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Abstract

The order Urodela (newts and salamanders) has the strongest ability to regenerate body parts
following tissue injury. Previous research have shown that adult newts are capable of regenerating
their limbs, heart, tail, spinal cord, jaw, brain, lens, and retinal tissue. The underlying molecular
mechanisms of newt regeneration remain an unsolved mystery, despite being first reported by
Spallanzani in 1760's. This study focuses on newt retinal regeneration. The retina is a multilayer
neural tissue involved in vision. Following the removal of the retina (retinectomy), the newt can
regenerate a fully functional retina. Previous studies have identified the retinal pigment epithelium
(RPE) layer of the newt as a primary cell source for retinal regeneration. Use of the newt RPE layer
as a model to study retinal regeneration is useful because this layer is composed of a single cell
type, specific markers are available (RPE65), and techniques to remove the neural retina without the
damaging the RPE layer have been established. During early retinal regeneration the RPE layer
dedifferentiates into a "stem cell like state”, referred as RPE derived cells. These RPE derived cells
undergo cellular reprogramming, lose their RPE65 expression, and regenerate the neural retina by a
precess called transdifferentiation. Currently, there is no system to examine functional gene analysis
in the newt in vivo (such as gene knockdown or gain of function).

Technical limitations such as: the inability to sequence the newt genome (due to its large
size) and lack of molecular techniques to manipulate gene function in the newt, have decelerated the
progress in this field. Therefore to overcome these obstacles, this study has established an effective
method to generate transgenic newts, using a coinjection of /-Scel endonuclease with a target
transgene into the one cell stage of the newt. This transgenic protocol can be used to study newt
regeneration in general. To take full advantage of this transgenic protocol, this study also applied it
to newt retinal regeneration. In order to drive transgene expression and later manipulate gene

function specifically in the RPE layer, this study identified the newt RPE65 promoter capable of



driving exogenous genes in the RPE layer of transgenic newts. In addition, this study generated for
the first time dual promoter and reporter transgenic newts for studies in retinal regeneration. Lastly
this research applied the invaluable CreER™ loxP recombinase system, a power tool for gene
recombination, in the newt for the first time by injecting two transgenes simultaneously into the one
cell stage. Transgenesis by I-Scel provides one way to examine retinal regeneration in vivo. This
study provides essential and fundamental techniques to generate transgenic newts, and applications

for newt retinal regeneration studies.



Abbreviations

4-OHT 4-Hydroxytamoxifen

AmCyan Anemonia majano cyan fluorescent protein or cDNA

APl Adaptor Primer 1

AP2 Adaptor Primer 2

CCAAT CCAAT-enhancer binding proteins (C/EBP)

CreER™? Modified cre recombinase containing the estrogen receptor T2

DMSO Dimethly sulfoxide

EGFP Enhanced green fluorescent protein, cDNA size 720bp

GSRP1 Gene specific reverse primer 1, derived from the the newt RPE65 mRNA

GSRP2 Gene specific reverse primer 2, derived from the the newt RPE65 mRNA

Holt medium Holtfreter's embryo medium or solution for newts.

HS4 The chicken B-globin core insulator, size 250bp

HS42X Two copies of the chicken -globin insulator core, size 500bp

MOK-2 Mouse Kriippel/TFIIIA-related zinc finger proteins

IRBP Interphotoreceptor retinoid-binding protein, as known as RBP3 (retinal-
binding protein)

I-Scel I-Scel is a commercial intron-encoded endonuclease, derived from

the mitochondria of Saccharomyces cerevisiae.

LB Luria Broth

mCherry Red fluorescent protein, modified from DsRed

pPA mRNA polyadenylation signal

pCAGG's The chicken beta actin promoter, size 1.7kb

npRPE65 The newt (Cynops pyrrhogaster) RPE65 promoter (-560 to Obp)



nRPE65

OCT-1

PCE1

NF-Y/CCAAT

RET/PCE1

RPE

SL

TB

The newt retinal pigment epithelium protein measuring 65kD
Octamer-1 transcription factor

Photoreceptor Conserved Element 1

Nuclear transcription factor Y/CCAAT-enhancer binding proteins
Ret proto-oncogene/Photoreceptor Conserved Element 1, a TFBS
Retinal Pigment Epithelium

Swimming larva capable of swimming having developed gills

Tail bud stages



Chapter One: General Introduction

1.1 Urodela Regeneration

The order Urodela (newts and salamanders) possesses an elegant and remarkable ability to
regenerate damaged tissue. Newts and salamanders are diverse amphibians distributed in most parts
of the world, except Antarctica. Their habitat consists of cool environments with access to land and
water. In the case of the newt, their life cycle consist of an egg, a larva, a juvenile (by
metamorphosis) and an adult stage (sexually mature). The most common species of Urodela
currently used in regenerative biology and medical research are the following: Ambystoma
mexicanum (Mexican Axolotl), Cynops pyrrhogaster (Japanese firebelly newt), Pleurodeles Walt

(Iberian newt), and Notophthalmus viredenscens (The North American newt).

In 1768 Lazzaro Spallanzani first reported the salamanders’ ability to regenerate its tail, by
repeating the experiment several hundred times (Spallanzani, 1768; Tsonis and Fox, 2009).
Decade’s later researchers observed that other tissues in the newt also had the ability to regenerate
such as the: heart, brain, retina, lens, jaw, limbs, and spinal cord (Brockes and Kumar, 2002; Ferretti
et al., 2003; Brockes and Kumar, 2005; Chiba et al., 2006; Carlson, 2007; Singh et al., 2010; Tanaka
et al., 2011). Researchers continue to be baffled and amazed at this phenomenon. Without a doubt
knowledge gained in newt regenerative research will provide powerful insights in regenerative
medicine and biology. Some major examples include spinal cord injury, retinal degeneration,
degenerative arthritis, and myocardial scaring.

It is important to note that newts are the only adult vertebrates capable of strong body-parts

regeneration. Other lower vertebrates such as the fish (Poss et al ., 2002; Raya et al., 2003), frog



(Gross, 1969) and axolotl (Sobkow, 2006) have certain abilities to regenerate tissue, but are not
equivalent to the newt (Sandoval-Guzman et al.,, 2014). In addition, the axolotl (an aquatic
salamander) remains at larval stage, never metamorphosing to adulthood, a process called neoteny,
therefore its difficult to study mature tissue in this model. In contrasts newts fully metamorphose
into the adult stage. Thus the newts’ ability to regenerate tissue at an adult stage makes them an
excellent model organism for Regenerative Biology and Medicine.

We currently have a better understanding of molecular and cellular events during newt
regeneration since the time of Spallanzani. It is important to define what regeneration in the newt
implies. Humans can "heal" damaged tissue; such as injury to the skin or liver damage to a certain
extent. In contrast general tissue-regeneration of the adult newt includes the following events:
dedifferentiation, reprogramming and transdifferentiation (cell-type switching) of terminally
differentiated tissue from an adult stage (Sandoval-Guzman et al., 2014; Eguchi et al, 2011; Jopling
et al., 2011; ). In addition salamander regeneration maintains a “positional memory” theses are
molecular programs that keep cell-type specific information (or regional information) in order to
properly regenerate that lost tissue (Poss, 2010; Kragl et al., 2009).

Newt regeneration has also been observed to have a unique relationship with cancer. For
example attempts to induce cancer in the newt limb using carcinogens resulted in mostly abnormal
limbs without tumor formation (Tsonis and Eguchi, 1982). Humans on the other hand are more
susceptible to cancers, when exposed to carcinogens. In a more recent study, it was shown that newt
limb regeneration requires regulation of p53, for proper formation of the blastema (Yun et al, 2013).
pS3 is a tumor suppressor, involved in genome stability (Ryan et al., 2001), and promotion of
differentiation pathways in mammals (Molchadsky et al.,, 2010)

To elaborate more on these terms, I will use retinal regeneration as an example and the

research interest of this study for applications.



1.2 Newt Retinal Regeneration

The vertebrate eye is a hallmark of evolution and a critical sense organ for the organisms
survival. The vertebrate eye contains a light sensing multilayer tissue called the retina. The retina in
higher and lower vertebrates is found in the back of the eye. Light enters the cornea and penetrates
the lens, strikes the retinal layers, which transmits a signal through the optic nerve to occipital part
of the brain for processing. The retina of the newt is composed of the following layers: ganglion
cell, inner plexiform, inner nuclear, outer plexiform, outer nuclear, and the retinal pigment layer.
The retinal pigment epithelium (RPE) is a monolayer of cells located between the choriod and the
photoreceptors (Kennedy et al., 1998). The retinal pigment has several key functions in vision:
secretion, phagocytosis, involvement in the visual cycle, glia, epithel transport, light absorption,
forms part of the blood retinal barrier, and maintains the photoreceptors nourished (Strauss, 2005;
Kennedy et al., 1998). The newt's retinal pigment epithelium (RPE) has an additional function,
retinal regeneration (Chiba, 2013; Mitashov, 1996).

The Swiss naturalist Charles Bonnet is first credited for performing and publishing studies
on newt lens and retinal regeneration in 1781(Mitashov, 1996). A hundred years later studies on
newt retinal regeneration began to increase and several researchers reached the same conclusion;
that the newt has a flawless skill to regenerate the lens and retina (Philipeaux, 1880; Griffini and
Marcchio, 1889; Colucci, 1891; Wolff, 1895). The primary cell source for retinal regeneration is
the RPE layer, the secondary cell source are stem/progenitors cells of the retinal marginal area, and
the third cell source are bipolar like cells of the retina itself (Chiba and Mitashov, 2007; Chiba et al.,
2006; Mitashov, 1996.) This study will focus on the primary cell source, the RPE layer, shown in

(Figurel).



How does the newt regenerate the retina from the retinal pigment epithelium (RPE layer)?
The current working hypothesis of the newt early retinal regeneration has been proposed by Chiba
and Mitashov (2007), it is illustrated in (Figure 2). During retinal regeneration several genes in
the RPE cells are up-regulated and down-regulated. RPE cells dedifferentiate into a stem cell like
state, two particular gene that are up-regulated the stem cell maker Pax-6 “the master control of the
eye” and Msi-1, a critical a gene involved in post-transcriptional regulation, proliferative activity of
gliomas and melanomas (Chiba et al., 2006; Kaneko et al., 1999). Interestingly, RPE cells lose
expression of a specific marker RPE65 (Chiba et al, 2006) and slowly begin to lose their
pigmentation (Chiba and Mitashov, 2007; Chiba et al., 2006; Moshiri et al., 2004; Mitashov, 1996).
RPE cells lose their identity, and reprogram into retinal progenitors cells, early retinal progenitor
cells (expressing Pax6, Msi-1, Chx-1, and Notch) continue to poses some pigmentation a
characteristic from the RPE cells. Melanin from RPE cells takes a long time to breakdown, in
classical experiments it was used to track RPE derived cells during retinal regeneration (Mitashov,
1996). These retinal progenitor cells derived from RPE cells, transdifferentiate to regenerate the

neural retina. How exactly newt RPE cells dedifferentiate is unknown.

1.3 Direction of the Field

(Figure 3) summarizes the some major highlights in the field of newt retinal regeneration.
The field of retinal regeneration is shifting from histological observation of regeneration towards
gene identification and gene manipulation of regeneration. To understand the molecular
mechanisms in the newt regeneration (in general) it is crucial to obtain genomic information
(mRNA transcripts, contigs, and proteomic data) during the regenerative process. Unfortunately one
limitation when working with newts is their huge genome, in general all newts and salamanders

have large genomes. For example, the Japanese newt genome (for Cynops pyrrhogaster) has a C-



value of 37.8 picograms (approximately 18 Giga basepairs) (Licht and Lowcock, 1991). This size
has really made it difficult for researchers to seek unique genes involved during regeneration. A
huge insight in this field regarding the salamander genome size was that it is composed of long
intron regions (Smith et al., 2009). Nonetheless researchers from several labs around the world are
eager and currently focusing on genomic information. In 2013 Abdullayev et al., generated a de
novo reference transcriptome for the newt Notophthalmus viridescens, they found 118,893
transcripts with a N50 of 2016 nucleotides, and 19,903 newt proteins in during regeneration
(Abdullayev et al., 2013), these still need to be further examined. In a different study by other
researchers examined microarray analysis of gene expression during newt regeneration, they found
several factors related in cell cycle and DNA repair during regeneration (Sousounis et al 2013).
Unpublished data from Dr. Chiba's Lab of Regenerative Physiology are also examining genomic
data during retinal regeneration of the newt (Personal Communication).

Newt regeneration is approaching a genetic direction, there is another limitation to consider.
How can researchers test genes involved during regeneration? It is essential that these genes are
tested in order to provide evidence it is necessary to examine their functional role during
regeneration. Manipulating gene expression in the newt is a critical step in understanding their
ability to regenerate. Currently only one study has examined gene function in the newt, this study
used morpholinos to knockdown Pax6 expression in vitro and in vivo during lens regeneration from
dorsal pigmented iris, results showed that Pax6 expression is necessary for early events in lens
regeneration (Madhavan et al., 1996). Morpholinos are a useful gene tools (for modifying RNA
splicing or inhibiting miRNA activity and maturation) and gene knock down. Morpholinos are very
expensive (this limits the amount of experiments) and difficult to make. The delivery of
morpholinos to mature regenerating tissue (without tampering with it) or those that are in the

process of later regeneration is challenging in vivo. Thus researchers working with morpholinos can



only examine early events. This study proposes an alternative solution to study functional gene

analysis in the regenerating newt, in vivo manipulation by transgenesis.

1.4 Transgenesis in the Newt

Transgenesis is the process of introducing foreign DNA into a host genome, with the goal of
altering and manipulating the hosts™ gene expression. Transgenesis is a very powerful tool for in
vivo experimentation, such as gain of function or lose of function of a particular gene of interest.
Before the findings of this study, transgenesis in the newt was limited to two papers, one published
by Mikita et al., 1995 and the second by Ueda et al., 2005. Thus transgenesis in the newt has very
few techniques and references available. This is largely due to the difficultly that comes with
working with the newt in the lab settings, | would like to mention three challenges with transgenesis
in the newt.

(1) One of the major problems with generating transgenic newts is the difficultly of
obtaining fertilized eggs to generate FO transgenic lines (Ueda et al., 2005). Breeding newts in the
lab is a difficult task, researchers generally purchase or collect them from rice fields, of which many
females are used but contain very few fertilized eggs (Ueda et al., 2005). Furthermore, in some
cases females are sacrificed to collect eggs. Amphibians have been declining at a global scale
(Stuart et al., 2004; Pounds et al., 2006), and the newt is not an exception. The Ministry of
Environment of Japan has announced that Cynops pyrrhogaster is also declining (Ministry of

Environment of Japan; http://www.env.go.jp/press/press.php?serial=7849). Furthermore rearing fertilized

eggs to adult stages requires laborious work, especially if large sample sizes are used. Thus, at the
current moment there are no reports or published papers using F1 transgenic newts or established
transgenic lines.

(2) The second problem is mosaic transgene expression. The 1980’s marked the expansion

10



of vertebrate transgenic studies. Studies were done by carefully microinjecting embryos, Biologist
realized that specific genes could be introduced, examine gene expression and compare their
transgenic organism with a wild type (Stuart et al., 1988). Transgenic studies were done on: fruit
flies (Rubin and Spradling, 1982), sea urchins (McMahon et al., 1985), frogs (Etkins, 1982; Etkins
et al., 1984), and mice (Gordon and Ruddle, 1981; Palmiter and Brinster, 1986). Earlier experiments
microinjected linearized or circular DNA with reporters into one-cell stage of embryos. In general
the results were mosaic with decreasing expression as the organism developed (Rusconi and
Schaffner, 1981; Etkins et al. 1984; Andres et al., 1984; Etkins and Pearman, 1987). It is important
to note that mosaic refers to uneven or non-uniform transgene expression in the target cells or
tissue. Mosaic expression generally occurs because the transgene fails to insert at the one cell stage
of embryos or suffer from positional effect (Tabin, et al., 2012; Perrimon, 2008; Vleminckx, 2008;
Nakatsuki, 2002). Makita et al., 1995 succeeded in introducing transgenes into the newt, but
ultimately led to the mosaic expresion.

(3)The third problem with generation of transgenic newt are technical, involving
survivorship. Before this study there was no conventional protocol to generate a transgenic newt at
a practical level. Some labs used different size injection needles, injection volume to the one cell
stage, others dejellied eggs with forceps or chemicals. Furthermore these methods have not been
examined in details to test there survivorship. This was confusing because one can not determine if
the injected embryos die due to the transgene itself, or the injection, pre/post culture conditions, or
abnormalities caused by poor egg quality. To give a solid example of this, Ueda et al., 2005
successfully generated full expression transgenic newt, but survival was less than 2%, we can only
speculate why survival was so low.

Lastly, their are few labs working with newt regeneration, compared to those working with

model organism such as the frog, mouse, and the fly. Many scientist lost interest in regeneration
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(Okada, 1996; Brockes and Kumar, 2002.) The following is a relevant excerpt from Professor TS
Okada from the University of Osaka who followed the history of regenerative research and gives us
insight why the decline occurred:

“Later on, regeneration research seemed to retire from the leading part in the recent
history of developmental biology, replacing its role to studies of early embryonic
development..... There are several reasons for the recent decline in popularity of
regeneration research. Probably, the fact that none of such really major scientific issues in
developmental biology like the discovery of the organizer, or of the multipotentiality of
somatic nuclei in development, has not come out of the regeneration studies, may have
resulted in the failure to attract the interest of many scientists to this particular subject. The
phenomenon of regeneration itself is in many respects too complex to be accommodated well
in the modern trends in developmental biology. Regeneration was, and still is, a
tremendously difficult subject to grasp in terms of entity or of element. An introduction of
some recent techniques at that time like biochemistry, electron microscopy and others, did
not help much. Furthermore, there was no possibility of a genetic approach, since no
mutation was known (in principle, even now), which affects regeneration.

- TS Okada, 1996
With this in mind it is essential to generate an easy way to produce transgenic newts with the
goal to altering gene expression during regeneration. Transgenesis will serve as one way for

studying newt regeneration.

1.5 Research Purpose
The purpose of this study are the following:

1. To establish a simple and efficient method for generating transgenic newts with full expression.
a. Development of mating tank conditions to obtain large amounts of fertilized eggs in the lab
settings.
b. Collection and preparation of fertilized eggs, microinjection conditions, post injection
culture conditions until metamorphosis.
c. Application of I-Scel co-injection with transgene construct to improve transgenic efficiency
in the newt.
2. Applications of this transgenic protocol (1) for regenerative studies in the newt.
a. Identification of the newt RPE65 promoter region capable of driving transgene expression at

the RPE layer, a source for retinal regeneration.
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b. Transgenic assay of the newt RPE65 promoter during development and metamorphosis,
examining tissue specificity.

c. Comparison of the newt RPE65 promoter region with known vertebrates.

d. Generation of Dual promoter/reporter transgenic newts for tracking RPE cells during retinal
regeneration. In addition to cell tracking during regeneration, this dual promoter/reporter
system can help visual RPE cells during regeneration for single cell transcriptome analysis.

e. Generation of CreER™ loxP transgenic newts by two construct injection. Cre loxP system
allow threes basic recombination events: inversion, translocation (homologous
recombination), and deletion. This study will examine only the deletion recombination

event with a transgene as a reporter excision.

Chapter Two: Generation of Transgenic Newts by I-Scel
2.1 Methods: Two Tank Mating System

To overcome the difficultly of collecting fertilized eggs in the lab, this study developed two
mating tank system depicted in Figure 4A. The conditions are the following: tank size aquarium
tank (60-cm width; 30-cm depth; 45-cm), natural light was used by keeping tanks near windows,
room temperature was kept at 18°C, water inside the tanks was kept between 14-18°C (fluctuated
during winter) regulated by a heater/thermostat system, external filter/circulation system was used,
water remained still the majority of the day, a filter system was used for 4 hr/day for cleaning, water
was changed when needed, rocks were added to allow newts to hide and rest (critical to minimize
stress), and water level was set to ~15 cm (height).

Adult newts (tail to snout length: ~9 cm male and 11-12 females) were purchased from Mr.
Kazuo Ohuchi in Chiba Prefecture, Japan. A ratio of 1-2:3 male to female were used per tank. Four
to six days before the day of egg collection, females are injected with 30U of Gonadotropin
(Gonatropin 3000; Asuka Seiyaku, Japan. stored at 4°C) in the subcutaneous layer of the abdomen

every 2 days. Plastic vinyl ribbons were added into the tanks to allow females to lay their eggs and
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to prevent them from eating their own eggs. In the morning (dawn) of the microinjection, eggs are
collected early between 6-8 am because eggs must be injected during one cell stage. Eggs collected
after 8 am begin to develop into second cell stage. All developmental stages of C. pyrrhogaster
were followed according to the standard table of Okada and Ichikawa, 1947. Animals were cared
according to University of Tsukuba Animal Use and Care Committee.

Two tanks were designed to allow females to lay eggs in one tank, while females in the
second tank were rest or recovering from previous oviposition (egg laying). In other words when
Tank 1 females layed eggs, (collection time), Tank 2 females rested (recovered), this process was
alternated every two weeks for continuous eggs collection during the mating season of the Japanese
newt (Cynops pyrrhogaster) shown in Figure 4B. Using these two tank system, newt were
monitored daily to examine fertilization percentage and daily eggs collected per day/ per month
shown in Figure 4C.

2.2 Methods: Fertilized Egg Preparation

Newt and salamander eggs contain several layers of jelly coating (Hiyoshi et al.,
2007; Okamoto, 1972), which protect the eggs from drying out, and play an important role in
fertilization (Onitake and Matsuda, 1984). In order to microinject material into the one cell stage it
is necessary to remove the jelly, leaving only the vitelline membrane. The vitelline membrane is
essential for proper development of newt embryos because it provides an early physical
environment without it the embryos will collapse and lose their shape. In order to remove the jelly
layers, a classical technique used in Xenopus (Okamoto, 1972) was modified for the newt.
Alternatively egg jelly can be removed by using fine forceps (Kragl et al., 2009) but this quickly
becomes tedious and damages several eggs. Therefore newts eggs were treated with 2% sodium
thioglycolate in 0.5X Holtfreters solution, pH 10 (from herein called dejelly solution). After

dejellying eggs, they were carefully rinsed with chilled 0.5X Holtfreters solution ten times to
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remove jelly debris and residual dejelly solution. Dejellied eggs were transferred to terasaki dishes
containing 6% Ficoll, 0.5X Holt medium, penicillin-streptomycin, pH 7.6 (from herein called
microinjection egg medium). Dejellied eggs were kept on ice or inside the refrigerator until
microinjection. A summary of egg preparation is shown in Figure 5A.

From the time of collection to rearing mature adults, modified Holtfreters solution was used
for treating, rinsing, and manipulating. Preparation of 1x Modified Holtfreters (Holt) solution,
contained the following (g/l) 3.5 NaCl, 0.05 KCl, 0.1 CaClz, and 0.2 MgCI2-6H20. For diluted
versions of H solution (i.e. 0.5xH, 0.2xH), pH was adjusted to 7.5 with NaHCOs3, unless otherwise
as mentioned. All solutions for dejellied eggs/embryos were sterilized by a syringe filter of 0.2-mm

pore size (DISMIC- 25cs, Cellulose Acetate; Advantec, Japan) and stored at 4°C.

2.3 Methods: Co-Microinjection of a Transgene with I-Scel

In the 2000's vertebrate transgenesis shifted to a different approach, enzyme-
mediated transgenesis was used to help transgene insertion into the genome. The fish, Xenopus, and
Axolotl transgenesis have examined a different approach, the co-injection of DNA with /-Scel
meganuclease demonstrated to highly increase transgene expression and decrease mosaic
expression (Thermes et al., 2002; Ogino et al., 2006; Pan et al., 2006; Kragl et al., 2009). [-Scel is
an endonuclease isolated from Saccharomyces cerevisiae, this enzyme has a 18 bp recognition site
(TAGGGATAACAGGGTAAT), this sequence is found once in 7 X 10'° bp, approximately once in
the human genome (Jacquier and Dujon, 1985). It is important to note, that unlike the transgenic
REMI (restriction enzyme mediated integration) method, /-Scel will rarely cut the genomic DNA.
Rather it only digest the injected transgene (Thermes et al, 2002). The exact mechanisms of /-Scel
transgenesis insertion is unknown, but current speculations will be discussed later in Chapter 6. I-

Scel has not been applied to newt transgenesis; therefore it is unknown if the transgene (efficiency )
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will work with I-Scel in the newts large genome.

Microinjection mix is define as the solution that will be injected into the one cell stage of
the embryos. It consists of 4 key components, /-Scel enzyme, plasmid DNA with reporter gene, /-
Scel buffer, and phenol red. In this study a plasmid construct containing pCAGGs-EGFP (Sce)
(kindly provided by Dr. Elly M. Tanaka, Max Planck Institute of Molecular Cell Biology and
Genetics, Leipzig, Germany; see Sobkow et al., 2006) was used to test transgene efficiency with /-
Scel. CAGG's is the CAGGs—chicken b-actin promoter combined with [E CMV enhancer, as
described by Sobkow et al., 2006. The plasmid DNA containing pCAGGs-EGFP was amplified in
JM109 cells (Takara) and cultured with standard techniques. pCAGGs-EGFP plasmid was purified
using Endofree Plasmid Maxi Kit (Qiagen, Valencia, CA), recovered in nuclease-free water, and
stored at —80°C. Immediately after arrival /-Scel enzyme was aliquoted and stored at —80°C.

Microinjection mix (solution) contained 1x /-Scel buffer (New England Biolabs,
Ipswich, MA), 0.25—1 U/ul of I-Scel meganuclease enzyme (New England Biolabs), 0.01%
phenol red (stock: 0.1% phenol red dissolved with 0.3M NaOH), and 0.01-0.2 pg/ul of a
plasmid DNA construct, (Figure 5B). Red phenol was used to help visual microinjection
into the egg. Fresh injection solution mix was used in each experiment; solutions were

incubated at 37°C for 0—60 minutes and placed on ice until use.

Grinded glass capillary were prepared as shown in (Figure 5B), they were mounted
on a holder that was fixed to a motorized micromanipulator (MP-330; Narishige) next to a
fluorescence stereomicroscope (Leica M165 FC); the holder was connected to an injector
PV820 Pneumatic Picopump (World Precision Instruments, Sarasota, FL). Immediately
before injection, a 2-ul drop of the injection solution was placed on a parafilm sheet

(Pechiney Plastic Packaging, Chicago, IL) mounted on ice and front filled into the
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micropipette using an aspirator connected to the injector. Terasaki dish containing dejellied
embryos (at one-cell stage, prepared as mentioned above) were placed under the
stereomicroscope, the tip of the micropipette was inserted into the one-cell embryo up to

~50 um in depth Figure 5C. The site of injection was on the superior animal pole section.

Approximately 1-4 nanoliters were injected into the one cell stage.

2.4 Methods: Post Microinjection Culture and Rearing Conditions

I tested 1-4-nl (range) of microinjection mix in order to examine the optimal volume
per embryo; the microinjection mix was injected at a pressure of 4-6 PSI (pounds per square inch)
for 80—300 msec. The injection volume was regulated by changing the duration of injection time.
All calibrations were estimated according to the World Precision Instruments operation manual.
After all embryos (approximately 96) on Terasaki plates were injected using the same micropipette
in ~30 min, they were transferred to an incubator (CN-25C; Mitsubishi Engineering, Japan/M-200;
TAITEC, Japan) and kept at 14°C. The following day embryos were reared in 0.5X, pen-strep, pH
7.4, rearing solution was lowered to 0.2X Holt until tailbud (TB) stage. After tailbud stage
embryos were transferred to 22°C and continue to be reared until swimming larvae stage (SL).
Developmental stages were determined according to the criteria of Okada and Ichikawa (1947). At
blastula stage 9-10 , transgenic newts containing CAGG's promoter driving EGFP can be screened
for the first time (Figure 5C) and (Figure6 A and B). Here I defined embryos at stage 9—10, 17-21,

22-27, and 4042 as blastula, neurula, tail-bud, and swimming larvae, respectively.

2.5 Conclusion

The methods described here for generation of transgenic newts were described in detail
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during work done during my 5 year doctoral program, and published by Casco-Robles et al 2010
and Casco-Robles et al 2011. Here I provide a concise methodology to focus on the applications of
this transgenic system in the following chapters. From herein all transgenic newts are generated
using this protocol. The results of these methods demonstrated that /-Scel can be applied to the
newt, (Figure6). In summary, optimization of /-Scel improved transgene expression and reduced
mosaic expression in the FO generation (Table 1). Most importantly, this transgenic method was
examined during regeneration, a critical propose for regenerative studies. So far it has shown
promise, (Figure 7). This transgenic system needs to be exploited, next I focus my attention to

retinal pigment epithelium, a cellular source for retinal regeneration.

Chapter Three: The Newt RPE65 Promoter Can Drive Expression in the RPE
Layer of Transgenic Newts

3.1 Methods: Identification of the Newt RPE65 Promoter Partial Region

In order to drive exogenous gene expression specifically to the RPE layer of the
newt, it is necessary to identify a specific marker or protein expressed in this tissue, and identify its
promoter region. There are currently only two newt promoters identified a lens promoter (Ueda et
al., 2005) and a limb promoter, Prodl, which contains unique regulatory elements during
regeneration (Shaikh et al, 2011). Prod1 and lens promoter are not specific to the RPE layer. There
are currently two known specific proteins expressed in the RPE layer. (1) RPE63, is a visual cycle
protein weighing 65 kiloDalton, it has been examined carefully in the newt as being specific to the
RPE layer (Chiba et al., 2006). It is important to mention that RPE65 promoter region has been
identified in the mouse (Boulanger et al., 2000) and human (Nicoletti et al.,1998). (2) Another RPE

layer specific marker protein is BEST1, which the promoter sequence has been identified in the
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mouse and used to generate transgenic mice (Iacvelli et al., 2011). Since BEST1 protein expression
has not been detected in the newt, I reasoned that identifying the newt RPE65 promoter was the

current option for this study.

3.1.1 Methods: Genome Walking and PCR conditions
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3.1.2 Methods: Sequencing Conditions

Sequencing was carried out using Big Dye Terminator DTv3.1 (Applied Biosystems), using
M13 Forward and Reverse Primers (mentioned above). Following Big Dye reactions were done
according to the manufactures recommendations, samples were cleaned with Centri-Sep Spin
Columns (Applied Biosystems) and dissolved in with 15 micro-liters of Formamide (Applied
Biosystems) at 95°C for 2 minutes. Samples were kept on ice, and later transferred to 64 well
sequencing plates (Applied Biosystems). Samples were sequenced on a ABI3130 using the

instrument protocol Rapid seq36 pop7 v3 and analysis protocol KB 3130 pop v3.

3.1.3 Results: The Newt RPE65 partial upstream promoter sequence
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A partial upstream region was sequenced containing a matching sequence of the 5'UTR
( 5’untranslated region) from the known newt RPE65 mRNA (mention above) and shown in (Figure
10B). This identified sequence extended up to -560 bp 5° from the mRNA +1 position, shown in
(Figure 10B). This positive bacterial clone was stored in 15% glycerol in LB mix solution and

stored at -80°C for future use.

3.2 Comparison of Newt RPE65 Promoter Sequence Higher and Lower Vertebrates

Because there are only 2 known reported promoter regions in the newt (mentioned above),
and the RPE is a cellular source for retinal regeneration, it was curious to compare this newt
upstream region with other vertebrates. There are currently no studies focusing on regulatory
elements for the regenerating newt. Thus, understanding what is unique and different in the newt is

insightful to this field.

3.2.1 Methods used for Alignment and Software

The newt RPE65 promoter region was first compared to the known higher and lower
vertebrate RPE65 regions in the databases. The species and accession numbers used were the
following: human (H. sapien, NG_008472), Mouse (M. musculus) Accession AF27271297
Cow (B. taurus, NW _003103871), Dog (C. familiaris, NW_876321), Chicken (G. gallus,
NC 006095), Frog (X. tropicalis, NW_003163757), Fish (Danio rerio, NW_001879345). In all
cases only the -560bp to Obp promoter region was used for alignment. Clustal W Omega (EMBL
http://www.ebi.ac.uk/Tools/msa/clustalo/) was used to align the multiple high and lower vertebrates
promoter regions, (Figure 11). Using the Clustal W alignment the percent identity and phylogram

were generated to compare the newt promoter among other vertebrates, (Figure 12). An additional

alignment was done using Promoter T-Coffee or Pro-coffee (http:/tcoffee.crg.cat/apps/tcoffee/
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do:procoffee), this aligns homologous promoter regions and searches for tentative transcription factor

binding sites, (Figure 13).

3.2.2 Methods: Identification of TFBS

To find reliable transcription factor binding site sequences, I compared the the human and
the mouse upstream promoter regions to the newt. The mouse (Boulanger et al., 2000) and human
(Nicoletti et al.,1998) promoter regions have been examined by DNA foot-printing, which
demonstrates sequence specificity of DNA binding factors. The other lower and higher vertebrates
promoter region mentioned early have not been examined. Therefore, a separate Clustal W
alignment was done using only the newt, mouse, and human RPE65 promoter region (-560 to 0 bp).
Because promoter regions have inversions and translocations, I used Promoter Wise (http:/

www.ebi.ac.uk/Tools/psa/promoterwise/). This software identifies regions that have been changed

in direction or position, shown in Figure 14A.
Because the newt is currently the only known vertebrate to regenerate the retina at the adult
stage, unique tentative transcription factor sites were examined for all 8 species using MatInspector

(Carthariius et al 2005) online version (http://www.genomatix.de/cgi-bin/UMapps/register.pl ). This

programs allows multiple promoter regions to be examined at once, producing individual tables and
group tables to identify similarities and differences. BioBase Match 1.0 and Patch 1.0 (http:/

www.gene-regulation.com/pub/programs.html#patch) running Transfac 6.0 were used to confirm

results from Matlnspector. Tentative transcription factors were scored by Matrix similarity >0.85
and Core similarity = 1.0, results were filtered and unique tentative transcription factors elements

only found in the newt were selected, Table 2.

3.2.3 Results: The Newt RPE65 Promoter Contains Conserved TFBS
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Alignment using clustal W of the newt RPE65 promoter did not reveal any immediate
conserved regions among all lower and higher vertebrates RPE65 promoter regions, as shown in
(Figure 11). Furthermore percent identity of clustal w alignment showed very weak similarity
among others species, the frog having the closest similarity with the newt by approximately 40%,
(Figure 12A). Phylogram also revealed that the newt promoter has higher base pair substitutions in
this region compared to other vertebrates, (Figure 12B). Because these results did not provide much
insight into the newt RPE65 promoter, I turned my attention to comparing TFBS (transcription
factor binding sites) that might be common among lower and higher vertebrates. Tentative TFBS
can be identified using algorithms from conserved sequence motifs of other vertebrates. Promoter T-
coffee alignment provides tentative TFBS distribution among multiple alignments. Several “hot
spots” were detected among higher vertebrates and the newt promoter, shown in red in (Figure 13).

To examine TFBS in more detail an additional alignment with the mouse, human, and newt
was done and known human and mouse TFBS and Promoter Wise results were added to this
alignment, (Figure 14). Promoter wise revealed the newt RPE65 promoter region (-560 to Obp)
contains the following human or mouse TFBS: RET/PCE1 (ggatttagaga), CCAAT (tttttgcaat), IRBP
(ttetgtt), MOK-2 (tgcctttttttttat), OCT1 (ttatgtaaa), PCEI1 (taactaaattgaattaacggt), and NF-Y/CCAAT
Box (agggggattggcccg). When compared to the positions among the mouse the human RPE65
promoter region (-560 bp to 0 bp), these TFBA sites in the newt were shifted up stream to the 5° end
(translocated), or were in antisense (inversions).

Examination of TFBS of all 8 species, and filtering tentative unique TFBS revealed only in
the newt are summarized in Table 2. Interestingly, the Yamanaka factor c-Myc/Max (in heterodimer
form) was found in the newts RPE65 promoter region, in plus and minus strand. Another unique
tentative TFBS were: Odd skipped related factor 1 (involved in embryonic structures), ZIC factor 2

(involved in embryonic structures of the nervous systems), and the “SIX1” Sine Oculis homeobox 1
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(involved in embryonic structures).

3.3 Transgenic Assay of pRPE65 Promoter Activity

To examine if the newt RPE65 promoter can drive exogenous gene expression in vivo, the
promoter and 5'UTR were added into an mCherry reporter cassette containing /-Scel for
transgenesis. Transgenic animals containing npRPE65-mCherry were monitored for promoter
activity during development and at the RPE layer of mature larvae. RPE65 protein expression has
been weakly detected at stage 42 in the center of the RPE layer (Chiba et al., 2006), therefore I

decided to examine promoter activity at stages 55-59 to allow sufficient time for RPE65 expression.

3.3.1 Methods: npRPE65-mCherry Transgene Construct
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3.3.2 ImmunoHistochemistry

The retinal layer produces minor red auto fluorescence depending on fixation procedures,
and the RPE layer is heavily pigmented making it difficult to see the cell body clearly. In order to
visualise mcherry fluorescence directly (without the need of antibodies), I examined fixation
conditions. After several trials the following resulted in a good signal. Newt larvae were fixed at
stage 55-59. All stages were based on the newts standard developmental table by Okada and
Ichikawa (1947).

Larvae were fixed in 4%PFA, 1xPBS, 0.25% Gluataraldehyde, at pH 7.4-7.6 for 6 hours at
room temperature. To remove excess fixatives samples were later rinsed with 1xPBS in the
following rinse cycle: 15 min, 15 min, 30 min, 30 min, 1 hour, 1 hour, and 2 hours. Samples were
later transferred to 1XPBS with 30% sucrose and kept at 4°C over night. The next day samples were
cryosectioned using O.C.T medium (Tissue-Tek), at 2um per tissue section. Sections were rinsed
with 1XPBS , treated with DAPI (dilution 1:25,000) and mounted on 90% glycerol and observed
under a confocal microscope using an mCherry filter.

To confirm mCherry expression in the RPE layer of transgenic animals, additional sections
were used for standard immunohistochemistry. Primary antibody: Rabbit dsRed polyclonal
antibody, 1:500 (Clontech), Secondary antibody: Goat anti-rabbit IgG conjugated. Sections were
treated with ABC blocking kit (Vector labs), and later with immunoreactivity DAB substrate (Vector
labs). In negative controls, sections were not treated with the primary antibody, dsRed polyclonal
antibody. Pigmentation was removed from the RPE layer by bleaching the slides with 1.5% sodium
azide and 15% hydrogen peroxide.

3.3.3 Results: npRPE65 Promoter can Drive Expression in the RPE layer
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The newt RPE65 promoter activity, in vivo assay, was first detected in the blastula stage 10,
shown in (Figure 16). Approximately 25% =5 blastula embryos showed RPE65 promoter activity.
To examine at the RPE layer, transgenic animals that expressed the mCherry fluorescent reporter
were monitored until larval stages 55-59. At tail bud stage 27, (organogenesis) promoter activity
was confined to neural tissue such as the eye cup, forebrain and developing nervous system,
(Figure 17A). At stage 31, RPE65 promoter activity gradually shifted to the forebrain, anterior
developing neural tissue, and the eye, (Figure 17B). By stage 39, the RPE65 promoter activity in
the forebrain decreased, and the mcherry expression was detected in the eye, as shown in (Figure
17C).

At the target stage 59, the eye of the newt is highly pigmented, expression of RPE65
promoter had decreased in the surrounding eye, mcherry was no longer visible macroscopically in
the body, (Figure 18A and B). Therefore, sections of eye were prepared. (Figure 18D), shows that
newt eye contains the major retinal layers by stage 59 and RPE65 promoter activity was detected in
the RPE layer. To examine this promoter activity in detailed, immunohistochemitry staining
(primary antibody dsRed) was used. The RPE layer was bleached to removed pigmentation. For
visualisation DAB immunoreactivty was used. (Figurel8E1 and 2) shows sections expressing
positive DAB in the RPE layer only, notice expression is detected in the cytosol and not the nucleus.
mCherry is a cytosolic protein. (Figure 18F), shows a negative control section derived from the
same transgenic without the primary antibody (dsRed). This promoter activity in the eye was
observed at 40% from the positive derived blastula embryos monitored, (Figure 18C). The
remaining %60 positive npRPE65-mcherry had RPE65 promoter activity in the RPE layer but also
had off target mCherry expression in he ONL (photoreceptor layer) and INL (horizontal, amacrine,
bipolar cells), shown in (Figure 19A2 and A3). These transgenic larvae were also examined at the

same stage 59, when the RPE layer was pigmented , and the rental layers were development,
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(Figure 19A1).

3.4 Conclusion

The newt RPE65 promoter region (-560 to +148bp) can successfully drive exogenous
transgene expression in the RPE layer of FO generation transgenic larvae. Promoter activity was
detected in early developmental stages before maturation of the RPE layer. In some cases, variations
of mcherry expression outside of the RPE layer were detected in INL and ONL. This off target
expression “leaky expression” should be examined in more detail to improve specificity for future

RPE transgenic gene manipulation.

Chapter Four: Generation of a Dual Promoter/Reporter Transgenic Newts

One of the biggest challenges examining a single promoter transgene, is the uncertainty, if
the tissue specific transgene was inserted correctly at the one cell stage. For example, if RPE65
promoter transgene inserts into the 1, 3 or 4 cell stage, there is no way of knowing. Therefore an
internal control in necessary and critical to assure that all cell types carrying the transgene. Thus, I
developed another set of transgene constructs, this time using the general CAGG's promoter
derived from the chicken beta actin gene, together with the newly identified RPE65 promoter.
CAGG's was examined previously during the development of the transgenic protocol, this promoter
expression is known to be active at blastula stage (Thermes et al., 2002; Ogino et al., 2006; Pan et

al., 2006; Kragl et al., 2009) and in the newt, (Figure 6 and 7).

4.1 Methods: Dual promoter/Dual Reporter Transgene System
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The following primers containing the BstxI restriction enzyme sites were used to amplify
npRPE65-mCherry-pA Forward primer 5'—3°
ccaccgcggtggCGACGGCCCGGGCTGGTAAAAAGC) and Reverse primer 5 —3°
(ccaccgeggtgg ACATTGATGAGTTTGGACAAACC), producing BstxI-npRPE65-mCherry-pA-
BstxI. This PCR products was cleaned and ligated (as described above) into the previously used
pCAGG s-EGFP-pA (Clontech EGFP N1, modified version and kind gift from Elly Tanaka, Max
Planck Insitute) cassette, into the BstxI restriction site. Using the same restriction enzyme two
possible insertion patterns of npRPE65-mCherry-pA were possible sense or antisense, as shown in
(Figure 21A). These two trangenes were transformed into HSTO02 E.coli (Takara) because standard
JIM109 (Takara) competent cells yielded coiled plasmids of these transgenes. Plasmid DNA was
1solated and purified (as describe above using transgenic protocol). These trangenes were used to
generate transgenic newts containing two promoter/two reporter transgenes. Transgenic newts were
monitor during early development, later metamorphosis (to assure maturity), and eye sections of the
retina were taken examine the RPE layer (methods same as described above).

4.2 Methods: Application of the Chicken Beta Insulator HS4 to the Dual promoter/

Dual Reporter Transgene System

Transgenesis by /-Scel is a random insertion of the transgene. When a tissue specific
promoter is used with /-Scel transgenesis it brings a new challenge. Leaky expression is one of the
major problems in all transgenic model organism, frog (Vleminckx et al., 2008), mouse (Nakatsuji
et al., 2002), Axolotl (Tabin et al., 2012), and drosophila (Perrimon et al., 2008). Leaky expression
occurs due to positional effect, in other words, where the transgene is inserted, will have a
consequence on its expression, see (Figure 20). If a transgene is inserted near a regulatory element

such as an enhancer region, this can cause off target activity of RPE65 promoter. Therefore, to
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protect RPE65 promoter in a two promoter/ two reporter system it is important to examine ways to
protect the transgene from positional effect. One way to protect transgenes from positional effect is
to use insulators.

Insulators occur naturally in the vertebrate genome, they help protect against enhancers and
promoters interaction from neighbouring genes. One of the most studied insulators is the chicken
beta-globin insulator (1.2kb), containing functional core (250bp) called the HS4 site (Bell et al.,
1999; Chung et al., 1993; Recillas-Targa et al., 1999; Recillas-Targa et al., 2002). The chicken beta
insulator 1.2kb can been successfully used in transgenic mouse containing dual promoters
(Hasegawa and Nakatsuji, 2002) and the core HS4 insulator has also been applied to transgenic FO
Xenopus (Sekkali et al.,2008). It is also important to mention that two promoter in a single
transgene can interefere with their activity (Hasegawa and Nakatsuji, 2002), therefore it is also
important to use insulators between to promoters in a transgenic cassette. In order to protect RPE65
promoter, the chicken HS4 insulator was applied.

The chicken HS4 core (250bp) was a kind gift from Felsenfeld Group from the National
Institute of Health, USA. Three dual core HS4 copies were inserted into the CAGG's-EGFP vector
two cores one at a time, at restriction sites: Xhol/Bstxl, AfI2/Dra3 and at the Bstxl/Spel, shown in
(Figure 21B). The (Bstxtl) npRPE65-mcherry-pA (BstxI) was added last to generate two promoter/
reporter trangenes containing the 3 (2X HS4), shown in (Figure 21C). These trangenes containing
multiple repeats of HS4 were transformed into the Stbl3 competent E. coli cells (Introgen) to avoid
recombination inside the bacterias. E.coli are know to be sensitive to DNA repeats. Trangenes from
(Figure 21 A and C), were microinjected into the one cell stage of the newt to generate four
transgenic lines. They were examined at early blastula stage, metamorphosis, and retinal sections

were prepared as mention above to examine RPE65 promoter activity at the RPE layer.

29



4.3 Results: Insulator protects the newt RPE65 Promoter from Positional Effect

pCAGG's-EGFP was used here as an internal control to assure that npRPE65-mCherry was
also inserted evenly in all cells. At early blastula stage 10 when embryos expressed EGFP, the newt
RPE65 promoter had severe leaky expression, when the promoters were placed in opposite
direction, (Figure 22D). It was interesting that under the same opposite directions, but using the
HS4 insulator, RPE65 promoter continued to express mcherry at blastula, (Figure 22C). When the
promoters were oriented in the same direction, without HS4, RPE65 promoter activity was also
detected but to minor extent compared to transgenes containing promoters in opposite direction,
(Table 3). Promoters in the same direction containing HS4, showed the minimum RPE65 activity
at blastula stage. Its important to note that all four transgene containing different orientations with
or without HS4 produced RPEG65 activity at blastula, but the frequency varied. (Table 3),
summarizes the total number of eggs microinjected, expression of EGFP+ at blastula, expression of
mCherry/EGFP+ at blastula, and blastula survival of these four transgenic lines containing two
promoter/ two reporter construct. (Figure 22) depicts the promoter orientation from best (top) to
worst (bottom). The internal control pCAGG's-EGFP was always expressed and never silenced at
blastula stage, (Table3). Two promoter interference was observed in transgenes without the HS4
insulators, pCAGG's strongly influenced npRPE65 promoter activity (Figure 23) shows a
representative larva expressing mCherry in a manner similar to pCAGG's-EGFP. Survivorship to
larval stage was improved with the HS4 insulator, but only when the promoters were placed in the
same direction (Table 3).

Representatives of each transgene were reared to metamorphosis, (Figure 24A1,B1,C1,D1).
Off target npRPEG65 activity could be been in the lens of metamorphosing newts without insulation,

and minimized (Table 4 ) when HS4 was used, (Figure 24 A3, B3, C3, D3). Transgenic newts
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without HS4 insulator in opposite direction at metamorphosis had leaky expression of npRPE65-
mCherry, which appeared to be similar to that of pPCAGG's, (Figure 24D). Transgenic newts with
HS4 and promoters in the same direction, showed strong protection against positional effect,
(Figure 24A).

Examination of these transgenic lines in the retina and RPE layer showed similar results.
Transgenes containing no HS4 and promoters in opposite direction showed off target expression in
ONL and INL, (Figure 25P-T). Transgenic animals with HS4 and promoters in the same direction
had noticeable protection of in the neural retina, (Table 4 and Figure 25A-E). RPE65 promoter
activity was never silenced in the RPE layer, it was always detected with DAB immunoreactivity,

(Figure 25D,I,N,S and Table4).

4.4 Conclusion

Two promoter/ Reporter transgenic construct can be inserted into the newt genome by /-
Scel, this is the first report in the newt. The chicken insulator HS4 core sequence can protect against
leaky tissue-specific promoter actiivty. This study tested the chicken HS4 core for the protection of
RPEG65 promoter. This HS4 insulator can improve (protect) tissue-specific promoter in the newt. In
all four transgenes, RPE65 promoter activity was observed in the RPE layer, it was never silenced
by positional effect or pPCAGG's. The orientation of the insulator with respect to the promoter must
be in the same direction. This improves protection from positional effect. It is possible to improve

this insulation by adding additional copies of the HS4 insulator or using a stronger insulator.

Chapter Five: Generation of CreER™? loxP Transgenic Newts
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5.1 The CreER™? loxP System

The Cre loxP system is a powerful genetic tool. It was originally derived from a P1
bacteriophage. Cre recombinase recognizes the 34bp loxP sites, which occurs once in every 10'8 bp
of DNA length. Two loxP sites are used to that allow 3 basic recombination events to occur
depending on the loxP site orientation: deletion, inversion, and translocation (or homologous
recombination) (Nagy, 2000; .) See (Figure 27) for depiction of these events. Unpublished data
from (Mat and Nagy, 2000) note that cre recombinase can excise the loxP site up to 400kb distance
in vitro, and that longer distances have shown reduced efficiency (Ramirez-Soliz et al., 1995) In
lower vertebrates the Cre loxP system has just recently been used in the axolotl (Whited et al.,

2012), frog (Roose et al., 2009), and fish (Hans et al., 2009). It has never been applied to the newt.

5.2 Obstacles and Consideration for Generating CreERT2 loxP Newts

The use of Cre loxP system in most model organism involves making two transgenic lines
(1) one FO generation line containing Cre, and (2) and a second transgenic line containing the loxP
sites. These two FO transgenic lines are later crossed to generate a F1 generation Cre loxP organism.
This method is practical for model organism with short generation times. In the newt this poses a
time limitation because the average newt generation time is approximately 1.5 to 2 years it would
take 3 years to generate Cre loxP newt at the F1 generation, (Figure 26).

Another point to consider when using the Cre loxP system is the control of recombination.
Standard Cre is an exogenous gene that is translated into protein (enzyme) and cut the loxP sites in
early development. This is a technical limitation if the target recombination needs to be cut at a
more developed or adult stages. In order to apply Cre loxP to the newt at the adult stage for retinal

regeneration, an alternative Cre is needed. Cre-ER™? is a modified version of Cre containing the
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mouse estrogen receptor. Cre-ERT? after translation is found in the cytoplasm of the cell, but adding
Tamoxifen (a chemical that binds to ERT?) allows Cre-ER™? to enter the nucleus and excise the loxP
site. Therefore, Cre-ER™? can be temporally activated, and using the RPE65 promoter will allow me
to have a temporal-tissue specific recombination of target genes during newt retinal regeneration .
Ultimately gene manipulation can be achieved in the regenerating newt.

5.3 Methods

In order to examine the Cre-ER™ loxP system the two separate trangenes were designed.
CreER™? was obtained from Addgene. Using the two promoter reporter transgenes in the same
direction with HS4 (mentioned above), the mCherry reporter was removed and replaced with
CreERT2. EGFP was removed and replaced with YFP. An additional transgene was designed
containing the two copies of loxP sites in the same direction
(ATAACTTCGTATAGCATACATTATACGAAGTTAT), underline sequence contains the loxP core.
Two tandem repeats of the loxP sites were inserted into the Accl-Kpnl of pCAGG's -Accl-Kpnl-
mCherry-pA vector, shown in (Figure 28). AmCyan reporter gene (Clontech) was introduced
between these two loxP sites by adding Ascl and AsiSI restriction sites to Amcyan-pA using PCR
(Forward primer: taggcgcgccATGGCTCTTTCAAACAAGTTTA and reverse primer:
tagcgatcgc TGCAGTGAAAAAAATGCTTTAT), product Ascl-AmCyan-pA-AsiSI was inserted in
between the loxP sites, (Figure 28). The final loxP reporter and npRPE65-CreERT?2 transgene are

shown in (Figure 29A).

To overcome the the newts long generation time, I microinjected two transgene
simultaneously into the one cell stage of the newt, to generation CreERT2 loxP newts at the FO
generation, as shown in (Figure 26). The transgenic protocol was modified for optimization of two

transgenes. Two nanoliters of the microinjection mix was injected into the one cell stage of the
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newt. The optimal DNA concentration per egg (pg/egg) was examined in a series of microinjects,
testing for survival and expression of YFP and Amcyan at blastula stage, shown in (Table 5). DNA
ratio was kept 1:1. At blastula stage transgenic newts were screened, those expressing Amcyan and
YFP meant the two transgenes simultaneously were inserted. These transgenic embryos were
monitored to any signs of mcherry expression. Good candidates should not expression mcherry.
(Table 5) summarises expression pattern of two construct microinjection.

Good candidates were reared until larva stage 55-59. OH-Tamoxifen (hydroxyl) is a
metabolite of Tamoxifen, it was used to activate CreER™ , which meant it transported from
cytoplasm into the nucleus. Because CreER™? has not been examined in the newt, I first examined
toxicity concentrations on wild type larvae using DMSO or Ethanol, shown in (Table 6). DMSO or
Ethanol was mixed into the animals rearing solution, 0.1XHolfreters, pH 7.6. OH-Tamoxifen was
added to both solutions at different concentrations (ranging from 0.5 to 100 uM). Larvae were fully
submerged in these solutions. To determine treatment time, animals were placed inside DMSO or
Ethanol solutions with or without Tamoxifen and monitor at a fixed time intervals, (Table 6).
Additionally I examined OH-Tamoxifen injection into the abdominal cavity of larva, but
experiments failed because the solution leaked out from the abdominal cavity.

After and before Tamoxifen treatment transgenic larvae expressing YFP/AmCyan were
examined for presence of mcherry reporter. After tamoxifen treatment expression of Amcyan should
slowly decrease. By 36-48 hours expression should not be detected. This is due to cytosolic
fluorescent protein still present, and require time for degradation. Cryosections of the retina and
RPE layer were prepared to examine site specific deletion recombination of this system (as describe
above).

5.4 Results: Two Transgene can be Simultaneously Introduced into the Newt Genome
to Generate Cre-ER? loxP Newts

34



Insertion of two separate transgenes (CreERT? and loxP) can be applied with I-Scel. A
total working DNA concentration of 80 pg/egg (40 pg of each transgene, shown in Figure 29A) can
produced an effective balance between survival and no mcherry expression, (Table 5). DNA
concentration higher than 80 pg/egg led to higher embryos expressing both transgenes, but
survivorship was compromised at later stages, and mcherry+ blastula embryo cases increased. In
contrast reducing DNA concentration led to fewer YFP+/AmCyan+ blastula embryos. Transgenic
blastula embryos containing YFP+/AmCyan+/mCherry- ( were grouped as good candidates) were
reared and monitored, (Figure 30A). At other developmental stages these good candidates did not
express mCherry+ , (Figure 30 B and C). At swimming larva stages transgenic animals expressing
transgenes npRPE65-CreER™ and loxP-Amcyan-loxP-mcherry, (Figure 29A), were treated with
OH-Tamoxifen. (Table 6) summarizes pharmacological treatment using OH-Tamoxifen. Ten uM
was a practical concentration to activated CreER™? into the nucleus, mcherry could be detected
within 6hrs. Concentrations greater than 10uM were toxic to larvae. Concentration less than 10uM
required longer time intervals to detect mcherry. DSMO 1% had minimum side-effects compared to
ethanol, (Table 6). Retinal sections showed site-specific activation of CreERT2 recombination in
the RPE layer, of FO transgenic animals treated with 10uM of OH-Tamoxifen (Figure 31A and B).
Negative control groups, without OH-Tamoxifen did not express mcherry (Figure31 C and D).
Leaky mcherry was not detect in the retinal layers with or without OH-Tamoxifen, (Figure31).

5.5 Conclusion

Insertion of two transgenes can be achieved using /I-Scel transgenes. Using two separate
transgenes containing HS4 one can generate FO CreER? loxP newts. Here I generated site specific
(RPE layer) CreER™ loxP newts for the first time. This system can be temporally activated using
10uM of OH-Tamoxifen. This method saves experimentation time by directly generating CreER™

loxP newts in the the FO generation.
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Chapter Six: General Discussion

6.1 New Findings

This study aimed at improving the genetic tools for studies in newt retinal regeneration. The
newt RPE65 promoter region (-560 to 0 bp) was identified. Previously for the newt there were only
two promoters identified a lens promoter (Ueda et al., 2005) and a limb promoter, Prod1l, which
contains unique regulatory elements and is regulated by MEIS1(a homebox thats activated by
retinioc acid) during regeneration (Shaikh et al, 2011). Regulatory elements and their interaction on
the promoter of genes involved in the newt regeneration are still new to research. This study found a
third newt promoter, (npRPE65) capable of driving exogenous gene expression in the new RPE
layer, a cellular source for retinal regeneration. Interestingly the human and mouse TFBS
(transcription factor binding sites): RET/PCE1, CCAAT, IRBP, MOK-2, OCTI1, PCEI, and NF-Y/
CCAAT Box were found inside the newt RPE65 promoter region -560 to 0 in different positions and
orientations. I would like to discuss their relevant roles in the retina of vertebrates. RX
homeodomain protein is necessary for the development of the eye, injected RX mRNA Xenopus
embryos developed ectopic retinal tissue and hyperproliferation of the neural retina (Kimura et al
2000). RET/PCEI1 (ret proto-oncogene/photoreceptor conserved element 1) sequence allows RX to
bind to this site, interesting RET/PCEI is found on the promoters of photoreceptor specific genes,
for example the human RX can bind and activate the TATA-less arrestin promoter and IRBP
promoter (Kimura et al., 2000). The IRBP (interphotoreceptor retinoid-binding protein , also known
as retinol binding protein 3) was another TFBS found in the newt pRPE65 promoter, IRBP is
located between the retinal pigment epithelium and the photoreceptor cells (http://
www.genecards.org/cgi-bin/carddisp.pl?gene=RBP3). IRBP is involved in the mature retina where

it helps in the visual cycle. Interestingly MOK-2 (a kruppel/TFIIIA-related zinc finger protein)
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DNA binding site is found within the newt RPE65 promoter region, MOK2 negatively modulates
IRBP (Arranz, et al., 2001). Furthermore in vivo and in vitro studies have shown that MOK?2 works
as a repressor when in binds to the IRBP promoter site (Dreuillet et al., 2002), this may suggest that
MOK?2 may have repressor activity on RPE65 expression, during early retinal regeneration RPE65
is down-regulated (Chiba et al, 2006). OCT1 (also known as POU-domain transcription factor 1)
DNA binding site is located in the newt RPE65 promoter region. Studies on the mouse RPE65
promoter activation showed that OCT-1 is a key player for promoter activity to occur (Boulanger et
al., 2000). Lastly the NF-Y/CCAAT Box is commonly found in eukaryotic promoters, highly
conserved, and NF-Y binding participates in histone post translational modifications by recruitment
of relevant enzymes (Nardini, et al 2013).

Further research is needed to examine the above TFBS in the newt, such as DNA foot-
printing. Nonetheless, the mouse (Boulanger et al., 2000) and human (Nicoletti et al.,1998) RPE65
promoter have been described as basal, containing all the necessary elements proximal to the
5"UTR region. For example, the human RPE65 promoter region -450, -262 and -83bp to +39bp are
capable of driving luciferase reporter expression in ARPE19 cultured cells (Nicoletti et al., 1998).
Here I used the -560 to +148 (5'UTR), to drive expression of mCherry in the RPE layer of FO
transgenic newts.

This is the first time that the newt RPE65 promoter activity was monitored from early
development to a target stage expressing RPE65 protein. It is unknown if RPE65 is expressed
during early development (blastula stage 10 and tailbud stage 27 ), the earliest protein detection in
the newt has been reported at stage 42 (Chiba et al., 2006). In addition we don't known if the newt
RPEG65 promoter is capable of driving other RPE65 alternative isoforms. Here I reporter RPE6S is
primary expressed in the RPE layer at stage 59, was occasionally expressed in the ONL of the

photoreceptors. It is important to note that this study examined RPE65 promoter activity before
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adulthood. Studies in the aquatic tiger salamander have reported RPE65 mRNA expression in the
cone cells of the photoreceptors (Ma et al., 1998a). In young mammals mouse, cow, and rabbit
RPE65 protein expression has been in the photoreceptor layer by IHC (Znoiko et al., 2002). Human
embryonic kidney cells have also been reported to express RPE65 mRNA (Ma et al., 2002b).

Shaikh et al.,2013 found that the MEIS (homeoprotein) and TF (transcription factors) has a
regulatory function during limb regeneration. In the newt transcription factors or regulatory
elements are just starting to be studied. Here I identified tentative candidates TFBS of the newt
RPE65 promoter such as c-Myc/MAX, OSRI1, SIX1, ZIC2. c-Myc is an oncogene which is a
critical player for cellular reprogramming and pluripotency. In addition, OSR1, ZIC2, and SIX1 are
all embryonic or neural embryonic TF's. Because this field is just beginning with genomic data
collection, these tentative TFBS provided a starting point for genes that could be present in early

retinal regeneration from the RPE layer.

Two promoter two reporter transgenic animals are useful tools, especially if one promoter is
tissue-specific and the other is a general promoter. This study developed a fundamental npRPE65/
pCAGG's transgene, and assayed it transgenic newts. It was important to protect this two promoter
system from each promoter and genomic positional effect by using an insulator sequence (the
chicken HS4). The direction of the promoter and HS4 insulator was critical for proper protection,
and this should be considered when designing future transgenes in the newt. Most recent studies
inserting plasmid by transfection (Shaikh et al, 2011) or generation of transgenic salamanders by /-
Scel have not applied insulation (Khattak et al., 2013). This should be carefully examined when
inserting a gene at random into the genome, or less results will be inconsistent. For example
experiments generating Cre Axolotls using CreERT? by Whited et al 2012 reported that the CreERT?

loxP system does not work due to leaky expression of the loxP reporter. On the other hand
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Sandoval-Guzman et al., 2014 applied Cre-loxP for genetic fate mapping using the same Axolotl

species. Here I recommend to use insulation to protect transgenes form positional effects.

6.2 Applications
6.2.1 Dual promoter/reporter transgenic system for tracking

One application of this system is to track transgenic cell fate of specific cells during
regeneration by tissue grafting (transplants). Tissue grafting are classical experiments used in the
newts, but have never been tested using two promoter reporters transgenic tissue. Unlike dyes to tag
tissue, transgenic reporter will not fade out with time. In an earlier experiment using Axolotl,
transgenic EGFP embryo tissue from the limb field (Sobkow et al., 2006) was transplanted to wild
type embryos, and this EGFP tissue was tracked until later mature stages to examine where that
tissue differentiated into muscle of the limbs. In another experiment, also using Axolotl, tissue
transplants were done in regeneration limbs to examine the fate of blastema derived tissue, authors
concluded that regenerating cells were able to memorize where they came from during regeneration
(Kragl, et al, 2009). Transgenic tissue transplant have not been published in Cynops pyrrhogaster.
Using transgenic eye fields one can easy grafted into the wild type embryos to examine tissue
interactions, and cell fate of RPE cells, even examine if the cell source of RPE embryonic tissue is
the same during retinal regeneration of adult animals..

The RPE layer is heavily pigmented making it a very difficult to collect single cells for
transcriptome analysis or single qPCR. During early regeneration RPE derived cells can slowly be
monitor because they contain a melanin, but gradually in later stages of retinal regeneration they
become difficult to detect since melanin decreases. Therefore using these two promoter/reporter
transgenic lines one can monitor RPE cells or isolate them by selecting mcherry-positive cells after

the removal of the neural retina.
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6.2.2 CreER™ loxP system
The CreER™ loxP system is currently one of the standard genetic tools for vertebrate gene
manipulation. This study only examined Cre as a deletion recombination event. This event was used
to activate a reporter gene only, following the removal of a floxed reporter gene. This study set the
ground work for the Cre transgenic newt. In theory the other two events inversion and translocation
(homologous recombination) can also work, and can be studied in the future experiments. More
genomic information in the newt is needed to test Cre translocation, since the positioning of loxP

sites is essential.

6.3 Limitations to Consider

Newt transgenesis by /-Scel under the current situation is the best method for the newt. It is
important to note that this method inserts transgenes at random, and therefore has limitations. In
zebra fish using I-Scel led to approximately 4 to 8 copies of the transgene insert into the genome,
nonetheless its a huge improvement from previous transgenic methods (Thermes, 2001 ). Random
transgene insertion as described above, lead to positional effect, transgene expression variation or
off target expression. Although insulators can reduce positional effect, under the current state
positional effect is unstoppable by I-Scel. Future transgenesis in the newt requires a single transgene
insertion in a safe genomic site that will not have an effect on the transgene expression. Because the
newt genome is not sequenced, several considerations can be taken to circumvent positional effect.
(1) Establish F1 generations by crossing with the wild type and selecting good candidates. I am
currently working on generating F1 transgenic stable lines containing two promoter two reporter
transgene. (2) Reducing the plasmid DNA/egg concentration to a minimum effective concentration

will improve positional effect by minimising the insertion copies, in this system.
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Other methods that introduce transgenes into a host genome require a safe place to insert
into the genome to avoid side effects or disrupting gene function. This requires sequencing data,
most model organisms such as the chicken, frog, mouse, and fish currently have their genomes
sequenced and are available for these methods. Ideally any system that inserts transgenes in a site
specific manner without positional effect or altering the normal expression would be preferred. In
the case of the newt, the genome is not sequenced. I would use to examples to examine this point
further.

TALEN (transcription activator-like effector nuclease) are engineered restriction enzymes
that connect to TAL effector DNA binding domain to cut a targeted DNA. This system cuts the
genome by a double-stranded break. Donor DNA can be introduced into this site specific, by
homologous recombination or non homologous end joining (Grunwald, 2013).This system is very
powerful for gene editing and gene manipulation, particularly for loss of function studies, gene
knockout (Grunwald, 2013). This is relatively new, and has many parameters unexplored as,
nonetheless it has shown tremendous applications in the fish (Grunwald, 2013.) This system
requires sequencing information to work. Without the newt genome, target sites are limited.

Tol2 transgenesis is a system, that uses the transposons from the hAT family to insert a
single copy of a transgene. Transposons are repeated sequences found in plant and animal that move
from one locus in the genome to another (Kawakami et al., 2002). Conserved transposon elements
and sequences have been identified (Kawakami et al., 2002) (Kawakami, 2007). This single copy
insertion works by a cut and paste mechanism. It has been tested in the zebrafish, Tol2 elements are
not found in the zebrafish genome, therefore this system can be used. Again the newt does not have
the genome sequence, and application of this system before proper sequencing data is very cloudy
in the newt.

Both systems have future promise in the newt, and regenerative studies will definitely
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benefit from them in the road ahead.

6.4 Ongoing Research

Gene expression during newt retinal regeneration has been observed (Chiba and Mitashov,
2007), but it is important to examine the functional role of these genes. Interestingly, proto-
oncogenes have been observed in retinal regeneration of adult newt such as FGF2, FGFR-1/2,
MEK1/2, ERK1/2, Hes-1, Notch-1, and Musashi-1 as well as retinal transcription factors and stem
cell markers such as Pax6 and Chx10 are assumed to be involved in the retinal regeneration (Chiba
et al., 2006; Nakamura and Chiba, 2007; Susaki and Chiba, 2007; Chiba and Mitashov, 2007;
Kaneko and Chiba, 2009).

Pax6 the master control gene of the eye, is up-regulated in early retinal regeneration,
(Figure 2).To take full advantage of these established transgenic techniques, new
conditional transgenes were designed. This time implementing RNAi (interference) to
knockdown Pax6 expression in the RPE layer. RNAI is another genetic tool never used in
the newt, which I am currently examining in the RPE layer. Pax6 is a good candidate to test,
for an initial gene knockdown because it is highly conserved among vertebrates and its a
stem cell marker. (Figure 32), depicts this system, it conditional activates Pax6 RNAI in the
RPE layer using CreER™. This system will allow site-specific gene knockdown during
retinal regeneration. This system can be used as a template, and target gene can be

knockdown by RNAI.

Although Pax6 is known for its role of eye development, it is unclear what functions
it plays in retinal regeneration. For example, we don’t know the down stream genes Pax6

controls during retinal regeneration. Using this transgenic conditional knock down system
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we expect to find novel genes that function down stream of Pax6. With the aid of a
comprehensive transcriptome analysis pipeline we can identify unique genes from Pax6 -/-
and Pax6+/+ RPE derived cells by comparing genes in their activity during regeneration. It
is also unknown if Pax6 plays a role in RPE transdifferentiation or if other genes are
involved; here I wish to examine this in future research. This transgenic system is unique
and will improve the current gene manipulation technologies available and it can be used as

a template to study future newt body-part regeneration.

Overall these transgenic techniques are not limited to retinal regeneration, as I
mentioned in the beginning newts can regenerate jaws, spinal cord, limbs, retina, and
sections of the heart (Reyer, 1954; Oberpriller and Oberpriller, 1974; Ghosh and Ferretti,
1994; Mitashov, 1996; Brockes and Kumar, 2002). Hence researchers interested in these
specific tissues can also these techniques to study specific genes in specific tissue during

newt regeneration.

43



Acknowledgements

I would like to thank the following professors for there kind review of this manuscript:

Dr. Chiba, Chikafumi

Academic Advisor

Associate Professor

Faculty of Life & Environmental Sciences
University of Tsukuba, Japan.

Dr. Forukubo-Tokunaga, Katsuo
Professor

Faculty of Life & Environmental Sciences
University of Tsukuba, Japan.

Dr. Nakatani, Kei

Associate Professor

Faculty of Life & Environmental Sciences
University of Tsukuba, Japan.

Dr. Kurisaki, Akira

Senior Researcher

Organ Development Research Laboratory

National Institute of Advanced Industrial Science and Technology (AIST)

I would like to thank Dr. Chikafumi Chiba, for welcoming me to his lab, and giving me the
opportunity to do my Ph.D research in the University of Tsukuba, Japan. I am grateful for all his
support, comments, and discussion. I would like to thank all Chiba lab members for there useful
feedback and support.

I am grateful to the Japanese Government Monbukagakusho Scholarship Program for the financial
support of my Ph.D studies and research. I am grateful to the Felsenfeld Group, National Institute of
Health, USA, for providing the Chicken HS4 insulator. I am thankful for Dr. Elly Tanaka for
providing pCAGG's-EGFP construct containing /-Scel.

I would like to thank my family and friends (around the world) for all there wonderful support,
encouragement, and blessings.

44



REFERENCES

Abdullayev, Ilgar., Kirkham, Matthew., Bjorklund, Asa K., Simon, Andras., and Sanberg, Rickard.
(2013) A Reference Transcriptome and Inferred Proteome for the Salamander
Notophthalamus viridescens. Experimental Cell Research 319: 1187-1197.

Amemiya, Kaori., Haruta, Masatoshi., Takahashi, Masayo., Kosaka, Mitsuko., and Eguchi,
Goro. (2004). Adult human retinal pigment epithelial cells capable of differentiating
in neurons. Biochemical and Biophysical Communications 316: 1-5.

Andres, A., Muellener, D. B. & Ryffel, G. U. (1984). Persistence, methylation, and
expression of vitellogenin gene derivatives after injection into fertilized eggs of
Xenopus laevis. Nucleic Acids Res. 12: 2283-2302.

Ariizumi, T., Takano, K., Asashima, M., and Malacinski, G. (1999) Bioassays of Inductive
Interactions in Amphibian Development. Methods in Molecular Biology. 135:89-
112.

Arranz, Valerie., Dreuillet, Caroline., Crisanti, Patricia., Tillit, Jeanne., Kress, Michel., and Ernoult-
Lange, Michele. (2001) The Zinc finger transcription factor, MOK2, negatively modulates
expression of the interphotoreceptor retinoid-binding protein gene, IRBP. The Journal of
Biological Chemistry 276: 11963-11969.

Bell, A. C., West, A. G., and Felsenfeld, G. (1999) The protein CTCF is required for the enhancer
blocking activity of vertebrate insulators. Cell 98: 387-396.

Boulanger Ana, and Redmond Michael T. (2002) Expression and promoter activation of the
Rpe65 gene in retinal pigment epithelium cell lines. Current Eye Research 24: 368-375.

Boulanger Ana, Liu Suyan, Henningsgaard Abraham, Yu Shirley, and Redmond Micheal T.
(2000) The Upstream Region of the Rpe65 Gene Confers Retinal Pigment Epithelium-
specific Expression in Vivo and in Vitro and Contains Critical Octamer and E-box Binding
Sites. The Journal of Biological Chemistry 275: 31274-31282.

Brockes JP. and Kumar A (2005) Appendage regeneration in adult vertebrates and implications for
regenerative medicine. Science 310:1919-1923.

Brockes, Jeremy P. and Anoop Kumar. (2002). Plasticity and Reprogramming Of
Differentiated Cells in Amphibian Regeneration. Nature Reviews Molecular Cell
Biology 3: 566-574.

Cartharius K, Frech K, Grote K, Klocke B, Haltmeier M, Klingenhoff A, Frisch M, Bayerlein M,
Werner T (2005)Matlnspector and beyond: promoter analysis based on transcription factor
binding sites. Bioinformatics 21. 2933-2942.

45



Casco-Robles, M. M., Yamada, S., Miura, T. and Chiba, C. (2010) Simple and efficient transgenesis
with I-Scel meganuclease in the newt, Cynops pyrrhogaster. Developmental Dynamics 239:
3275-3284.

Casco-Robles, M.M., Yamada, S., Miura, T., Nakamura, K., Haynes, T., Maki, N., Del Rio-Tsonis,
K., Tsonis, P.A. and Chiba, C. (2011) Expressing exogenous genes in newts by transgenesis.
Nature Protocols 6: 600-608.

Chiba Chikafumi, Hoshino Akika, Kenta Nakamura, Susaki Kanako, Yamano Yuka, Kaneko
Yuko, Kuwata Osamu, Maruo Fumiaki, and Saito Takehito. (2006) Visual Cycle
Protein RPE65 Persists in the New Retinal Cells during Retinal Regeneration of Adult Newt.
The Journal of Comparative Neurology 495 : 391-407.

Chiba, C., Yamada, S., Tanaka, H., Inae-Chiba, M., Miura, T., Casco-Robles, M.M.,
Yoshikawa, T., Inami, W., Mizuno, A., Islam, MD. R., Han, W., Yasumuro, H.,
Matsumoto, M. and Takayanagi, M. (2012) Metamorphosis inhibition: an alternative rearing
protocol for the newt Cynops pyrrhogaster. Zoological Science 29:293-298.

Chiba, C., and Mitashov, V. (2007) Cellular and molecular events in the adult newt retinal
regeneration. Retinal repair and regeneration. Research signpost, Kerala, India.

Chiba, Chikafumi (2013) The retinal pigment epithelium: An important player of retinal disorders
and regeneration. Experimental Eye Research. In press: 1-8.

Chiba, Chikafumi and Saito Takehiko. (1999) Gap Junctional Coupling between progenitor
cells of regenerating retina in the adult newt. Developmental Neurobiology 42 (2):
258-269.

Chung, Jay H., Whiteley Mary, and Felsenfeld Gary. (1993) A 5* Element of the Chicken Beta-
Globin Domain Serves as an Insulator in Human Erythriod Cells and Protects against
Position Effect in Drosophila. Cell 74: 505-514.

Colucci, VL. (1891) Sulla reigenerazione parziale dell” occhio nei tritoni. Istogenesie svilluppo.
Studio sperimentale. Mem. Regale Accad, Sci. Ist Bologna. Sez. Sci. Nat 1:167-203.

De Robertis, Eddy M., Morita Elaine A., and Y. Cho W Ken. (1991) Gradient fields and
homeobox genes. Development 112: 669-678.

Del Rio-Tsonis Katia and Tsonis Panagiotis A. (2003) Eye Regeneration at the Molecular Age.
Developmental Dynamics 226: 211-224.

Dreuillet, Caroline., Tillit, Jeane., Kress, Michel and Ernoult-Lange, Michele. (2002) In vivo and in
vitro interaction between human transcription factor MOK2 and nuclear lamin A/C. Nucleic
Acids Research 30:4634-4642.

Eguchi Goro, Eguchi Yukiko, Nakamura Kenta, Yadav Manisha C., Millan Jose Luis, and

Tsonis Panagiotis A. (2011) Regenerative capacity in newts is not altered by
repeated regeneration and ageing. Nature Communication 2:384 1-5.

46



Etkin, L. D. (1982). Analysis of the mechanisms involved in gene regulation and cell
differentiation by microinjection of purified genes and somatic cell nuclei into
amphibian oocytes and eggs. Differentiation 21: 149-159.

Etkin, L. D., Pearman, B., Roberts, M. & Bektesh, S. (1984). Replication, integration and
expression of exogenous DNA injected into fertilized eggs of Xenopus laevis.
Differentiation 26: 194-202.

Etkin, L.D. and Pearman, B. (1987). Distribution, expression and germ line transmission of
exogenes DNA sequences following microinjection into Xenopus laevis eggs.
Development 99: 15-23.

Ferretti P, Zhang F, O’Neill P (2003) Changes in spinal cord regenerative ability through
phylogenesis and development: Lessons to be learnt. Developmental Dynamics
226(2):245-256.

Ghosh, S., Thorogood, P. & Ferretti, P. (1994). Regenerative capability of upper and lower
jaws in the newt. International Journal of Developmental Biology 38: 479—490.

Godwin, James W., Pinto, Alexander R., and Rosenthal, Nadia A. (2013) Macrophages are required
for adult salamander limb regeneration. Proceedings of the National Academy of
Sciences 110: 9415-9420.

Gordon, J. W. & Ruddle, F. H. (1981). Integration and stable germ-line transmission of
genes injected into mouse pronuclei. Science 214: 1244-1246

Grigoryan, E. N., Anton, H.J., and Mitashov, V.I. (1998). Microgravity Effects on Neural
Retina Regeneration in the Newt. Advance Space Research 22: 293-301.

Griffini. L and Marcchio, G. (1889) Sulla rigenerazione totale della retina neitritoni. Reforma
Medica, Janner (from Keefe, JR. 1937a).

Hans Stefan, Kaslin Jan, Fredudenreich Dorian, Brand Michael. (2008) Temporally-
Controlled Site-Specific Recombination in Zebrafish. PLOSone 4: 1-7.

Hamel, Christian P., Tsilou, Ekaterini, Pfeffer, Bruce A., Hooks, John J., Detrick, Barbara., and
Redmond, Michael T. (1993) Molecular Cloning and Expression of RPEG65, a Novel
Retinal Pigment Epithelium-Specific Microsomal Protein That is  post-transcriptionally
Regulated in Vitro. The Journal of Biological Chemistry 268: 15751-15757.

Hasegawa Kouichi, and Nakatsuji Norio. (2002) Insulators prevent transcriptional
interference between two promoters in a double gene construct for transgenesis. FEBS
Letters 520: 47-52.

47



Hill Robert E., Favor Jack, Hogan Brigid L. M., Ton Carl C. T., Saunders Gary F., Hanson
Isabel M., Posser Jane., Jordan Tim., Hastie Nicholas D., and van Heyningen
Veronica. Letters to Nature 354: 522-525.

Hitchcock, Peter., Ochocinska, Malgorzata., Sieh, Alexandra., and Otteson, Deborah.
(2004). Persistent and injury-induced neurogenesis in the vertebrate retina. Progress in
Retinal and Eye Research 23: 183-194.

Hiyoshi, Wataru., Sasaki, Takayuki., Takayama-Watanabe, Eriko., Takai, Hiroyuki., Watanabe,
Akihiko., and Onitake, Kazuo. (2007) Egg jelly of the newt, Cynops pyrrhogaster contains
a factor essential for sperm binding to the vitelline membrane. Journal of
Experimental Zoology. 307: 301-311.

lacvelli, Jared., Zhao, Chen., Wolkow, Natalie., Veldman, Peter., Gollomp, Kandance., Ojba,
Pallavi., Lukinova, Nina., King Ayala., Feiner, Leonard., Esumi, Noriko., Zack, Donald J.,
Pierce, Eric A., Vollrath, Douglas., and Dunaief, Joshua L., (2011) Generation of Cre
transgenic mice with postnatal RPE-specific ocular expression.Investigative Opthalmology
& Visual Science 52 (3): 1378-1383.

Ito, M., Hayashi, T., Kuroiwa, A. & Okamoto, M. (1999). Lens formation by pigmented
epithelial cell reaggregate from dorsal iris implanted into limb blastema in the
adult newt. Development Growth Differention 41: 429—-440.

Jacquier, A., Dujon, B., (1985). An intron-encoded protein is active in a gene conversion
process that spreads an intron into a mitochondrial gene. Cell 41: 383-394.

Jopling Chris, Boue Stephanie, and Izpisua-Belmonte Juan Carlos. (2011) Dedifferentiation,
transdifferentitation and reprogramming: three routes to regeneration. Nature Reviews 12:
79-89.

Kanoria, Shaveta., and Burma Pradeep K. (2012) A 28nt long synthetic 5"UTR (synJ) as an
enhancer of transgene expression in dictotyledonous. BMC Biotechnology 12:1-14

Kaneko, J. and Chiba, C. (2009) Immunohistochemical analysis of musahi-1 expression
during retinal regeneration of adult newt. Neuroscience Letters 450 (3): 252-257.

Kaneko, Yuko., Matsumoto, Gen., and Hanyu, Yoshiro. (1999) Pax-6 expression during
retinal regeneration in the adult newt. Development Growth and Differentiation 41:
723-729.

Kennedy, Breandan N., Goldflam, Steven, Chang, Michelle A., Campochiaro, Peter., Davis,
Alberta A., Zack, Donald J., and Crabb, John, W. (1998) Transcriptional Regulation of
Cellular Retinaldehyde-binding Protein in the Retinal Pigment Epithelium. The
Journal of Biological Chemistry 273: 5591-5598.

48



Khattak, Shahryar., Schuez, Maritta., Richter, Tobias., Knapp, Dunja., Haigo, Saori L.,
Sandoval-Guzman, Tatiana., Hradlikova, Kristyna., Duemmler, Annett., Kerney Ryan
and Tanaka, Elly M. (2013) Germline trangenic methods for tracking cells and testing
gene function during regeneration in the axolotl. Stem Cell Reports 1: 90-103.

Kimura, Aira., Singh, Dhirendra., Wawrousek, Eric F., Kikuchi, Masashi., Nakamura,
Makoto., and Shinohara, Toshimichi. (2000) Both PCE-1/RET and OTX/CRX
internactions are necessary for photoreceptor-specific gene expression. The Journal of
Biological Chemistry 275: 1152-1160.

Kikuyama S, Toyoda F. (1999). Sodefrin: anovel sex pheromone in a newt. Reviews of
Reproduction 4:1-4.

Kragl, Martin, Knapp Dunja., Nacu, Eugen,. Khattak, Shahryyar., Maden, Malcolm.,
Epperlein, Hans., and Tanaka, Elly. (2009). Cells keep a memory of their tissue
origin  during axolotl limb regeneration. Nature 460: 60-65.

Krishna, Mythili and Ingole, Baban. (2009). Revolving trends in biosciences: multi-purpose
proteins-GFP and GFP like proteins. Current Science 97: 1022-1032.

Kumar, A., and Brockes, Jeremy P. (2012) Nerve dependence in tissue, organ, and
appendage regeneration. Cell 35: 691-699.

Ma Jian-xing, Xu Lin, Othersen D. Kashelle, Redmond T. Michael, and Crouch  Rosalie K.
(1998) Cloning and localization of RPE65 mRNA in salamander cone photoreceptors
cells. Biochimica et Biophysica Acta 1443: 255-261.

Madhavan, M., Haynes, T.L., Frisch, N.C., Call, M.K., Minich, C.M., Tsonis, P.A & Del
Rio-Tsonis, K. (2006). The role of Pax-6 in lens regeneration. Proceedings of the
National Academy of Sciences 103: 14848—14853.

Maki, N., Suetsugu-Maki, R., Sano, S., Nakamura, K., Nishimura, O., Tarui, H., Del Rio-
Tsonis, K., Ohsumi, K., Agata, K. & Tsonis, P.A. (2010). Oocyte-type linker histone
B4 is required for transdifferentiation of somatic cells in vivo. Federation of
American Societies for Experimental Biology 24: 3462-3467.

Makita, Ryosuke., Kondoh, Hisato., and Okamoto, Mitsumasa. (1995). Transgenesis of newt
with exogenous gene expression facilitated by satellite 2 repeats. Development
Growth Differention 37: 605-616.

Matsuda, Motoko. and Onitake, Kazuo. (1984) Fertilization of newt coelomic eggs in the
absence of jelly envelope material. The Roux s Archives of Developmental Biology
193:64-70.

49



McMahon, A. P., Flytzanis, C. N., Hough-Evans, B. R., Katula, K. S., Britten, R. J. &
Davidson, E. H. (1985). Introduction of cloned DNA into sea urchin egg cytoplasm:

replication and persistence during embryogenesis. Developmental Biology 108:
420-430.

Mitashov, Victor 1. (1996) Mechanisms of retina regeneration in urodeles. International Journal of
Developmental Biology 40: 833-844.

Molchadsky A, Rivlin N, Brosh R, Rotter V, Sarig R (2010) p53 is balancing development,
differentiation and de-differentiation to assure cancer prevention. Carcinogenesis 3:1501—
1508

Moshiri, Ala., Close, Jennie., and Reh, Thomas. (2004) Retinal stem cells and regeneration.
International Journal of Developmental Biology 48: 1003-1014.

Nicoletti Aileen, Kawase Kazuhide, and Thompson Debra A. (1998) Promoter Analysis of
RPE65, the Gene Encoding a 61-kDa Retinal Pigment Epithelium-Specific Protein.
Investigative Ophthalmology & Visual Science 39: 637-644.

Nagai, Kiyoko. and Oishi, Tadashi. (1998). Behavioral rhythms of the Japanese newts,
Cynops pyrrhogaster under a semi-natural condition. International Journal
Biometeorology 41:105-112.

Nagy, Andras. (2000) Cre Recombinase: The universal reagent for genome tailoring.
Genesis 26: 99-109.

Nakamura, K. and Chiba, C. (2007) Evidence for notch signaling involvement in retinal
regeneration of adult newt. Brain Research 1136: 28-42.

Nardini, Marco., Gnesutta, Nerina., Donati, Giacomo., Gatta, Raffaella., Forni, Claudia.,
Fossati, Andrea., Vonrhein, Clemens., Moras, Dino., Romier, Christophe., Bolognesi,
Martino., and Mantovani, Roberto. (2013) Sequence-specific transcription factor NF-
Y displays histone-like DNA binding and H2B-like ubiquitination. Cell 152:
132-143.

Oberpriller, J. O. and Oberpriller, J. C. (1974). Response of the adult newt ventricle to
injury. Journal of Experimental Zoology 187: 249-253

Ogino, Hajime., McConnell, William., and Grainger, Robert. (2006). High-throughput
transgenesis in Xenopus using ISce-I meganuclease. Nature Protocols 1: 1703-
1710.

Okada, TS. (1996). A brief History of Regeneration Research — For admiring Professor
Niazi’s Discovery of the effect of vitamin A on regeneration. Journal of Bioscience
21:261-271.

50



Okada YK, Ichikawa M. (1947). Revised normal table of the development of Tritrus
pyrrhogaster. Journal of Experimental Morphology 3:1-6.

Okamoto, Mitsumasa. (1972) A method for the removal of the jelly and vitelline membrane
from the embryos of Xenopus laevis. Development, Growth and Differentiation 14
:37-41.

Oofusa, Ken., Tooi, Osamu., Kashiwagi, Akihiko., Kashiwagi, Keiko., Kondo, Yasuyuki,
Obara, Masanobu., and Yoshizato, Katsutoshi. (2003). Metal ion-responsive
transgenic Xenopus larvis as an environmental monitoring animal. Environmental
Toxicology and Pharmacology 13: 153-159.

Pan, Cheng Fong., Chen, Yonglong., Loeber, Jana., Henningfeld, Kristine., and Pieler
Tomas. 2006. I-Scel Meganucleus-mediated transgenesis in Xenopus.
Developmental Dynamics 235: 247-252.

Panagiotis, Tsonis A., and Eguchi, Goro. Abnormal limb reneration without tumor
production in adult newts directed by carinogens, 20-methlycholanthrene and benzo
(alpha) pyrene. Development, Growth and Differentiation 24:183-190.

Palmiter, R. D. & Brinster, R. L. (1986). Germ-line transformation of mice. Annual Reviews
Genetics 20: 465-499.

Parish CL, Beljajeva A, Arenas E, Simon A (2007) Midbrain dopaminergic neurogenesis
and behavioural recovery in a salamander lesion-induced regeneration model. Development
134(15):2881-2887.

Philipeaux JM. (1880) Note sur la productoin de I"oil chez la salamandre aquatique. Gaz. Med.
Paris 51:453-457.

Poss, Kenneth D. Advances in understanding tissue regenerative capacity and mechanisms in
animals. Nature Reviews 11: 710-722.

Recillas-Targa, F., Bell, A. C., and Felsenfeld, G. (1999) Posi- tional enhancer-blocking activity of
the chicken beta-globin insulator in transiently transfected cells. Proc. Natl. Acad. Sci. U. S.
A. 96: 4354-14359.

Recillas-Targa, F., Pikaart, M. J., Burgess-Beusse, B., Bell, A. C., Litt, M. D., West, A. G., Gaszner,
M., and Felsenfeld, G. (2002) Position-effect protection and enhancer blocking by the

chicken beta-globin insulator are separable activities. Proc. Natl. Acad. Sci. U. S. 4. 99:
6883— 6888.

Rembold, Martina., Lahiri, Kajori., Foulkes, Nicholas., and Wittbrodt, Joachim. (2006).
Transgenesis in the fish: efficient selection of transgenic fish by co-injection with a
fluorescent reporter construct. Nature Protocols 1: 1133-1139.

51



Reyer, R. W. (1954) Regeneration of the lens in the amphibian eye. Quart. Rev. Biol. 29: 1—
46.

Reyer, R. W., Woolfitt, R. A. & Withersty, L. T. (1973). Stimulation of lens regeneration
from the newt dorsal iris when implanted into the blastema of the regenerating limb.
Developmental Biology 32: 258-281.

Rubin, G. M. & Spradling, A. C. (1982). Genetic transformation of Drosophila with
transposable element vectors. Science 218: 348-353.

Rusconi, S. and Schaffner, W. (1981). Transformation of frog embryos with a rabbit 0-globin
gene. Proceedings of the National Academy of Sciences 78: 5051-5055.

Sandoval-Guzman, Tatiana., Wang, Heng., Khattak, Shahryar., Schuez, Maritta., Roenschm
Kathkeen., Nacu, Eugeniu., Tazaki, Akira., Joven, Alberto., Tanaka, Elly M., and Simon,
Andras. (2014) Fundamental differences in dedifferentiation and stem cell recruitment

during skeletal muscle regeneration in two salamander species. Journal Cell Stem Cell 14
:1-14.

Sekkali Belaid, Tran Hong Thi, Crabbe Ellen, De Beule Christophe, Van Roy Frans, and Vleminckx
Kiris. (2008) Chicken Beta-globin insulator overcomes variegation of transgenes in Xenopus
embryos. FASEB Journal 22: 2534-2540.

Sever, David. M., Halliday, Tim., Moriarty, Emily C., and Arano, Begona. (2001). Sperm
storage in females of the smooth newt (Triturus v.vulgaris L.): II. Ultrastructure of
the spermathecae after the breeding season. Acta Zoologica 82: 49-56.

Singer, Marcus. and Mutter Ellen. (1963). Nerve fiber requirements for regeneration in
forelimb transplants of the newt Triturus. Developmental Biology 7: 180-191.

Singh BN, Koyano-Nakagawa N, Garry JP, Weaver CV (2010) Heart of newt: A recipe  for
regeneration. Journal of Cardiovascular Translational Research 3:397-409.

Smith, Jeremiah J., Putta, Srikishna., Zhu, Wei., Pao, Gerald M., Verma, Inder M., Hunter,
Tony., Bryant, Susan V., Gardiner, David M., Harkins, Timothy T., and Voss, Randal
S. (2009) Gene regions of a large salamander genome contain long introns and novel
genes. BMC Genomics 10: 1-11.

Spallanzani, L. (1768) Prodromo di un opera da imprimersi sopra la riproduzionianamali.
Giovanni Montanari 3.

Sobkow L, Epperlein HH, Herklotz S, Straube WL, Tanaka EM. (2006). A germline GFP
transgenic axolotl and its use to track cell fate: dual origin of the fin mesenchyme

during development and the fate of blood cells during regeneration. Developmental
Biology 290:386-397.

52



Sousouni, Konstantinos., Micel, Christian S., Bruckskotten, Marc., Nobuyasu, Maki., Borchardt,
Thilo., Braun, Thomas., Looso, Mario., and Tsonis, Panagiotis A. (2013) A microarray
analysis of gene expression patterns during early phases of newt lens regeneration.
Molecular Vision 19:135-145.

Stocum, David L. (2006) Regenerative Biology and Medicine. Elsevier. Amsterdam.

Strauss, Olaf (2005) The retinal pigment epithelium in visual function. Physiology Review 85:
845-881.

Stuart, Gary, W., McMurray, James, V., and Westerfield, Monte. (1988). Replication,
integration and stable germ-line transmission of foreign sequences injected into
early zebrafish embryos. Development 103: 403-412.

Susaki, K. and Chiba, C. (2007) MEK mediates in vitro neural transdifferentiation of the
adult newt retinal pigment epithelium cells. Is FGF2 an induction factor? Pigment
Cell Research 20: 364-379.

Tanaka EM, Reddien PW (2011) The cellular basis for animal regeneration. Developmental Cell
21:172-185.

Thermes, Violette., Grabher, Clemens., Ristoratore, Filomena., Bourrat, Franck., Choulika,
Andre., Wittbrodt, Jochen., Joly, Jean-Stephane. 2002. /-Sce I Meganucleus-
mediated transgenesis highly efficient transgenesis in fish. Mechanisms of
Development 118: 91-98.

Tsonis, P.A., Haynes, T., Maki, N., Nakamura, K., Casco-Robles, M.M., Yamada, S., Miura, T.,
Chiba, C. and Del Rio-Tsonis, K. (2011) Controlling gene loss of function in newts with
emphasis on lens regeneration. Nature Protocols 6: 593-599.

Tsonis, P. A. & Fox, T. P. (2009) Regeneration according to Spallanzani. Developmental.
Dynamics. 238: 2357-2363.

Tsonis, Panagiotis, A. (2002) Regenerative Biology: the Emerging Field of Tissue Repair
and Restoration. Differentiation 70: 397-409.

Tsonis, Panagiotis, A., and Del Rio-Tsonis, Katia. (2004). Lens and Retinal Regeneration:
Transdifferentiation, Stem Cells and Clinical Applications. Experimental Eye
Research 78: 161-172.

Tsutsui Y. (1931). Notes on the behavior of the common Japanese newt, Diemyctylus
pyrrhogaster BOIE. 1. Breeding habit. Mem Coll Sci Kyoto Imp Univ Ser 7:159—
179.

Ueda, Yoko., Kondoh, Hisato., and Mizuno, Nobuhiko. (2005) Generation of transgenic
newt, Cynops pyrrhogaster for regenerative study. Genesis 41: 87-98

53



Watanabe A, Onitake K (2002) The urodela egg-coat as the apparatus adapted for the
internal fertilization. Zoological Science 19: 1341-1347

Westerfield, M., Wegner, J., Jegalian, B.G., DeRobertis, E.M., Puschel, A.W., (1992).
Specific activation of mammalian Hox promoters in mosaic transgenic zebrafish.
Genes and Development 6: 591-598

Yazawa, Takashi., Yamamoto, Takashi., and Abe, Shin-Iche. (2000). Prolactin induces
apoptosis in the penultimate spermatogonial stage of the teses in the Japanese red
bellied newt (Cynops pyrrhogaster). Endocrinology 141: 2027-2032

Yazawa, T., Yamamoto, K., Kikuyama, S., and Abe SI. (1999) Elevation of plasma prolactin
by low temperature is the cause of spermatogonial cell death in the newt, Cynops
pyrrhogaster. General and Comparative Endocrinology 113: 203-211.

Yun, Maximin H., Gates, Philip B., and Brockes, Jeremy P. (2013) Regulation of p53 is
critical for vertebrate limb regeneration. Proceedings of the National Academy of
Science. Early ed: 1-6

Yusufzai Timur M. and Felsenfeld Gary. (2004) The 5°-HS4 chicken Beta- globin
insulator is a CTCF-dependent nuclear matrix-associated element. Proceedings of the
National Academy of Sciences 101: 8620-8624.

Ryan, Kevin M., Philips, Andrew C., and Vousden, Karen H. (2001) Regulation and function of the
p53 tumor suppressor protein. Current Opinion in Cell Biology 13: 332-337.

54



TABLES

Table 1
Optimization of /-Scel and Single Transgene Co-injection

EGFP expression patterns

Uniform
DNA No. No. Survivors
I-Scel EE :
(Ulegg) cleavaged  at swimming moderate Mosaic ND
(ng/egg) eggs larvae stage strong
Weak

0 0.4 107 40 0(0%) 1(2.5%)  23(57.5%)  16(40%)
0.001 0.08 109 24 0(0%) 10(41.7%)  7(29.2%)  7(29.2%)
0.001 0.4 108 32 4(12.5%) 12(37.5%) 9(28.1%)  9(28.1%)
0.001 0.8 106 37 6(16.2%) 16(43.2%) 11(29.7%) 11(29.7%)
0.004 0.4 68 24 6(25.0%) 11(45.8%)  6(25.0%) 1(4.2%)
0.004 0.8 75 17 *5(29.4%) 10(58.8%)  2(11.8%) 0(0%)

*Every larva showed very strong green fluorescence. Injection volume: 4 nl/egg; DNA- I-Scel
incubation time: 40 min. ND: no detection.
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Table 2. Tentative Unique Vertebrate Transcription Factor Binding Sites in the Newt RPE65
Promoter Region (-560bp to Obp) containing Core Similarity = 1, Matrix Similarity > 0.85

TF TF Core  Matrix Matrix Information Newt Promoter
Family Matrix Sim. Sim. (Tissue) Sequence
CAPS = Core 4/5bps
(+/- strand)
VSEBOX c¢c-MYC/MAX .01 1 0.985  c-Myc/Max Heterodimer aaacACGTGttg (-)
c-MYC/MAX .02 1 0.965  (Pluripotent) gaaaCACGTgttgg (+)
VS$OSRF OSR.01 1 0.934  Odd-skipped related factor 1 ttactGTAGcaga (-)
(Embryonic Structures)
V$ZICF Z1C2.02 1 0912  Zic family member 2 cgtccCAGCtggtgce (-)
(Embryonic Structures, Brain,
Central Nervous System,
Nervous System, Neurons)
VS$SIXF SIX1.01 1 0.874  Sine Oculis Homeobox 1 atttgagTATCaaaa (-)

(Brain, Central Nervous
System, Ear, Embryonic
Structures, Endocrine System,
Eye, Kidney, Muscle, Skeletal
Muscles, Nervous System
Pituitary Gland, Urogenital
System)

$ Represent Transcription factor family format based on TRANSFAC file data
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Table 3

Promoter Activity in Four Transgenic Lines Containing Two Promoter Two Reporters. Promoters
( pPRPE65-mCherry and pCAGG's-EGFP) were Positioned in the Same or Opposite Direction,
with or without the Chicken HS4 Insulator.

Transgene Total
Promoter Direction Eggs Inj. Blastula Embryos
->51t03 n=4
Survival mCherry+ EGFP+ mCherry+
Survival
EGFP + EGFP- M/ND Stages 55 (%)
(%) (%) (%) (%) (%)

pRPE65--> pCAGG's--> HS4* 220 133 (60) 9(7) 37 (28) 0 87 (65) 81 (61)

pRPE65--> pCAGG 's--> 200 103 (51) 11 (11) 18 (17) 0 74 (71) 52 (50)

<--pRPE65 pCAGG's--> HS4* 160 75 (47) 18 (24) 9(12) 0 48 (64) 40 (53)

<--pRPE65 pCAGG's--> 170 71 (42) 19 (26) 6 (8) 0 46 (64) 33 (46)

* Transgenes contained 3 copies of the HS4 2X core, as shown in Figure 21C

n, is the number of trials
M/ND, Mosaic or No Detection of the Internal Control pPCAGG's-EGFP
* Survivorship calculated from surviving blastula embryos

Table 4
Newt pRPE65 Promoter Activity in the Neural Retina, Lens, and Iris of 4 Transgenic Lines at

Metamorphosis.

Promoter S I RPE L ONL INL GCL Lens Iris

-> 5" to 3’ Direction ampes (%) (%) (%) (%) (%) (%)
pRPE65--> pCAGG s--> HS4* 7 7 (100) 229)  0(0)  0(0) 0 (0) 0 (0)
pRPE65--> pCAGG s> 6 6 (100) 1(17)  0(0)  0(0) 233) 1(17)
<--pRPE65 pCAGG s--> HS4* 6 6 (100) 3500 2(33) 1(17) 2(33)  0(0)
<—-pRPE65 pCAGG's--> 8 8(100) 3(38) 2(25) 2(25) 2025 1(13)

* Transgenes contained 3 copies of the HS4 2X core, as shown in Figure 21C
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Table 5

Optimization of Two DNA Construct Microinjection Conditions for Generating CreER
Newts at FO Generation.

Blastula Embryos

DNA* Eggs Survival
pg/egg Injected (%) Cyan+/ YFP+

Survival to Stage 55

ND mCherry+ mCherry - mCherry- (%)

400 229 32 (14) 29 1 2 0

240 123 20 (16) 16 1 3 0

200 283 85 (30) 74 2 9 1(1)
160 75 19 (25) 16 0 3 1(5)
100 128 48 (37.5) 44 0 4 3(6)
80 48 27 (56) 23 0 4 3(11)
40 111 67 (60) 65 0 2 2(3)
20 27 27 (100) 26 0 1 1(4)

* pg is the total mass of two transgenes. DNA ratio was kept at 1:1. Trangenes used are depicted in Figure 28A
Cyan+/YFP+ count was based on moderate or strong fluorescent expression

Injection volume was fixed 1-2 nanoliter/ egg

[-Scel enzymes concentration was fixed at 1X10
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Table 6
Pharmacological Treatment of Larvae with 4-Hydroxytamoxifen (4-OHT).

Detection of mCherry+ / Larva

Solvent

4-OHT (uM) VIV %) Samples 3hrs 6hrs 12hrs 24hrs Survival (%)
100 DMSO 1% 3 0 0 0 0 (0)
50 DMSO 1% 3 0 0 0 0 (0)
25 DMSO 1% 4 0 3/4 3/3 2/2 2 (50)
10 DMSO 1% 5 0/5 4/5 4/5 4/5 5(100)
5 DMSO 1% 4 0/4 0/4 2/4 3/4 4 (100)
1* DMSO 1% 3 0/3 0/3 0/3 0/3 3 (100)
0 DMSO 2% 6 0/6 0/6 0/6 0/6 6 (100)
0 DMSO 1% 9 0/9 0/9 0/9 0/9 9 (100)
0 Ethanol 2% 6 0/6 0/6 0/6 0/6 6 (100)
0 Ethanol 1% 6 0/6 0/6 0/6 0/6 6 (100)

Swimming larvae (from stages 50), were submerged in 0.1X Holt with the above solvent and 4-OHT concentration
< Animals survived 24hr treatment with side-effects (abnormal tail bending, bloating, or stopped eating)
* Concentrations < 1uM, required longer than 24hrs, approximately a 5-days to detect mCherry
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FIGURES

Stage 53

Figure 1. Retinal layers of the Newt Larva at Stage 53. The target tissue for this study is the
RPE layer (retinal pigment epithelium), the primary cell source for retinal regeneration in the
newt, shown in yellow. Note RPE layer is highly pigmented with melanin. ONL: outer nuclear
layer, OPL: outer plexiform layer, INL: inner nuclear layer, IPL: inner plexiform layer, GCL:
ganglion cell layer.

Cellular Reprogramming

Dedifferentiation

Cell Type RPE Stem Cell Retinal Progenitor Cells
<—..—
Markers RPE65+ Pax6+ Pax6+ Pax6+ Notch Delta
Pax6- Msi-1+ Msi-1+ Msi-1+ Signaling
RPEG5- Chx10-1+ Chx10-1+ Neurogenin
Notch1+

Figure 2. Current Working Hypothesis of Early Retinal Regeneration in the Newt as
suggested by (Mitashov and Chiba, 2007).
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2010, Transgenic
Protocol for the newt

1781, discovery of ) 2011, Identification of
eye regeneration in 1960-1970, RPE is a the newt RPE65
the newt by Bonnet. cell source for retinal promoter region
regeneration
1995, First
1859, Natural Selection by transgenic
Darwin. newt: mosaic é013‘0:{"e"tfv c
eneration of Cre
i Genome not
sequenced
Discovery of
unique
genes

. signaling expression patterns . .
1768, discovery of 1930-1950, RPE involved and specific markers additional genetic

Urodele regeneration transdifferentiates (RPE65 ) tools for functional
by Spallanzani. gene analysis

2012-Current, data

1991, genome C- collection of newt
value in the newt is transcriptome, mRNA,
approx. 37.8 pg contig, proteomics

Histological observation

Figure 3. Current Direction and Major Highlights in the Field of Newt Retinal Regeneration.
Boxes indicate the contribution of this study to the field. The birth of this field stretches back
before the time of Darwin.
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Figure 4. Newt Fertilized Egg Collection Strategy. (A) Two Mating Tank setup (only one shown
here), used to obtain fertilized eggs of Cynops pyrrhogaster. (B) Alternating recovering period
and collection period, using the two tank system during 14 day period intervals. ( C) Fertilization
percentage and average eggs collected per day per month during Jan to July using two tank
system.
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A

Egg Preparation Rinse with 70% Ethanol

~1min, Rinse 3 times Rinse 10 times with 0.5X
with 0.5X Holtfreters Holtfreter's

‘ , Terasaki dish with wells

6 % Ficoll, Pen-strep
0.5X Holtfreter's pH 7.4
filtered with 0.2 ym2 Kept at 4-8 °C

.

Embryos

at stage 1 Chemical Dejelly

=9
¢

Gonadotropin 2% Na-Thioglycolate
30 U/2days 0.5X Holtfreter's
pH 9-10

4

Dejellied embryos

with vitelline membrane

B

Microinjection Preparation

Tetalvaliivig 10 el Incubate microinjection solution for

//
-0.2 pg/ul of DNA 40 mins at 37 °C a Front fill capillary
- 1-4 X I1Scel Enzyme > >
- 1X Buffer X by aspirator ot
<
' -0.01% phenyl red Aftewards transfer solution to ice ..

Note: TE buffer is toxic Micro.plppetfe 2 microliters to Capillary size O.D. =10-15 micrometers,
parafilm on ice ID= 2-3, with a tip cut to 35 degree angle

C

Microinjection and Rearing /

Screening

- o .;eiaii,
>

At 22 stage use 0.1-0.2X H pen-strep,
and store embryos at 14 °C until Feed excess food before metamor
hatching. After hatching embryos can phosis. Keep water/containers

be transfered to room temp. Cynops clean.

developmental stage is deter mined by Check embryos with reporter

Okada and Ichikawa (1947).

Place larvae in tap water. Begin

feeding before the yolk dissapears.
Microinject 1-4 nanoliters of solution per egg

into the animal pole cytoplasma. Post microinjec -
tion (PM) eggs are kept in 6% Ficoll, 0.5XH

pen-strep pH7.4 in an agar coated petri dish at

14 ° C overnight, transfer embryos to 0.5XH

pen-strep pH7.4 keep at 14 °C until stage ~22

Figure 5. Follow Chart of Methods for Newt Trasngenesis. (A) Egg preparation. (B)
Microinjection mix and needle preparation. DNA concentration varies depending on transgene
used, working concentration should be tested empirically ( C) Microinjection and rearing (culture
conditions) .
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Figure 6. Expression of Transgenic Newt from Early Development to Metamorphosis.
Transgenic newts generated by the /-Scel method with pCAGGs-EGFP(Sce) construct. A,
D-G: Embryos showing an intense green fluorescence evenly at blastula (A), neurula (D,
neural plate stage; E, neural tube stage), tail-bud (F), and swimming larvae stage (G). B:
Bright-light image of the same field in A. C: A blastula embryo showing a mosaic
expression pattern (arrowhead). H: A magnified view of the head region of the larva in G.
I-L: A juvenile newt after metamorphosis (anesthetized). Dorsal (I, J) and ventral (K, L)
views are shown. I, K: Fluorescence image; J, L: Bright-light image. Scale bars = Imm
(A-F), 3 mm (G), 1.2 mm (H), 1 cm (I-L).
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Figure 7. Expression of transgenic newt during regeneration.

A-D Limbs of metamorphosed juveniles (4-5 months) classified as ‘Uniform’ and ‘Mosaic
at swimming larvae stage (A, B, fluorescence and bright light images of a hind limb of the
‘Uniform’ juvenile; C, D, those of a forelimb of the ‘Mosaic’ juvenile). (E) A regenerating
limb (34 days after amputation) of a metamorphosed juvenile showing ‘Uniform’
expression pattern. (F) A dorsoventral section of the regenerating limb. The right-hand side
of the panel is the ventral side. The dotted line shows the site of amputation. (G) PCNA-
immunohistochemistry with the same section, visualizing many proliferating cells (red) in
the regenerating tip of the limb. DAPI counterstaining of nuclei is shown in blue. Scale
bars in A- E : 2 mm; F, G: 200 um.

2
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AA Ex1 Ex2 site e .

Human MS 1Q|l| EHPAGGYKKLFETVEELSSPLTAHVTGRIPLWLTGSLLRCGPG 48
Mouse MS 1Q|l| EHPAGGYKKLFETVEELSSPLTAHVTGRIPLWLTGSLLRCGPG 48
Newt MSSKVEHPAGGYKKLFETVEELASPITAHVTGRIPVWLTGSLLRCGPG 48

cDNA Ex1 2 Ex2 site K 60

Human ATGTCTATCCARATTGAACACCCTGCTGGTGGCTACAAGAAACTATTTGAAACTGTGGAGGAAC 64
Mouse ATGTCTATCCARATTGAACACCCTGCTGGTGGCTACAAGAAACTATTTGAAACTGTGGAGGAAC 64
Newt ATGTCGAGCAAAGTGGAGCATCCTGCAGGTGGATATAAGAAACTTTTTGAAACTGTGGAGGAAT 64

Figure 8. RPE65 Amino acid and cDNA Alignment of the Human, Mouse, and Newt
(showing only the 5" end). The pink boxes represent conserved amino acids among the human,
mouse, and newt on the 5° end. The green boxes represent conserved cDNA among the human,
mouse, and newt on the 5° end. The vertical bar indicates the gap between exonl and exon2. All
gene specific reverse primers were designed to the left of the vertical bar to avoid intron crossing.

Primary PCR (AP1/GSRP1) Secondary PCR (AP2/GSRP1)
Cycles Temp. Time Cycle Temp. Time
7| 94°C 25 Sec 51 94°C 25 Sec
72°C 3 min 72°C 3 min
32 | 94°C 25 Sec 25 | 94°C 25 Sec
68°C 3 min 68°C 3 min

Figure 9. Primary and Secondary (Nested) PCR Conditions for Genome Walking used
for Newt RPE6S promoter Identification. Two step, touchdown PCR was necessary for
each PCR run.
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A
Lib 1 Lib 2 Lib 3 Lib 4

Kbp F- *+ R- F- + R- F- + R- B % iR

2.0

1.0

0.5

Figure 10. Identification of the Newt RPE65 Promoter Regions using Genome Walking
(-560bp upstream). (A) Secondary (nested ) PCR products using 4 genome walker libraries,
greens box shows positive clone, which contained a matching 5° UTR region of the known newt
RPE65 mRNA. Note several positive bands are present in Libraries 1-4, but after sequencing
those bands, they did not contain RPE65 5 untranslated region, only the positive clone in Lib 3,
marked in green contained the expected RPE65 5"UTR. (B) The newt RPE65 upstream -560bp
promoter region. F-: Only forward primer was used. R-: Only reverse primer was used. +: Both
Forward and Reverse Primers were used. Yellow Box: cDNA, Cyan Box: 5"UTR.
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Figure 11. Clustal W Omega Alignment of RPE65 Promoter Region (-560 to 0 bp) Among
Eight Species . Note reference -(minus) numbers were added by the alignment software during
the addition of gap, it does not represent the promoter -560bp distance. Defaults alignment
conditions were used.
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A Percent Similarity of RPE65 promoter region (-560 to Obp )
among 7 species compared to the Newt
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A phylogram based on CLUSTAL alignment of the RPE65 gene promoter
(-560 to 0 bp) among 8 species
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Figure 12. Comparison of the Newt RPE65 Promoter(-560 to 0 bp) Among Seven Species.
(A) Percent similarity of RPE65 promoter region (-560bp to Obp) among 7 species compared to
the newt. (B) A phylogram based on clustal alignment (Figure 11) of the RPE65 promoter
region (-560bp to Obp) among 8 species. The distance values show the number of substitutions
as a proportion of the length of the alignment (excluding gaps).
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Figure 13. RPE65 Promoter T-Coffee Alignment (-560bp to Obp) Indicating the
Distribution of Tentative Transcription Factor Binding Sites Among 8 species . Red areas
indicate high tentative transcription factor binding sites, blue-green indicated poor areas
containing transcription factor binding sites.
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A

Upstream
RPE65 Promoter Location Conserved Box
Newt -467bp AGG-GGGATTGGCCCGCG
Consensus AGG GGGA TGGCC GCG
Human -256bp AGGTGGGAGTGGCCAGCG
Newt -81bp GGATTTAGA
Consensus GGATTTAGA
Human -37bp GGATTTAGA
Newt -356bp TAAATTGAATTA
Consensus TAAAT GAATTA
Mouse -339%bp TAAAT-GAATTA
Newt -323bp TTATGTAAA
Consensus TTATGTAAA
Mouse -160bp TTATGTAAA

Figure 14. Transcription Factor Binding Sites of the Newt RPE65 Promoter have
Translocated more Upstream the 5° end Compared to the Mouse and Human . (A)
Identification of conserved boxes in the newt RPE65 promoter using Promoter Wise. (B) Black
boxes represent conserved TFBS in all 3 species. Red boxes represent mammalian TFBS
identified by DNA foot printing (Nicoletti et al., 1998). The blue boxes represent similar
mammalian TFBS (sequence) found in the newt promoter.
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Figure 15. Newt RPE65 Promoter Driving mCherry Transgene Construct. The newt RPE65
promoter region and 5'UTR were inserted into an mCherry reporter construct. Promoter and
reporter were floxed by /-Scel sites.
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Figure 16. Newt RPE65 Promoter Activity in FO Transgenic Blastula Embryos. The newt
RPEG65 promoter driving mCherry (A1) Light image. (A2) mCherry. (A3) Merge of Al and A2.
(B) Percentage of blastula embryos with positive newt RPE65 promoter activity. pRPE65 (-)
represented embryos with no detection of mCherry. Scale bar 1mm.
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Figure 17. Newt RPE65 Promoter Activity During Development of F0 Transgenic
Embryos. Transgenic embryos with expression pattern in Figure 16, were monitored. The newt
RPE65 promoter driving mCherry. (A1) Light image stage 27. (A2) mCherry fluorescences of
Al. (A3) Merge of Al and A2. (B1) Light image stage 31. (B2) mCherry fluorescences of B1.
(B3) Merge of B1 and B2. (C1) Light image stage 39. (C2) mCherry fluorescences of C1. (C3)
Merge of C1 and C2 show a headshot. White and black arrows pointing to the developing eye
without melanin pigmentation. Yellow arrows pointing at the embryo yolk, a source of auto-
fluorescence. Scale bar: A-C 1mm.
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Figure 18. Newt RPE65 Promoter Activity at Stage 59 of F0 Transgenic Larvae. (A)
Anterior body shot, light image at stage 59. (B) mCherry fluorescences of A. (C ) Percentage of
transgenic larvae expressing positive RPE65 promoter activity as shown in D1. pRPE + leaky
expression are shown in Figure 19. (D1) Newt pRPE65 promoter activity driving mCherry in
the RPE layer, photo merged with DAPI. Yellow double bars indicate RPE layer margins. (D2)
is a magnification of D1. (D3) is a magnification of D1, showing a light image merged with
mCherry. Double yellow bars indicate RPE layer margins. (E1) Immunohistochemistry with
DsRed (mCherry) polyclonal primary antibody, with DAB immunoreactivity staining shown in
brown. Samples E1, E2 and F were bleached to remove pigmentation in the RPE. Black arrows
pointing to RPE cell nuclei. (E2) Showing E1 merged with DAPI, yellow arrows pointing at
RPE cell nuclei. (F) Negative control without DsRed (mCherry) primary antibody. Scale bar: A
and B 0.5cm, D1 400pum, D2 -F 100pum
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Figure 19. Newt RPE65 Promoter Leaky Expression (Off Target) at Stage 59 of FO
Transgenic Larvae. In some cases transgenic larvae expressed mCherry in the Outer nuclear
layer and Inner nuclear layer of the retina. (A1) DAPI staining. (A2) Merge between pRPE65-
mcherry and DAPI. (A3) Light image merged with mCherry. Scale bar: 100um.

No effect

Transgene

Off target transgene expression caused by adjacent regulatory elements

Enhancer Transgene Silencer

Alterations in transgene expression caused by chromatin modifications

Figure 20. lustration of Positional Effect. The Location of an Inserted Transgene Plays a
Major Role in Transgene Expression. Neighbouring regulatory elements next to an inserted
transgene, will lead to variations of transgene expression. Chromatin changes can also affect
transgene expression.
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Figure 21. Two Promoter/ Two Reporter Transgene Constructs with or without HS4
Insulators. (A) The newt RPE65 promoter and mCherry reporter were inserted into a
pCAGG's-EGFP cassette vector. RPE65 promoter was placed in sense or antisense. (B) Three
copies of HS4 (2X) core were inserted into the Xhol/Bstxl, Bstxl/Spel and Afl2/Dra3 restriction
enzymes sites. (C ) The newt RPE65 promoter driving mCherry was inserted in the construct B

at the Bstx/ site, generating two promoter/two reporter transgene construct, RPE65 promoter
was positioned in sense or antisense.
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Figure 22. The Chicken HS4 Insulator Protects the Newt RPE65 Promoter from Leaky
Expression During Early Development. Two promoter/two reporter FO transgenic lines were
examined during blastula stage. (A1,B1,C1,D1) Light image of Blastula embryos. (A2,
B2,C2,D2) EGFP expression used as an internal control. (A3,B3,C3,D3) mCherry driven by the
RPEG65 promoter. Arrows on the left indicate promoter direction. Triangles represent HS4(2X)
insulator. Red arrows indicate RPE65 driving mcherry. Green arrows indicate pCAGG'S
driving EGFP.

pCAGG's-EGFP A3

g

Stage 36

Figure 23. Example of Severe Off Target (Leaky) Expression Pattern without Insulation,
in a Two Promoter Two Reporter Transgenic Larva. Two promoter/two reporter FO
transgenic larva, containing promoters in the same direction, without the chicken HS4 insulator.
Larva is at stage 36. (A1) Light image. (A2) pCAGG s-driving EGFP expression. (A3) The
newt RPE65 promoter driving mCherry expression. Scale bar Imm
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Figure 24. The Chicken HS4 Insulator Protects the Newt RPE65 Promoter from Leaky
Expression During Metamorphosis. Two promoter/two reporter FO transgenic lines were
examined during Metamorphosis. (A1,B1,C1,D1) Light image of metamorphosing newts. (A2,
B2,C2,D2) EGFP expression used as an internal control. (A3,B3,C3,D3) mCherry driven by the
RPE65 promoter. Arrows on the left indicate promoter direction. Triangles represent HS4(2X)
insulator. Red arrows indicate RPE65 driving mcherry. Green arrows indicate pCAGG'S driving
EGFP. Black arrows on panels (A1,B1,C1, D1) indicating retracting gills. White arrows in panels
(A2-D2) and (A3-D3) expressing pattern in the eye.
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Figure 25. The Chicken HS4 Insulator Protects the Newt RPE65 Promoter from Leaky
Expression in the Retina of Metamorphosed Newts. Retinal expression pattern of two
promoter/two reporter FO transgenic lines. (A, F, K, P) mCherry merged with EGFP. (B, G, L, Q)
mCherry merged with DAPI. (C, H, M, R) mCherry merged with light image. Arrows on the left
indicate promoter direction. (D, I, N, S) Immunohistochemistry sections treated with DsRed
polyclonal (mCherry) primary antibody, immunoreactivity with DAB staining. (E, J, O, T)
Negative control sections without primary antibody DsRed. Double white and black bars
indicate the RPE layer margins. Arrows on the left indicate promoter direction. Red arrows
indicate RPE65 driving mcherry. Green arrows indicate pCAGG'S driving EGFP. Triangles
represent HS4(2X) insulator.

80



Single Transgene Microinjection Two Transgene Microinjection

Transgenel: Cre Transgene2: Loxp
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Transgenel: CreERT2

Metamorphosed Newt
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F1 Generation
Cre-loxp Offspring
Total Time: 6 months

Figure 26. Comparison of Conventional Methods used to Generate Cre loxP Animals
Compared to this Studies Suggested Method to Generate Transgenic CreERT2 loxP
newts. . (A) An example of mouse techniques to generate Cre loxP F1 line, estimated time 6
months, to adulthood. Average generation time of the mouse is 3 months, to adulthood. Standard
techniques microinject Cre and loxP separately to generate to transgenic lines. (B) Two transgene
microinjection technique for the newt, transgenes are simultaneously introduced. CreERT2 loxP
are generated at the FO generation, time taken approximately 6 months to metamorphose.
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Figure 27. Cre Recombinase Events by Altering loxP Orientation. (A) Gene floxed by loxP
in the same direction, leads to deletion. (B) Gene floxed by loxP sites direction towards each
other, leads to an inversion event. (C ) loxP sites positioned on separate chromosomes, leads to
loci translocation (homologous recombination). This study only examined the deletion event, by

floxing a transgene.
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Figure 28. Design of loxP Sites, for CreER™? Reporter Deletion System. Two loxP sites were
inserted into a pCAGG's-mCherry vector containing HS4 insulators. LoxP sites were introduced
at the Accl/Kpnl site. Ascl-AmCyan-pA-AsiSI was introduced into Ascl/AsiSI positioned

between the loxP sites.
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Figure 29. Transgene Design for CreER™? loxP. Two transgenes (1 and 2) were used for this
system. (A) CreERT? loxP system is inactive. (B) System is activated by OH-Tamoxifen. Upon
activation, CreERT2 binds to Tamoxifen and enters the cell nucleus. Inside the cell nucleus
CreERT2 excises Amcyan reporter along with 3" loxP site. This experiment only examined
deletion of a floxed reporter AmCyan

Stage 32

Figure 30. Generation of CreERT2 lopxP Newts by Two Construct Microinjection.
Transgenes from Figure 29A were coinjected with /-Scel into the one cell stage of the newt.

(A1) Light image of blastula embryo at stage 10. (A2) YFP fluorescence of a positive blastula
embryo. (A3) Cyan fluorescence of a positive blastula embryo. (A4) Negative mCherry
fluorescence of the same embryo A1-3. White arrows indicating a blastula embryo containing
both transgenes with mcherry expression. Note not all YFP/Cyan blastula express both genes.
(B1) Light image embryo at stage 25. (B2) YFP fluorescence of a positive tailbud embryo. (B3)
Cyan fluorescence of a positive tailbud embryo. (B4) Negative mCherry fluorescence of the
same embryo B1-3. (C1) Light image embryo at stage 32. (C2) YFP fluorescence of a positive
embryo. (C3) Cyan fluorescence of a positive embryo. (A4) Negative mCherry fluorescence of
the same embryo C1-3. Yellow arrow indicate auto-fluorescences from the yolk.
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Figure 31. Activation of CreERT2 loxP Recombination in the RPE layer of F0 Transgenic Newts.
(A) Newt larva treated with 10uM of OH-Tamoxifen, examined at 12hrs post treatment. The dotted box
indicating some of target tissue expressing mcherry with Tamoxifen. (B) Retinal section of the sameness
animal in A. RPE layer is expressing mcherry. The Outer nuclear, inner nuclear and ganglion cell layer
are not expressing mcherry. Sample was immediately fixed following OH-Tamoxifen treatment, excised
Cyan protein can be detected up to 36hrs until degradation.( C) Negative control larva not treated with
OH-Tamoxifen. (D) Retinal section of larva C, retinal layers and RPE layer did not express mcherry.
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Figure 32. On Going Research to Knock Down Pax6 Expression During Early Newt Retinal
Regeneration. This strategy uses a Conditional Site-Specific (RPE layer) RNAi Silencing System. Pax6
shRNAi (short hairpin RNA interference ) were inserted into the loxP reporter construct, between
mcherry and pA. Upon activation of CreERT2 loxP system, Amcyan will be cut, activating mcherry and
Pax6 ShRNAi. Thus RPE cells or early derived cells will express mcherry indicating Pax6 shRNAI is
active.
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