
). By the 1920’s, Spemann and Mangold had applied what Spemann learned from lens-induction
to understand cell determination at gastrulation which would lead to their discovery of the
Spemann-Mangold organizer, garnering Spemann the Nobel Prize for physiology and medicine
in 1935 (Sander & Faessler, 2001). With this, we learn about the requirement of inter-cellular
signaling in specifying and differentiating cells of a developing embryo (Horder, 2010)
(Spemann & Mangold, 1924).

Section 1.2 Xenopus as a model organism for vertebrate development.

As development biologists found increasing value in studying amphibian embryos, by the
1960’s, they turned to the South African clawed frog, Xenopus laevis (X. laevis) (Gurdon &
Hopwood, 2000). Embryologists were not the first scientists to use X. /aevis, instead, it was
through more fortuitous events that the two united. In the early 19" century, X. laevis were first
described by a French naturalist, and by the turn of the 20™ century, a British zoologist cultured
the embryos in the laboratory. By the 1930’s, X. laevis became popular in European and
American laboratories; made so by Lancelot Hogben for their use in the field of endocrinology
and subsequently as the preferred bioassay for early detection of pregnancy (Gurdon &
Hopwood, 2000). Following the injection of urine from a pregnant woman, female X. laevis
would ovulate, releasing mature eggs. By 1935, it was established that coupling of X. laevis



could be induced outside of the mating season by injecting pregnancy urine into males and
females; as a result, fertilized eggs and embryos could be generated year-round (Gurdon &
Hopwood, 2000). It was later shown that human chorionic gonadotropin was the active
ingredient of urine from a pregnant woman that could induce mating of X. /aevis year round.
Once it was established that ovulation and mating could be induced at any time, and that the X.
laevis were hardy, with embryos that could be cultured in great numbers in the lab, these animals
became the organism of choice for embryologists seeking large amounts of synchronized
materials for cellular and biochemical assays (Gurdon & Hopwood, 2000). In the 1950’s, a
normal table of X. laevis development was established by Pieter Nieuwkoop and their use grew
in laboratories worldwide (Gurdon & Hopwood, 2000) (Nieuwkoop & Faber, 1994).

Developmental biologists readily embraced Xenopus laevis for use in cell biology and
biochemistry due to their large egg size (1-1.3mm, containing 4ug of total RNA) and the ability
to synchronously and externally fertilize 3000-5000 embryos (Xenbase). Additionally, the
embryos are easy to manipulate. The yolk that sustains an embryo is evenly distributed to each
cell and, as a result, cells can be explanted or “cut and pasted” within and/or transferred between
embryos. Additionally, scientists are able to overexpress or deplete genes of their interest in
embryos by injecting RNAs, proteins, morpholino antisense oligonucleotides (see section 1.5), or
bathing them in small molecules. These assays have revealed profound biological properties of
molecules, cells, and tissues (Sive et al., 2000). Further, due to the short time required to develop
from one cell to a tadpole (~three days post fertilization at 23°C) biologists can observe the fruits
of their experimental manipulations within a reasonable amount of time. It should also be noted
that Xenopus phylogenetically lies between teleost fish and amniotes and is therefore a good
model for vertebrate development. Lastly, there is a great strength to studying the biology of
molecules, cells, and tissues in a whole organism as part of a system, largely un-derived from
their natural state and environment.

With the turn of the 20" century, the field of biology entered the genomic era and frog
embryologists wanted to ask tractable genomic questions of their Xenopus system; with this
came the introduction of the closely related Xenopus tropicalis (Amaya et al., 1998). X. laevis
and X. tropicalis last shared a common ancestor 50 million years ago (Hellsten et al., 2007)
(Grainger, 2012). About 40 million years ago, as a result of the merging of two diploid
progenitors, X. laevis underwent an allotetrapoidization and, as such, has 36 chromosomes (2N)
and ~3 gigabase (Gb) genome; nearly twice the number and size of X. tropicalis chromosomes,
20 (2N), and genome, ~1.5Gb. Furthermore, it is estimated that the X. /aevis genome has retained
25-50% of these duplicated genes (Hellsten et al., 2007); extra gene copies that greatly
complicate genetic studies. Because X. tropicalis has a diploid genome, a shorter generation time
(four months compared to 1 year for X. laevis), and still shares many of the advantages of X.
laevis system (although its eggs are smaller, ~0.75mm), it is the clear choice as the Xenopus
genetic model (Xenbase). By 2005, genetic screens for natural mutations in wild caught and
inbred X. tropicalis lines were underway (Noramly et al., 2005) (Grammer et al., 2005)
(Grainger, 2012). Now numerous transgenic X. /aevis and X. tropicalis stocks are available to
researchers through the National Xenopus Resource.



In addition to being an excellent system to ask any number of questions relating to the fields
of embryology and genomics, Xenopus is also well suited to address the phenomenon known as
the maternal effect on developmental.

Section 1.3 The maternal effect on development.

The maternal effect on development is a phenomenon in which molecular determinants, such
as mRNA, microRNAs, and proteins, are derived from the maternal genome and loaded into the
egg (Anderson & Niisslein-Volhard,1984) (Driever & Niisslein-Volhard, 1988) (Armisen et al.,
2009). This information is present at fertilization (at which time the maternal and paternal
genomes combine to generate the zygotic genome) and is required for the first stages of
embryogenesis until the zygotic genome is activated and new RNAs and proteins are transcribed
to carry the embryo through the rest of development. Both the plant and animal kingdoms
depend on these maternally contributed molecules for development as they are inherited by any
embryo that develops from a fertilized egg (Li & Li, 2015). Importantly, within the animal
kingdom, organisms from a wide range of taxa will vary in the degree to which their
development depends on maternal factors (Tadros & Lipshitz, 2009) (Table 1.).

Section 1.4 Examples of maternal effect genes.

Christiane Niisslein-Volhard has been a foremost contributor to the body of research showing
that maternally derived gene products, also known as maternal effect genes, are required for
embryonic patterning. Maternal effect genes are gene products, RNA or protein, that are
produced maternally and are deposited in the oocyte or are present in the fertilized egg or
embryo before expression of zygotic genes is initiated (Marlow, 2010). They are defined by
showing phenotypes in embryos derived from homozygous mothers, even if the paternal
contrition is wild type. Using D. melanogaster, Niisslein-Volhard showed that dorsal-ventral
patterning determinants are stored in maternal mRNA (Anderson & Niisslein-Volhard,1984).
Later, Niisslein-Volhard published that bicoid mRNA is localized to the anterior tip of the oocyte
and early embryo and that this asymmetric localization is required to set up a gradient of Bicoid
protein, organizing anterior development (Driever & Niisslein-Volhard, 1988). Since this time,
numerous model systems have been used to demonstrate that maternal effect genes are required
for a number of developmental processes. These include: oocyte maturation (meiosis), egg
activation, fertilization, animal-vegetal polarity (mRNA localization), maternal regulators of
imprinting, cleavage (mitosis), maternal to zygotic transition (zygotic genome activation),
epiboly (tissue cohesiveness), patterning and morphogenesis, lineage specification,
adhesion/cohesion, germline specification and maintenance (Marlow, 2010).

Section 1.5 Xenopus as a system to study the maternal and zygotic effect on
development.

Although teasing apart the different biological activities of a maternally versus zygotically
derived gene product will always be challenging, Xenopus is well suited to ask these types or
questions. As I have previously described, Xenopus is the closest vertebrate model system to
amniotes, their eggs are externally fertilized in large brood sizes and are easily manipulated, and
important for the study of maternal effect genes, zygotic genome activation does not occur until
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the 12" cleavage cycle. A number of tools have been developed in Xenopus to address what the
maternal and zygotic gene contributions are to embryogenesis.

To address the maternal contributions to development, Heasman and Wylie used short (18-
mer) antisense oligodeoxynucleotides (ODNs) to deplete maternal mRNAs from oocytes (Wylie
& Heasman, 1997). This technique depletes target mRNAs by harnessing the endogenous
activity of RNAse-H, active in oocytes, which degrades RNA:DNA hybrids. In this system,
oocytes are surgically removed from donor ovaries, de-folliculated, injected with ODNs, and
incubated for 24 hours to allow degradation. Along with the ODN injection, the oocytes are dyed
to label injected oocytes, and following the incubation step these dyed oocytes are surgically
placed into the body cavity of a recipient female who is induced to ovulate. In this manner the
recipient female is made to release eggs depleted of specific maternally contributed transcripts
that can be fertilized and assayed for changes in development. Using ODNs, Heasman and Wylie
have been able to show that maternal mRNAs are essential regulators of embryonic patterning
and processes such as dorsal mesoderm induction (f-catenin), endoderm differentiation and
primary germ layer specification (VEGT), and mesoderm induction (Vgl) (Heasman et al.,
1994) (Wylie et al., 1996) (Zhang et al., 1998) (Birsoy et al., 20006).

While Heasman and Wylie used ODNS to clearly and robustly show the requirement for
maternal mRNAs in Xenopus development, the use as an everyman’s tool never took off; the
technical and advanced skills required for execution have been difficult to reproduce outside of
their lab. Furthermore, while ODNSs effectively deplete maternal mRNAs from an entire embryo,
there are some cases where this is not the desired outcome. One great advantage of the Xenopus
system is that upon the first cell cleavage, the embryo is often split into its left and right halves
(Danilchik & Black, 1988). It is at this point that one of the two cells can be injected with a
reagent (MRNA, protein, small molecules) and the cell that was not injected will serve as an
internal control (Figure 1.1A). With each subsequent cell division, injecting any single cell will
affect a more specific and finite cell lineage, allowing scientists to ask how specific and
individual areas of the embryo are affected. In 1997, the morpholino antisense oligonucleotide
was designed (Summerton & Weller, 1997) and used for this exact purpose, depleting mRNAs
from specific cells at specific times; eventually used to deplete mRNA from only 1 cell of a 32
cells embryo, allowing for the most specific depletion in Xenopus (Heasman et al., 2000).

Morpholino antisense oligonucleotides (MOs) are synthetic oligonucleotides composed
usually of 25 subunit chains that are similar to DNA and RNA except that instead of a five-
membered ribose ring, they have a six-membered morpholine ring. MOs bind to their
complementary target RNA through Watson-Crick base pairing and are resistant to nucleases,
making them very stable (Eisen & Smith, 2008). Unlike ODNs, MOs do not act through an
RNAseH mechanism (Summerton, 1999). Instead, to deplete target gene products, MOs bind to
RNA and either sterically block the movement of the translation initiation complex (translation-
blocking MO) or the proper splicing of pre-mRNA (splice-blocking MO), resulting in intron
retention and the inclusion of missense codons and likely a premature stop codon (Draper et al.,
2001) (Figure 1.1B). In this way, if a MO targets a translation start site, then both maternal and
zygotic mRNA will be targeted. If, however, a MO targets a splice site, then only the zygotic
mRNA will be targeted as maternal mRNAs are already spliced. With these tools, scientists have



now been able to tease apart the developmental roles of maternally contributed versus
zygotically derived gene products.

Section 1.6 An example of differing maternal and zygotic effects on development.

A classic example of a gene with separable maternal and zygotic developmental roles is -
catenin. As previously mentioned, depletion of maternal B-catenin from the oocyte, and
subsequent embryo, leads to a complete failure of dorsal mesoderm induction (Heasman et al.,
1994). However, using dorsal vegetal injections of translation-blocking morpholino, at various
stages, Heasman and Wylie were able to dissect the activities of maternal and early zygotic
function in specific lineages: 2- and 4-cell stage blocks dorsal axis formation, 8-cell stage blocks
head formation, and A-tier injection at the 32-cell stage results in abnormal cement gland
formation (Heasman et al., 2000). Importantly, zygotic transcription is not activated until the 12"
cleavage cycle and thus these studies were blocking only maternally contributed -catenin. At
the time of these experiments, splice-blocking morpholinos were not yet available to test
exclusive zygotic gene function. In this example, we see that, at the time of fertilization, 3-
catenin activity is required for dorsal axis formation and that later in development, it is required
more specifically for dorsoanterior fates. Thus, this example shows developmental differences in
maternally and zygotically contributed B-catenin.

Section 1.7 Maternally deposited and zygotically derived RNA-binding proteins as
potent regulators of development.

The main body of work that has examined the maternal contribution to development in
vertebrates has focused on transcription factors and signaling molecules (Marlow, 2010). It has
been proposed since the late 1960°s that RN As (e.g. masked maternal mRNAs) and RNA-
binding proteins could be potent regulators of development (Lifton & Kedes, 1976) (Bandziulis
et al., 1989). Since this time, it has been shown in C. elegans, Drosophila, Xenopus, and mice
that maternal RN A-binding proteins are important for post-transcriptional regulation and are
required for splicing (C. elegans) and the RNA-interference pathway (mouse) to maintain
maternal steady state levels in germ-line development as well as maternal transcript turnover
during the maternal to zygotic transition (MZT) of genome transcription (Drosophila, Xenopus)
(Hebeisen et al., 2008) (Murchison et al., 2007) (Benoit et al., 2009) (Bentaya et al., 2012).
Around the same time that these studies were published, an expression clone screen was
performed in Xenopus to ask which genes affect neural plate patterning and morphogenesis and
found that a surprisingly large percentage of the genes identified were RN A-binding proteins
(Dichmann et al., 2008). One of the genes identified in the expression clone screen was the
atypical RNA-binding protein Fused in sarcoma (Fus), a member of the FET family of proteins
which includes Fus, Ewing’s Sarcoma (EWS), and TATA-binding protein-associated factor 15
(TAF15). Fus has since been shown to be required for Xenopus development through the splicing
of fibroblast growth factors (FGFs) and cadherins, developmental regulators critical to mesoderm
induction and cell adhesion in Xenopus (Dichmann & Harland, 2012).

Due to the growing body of evidence that both maternally deposited and zygotically
transcribed RNA-binding proteins are potent regulators of development, I have chosen to focus



my thesis work on two RNA-binding proteins that are both present at fertilization and are also
transcribed upon zygotic genome activation: TAF15 and DGCRS.

Section 1.8 The FET family of atypical RNA-binding proteins.

The FET family of atypical RNA-binding proteins includes Fused in sarcoma (Fus), Ewing’s
sarcoma (EWS), and the TATA-binding protein-associate factor 15 (TAF15). The FET proteins
are heterogeneous nuclear ribonuclear particle (hnRNP) proteins that are abundantly expressed
and contain both RNA- and DNA-binding domains, this family is also known to interact with
thousands of transcripts and affect multiple steps of mRNA biogenesis (Schwartz et al., 2015)
(Figure 1.2). To a varying degree, these family members are present in plants, nematodes,
insects, and vertebrates. Invertebrates and plants encode one FET protein while vertebrates have
three. One speculation is that the FET proteins evolved to facilitate the complex coupling of
transcription and mRNA processing that occurs in multicellular organisms (Schwartz et al.,
2015) (Kato et al., 2012) (Schwartz et al., 2013).

The FET family of genes is most noted for their incidences in disease states. Following
abnormal chromosomal translocations, FET protein N-terminal low-complexity/activation
domains are found fused to various DNA-binding proteins, contributing to the formation of
various cancers (Tan & Manley, 2009) (Delattre et al., 1992) (Crozat et al., 1993) (Rabbitts et al.,
1993) (Martini et al., 2002) (Panagopoulos et al., 1999) (Sjogren et al., 1999) (Kovar, 2011).
This family is also implicated in neuromuscular degenerative diseases. Causative and correlated
point mutations in the C-terminal nuclear localization signal of Fus and TAF15, respectively, are
found in patients with familial amyotrophic lateral sclerosis (FALS) and frontotemporal lobar
dementia (Kwiatkowski et al., 2009) (Vance et al., 2009) (Schwartz et al., 2015) (Kovar, 2011).
A recent study identifying amyotrophic lateral sclerosis (ALS) risk genes and pathways reported
that variants in Fus explained 4% of reported FALS and 1% of spontaneous ALS (SALS), while
variants in TAF15 and EWS explained <1% of reported FALS and SALS (Cirulli et al., 2015).

The work examining the FET proteins has been carried out almost exclusively in cell lines.
Previous reports show that all three FET proteins exhibit nuclear expression and in addition,
TAF15 and Fus are found in the cytoplasm of most cell types. FET proteins have both distinct
and overlapping patterns in human tissues. FET proteins are targeted to stress granules following
heat shock and oxidative stress, and are associated with regulating numerous cellular activities
including: cell proliferation, cell cycling, cell death, transcription, splicing, microRNA
processing, RNA-transport, signaling, and maintenance of genomic integrity (Ballarino et al.,
2012) (Andersson et al., 2008) (Shiohama et al., 2007) (Gregory et al., 2004). Using
photoactivatable ribonucleoside-enhanced cross-linking and immunoprecipitation (PAR-CLIP),
FET proteins were predominantly found to bind to intronic regions as well as the 3’UTR of
genes (Hoell et al., 2011).

Among vertebrates, the three FET members are highly conserved from fish to mammals,
suggesting an independent and specialized requirement for each protein (Schwartz et al., 2015).
Interestingly, depletion studies looking at the role of FET proteins in vertebrates suggest that this
family of atypical RNA-binding proteins are differentially required for development in Xenopus
and mice. Somewhat paradoxically, given the evolutionarily conserved FET family structures, it
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is thought that the FET family may actually act redundantly in mice. Fus is required for some of
the earliest stages of development in Xenopus, as shown by depleted embryos exhibiting
gastrulation and cell adhesion defects (Dichmann & Harland, 2012). However, the requirement
for Fus in mice does not appear to be until later in development as pups depleted of Fus die
neonatally as a result of defects in B-lymphocyte development and genomic instability (Hicks et
al., 2000). Mice deficient for EWS also exhibit defects in B-cell development, in addition to
meiosis, suggesting that the more mild phenotype observed in early mouse development, as
compared to Xenopus, could be explained by overlapping FET functions (Li et al., 2007).
Currently, no studies have looked at the role of TAF15 in mice or Xenopus.

Little is known about the role of TAF15 in development. TAF15 is not considered a canonical
TATA-binding protein associated factor (TAF) as it is not associated with all human TFIID
complexes and has no ortholog in non-vertebrate species (Ballarino et al., 2012). However, it is
this non-ubiquitous association with the core transcriptional machinery that is most interesting to
me as this supports the hypothesis that TAF15 may be more selective in the transcripts it
regulates and, as a result, may have more specified roles in development. TAF15 would not be
the first TAF to be shown to have a specific role in development. TAF3 has been shown to be
required for endoderm lineage differentiation and preventing the premature specification of
neurectoderm and mesoderm in embryonic stem cells (Liu et al., 2011).

Section 1.9 microRNA biogenesis and the role of DGCRS.

microRNAs (miRNAs) are small 22 nucleotide non-coding RNAs encoded in plants,
animals, virus genomes, and single-celled eukaryotes that function as guide molecules in RNA
interference and silencing (Griffiths-Jones et al., 2007) (Ha & Kim, 2014). miRNAs are
transcribed by RNA polymerase II as primary miRNAs (pri-miRNAs) and can initially vary in
size from a few hundred bases up to a tens of kilobases and have a 5’ 7-methylguanosine cap and
a 3’ polyadenylated (poly(A)) tail (Saini et al., 2007). As such, from the time of transcription to
carrying out its post-transcriptional regulatory function, a miRNA undergoes extensive
processing (Yoontae et al., 2002) (Figure 1.3).

Single stranded pri-miRNA transcripts form double stranded stem loop structures that
contain mature miRNA sequences. Each stem loop is made up of approximately 35 base pairs
and a terminal loop. Flanking the base of each stem loop is single stranded RNA. The nuclear
RNA-binding protein, DiGeorge syndrome critical region 8, DGCRS, binds to the base of a stem
loop at single stranded-double stranded RNA junctions. With the DGCRS cofactor Drosha, a
nuclear RNAse I1I-type endonuclease that specifically cleaves double-stranded RNA, DGCRS
and Drosha form the microprocessor complex. Drosha initiates the miRNA maturation process
by cropping the stem-loop and releasing a ~65 nucleotide hairpin RNA structure, this is called
the pre-miRNA. Once cleaved by the microprocessor, the pre-miRNA is exported to the
cytoplasm by Exportin 5 where Dicer, a cytoplasmic RNAse III-type endonuclease, cleaves the
terminal loops generating a small RNA duplex. This RNA duplex is then loaded onto the
Argonaute2 (Ago2) protein, which subsequently unwinds the RNA, forming the RNA-induced
silencing complex (RISC) (Ha & Kim, 2014). In their mature form, microRNAs are single
stranded 22 nucleotide RNAs that recognize and bind to complementary sequences in the 3’



untranslated region of target mRNAs and, in doing so, guide the RNA-induced silencing
complex (RISC) complex to repress translation.

Of the factors involved in miRNA biogenesis, DGCRS is the only one currently known to be
miRNA-specific (Wang et al., 2007) (Suh et al., 2010). In addition to being integral to miRNA
processing, Drosha is reported to have a role in ribosomal RNA processing, and Dicer and Ago2
are required for the processing of short interfering RNAs (siRNAs) and endogenous small
hairpin RNAs (endo-shRNAs) (Wu et al., 2000) (Bernstein et al., 2003)(Ha & Kim, 2014).

There are many zygotically transcribed miRNAs with specific expression patterns that are
known to play roles in Xenopus development (Walker & Harland, 2008) (Walker & Harland,
2009) (Lund et al., 2009) (Rosa et al., 2009). In addition to these, it is known that a population of
miRNAs are maternally deposited (Armisen et al., 2009). miRNAs have been we