
 

The not-so-long history of zebrafish research in Israel 
JANNA BLECHMAN1, GIL LEVKOWITZ*,1 and YOAV GOTHILF*,2

1Department of Molecular Cell Biology, The Weizmann Institute of Science, Rehovot, Israel and 
2Department of Neurobiology, The George S. Wise Faculty of Life Sciences and Sagol School of Neuroscience, 

Tel-Aviv University, Tel Aviv, Israel

ABSTRACT  The zebrafish has become a model of choice in fundamental and applied life sciences 
and is widely used in various fields of biomedical research as a human disease model for cancer, 
metabolic and neurodegenerative diseases, and regenerative medicine. The transparency of the ze-
brafish embryo allows real-time visualization of the development and morphogenesis of practically 
all of its tissues and organs. Zebrafish are amenable to genetic manipulation, for which innovative 
genetic and molecular techniques are constantly being introduced. These include the study of 
gene function and regulation using gene knockdown, knockout and knock-in, as well as transgen-
esis and tissue-specific genetic perturbations. Complementing this genetic toolbox, the zebrafish 
exhibits measurable behavioral and hormonal responses already at the larval stages, providing a 
viable vertebrate animal model for high-throughput drug screening and chemical genetics. With the 
available tools of the genomic era and the abundance of disease-associated human genes yet to 
be explored, the zebrafish model is becoming the preferred choice in many studies. Its advantages 
and potential are being increasingly recognized within the Israeli scientific community, and its use 
as a model system for basic and applied science has expanded in Israel in recent years. Since the 
first zebrafish-focused laboratory was introduced at Tel Aviv University 16 years ago, seven more 
zebrafish-centric research groups have been established, along with more than two dozen academic 
research groups and three bio-medical companies that are now utilizing this model. 
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A bit of history

The zebrafish (Danio rerio) has become a well-accepted model 
system for addressing a wide spectrum of biological questions from 
the cellular to the whole organism level. The use of zebrafish as a 
genetic model was pioneered by George Streisinger in the 1960s 
at the University of Oregon [reviewed in (Grunwald and Eisen, 
2002)]. Streisinger introduced a vertebrate model organism that is 
simpler than the mouse and then showed that it could be genetically 
manipulated (Streisinger et al., 1981). A huge step forward in the 
field was taken in the early 1990s by Christiane Nusslein-Volhard 
in Germany and Wolfgang Driever and Mark Fishman in the USA, 
who performed two genetic screens that yielded thousands of 
developmental mutants (Driever et al., 1996, Haffter et al., 1996). 
Another major advance in the development of the world zebrafish 
community was initiated by whole zebrafish genome sequencing, 
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which was started at the Wellcome Trust Sanger Institute, UK, 
in 2001. The heightened appreciation of a new model organism 
had become evident by the end of the 20th century, leading to an 
astonishing 100-fold increase in the number of publications from 
the mid-1990s to present. About 70% of genes and more than 80% 
of disease-associated genes are shared by humans and zebraf-
ish, rendering this rapidly reproducing and easily bred transpar-
ent organism a preferred model for addressing basic questions 
of developmental biology, physiology, and pathology. Zebrafish 
research is an extensively growing field, with ~1,000 zebrafish-
focused laboratories worldwide. Although the Israeli zebrafish 
research community is relatively small, new research groups are 
established almost every year. Israeli zebrafish research encom-
passes diverse topics, inculding nervous system development and 
function, neurodegeneration, cardiovascular development and 
function, endocrinology, and cancer.
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Early zebrafish days in Israel
During the 1990s, the desire to visualize 3- and 4-dimensional 

processes in developing organisms in vivo led to the initiation of 
zebrafish research at the Weizmann Institute of Science. At that 
time Benny Geiger and Tziki Kam were looking for embryos that 
were transparent and easy to work with, and chose to focus on 
developing zebrafish embryos. Long-term interactions between 
Geiger and Jim Weston from Eugene, Oregon, provided friendly 
access to the cradle of zebrafish research in Eugene as well as 
crucial help and guidance from the zebrafish experts in Eugene, 
including Weston, Judith Eisen, Charles Kimmel, Monte Westerfield, 
and others. Benny Geiger and Tziki Kam, together with their graduate 
student Sigal Bitzur, used standard aquaria and fish, which were 
purchased from a local pet shop. Breeding zebrafish was quite 
a challenge for these researchers, who had worked mostly with 
cultured adherent cells. With hands-on help from Jim Weston and 
Judith Eisen, who visited the Weizmann Institute, the small ‘fish 
facility’ started to yield embryos and amazing images of adherens-
type junctions at various stages of early embryo development (Fig. 
1). Anat Yarden and Eli Zamir (then an MSc student) joined the 
lab, with an interest in studying cell-cycle regulation during early 
stages of zebrafish embryonic development, and the small fish 
enterprise grew even further. The studies expanded from looking 
into cell-cell adhesion during embryonic development (Bitzur et al., 
1994) to monitoring the dynamic cell-division patterns (Zamir et 
al., 1997) and molecules involved in cell-cycle regulation (Yarden 
and Geiger, 1996, Yarden et al., 1995).

The 3rd millennium
In 2001, Yoav Gothilf established the first zebrafish-centric 

laboratory at Tel Aviv University. The zebrafish colony initially used 
for Gothilf’s research comprised the pineal-specific transgenic 
zebrafish lines that he had developed at the National Institutes of 
Health (NIH), Maryland, in collaboration with Reiko Toyama, Igor 
Dawid and David Klein (Gothilf et al., 2002). The lines (Fig. 2) were 
shipped to Israel on a commercial flight, together with Gothilf. The 
second zebrafish lab was established by Gil Levkowitz in 2004 
at the Weizmann Institute of Science in Rehovot. Levkowitz air-
mailed some catecholaminergic-deficient mutant fish (Levkowitz 
et al., 2003) that he had studied during his postdoctoral research 
in the USA to the ‘fish-sitter’ (Gothilf’s lab) at Tel-Aviv, where the 

immigrant fish awaited their relocation to their permanent home 
in the Weizmann Institute. 

With time, additional laboratories worldwide adopted the zebraf-
ish as their primary model organism and more Israeli postdoctoral 
fellows chose to conduct their research in those labs. In 2008, in 
order to attract these promising young zebrafish investigators, 
Gothilf and Levkowitz organized the first Israeli Zebrafish Meeting, 
entitled ‘Zebrafish as a Model Organism: New Horizon for Basic 
and Applied Research in Israel.’ This one-day meeting, held at Tel 
Aviv University, attracted considerable attention of non-zebrafish 
scientists. In particular, it introduced the original studies using the 
zebrafish model, which had been performed by two young inter-
national ‘zebrafish’ Israeli postdoc researchers, Karina Yaniv and 
Lior Appelbaum, who later established their own labs in Israel. The 
tradition continued, as the Israeli zebrafish community continued to 
expand. The 2nd Israeli Meeting on Zebrafish as a Model Organism 
for Biomedical Studies, held in 2010, already included Limor Ziv, 
who had returned from a postdoc fellowship at University of Cali-
fornia, San Francisco (UCSF) to work with Gideon Rechavi at the 
Cancer Research Center, Sheba Medical Center, Tel Hashomer, 
and Adi Inbal and Karina Yaniv as independent zebrafish investiga-
tors running their labs at the Hebrew University of Jerusalem and 
the Weizmann Institute of Science, respectively. The 3rd Zebrafish 
Meeting was held at the Weizmann Institute in 2012 and was or-
ganized by Yaniv and Appelbaum, who was already an Assistant 
Professor at Bar-Ilan University. This meeting was attended by 
two new young Israeli zebrafish investigators: Alon Daya from 
the School of Marine Sciences of the Ruppin Academic Center in 
Michmoret, and Niva Russek-Blum, who had just been appointed 
as a scientist at the Dead Sea and Arava Science Center (under 
the auspices of Ben-Gurion University of the Negev), and who is 
now literally raising fish in the desert. The latest meeting, held in 
2015, included two new zebrafish investigators: David Karasik from 
Bar-Ilan University Faculty of Medicine in the Galilee, and Ramon 
Birnbaum from Ben-Gurion University of the Negev.

Overall, Israeli zebrafish meetings are now held every other 
year, featuring keynote lectures presented by renowned inter-
national zebrafish investigators. Past keynote speakers have 
included Wolfgang Driever (University of Freiburg), Marnie Halpern 
(Carnegie Institution for Science), Florian Engert (Harvard Medical 
School), Franscisco Quintana (Harvard Medical School), Didier 
Stainer (Max Planck Institute for Heart and Lung Research), and 

Fig. 1. Localization of zebrafish N-cadherin, showing the organization 
of cell−cell adhesions during epiboly.

Fig. 2. Transgenic zebrafish expressing enhanced green fluorescent 
protein in the pineal gland under control of the pineal-specific aanat2 
promoter.
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Randall Peterson (Harvard Medical School). The Israeli zebrafish 
research community is now being recognized as a tour de force in 
the international field, and as a token of this appreciation, the 3rd 
European Zebrafish Principal Investigators Meeting (EZPM) was 
held in 2014 at the lowest place in the world, the desert oasis of 
Ein Gedi on the shores of the Dead Sea.

A bit of science

Eight zebrafish-focused laboratories are currently operating 
in the Israeli academic community. Furthermore, recognizing the 
potential of this model system, additional Israeli research groups 
have started using the zebrafish model to extend their research. 
Dedicated to expanding the use of zebrafish as a model, the eight 
zebrafish-centric laboratories have been assisting others to initiate 
research in zebrafish. This research includes such diverse topics 
as sensory system functions, brain development and neurode-
generation, RNA complexity, gene regulation, and the function of 
disease-related genes. In the following we briefly describe published 
and ongoing research projects performed by Israeli zebrafish labs.

Brain development and function

Forebrain and eye development
Adi Inbal at the Hebrew University of Jerusalem is exploring 

the role of the transcription factor Six3 in early forebrain and eye 
development. Mutations in the human SIX3 gene are a cause of 
holoprosencephaly, the most common forebrain malformation, 
which can result in a number of eye malformations including anoph-
thalmia, microphthalmia and coloboma. In particular, the Inbal lab 
has identified the roles of Six3 in the formation of specific forebrain 
structures, as well as in optic nerve morphogenesis (Samuel et 
al., 2016). Inbal’s lab has also investigated new roles for Six3 in 
regulating the timing of retinal neurogenesis. Genes associated with 
early onset of blindness, known as Leber’s congenital amaurosis, 
have also been investigated in zebrafish by Hadas Stiebel-Kalish, 
an ophthalmologist at the Rabin Medical Center, Petach Tikva 
(Rainy et al., 2016, Stiebel-Kalish et al., 2012).

The hypothalamus is a prominent part of the forebrain that 
regulates the body’s homeostasis by controlling hormonal and 
behavioral functions. Gil Levkowitz’s group at the Weizmann Insti-
tute was among the first to utilize zebrafish as a vertebrate model 
organism to study the development and function of the various 
neurons that comprise the hypothalamus (Biran et al., 2015). They 
identified hypothalamic progenitors and characterized the neuro-
anatomy of the hypothalamic neurons in zebrafish (Borodovsky 
et al., 2009, Russek-Blum et al., 2009), as well as the signaling 
pathways involved in spatio-temporal coordination of hypothalamic 
cell fates (Blechman et al., 2007) and the molecular mechanisms 
controlling the precise number of hypothalamic neurons (Russek-
Blum et al., 2008). Lior Appelbaum’s lab at Bar-Ilan University has 
been studying specific hypothalamic neuronal circuits involved in 
energy metabolism and behavioral-state transitions. His group 
characterized the hypothalamic neuronal networks of neurotensin 
and hypocretin (Levitas-Djerbi et al., 2015). Appelbaum’s lab has 
also identified and characterized novel sleep genes and profiled 
the transcriptome of the hypocretin/orexin (Hcrt) neurons, which 
regulate the sleep-wake cycle (Yelin-Bekerman et al., 2015). Ap-
pelbaum’s findings have established the zebrafish as a model for 

studying the role of these neuronal circuits in the regulation of 
feeding, sleep, and reward.

Neuroendocrine system
The neuroendocrine system, and in particular the hypothalamo-

pituitary system that mediates the secretion of various neurohor-
mones into the blood circulation and through which the brain affects 
peripheral physiology, has been extensively studied by several 
labs. Yoav Gothilf’s lab, in collaboration with Yonathan Zohar’s 
group at the University of Maryland, has studied the developmental 
migration of gonadotropin-releasing hormone (GnRH) neurons, 
key regulators of reproduction in all vertebrates (Abraham et al., 
2009, Abraham et al., 2010, Abraham et al., 2008, Palevitch et al., 
2007). The correct course of migration and positioning of these 
neurons is crucial for reproductive fitness, and its impairment 
results in the human reproductive failure known as congenital 
hypogonadotropic hypogonadism (CHH). These findings were 
then extended to functional studies of genes involved in regula-
tion of the developmental migration of GnRH neurons and in CHH 
(Bassi et al., 2016, Palevitch et al., 2009, Palevitch et al., 2010). 
The GnRH sytem and its targets in the pituitary gland, luteinizing 
hormone (LH) and follicle-stimulating hormone (FSH), have long 
been among the main topics of interest of Berta Levavi-Sivan’s 
research group at the Faculty of Agriculture, Food and Environment, 
of the Hebrew University of Jerusalem in Rehovot. Levavi-Sivan’s 
lab is focusing on reproductive physiology and endocrinology in 
various fish species. They have developed and used transgenic 
zebrafish FSH and LH reporter lines (Fig. 3) to demonstrate that 
FSH and LH cell populations differ in their distribution, ultrastruc-
ture of hormonal packing, proximity to blood vessels, and GnRH 
signaling (Golan et al., 2014). These differences form the basis 
for their differential regulation and secretion patterns, and provide 
valuable insight into the evolution of the hypothalamic–pituitary axis 
in vertebrates (Golan et al., 2016, Golan et al., 2015). With the aim 
of understanding the hypothalamic regulation of food consumption, 
recent work at the Gothilf laboratory, in collaboration with Roger 
Cone, University of Michigan, focuses on the development and 
function of agouti-related peptide (AgRP) neurons in the zebrafish 

Fig. 3. Transgenic zebrafish reveal the architecture of gonadotropin-
releasing hormone (GnRH) fiber-gonadotrope cell interaction in the 
pituitary. GnRH3 fibers (magenta) arborize within the zebrafish pituitary, 
forming varicosities adjacent to FSH gonadotropes (green).
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hypothalamus (Shainer et al., 2017).
The Levkowitz lab is studying the morphogenesis and function of 

the hypothalamo-neurohypophyseal system, an interface through 
which the brain regulates body homeostasis by releasing the hy-
pothalamic neurohormones, oxytocin and arginine-vasopressin, 
directly into the circulation. Oxytocinergic neurons have an ancient 
role in stress and in social and reproductive behaviors (Wircer et 
al., 2016). Their work has demonstrated how hypothalamic axons 
contact neuroendocrine blood capillaries to form the hypothalamo-
neurohypophyseal neuro-vascular interface (Fig. 4) (Gutnick et 
al., 2011).

Biological clock and sleep
The circadian clock system is the main focus of the Gothilf labo-

ratory at Tel Aviv University. Gothilf’s interest in this system began 
during postdoc training in David Klein’s lab at NIH, with investiga-
tion of the rhythmic generation of the melatonin hormonal signal 
by the pineal gland, a central component of the circadian clock in 
all vertebrates. Gothilf’s lab identified a regulatory mechanism that 
simultaneously controls pineal-specific and rhythmic gene expres-
sion (Appelbaum et al., 2005, Appelbaum and Gothilf, 2006, Ap-
pelbaum et al., 2004). Further research has revealed new players 
in the circadian clockwork that connect the core molecular clock 
with downstream physiology of the pineal gland and with rhythmic 
behavior (Alon et al., 2009, Tovin et al., 2012). Gothilf’s findings on 
the functional development of the pineal gland circadian clock (Ziv 
and Gothilf, 2006, Ziv et al., 2005) have led to an ongoing long-term 
partnership with the Foulkes lab at Karlsruhe Institute of Technology 
(KIT), Germany, which concentrates on how the circadian clock 
system is entrained by light. This research avenue was extended 
to describe the entire light-induced transcriptome of the zebrafish 
pineal gland, resulting in functional analysis of light-induced genes 
and their molecular and behavioral consequences (Ben-Moshe et 
al., 2014a). A major current and future focus in Gothilf’s lab is the 
importance of the central clock within the pineal gland and other 
brain centers, and of peripheral clocks, for the functioning of the 

entire circadian timing system (Ben-Moshe et al., 2016).
A principal target of the circadian clock system is the regulation 

of the sleep-wake cycle. Lior Appelbaum’s group is investigating 
the mechanisms underlying the sleep disorder narcolepsy, which 
is associated with Hcrt neuron deficiency. Focusing on hypocretin 
neurons, which are regulators of the sleep-wake cycle, they showed 
that ablation of hypocretin neurons alters the behavioral response 
to external stimuli in zebrafish, further establishing the zebrafish 
as a model for sleep-related disorders (Elbaz et al., 2012). They 
next identified a novel set of hypocretin neuron-specific genes in 
zebrafish, including the voltage-gated potassium channel Kcnh4a 
gene. Mutant kcnh4a larvae were found to exhibit reduced sleep 
time and consolidation, specifically during the night (Yelin-Bekerman 
et al., 2015). 

During his postdoctoral research at Stanford University, Appel-
baum found that specific hypocretin circuits exhibit rhythmic struc-
tural synaptic plasticity in a circadian and sleep-dependent manner 
(Appelbaum et al., 2010, Elbaz et al., 2013). In a follow-up study, 
the Appelbaum lab has identified and characterized new synaptic 
proteins, such as NPTX2a, which are required for rhythmic structural 
synaptic plasticity (Elbaz et al., 2015). Their work establishes the 
zebrafish as a model to study structural synaptic plasticity in intact 
behaving animals (Fig. 5).

Stress and social behaviors
The Levkowitz lab has demonstrated a novel gene regulatory 

mechanism underlying hypothalamic neuronal adaptation to stress 
(Amir-Zilberstein et al., 2012). They noted that the expression 
of several ‘developmental’ transcription factors is maintained in 
terminally differentiated corticotropin-releasing hormone (CRH) 
neurons, whose activity is critical for animal adaptation to emotional 
and physiological challenges. Using various stress paradigms they 
revealed that activation and termination of the stress response 
are modulated by activity-dependent alternative splicing of the 
G-protein-coupled receptor PAC1 (Amir-Zilberstein et al., 2012, 
Blechman and Levkowitz, 2013). Having established and developed 
genetic tools to track and manipulate oxytocinergic neurons of the 
zebrafish, another current focus of the Levkowitz lab is to elucidate 
the role of specific oxytocinergic circuits in animal behavior and 
physiology (Blechman et al., 2011, Wircer et al., 2016). Recently, 
they have been mapping the complete set of axonal connections 

Fig. 4. Transgenic zebrafish expressing oxytocin (green) and vas-
cular endothelial (red) reporters reveal the structure of the zebrafish 
hypothalamo-neurohypophyseal neurovascular interface.

Fig. 5. Live imaging of presynaptic (green) and postsynaptic (magenta) 
vesicles in axons and dendrites, respectively, of hypocretin/orexin neurons 
in each hypothalamic hemisphere.
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made by each oxytocinergic neuron and associated abnormal so-
cial behavior with developmental alterations in specific OXT-ergic 
circuits (Wircer et al., 2017). Understanding these processes is 
especially important, as developmental impairments of hypothalamic 
neuronal circuits are associated with neurological disorders such 
as depression, chronic stress and autism. Limor Ziv, at the Cancer 
Research Center, Sheba Medical Center, has been continuing her 
previous studies as a postdoc fellow with Herwig Baier (Ziv et al., 
2013) and developing further methodologies for the use of adult 
zebrafish as a model to study depressive disorders.

Microglia and inflammatory diseases
Niva Russek-Blum carries out research on zebrafish at the 

Dead Sea and Arava Science Center, located deep in the Arava 
Valley, close to the Jordanian border. In collaboration with Alon 
Monsonego from Ben-Gurion University, the Russek-Blum lab is 
studying the impact of inflammatory responses in ischemic stroke 
and neurodegenerative pathologies, such as Alzheimer’s and Par-
kinson’s diseases, amyotrophic lateral sclerosis (ALS), and multiple 
sclerosis. Her lab utilizes the zebrafish model to track microglial 
cells during early brain development and in states of ischemia and 
neurodegeneration. In collaboration with Rivki Ofir at the Dead 
Sea and Arava Science Center, who has built a library of materials 
extracted from desert plants, Russek-Blum is performing a high-
throughput behavioral and morphologic screening of zebrafish for 
the evaluation of potential ALS therapeutics.

Genetic neuropsychiatric disorders
The X-linked psychomotor retardation Allan-Herndon-Dudley 

syndrome (AHDS) is associated with mutations in the thyroid hor-
mone (TH) monocarboxylate transporter 8 (mct8). Appelbaum’s lab 
established a zebrafish model of mct8  deficiency using targeted gene 
editing. Mutant mct8  larvae were found to exhibit  behavioral defi-
ciencies that are associated with altered expression of myelin-related 
genes and neuron-specific deficiencies in circuit formation (Vatine 
et al., 2013, Zada et al., 2014). These findings suggest a mecha-
nism by which MCT8 regulates neural circuit assembly, ultimately 
mediating sensory and motor control of behavioral performance. 
Another genetic brain disorder for which Appelbaum’s group has 
proposed new mechanisms is the fragile X syndrome (FXS), where 
the lack of fragile X mental retardation protein (FMRP), encoded 
by the fmr1 gene, leads to increased synaptic protein translation. 
They found that fmr1-mutant fish exhibit increased axonal branch-
ing and synaptic density, which are associated with hyperlocomotor 
activity (Shamay-Ramot et al., 2015). In collaboration with the lab of 
Erez Levanon at Bar-Ilan University, they have further shown that 
FMRP regulates the activity of the enzyme adenosine deaminase 
acting on RNA (ADAR) and the levels of RNA editing primarily in 
synaptic genes. These results suggest that altered RNA editing in 
synaptic genes may affect synaptic function and ultimately also 
behavior in FXS.

Vascular and lymphatic systems

Lymphatic development
Karina Yaniv’s lab at the Weizmann Institute has addressed the 

developmental, molecular, and cellular underpinnings of blood and 
lymphatic vessel formation. Yaniv’s studies have been recognized 
primarily for their novel insights into the cellular origins of late-

forming vessels, including the lymphatic endothelium (Nicenboim 
et al., 2015, Semo et al., 2016). While investigating the origins of 
the lymphatic endothelium in developing zebrafish embryos, Yaniv’s 
group traced lymphatic progenitor cells to unexpected new origins, 
thereby challenging the current paradigm of a ‘strict’ venous origin 
for lymphatic vessels (Nicenboim et al., 2015). They have identified 
a novel signaling mechanism controlling lymphatic cell specifica-
tion and shown that this signaling mechanism also promotes the 
‘angioblast-to-lymphatic’ transition in human embryonic stem cells, 
suggesting that this process is evolutionarily conserved (Nicenboim 
et al., 2015).

Organ-specific vessel formation
Although it is widely accepted that blood vessels show features 

specific to the organ they vascularize, it is not yet understood how 
organ-specific vessels arise during embryonic development, nor 
what molecular mechanisms regulate their formation. In the course 
of analyzing the formation of the gastrointestinal tract vasculature 
during embryonic development, the Yaniv lab has discovered a 
common origin for vessels of the liver, pancreas, and intestines in 
the zebrafish embryo, and has provided a thorough characterization 
of the molecular signals underlying their specification and assembly 
(Hen et al., 2015). Vascularization of the heart can be seen in Fig. 6.

A tissue-specific vascularization of immense medical importance 
is that of the eye. While studying the interactions between developing 
eye tissues and ocular vasculature, the Inbal lab discovered that 
mutation in the lmo2 gene leads to an abnormally enlarged hyaloid 
vein, which interferes with optic fissure closure and thereby causes 
coloboma, thus identifying a new mechanism that could lead to this 
eye malformation (Weiss et al., 2012). They subsequently analyzed 
the development of superficial ocular vessels and identified their 
origins, growth dynamics, and acquisition of arterial and venous 
identities, and thus provided a basis for current studies aimed 
at identifying the underlying molecular mechanisms determining 
eye vascularization (Kaufman et al., 2015). The Inbal lab is also 
studying the non-metabolic effects of forming vasculature on reti-
nal development. Initial studies using cloche mutants support the 
idea that normal blood-vessel development is required for proper 
retinal neurogenesis (Dhakal et al., 2015).

Fig. 6. Light-sheet fluorescence microscopy image of the adult ze-
brafish heart with blood and lymphatic vessels highlighted in green and 
red, respectively.
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Neurovascular interaction
The Levkowitz lab is seeking to elucidate the cellular and mo-

lecular mechanisms by which the hypothalamus controls neuro-
endocrine body function. A primary current research direction is that 
of studying the assembly and maintenance of the hypothalamo-
neurohypophyseal neuroendocrine interface between oxytociner-
gic neurons and the neurohypophyseal vasculature through which 
oxytocin is released into the general circulation. They showed that 
neurovascular contact between hypothalamic axonal termini and 
neurohypophyseal blood capillaries is regulated by local release 
of the neuropeptide oxytocin from developing nerve termini of 
the hypothalamo-neurohypophyseal system (Gutnick et al., 2011, 
Gutnick and Levkowitz, 2012).

Lipids and angiogenesis
The interaction between endothelial cells and lipoproteins has 

direct relevance for atherosclerosis, thrombosis, and cardiovascular 
disease. During her postdoctoral research with Brant Weinstein 
at the NIH, Karina Yaniv identified a mutation, stalactite (stl), in 
the gene that encodes the microsomal triglyceride transfer protein 
(mtp), which is involved in the biosynthesis of apolipoprotein B 
(ApoB) containing lipoproteins. After establishing her own lab at 
the Weizmann Institute, Yaniv’s group utilized the mtp mutant to 
demonstrate a link between metabolic cues and blood vessel 
growth (Avraham-Davidi et al., 2012, Avraham-Davidi et al., 2013). 
The Yaniv lab recently extended these findings to disease states 
of angiogenesis and, importantly, has uncovered new roles for 
apolipoproteins as inhibitors of tumor angiogenesis.

Erythropoesis
In seeking to elucidate the role of activity-dependent neuropro-

tective protein (ADNP) and its homologue ADNP2 in neurotube 
closure and brain formation, Illana Gozes and her group at the 
Sackler Faculty of Medicine, Tel Aviv University, used the zebraf-
ish model for knock-down experiments. An unexpected result of 
their study was that the zebrafish morphants were found to lack 
blood cells (Dresner et al., 2012). This led to the discovery of an 
ancestral and conserved role for the ADNP protein family in the 
maturation and differentiation of the erythroid lineage, associated 
with direct regulation of b-globin expression.

Musculoskeletal system

Bone development and structure
Several ‘non-zebrafish’ labs at the Weizmann Institute have 

recognized the value of the zebrafish model in studying bone 
development and structure. Elazar Zelzer’s lab has employed 
zebrafish and mouse to uncover the role of muscle-induced me-
chanical loads in regulating chondrocyte intercalation. They found 
abnormal pharyngeal cartilage morphology in both chemically and 
genetically paralyzed embryos, demonstrating the importance of 
muscle contraction for zebrafish skeletal development (Schwartz 
et al., 2012).

Lia Addadi and Steve Weiner at the Weizmann Institute are 
studying mechanisms of bone formation utilizing the caudal fin of 
adult and larval zebrafish, a simple bone model system in which 
mineralization is temporally and spatially resolved. They have 
shown that mineral deposition of amorphous calcium phosphate 
may be a precursor phase that later transforms into the mature 

crystalline mineral of bone, namely carbonated hydroxylapatite 
(Mahamid et al., 2008). Using synchrotron microbeam x-ray dif-
fraction and small-angle scattering, combined with cryoscanning 
electron microscopy, they further demonstrated that new mineral 
is delivered and deposited as packages of amorphous calcium 
phosphate nanospheres, which transform into platelets of crystal-
line mineral (Mahamid et al., 2010). They next followed mineral 
deposition in the caudal fin of the zebrafish larva by employing 
fluorescence and cryoscanning electron microscopy on transgenic 
zebrafish lines. This enabled them to detect mineral particles lo-
cated between bones and in close association with blood vessels 
(Akiva et al., 2015). Their observations challenge the view that 
mineral formation is restricted to osteoblast cells juxtaposed to 
bone, or to the extracellular matrix. This combination of the unique 
methododologies used by Addadi and Weiner and their live imaging 
of transgenic zebrafish has contributed a new perspective to the 
comprehensive mechanism of bone mineralization in vertebrates.

Muscular and bone pathology
Alon Daya at the Ruppin Academic Center’s School of Marine 

Sciences in Michmoret is working with Stella Mitrani-Rosenbaum 
from the Hebrew University of Jerusalem to study a specific hu-
man inherited myopathy. This unique, adult-onset neuromuscular 
disease is caused by mutations in the GNE gene that codes for a 
central enzyme in the biosynthesis of sialic acid. In studying the 
role of this disease-associated gene in muscle morphology and 
function, Daya and Mitrani-Rosenbaum have demonstrated a criti-
cal novel role for gne in embryonic development, and particularly 
in myofiber development, muscle integrity, and activity (Daya et 
al., 2014). Currently, the lab is establishing a zebrafish disease 
model that mimics mutations associated with human GNE myopa-
thy in order to elucidate the pathogenesis of GNE myopathy and 
facilitate future screening and evaluation of potential therapeutics.

David Karasik at the Bar-Ilan University School of Medicine in 
the Galilee, Zefat, has recently begun using zebrafish to study the 
genetic basis of osteoporosis and the risk of bone fractures, and 
in particular the interaction between bone and muscle. He utilizes 
the zebrafish to study the function of genes linked in genome-wide 
association epidemiological studies with the risk of fractures. 

Gene regulation and RNA editing

Ramon Birnbaum at Ben-Gurion University of the Negev is 
focusing on gene regulation of brain and fin/limb development 
and their association with neurodevelopmental disorders. Using a 
sequencing-based technology with functional assays in zebrafish 
and mouse, Birnbaum has described the gene regulatory networks 
underlying tissue specificity (Birnbaum et al., 2012b). Essentially, 
the Birnbaum lab utilizes zebrafish for in-vivo enhancer screen-
ing and to manipulate developmental genes and their regulatory 
elements in the zebrafish genome. Their current projects involve 
functional genomic characterization of the gene-regulatory ele-
ments associated with epilepsy, focusing on disease-associated 
mutations in genes expressed in the developing forebrain (e.g. 
FOXG1). The ultimate goal is to reveal the role of epilepsy-
associated genes, and to highlight novel genomic regions that 
could be involved in both brain development and the pathogenesis 
of epilepsy. Birnbaum is also studying the dual function of DNA 
sequences as coding exons and transcriptional enhancers. By 
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analyzing enhancer-associated ChIP-seq datasets Birnbaum found 
that, on average, 6% of peaks overlap coding exons, suggesting 
that numerous exonic-enhancers (eExons) are embedded in mam-
malian genomes (Birnbaum et al., 2012a). Using zebrafish, his 
lab demonstrated that coding exons could function as enhancers 
of nearby genes (Zhang et al., 2013). 

Gideon Rechavi, who heads the Cancer Research Center of 
the Sheba Medical Center at Tel Hashomer, is using zebrafish 
to study global RNA editing and its role in brain development, 
neuronal functions, and cancer. Previous work, which was part 
of Erez Levanon’s PhD thesis, focused on the role of RNA editing 
in basic cellular regulatory activities and the causal relation be-
tween abnormal editing and a variety of disease states in humans 
(Levanon et al., 2004). After Levanon established his own lab at 
Bar-Ilan University he teamed up with Lior Appelbaum. The two 
groups have identified thousands of clustered RNA editing sites 
in the zebrafish transcriptome, and correlated altered RNA edit-
ing with neurological deficiencies in a zebrafish model for FXS 
(Shamay-Ramot et al., 2015). 

Aquaculture

Aquaculture in Israel is a continuously growing and expanding 
industry that has derived ongoing benefit from the highly educated 
manpower and the close relationships between growers and re-
search institutions. Many fish species have been introduced into 
the Israeli aquaculture industry, and attempts to increase profit-
ability and overcome bottlenecks in production spurred research 
and development in the fields of fish reproduction, development 
and growth, genetics, nutrition, and disease. The advantages 
of zebrafish as a tool have not escaped the attention of Israeli 
aquacultural researchers, and this fish has been increasingly used 
as a model for the biology of fish in general. 

Research on the hypothalamic regulation of gonadotropins 
and the development of the GnRH system in zebrafish by Yoav 
Gothilf and Berta Levavi-Sivan, in collaboration with Yonatan Zo-
har, University of Maryland, has been driven in part by the need 
to control reproduction in commercial species, enabling them to 
complete their life cycle in captivity on the one hand and blocking 
their sexual maturation so as to allow genetic containment and 
promote muscle growth on the other. A major bottleneck in fish 
farming is the development and survival of offspring, which largely 
depends on the nutritional quality of the yolk and its composition. 
Esther Lubzens and her group at the Israel Oceanographic and 
Limnological Research Institute (IOLR) in Haifa have been studying 
the biosynthesis of vitellogenin and retinal and their incorporation 
into the yolk in zebrafish (Levi et al., 2009, Levi et al., 2012). Bruria 
Funkenstein at the IOLR has been utilizing zebrafish to study the 
differentiation and growth of fish skeletal muscle, with obvious 
links to the needs of the fish-farming industry. A major focus of this 
group is the transcription factor myostatin, a negative regulator of 
muscle growth (Funkenstein and Olekh, 2010).

The largest operating cost in fish farming is the high protein 
content of the feed requirements of fish. The main reasons for this 
cost are inefficient digestion and wasted (uneaten) feed, which 
affect profitability and generate environmental pollution. Inter-
national efforts are now being made to increase feed utilization 
in aquaculture. Owing to differences in their natural diets, each 
farmed species constitutes a research topic of its own. Nonethe-

less, work has been carried out using the zebrafish as a model. 
Bill Koven at the National Center for Mariculture in Eilat, together 
with newly-recruited researcher Amir Bitan, has been studying 
early effects of nutritional programming on feed consumption and 
finding ways to increase protein absorption and utilization. Focus-
ing on the oligopeptide transporter PepT1, these scientists found 
that the expression of PepT1 is highly dependent on the state 
of feeding: it drops upon starvation and increases upon feeding 
(Koven and Schulte, 2012). The group, in collaboration with the 
Levkowitz group, is currently generating PepT1-mutant zebrafish 
lines, alongside a screening effort for functional feed additives 
that can elevate PepT1 expression and increase protein utiliza-
tion in fish. Likewise, efforts made by Gothilf, Levavi-Sivan and 
Harpaz, in collaboration with Roger cone, University of Michigan, 
to manipulate the melanocortin system are aimed at increasing 
fish appetite and food utilization. 

Given the accelerarting rate of human population growth, the 
high protein content and nutritional value of fish, and the current 
depletion of marine fisheries, the high demand for farmed fish will 
inevitably increase (FAO, 2014). Consequently, investments in 
aquacultural technologies in Israel, either by focusing on specific 
species or by using the zebrafish as a model, will clearly benefit 
the aquaculture industry worldwide.

A bit of future

Utilization of the zebrafish as a research model is exponentially 
increasing worldwide, and zebrafish research in Israel is expand-
ing into the future. An increasing number of Israeli graduates are 
undergoing their postdoctoral training in leading zebrafish labo-
ratories abroad, with the intent of returning to Israel to establish 
their own independent zebrafish research groups. Moreover, the 
ability to identify disease-associated human genes, along with the 
amenability of zebrafish to drug screening, is attracting a number 
of biomedical companies that may well join this research com-
munity over the coming years. 

Zebrafish could also serve as a platform from which clinicians, 
geneticists and researchers can cooperate in the goal of identify-
ing and studying disease-causing genetic variants in patients with 
undiagnosed genetic diseases, including rare diseases, thereby 
making progress towards patient treatment and disease preven-
tion. High-throughput exome/genome sequencing, together with 
emerging bioinformatic tools, will provide an ever-expanding list 
of candidate genetic variants that warrant biological validation.

With an agenda to promote the zebrafish as a biomedical model 
organism, the establishment of a National Zebrafish Center is 
currently under discussion. The establishment of such a national 
infrastructure in Israel will make it possible to broaden studies 
utilizing this model at a competitive level, increase collaborations 
at the national and international levels, and support the activities 
and participation of biomedical companies. Finally, the planned 
Center has the potential to enhance the recruitment of additional 
zebrafish researchers to the Israeli academic community.
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