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Abstract
Somites are important mesoderm structures that form in regularly timed intervals from the
anterior end of the paraxial mesoderm at the end of gastrulation during embryogenesis. Cells of
the ventromedial portion of the somite, the sclerotome, undergo epithelial to mesenchymal
transition, surround the notochord, and give rise to connective tissues of the axial skeleton
including the vertebrae, tendons, and ligaments. We are interested in understanding how the
sclerotome is compartmentalized into the region that makes tendons. Genes expressed in the
sclerotome, twist1 and twist2, are likely involved in the downstream differentiation of sclerotome
to become tendon progenitors. Previous studies have shown that Tgf-beta signaling is important
for tendon formation. We are investigating how knockdown of twist1 and twist2 affects Tgf-beta
expression in early tendon precursors derived from the sclerotome in zebrafish embryos.
Introduction
Developmental biology has fascinated artists and scholars’ decades before modern
science had made current advances in developmental biology research possible. The cyclops in
Homer’s epic poem, and the many depictions of the character that followed, likely grew from the
observation and fascination with developmental diseases and abnormalities. Furthermore,
thirteenth century Buddhist art depicting the five stages of gestation was discovered in the
temple, Jindaji, in Tokyo (Dolce, 2015). The early fascination with developmental biology is
well deserved; research in this field opens doors for subsequent research in every field of biology
and even other disciplines. Every type of cell or structure a scientist will study in any organism
originates from the embryo.
Danio rerio, commonly known as the zebrafish is an incredible model organism for
studying developmental biology. Like other model organisms, the genetic programs from

Bishay 2
humans are conserved well in zebrafish. Zebrafish share 70 percent of genes with humans. An
even higher percentage of genes known to be associated with human disease have a zebrafish
counterpart. As a vertebrate, the zebrafish has the same major organs and tissues as humans,
which are formed within the first two days of development. Additionally, zebrafish are an
especially efficient model organism because they are easily housed in dense quarters and less
expensive to care for when compared to higher vertebrates. Most importantly, they develop
rapidly ex utero (outside of the mother) allowing them to be observed throughout the entirety of
development.
Developmental biologist Lewis Wolpert has famously been quoted as saying “It is not
birth, marriage, or death, but gastrulation, which is truly the most important time in your life”
(Wolpert, 2008). Gastrulation is the embryonic process in
which the embryo organizes from a blastula into a
gastrula, creating multiple germ layers of cells. In
vertebrate organisms, these germ layers are the ectoderm,

Figure 1: Zebrafish embryo with a single
somite outlined.

mesoderm, and endoderm. Each germ layer gives rise to specific tissues in the adult organism.
The mesoderm differentiates into the lateral mesoderm, intermediate mesoderm, and paraxial
mesoderm. Mesoderm gives rise to many internal tissues, such as bone, muscle, blood and the
heart. The paraxial mesoderm gives rise to somites, which are repeating blocks of embryonic
mesoderm that form from the anterior end to the posterior end in vertebrates (see Figure 1.).
As development proceeds, the somite is further subdivided into compartments: the
dermatome, myotome, and sclerotome. The myotome gives rise to muscles and the dermatome
gives rise to the dermis. The sclerotome is the ventral medial portion of the somite (see Figure
2.). Cells of the sclerotome undergo an epithelial to mesenchymal transition (EMT) to become
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migratory and surround the notochord (NC) (purple cells in Figure 2), an embryonic support
structure that is not present in adults except for the portion that forms intervertebral discs in the
spine. These migrating sclerotome cells give rise to the axial skeleton, which is comprised of
vertebrae, the annulus fibrosus of the intervertebral discs, and connective tissues including
tendons and ligaments.

Figure 2: Possible sclerotome compartmentalization during axial skeletal development. Cross section of a vertebrate
embryo showing the migrating sclerotome cells (purple) as they develop to give rise to vertebrae, intervertebral discs
and tendons. NT=neural Tube NC=notochord Scl=sclerotome PN=pronephric ducts DA=dorsal aorta. Dorsal
(backside) is up, anterior (front) goes into the plane of the page.

The syndetome is the specific sub-compartment of the sclerotome that gives rise to
tendons. We are interested in understanding how the sclerotome is compartmentalized into the
region of the syndetome that gives rise to tendons. Two genes, twist1b and twist2, are important
for mesoderm formation and differentiation. Knockdown of twist1b or twist2 gene function in
zebrafish embryos show defects in formation of axial skeletal tissues such as vertebrae and
tendons, which originate from the sclerotome. The mechanism by which twist genes are
instructing sclerotome cells to become these axial skeletal tissues is not understood at this time.
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Transforming growth factor (TGF) is used to describe two classes of polypeptide (chain
of proteins) growth factors, TGFα and TGFβ. TGFβ is an
immunosuppressive cytokine which plays a crucial role in tissue
regeneration, cell differentiation, embryonic development, and
regulation of the immune system. The roles of TGFβ molecules
are shown in Figure 3. (Walker) The TGFβ ligand represented
may bind to type I or type II receptors to initiate intracellular
signaling cascades. Both receptors explored in this study,
TGFβ2ra and TGFβr2b are type II receptors. A previous study,
conducted by scientists at Shriners Hospital for Children and
Oregon Health and Science University, has shown that deletion of
TGFβ ligands and receptors in mice results in the loss of tendons
(Tan et al., 2020). It is suspected that TGFβ signaling is important
for tendon formation, even in zebrafish. We also hypothesize that
the TGFβ signaling pathway is functioning downstream of the

Figure 3: TGFβ ligand represented
in green can bind to type I receptor
(red) or type II receptor (blue). After
ligand binding, the receptors can
dimerize and initiate intracellular
signaling cascades.

twist genes.
Signaling pathways are a series of chemical reactions where a group of molecules in a
cell work together to control cell function. A cell receives a signal from its environment when a
ligand binds to a receptor on or in another cell. After the first molecule in the pathway is
activated, it can activate another molecule. This continues until the last molecule is activated and
the cell function is carried out.
In order to study the role of twist gene function in zebrafish sclerotome patterning, a
knockdown approach will be used to alter Twist protein function. Morpholinos are nucleotide
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analogs that recognize and bind a DNA sequence of interest. A single stranded morpholino can
be utilized to block translation of specific genes into proteins early in development. The
morpholino is injected into a developing zebrafish embryo at the single cell stage and binds to
the 5’ end of mRNA to block the translation machinery from assembling, resulting in inhibited
translation of that gene. Blocking translation of a gene allows for the subsequent observation and
deduction of the role of that gene in a cell or organism. The use of twist1b and twist2
morpholinos has been previously validated in skeletal research (Yang et al., 2011) and will be
utilized in the following study.
Additionally, whole mount in situ hybridization allows the visualization of specific RNA
transcripts from genes expressed in cells or tissues. In this technique, a single-stranded labeled
RNA probe is hybridized with the endogenous RNA transcript of interest. The probe has a
chemical or radioactive label attached to it, which allows for visualization of the RNA transcript
of interest in the cell or tissue. We will utilize this method of evaluating expression of specific
tgfβ genes in wild type uninjected and compare them to twist1b and twist2 morpholino injected
embryos.
The purpose of this study is to investigate how knockdown of twist1 and twist2, induced
by morpholino injections, affects expression of tgfβ signaling pathway genes. We will visualize
tgfβ gene expression using in situ hybridization in tendon progenitors of the syndetome. I
hypothesize that twist1b and twist2 are working upstream of the TGFβ signaling pathway and
upregulating the genes involved in the TGFβ signaling pathway.
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Literature Review
Tendon Physiology
Tendons are important dense regular connective tissue structures that connect muscle to
bone. They can either attach directly to the bone or to the periosteum, which is the connective
tissue covering the bone. Tendons are composed mainly of collagen, arranged in parallel fibers,
and elastin. Some tendons are covered in a sheath while others are not. The structures are
immensely important for human mobility and flexibility. Tendons can withstand tension from the
environment and can transmit mechanical force from muscle contraction to the bones, allowing
movement of the skeletal system. It is possible that tendons are preprogrammed from embryonic
development for their functional role in withstanding tension and allowing for flexible
movement.
Although tendons are strong structures that can withhold great amounts of tension and
allow us to move smoothly, they tend to lack the cells needed for regeneration following injury.
A recent study by Pauline Po Yee Lui, published in by the Republic of China Dove press: Stem
Cells and Cloning: Advances and Applications, has addressed that the cellular content of tendons
is low, which is problematic for regeneration after injury, as the cells needed to replace damaged
tissue are not present in large numbers. Additionally, changes in the tendon microenvironment
caused during injury may introduce erroneous differentiation of stem-like cells in the injured
tendon, resulting in pathological ossification (hardening) of the tendon tissue and failure to heal.
(Lui, 2015). Not only do tendons lack cells that would allow more rapid regeneration when
compared to epithelial tissues or even other connective tissues, but changes to the environment
often makes it even more difficult for a damaged tendon to return to normal. Tendons also
contain considerably less blood vessels than other tissues, and structures or regions of tissue that
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receive less blood supply are more likely to remain injured. The combination of these structural
characteristics makes it extremely difficult for tendons to regenerate and heal completely on their
own when damaged.
Tendon Injuries
In the United States, 33 million musculoskeletal injuries have been reported per year.
Half of those reported injuries involve tendon and ligament injuries. ((Wu et al., 2017) Athletes
and people working jobs that require repetitive heavy lifting are more prone to tendon injuries
than the general population, but injuries can still occur in older sedentary individuals and young
individuals with average everyday levels of movement. Injuries to tendons can cause
tendinopathies such as tendinitis, tendinosis, and tenosynovitis. Tendinitis is inflammation of the
tendon that results from a force that is too sudden or too strong for the tendon to resist.
Tendinosis is a disorder where tendons without sheaths that can include changes to the structure
or composition of the tendon. Common symptoms of tendinosis are pain and burning in the
affected area as well as decreased strength and flexibility (Bass, 2012). Tendinosis can result
from activities that require intense force exertion, repetitive awkward positions, or prolonged
stress applied to the same localized area. Some common names for variations of tendinitis are
tennis elbow, golfer’s elbow, pitcher’s shoulder, swimmer’s shoulder, and jumper’s knee. Any of
these injuries, if left long enough, may cause the tendon to completely rupture. Tendinosis can
also lead to tendinitis or nerve impingement if left untreated, which is associated with pain.
(Bass, 2012). Finally, tenosynovitis is a disorder to the tendon’s protective sheaths. There is a
fluid inside the sheath of the tendons and other connective structures, such as joints, called the
synovial fluid which provides overall lubrication to the structure. Defects to the sheath, can cause
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imbalances in the synovial fluid, lead to inflammation, and eventually lead to the same
destruction to tendon strength as tendinosis or tendonitis.
Application of Developmental Research on Treatment of Tendon Injuries
An understanding of tendon development is important in differentiating between
tendinosis and tendinitis, especially since the treatments for the two conditions can be
contradictory. Tendinitis treatment revolves around reducing inflammation. However, in
previous studies, anti-inflammatory drugs have been shown to inhibit collagen repair, which is
required for treatment of tendinosis. In one study published in the Journal of Orthopedic
Research, Ibuprofen, a nonsteroid anti-inflammatory treatment inhibited collagen repair (Tsai et
al., 2004). Another study by a group of medical doctors and physical therapists showed that
corticosteroid injections inhibited collagen repair. (Khan et al., 2000). Unfortunately, the two
tendinopathies are often confused due to similar symptoms, but a deeper understanding of tendon
development and structure can aid in differentiation and treatment of these diseases as well as
other tendinopathies.
Treating tendon disorders is the field where an understanding of tendon development is
even more important. Thus far, the attempts to treat tendon disorders have been heavily focused
on prevention including training and work environment regulations. However, even with
immense attempts at prevention, tendon injuries will continue to occur, so it is important to
understand how these connective structures develop. This can lead to a better understanding of
the failed mechanisms during injury and can inform regenerative efforts. It is important to
research ways to reverse the damage on tendons by these injuries. Regenerative research is an
ever-growing field and attempts to regenerate tendon tissue to a state close to normal are
numerous. Possible regenerative efforts include tissue-engineering of tendons, treatment with
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exogenous growth factors, and treatment utilizing stem-cell injections. However, these efforts
can only be as advanced as our understanding of development. An understanding of how tendons
develop, specifically which genes and pathways lead to successful development and maintenance
of tendons, is essential to the advancement of regenerative efforts to repair tendons.
Embryonic Development and TGFβ Signaling
Tendons arise during development from an embryonic structure known as the somite.
Somites are important developmental structures that are arranged in an anterior-to-posterior axis
along the dorsal (backside) of vertebrate embryos (Fig. 1). They give rise to tissues such as
muscle, the vertebral column and the dermis of skin. (Morin-Kensicki et al., 2002). The ventral
medial (front, middle) portion of the somite is called the sclerotome. Cells of the sclerotome
undergo epithelial to mesenchymal transition, leaving the somite to surround the notochord, and
give rise to connective tissues of the axial skeleton including the vertebrae, intervertebral discs,
tendons, and ligaments. (Scaal & Wiegreffe, 2006).
We are interested in understanding how the sclerotome is compartmentalized into the
region that makes tendons, known as the syndetome. We hypothesize that a signaling pathway,
Transforming Growth Factor Beta (TGFβ), is involved in the differentiation of the sclerotome
into tendon progenitors (involved in directing the sclerotome to become tendons). TGFβ plays an
important role in tissue regeneration, cell differentiation, embryonic development, and regulation
of the immune system. The TGFβ family works by utilizing ligands that bind to receptors. The
activated ligand-receptor complex then travels to the nucleus where it can either promote or
suppress target genes. (Tan et al., 2020). A study in the Journal, Elife, demonstrated that Tgfβ
signaling is involved in the feedback mechanism that allows tendons to adapt to applied tension
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(Subramanian et al., 2018). Moreover, previous studies in mice have shown that Tgfβ signaling
is important in maintaining tendons after development (Tan et al., 2020).
In Situ Hybridization
The main method of evaluating gene expression will involve conducting in situ
hybridization experiments to visualize where specific genes involved in TGFβ signaling are
expressed at different embryo ages (different hours post fertilization, hpf). In-situ hybridization
is an incredibly useful tool because it allows us to clearly visualize exactly where the mRNA for
a gene of interest is expressed. An overview of the method, published in 2008 by Kayhan T
Nouri-Aria, a scientist in the Department of Allergy and Clinical Immunology at the National
Heart and Lung Institute in London, states, “In situ hybridization is a highly sensitive technique
that allows detection and localization of specific DNA or RNA molecules…In situ hybridization
has broad range of applications and has been used to localize viral infection, identify sites of
gene expression, analyze mRNA transcription and tissue distribution, and map gene sequences in
chromosomes” (Nouri-Aria, 2008). For my thesis, I will be utilizing one of these applications of
in situ hybridization to study the role of genes, twist1b and twist2, on TGFβ signaling in the
formation of tendon precursors in the model organism zebrafish. I will use this method to
visualize where specific genes involved in TGFβ signaling are expressed at different embryo
ages. I will visualize tgfβ expression both in wildtype embryos and embryos where twist1b and
twist2 are knocked down or mutated.
Methods
Fish Husbandry
Fish are separated in tanks by genetic background and mutation history. Water is
monitored for changes in temperature, pH, salt concentration, nitrite concentration, and nitrate
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concentrations. The temperature is maintained at 28.5 degrees Celsius. An optimal pH of 7.4 is
sustained, and the fish remain in a room with a light dark cycle of 12 hours light and 12 hours
dark. All conditions are maintained at suitable levels for zebrafish life.
Breeding
Two male and two female zebrafish were set up overnight in breeding tanks with clear
dividers separating the males from the females. The overnight placement of pairs of fish induces
competition between the fish and allows for the exchange of pheromones. The following
morning, the dividers were removed, and fish were allowed to breed. Fertilized embryos were
collected and placed in 1x E3 embryo water (containing NaCl, CaCl2, Kcl, MgCl2, antifungal
methylene blue). The embryos were allowed to develop in solution until the desired
developmental stage.
Morpholino microinjections
Needles were prepared using a micropipette puller creating a micro pore to allow
morpholino to leave the micropipette and enter the zebrafish embryo. Injection volume was
measured by injecting an initial amount of morpholino onto mineral oil on a micrometer. The
time of injection was adjusted until desired injection volume was reached. Embryos were placed
on agar plate for stabilization while we injected them at one-cell stage with 6 nanograms of
twist2 morpholino or 4 nanograms of twist1b and collected for further development. Both
Morpholinos were purchased from Gene Tools, LLC.
Fixation
After injection at one cell stage, embryos were allowed to grow until 30 hpf and were
fixed at that stage using 4% paraformaldehyde for further experiments and analysis.
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Probe Synthesis
A restriction enzyme was used to linearize the DNA template containing the gene to be
analyzed by in situ hybridization. The linearized DNA template was transcribed into antisense
RNA (complementary to mRNA of interest) in vitro with RNA polymerase at 37 degrees Celsius
for three hours. RNA polymerases, T7 and SP6, were used to carry out transcription of tgfβr2a
and tgfβr2b, respectively. The original DNA template was digested with DNase. The reaction
was terminated, and the RNA of interest was purified with lithium chloride and ammonium
acetate.
In situ Hybridization
The synthesized antisense RNA probe, made against
myoD, xirp2a, tgfb3, tgbr2a or tgfbr2b, was labeled with
Digoxigenin, a steroid derived from the plant, Digitalis
purpurea. Embryos were then hybridized to the probe overnight
in a 60° C water bath. Embryos were subsequently exposed to
an antibody with an alkaline phosphate tag that recognizes
Digoxigenin as shown in Figure 3. Next, embryos were placed
in an alkaline phosphate substrate solution containing Nitro blue
Tetrazolium Chloride (NBT) and 5-bromo-4-chloro-3-indolylphosphate (BCIP). The enzyme-substrate relationship between the
solution and the alkaline phosphatase caused a colorimetric
reaction which allowed us to visualize the RNA of interest. The in

Figure 4: DIG-labeled antisense
RNA is made against the RNA of
interest. A colorimetric reaction
between the AP tag on an antibody
recognizing DIG and a substrate
solution produces a purple pigment
and allows for visualization of the
RNA. AP= alkaline phosphate.
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situ hybridization protocol outlined in “Transgenic Zebrafish” was followed (Jowett, 1999).
Imaging
Embryos are imaged on their anterior-left dorsal-upside using a Nikon camera with
Nikon Elements imaging software at 50x magnification is 3% methyl cellulose.
Results
Probes
RNA probes for tgfβ3, myoD and xirp2a were already available to us. We did not have
RNA probes made for tgfβr2a and tgfβr2b. In order to synthesize these RNA probes, constructs
had to be linearized in preparation for in vitro transcription. Linearization of the tgfβr2a and
tgfβr2b in situ RNA probe constructs
through visualization of the restriction
digest is shown in Figure 4. These results
indicate that both RNA transcripts were cut
correctly at the 5’ end to facilitate
transcription of the antisense RNA. The
second and fourth lanes show the plasmids
prior to cutting. The top band of each lane
is the circular plasmid, and the bottom
band is the supercoiled plasmid containing

Figure 5: Restriction digest results for plasmids containing
tgfβr2b (2nd and 3rd lanes) and tgfβr2a (4th and 5th lanes)

tgfβr2b and tgfβr2a in the second and
fourth lanes, respectively. The third and fifth lanes are showing linearized plasmids containing
tgfβr2b and tgfβr2a, respectively. After digestion, transcription was carried out with RNA
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polymerases and DIG-labeled dntps. RNA polymerase, Sp6, was used to carry out transcription
of tgfβr2b, and RNA polymerase, T7, was used to carry out transcription of tgfβr2a.
In situ Hybridization and visualization
MyoD and
xirp2a are two very
well characterized
RNA probes, and
they were used in both

Figure 6: myoD and xirp2a expression in WT 30hpf zebrafish embryos. Anterior of the embryo
is to the left and dorsal side is up.

in situ hybridization experiments as controls to ensure the integrity of the method. The in situ
hybridization results for both probes in wild type embryos 30 hpf are shown in Figure 5.
The in situ hybridization results comparing tgfβr2a, tgfβr2b, and tgfβ3 expression in
wildtype embryos and twist1b morpholino injected embryos are shown in Figure 6. There is a
clear over expression in
the receptors, tgfβr2a and
tgfβr2b, in the morpholino
injected embryos, as
compared to wild type
uninjected embryos (Fig
6.B and 6.D). There is no
noticeable change in tgfβ3
expression between
twist1b morpholino
injected embryos as

Figure 7: tgfβ2a, tgfβ2b, and tgfβ3 expression in Wt and twist1b morpholino injected
30hpf zebrafish. Anterior of embryo is to the left and dorsal side is up.
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compared to wild type uninjected embryos (Fig6.E and 6.F). The numbers of zebrafish analyzed
for each probe is listed in Table 1.
Table 1: Numbers of embryos collected and analyzed via in situ hybridixation for each probe during in situ
experiement 1.

Embryo Type
Wt
Wt
Wt
twist1b MO
twist1b MO
twist1b MO

Age
30 hpf
30 hpf
30 hpf
30 hpf
30 hpf
30 hpf

Probe
tgfβr2a
tgfβr2b
tgfβ3
tgfβr2a
tgfβr2b
tgfβ3

Number
21
17
11
10 (5 darker)
8
11

The in-situ hybridization results comparing tgfβr2b, and tgfβ3 in wild type uninjected
embryos and twist2 morpholino injected embryos are shown in Figure 7. Here, there is a clear
over expression of
mRNA in the ligand,
tgfβ3 (Fig 7.D), in the
morpholino injected
embryos. There does not
appear to be a change in
tgfβr2b expression (Fig
7.A and 7.B). The

Figure 8: tgfβr2b and tgfβ3 expression in Wt and twist2 MO injected 30hpf zebrafish.
Anterior of embryo is to the left and dorsal side is up.

numbers of zebrafish
analyzed for each probe is listed in Table 2.
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Table 2: Numbers of embryos collected and analyzed via in situ hybridixation for each probe during in situ
experiement 2.

Embryo Type
Wt
Wt
twist2 MO
twist2 MO

Age
30 hpf
30 hpf
30 hpf
30 hpf

Probe
tgfβr2b
tgfβ3
tgfβr2b
tgfβ3

Number
14
13
16
13

Discussion
Differentiation of the sclerotome is an essential developmental stage in zebrafish and
higher vertebrates. Cells of the sclerotome can become portions of the axial skeleton, such as
tendons, ligaments, or the annulus fibrosus of intervertebral discs. Many signaling molecules and
transcription factors direct the differentiation of the migratory sclerotome cells into the various
cell fates.
From previous studies, it is
known that Twist transcription
factors are involved in the
differentiation of sclerotome cells.
In human embryonic development,
the Twist1 protein is essential for
the formation of cells that give rise
to bones and other tissues in the
head and face (National Library of
Medicine (U.S.), 1998).

Figure 9: proposed mechanism involving twist, TGFB, and tendon cell
formation. Arrow symbolizes promotion of differentiation into cell type and
perpendicular lines symbolizes suppression of differentiation into cell type.

Additionally, the Twist2 transcription factor has been shown to repress transactivation of MyoD,
a marker for muscle development (Gong & Li, 2002). In this study, we aimed to determine if
twist genes were simultaneously involved in formation of other cell fates, specifically tendon cell
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fates in the syndetome. We tested this hypothesis by exploring the effect of twist1b and twist2
knockdown, on the expression of the TGFβ pathway, which is likely acting downstream of twist
but upstream of tendon formation as seen in Figure 8. Our results show that twist1b is
downregulating the expression of TGFβ receptors, tgfβr2a and tgfβr2b, as seen in (Figure 6B, D)
and twist2 is downregulating the expression of TGFβ ligand, tgfβ3, as seen in (Figure 7D). We
hypothesize that while twist is promoting the formation of bone and other tissue, it is likely,
through currently undetermined mechanisms, simultaneously suppressing the formation of
tendons.
One likely mechanism is that twist genes are affecting the sclerotome by suppressing
muscle development. twist genes have been shown to downregulate the formation of muscle, and
muscles are known to release TGFβ molecules (Bobzin et al., 2021). It is also interesting to note
that expression of myotendinous junction genes, where tendons make connections with adjacent
muscle, are overexpressed in twist knockdown embryos as well (unpublished results from our
lab, data not shown), which may imply that muscle cells are overcompensating for the loss of
tendons. Future directions may include exploring if muscle markers such as myoD, a muscle
master regulator gene, are downregulated by twist. It is also worthwhile to knockdown both
twist1b and twist2 in a genetically heritable manner, such as using the CRISPR-Cas9
mutagenesis system. This will allow for further observation in conjunction with transient
morpholino knockdown. Additionally, it will be noteworthy to explore the effects of twist genes
on transcription factors and molecules downstream of TGFβ but upstream of tendon formation to
better understand the mechanisms through which twist genes may be affecting tendon
development. Finally, the reverse of this experiment, where molecules involved in TGFβ
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signaling are knocked down, and twist expression is visualized may confirm that TGFβ is
downstream of twist or reveal if any feedback loops are present between the pathways.
Because of the significant gene conservation between zebrafish and humans, the results
of these experiments and those that follow to contribute to the understanding of tendon
development and its place in the overall developmental picture. This information may aid in
future tendon regeneration efforts as tendons are one of the least naturally regenerative
structures. It is important to have a sound understanding of the mechanisms and pathways
involved in tendon development before developing therapies and medications to aid in treating
tendon injuries and diseases. Our work in this study is an essential piece of information in
understanding the greater developmental biology puzzle.
Potential therapies based in developmental biology can have tremendous impacts on
society. Often, the impact of scientific research becomes lost in the details, but it is important to
see the bigger picture. Science strives to understand and find solutions for the issues that affect
people’s daily lives. When these issues are addressed, people’s quality of life improves, and a
universally happier and more functional society ensues.
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