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Abstract

I AOOOAAO

Naive pluripotenembryonic stem cell§ES cells)have the ability to give rise to
all cell types including functional gametdese cells have beevell established
in mice and ras. The potential forbiomedical and agricultural applications of
pluripotent stem cellm livestockare vastHaving thisresource will makén vitro
techniques more achievablor research purposes atmmmercial useTheir use
for chimera formation willincreasethe production of high quality embryps

resultingin a fastetinclusionof desirable traitén breeding lines

The aim of this study was to investigate the molecular characteristics of
pluripotency in bovineembryos This is an incremental step to aid our
understanding of thgreater system which wikncouragehe derivation ofES

cells within the bovine specie®An initial target was thekey pluripotency
transcription factor NANOGNanog has thousands of targets and orchestrates the
regulation of the naivepluripotent molecular environmenihis thesis will
investigate the@verexpressionf NANOGwith adoxycycline-inducible systenin
bovine femalefibroblasts and nuclear transfer (NT) embryesived from these

It was hypothesised that theverexpressiorof NANOG would stimuldée the
pluripotency networkincreasg pluripotercy. It has previously beerecognised

that the reactivation of he X-chromosome in females is amdicator of naive
pluripotency in mouseNotably, the geneXist which is importantfor the
inactivation of the Xchromosomeis directly repressedoy Nanog. It wa
hypothesisedhat this woulchdd true in the bovine system.

Both thecell line and embryos were analysied mMRNA and protein expression
of ectopicNANOG using giantitative PCR (gPCR) and immunocytochemistry
Eight pluripotencyrelated genegendogenousNANOG OCT4 SOX2 KLF4,
PDGFRJ SOX17 SOCS3and FGF4) were quantified using qPCR to investigate
the impact oincreasedNANOG in the NT embryat day 8 Expression oXIST
MRNA was analysed usingPCRand the inactive >chromosome was identified
using immunocytochemistryto understad the role of NANOG in the

re-activation of the Xchromosome in the bovine system.
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It was found that the inducible systesignificantly increase the expression of
ectopicNANOG mRNA and proteinwithin the fibroblastsused for NT A two-
fold significantincrease of totdNANOGMRNA wasachievedn the NT embryp
althoughno additional NANOG protein wageéntified. The increasedNANOG
hadno effecton the eightpluripotencyrelated genegwestigatedThe increased
NANOG had no effect on the expressi of XIST in the bovine systemNo
inactive Xchromosomeswvere identifiedvia immunocytochemistryuring this
project. Subsequent tdhis researchdetails of analternative overexpression
techniqueusing CRISPR technologywere published Use ofthis systemwill
makeresearch in this field achievable to a higher quaiity shortetimeframe
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Chapter 1: Literature Rew

Chapterl: Li t er atvureew R

1.1 The discovery of stem cells
A stem cell is an undifferentiated cell which has not specialised into a cell type. A
pluripotent stem cell can develop into any cell type in the body and can proliferate
indefinitely. Pluripotency occurs during the reprogramgnof the genome; it
wipes the epigenetic history and allows a fresh start for the genome to begin
development of a new organisin.1981 the firstembryonic stemES) cellswere
derived from3-4 day old mouséVius musculusembryos. In theorya developig
embryo must go through a phase of pluripotency to allow the subsequent
development tooccur; this event should take placeacross allanimal species.
However, only mouse has shown naive pluripoteigjve pluripotencys stably
pluripotent as opposedto primed pluripotency in which the cells is more
responsive to differentiationcues. Most species investigated have only

demonstrateg@utative pluripotencyFigurel).

The first population of ES cells was derived fréime inner cell mass (ICM) of a
pre-implantation mouseblastocyst All mammalian embryodiave a blastocyst
phase and go through the samdtiah developmental patternAfter initial
fertilisation of the mammalian oocyte, the gymsm begins to cleave. Itags
through a series of stages, 2, 4, artkR at whichpoint the cells compact and
form a tight morta [1] (Figurel). A fluid-filled cavity is then formed andome
cells compact into a small cluster knowas the ICM[1] (Figure 1). The
trophoblast willdevelop intothe placenta, where the ICM is congal of two
populations of cells;the hypoblast and the epiblasthe hypoblast forms
extraembryonic components whereas the Egbforms the embryo propét].
These populations are molecularly distinct from one another within the ICM. This
development is igiilar across mammalian speciesowever, it differs in the
duration of each stag@igure 1). It is not until after the development of the

blastocyst that there is a morphological distinction between species.
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Figure 1: Early embryonic developmental stages of mouse and cattle in relat to
its pluripotent state. Adapted fronf1].

For a cell © achieve pluripotency statusere are three validat) assaysThe first
assayto verify pluripotency is to investigate the celbility to develop into a
teratomaa tumour containinghe germ layermesoderm, ectoderm and endoderm

In this assay, the ES cell is placedvivo and analysed foits abilities to derive

cells from all three germ layer$he next assay ihe chimera assayhich tests

the ES cells ability to contribute to an embryo once injected. fEsiglts inthe
creation of a chimera, where the organism contains two separate geQztes.
that have a high pluripotentiality can also formmgkme chimeas in which the ES

cell contributes to the formation of the germline. This is a more stringent assay as
the germlinas established prior to gastrulation of the three germ layées final

and mostrigorousassay ighe tetraploid complementation assalyich involves

the combination of a tetraploid and a diploid eyab A positive assay would
result in an embryo that is completely comprised of the diploid genome where the
extraembryonic tissue is derived from the tetraploid genome.

The search for the estence of these cells in other species intatiffter the
mouse ES derivationin 1998, human ES csllwere derived when the cells
achieved the successful formation of a teratoma, suggesting they are pluripotent
[2]. However,scientists still rerain sceptical about their validity since chimera
and tetraploid complementation assays wetcompleted. Due to the nature of
these experiments, ethical boundaries prevent them from ever being conducted
the human speciep3]. Therefore, the human ES cell cahbe truly validated as

naively pluripotent. These threetests areconsideredethically acceptable in
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mammalian species othehan human. Bwever, ES cells derived from other
species do not have the capacity to successfully achieve these assays.

When the mouse ES cell was derived it was found to require serum and mouse
embryonic fibroblasts (MEFs) as feeder cells, which providptimal culture
media for the maintenance of pluripoteriey. It was later discovered that the
essential component produced by the feeders was leukemia inhibitory factor (LIF)
[5,6]. Also, it was discovered that the serum could be replaced with bone
morphogenetic protein®MPs), andn combination with feeder cellmproveES

cell culture conditiong7]. Theseconditions have been attempted in the culture of
other specigsES cellsand have failed to stimulate pluripotency and allow
indefinite cell proliferation. It is clear that these conditions agimised for
mouse ES cell growth and needb® modifiedto improvethe culture conditions

that support pluripotenay other species

Recently rat (Rattus rattuy ES cells haveachieved all threepluripotency
validatingassayg8,9]. Thus, mouse and rat are the only angtaldate that have
demonstrated true pluripotentyvitro. Although it was initially believed that the
ES cell requires extrinsic cues to promitite selfrenewal pathways involvdd.(],

it was later discoveredthat the ES cellalso requiresthe block of the
differentiation pathways to remain in a pluripotent sfatd. This resulted in the
development o& variety ofculture media engineeredo do so,such as3i (three
inhibitors). This contairs the inhibitorsfor three cellular pathways the three
molecules;PD184352 PD173074and CHIR99021The CHIR99021component

is a small molecul@enhibitor of glycogen synthase kinase 3 (GSKBJ] which is

a part of theWinglessType MMTV Integration Site Family Membg{WNT)
pathway WhereasPD173074and PD184352are pharmacological inhibitors of
fibroblast growth facto(FGF)[13] and mitogenactivated protein kinase (MEK)
which is within the FGF pathwgyl4]. This media has allowed the production the
rat ES cell which haveachievel true pluripotencylUnfortunately, this treatment
was not as successful when applied in other spdmiesloes demonstrate the
notion that the molecular environment of the cell can be modified to achieve the

pluripotent status
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Over all after decades of research, these cells have really only been developed in
mouse, rat and humaio truly understangluripotencythe understanding dhe
molecular pathways involved must be extensively characterised, along with how

these function to develop and maintain the pluripotent state.

1.2 Development and maintenance of pluripotency
The molecular mechanisms in place to develop and maintain thpgbéunt state
have been thoroughly investigatedthe mouse modefet they arenot greatly
understoodThere are four kegxtrinsic stimuli which activate foyrathwayshat
are known to play a rolaitheestablishment and maintenance of pluripotency in
themouse model. These are BMBF, FGF andWNT. Theypromote either self
renewal or differentiatiorby regulating the transcription of the three essential
pluripotency regulatorsSRY (Sex Determining RegnY) Box-2 (Sox2 [15],
Octamer Binding Transcription Factdr (Oct4) [16] and Nanog homeobox
(Nanog)[17-19]. These factors are regulated depending on the stage of pluripotent
developmenf20], which is goverad by the four pathwayinvolved.

Boosting the LIF pathway ultimately causes anregulation in the three key
pluripotency regulators, which in tuincreases the pluripotency of a cell. The
BMP pathway acts by forming a balance between the FGF signalling and LIF
signalling which maintains pluripotency by blocking ES cell neural differentiation
[21]. The pathwayrGF is involved in a number of processes such as cell survival,
migration proliferation and differentiatiof22]. The FGF pathway also plays a
role in lineage segregation within the embryo and ultimately also is one of the key
regulators of pluripotencyWhen theFGFExtracellular signategulated kinases
(ERK) pathway is inhibited, ES #s are able to maintain their pluripoteni@3].

The FGFpathwayis involved in the transition from the naive pluripotency state,
into the primedpluripotency stateThe primed pluripotency staie a population

of cells specific to the epiblast which do express many of the pluripotency
indicators. Howeverthey cannot achieve the stringent experimental requirements
that naive stem cells c4@4]. This pathway is the key pathway involvedtire
transitioninto differentiation and is therefore a target for inhibition, in attempts to
sustain pluripotency. Finally, the WNT pathway which regulates the

differentiation of the cellinto the three germ layers, has alseen shown to
4
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regulate selrenewal[25]. The activation of WNTresults in an upegulation of
the three pluripotency regulatdizs).

These four pathways have anpact on the regulation @ct4, Sox2and Nanog
This triumvirate orchestratehousand®f target gene§27]. When this network is
functioning the differentiation genes are switched off and therse#iwal genes
are switched on. The reverse isidrwhen this network is switched d20,27].
Within the Nanog, Oct4, Sox2 netwoake a series of feedback loops. The Nanog
protein binds to the promoter regonf Sox2and Oct4, as well as binding to its
very own promoter regiowhich can either result iexpression or suppression of
itself (Figure 2). Oct4, Sox2and Nanogare also individually regulated by the
Oct4 and Sox2 heterodiméFigure 2). This results in a core of transcription

regulation Figure?2).

B./B.

OCT4 SOX2

OCT4 SOX2 /

V()

[ Stem cell Differentiation ]

Genes Genes

Figure 2. Core transcription factor networkd sregulation of pluripotency or
differentiation. A and B represent two differepithways involved (iEher LIF, BMP,
FGF or WNT). In this example when Aand B areswitchedon (+), the network is
switched on resulting in the trpgulation of stem cell related genasd he intricate
feedback loops of thisystem maintain pluripotency. Alternatively,and B areswitched
off (-), it blocks Nano function and the coreetwork dissolves resulting in
differentiation[20].

With a greater knowledge of these mechanisms, other techniques suth as

culture could be develope@llowing agreaterpotentialto achieve the aoect
5
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culture conditions foES cells for a variety of speciedMany of these molecular
markersdescribedcan be used in the identification of the time pemembryo
developmentor pluripotency. This méiod allowsresearch teams to hem on a
point in developmenthich is more likely to achieve the cuhle of a truly
pluripotent cell A candidate molecular indicator for the evelopment of

pluripotency is Xchromosome inactivation.

13 Nanogbs role in pluripotency
AlthoughNanogis not one of the genes required to maintain pluripot¢a829],
it is still heavily involved inifigr ound st at[&7. bhas alsopeed encyo
theorised thatNanog may be the gene which initiates the development of
pluripotency and may act as a transcriptional organiser of the other key
pluripotent factorg30]. However it is not required to maintain pluripotency once
it has been establishtl7]. This was shown wheNanogwas not required during
dedifferentiation in the establishmentin@iuced pluripotent stem cel(g*S cell3
[2829 b u't i's kédepéeirgtat eor transition i nto
pluripotency in both ES and iPS ce]3l]. WhenNanogwas removed from the
mouse system the ICM was unable to generate an epidtabivasincapableof

maintainng pluripotency and differentiated inendoderm like cellf19].

In 2003, a group led biyrofessoAustin Smith from the University of Cambridge,
identified Nanog[18]. The complementary DNA(cDNA) libraries of ES cells
were functionally screened, which resulted in the detection of adloox gene
which was only expressed in the early embryo. This homeoprotein was involved
in cell selfrenewal. The group therefore named this géarog after Tir na ©g,

the mythological Celtic land of the ever youftf]. In a concurrent study, Dr
Shinya Yamanak&rom Kyoto University, used the silico differential display
technique to identify a series of genes thaly be involved in pluripotendy9].

This was conducted on mouse ES cells andippdantation embryos. Thialso
resulted in the discovery of the homeoprotein Nafid@)j. It was found that this
protein allowed the cells to sa¥new even in the absence of LE9,32. In
addition, wherNanogwas deficient, the ICM did not generate an epiblast and in

ES cells with Nanog deficiency, pluripoiey could not be maintained, #te cells

3
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differentiated[19]. This indicated thaNanogwas essential in the development
and maintenance of pluripotenidg].

After these two initial studies highlighted the significance Ndnog in the
pluripotent system, the investigatiohits finer workings withirthe system began.
Surpisingly, the generation ofPS cels did not requireNanog to induce
pluripotency[28,29], However,Nanogis important in the development of naive
pluripotency or fAiground staté pluripotency, by orchestrating the core
pluripotency factors to bind to their ES cell targed$]. This is whyNanogwas
dubbedte figat ek eeper Dhemektchplenge wapto andenstand .if

this modes functionis conserved acrospecies.

When Nanogwas removed fronmuman ES cellsia RNA interference (RNAI),

there was an increase in the expression of genes associated with the
extraembryonic endoderrand trophectodermidl]. Alternatively, when Nanog

was overexpressed imuman ES cell culture it allowetle cells to propagate over

a number of passagesthout the need for feeder cellthe Nanogoverexpressing

cells also no longerequiral media conditioned by MEFs whiclvere usually
required to povide the right environment for the cells to gr¢88]. This isan
indicationthat at least some of the workings of thanogsystem are conserved

across mammalian species.

The function ofNANOGIn bovine is very similar tdts role in the mouse model
system.Again it is expressed in thieovine blastocyst in thiCM [34]. NANOG
was also upegulated from themorula to the blastocyst pha§@5 and has a
mosaic form of expression day 7[36] similar to thain mouse It was also found
that use of the 2i treatment (a tmeant similar to 3ith two inhibitorg in bovine
significantly upregulates the expression BANOG[37,38]. This indicats that
NANOGH©Gs role in pluripotencyis conserved throughout mammalian species and

within the bovine system.

Nanog regulates the expression thibusandsof genes by binding to their

promotor regiong39]. The studies analysing the structure of the Nanog protein

7
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elucidated how this function was preserved. The Nanog proteinthras
functional domaing$40]. There isa homeodomain, which allows it to control the
expression of other genes spatially and tempofallj. The homeodomain is a 60
amino acid sequence which the protein uses to bind to its targets. This domain is
highly conservd between vertebrate specied].The Nanoghomeodomairwas
found to bindto the TAAT(G/T)(G/T) motif[40]. Nanog also containsl and C
terminal regions[40]. It has beenconfirmed that both regions undertake
transcriptiol actions[42]. The N terminal regionis less actie than the C
terminal region sevefold. This distinctive organisationof transactivators may
allow Nanogto achievethe specificity and plasticity to interact with genes
involved in pluripotency ad differentiation[42]. There are multiple isoforms of
Nanog found in the ES cell due to alternative splicing. In mouse, the longest
isoform reported is a 2185 bpessenger RNANRNA) transcript encoding 305
amino acid proteirf41] with a molecularweight of 34kDa [43]. The Nanog
protein has a brief halife of 120 minutes[44] which allows tight regulation

within the ES system.

Nanog plays a role in the four extrinsic signals relevant to the pluripotency
network, LIF,FGF, BMP and WNT45]. This was shown wheimcreased levels

of Nanog can allovhuman ES cells to grow feeder fg88] andmouse ES cells

to be maintained without LIF19]. There are also intrinsic gavays in which
Nanog is involved such as the pluripotericyp Nanog, Oct4 and Sox20Q].
Anotherimportant target of Nanog Kistand their partnership in the-agtivation

and inactivation of the Xhromosom¢46].

1.4 X-chromosome inactivation
There are a number &aturesof ES cells whichcan be used to identifiyhether
they aretruly pluripotent One of these idouble Xchromosome activatio[31]].
This is a stage othe process of Xchromosome inactation [47]; a methodof
epigenetic silencingf the X-chromosomehat has ber extensivéy analysedn
the mouse This mechanism is required in female mammals as a form ofjdosa
compensation for >hromosomalgenes which are onlgxpressed from one

X-chromosoman male mammal$48,49]. Females must effectively silenceeon
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of their X-chromosomes from transcription and translation throughout their entire
body[48§].

There are a number of regulators of thelomosome inactivation process. It is
largely controlled by th&-inactivation centreXic) [50] which containgnultiple
long nonrcoding RNAs (IncRNA) [51] that interact with one anotheto
orchestrate the process ofckromosome inactivation and reactivation. This is
where theXistgene is located, which encodes a 17 kb IncRNA which workisin
[50,52,53]. Xistforms a cloud around the inactiveckiromosome which prevents
it from transcription and translatiof52]. It does this by orchestrating
heterochromatin changef®r example the reaitment ofthe EedEnx1 Polycomb
group compleX54] which is requiredo establish methgtion such asHz;K,;me;
[55]. The silencing of the Xhromosomeultimately creates balance between
males andemales in the expression ofctiromosome genes. Within tiec also
lies theXistantisensd'six[56]. Tsixis a 40 kb IncRNA, which igranscribed from
both active Xchromosomesrior to inactivation. The expressioh Bsixbecoms
monoallelic at the onset of-Bhromosome inactivation and igpgessed on the
future active Xchromosome and cannot be detected on the inactive X
chromosomg56]. Tsix silencesXistés promoter and effectively supresskist
expressiorf57,58]. It would be a simple mechanismTi§ix was the sole repressor
of Xist and these two genes worked together to ativend inactivate the
X-chromosomes. However, it has been characterised that there is a Tatkiof
thereactivation of the inactive xhromosome in the primordial germ cell (PGCs)
which occurs later in developmenFEigure 3) [46]. This coupled with the
suppression oKist during he cevelopment of ESells Figure3) encourages the
idea that the factors involved in tiegulation of pluripotencylso play a role in

the reactivation process via theppression aXist expressior46].

During this process there ia time point in whib the silencing of the
X-chromosome is reverdeand for a brief period both-Bhromosomsgare active

[59]. This is the result of a genome wide epigenetic wipe, in which all epigenetic
elementssuch as methyl grouge removed from the genome as if to refresh the

genome for its development into a new organism. This wipe causes a small

9
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population of cells to become naively pluripotg€d®. The mostobvious marker

for this event is thedisappearance oXist and its cloud around the inactive
X-chromosomg59,60]. Thesecloudsare very clear markers leading up the
development of ES cells, whichsappeafor the brief window when ES cells are
establishedand develop agaieoon after Therefore with the use of a technique
such asRNA fluorescencen situ hybridisation(RNA FISH), the process can be
visualisel taking place durig the development of an embryo, where the absence
of the Xist clouds can be used as an indicator for the presence of E§58}lls
The timeline of the mouseX-chromosome inastation and reactivation is

illustratedin Figure3 [46].
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Figure 3: X-chromosome inactivation and reactivation in arly mouse embryo
development. Trophectoderm (TE, in pink), primotive endoderm (PE, in purple), inner
cells mass (yellow), inactive X (Xi), epiblast (EPI, in orange), primordial gesis

(vellow). Image fromf46].

After initial fertilisation there is an imprinted-&hromosome inactivatiori.his is
always the paternal Xhromosomd46] and it remaingnactive until the embryo
reaches the blastocyst phag&t this point, &y 3.5 in mouse, the inactive

X-chromosome switches back on for abrief period before a random
10
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X-chromosomas selected angilenced at day 4.5t the post implantation stage
(day 6.5), the PGCs develop and again the inactreirdmosore is reactivated
until the PGCs have migrated, when finally onecbéomosomeis randomly

inactivated from then of#6].

When the activities of the pluripotency regulating transcription factors are
evaluated in terms ofist expression and Xhromosome reactivation, the
elaborate mechanisms are revealdd. was previously assumed that the
suppression oKist and subsequenteactivation of the inactive XXhromosome
was a by-productof the profound epigenetic reprogramming that occurs during
pluripotencyand was not the primary targgg1,62]. However, recengl it has
been established th@ict4, Nanog and Sox2 maintain the suppressioiXisf by
binding to the chromatin of theist gene during the develomnt of ES cell§63].
Xistis targeted by the pluripoten¢gilumvirateand is actively suppressed during
pluripotency [46]. The reactivation of the Xhromosome and the pluripotent
status of the cell are intimately linked that the stagesf reprograming are

directly related to degree of-6hromosome silencin@4].

There have been multiple theories as to how this owyr. One of which is
depictedin Figure 4 [46]. Oct4 and Sox2 are active throughout the earli
development then later become more localised téGhe The reactivation of the
X-chromosome does not occur until there is an increadg¢aimg expression
during the development of the blastocyst and the PGCs. This indicates that Nanog
may be thgredaninant influence of the repressionXist[46]. As demonstrated
by iPS cel, Nanogis not required to maintaipluripotency[28,29]. However, it

is required to produce the naive ground stateigtency seen in ES cel[81].
This showsNanogs role as a regulator, only required to establish pluripotency
but not essential teustainit [46]. Thismay be the same way in whichaitts in
regardsto Xist suppression. Thisiwhy the reactivation of the-ghromosome is
only seen in the Nanog positive cells of the ICM and P{3i6k In relation to the
model (Figure 4), Nanog may be ableotbind to Xist intron 1 This could

orchestrate a remodelling of the chromatin which allows the binding sit€xtér

11
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and Sox2to be unveiled. FinallyOct4 and Sox2 can bind toXist intron 1 and

actively supress its expressipto].
A Expression

b.(\lxoq
S oSS
%Q\;% 4

4yt

Xist
repression

Figure 4: One theorised model ofXist repression via the action of the pluripotency
factors Nanog, Oct4 and Sox2A) Early cleavage stages express Ofiltie) and Sox2
(green) However, these cannot bind to X{black) intron 1 and Xist MRNA expression
remains high.Oct4 and Sox2 binding sites remain tightly bound around nucleosomes
(grey) B) As Nanog (red) begins to be expssedit employs chromatin remodelling
complexes (yellow). C) These restructure the chromaith exposes the binding sites
for Oct4 and Sox2 D) Once these have suss@ully bound toXist intron 1 Xist is
repressedImage from[46].

In describing the development and maintenance of pluripotency, many of the

pathways involved had a direct impact on the regulation on theNgamsy

1.5 Nanogo6s -chmhosome reactkation

It is clear that the process of-ckromosome inactivation and reactivation is
intimately linked with pliripotency in the mouseThis is why in these
experiments the presence of thest clouds andits notable absere during the
development of ES cells wased as an indicator for the function of Nanog and
the timing of ES cell development in the bovine speciesthe mousethe
interplay betweermNanogexpression aniist expression was demstrated by a
team l& by ProfessorAustin Smith in 200931]. At day 3.5 the expression of
Oct4 and Nanog is stronger in the ICM and trophectod€rgure5). Also at this

12
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time point, the expression of Eed¢anstituentof the EedEnx1 Polycomb group
complex used to establish epigenetiethylations on the inactive-ghromosomg

is presentwithin each cell throughout the embryo, representing the inactive X
chromosomeAt day 4.5 there is an wpegulation inNanogexpression in a small
population of cells within the ICM. The correlating cells in the Eed panel no
longer possess their inactive-chkromosome Both X- chromosoms are active
within these cells and this population can be defined as rigiwveind state

pluripotent ES cells.

Oct4/Nanog/ Oct4 Nanog Eed

E3.5

E4.5

Figure 5: Expression of Oct4, Nanog andeed at day 3.5 compared with day 4.5
denotembryonic dayArrows highlighting cells of the ICMmage adapted frof81].

It has also been demonstrated that the increase in expressidistofia a
doxycyclineinducible system caused thsuppressionof the pluripotency
associated geneBrdm14 Tcll and Nanog[65]. In the same study ivas also
confirmed that the double dosage oftKiromosome genes disrupts differentiation
[65]. It is clearthat the interplay leveen pluripotency and double¢tiromosome

activation is intimat¢64].

It is hypothesised that thextensivdink betweerNanogandXist (Eed) Figure3)
may hold true in other species including bovimberefore, a analogousmage
using bovine ES cells as depictedFigure5 is theobjectiveof the experiments
conducted for the purpose of this thesi® accomplishthis requires a large
numbe of female embryos, which owetpress the genANOG This can be

achieved via the technique of nuclear transfer (NT) cloning.
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1.6 The history and utility of nuclear transfer cloning
In conducting any scientific experiment, it must be clear that the difference
between the control group and the treatment group can only be aaksudt
treatment and not as a result of other factors. For manys fidéldesearch, this
differenceis easy to navigaté he use ofdenticaltwins in many human genetic
studies has beewmaluable as theypossess thesame genomic sequence and
therefore ca be used as control groups for one anofé}. This is where the
cloning of animals serves the purpose of being éblproduce such a set of
genetically identical individualsor analysis of gene function, epigenetics and

early developmental ever{§7].

TheNT process is relatively simple in theory. A donor cell containing the desired
DNA is fused with an unfertilised egghose DNA was removed he oocyte is
then activated and begins nmal embryonic developmemesulting in an adult
animal[67] (Figure6). Thetheory ofnuclear transfeexperimentvasestablished

in 1928 by Hans Spemanf68]. It was first put into practice in1952 in
experiments conducted by Robert Briggs and Thomas Ki#égusing embryonic
blastula cells The first time asomaticcell was transplanted and successfully
reprogrammed was by Sir John Gordorl958 at the University of Oxford in the
Xenopus tadpol€70,71]. This was the first tim@& was demonstrated that an adult
cell can reprogramme its DNA in order to bestrate the genetic regulation
required during embryoevyelopment and growthThis encouragd heavy interest
in the idea, éading to he first successful mammalian clone,Ratslin Institute in
Scotland, with the production @olly the sheepn 1996[72]. After this ground
breaking achievement the number addrdd mammalian species increasetth
manyother species of mammals being successfully cl¢idd5], includingthe
first successl bovine clone in 1998 [86,87]. All species have slight
modifications to the NTmethod to increase efficiencyh&standard method used

for cowNT is shown in Figure6).
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1 a) Isolate 3) Fuse cytoplast|| 4) Blastocyst

skin cells with donor cell formation

1 b) Remove

zona pellucida

— ¢
BoviQe oocyte

2) Enucleate

<—Zona pellucida

oocyte

Polar body NT bovine

Figure 6: Somatic cell ruclear transfer method for bovine 1 g Skin cells are isolated
from an adult animall b) Oocytes retrieved from an adult animzve their zona
pellucida removed and thegre enucleated?)..Enucleated oocyteare fused wih the
isolate skin cell(3). Normal embryonic development then falls (4). The embryo

developdnto an adult

This technique alsallows the formation of genetlly modified organism§88]

which during the culture of somatic cslimay be transfected with vectors to
overexpres®r remove genes that are already present or to add genes that are not
present in that organisms system. This allows the understanding of how that
specific gene functions during the embryonic development obtganism and

can elucidate a genes roknimals that do not have pluripotent ES cells, but do
have an established NT method, use NT to generate transgenic animals. This has
become common practise fgsearch in species suchlas/ine and porcing88-

90].

NT cloningwasemployed for the research conductedhis thesis. A transgenic
cell line was created for the use in NT experiments to analyse the response of the
overexpressiorof a gene. The cell line wasansfected with a doxycycline

inducible vector which will be explained more detail inrsectionl.7.
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1.7 Tet-3G gystem and how it functions
Numerous techniques can be use@verexpresa gene in the mammalian cell
The most efficient technique is the production of the chimera, as explained in
sectionl.9. However, this technique requires the truly pluripotent ES whlich
the bovine does not havéus,a different technique mudte employed Another
overexpressioechnique is theise of thelTet-On 3G etracycline inducible gene
expression systemTét3G system [91]. This wa the system whichwas
employedfor this research. lusesthe antibiotictetracycline or a derivative
(doxycycine, which is much more stabl&) control gene expression by either

turning transcrption on or oft

This system involves theaturally occurringletracyclinerepresso(TetR) which
results in t&acycline resistance for some gramagative bacterid92]. TetR
regulates the expression of Tefthe protein that movetetracycline out of the
cell) [92]. The expression of TA and TetR are blocked by the presence of two
homodimeric TetR molecules which bind to two DNA operator regions of the
resistance determinari®2]. When tetracycline is preseiit forms a stable
complex with TetR which prevents it from binding to teerators. This allows
the expression of TetR and Tet®/hen TetA is present it can then export the

tetracycline away from the ribosome before it can inhibit ribosomal aciBaty

This prokaryotic expression system can be used in the eukacgtitto induce or
silence the expression of genes as a part of a vector seq@8hdgoxycycline is
simply added to the culture medium of the tissue. It binds toTiteOn 3G
transactivator, which as a result binds to the promoter region of the \aextor
commences transcriptiorFiure 7). The vector sequence can also contain a
reporter proteinsuch asmonomeric (m) red fluorescent protein (RFEporter
(mCherry, to indicate inductiorby visualisation of red fluorescen¢Eigure 7).
Theinternal ribosome entry sifgRES) islocated 6 t o t he gene of inte
allows the translation of the protein to be initiated at this po@sulting in two
separate protein constructs frarsingle mMRNA sequend®4]. There are a few
different types of this system that are commercialgailable including thog

which switch offexpression and others/gch on expression whedoxycyclineis
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presentThe system used foné purposes of this research wae third generation
(3G) system. This system is an improved systeinthe method oginally
developed by Hermann Bujard, Wolfgang Hillen and Manfred Gossen. It has
increased sensitivity and reduced background by the addition of a new
transactivator protein and promo{éd].

Q~ Tet-On 3G
Transactivator

A No Dox

PTREBG
Promoter

Transcription

B.

Doxycycline

Ribosome

[ o
Transcription O \ C) \
—

[
mCherry > IRES | YDuruenem — 5 end Qm{:herrv ‘ \REMDuruene I—.‘-_:_’,;_:_‘,

L &

Fluorescent protein Protein of interest

Figure 7: The Tet-On 3G system.A. Representationfahe system in the absence of
doxycycling campared with in the presence aixgcycline B. The TetOn 3G system as

a part of a vector containing mCherry aseporter protein and a representation of the
gene of iterest91].

The advantage of developingall line containinghe TetOn 3G system is that it

has theability to be able to induce the cells or eyds at any stage of
development or growt[03]. This allows the gene to be switched on or off for any
duration at any time point during embryonic development and can provide insight
into how the gene functions at the different stages of development or at what time
point the gene is essential or degmbal. This iscritical for pluripotency studies

as the development of pluripotent embryonic stem cells occurs for one brief time

point duringembryo development. Thereforesmporalinvestigation into gene
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regulation during embryonic development is regditounderstandvhen the key
genes aractivatedand when they anepressed

1.8 Current statusof bovine stem cell research
To date there has been no successful isolation of pluripotent stem dsbigine
or any other domestic untate[1]. Thisis because the understanding of hitv
bovine genomefunctions is still relatively low [95]. There are a number of
reasons for thisFirstly, there areproblems caused by the lack of &m vitro
culture for the post hatching stages of development (where the development of
pluripotent ES cells may arisg)]. This means that the collection of embryos at
such a stage requir@s vivo culture and recovery via tHushing of the uterine
tract. Thisin turn limits the number of embryos recovered and creates obstacles
for certain treatments such as altering cultunedatons and media composition.
Secondly there are issues in finding specific probes for bovineh sas primers
and antibodies, because bovine work is not conducted on such a large scale as
human or mous¢l]. Our lack of knowledge of the mechanics of pluripotency
means we cannot yet produce the ideal conditishih could encouragehé
productionbovine stem cellsThe lack of stem cells slows our knowledge of the
functioning of genes in the bovine system, creating an endless loop of hurdles for
this field of research. Progress is emly slow, but there haveeen many

advances inhte 20 years of research in thiesld.

This research began with the development ofirarvitro fertilisation (IVF)
protocol to produce large quantities of eapgvine embryos.The attempts to
isolate ES cell cultures from these embryos then quicklyrbg¥@. The culture

of cell lines derivedrbm the embryosICMs weremore successful in the later
stages after hatchin®@7]. Many of the protocols employed within the mouse or
human species were applied to attempt to produsemilar pluripotent state
including LIF supplementationserum and feederSimilar to human ES cell
culture, LIF supplementation did not stimulatergdotency[98,99]. In the gemetic
analysis of these cells cultures it wasirid thatOCT4was expressed buiere
was a dowrregulation inSOX and NANOG after few passages, althoughey

were initially expressed10(. Also many of the key components for the
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signalling factors of the murine system were also detectaltese cultures, such
as,LIF, BMP, and WNT[10Q.

When bovine ESike cells were analysed against the stringent pluripotency
validaing experiments, they were able to achieve teratoma formdtmm the
epiblast ofin vivo embryos atday 14, but not from the day 8 to day 10 stages
[10]]. Although no undifferentiated stem cells were identified in any of the
tumours producefll01]. They have also achieved a chimera aftey dmlef cell
culture (passage-B3)[102, although none of tlse were successful in populating
the germ line[10Z. Ultimately, the bovine ES cell hashown no naive
pluripotency. There is clearly much more to be done in terms of bovine ES cell
derivation.More of what is already known of the mouse and humadel can be
used to identifya timeframe in which the naivepluripotent ES cells are formed
within the earlybovine embryo. This projeantegratel the knowledge discussed

to do so.

1.9 The utility of embryonic stem cells and its potential in
cattle

The bhomedical and agricultural applications of pluripotent stasits are vast. To
dateES cellshave only been deriveédom mousg4] and more recently, in ré
2008[8]. The derivation of human ES cells has taken a differentipadrms of
researchand will only be reérred to here as a molecular model, as it is the one
that most closely resembles the bovirRog tauruy model [1]. Since the
discovery of ES cells in the mouse species in 1@8lour understanding of the
mouse genome and its functioning has increased at an unpreceden{d®3ate

and this is currently in progress with the rat genome. However, the progression
from mouse to rat was slow, and there have even t#ggculties in developing

ES cells for alternative mouse strains. Regardless, many research teams quickly
began attempting to develop these cells in a variety of agricultural species such as
goat[104], horsg 109, pig[106108, sheed107], and cattld96].

The reason for this interest is because the stem cell can be used as a scientific tool.

For exampleits use in the development of genetically modified mouse [ih@§.

The first step of which is to isolate a clonal population of ES cells which contain
19
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the desired mutation. The desired ntigta is introduced by transfecting the cells
with a DNA vector sequence. The cell population is then enriched via antibiotic
selection, as the cells are also transfected with an antibiotic resistant gene. These
cells are then used to generate chimerastwhre whole animals comprised of

two different sets of genomes, via the atjen of the ES cell into a
pre-implantation embryo. The embryo is then transferred into a foster mouse and
is carried to full term. The ES cell then incorporates into the adintadnif by
chance it produces the population of gametes, then the next generation wil
contain the desired genotyp&/hen these are mated with one another they
produce a breeding line of mouse which contains the desired genetic
modi fications. This i s t hHenot e edhdnniogeucer
Aknaokvno | i nes, addédgemevedaor dpemegulated svithin

the system. This allows understanding of the famctof the gene within the
organism[103. The ability for the ES cell to be capable of forming a chimera is
oneof the criteria of the naive pluripotent stem cell. There have been no such ES

cells identified in the bovine specig.

The lack of bovine stem cellg|as become a barrier against our enstanding of

the bovine genome ars exacerba&td by the fact that the bovine generation time
(approximately 46 yearqg109) is much longer than that of a mouse (eight to nine
weeks [11()). Therefore the development of transgenic animals in bovine,
although achievable, is incretijbchallenging, costly and tirseonsuming to
understand the fction of just one gene. Once bovine stem cellsdaréved, the

use of these cells as tools will allow the analysis of genes, which will rapidly
increase our knowledge of how the bovine genome functions. This will give
relevance and understanding to the algping that dairy and beef farmers are
already conducting on their herds. In addition, this will culminate in gene
targeting as it will be applied to enhance the genetic quality of New Zésland
national hed. Ultimately it will increase the productivitpf New Zealan&
largest industry, the dairy industry. This is the goal of the reproductive
technologies team at AgReseh;to identify and isolate naive pluripotent stem
cell in the bovine species. This is just one of the many applications for bovine ES

cells, more of which will be discussed in sectiohQ

20
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1.10Research rationale and objectives

The research conducteid accordance with this thesis svan incremental step
towards the derivation of naive pluripotent stem cells in boviieere are a
number of applications for these cells once they have finally been harvested
suwccessfully. The bovine systeshows higher similarity to the human systermtha
the mousd1] and therefore understanding of the bovine system can give insight
into how these mechanisms are evolutionarily conserved and ultimately
comprehension into the human systgthin which many research expeemts

are unethical.

Because the stem cell can be used to engineer the genome of the bovine, giving
rise to genetically modified animals in just one generation, there will also be many
applications available with the use of genetic modificafitjn One opportunity

for bovine would be the idea that they could be used as bioreactors to produce
biopharmaceutical proteind]. The stem cell population could be modified to
overexpress a specific gene, producing a desiredipriotéarge quantities. This
protein could be harvested in their milk and therefore be produced in bulk without
harming the animals in any waimilar projects to this have already been
conducted, such as the recent stwdych produced Daisya cow thafproduces

mi |l k that does not c olactogiobutin[1ilh €his coowmmo n
contains a RNAIi knockdown which dowrr e g u | -lactoglabulirf) aprotein

that is a major contributdd 17 to the2% d the populations itk allergies[113.
Without the availability of bovia stem cells this project took spears. With the
availability of stem cells many stegsich as creating a stable cell line and NT

cloningcan be avoided arttie desired cow can be produced much faster.

Another possibility is the use of these animals for human disease modelling, as
there are many shartbmings forrodens in this function. Thenuch larger size of
bovine beter resembles the human body and rficdiions to its genome can
produce a more similar disease model than is achievable by the mouse, giving us a
better picture of how the disease functiphls Also with slight modifications to
specific genes within the bovine surrounding its immune system, there is the

possibility of xenotransplatation, which is where bovine could be used as organ
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donors for humans as long as they have been altered to become
immunocompatiblg 1]. They will also make the production éknock-outd and
fiknockino animals much quicker to produdey allowing germline chimera
formation which will result inthe understanding of the function of a gene in the
bovine systm to be uncovered in a much shorter timeframe. This will culminate
in a rapid increase in knowledge of the functioning of the bovine system, which

will mean that genotyping results of elite animals will be better understood.

Most importantly from an agwultural perspective, the isolation of boviE& cells

will improve the way animals are selected for breeding. The conventional
technique was to phenotype the progeny of an aniia]. This would t&e six
years for the course of twgeneratiosin bovine, ultimately delaying genetic gain.
With improvements in DNA sequencing, the genatgpiof offspring is now
possible, altough still relatively newit will allow the selection of embryos that
have high genetic quality during the IVF procedutmriening theselectiontime

to just one week. Sinc vitro procedure [VP) has a low chance that each
embryo will survive until calving, the use of ES cells will be of great benefit. If an
embryo is identified to have desirable genetics, it could beesimd for ES cell
culture. ES cells are able to generateltiple embryoswith the desirable DNA
through chimera generatiomhis will rapidly increase the speed of genetic gain in
the bovine species aras the potentiab increase milk yield, decreasksease,
increase meat quality and decrease enwmemtal impacts of farming, owedt

increasing productivity for the dairy industry

The overexpression oNANOG was hypothesised to have an effect on related
pluripotency factors as it haghown thisin a number of other models such as
mouse, pig and humafpl833115. Understading the effects ofNANOG
overxpression in the bovine ggm wa the first objective for this researcho
investigate thiseight pluripotencyrelated genes wergtudied A series of genes
that collaborate to produce pluripotenegreinvestigatedalong withmarkers of
thehypoblast This was to see if there is decreasén the size of thehypoblastas

opposed to the epiblast which is identifiedNdNOGexpression31].
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One interesting NANOG target is itself. NANOG can bind to its own promotor
and either stimulate or supressxpression [20]. Therefore, analysis of
endogenously expressBtANOGversus ectopidNANOGwascondicted. Also an
investigation into the core pluripotency network, OGIMl SOX2 wagerformed

to see if overexpression BANOGstimulatel this network.One of the iPell
factors was alsevaluated Krupplelike factor 4(KLF4). KIf4 binds directly to

the promotor region of Nandd 16 and is one of the four factors required in the
dedifferentiation of cells used in iPS cell generation. It was theorised that the
increase iIMNNANOGexpression would increase the expressioKIdf4. FGF4 is
another gene of interesh recent 2i studies ibovine, bothNANOGand FGF4
were upregulated when embryos were cultured in 2i meddd. The link
between NANDG and FGF4 is intimate and it saexpected that the
overexpression dlANOGwould result in the ugregulation ofFGFA4.

Consistently in mouse, Nanog has been shovwsupoess hypoblast markdfl].
The hypoblast can be identified IBRY (Sex Determining Region Ygox 17
(Sox17) and plateletderived growth factor receptor, alpha polypeptiBegfrl)
[117-119. Sox17is a marker for differentiation and directly intewetith the
pluripotency networlas overexpression &ox17directs cells into differentiation.
[117). It was previously found th&OX17was significantly dowsregulated with
the use of the 2i treatmeint boving which also resulted in an apgulation of
NANOG [37]. This is likely because Nanog and Sox17 compktethe same
binding locations[117. P D GR FRsUalso a marker for the hypoblast and is
essential for the proliferation of the hojpast lineage[11§. This was also
downregulated during 2i treatment in bovir{87]. Suppressor of cytokine
signalling 3 Gocs3 is alsoa differentiation marker that negatively regulates the
LIF pathway[12(. It is downregulated by Nanog drresults in an enhanced LIF
signal transduction. Therefore, with theverexpressionof NANOG it was

expected to result ia decrease iBOCS3ZExpression.

It was also theorised the inactation and reactivation of the -2hromosome
would occur in all mammalian females. Investigation of bovine ES cells aad th

analysis of their Xchromosomegeactivationmay illuminate a time point in
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which ES cells may be targeted for collectian bovine Based on research
conducted in the mouse model, showh@ n orgléis downregulatingXist, it
was hypothesised thatverexpressiom NANOGvia the Teton 3G system would
cause a dowsnegulation inXIST levels. It wa theorised that this auld result in
either an inceased duration of the doubleckromosome active sigl andoér it
would more completely remove th&IST clouds surrounding the inactive
X-chronosome Investigation of the effects of increas@édANOG on XIST

expression waithe second objective of this research.
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Chapter2: Mat eri als and Met hods

2.1 Materials

2.1.1 Commercial kits
All reagentswithin the commercialkit were used as stated by tipeotocol

provided by the manufacturérablel gives information regarding suppliers.

Table 1: Kits used for experiments in accordance with the work coducted in this

thesis
Kit Method Source
E.Z.N.A® kit Gel elution(2.2.11.1.% E.Z.N.A OMEGA, bictek,
Thermo Fisher Scientific,
(USA)
RNAGEM ™ Tissue PLUS kit ~ RNAGEM Tissue Plus ZyGEM, #RTP0500(New
(2.2.11.1.% Zealand

2.1.2 Specific equipment and instruments
All equipment and instruments used for the purposes of this res@aituieZ).

Table 2: Equipment and instruments used for the purposes of this research.

Equipment Method Make and Manufacturer
AMG Evos microscope Preparation of cell&.2.9 AMG Evos,Advanced
microscopy groupMillenium

Science, (Australia)

Autoclave Sterilisation ofplastic and Tuttanaueautoclave
glasswardVarious) Tuttanauer(USA)

Bench centrifuge Molecular analysis (Various)  Mini spin, Eppendorf
(Germany)

Cell culture centrifuge Tissue culturgVarious) Biofage Primo Centrifuge,
Heraeus(Germany

Cell culture laminar flow Tissue culturg2.2.4 Hera guardHeraeus,
(Germany

Cell culture incubator Tissue culturg2.2.4 Series Il water jacketed GO

incubator,Therma Forma,
Thermo Scientific(USA)
Cell microscope Cell counting 2.2.4.9 Nikon TMS, Nikon (Japan)
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Counter

Deep freezer {80° C)

Electro cell manipulator

Electrophoresis power
supply

Electrophoresis unit

Embryology incubator

Embryology Laminar Flow

Embryology mini centrifuge

Embryology vortex

Enucleation pipette

Freezer (20° C)

Gel doc

Hand pipettes

Heating block

Haemocytometer

Ice machine

Cell counting 2.2.4.9

Sample storage

Cell Fusion(2.2.6.5.2

Gel electrophoresi®(2.13

Gel electrophoresi®(2.13

Embryo culture 2.2.6.9

Embryo generationZ%.2.9

Embryo Culture (Various)

Enucleation2.2.6.9

Enucleation2.2.6.9

Sample storage

Gel electrophoresi®(2.13)

Various

RNAGEM (2.2.7)

Cell counting 2.2.4.9

Molecular analysis (Various)
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BSI ISO9001, Up Green
Counters, (Taiwan)

Forma 900 serieg;hermo
Fisher Scientific Inc(USA)
BTX ECM 20Q
Biotechnologies and
Experimental Research Inc,
(CA, USA)

Power station 300, Labnet
international Inc, (NJ, USA)
SubCell ® GT, BIORAD,
(CA,USA)

Contherm biocell 1000
incubator,38° C, Contherm,
(New Zealand)

Model CF 43/40, Gelman
Sciences, (Australia)
Spectrafuge mini C1301,
Labnet International INC., NJ
(USA)

SM1 minishaker IKA ®,
(Germany)

24 um diameter, blunt cut
open endHouse made
Chest freezer, Fisher and
Paykel (New Zealand)

Gel doc 2000, BIORAD
(USA)

1 mL, 200 |L, 20 |, 10 |,
2uL, Eppendorf (Germany),
Gilson (Switzerland)
Accubl ockE Di
Bath, Labnet International
Inc, (NJ, USA)

Burker Counting Chamber,
Neubauer, Weber, (UK)
Hoshizaki Cube Star FM
120D, Hoshizaki, (Japan)
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Liquid nitrogen tank
LightCycler

LightCycler carousel
centrifuge
Micromanipulation
microscope

Microwave oven

Milli -Q water production
unit

Mr Frosty

NanoDrop
spectrophotometer
Olympus fluorescent
microscope

PCR machine

Scale

Separation needle

Suction system for cells

Vacuum

Vortex

Water bath

Sample storage

mRNA gPCR 2.2.1)

mRNA gPCR 2.2.1])

Enucleation2.2.6.9

Gel electrophoresi®(2.13

Various

Freezing cells.2.4.3

Gel elution 2.2.11.1.%

Photography of

immunocytochemistry (Section
2.2.14.)
End point PCRZ.2.12

Gel electrophoresi®(2.13

Enucleation2.2.6.9

Cell culture 2.2.49

Sourcing oocytes2(2.6.9

RNAGEM (2.2.7)

Cell culture 2.2.9
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ChartMVE Biological
systems (USA)

LightCycler 2.0, Roche,
(Germany)

LC Carousel Centrifuge 2.0,
Roche, (Germany)
MO-188, Nikon Narishige,
(Japan)

Thetime saver MX145,
Samsung, (China)

Purelab Ultra Elga Reservoir
75 L, Milipore H2G
production unit Mili-Q plus,
Bio Lab, (USA)

Cryo I° C Freezing container
Nalgen, Thermo Scientific,
(USA)

Nanodrop 1000, Thermo
Scientific (USA)

Olympus BX50, Olympus
(Japan)

Master cycler gadient,
Eppendorf, (Germany)
Mettler AT250, Mettler
Toledo International Inc,
(Switzerland)

100150 pm diameter, blunt
closed ended;louse made
Air Cadet, Thermo Scientific,
(USA)

IVF Ultra Quiet VMAR-
5100, Cook veterinary
products, (Switzerland)
Grantbio, Biolab, Thermo
Scientific, (USA)

GD1@0, Grant, Global

Sciences, (New Zealand)
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2.1.3 Plasticand glassware

All plasticware wagpurchased clean and sterilll glassware was autoclaved at

1271° C for 1520 minutestime at highpressureA detailed list of all platic and

glassware used can be seefiable3.

Table 3: Detailed list of plasic and glassware used for the purposes of this research.

Item

15 mL Conical tube

18 gauge needle

96 well Conical plate

Circular coverslips

Cryovials

Filter paper

Gilmont ® Micrometer

syringe

Gridded dish

LightCycler Capillaries

Microcentrifuge tube

Modular incubation

chamber

Mouth pipette

Parafilm

Method

Various

Sourcing oocytes2(2.6.9

Immunocytochemistry
(2.2.19

Immunocytochemistry2.2.19

Freezing cellsZ.2.4.3

Immunocytochemistry2.2.14

Enucleation2.2.6.9

Sourcing oocytes2(2.6.9

mMRNA gPCR 2.2.1)

Various

Embryo culture?2.2.6.9

Embryo culture2.2.6.9

Immunocytochemistry2.2.14
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Make and Manufacturer

15 mL Conical tube, Corning
E Cent r(USAY ar
BD PrecisionGl
Sigma Aldrich (Switzerland)
TC Microwell 96U W/WD
NUNCLON D, Thermo

Scientific, (Denmark)

10 mm Coverglass No. 1, Pro
Sci Tech, (Australia)
Cryotube E Vi,
Scientific, (Denmark)

150 mm diameter filter paper,
Whatman Internation Ltd,
(UK)

0.2 mLGilmont, ColeParmer
Instruments, (IL USA)

House made, Petri dish with &
etched in 1 cm grid
LightCyclerCapillaries
Roche, (Germany)

0.6 mL, 1.5 mL Graduated
microcentrifuge with flat top
cap, Quality Scientific
Plastics, (USA)

Modular incubation chamber
QNA International Pty Ltd.,
Australia

House made, Tubing with
mouth piece, filter and puller
Pasteur pipette

Parafilm, Bemis flexible
packaging, (WI, USA)



Chapter 2: Materialsral Methods

Pasteur pipettes Various Disposable glass Pasteur
pipettes D810, Poulten & Gra
(UK)

PCR tube End point PCRZ.2.19 200 (L Snapstrip Il PCR
tubes, Scientific Specialties
Inc, (USA)

Petri dish Embryo culture 2.2.69 3.cm, 6 cm, 9 cm Easy grip
Petri dish, Falcon, (NY,USA)

Thermos Sourcing oocytes(2.6.2 Nippon, (Japan)

Tissue culture dish Cell culture .2.9 3.cm, 6 cm, 9 cm, Easy grip

Tissue culture dish, Falcon
(NY, USA)
Vacucap filter unit Solutionpreparation Vacucap® FiltetUnit w/0.2
pm Supor® Merbrane, Pall
Corporation,(New Zealand)
Volumetric flask Various Various, Schott Duran,

(Germany)

2.1.4 Computer software and outsourcedservices
A series of computer software was used for the purposes ofebemrch;a
detailed list can be seen Trable4. This table also containsutsourced services

such as primer synthesis.

Table 4: Computer software and outsourcedservices.

Software Method Manufacturer
Excel Graph formation and Microsoft, (USA)
statistical analysis
Geneious Bioinformatics 2.2.9 Biomatters Ltgd (New
Zealand)
ImagelJ Photography of National Institute of Health,
immunocytochemistry (USA)
samples?.2.14.)
LightCycler software gPCR @.2.1) 4.1.1.21LightCycler, Roche
(Germany)
NanoDrop software Gel elution 2.2.11.1.% NanogDop 1000 3.8.1,
ThermoScientific(USA)
Nucleotide search Primer designZ.2.9 NCBI, (USA)
Pick primers Primer designZ.2.9 NCBI, (USA)
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Primer synthesis Primer designZ.2.9 Integrated DNA technologies
IDT, (USA)
Quantity one software Gel electrophoresi(2.13 Quantity one 4.4.0, BIORAD
(USA)
Spot Basic Software Photography of Spot imaging solutions
immunocytochemistry (USA)
samplesZ.2.14.9)
Spot RT3 camera Photography of Spot imaging solutions
immunocytochemistry (USA)

samplesZ.2.14.)

2.1.5 Reagents andnedia for tissue culture
All solutions(Table5) were prepared using Mi#Q water sourced from thdilli -
Q water production unitSolutions containing nesterile components were
filtered usirg Vacucap filter unitsSo | ut i o rossemmaidteld fve r e

within AgResearch facilities.

Table 5: Reagents used for tissue culture

Common Name Make and Manufacturer Composition

1x PBS House made Phosphate buffered saline

Cell culture media DMEM/F12+GlutaMAX | 2.438 g/L Sodium Bicarbonate
1x,GIBCO, Life Sodium Pyruvate
Technologies(USA)

Cryoprotectant House made 80% FCS, 20%MSO

DMSO Sigma Aldrich, (Switzerland) Dimethyl sulfoxide

Doxycycline Sigma Aldrich (Switzerlangd  Stock with 2 mghL

Fetal bovine serum (FBS) Moregate, (Australia) -

Fetal calf serum (FCS) GIBCO, Life Technologies,
(USA)

Gelatin Sigman Aldrich 0.1% in dsMilliQ
(Switzerland

Hygromycin Hygromycin B #1068-010, Maintenance leveROOmg/mL
Life Technologies, (USA)

Low serum media House made 0.5% FCS, 99.5% cell cultur

media
TrypLE TrypLE Express, GIBCO -

Life Technologies(Denmar}
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2.1.6 Reagents fornuclear transfer and embryo culture

A list of reagents used for nuclear transfer can be fourithile 6. All reagents

with the make ad manufacturer stated #louse made were preparedwithin

AgResearch facilities.

Table 6: List of reagents used for nuclear tansfer and embryo culture.

Common name

Aspiration media

B199

Bovine Serum Albumin
(BSA)
D-MAP

ESOF (Early synthetic

oviduct fluid)

ESOFiCa + 10% FCS
H199

H199 + 3 mg/mL BSA
H199 + 0.5% FCS
H199 + 10% FCS
HSOF (Hepes buffered
synthetic oviduct fluid)

HSOF -Ca + 10% FCS

Make and
manufacturer

House made

House made

Sigma Aldrich,
(Switzerland)

House made

House made

House made
House made

House made
House made
House made

House made

House made
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Composition

H199 medium + 925 IU/mHeparin, CP
PharmaceuticalsUK) + 2% (w/v) foetal calf
serum, Life Technologies, (USA)
Bicarbonatebufferedmedium M199 with 25
mM NaHCG;, 0.2 niM Pyruvate and 0.086

mM Kanamycin monosulfate

6-dimethylaminopurine, Sigma Aldrich
(Switzerland),74.62 mg/mL in DMSO

107.7 mM NacCl, 7.15 mM KCI, 0.30 mM
KH2PO4, 25 mM NaHCO3, 0.33mM
C3H303Na, 1.71 mM CaCl2:2H20, 0.15 ml
C6H1206, 3.32 mM C3H503Na, 0.04 mM
C18H36N4011H2S04, and 0.081 g/L Non
Essential Amino Aid, 1 mM GlutaMax, and
8 mg/mLBSA.

Hepesbuffered M119 with 15mM Hepes, 5
mM NaHCG;, and 0.086 mM kanamycin
monosulfate

H199 + 3 mg/mL BSA

H199 + 0.5% FCS

H199 + 10% FCS

107.7 mM NacCl, 7.15 mM KCI0.3 mM
KH,PO, 5 mM NaHCQ, 3.32 mM sodium
lactate, 0.069 mM kanamycin monosulfate,
20 mM Hepes, 0.33 mM pyruvate, 1.71 mM
CaCl.2H,0, 3 mg/mL fattyacidfree bovine

albumin
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Hyaluronidase

Hypoosmolar fusion
buffer

lonomycin

IVM media

Lectin

LSOF (Late synthetic
oviduct fluid)

Pronase

M199

Mineral oil

House made

House made

House made

House made

House made

House made

House made

House made

Sigma Aldrich,
(Switzerland)

Hyaluronidase, Sigma Aldrich (Switzerland)
0.1% in H199-BSA.

165 mM mannitol, 50 uM Cagl100 uM
MgCl,, 500 uM Hepes, 0.05% bovine
albumin [ABIVP, ICP], pH 7.3

lonomycin Ca salt, Sigma Aldrich,
(Switzerland), 1 mg in 268 pL DMSO

B199 with 10 |g/mL ovine follicle
stimulating hormone, Ovagen; Immuno
Chemical Products, (New Zealand)d/mL
ovine lutenizing hormone, 1gimL 17-b-
estradiol, 0.1 mM cysteamine
Phytchaemagglutinin PHA?, Sigma Aldrich
(Switzerland), 2 mg/mL in H199 + 3 mg/mL
BSA

107.7 mM NacCl, 3.99 mM KCI1.20 mM
KH2PO4, 25 mM NaHCO3, 0.33 mM
C3H303Na, 1.71 mM CaCl2:2H20, 0.49 ml
MgCl2:6H20, 3.32 mM C3H503Na, 0.04
mM C18H36N4011H2S04, 1.5 mM
C6H1206, 1 mM DNP (2 4-dinitrophenol)
and 0.081 g/L Non Essential Amino Acid, 1
mM GlutaMax, 0.22 g/L BMEssentl

Amino Acid and 8 mg/mLBSA.
ProteasgSigma Aldrich, (Switzerland), 0.5%
in HSOF + Ca + Mg + 1 mg/mL PVA
Medium 199 with - glutamineEar | e 6
Life Technologies, (USA)

Sterilefiltered, BioXtra

2.1.7 Reagents for molecular biology

A comprehensive list of reagts used for molecular biologzan be found in

Table?.
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Table 7: List of reagents used for all molecular biology protocols.

Reagent
1 Kb ladder

5 x RT-buffer

dNTP

Loading dye

Lysis Buffer

MgCl

Proteinase K

Random Hexamer primers

RNAse out

Superscript 111

SYBR safe

Takara

Method
Gel electrophoresi(2.13

cDNA synthesis 2.2.7.9

cDNA synthesisZ.2.7.9

Gel electrophoresi(2.13

DNA extraction 2.2.9

cDNA synthesisZ.2.7.3

DNA extraction 2.2.9

cDNA synthesisZ.2.7.9

cDNA synthesisZ.2.7.9

cDNA synthesisZ.2.7.9

Gel electrophoresi(2.13

gPCR .2.1)
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Manufacturer

1 Kb Plus DNA ladder,
Invitrogen, Life Technologies,
(USA)

5 x First Strand buffer,
Invitrogen, Life Technologies,
(USA)

10 mM diluted from 100 mM
dNTP Set, Invitrogen, Life
Technologies (USA)

House made, 15 mB0 %
glycerol in H0, 35 mLH,0 +
0.5 g 1% Orange dye, Sigma
(Switzerland)

Tris pH8 100 mM, EDTA 1
mM, Tween20 0.5% (v/v),
TX-100 0.5% (v/v), House
made

25 mM stock solution, Roch
diagnostics, (Germany)
Proteinase K, Sigma Aldrich,
(Switzerland)

5 nmoles, Applied
Biosystems, Roche (Germany
RNAse OUT E R
Ribonucleas Inhibitor 5,000
U, Invitrogen, Life
Technologies, (USA)
Superscript @Il, Reverse
Transcriptase, Invitrogen, Life
Technologies, (USA)
SYBR® Safe DNA Gel stain,
Life Technologies, (USA)
SYBR Prenix Taqg Il (Tli
RNAse H Plus), Norrie

Biotech, (New Zealand)
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2.1.8 Reagents used in immunocytochemistry
Reagents used for the immunocytochemistry protocol are listd@éhbie 8. All
reagents with the make and manufacturer st

within AgResearch facilities.

Table 8: Table of reagents used in immunocytochemistry

Reagent Details Make and Manufacturer

Donkey Serum 5% work concentration in Sigma Aldrich,(Switzerland
PBS

Goat Serum 5% work concentration in Life Technologies, (USA)
PBS

Hoechst stain (H33342) 5 pug/mL working SigmaAldrich, (Switzerland)

concentrationBis-Benzimide
in 1 mg/mLMili -Q water
Mounting media = ProLong Gold Antifade or
ProLong Diamond Antifade

(Dependent on availability),

Life Technologies(USA)

NH,CI 50 mM Sigma Aldrich, (Switzerland)
Paraformaldehyde (PFA) 4% depolymerisedqw/v) Sigma Aldrich (Switzerland)

PFA, 4% (w/v) sucrose, 1 M

NaOHin PBS with phenol

red indicator
PBSPVA 5% 1 mg/mL PVA in PBS House made
Triton X -100 - Sigma Aldrich, (Switzerland)
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2.1.9 Primary and secondary antibodies used in
immunofluorescence

Primary and secondary antibodies used in immunocytochemistry are listed in
Table9.

Table 9: Details of primary and secondary antibodies used for

immunocytochemistry.

Antibody Dilution Cloniality Species Manufacturer

Primary

H3K »ymes 1:10,000 Polyclonal Rabbit Millipore
#NM_003493

NANOG 1:100 Monoclonal Mouse eBiosciencegUSA)
#145768

SOX2 1:30 Polyclonal Goat R & D Systems
(USA) #AF2018

Secondary

Donkey anti 1:1000 - - Invitrogen (USA)

Mouse Alexa #A21202

Fluor® 488

(Green)

Donkey anti 1:1000 - - Invitrogen (USA)

Goat Alexa #A11057

Fluor® 568

(Red)

Donkey anti 1:1000 - - Invitrogen (USA)

Rabbit Alexa #A21206

Fluor® 488

(Green)
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2.1.10Frequently used reagents
Commonly used reagents used throughout the range of protocols can be found in
Table10. Al | reagents with the make and manuf ac

were prepared within AgResearch facilities.

Table 10: List of commonly used reagents.

Reagent Details Manufacturer
50 x TAE buffer 241.2 g 2M Tris, 15.01 mL 250 House made
mM Glacial acetic acid, 18.61 g 5
mM EDTA
DEPC 0.1% (v/v)diethyl procarbonate in House made

Milli -Q water.Mixed overnight

and autoclaved

dH,0 - Distilled water, Nalgene
Ethanol 70% diluted in DEPC Fisher Chemicals,

Milli -Q water 18. 2 Mq From Milli -Q reservoir
PBS 8.4 mM disodium hydrogen House made

orthophosphate-Bydrate,1.9 mM
sodium dihydrogen
orthophosphate-hydrate, and 150
mM sodium chloride in MGH20
TAE buffer 1 x TAE diluted from 50 x stock House made
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2.1.11Primers
A series of primers was used for both gPCR and PCR analysis of samples. The

sequence and additional information about these primers can be Jedxbeihl.

Table 11: List of primer s describes sequences, melting peak and amplicon size.

Sequen&) (506 gPCR Amplicon
Melting size (bp)
peak (°C)

18S F:GACTCATTGGCCCTGTAATTGGAATGAGTC 80 87
R: GCTGCTGGCACCAGACTTG

DDX3Y F: GGACGTGTAGGAAACCTTGG 81 225
R: GCCAGAACTGCTACTTTGTCG

Ectopic F: CACGGGGACGTGGTTTTCCTTT 88 166

NANOG R: CTGCAGGGACACGTAGGATTCCTC

Endogenous F: TCACACCCGGAGATCTTCAC 84 274

NANOG R: TCCATGGAGGAGGGAAGAGG

FGF4 F: TACGGCTCGCCTTTCTTCAC 89 131
R: TTCTTGGCCTTGCCGTTCTT

GAPDH F: GGCGTGAACCACGAGAAGTATAA 84 118
R: CCCTCCACGATGCCAAAGT

KLF4 F: TCCCACCGCTCCATTAC 88 158
R: ATGAGAACTCTTCGTGTAGG

OCT4 F: GGTTCTCTTTGGAAAGGTGTTC 89 333
R: TGGCGACGGTTGCAAAACCA

PDGF RU F; CCCCGACGTGGAAATCAGAA 88 179
R: CATCTGGGTCTGGCACGTAG

SOCS3 F: CCAGCCTGCGCCTCAAGACC 91 185
R: AAAGTGGCGCTGGTCCGAGC

SOX2 F: CTATGACCAGCTCGCAGA 90 152
R: GGAAGAAGAGGTAACCACG

SOX17 F: ATGCTGGGCAAGTCGTGG 93 147
R: CTTTAGCCGCTTCACCTGCTT

USP9Y F: GCCAGATGACCAAGAAGCCCCA - 285
R: GGACTGTAAGGCCTAATAGCCTGGT

XIST F: AGCATTGCTTAGCATGGCTC 85 466
R: TGGCTGTGACCGATTCTACC

ZRSR2Y F: GTCAGTTGCAACCTGGAACC - 158
R: GCCATATTCCATTGGGTCAC
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2.1.12Cell line details
All cell lines used for the purmes of this project were bovinehdir nams and

cell type details can be seenTiable12.

Table 12 Details of all bovinecell lines used for the purposes of this research.

Cell line Cell line full name Cell type Source
common
name
EFC1B Elizabeth Follicular Cells Follicular isolated from adul AgResearch
Line 1B ovary [127]
EOG EF5_EF 1 UGFBCT Foetal fibroblasts isolated fror AgResearch
day 45 embryo [127

EOG_TET EF5_ EF1U_OCT Foetal fibroblasts isolated fror AgResearch
GFP_TET3G_TRE3G day 45 embryo
EOG TET. EF5_EF1U_ OCT Foetal fibroblasts isolated fror AgResearch

NANOG GFP_TET3G_TRE3G_NA day 45 embryo
NOG
LFC2 Lady Follicular Cell, line 2 Follicular isolated from adult AgResearch
ovary [123
LJ801 LimousineJersey801 Skin fibroblastisolated byear AgResearch
biopsy [124
SNAZY SNAZY Skin fibroblastisolated byear AgResearch
biopsy [124]
2.2 Methods

2.2.1 Ethics statement
All research was exempt from animal ethics approval as the research conducted
was on early stage embryo or vitro culture of cell lines. No approval was
required from the University of Waikato animal ethics committee or AgResearch
animal ethis committee This project hagnvironmental protection agendyRA)
approval under thdazardous substances and new organist®NQ) act. The
EPA approval number for this project is GMO05/ARR003.

2.2.2 Cell culture
Cell culture isthe removal of cells from therganism as a whole and growing of
these cellsin vitro under controlled conditiongl25. The bovine fibroblast cell

line used for the purposes of thesearch thesiwas namedOG_TET_NANOG
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This cell line was deriveavithin AgResearch, New ZealandThe history of the
cdl line is described in sectiah2.3

2.2.3 Background information about the cell line
The EOG_TET_NANOGcell line was prepared prior to the work conducted in
this thesis The bovine cell sanple was initially takernfrom the embryo of a
natural matingof a dairy cow with a high breeding index and a high genetic
quality sire. The elmryo was recovered at day 60 amcs originally called
EF5LG, describing that it was a bovine embryonic fibroblast derived from the

foetal lung.

This cell line was then trafeded with abovine OCT4- green fluorescent protein
(GFP promoterconstructand used for NT taletermine the expression of OCT
within the clonedbovine blastocysf127. A transfeted clone from this cell line
wasused for NTand a resultingmbryo was recovered at day 45. Theleeived
tissue fom this foetus was then used to devedopewfoetal fibroblastcell line
called EOG(Table9). The OCT4-GFP vector sequenced was silenced over this
period butis on occasion reactivateshpredictably.Therefore its GFP signal was
visualised and recorded during these NT experiments.

The EOG cell line wastransfected via Neoeglectroporation with the T&G
system by Clong¢ech. This contained the reverse tet transactiv@tta) which
drivesgene transcription by bimay to tetO in the presence obxjcycline. This

was a minimal pomote sequence which means it was less likely to be silenced.
This also had @EF1U promote which was linked to a Neomycin resistance
markerthat wa derived by a separate &Y promoter.The clones were then
selected with Neomycimand tested for inducility. The best clones were then
selected and expandethe cell line was then used for NT. A day 45 embryo was
recovered an@ new cell line was created. This was again tested for inducibility.
At this stage the cells were named EOG_TEable12). This cell line was often
used as a contréleatmenfor the EOG_TET_NANOG cell line as it was parental
and constitutively expressed the -Betivator butdid not contain NANOG

sequence.
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The cell linewas then transfecteagain with a vectorrom GeneArt. The vector
containedthe tetracycline responsiveleanent of the third generation (TRE3G)
This containeda mCherry reported proteinot indicate that thesector was on,
where the sequence wabeing transcribed The sequencesdso contained
codonoptimisedNANOG sequence whiclwvas optimised based on which codon
was most efficient at transcription and translation for tlzatiqular amino acid.
Thereforethere was a difference between the mRNA sequence of the vector and
the endogenously expressBANOG which allowedthem tobe distinguished.
The protein sequencwas the same for both ectopicalgnd endogenously
expressed NANOG The comparison between theodonoptimised and
endogenous Nanog nuctate sequences can be seerséction3.1 along with a
comparison of the corresponding protein sequendé® pTRE3GmMCheary
vector also contains an internal ribosomal entry site (IRES), which allows the
mCherryNANOG mRNA hybrid sequence to be translated, but then are
transcribed separately to form separate protéimgire7). A plasmid map for this
sequence can be seenFigure8. The cells were also simultaneously transfected
with a Hygomycin resistant vector and were selected based on mCherry
expression and Hygmycinresistance by SV40 promotor.

@‘)

G
~/
A
3

1121486_pTRE3GMCherryNANOG_pTRE3G-mCherry_H105

5,618 bp

%,
2

3
0’:\

Figure 8 Plasmid map for pTRE3G-mCherry vector. The locationfor IRES,
ampicillin (AmpR), SV40 promotorand fusedetracycline responsive elememCherry

reporter proteilfNANOGgene are depicted in the 5618 bp vector.
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The line was then again rejuvenated via NT. Only those embryos with mCherry
expressiomat day 7were selected for embryonic transfer. A day 45 embvgs

then recovered and the cells were harvested. Doxycycline was added to the cells
and it was found that around 33% of them were positive for mCherry
(Unpublished data)At this point a number of NT runs were conducted and qPCR
analysis of embryos was used to analy#eNOGexpressionThe results for these

NT runs can be seen in results sect8od A diagram of the work conducted up

until this point can be seen kigure9. This cell line was then given the common
nameEOG_TET_NANOG(Tablel?2).

-D45 slaughter recovery

(P. Pfeffer) -Cell line derivation (Hematech SOP)

1.Rejuvenateby _—
NT cloning

pEF1a-Tet3G pTRE3G-mChermry

R .. Yronso M ... EETNE = - (O)
! = =

- O ) S
EF5_OCT4-GFP EF5_OCT4_GFP_ EF5_OCT4_GFP_

2. Rejuvenate by EFla Tet3G 3. Rejuvenate by EFla Tet3G 4. Rejuvenate by
NT clonin, - NT clonin| - ~ NT clonin
€ € Tre3G_Nanog €

- Freeze + expand cell line

PTRE:}G |

Figure 9: History of EOG_TET_NANOG cell line. Details of parental cell lineBable
12. Contains image of day 45 embryo and each step of the derivation of the
EOG_TET_NANOG cell lineDiagram fromBj rn Oback (unpublished).

After the® initial NT runs it was concludedhat tre cell line did notcontaina
high enough concentration aiCherrypositive cells. It was then sortédr the
mCherrysignal by afluorescencectivated cell sorterFHACS) at University of
Auckland, New Zealand'he percentage of cells expressing mCheftgr @orting
was 98% (Unpublished data)The cells were then expanded and frozen down to

be analysed vianmunocytochemistrylCC) and gPCR foNANOGexpression.

2.2.4 Routine cell culture protocols
All mammaliancell culture work was conducted with in the cell culture laminar
flow using aseptic techniqu€ells weregrownin the cell culturencubator which

was kept at 385C, with a gas composition of 5% GO
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2.2.4.1Thawing cells

Cryovial tubes containing frozerelts were stored ira liquid Nitrogen storage
tank in orderto preserve them for future use, as they are able to recover from
cryopreservation and continue to proliferato thaw these cellsquid Nitrogen

was parred into a polystyrene box ancceyovial wasquickly removed fronthe
storagetank with forceps and placed into the liquid nitrogdihe cryovial was
thenincubated in &88° C waterbathin order br the cells to thawThe thawed
cells were addedota 15 mLconical tubecontaining prevarmed cell culture
media The tube was then centrifuged using the cell culture centrifuge for 3
minutes at 1000 rpm at room temperature (RT) to pellet the Thkssupernatant
was then aspirated usingPasteumpipette attached to a suart system.The cells
were then resuspended in prerarmed cell culture media, where they were well
mixed and then transferred into a tissue culture dish. The dishes were labelled
with the cell line name, date of thawing, the number of cells plated lend t
passage number.

2.2.4.2Passaging cells

Each passage number reflesthen cells have wigrown the dish they were
cultured in and haveeen transferreihto a new dish, giving them more spacel
fresh nutrientsto continue proliferation.Before passaging, cellsould be
visualised based on morphology to observe any potential changes as a result of
induction or culture conditiongirstly, the cell culture media waaspirated off
the dish. The cells werdien washeavith prewarmed38° C 1x PBS The PBS
was aspiated and wan trypLE was added to the disiithe dish was then
incubated for & minutes in the cell culture incubator, whidislodgedthe cells
from the surface of the dislharge clumps of cellsvere disrupted by gently
pipetting the cells up and downh& media containing theellswastransferredo
a centrifuge tube containing prearmed media. The tube was centrifuged fé&r 3
minutes at 1000 rprat RT. The supernatant wasgirated and the cell pelletas
loosened by lightly tapping the tube on thedde The pellet was then diluted in
the required volumefanedia and transferred intoreew tissueculture dish. Tie
culture dish size requirements for seeding density and media volume can be seen
in Table 13. The cells were then incubated at °3& until the cells reach a
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confluency of 7600%, at whichtime they must be passaged againfrozen for

future use

Table 13: Seeding density and media requirements for each size of tissue culture
dish.

Dish size Seeding density Volume of media Volume of
(cells) (mL) trypLE (mL)

4 well plate 50,000 0.8 0.2

35 mm dish 200,000 2 0.5

60 mm dish 500,000 5 1

90 mm dish 1,000,000 10 2

2.2.4.3Freezing cells

Sincethese cells are not immortand require time and seurces to continue
growth, it wa often necessary to freeze the cells, until they ardedeagain.
Cells wee frozen when they reaeti 70-90% confluency as this wawhen tle
cells wee at a log phase. Therefotbey couldrecower quickly after thawing and
begin proliferationagain The cells were lifted off the tissue culture plate with
warm trypLE. They were then suspended irweemed media and centrifuged at
1000 pm for 3 minutes. A ctyoprotectant solution was prepared immediately
prior to use.The media the cells were frozen in was comprised of 50%
Cryoprotectant and 50% cell loure media. Once the cells had formed a pellet
they wee then resuspended in cell duire media. The yoprotectant was then
added slowly and the entirelstton was mixed to produce hamgeneity across
the sampleThe cryovial was labelled with the cell line name, the date of freezing,
the passage number, t he tatsl The celle waret and
then placed into a Mr Frostyeezing containerwhich was then placed into-a

80° C freezer. The Mr Fasty controlledthe temperature decrease to one degree
per minute, which is the optimal rate of freezing to keep the cells viabier a

24 hour periodhe cellsweretransferred into a liquid nitrogen tafd future use
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2.2.4.4Cell counting

A haemocytometer was used to determine the cell cdueell count must be
conductedn a number of different steps aslls must be passaged @ensitiesas
stated inTable 13, sincethis is crucial to coimue healthy cell growthA 10 pL
volumeof media containing cellgaspipetted onto daemocytometeto fill the
counting areaUnder the cell microscope at X0objective the cells were counted

using al0- X cell counter on phase contrast.
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Figure 10: Haemocytometer diagram.A) An aerial view of the haemotymeter,
highlighting the counting area, the notch in which the cells are added and the coverslip. B)

An enlarged view of the counting area.

The cells in the grideumbered one to four, and the centre @Rjure 10) were

counted andhe numbers were entered ifEquationl.
Equation 1: Cell count formula
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The count was set up in duplicate as there were two grids dragmocytometer
andthe results were averaged totaih an accurate estimatiohe cell solution
couldthen be diluted to produce the appropriate seeding density.

2.2.5 Preparation of cells for ICC, RNA extraction and gPCR

analysis

Cells were thawed2(2.4.) and were passaged an appropriate seeding density
into a tissue culture dish containing sterile circular cover.slipsnduce the cells
doxycyclinewas added to the EOG_TET_NANG&Dox treatmenimmediately
after seeding the celit a quantity of JuL/mL. The cells werencubated for 48
hours which resulteth a confluency of approximately 80%shich is ideal for
ICC.

After 48 hoursthe cells were analysddr confluency and inductianThey were
initially visualised undethe AMG EVOS microscopeOnce the cells were 80%
confluentand the EOG_TET_NANOG Dox treatmentshowed a strong positive
mCherrysignal then the cells were collected for ICC &NMAGEM. For ICC the
coverdips wereremoved and placed into a new 3 afish in which the ICC
protocol was to be carried o@Bection2.2.14. Once they were removed the
remaining cells were lifted othe plate withTrypLE, they were the washed in
PBS. Acell count(Section2.2.4.4 was conducted as tHRNAGEM protocol
(Section2.2.7 can only process 500,000 cells at a timeth# cell count was
above 500,000 the excess cells were discarded. The remaining pellet was
re-suspended in 5AQL of RNAGEM solution.Once the cell line was validated for
the presence AIANOG expression, it could then be used as a donor cell line for

nuclear transfer cloning.

2.2.6 Embryo generation via ruclear transfer
The production of bovine nuclear transfer embryos was carried ouphiysical
containment level 2RC2 embryology laboratory at AgResearch Ltd, Ruakura
Hamilton All plates usd in thisprocedure for IVRvere made twdwours prior to
use, in the embryologyaminar flow and then were gassed in a humidified
incubator containing 5% CO2 at38. Plates used fon vitro culture (IVC) were
made 2 hours prior to use and were stored in humidiff®dular incubator

chamber at 38C with a gas composition of 7% 02, 88% N2 and 5% COZ2.
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Further information about the composition of media, solutionsager@s can be
found in sectior?.1.6 The information for each NT run was recorded on a on a
fusion record sheetAppendix 1), these wereollected alongsidenCherry and

GFPrecord sheetfAppendix2) and enbryo grading shee{@ppendix3).

2.2.6.1Cell cycle coordination

The process of NT has been provemtost successfully generate embryos with
cells that are in the phaseof the cell cyclg126. To synchronise into the G
phase, the cells must be serum starved. The cells washed three times in
38° C PBS to remove remaining serum from previous media. A low serum media
was then usedit 0.5% foetal calf serusind not replershedfor the remaining &

days prior to nuclear transfer. For the fibroblast cells used in thessigens, a

five day serum starvation wafficient to synchronise cells. For therdtion of
serum starvation the EOG_TET_NANOG +Dtmeatment had the doxycycline
replenished every 48 hours.

2.2.6.2Sourcing oocyteand follicular aspiration (Daf)

A population of oocytes pringdor NT hasbeen identifiedor follicular aspiration
[127]. This population consists of oocytes maturedimiaitro maturation until
they are in metaphase of meiosis These are aspirated frofollicles within a
size range defined ifrigure 11 [128. For the purposes of these experiments
bovine ovaries Figure 12) were retrieved from abattoirs in the Waikato region.
Upon removal from the offathese were placed into a thermos containing 0.9%
saline solution warmed to 2939.5°C. They were transp@tl to AgResearch and
aspiration was conducted no longer than 3 hours after collectioril8gyauge
needle under a 48 mrhlg vacuum was used to collect the follicular fluid
containing oocytes of the appropriately matured follicles as indicatéigume11.
The cumulug oogyte complexes (COCs) wee collected in a 15 mL centrifuge
flask containing 2 mL38° C aspiration media so they could be usediffovitro

maturation.
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Figure 11: Potential sizes for bovine follicles with red lines indicating follicles prime
for aspiration.

Figure 12 Bovine ovaries showing varkd sizes of follicles and variedstages of
follicular development.

2.2.6.3In vitro maturation(IVM) (Day-1)

The IVM step allows the oocytes to mature to a state in which they are ready for
enucleation TheCOCsformeda pellet at the bottoraf the 15 mL centrifuge tube
which was removed with Rasteu pipetteand was then expelled into a 9 pmtri

dish containing aspiration medidhe dish was searched using a gridded 9 cm
dish lid underneath for guidance. Oocytesraveelected based on appearance,
compact COCs homogeneous ooplasm and nonatratic cumulus
oophoruscorona [129. The selected COCsvere then washed through two
prewarmed 3 cm dishes of H199 and finally through a 3 crin dismtaining B199.
Using a 10 pL pipette 10 oocytes in 10 wlere taken up and placed into each of
the 40uL IVM media drops arranged in three rows of four overlaid with mineral

oil (Figure 13). These were then placed in ambryology incubator for 180
hours to allow them to mature.
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Figure 13: Standard culture dish layout. This layout wa used for any muktulture
period, drop size may vary from 3@ L depending on culture requirements. Mineral olil
overlays the culture drogs retain the heat and gas composition within the dish during

the time in which the dish is worked on outside the incubator.

After maturation the cumulus corona were dispetrisg the embryology vortex
Up to 180 COCs were placed into a 1.5 mmicrocentrifugetube containing
500uL of bovine testicular hyalurodase for two minutes at 200 rpm. This
removes the cumulus cell§he tubewas then spun down for around three
secondswith the embryology mincentrifugein order to collect the oocytes. &h
oocytes were then washed twimmes in H199 + 10% FCS and then once in
H199+ 3 mg/mL BSA.Oocytes which have a polar body present were identified,;
these went on to have their zona pelludiiana)removedvia aonetwo minute
incubation in pronasé mg / mL in H199).Once the zona begun to dissoive
was then washed irH199 + 3 mg/mL BSA The zona was then dissolved
completely and the oocytes were allowed to recovar gpherical shape for five

minutes before commencing the enucleation phase.

2.2.6.400cyteenucleation

Enucleationis the removal of oocyte DNA to make way for the docell genome
to enter the oocyte and begin embryonic development. For this prot®ss
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oogytes were processed a time These were collected and incubated plateof
DNA stain 6 pg/mL Hoechst 33342 in H199 + 3 mg/mL ByAOocytes were
then washed befly in H199 + 3 mg/mL BSA Orce washed the oocytes were
transferredinto a 10 cm petri dishlid containing drops of H199 + 10% FCS
overlaid with mineral oil. Thiglish was placed on the warm stage (&2 of the
micromanipulation microscop@&here three axis oil hydraulic hanging joy stick
micromanipulators along with a 0.2 mL Gilma®tmicrometer syrigewere used

to manipulate the blunt aspiration pipette and the separation n€eHuke.
enucleation pycedure was conducted using 10@tal manification, under
constant UV light exposureThe aspiration pipette was used to remove the
metaphase plate of the oocyt®nce the chromosomes wheletectedvithin the
aspiration needlghe separation needle was used to move the cytoplast away and
seprate it from the karyoplast. The cytoplasisthenquickly moved out of the
UV light.

2.2.6.5Nuclear transfer

Thenuclear transfer step is the proctdss joins the donor cell and the enucleated
oocyte together, and then fuses them, causing theradoe | ONA t enter the

cytoplast allowing embryo development to begin.

2.2.6.5.1Cell attachment

Cells prepared in2.2.6.1 were lifted off their plates with trypLE and were
re-sispended all x 10* cell/mL in H199 + 0.5% FCS. This solution was then
pipetted into 4QuL drops overlaid withmineraloil. From this drop, in groups of
5-10, the donor cells were removed and added to drop gigh@L Lectin in
H199+ 3 mg/mL BSA The gtoplasts(prepared ir2.2.6.94 were also placeihto

the same drgpfive to tenat a time The donor cells and cytoplasts were pushed
togeaher with a mouth pipett® forma couplet. The coupletsere incubated for

five minutesand thertransferred into a H199 + 3 mg/mL BS¥ash.

2.2.6.5.2Cell fusion

The couplets from step.2.6.5.1were equilibrated in hypoosmolar fusion buffer

in groups of ten at a timét RT the couplets were then placed into a custom
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made fusion chamber which was hooked up teelactro cell manipulatorAn
alternating current field (6@00 V/cm) was appliedo the couplets for 510
seconds. This was conducted in order to align the couplets with the donor cell
either at the top or the bottom of the cytopldatsion was induced with two
10usec direct current pulsefl.52.0 kV/cm) immediately followedby an
alternating current for between1® seconds (6Q00 V / cm). The couplets were
then movedinto a dish containing H199 + 3 mg/mL BSAhe couplets were
visualised to detect potential cell lysis or detachment of the donor and cytoplast.
These vere washed though with HSOF Ca + 10%FSC andthen through two

40 uL drops of ESOFCa Finally, tenreconstructgper drop in ESOfa + 10%

FSC were incubatedor four hours until activationThe ESOFCa + 10% FCS
plates containedaxycycline for theEOG_TET _NANOG+Dox treatment.

2.2.6.5.3Activation

Activation is the step that stimulates the reconstruct to begin embryonic
developmentijt does this by mimicking the process initiated by the sperm during
fertilisation. This step occurs approximately four hours after fusidhe
recmnstructs were moveithito 3 cm dishes containingSOF + 1mg/mLBSA 30
minutes prior to fusion, one dish per treatmehhe reconstructs we then
transferred into frestonomycin(1 pL/mL of HSOF + 1 mg/mLYor 4.5 minutes
They were thetransferrednto HSOF +30 mg/mL BSA for3 minutes. Then with

a nmouth pipette, each reconstructavalaced into single culture of-MAP. The
D-MAP plates contained dxycycline for the EOG_TET _NANOG +Dox
treatmentThe D-MAP plate was laid out to allow single embryaltare Figure

14).

2.2.6.6Embryo culture

2.2.6.6.1Embryo culture

The reconstructs were then cultured in a medigrtamote normal embryonic
development. ESOF is a synthetic ovidulketid specific for the needs of the
developing early embryoThis was used to culture the embryos for the initial
culture period Once the recatruct had been activated, theyre/encubatedin

D-MAP for four hoursDuring this time the ESOF plates were math order to
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ensure that theaxycycline was fresh and would last as long as possibbeigi
embryo cultureThe ESOF plates were made with a lay@tgure 14) that allows
single culture of the embryos, to prevent the embryos from joining togaticer
forming aggregatesThese were placed in aogularincubation chamber for two
hours to equilibrateEach reconstruct was then moved from th&1BP into a
HSOF washdish and then into aingle cultwue ESOF plate, which contained
doxycycline for theEOG_TET_NANOG +Dox treatment. These plates were
placed into a mdularincubation chamber, which is a sealed container that was
gassed with 5% C£ 7% G and 88% N at high pressure for 5 minutes. The
chamber washen sealed and stored in a°38 incubator until the dxycycline

needed to be refreshed.
40 uL wash drops
7000
L

/OOOOQQQQ <— 60 mm petri dish
QOQOQO0OQ0O O |

5 pL embryo QOOOQQQO
QOOQOOQ 4

Mineral oil

Culture drops

Figure 14: Single embryo culture dish for zona freeNT embryos. Contains 3 x 4QuL
wash drops in which the embryos were washed through before begegl phalividually
intothe 5uL embryo culture drops.

2.2.6.6.2Refreshing dxycycline in embryo culture

Doxycycline only remains active for 48 hrs at thea@/mL concentation required
Therefore,it must be refreshed every 48 hours to maintain the induction of the
pTRE3GmCherryvector throughout embryo cultur€or handling onsistency
between samples the EOG_TET_NANGDox treatment was also moved into a
new plate every time the doxycycline was refresiddays two and three the

ESOF plates must be remade with freshly thawed/dycline. These were gassed
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