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Transcriptome analysis of bovine day 16 conceptus derived after transfer of blastocyst

from somatic cell nuclear transfer or in vitro production

In vitro embryo production (IVP) and somatic calictear transfer (SCNT) have been used as
tools of assisted reproductive technology to predimvine pre-implantation embryos
independent of the maternal environment. HoweJss, émbryonic and fetal losses after
transfer of SCNT and IVP derived embryos is higltempared to the in vivo (Al)
counterparts. This may be associated with the adlters in the molecular signatures and
pathways at any stage of embryonic and /or fetakld@ment. Therefore, to identify the
molecular changes that could occur at day 16 SCINT ISP derived embryos, large scale
transcriptomic analysis was performed using AffymxeBovine Genome Array. For this, day
7 blastocysts derived from SCNT, IVP and Al weransferred to oestrus synchronized
Simmental heifers. Recipients were then slaughtatedhy 16 of gestation and conceptuses
were retrieved. Following morphological examinatiditamentous embryos with visible
embryonic disc were subjected to global tanscrigtommalysis. The result demonstrated
comparable in vivo development rate in SCNT (72,78l (62.2%) and Al (77.3%) embryo
groups. However, considerable reduction in thehodyast elongation size was observed in
SCNT (93.3mm) compared to IVP (186.6mm) and Al (B8@n) derived embryos. In
addition, more than 20% of SCNT (10.7 mm + 1.08) &P (20.1 mm £ 0.15) conceptuses
had tubular shape, suggesting a delay in recapitgldilamentous morphology. Gene
expression profiling analysis revealed that thendcaipt levels of 477 genes, which are
involved in various pathways including arginine apibline, glycerolipid and fatty acid
metabolism, were significantly altered in SCNT eyads compared to Al. Similarly, 365
genes were differentially expressed in IVP embrymsipared to Al. Thus, several canonical
pathways including TNRF-1 and tight junction sidimg pathways were affected in IVP
derived conceptuses. To predict whether the altén@akscripts were associated with pre-
elongation in vitro culture environment or erramstianscriptional reprogramming, unique or
commonly differentially expressed genes were aralyn SCNT and IVP embryos compared
to Al or donor cells (fibroblast). Accordingly, Atanscripts including (FOLR1, MYO1B,
RCN2, H2AFJ, HSPB1 and GATM) were found to be mahs$criptionally reprogrammed as
their expression resembled more the donor cells Alaembryos. The remaining transcripts
were either partially or incompletely reprogrammedaddition, quantitative real time PCR
(gPCR) based expression profiling of candidatesepts in developmentally delayed SCNT
or IVP embryos showed low mRNA levels of IFNt, FGERCLDN1 and ARHGEF2 in
developmentally lagging IVP and SCNT embryos coragato their respective elongated
counterparts. In conclusion, the present studytifieth deviation in elongation size, gene
expression and the corresponding molecular pathwagtay 16 SCNT and IVP conceptuses
compared to their Al counterparts which may subesatiy be associated with fetal
development.



Transkriptom-analyse von bovinen 16 Tage alten Embryonen, gewonnen durch den
Transfer von Blastozysten aus klonierten somatischen Zellen sowieder in vitro
Produktion

In vitro Embryo Produktion (IVP) und somatischerristeansfer (SCNT) sind Werkzeuge der
assistierten Reproduktionstechnologien und fintkean Einsatz um bovine Praimplantations-
embryonen unabhéngig von der miutterlichen Umwelt esueugen. Allerdings sind
embryonale und fetale Verluste nach dem Transfer NT und IVP gewonnenen
Embryonen hoher im Vergleich zu in vivo (Al) erzéarg EmbryonenDies kann mit den
Veranderungen der molekularen Signaturen sowie aBigsgen in den unterschiedlichen
Stadien der embryonalen und/oder fetalen Entwigklansammenhangen. Um molekulare
Veranderungen zu identifizieren, die am Tag 16 S8&NT und IVP gewonnene Embryonen
auftreten konnen, wurde mit Affymetrix-Bovine GemdrArrays eine Transkriptomanalyse
durchgefuhrt. Hierzu wurden Tag 7 Blastozysten \@@NT, IVP und Al erzeugten
Embryonen in Ostrus synchronisierte Fleckviehfars@mertragen. Am Tag 16 der
Trachtigkeit wurden die Rezipienten geschlachted die Embryonen entnommen. Nach
morphologischen Untersuchungen wurden filamentosebrigonen mit sichtbarer
Keimscheibe einer globale Tanskriptomanalyse uotgma. Das Ergebnis zeigte in den
verschiedenen Embryogruppen SCNT (72,7%), IVP @®2,2und Al (77,3%) eine
vergleichbare in vivo Entwicklung. Allerdings koeneine erhebliche Verringerung in der
Grol3e der Trophoblasten Elongation in SCNT (93,3)nnmVergleich zu IVP (186,6 mm)
und Al (196,3 mm) Embryonen beobachtet werden. Bartiinaus wiesen mehr als 20% der
SCNT (10,7 mm = 1,08) und IVP (20,1 mm % 0,15) Eyamen eine Rohrenform auf, was auf
eine verzbgerte rekapitulierte filamentése Morpgao hindeutet. Die Auswertung der
Transkriptomanalyse zeigte beim Vergleich von SGNTAI 477 signifikant unterschiedlich
expremierte Gene, die in verschiedenen Signalwdggeiligt sind, einschliel3lich Arginin
und Prolin, Glycerolipid und Fettsaure-MetabolismiDes Weiteren wurden 365 signifikant
unterschiedlich exprimierte Gene beim Vergleich V&R Embryonen mit Al Embryonen
identifiziert. Relevante Signalwege dieser Gene waren unter emd@NRF-1 und Tight-
Junction SignalisierundgJm festzustellen, ob die verdnderten Transkriptedar in in vitro
Kultur bedingten Praelongation oder mit Fehlern ttanskriptionellen Reprogrammierung
assoziiert sindyurden einzigartige oder haufig unterschiedlicipremierte Gene in SCNT
und IVP Embryonen gegenuber Al oder Donorzellen br@ghlasten) analysiert.
Dementsprechend zeigten 71 Transkripte einschiie(filOLR1, MYO1B, RCN2, H2AFJ,
HSPB1 und GATM keine transkriptionelle Reprogranmmg, da deren Expressionprofil
mehr dem der Donorzellen als dem der Al Embryonfemekie. Die restlichen Transkripte
waren entweder teilweise oder vollstandig reprogném. Zusatzlich, zeigten auf
guantitative Real Time PCR (gqPCR) basierende Katdicgenexpressionsprofile in
entwicklungsverzégerten SCNT oder IVP Embryonerdmgere mRNA Spiegel in IFNtau,
FGFR2, CLDN1 und ARHGEF2 im Vergleich zu ihren gjmrten Gegenstiicken.
Schlussfolgernd konnten mit dieser Studie Abweigmmin den Elongationsgréf3en, den
Expressionsprofilen und den entsprechenden molekulgignalwegen in Tag 16 SCNT und
IVP produzierten Embryonen im Vergleich zu Al praguten Embryonen beobachtet
werden. Diese Ergebnisse kdnnten in Zusammenhandemiweiteren fotalen Entwicklung
gebracht werden.
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Introduction

1. Introduction

The possibility of in vitro production of fertilizk or cloned embryos has improved our
understanding the molecular and biochemical meshai involved in mammalian
embryogenesis, nuclear reprogramming and cell datermination as well as the effect of
embryo manipulation and in vitro culture on pre-lamgation embryo development. The
lessons accumulated so far showed that, despite abhwnomy, pre-implantation embryos
from IVP and SCNT are under the influence of confting factors of nuclear transfer and /or
culture environment, which subsequently affectrtbeg- and post-hatching development.
Bovine embryo development begins with unificatidhddferentiated gamet as to form a
single united and embryonic totipotent genome. Witthat genome the correct temporal
pattern of gene expression that will lead to therapriate differentiative and formative
events are expected to happen (Latham 2005). Inmadsn the maternal RNA and the
proteins present in the oocyte's cytosol are resiptenfor early embryonic development.
These maternal components govern the first embigavages and as they drop by
degradation or usage, the zygote nuclei start ¢rgoton and taking control of embryonic
development (Memili and First 1999, Minami et a00Z). This process is called embryonic
genome activation (EGA). For mice, bovine and hunmaajor EGA takes place at the 2-cell,
8-cell and 4- to 8-cell stage, respectively (Talfet al. 1990)In the case of SCNT the oocyte
executes its normal functions, but with an alteueatsubstrate, the donor somatic cell
nucleus, in place of the normal sperm and egg gesdiratham 2005). Thus, SCNT embryos
have additional challenges of dedifferentiating th#erentiated donor somatic cell to a
totipotent embryonic state (Yang et al. 2007). Tieguires the stage specific activation of
transcripts important for early development anthatsame time silencing of genes associated
with differentiation (Hochedlinger and Jaenisch 200n other words, the donor nucleus is
expected to reprogram to a state equivalent taypetic one, which entails expression of the
correct genes at the right times as it occurs duniormal embryogenesis (Kanka et al. 1991).
Several studies (Beyhan et al. 2007, Niemann @040, Rodriguez-Osorio et al. 2009, Smith
et al. 2005) have reported the occurrence of glat@adscriptional reprogramming at the
bovine blastocyst stage by comparing the SCNT ddgst gene expression with that of the
Al or IVP origin and donor cells. In addition toetlefficient reprograming at the balstocyst
stage, the blastocyst formation rate from clonedir® oocytes ranges from 20% to 60%
(Choi et al. 2002, Forsberg et al. 2002, Liu et24l01, Rodriguez-Alvarez et al. 2010b).

However, to term development after SCNT does noceeda 10% in cattle (Heyman 2005,
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Yang et al. 2006), suggesting no direct associatmetween the development of
reprogrammed blastocyst and full-term developmesaphcity.

On the other hand several studies have shown dateguof developmentally important
genes in SCNT embryos (Dean et al. 2001, Enright. 003, Han et al. 2003, Li et al. 2006)
which may be associated with the reported lowecesg rate of pregnancy establishment, as
well as postnatal abnormalities. Failure to exptassnormal array of embryonic genes may
also result from culture condition of the embry@pto transfer to the uterus of the surrogate
mother. For instance, the common placental patledoghich are collectively designated as
large offspring syndrome LOS in SCNT and IVP embpyegnancies are believed to be a
result of suboptimal embryo culture environmentrifirand Farin 1995, Kruip and Den Daas
1997, Walker et al. 1996, Yang et al. 2005). Néwddss, the extent and magnitude of
abnormal phenotypes such as congenital anomaltepenmatal death (Heyman et al. 2002a)
in SCNT derived pregnancies can not only be astmtiavith in vitro culture condition
(Chavatte-Palmer et al. 2012). In support of thesently Salilew-Wondim et al. (2012)
showed that more than 90% affected transcripts &y 80 SCNT placenta weren’t
significantly altered in IVP placenta compared tbidplicating the presence of additional
contributing factors associated with SCNT. Onehase factors could be errors in nuclear
reprogramming, in which small reprogramming ert@csrued up to the blastocyst stage may
be magnified in subsequent developments (Smithl.e2QD5) especially during the peri-
implantation period, where the majority of embrysdes occurres (Clemente et al. 2011,
Grealy et al. 1996).

During the period of peri-implantation (between dify and 17 of pregnancy), the bovine
blastocyst undergoes a process of elongation androphectoderm occupies sufficient area
for uptake and secretion of protein, allowing fonmnunication with or modification of the
maternal system by changing the morphology and higimical activity of the uterine
epithelium (Godkin et al. 1982, Spencer and Baz@94® The trophectoderm of the
conceptus then begin to produce IFNt that proldhgdifespan of the corpus luteum (CL) to
maintain the secretion of progesterone necessarphéomaintenance of pregnancy (Mann et
al. 1999, Song et al. 2011, Spencer and Bazer ZDRdicher et al. 2001). Likewise, the
endometrium fine-tunes its physiological respomsthé presence of the embryo (Bauersachs
et al. 2009, Forde et al. 2011, Mansouri-Attiale2809) and these responses can reflect the
type of conceptus present. Altered immune respoofste endometrium were observed for
the SCNT-derived conceptus compared to in vitradpoed counterparts as early as day 18

(Bauersachs et al. 2009). Similarly, numerous Igiolal functions and several canonical
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pathways with a major impact on metabolism and imendunction are found to be

significantly altered in caruncles and intercardacareas of the endometrium with SCNT as
compared to Al pregnancies at the onset of imptanmtgMansouri-Attia et al. 2009). Such

responses of the maternal environment may depenthenntrinsic characteristics of the

embryos themselves whether they are in vivo, inovilr SCNT derived and consequently
result in differences in the expression of setgasfes that modulate the uterine response.

In this regard except analysis of few markers ophioblast or innercell mass, insulin-like
growth factor (IGF)-related genes (Arnold et al0g8, Fujii et al. 2010, Sawai 2009, Smith et
al. 2010) and a single homologous custom bovinayalrased (Rodriguez-Alvarez et al.

2010b) study on day 17 of IVF and SCNT embryosadat large scale gene expression

analysis of cloned embryos at peri- implantati@ystis scarce.

Therefore, the aim of this study was

) To investigate the inherent molecular charactesstif day 16 embryos derived
from SCNT, IVP and Al pregnancies.

1)) To determine the transcriptional reprogrammingustabf a donor genome in
SCNT derived elongated embryos.

1)) To characterize the expression of selected carelig@nes with respect to

elongation size of embryos from various sources.
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2. Literature review

2.1 Bovine pre-implantation embryo development

Fertilization marks the beginning of pre-implantatidevelopment that corresponds to the
cleavage of the zygote into smaller and smallestblaeres (Dard et al. 2008). Following
fertilization, the embryo goes through stages ofsitbtn, modelling and cellular compaction
(morula stage). This is the first critical stageeofibryo development and is an essential step
for differentiation and blastocyst formation (Lareé al. 1994). Then “blastocyst stage”
occurs when the embryo develops a fluid-filled cantavity, the “blastocoel”, which is
surrounded by a single layer of cells, the “trogbderm” (Schlafer et al. 2000). Before it
reaches to blastocyst stage (at day 7), and desglitelivision, the overall diameter of the
embryo remains virtually unchanged from the zyget#l blastocyst expansion, estimated to
be 150 to 190 um including a zona pellucida thisknef approximately 12 to 15 pm
(Lindner and Wright 1983). At the blastocyst stdlge true growth commences, with rapid
cell division and differentiation. The process givese to two different cell types, namely the
inner cell mass (ICM) and the trophoblast cellse Tlophoblast cells (TE) give rise to the
tissues of the fetal placenta and associated enbg®nic membranes, (Schlafer et al. 2000),
whereas the ICM develops into the three germ lagéthe developing embryo (endoderm,

mesoderm and ectoderm) (Schlafer et al. 2006).
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Figure 1. Development of pre-implantation embrydhw the zona pellucida. The single-
celled embryo (zygote) undergoes cleavage (mitditicsion) to give rise to two daughter
cells called blastomeres. Mitotic divisions congnuntil a morula is formed. The morula
develops into a blastocyst consisting of an inredr mass (ICM), a blastocoele cavity and a
trophoblast. Finally, the rapidly growing blastocylsatches” from the zona. Adapted from
http://www.animal.ufl.edu/ans3319/Notes/Chpt9 ANSBSFetalplacentalLab_10.pdf.

2.2 Post-hatching progresses /embryo elongation

Before the blastocyst can expand and implant,etdedo hatch from the zona pellucida (ZP).
Hatching involves the embryonic production of pestes that will digest the ZP

(Sathananthan et al. 2003). At about day 8 the pmflaicida begins to fragment and the
blastocyst ‘hatches. Once the blastocysts havepedcitom the ZP, the hatched blastocyst
has re-expanded, the inner cell mass bulges toutsde of the sphere while still confined
within the zona pellucida until about day 12 (Batige et al. 1980) (Figure 1). Soon after



Literature review 5

hatching the ICM of the blastocyst forms the hypsbl(sometimes referred to as the
primitive endoderm) (Maddox-Hyttel et al. 2003) ttlextends to cover the inside of both the
ICM and the trophoblast (Cremonesi et al. 2011, déxeHyttel et al. 2003, Vejisted et al.

2006). After formation of the hypoblast is comptetthe remaining cells of the former ICM

are referred to as the epiblast (Cremonesi et@12Vejlsted et al. 2006). The shape of
hatched blastocysts is then transformed from spdleto ovoid during a transitory phase
preceding the obvious elongation that usually begifter day 12 (Betteridge et al. 1980).
Following that blastocyst undergoes rapid elongaticreasing from less than 1 cm on day
12 to more than 10 cm by day 16 (Robinson et &620

Perivitelline PR
space Perivitelline er“%a Primitive
Polar 2ot Blastomeres space pellugi ectoderm  Inner cell mass
bodies 9 /
Pronuclei 2]
Fusiol y
‘ Extra-embryonic
— ' — A — —> endoderm
c/
{ Zona .’g Blastocoele
pellucida Trophectoderm
©Cne cell embryo Two cell embryo Four cell embryo Morula Early blastocyst

Zona
palluc&a‘ l

Trophectoderm

Endoderm

Hatching blastocyst Tubular embryo

Embryonic |

Endoderm disk E I Trophectoderm

Filamentous embryo

Figure 2. Schematic view of embryo elongation frepherical blastocysts to a tubular and
then a filamentous form due to rapid elongatiotra@phectoderm. Adapted from (Bazer et al.
2009).

2.3 Physiological significance of embryo elongation

Expansion of conceptus from spherical to a tubalad then filamentous form allows the

embryo to acquire sufficient trophoblast tissuedeeeto establish intimate embryo-maternal
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contact. By day 16, the embryo is sufficiently deped to signal its presence to the maternal
system and recognized through its secretion tefferon tau (IFNt) (Imakawa et al. 1987),
which is the pregnancy recognition signal, thatvprés development of the endometrial
luteolytic mechanism. Interferon tau is secretectimpryonic trophoblast cells and acts in the
uterus and prevents luteolysis by inhibiting PGFgease, resulting in the maintenance of CL
function (Robinson et al. 2008). This antiluteatyéiffect of IFNt results in the maintenance
of a functional CL and, hence, secretion of progreste (P4) that is essential to maintain a
uterine environment that supports events critioaduccessful development of the conceptus
to term (Spencer and Bazer 2004). This periodasefiore defined as the maternal recognition
period for maintenance of CL (Spencer and Bazer4RO@t can be defined as the
physiological process whereby the conceptus sigtelsresence to the maternal system and
prolongs lifespan of the CL and stimulate the enelivial functions necessary to the survival
of the conceptuses and suppress the immune rejeofidhe conceptus by the uterus at
implantation (Hansen 2011).

In addition to the embryo capacity to direct thetenmaal system to produce a local
environment that serves the needs of the embrylmngsas embryo development played out

in the reproductive tract the mother has a majqaich on embryonic survival.

2.4 Uterine environment

Prior to the blastocyst stage, the embryo is netfiti autonomous (i.e., the embryo may not
be entirely dependent upon the uterine environmengvidenced by the fact that blastocysts
can be successfully developed in vitro in large bera using in vitro fertilization (IVF)
technology and transferred to synchronized rectpi€@lemente et al. 2011Hlowever, after
hatching embryo survival and elongation depend atemal environment and uterine glands’
secretions (Gray et al. 2002). The endometrial dgasynthesize, secrete and/ or transport a
complex mixture of amino acids, ions, glucose, spamt proteins and growth factor called
histotroph (Bazer 1975). These secretions are gak@r the development of the blastocyst,
which is free living during the pre-attachment pdri

Ovarian steroids, especially progesterone (P4) iseew player in regulating endometrial
secretions (Robinson et al. 2008) for conducivachatnent and survival of the conceptus
(Garrett et al. 1988). Evidence from cattle studias demonstrated a correlation between
progesterone concentrations in milk and blood dutire first few days after conception and

the likelihood of embryo survival (Butler et al. 9 Green et al. 2005, Mann and Lamming
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1995, McNeill et al. 2006). Elevated P4 concentradilead to an increase in interferon-tau
production (Mann and Lamming 2001) resulting in@mted conceptus elongation (Carter et
al. 2008, Satterfield et al. 2006). On the otherdhdower consentrations of circulating P4 are
also associated with reduced embryo/conceptus alevent and survival (Diskin and Morris
2008). It was suggested that the most likely rdagewhich P4 affects embryo survival is
through an indirect effect on the uterus (Morrisl &iskin 2008). This raises the possibility
that P4 can modulate events including changesne g&pression in the tissues of the uterus
(Forde et al. 2009) resulting in changes in the mmsition of histroph to which the
developing embryo is exposed. Therefore, it is irtgpgd to understand the precise
relationship between maternal hormone environmedtesmbryo development. In an attempt
to answer this question experiments were done dimyas cultivated in vitro with or with out
exogenous P4 supplementation and in the presertataence of oviduct epithelial cells.
Following blastocyst transfer, the effect of inrgitP4 supplementation on in vivo embryo
survival and elongation was measured (Clementel.eR(09). The results showed that
addition of P4 to culture medium affected neither blastocyst rate nor conceptus elongation
following transfer to synchronized recipieheifers. The next question was whether P4
induced changes on endometrium enhanced embrydopevent. The same authors showed
that a modified uterine environment induced byfiarélly elevated circulating Pis capable

of advancing the post-hatching elongation of ddastocysts (Clemente et al. 2009). What
is clear from this study is that progestrone mogdaendometrium promotes conceptus

elongation.

2.5 Early embryonic development and transcription

Maternal mRNAs and proteins which oocyte synthesimd accumulate during oogenesis,
implement basic biosynthetic processes in the earlgryo, direct the first mitotic divisions,
and specify initial cell fate and patterning. Asrelepment proceeds, different processes are
triggered that together form the maternal-to-zygdtiansition (MZT): i) subset of the
maternal MRNAs degradation ii) beginning of traimon of the zygotic genome iii) rising

of novel embryo-specific transcripts (Minami et2007).
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2.5.1 Maternal mRNAs store and its utilization

It is likely that oocytes of all animals contain @oundance of dormant or masked mRNA that
is translated only when the cell re-enters the tedivisions (oocyte maturation) or after
fertilization (Richter 2007). In mammals, these enaadl mMRNAs are degraded shortly after
fertilization and can’t direct more than the fifstv cell divisions. However, in drosophila and
xenopus, mMRNAs stored in an oocyte are stable #dtélization and regulate many aspects
of embryonic development (Akam 1987, Duval et &90@). Translation control of maternal
transcripts in these organisms during the timeasfdcriptional quiescence is, it is because the
maternal RNA is stored using a specific configunatiThe mRNA is de-polyadenylated at the
3' end and capped at the 5' end (Gebauer and Rit9®6€). The dominant hypothesis is that
cap ribose methylation is facilitated during thegass of polyadenylation, and the interaction
between the modification machinery at the 3'- ahtERs of these transcripts underlies
translational control at this time in developmdftide and Richter 1995).

The translational potential of a maternal mRNA s@ipt is determined by the length of the
poly (A) tail. Accordingly an increase in transtatiis associated with poly(A) tail elongation
(80-150 and longer), whereas translational reppassorrelates with shortening of the poly
tail (A) (~20-40 nucleotides long) (Richter 1999)st as polyadenylation is important for
the translation of mMRNAs, removal of the poly (A)ltis a key step in mMRNA degradation.
Shortening of the mRNA Joly (A) tail, deadenylation is often a rate-limg step for
MRNA degradation and translational silencing. le 8i-to-5' mMRNA decay pathway, the
deadenylation facilitates degradation of the mRN@&nf the 3' end by enzyme exosome
(Mitchell and Tollervey 2000, van Hoof and Park&9%). Removal of the 'Bnonomethyl
guanosine cap (decapping) renders mMRNA susceftililee 5—3' degradation pathway by
exposing them to exonucleases (e.g., XRN1) thatlisadegrade the mRNA from the &nd
(Barckmann and Simonelig 2013, Chen and Shyu 203ti)dies of xenopus oocyte and
embryonic development revealed what moleculariestdre involved in the regulation of the
polyadenylation and deadenylation in the cytoplagmocytes. One such protein is maskin,
which associates with the cytoplasmic polyadengfatelement binding protein (CPEB)
located in the 3' UTR region on mRNAs that contairgytoplasmic polyadenylation element
(CPE). This complex represses translation through ihhibitory action of maskinelF4E
located at the 5' end of the RNA (Richter 2007anEtation of specific mMRNAs then proceeds
according to a combination of cytoplasmic codesingcton RNA associated proteins
interacting with the 3' UTR sequence of the stdR@&bAs (Piccioni et al. 2005).
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Role of miIRNAs in maternal genome degradation

Recent progress in the regulation of mMRNA stabitiyncerns the role of small non-coding
RNAs. MicroRNAs (miRNAs) are about 22-nucleotide noncgdiRNAs, which in general
are known to regulate gene expression by targehiag 3' untranslated regions (3 UTRS).
MicroRNAs biogenesis starts from transcription aRMA genes by either RNA polymerase
Il or RNA polymerase Il to primary miRNA transctgp (pri-miRNA). The pri-miRNA is
next endonucleolytically cleaved by the nuclear ropcocessor complex formed by the
RNase Il enzyme Drosha (RNASEN) and the DGCR8 @ai@e critical region 8) which
liberates a 60—70nt stem loop intermediate, knowrth® miRNA precursor, or the pre-
mMiRNA. This pre-miRNA is actively transported fraime nucleus to the cytoplasm. The pre-
mMiRNA is further chopped by Dicer to produce thailde-stranded miRNA duplex (Bartel
2004, Winter et al. 2009, Zamore and Haley 2006 d@uplex is unwound by a helicase and
the mature strand is incorporated into the RNA-getl silencing complex (RISC).
Depending on miRNA complementarity to a target mRNAe RISC mediates down-
regulation of gene expression by either translaliorepression or deadenylation and
subsequent mMRNA degradation (Chekulaeva and Filgp®009, Filipowicz et al. 2008).
The role of mIRNA as a control mechanism in therddgtion of maternal mMRNAs has been
implicated in recent studiesMicroRNA-dependent mRNA decay was first identified
zebrafish, where miR-430 expressed in the embrybeabnset of zygotic transcription was
shown to mediate deadenylation and clearance adrieds of maternal mMRNAs (Giraldez et
al. 2006). Taking the advantage of this temporakression pattern, of miR-430, Bazzini et al.
(2012) addressed repression of maternal mMRNAs R+480. The results revealed that both
translational repression and deadenylation arecedllby miR-430, as the cause and effect of
miR-430 mediated gensilencing during early fish development. A similegmporal
regulation by miRNAs exists iXenopus where the miR-430 ortholog miR-427 leads to the
de-adenylation and distruction of hundreds of nmalemRNAs in the frog embryo (Lund et
al. 2009). In mammals, the roles of miRNA in masrRNA degradation are not well
understood. In addition, the findings have beenivemgal with some studies, reporting the
possible role of mIRNA, as dicer null mouse oosyéad embryos are unable to precede
development and arrested at the first meiosis antbefore gastrulating at day 7.5 (Bernstein
et al. 2003; Harfe et al. 2005) yet others repgrtiminimal or no impact of miRNA as
evidenced by defective spindle phenotype of Dcrdnd Ago2”~ oocytes, which is absent in
Dgcr8’™ oocytes (Ma et al. 2010). The later group suggeRNA interferencg RNAI) as
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the dominant RNA silencing pathway essential farybe-to-zygote transition OZT (Ma et al.
2010) and the lethal phenotype observed by Dig@rcduld be explained by deregulation of
the biogenesis of SIRNAs (Bernstein et al. 2003,dt1al. 2010).

2.5.2 Onset of embryonic genome activation

The oocyte-to-zygote transition entails coordinamoval of the maternal transcriptome and
its replacement with a zygotic transcriptom (Makt2012). Timing of the major embryonic
genome activation (EGA) is somewhat different frepecies to species. In mice, EGA occurs
rapidly (in late one—cell embryos), whereas in bevand ovine, EGA is more delayed (eight
- to 16 - cell stage) (Telford et al. 1990). Durihgs time the differentiated oocyte and sperm
nuclei become reprogrammed to be the active gerudriiee now totipotent embryo (Oh et al.
2000). Genome activation initiates transcriptioaetivity within the embryonic nucleus, and
subsequent development is dependent upon newlhhesiged mRNA and protein. To
understand the onset of embryonic transcriptiomegaly, two approaches have been used:
(1) comparing transcript profiles of oocytes andotwo four-cell stage embryos with
blastocyst profiles and (2) blocking transcriptibp addition ofa-amanitin to the culture
medium. Alpha - amanitin is a specific inhibitor RNA polymerase 1l and blockde novo
MRNA synthesis (Goddard and Pratt 1983, Golbusl.etl@/3). The later approach in
combination with large scale gene expression pngfilof oocytes (MIl) and 8-cell-stage
embryos using Affymetrix Bovine Genome Array reeshla set of 258 up regulated genes in
8 cell embryos as compared to MIl (Misirlioglu €t2006). Ontology analysis of these genes
identified regulators of transcription ( NFYA , USH, cell adhesion ( DSC2 , COL12A1 ),
signal transduction ( PTGER4 , ADRBK1 ), transpate CRABP1 ), metabolism - related
genes, and immune response - related genes. lhearsttidy using the same array platform a
total of 12,000 to 14,500 transcripts were ideatifin bovine oocytes and early embryos
including 1-cell, 2-cell, 8-cell, morula and blasyst (Kues et al. 2008). Of these, a total of
9,263 genes which met a criterion o&R®.05 and a minimum cut off of 2-fold between the
maternal and embryonic stages, were subjected rteens clustering method and clustered
into different groups based on their expressiotepat The first group comprised the maternal
transcript and contained 4,173 genes and was dbkarsd by a drop of transcription levels
between the 4- and 8-cell stages. A second growwesth embryonic transcription and

represented 3,505 genes. Significantly increasststript levels were found from the 4-cell
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to 8-cell stage onwards, indicating genes (IR@3, CLDN4, TP53 etc.) transcribed during
major embryonic activation.

In addition, in recent years, investigative attemthas turned to analyzing profiles of small,
non-coding RNAs including miRNAs (microRNAJuring the MZT (Ma et al. 2010, Suh et
al. 2010, Tang et al. 2007). In the mouse, theesgion patterns of miRNAs are divided into
three classes: maternal, maternal-to-zygote andteygatterns (Tang et al. 200De novo
synthesis of mMiRNAs commences at the two-cell stages includes expression of miR-290
to miR-295, which are the first embryonic miRNAste detected. Very few studies have
investigated the role of miRNAs during the bovineatemnal-to-zygotic transition.
Quantification of miR-21 and miR-130a in early howidevelopment showed a significant
rise in expression level from zygote until the 8-atage (Yamada et al. 2009). Similarly
quantification of miR-10 and miR-424 in early bowirdevelopment showed a steady
expression level from the GV oocyte until the 18-cén addition, increased expression level
of miR-127 and miR-145 was also detected at 4avadl 8-cell stages during pre-implantation
bovine embryo development (Tesfaye et al. 2009gsé&hstudies suggested the possible role

of mMiRNASs in maternal transcript turn over and miaéd-to-zygotic transition.

2.5.3 Novel embryo-specific transcripts

In bovine pre-implantation embryos development twajor transient ‘waves ofle novo
transcription’ occur in two phases. The first wakging the 2- to 4-cell stage corresponds to
minor genome activation (minor ZGA) and the secerave, during the 4- to 8-cell stage,
known as major genome activation (major ZGA) (Baraed First 1991, Memili and First
1999, Viuff et al. 1996). ZGA promotes a dramatiprogramming of gene expression
pattern, coupled with the generation of novel tcaipss that are not expressed in oocytes
(Kanka 2003). This delineates the totipotent stéteach blastomere at the cleavage stage of
embryogenesis, and these steps are prerequisittutime cell lineage commitments and
differentiation (Yamada et al. 2009). In the moussnscriptome analysis of late zygotes
indicated that approximately 60% @ novo transcripts are novel for the embryos, (Hamatani
et al. 2004). This is again reflected by more tB@# increment in protein synthesis through
out the 2-cell stage while another% undergo transient increases at the mid 2-cell stage
(Latham et al. 1991). It is thought that the fpstiod of transcription is to direct the synthesis
of these mid 2-cell stage proteins, which couldnprte the transcription of other genes,

leading to the second burst of transcription (Lathet al. 1991). Consistent with this notion



Literature review
13

using suppression subtractive hybridization (SSeéthhique, 310 unique transcripts were
expressedie novo in bovine late eight cell embryos (Vigneault et 2009). A very high
proportion of these genes have a demonstratedvien@nt in gene transcription or RNA
processing. Using qPCR expression profiling, mahyhese transcripts were shown to be
expressed in the six and very early eight-cellestambryos. This implied that these early
transcripts in cattle may play a key role in théivation of the major transcriptional burst
detected at the 8- to 16-cell stagkhis is likely to be the case for genes such as
HNRNPA2B1, RBMX, KLF10, ZNF41, DDX5, and DDX39 (Rret al. 1989, Natale et al.
2000, Telford et al. 1990) which are related to$@iption, either directly by binding DNA
or indirectly through RNA processing (Carson e2801, Franze et al. 1991).

As soon as the embryo reaches the major EGA, tlieyemic program designed to bring it to
the blastocyst stage is launched (Wang et al. 2004 instance, at 8- to 16-cell stages,
CDX2 is detectable at various levels in the nuolemost blastomeres, regardless of their
external or internal location. However, in the m®dsiring the transition from 16- to 32-cell
stage, the level of CDX2 becomes stronger in thereal blastomeres and weaker in the
internal blastomeres, eventually establishing tBespecific expression at the blastocyst stage
(Dietrich and Hiiragi 2007). In contrast, the ppotency markers OCT4 and NANOG
become restricted to influence ICM fate (Yamanakal.€2006).

The establishment of the pluripotent lineage prdsedifferently in different species.
NANOG protein is found to be ICM specific in bovibéastocysts (Kuijk et al. 2008) while
OCT4 is expressed in the ICM and TE of bovine aotipe blastocysts (Berg et al. 2011,
Shi et al. 2003). In addition the transcripts of TdCarise from both the maternal and
embryonic genomes, while NANOG is synthesized leyémbryo alone (Khan et al. 2012).
This suggested that NANOG could be a likely canidar pluripotent lineage specification

in the bovine species.

2.5.4 Zygotic gene activation in nuclear transfémenbryos

Somatic cell nuclear reprogramming in cloning exkpents represents an interesting tool to
study the important events during embryonic devalemt. In nuclear transplantation
(cloning), a differentiated somatic cell nucleus tiansformed into an undifferentiated
totipotent (capable of developing into a whole vidiial) state when inserted in an enucleated
oocyte (Hochedlinger and Jaenisch 2006). This regquiuge epigenetic changes that result in

a transition from a somatic to an embryonic gengression pattern and is referred to as
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“nuclear reprogramming”. Nuclear reprogramming laning experiments is equivalent to
ZGA in a context of natural fertilization insofas hoth result in establishment of totipotency
(Suzuki et al. 2006, Zhao et al. 201Therefore, nuclear transplantation could poterntiaé
used to study the factors involved in and the peenae of the switch from maternal to
embryonic control of development (Telford et al9Q}

It has been widely assumed that the nuclear regnogning that makes cloning possible
occurs during the period immediately following rean transfer (Latham 2004). This means
that the donor nucleus requires to shut down tmeide cell-type-specific RNA transcription
pattern and begin to transcribe embryo-specifieegen a fashion that resembles EGA (Wang
et al. 2011). Howevecloned mice probed for the occurrence of this eaeatdemonstrated
to be defective in recapitulating the correct stggecific gene expression. The first
transiently induced genes transcribed from the gorbc genome were absent or greatly
reduced in cloned two-cell embryos (Vassena e2@07). Similarly gPCR based expression
profiling of selected zygotically activated gends2ecell stage of mouse cloned embryos
showed repression of 35-65% analyzed genes in S&iipared to IVP embryos (Suzuki et
al. 2006). Another study showed punctual onsegrabryonic gene expression in cloned
mouse 1-cell, 2-cell, 4-cell, morulae, and blasstewith high degree of transcript abundance
variability as compared to non manipulated corgroups (Sebastiano et al. 2005). In bovine,
quantification of a total of 13 maternally and egdarically expressed genes in SCNT 8-cell
embryos constructed from two donor cell lines namalmulus and fibroblast showed
differences in mMRNA levels of Cx43, GLUT-1, IGF-HRd E-cad between the two types of
NT embryos (Amarnath et al. 2007). However, thefferénces decreased and the expression
levels did not differ from their in-vitro producembunterparts at the blastocyst stage. Given
these observations, it appears likely that nudleprogramming is a slow, ongoing process in
the early cloned embryos and does not occur witienhours immediately following SCNT,
but occurs progressively during cleavage, andyikehtinues after implantation (Campbell et
al. 1996a, Latham 2004).

2.6 Maternal environment transcriptom landscape

Establishment of pregnancy in ruminants requirestbtyst growth to form an elongated
conceptus that produces interferon tau (IFNt),ghegnancy recognition signal, and initiates
implantation. In ruminants, conceptus growth armheghtion clearly depend on the uterine

milieu, because hatched blastocysts and trophablasisicles do not elongate in vitro
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(Flechon et al. 1986, Heyman et al. 1984) or fal®ccur in vivo in the absence of uterine
glands (Gray et al. 2002). For example, ewes #@kt Uterine glands and histotroph failed to
maintain pregnancy beyond day 14. The implicat®that any disruption in the physiological
regulation of uterine function, either due to insic errors (Hansen 2002) or abnormal
embryo—maternal communication during the peri-imfa#ion period (Bauersachs et al. 2009)
compromises development of embryos. Nearly 40%@dmancy losses in cattleassociated
with a failure of maternal recognition of pregnarisfore day 18 of gestation (Farin et al.
2001). Those embryos lagging in development fadigmal to the mother in sufficient time or
in a suitably robust manner (Roberts et al. 1996) l&kely destined for loss (Farin et al.
2004).

Uterine histotroph required for growth and development of the conceptus
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Figure 3. Histotroph includes molecules secreatettamsported in to the uterine lumen to

stimulate growth and development of the conceptusng the peri-implantation period.
Adapted from (Bazer et al. 2012).

In addition to signalling pregnancy recognitiorriminants, IFNt alone or in concert with P4
regulates uterine gene expression. It is an estaddi fact that the process of elongation is
exclusively maternally driven (Gray et al. 2002particular emphasis is on P4 modulated
genes that are expressed in the epithelia and amrttibute to uterine luminal fluid when

conceptus elongation begins after day 12 (Fordal.e2012). Several studies in sheep and
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cattle showed how IFNt - stimulated genes (ISA@3ancen et al. 1999, Spencer et al. 2004,
Spencer et al. 2007) and the interaction betwebih &fd progesterone regulates uterine gene
expression (Gray et al. 2004, Song et al. 2005gSxmal. 2006). The majority of studies
examining the molecular mechanisms of conceptustaettial interactions carried out
during the peri-implantation period of pregnancyédafocused on the maternal side,
describing changes in the transcriptome of the eredioum (Bauersachs et al. 2006, Forde et
al. 2009). Recently, Forde et al. (2011) showed tee presence of an embryo contributed
for differences in the endometrial transcriptoménseen pregnant and cyclic heifers during
the period of pregnancy recognitiomhe authors compared endometrial gene expression
profiles of pregnant and non-inseminated cyclictana at day 5, 7, 13 and 16 using the
Affymetrix array platform. The main finding of tretudy was, only at pregnancy recognition,
the hormonal environment and the endocrine mechenisegulating endometrial gene
expression, differs between pregnant and cyclitehei This suggests that the transcriptomic
alteration that occur in the endometrium as tinmenfrestrous to the luteal phase progresses
occur in a similar manner irrespective of whethereanbryo is present (Bauersachs et al.
2012, Forde and Lonergan 2012).

Transcriptomic analysis of the endometrial respasfsgregnancy has not only been used to
unravel the molecular events surrounding the psooépregnancy recognition but can reflect
the type of conceptus present. The recipient’s sredoum reactions for cloned and fertilized
embryos were different as early as day 18 (Baubssat al. 2009). Such differences even
aggravated at day 20 at caruncles and intercaranatgas of the endometrium approximately
5 days after pregnancy signalling commences (Mamngdtia et al. 2009). These evidences

showed that the endometrium is sensitive to maatpmns that occur prior to embryo transfer.

2.7 Nuclear transfer technology

One of the most fundamental questions in developahdriology is the control of cellular

differentiation. In the majority of species, theguct of sexual reproduction is the fertilized
egg or zygote. This single cell inherits a singlatennal and a single paternal copy of the
genome. From this genetic material and the matgridierited organelles, proteins, RNAs,
etc., found in the unfertilized egg, an embryougetand finally an adult animal develop
(Campbell 1999). During this developmental procesdlular differentiation results in the

production of all of the tissues and organs thatena#p the mature adult. The long standing

guestion was whether the process of developmentcaldlifferentiation requires a loss or



Literature review
17

stable change in the genetic constitution of cellg. until the 1950s, it was thought possible
that genes could become lost or permanently inatetil in those cells that follow different
lineages in which certain genes would never noymadl required. The original reason for
wishing to carry out nuclear transfer to eggs weaest the hypothesis whether the genome of
somatic cell is complete in the sense of containtogies of all genes in the genome
(Campbell 1999, Colman 1999, Gurdon and Wilmut 2011

2.7.1 Brief history of cloning

It has now been more than five decades since BAgdKing reported successful production
of Northern Leopard FroBRana pipiens, tadpoles via NT (King and Briggs 1956). This stud
was the first to prove that during cell differetitba, inactive nuclear genes were not lost or
permanently inactivated; in other words, the nuoitained totipotency. In an extension of
this experiment, Gurdon (1966) successfully predomale and female fertile xenopus from
the intestinal epithelium of feeding tadpoles. Hoare success with NT in mammals was not
reported until 1980s’. Historically, a primary ddflty in performing somatic cell nuclear
transfer in mammals has been the small size ofnthenmalian egg (McGrath and Solter
1983). The mammalian egg (in second meiotic mewsphas <0.1% the volume of an
amphibian egg. Hence, before nuclear transfer cewtdeed in mammals, micromanipulation
techniques were required that could handle, entglead fuse a very small mammalian egg
with a single somatic cell (Gurdon and Byrne 2003)e first report of mammalian nuclear
transfer was on rabbit morula cell nuclei into deated rabbit eggs (Bromhall 1975). These
experiment produced embryos that arrested duriegvelge, with a low percentage reaching
the morula stagéut not yet an entire organisnthe first live birth was reported by using
somatic cell nuclei was in 1981. Microinjection ofner cell mass (ICM) nuclei into
enucleated zygotes resulted in successful productighree cloned mice (one male and two
females) (lllmensee and Hoppe 198Mhereas the transfer of trophectodermal nucleedaib
support development. However, the techniques aedrésults haven't been reproduced
(Colman 1999) and modified (McGrath and Solter )983vo years later Steen Willadsen
published a description of the first mammalian e®rthat resulted from the transfer of the
nuclei of 8- or 16-cell-stage sheep embryos inteancleated unfertilized eggs (Willadsen
1986).The lesson learned from Willadsen that the enteteaocyte is a better recipient than
a zygote because it allows more time for the doneteus to adapt and change within the egg

cytoplasm before having to support the developmemacesses (Solter 2000), may have
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contributed to the change to using oocytes as imtigells (Cheong et al. 1993, Kono et al.
1991). Following that, progress in large animahahg accelerated rapidly and in the first half
of the 1990s larger animals became the modelsatetior nuclear transfer. However, in all
cases, embryonic cells were used as nuclear dohleesconceptual breakthrough came with
the generation of Dolly, the cloned sheep (Wilmugale 1997). In this instance, the nuclear
donor was not an early embryonic cell but a fuliffedlentiated mammary gland cell. Dolly
was the living proof that the nuclei of a fully fifentiated cell still contain all of the
information required for the development of a faltganism if placed in the proper
environment or “reprogrammed” properly (Piedrahetaal. 2004).Subsequently, the first
surviving cloned mouse, Cumulina, was also borthefollowing year (took her name from
the cumulus cell nucleus from which she was deji®dakayama et al. 1998). Dolly and
Cumulina didn’t remain the only mammals cloned fradult somatic cell for long, with in a
year Kato et al. (1998) confirmed that cloning gsault somatic cells was indeed possible in
cattle. To date sheep, cattle, mice, rabbit, gwatt, pig, dogs, buffalo, camel and monkey are

not the only species to join the list of the adwlinatic cell cloned.

2.7.2 Technical procedures of SCNT

Somatic cell cloning (cloning or nuclear transfex)a technique in which the nucleus of a
metaphase-Il oocyte is replaced by the nucleussafnaatic cell for the generation of a new
individual, genetically identical to the somaticllcdonor (Tian et al. 2003). The basic
procedure, by which a living cell nucleus is trdagped to an egg or oocyte, was established
by King and Briggs (1952). They usdghna pipiens and sucked a blastula cell into a
micropipette so that the cell wall was broken Ih& hucleus remained intact and covered by
cytoplasm. The whole cell was injected into an uiized egg in second meiotic metaphase.
The egg was enucleated manually by removing thephese spindle with its chromosomes
from the surface of the egg.

Currently mainly three different SCNT protocols baween developed for the production of
cloned offspring. The most widely used protocoks the classical cloning method employing
micromanipulators (Wilmut et al. 1997) and the haade cloning (Vajta et al. 2001), where
all steps are performed manually without the aignadromanipulators. The main difference
between the two SCNT protocols is that the handmadering procedure involves the
removal of the zona pellucida. Zona pellucida freeonstructed embryos are to be cultured

under specific in vitro conditions up to the blayt stage prior to transfer to recipients.



Literature review
19

Technical steps of cloning protocol

Enucleation of the recipient oocytes

Enucleation of the MIlI oocyte may be achieved byuaber of techniques; the most popular
is capillary incision of the zona pellucida, usagnicromanipulator followed by removal of
the polar body and adjacent metaphase chromosoyngschion into a glass pipette (Hosaka
et al. 2000). Additional methods include enucleaty centrifugation (Tatham et al. 1995)
and bisection of the oocyte followed by removafrajment containing the nuclear material
(Vajta et al. 2001, Vajta et al. 2003) (the soa@lthandmade” cloning method). Although
this technique has the advantage of simplicitydaés remove more oocyte cytoplasm and
therefore, it may reduce the amounts of proteineded for reprogramming and early

embryonic development.

Donor cell preparation and fusion

A biopsy of tissue taken from the selected donamahcan be cultured in vitro in order to
multiply and store at the frozen state. Each irtligi donor cell isolated from the culture
plate is inserted into the perivitelline space ok tenucleated recipient oocyte by
micromanipulation and then introduced into the deaytoplasm. Two methods are currently
employed for somatic nuclear transfer in mammadéxtem-fusion (EF) and intra-cytoplasmic
injection (ICI). The basic differences between #DH EF is, ICI takes a nucleus isolated from
the donor cell and introduces it with part of th&rsunding cytosol into the recipient
cytoplast, whereas EF introduces the entire dombrirtto the recipient oocyte. Comparison
of the remodelling pattern of donor nuclei afteclear transfer by injection or fusion showed
that a high rate of premature chromosme condems@®GC) occurred in both cases (Kurome
et al. 2003). However, observation 1 h after nudesnsfer showed that the resultant nuclear
configuration using the two transfer methods idedént in that for injection the majority
showed condensed chromosomes while for fusion tlagority showed metaphase-like
chromosomes (Kurome et al. 2003). The authors stedethat using the fusion method

produces a more rapid formation of the spindlerematurely condensed chromosomes.

Activation of the reconstructed embryo
Activation of the reconstructed complexes can eitleeachieved by short electrical pulses or
by brief exposure to chemical substances that agéguhe calcium influx into the complexes

and/ or the cell cycle (Niemann and Lucas-Hahr2201
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Temporary in vitro culture of reconstructed embryos

After fusion and activation, nuclear transfer enasryare developed in vitro up to the
blastocyst stage using a variety of culture systemusinely used for bovine IVF embryos
(Niemann and Lucas-Hahn 2012).

2. 8 Efficiency of mammalian cloning

As the ultimate goal of cloning is to obtain hegltartile offspring, the efficiency of cloning
should be assessed based on the proportion ohiiedfspring produced. Dolly was just one
cloned offspring that resulted after 277 attem@¥drut et al. 1997). The success rate of the
first cloned mouse production from cumulus ceH8f® ) (Wakayama et al. 1998) seems
nearly 6 times better than success rate of Dollgdpetion (0.3%). Though, cloning
technology improves the success rate hasn’'t showmatic change. After years similar
inefficiencies are still being described for clagiadult animals. For example the proportion
of reconstructed 1-cell cattle embryos that dgveto transferable quality blastocysts after
seven days of culture is comparable to that follgan vitro embryo production (IVP) (i.e. in
vitro matured, fertilised and cultured) with abattoirided oocytes (Wells 2005). However,
the success rate (defined as the percentage afigteaoted embryos that develop to term)
(Campbell 1999) was low in cloned embryos. Besidbsse that survive to term are
frequently defective (Cezar et al. 2003). Cloninygtlhe transfer of nuclei from adult cells is
still a hit-and-miss procedure (Solter 2000). Instnmammalian species studied thus far, the
survival rate to birth for cloned is only about 18%6; compared with a 30%—60% birth rate
for IVF blastocysts (Yang et al. 2007). Numeroustdes related to cloning procedures such
as state and source of the donor cell, cytoplastceoand quality, timing and methods of
manipulation and activation and embryo culture domas contribute to the death of clones,
both in the embryonic and fetal periods as weltdasng neonatal life. The following parts

will discuss some of these factors in detail.

2.8.1 Donor cell contribution

It has been generally believed that the type oflearcdonor cells is an important factor
influencing cloning efficiency in mammals. To daeveral somatic cell types such as fetal
and adult fibroblast, (Cibelli et al. 1998, Kubatiaal. 2000) mammary gland cell, (Wilmut et
al. 1997) cumulus cells, (Akagi et al. 2008) grasal cells, (Bhojwani et al. 2005, Wells et al.
1999) blood leukocytes, (Galli et al. 1999) anddoei cells (Goto et al. 1999) have been
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used as a donor for production of SCNT animals. &la@w, it is still unclear which somatic
cell type is efficient for nuclear transfer (Obaakd Wells 2002). As it has mentioned above,
blastomeres were the first cells to be used inietpamphibians (King and Briggs 1956). The
concept of blastomere cloning was that these shlbsv little or no differentiation and should
make better nuclear donors (Oback and Wells 2000#% idea is supported by earlier results
of cloned mice derived from pluripotent mouse lbastres. Mouse blastocysts derived from
two-cell, four-cell or eight-cell mouse embryoni@$tomeres were shown to develop to term
at 29%, 22% and 18% efficiency, respectively (Cligenal. 1993). In cattle however, the
comparison of donor cells derived from differenages of development have generated
controversial findings. The development of SCNT gob both at blastocyst and post-
implantation stage were similar when fetal, newnbamd adult female and male donor’s cells
were compared (Kato et al. 2000). Similarly, noed&ble difference at the blastocyst stage
was observed when somatic cell lines of variousrcgsu (fibroblast or granulosa cell) or
different passages {7vs. 11") were used for cloning (Bhojwani et al. 2005). Yether
groups have shown that blastocysts generated frdtured bovine fetal cells have higher
success rates for both pregnancy and calving cadparthose derived from cultured adult
cells (Forsberg et al. 2002). On the other hanthpasison of bovine embryos reconstructed
with different adult somatic cells showed that clusior ear fibroblast had better competence
for blastocyst formation than embryos reconstruetéd uterine or oviductal cells (Cho et al.
2002).

In most experiments involving cloned embryos fibasts have been used as donor cell
(Heyman et al. 2002b). This includes cells isoldtecth skin, ear, testis and ovaries which are
probably connective-tissue (stromal) fibroblastshea than epidermal or germ cells,
respectively (Wakayama and Yanagimachi 2001). bibsi cells are relatively easy to
isolate culture and replicata vitro (Iguma et al. 2005, Poehland et al. 2007). Besitle
use of adult somatic cells is more advisable tlegal tells, especially since this option allows
selection of animals with increased productiontsr@inigh milk yield and growth rate) and

valuable genetic merit, especially those in a ang program (Ilguma et al. 2005).
2.8.2 Cytoplast source and quality
The quality and source of oocytes is a key faatodetermining the proportion of oocytes

developing to the blastocyst stage and the effogiest which live offspring are produced
(Lonergan et al. 2003, Rizos et al. 2002, Wellsalet1997). Both in vivo- and in vitro-
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matured oocytes have been used as recipients fodugtion of cloned animals from
differentiated cells. In cattle and pigs, in vilocyte maturation systems produce an abundant
and stable supply of recipient oocytes because iommaoocytes can be obtained from
slaughtered animals. The oocyte maturation prodsséelieved to be a crucial step
influencing the subsequent developmental competehoecytes (Sirard et al. 2006). In vivo-
matured oocytes have a far higher developmentdityatihan IVM oocytes (Rizos et al.
2002). Nevertheless, the in videvelopmental potential of nuclear transfer embryas not
shown to be improved by usingwivo-matured oocytes (Akagi et al. 2008, Yang e2aD8).
However, owing to the smaller numbers of embryausr transfer in these studies, further
comparative studies are needed to fully evaluate itifluence of oocyte source and
maturation method on livestock cloning efficiency.

Another consideration is the source of oocytes, derived from prepuberal animals versus
adult animals. It is accepted that the oocytes frpmpuberal animals have reduced
developmental competence compared with that oftesdyom adult animals, as indicated by
the decreased blastocyst formation after in viemilization (Marchal et al. 2001, Revel et al.
1995). In addition, in vitro developmental ratesnoiclear transfer embryos involving adult
cytoplasts were substantially faster than thoseemibryos produced from calf oocytes
(Salamone et al. 2001).

In addition to the source of oocytes, the develapgalecompetence (quality) of the recipient
oocyte could also affect the cloning outcome, iy avery little progress has been made
about oocyte selection at present. Recently Su €@L2) showed the association of brilliant
cresyl blue (BCB) staining of oocytes with SCNTi@éncy. BCB staining has been used for
selection of competent oocytes in several mammaleties and measured the activity of
glucose-6-phosphate dehydrogenase (G6PDH), an enmymch is expected to be high in
immature oocyte as compared to mature. It was shbanBCB+ oocytes yielded increased
in vitro and in vivo development rate of SCNT end®ySu et al. 2012).

Zygote as a cytoplast source for cloning

The oocyte cytoplasts derived from methaphase tyt®s are almost exclusively used for
SCNT. Alternatively recent studies focus is alsdteti in re-exploring the ability of zygote

as cytoplast source for SCNT (Egli et al. 2007, Earal. 2009, Mezzalira et al. 2011). A
series of experiments in mice in the mid 1980s stbwhat donor nuclei could be
successfully exchanged between fertilized eggs otgyg with 90 percent reaching the

blastocyst stage of embryonic development and lkybltGrath and Solter 1983). Despite



Literature review
23

nuclei recovered and transplanted from embryos hat two-cell stage could direct
development to the blastocyst stage, enucleatedteydailed repeatedly to support
development when later embryonic or somatic donggse used (Wakayama et al. 2000).
These results led to the conclusion that mousedsteese nuclei transferred into enucleated
zygotes cannot support development in vitro (Mcleatd Solter 1984). However, the notion
that zygotes are poor nuclear recipients has beesntly revised. Live born pups obtained
from enucleated pronuclear zygotes reconstructatt witerphase nuclei of 8-cell stage
blastomeres were reported (Greda et al. 2006).|&isniearly bovine zygotes were shown to
support development of transferred somatic G1 elnaglei when the maternal telophase I
chromosomes and condensed sperm DNA were removied for pronuclei formation
(Schurmann et al. 2006). These studies unequiwodainonstrated that zygotes retain the
factors necessary to completely reprogram embrya@md somatic genomes. However,
whether reprogramming factors in these cells agestime as the factors active in the oocytes
remained to be elucidated (Oback 2008).

In addition to the cytoplast source, studies on matian oocyte highlighted the importance

of the activation signal on cloned embryos subsetdevelopment.

2.8.3 Method of egg activation

Nuclei of mature oocytes are arrested at a paaiicgtage of meiosis that varies from species
to species (Sagata 1996). Arrest is maintainedtddyilsation of M-Phase promoting factor
(MPF) and mitosis activating protein (MAP) (Haccatdal. 1993, Ruderman 1993). Fusion of
a spermatozoon with a metaphase Il (Mll) arrestecyte alleviate arrest, thereby allowing
cell cycle progression, cell division, and embryuoggs to proceed (Raz and Shalgi 1998).
The signal triggered by the sperreferred to as activation (Horner and Wolfner 20889l
the molecular mechanism by which the activatingnaigs transmitted from the sperm to the
oocyte is not fully understood. However, it is cléaat this signal triggers a large increase in
the concentration of intracellular free calcium,oywke a cortical reaction (to block
polyspermy), reduce the levels of maturation-prangpfactor (MPF) and mitogen-activated
protein MAP kinase and releases the oocyte fronoticearrest and permits resumption of
meiosis (Ducibella et al. 2002, Moos et al. 1996n\btetina and Orr-Weaver 2011).
Activation can be initiated by fertilization or the absence of sperm by artificial activating
agents. Since sperm-mediated activation is abseBCINT, an artificial activation is needed

to initiate embryo development. These protocolsnigaiely on raising the intracellular free



Literature review
24

Cc&* concentration in the ooplasm to mimic sperm-triggeevents (Nakada and Mizuno
1998). Various mechanical, chemical and physical stunmaivéh been used to elicit one or
several C# transients in the oocyte. Chemical activation carinsluced by exposure to the
calcium ionophore A23187, (Eusebi and Siracusa 1R&Get al. 2002) 7% ethanol, (Eusebi
and Siracusa 1983) and ionomycine (Loi et al. 1% estre et al. 2007 Alternatively,
calcium stimulation followed by treatment with aof@in synthesis inhibitor such as 6-
dimethylaminopurine (DMAP) or phosphorylation inids, cycloheximide (CHX) could also
cause full activation of the newly matured oocyies et al. 1998, Soloy et al. 1997, Wells et
al. 1999). Similarly, because most cell cycle ratpis such as MPF and MAPKs are
phosphorylation-dependent kinases, replacing a eprotsynthesis inhibitor with a
phosphorylation inhibitor such as 6-DMAP in the doned treatment with a calcium
stimulator such as A23187 also equally effectivénolucing activation of oocytes (Liu et al.
1998, Susko-Parrish et al. 1994).

Electric stimulation is also another way of intreihg C&*in to oocyte cytoplasm by making
the oocyte plasma membrane permeable in the pres#n€aZ with pulses of electricity.
This method often referred to as electrical actbrainvolves placing the oocyte between two
electrodes typically 0.5 to 1 mm apart in a*Ceontainingsugar based non- electrolyte
solution of mannitol sucrose or glucose and deingeone or more DC pulses of electricity
across the electrode (Collas et al. 1993; RickardsWhite 1992). A single electric pulse has
been shown to be enough to induce calcium transihouse (Rickords and White 1992),
rabbit (Fissore and Robl 1992), cattle (Collas let1893) and pig (Sun et al. 1992). The
physical stimulus used for oocyte activation is ¢éx@osure of oocytes to room temperature
before NT (Stice et al. 1994).

Oocyte activation is one of the crucial parametiEt®rmining the success of nuclear transfer
and the subsequent development of cloned embrybak(Bt al. 2006, Motlik et al. 2002).
Improper oocyte activation may affect the levelnotlear reprogramming following SCNT
(Ross et al. 2009).

Usually, activation treatment efficiency has beeal@ated by pronuclear formation, cleavage
and blastocyst rates, blastocyst cell number aodiyp(VVan De Velde et al. 1999). However,
huge variabilities are observed in the obtainedltesn comparative studies that involved
different combined oocyte activating agents. Fatance, Loi et al. (1998) reported that
treatment of oocytes with ionomycin 6-DMAP resuliadhe highest blastocyst and to term
development rates. On the other hand, Shen €2G8] showed that electrical pulse, A23187
or ionomycin in combination with 6-DMAP could efiently activate reconstructed bovine
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oocytes but not to term development. The same atmwed that only oocytes activated by
the A23187 and 6-DMAP combined treatment develdpadrm after transfer to the recipient
cow (2008). Other groups reported that activatiotin wonomycin and DMAP enhanced the
developmental rates in parthenotes and SCNT embogyapared to activation with
ionomycin and CHX in time-dependent pattern (Bhalkale 2006). The blastocyst rate of
bovine reconstructed oocytes activated by ionomyc®DMAP was similar to that of

ionomycin + CHX activated oocytes, when the intéfvetween fusion and activation was

less than 1 hHowever, a high blastocyst rate and quality imtiof total cell numbers of

bovine reconstructed embryos was obtained by dmivavith ionomycin + 6-DMAP for a
prolonged period of time (3.5-4 h) after fusioni(sét al. 2001, Van De Velde et al. 1999). It
has also been reported that a delay of incubat®-DMAP later than 6 h following
treatment with calcium ionophore/ionomycin couldluse abnormal ploidy development
(Rho et al. 1998, Van De Velde et al. 1999). Theselts suggested that timing of activation
of NT embryos affect development at the blastostesge (Im et al. 2007).

The timing of activation of recipient MIl oocytesit be classified into two protocols as
follows: (1) activation is performed immediatelytaaf fusion (simultaneous fusion and
activation method, FA), (2) activation is performedveral hours after fusion (delayed
activation method, DA). Donor chromosomes are eggds factors present in MIl cytoplasm
for only a short time in the FA method and for agdime in the DA method. In bovine NT
using cultured somatic cells, the DA method hasga im vitro development rate compared
with the FA method (Akagi et al. 2008, Shin et 2001, Wells et al. 1999). Prolonged
exposure of incoming nuclei to a cytoplasm ricimetaphase-promoting factor (MPF) causes
chromosome condensation (De Sousa et al. 2002.cbimidensation is believed to facilitate
undefined nuclear changes that are essential f@lalement (Campbell et al. 1996Db).

2.9 Role of epigenetics during early embryogenastsSCNT

All cells in an individual organism (with few exdegms) carry identical genetic information.

Accordingly, functional specialization of cells thg development is the outcome of
differential transcriptional programs, not diffetegenetic information. These programs are
governed by the transcription/translation machipesyich in turn is guided and controlled by
epigenetic (i.e., chemical) modifications of bothA and chromatin (Bird 2007, Bonasio et
al. 2010) Epigenetics is defined as nuclear inheritance ihatot based on differences in

DNA sequences (Holliday 1987). Epigenetics is belie to involve differential DNA
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methylation, histone acetylation, chromatin confegion as well as other mechanisms (Tian
2004).

2.9.1 DNA methylation

In vertebrates, DNA methylation occurs on cytosiimea cytosine-phosphateguanine (CpG)
context. CpG methylation is catalyzed by DNA metitayisferases (DNMTSs), which convert
S-adenosylmethionine to S-adenosylhomocysteinehbyatldition of a methyl group to the
5th position of a cytosine on DNA (Ostrup et al12)) CpG islands are frequently located
within the promoter region of genes and methylataihin the islands has been shown to be
associated with transcriptional inactivation of dogresponding gene (Bird 1996).

Because pre-implantation reprogramming occurs édtditization, and in the case of nuclear
transfer, after fusion of the donor nucleus witle thoplast, it is important to understand
changes in methylation following these events. ldaafter fertilization, but prior to DNA
replication and cleavage intensive demethylatiothefpaternal but not the maternal genome
is observed in mice, rats, pigs and cattle (Beaugt al. 2004, Dean et al. 2001, Fulka et al.
2004). In mice and cattle, the maternal genoman®tiés methylation markers during this
period and the maternal genome is passively dernaddiy by a replication-dependent
mechanism after the two-cell embryo stage (Fulkaakt 2008). In the mouse, the
demethylation is gradual throughout the pre-im@toh period up to the blastocyst stage
(Dean et al. 2001) while in cattle a phase of réylation occurs in the 8-16-cell stage

(Santos et al. 2003)

In embryos derived via nuclear transfer, epigenetmdifications, such as the waves of
demethylation andle novo methylation observed following fertilization alemcurs, but is
often disturbed in cloned embryos of many speanekthe level of DNA methylation remains
much higher than in normal fertilized embryos instnoases (Beaujean et al. 2004, Dean et
al. 2003, Kang et al. 2001a, Kang et al. 2001by}. iRstance, in bovine cloned embryos
despite initial demethylation of the donor genompassive demethylation does not occur to
the level seen in normal embryos. Besides, thddafanethylation in the cells of the embryo
are higher than normal at the four-cell and eigit-stages (Dean et al. 2001). Moreover, the
methylation status in pre-implantation cloned embryparticularly at some repeat sequences,
closely resembles the methylation levels in theod@ell genome (Kang et al. 2001a)
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2.9.2 Histone modification

DNA in eukaryotic organisms is organized in a napl®tein complex called chromatin. The
basic unit of chromatin is the nucleosome, whicleamprised of 147 bp of DNA wrapped
around an octamer of histones, formed by pairsaohef the four core histones (H2A, H2B,
H3, and H4) (Davey et al. 2002, Luger et al. 19%)the entry and exit sites located on the
surface of the nucleosome core, the DNA is bound Efth histone, histone H1, known also
as linker histone (Martins et al. 201R)nker histone H1 stabilizes the higher-order folylof
nucleosomes that defines distinct levels of chromatganization and gene activity (Figure
4).
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Figure 4. Open and condensed chromatin. A) Thesogoime structure B) A closed
(suppressed) and an open (active) chromatin steicidapted from

http://www.abcam.com/index.html?pageconfig=resofirmk=10189&pid=5#mod

The mammalian linker histone H1 family can be suldiéid into somatic cell-specific
subtypes, H1.0-H1.5 and H1x, and germ cell variapecific for sperm, H1t, H1T2 and
HILS1, and oocytes, H1loo (Happel and Doenecke 200Banges in the chromatin histone
variant composition have been suggested to bevadoin genome reprogramming during
gametogenesis and early embryonic development @dajkt al. 2008, Santenard and Torres-
Padilla 2009).
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During early embryo development, oocyte-specifitkdir histone transition occurs twice:
first, shortly after fertilization or nuclear trdes (“H1foo replaces somatic H1); and second at
around the time of the maternal-zygotic transitidblastula transition (H1foo is replaced
by somatic H1) (McGraw et al. 2006, Yun et al. 201@ cattle linker histone H1 becomes
undetectable in somatic nuclei within 60 min aftgection into oocytes, and is completely
replaced with the highly mobile oocyte-specific KB linker histone variant (Teranishi et
al. 2004). In contrast, core histones of somatmeaipyespecially H3 and H4, are not removed,
but remain stably associated with somatic DNA (Blistt al. 2000).

In addition to the exchange of proteins betweendbeor nucleus and oocyte cytoplasm,
there are modifications to DNA and post-translaibnto proteins that occur after SCNT
(Whitworth and Prather 2010n chromatin, the extruding tails of the histonetpms are the
preferential sites for posttranslational modifioas. Histone tails are subjected to a wide
range of postranslational modifications, includiagetylation, methylation, phosphorylation,
ubiquitylation, sumoylation, ADP-ribosylation, glysylation, biotinylation and carbonylation
(Strahl and Allis 2000). The detection of differ&otvalent histone modifications is also often
used as an indicator of remodeling of the somaicrucleus. Histone acetylation results in
loss of the positive charges on lysine residueatémt in the core histone N termini, which
would weaken the association between histone Nu@indomains and DNA favoring
transcription factor binding (Zhang et al. 2002ddition and removal of acetylation at
histone residues are catalyzed by histone acetglesase (HAT) and histone deacetylase
(HDAC), respectively (Figure 5). Thus, HAT is imgdited in creating an “open” chromatin
environment and HDAC a “closed” one (Hayashi andstkata 2011)Studies on the
acetylation of histones in bovine cloned embryogehfaund aberrancies (Enright et al. 2005,
Santos et al. 2003). The histone deacetylase (HOAitor trichostatin A (TSA) alproic
acid, scriptaid, and sodium butyrate treatment edonstructed embryos or donor cell
increases cloning efficiency including live birtfisishigami et al. 2006). This suggests that
hypoacetylation may be one limiting factor for tlidevelopment of cloned embryos
(Rybouchkin et al. 2006).
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Figure 5. Hypermethylated DNA recruits silencingniscription chromatin remodeling
complexes with histone deacetylases (HDACSs) anthptes chromatin condensation.
Hypomethylated DNA unfolds into a 'beads-on-a-gfrgtructure in which histones are
accessible for chromatin remodeling factors sudhistene acetyltransferase (HAT).
Adapted from (Korzus 2010).

2.9.3 Imprinting

Most autosomal genes are normally expressed froth paternal and maternal alleles,
whereas imprinted genes are expressed predominamtlyexclusively, from either the
maternal or paternal allele. Thudhe expression of imprinted genes does not follow a
Mendelian pattern of inheritance (which indicates équal participation of the alleles derived
from both parents) (Tycko and Morison 2002) butead depends on the parent-of-origin to
dictate its expression (Ferguson-Smith and Sur@0ilP That means genomic imprinting
results in only one inherited copy of the relevanprinted gene being expressed in an
embryo. For paternally imprinted genes, the pateatiale is epigenetically modified to
prevent transcription, ensuring that the embryo dwy mono-allelic expression from the
maternally inherited copy or, conversely, for magrmprinted genes the paternal allele is
expressed while the maternal allele is silencedo(@ni et al. 2010). Genomic imprinting
could be either maternal or paternal, with the jpiygric consequences manifested relatively

late in development or even into adulthood (Rei&lel1993).
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Imprinting is an epigenetic modulation of transtiap and it is mainly due to the differential
methylation of cytosine residues in CpG nucleotidesspecific differentially methylated
regions (DMRs) (Neumann et al. 1995). DMRs can hdiferent properties: some are
methylated in the silenced allele, whereas othersreethylated on the active copy.

Imprinted genes account for only 0.1-0.5% of theogee but have a disproportionately
important influence on early mammalian developm@unstancia et al. 2004, Tycko and
Morison 2002). Many imprinted genes are involvedtiwe control of fetal growth and
development in mammals (Reik et al. 2003) and dysgation of their expression by deletion,
inappropriate silencing or loss of imprinting haeb implicated in several pathologies in the
placenta and fetus, including sporadic, inherited environmentally induced growth disorder
(Lim and Ferguson-Smith 2010, Miozzo and SimoniZ200

Many of the developmental defects observed in domevine foetuses suggest the
involvement of growth regulating genes, particylaiose known to be imprinted. Defects
such as placental and fetal overgrowth and pefingtath may result from deregulation of
imprinted genes in fetus and placenta (Eggenschwileal. 1997). Fetal tissue seems less
vulnerable to this type of imprinted problem as panmed to placenta. In cloned mice several
imprinted genes show abnormally low expressiorhenglacenta, whereas no differences are
seen in the fetus (Inoue et al. 2002). Similarlyainal allelic expression pattern of the
imprinted IGF2R gene was observed in placentasnbutin the organs of cloned bovine
calves (Yang et al. 2005). Moreover, evaluatiormathylation patterns of imprinted genes
following SCNT indicates that methylation errorsiraprinted loci are common (Mann et al.
2003). In the mouse, only 4% of the SCNT-derive@-ipmplantation stage embryos
recapitulate the expression of the imprinted géte3, MEG3, IGF2R, ASCL2 and SNRPN
relative to in-vivo-derived blastocysts (Mann et2003).

Apart from somatic cell transfer, imprinted genes i@sponsive to a range of environmental
cues, such as in vitro fertilization and maturatibmvitro environment results in the loss of
genomic imprinting and biallelic expression (De&ale2001, Dean et al. 2003, Doherty et al.
2000, Mann et al. 2004) which are subsequently cést®sml with alterations in placental
growth and development. Imprinting also varies dyitally across gestation in human,
mouse and bovine placentas (Arnold et al. 2006allegwt et al. 1995, Pozharny et al.
2010). In cattle, the imprinted MASH2/ASCL2 gesebiallelically expressed in trophoblast
before implantation but is paternally silenced dadter (Arnold et al. 2006a).
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2.9.4 X chromosome inactivation

Sex chromosome dimorphism leads to a genetic imbalbetween the homogametic (XX)
and heterogametic sexes (XY), which mammals congtertsy inactivating one of the two X
chromosomes during female development in a proceled X chromosome inactivation
(XCI) (Lyon 1961). This epigenetic phenomenon iwesl non-coding RNAs (ncRNAs),
antisense transcription, histone modifications, @A methylation to distinguish two
genetically identical X chromosomes as active atghtsentities within the same nucleus
(Erwin and Lee 2008). In mice, the best-studiedcgsetwo forms of XCI are observed:
imprinted and random. Imprinted XCI inactivates theternally inherited X chromosome
(Xp) and occurs in the extra-embryonic lineageskéfa and Sasaki 1975, Takagi et al.
1982). Random XCI occurs in the embryonic lineaigeshich the X chromosome of either
parental origin (Xp or maternal X chromosome Xmh dae stochastically chosen for
inactivation (Okamoto et al. 2005). This pattermsggs in the trophectoderm lineage, such
that only the maternal X chromosome is expressdatidrplacenta. In the ICM, however, the
paternal X chromosome is reactivated, after whiwh paternal and maternal chromosomes
are subject to random inactivation in the develg@mbryo (Okamoto et al. 2005).

In somatic cloning through nuclear transfer, theneld zygotes receive one active (Xa) and
one inactive (Xi) X chromosome from the donor cellde introduction of a somatic cell
nucleus containing one inactive X chromosome imeoyte cytoplasm creates an unusual
epigenetic situation different from that in natlydertilized female zygotes, in which both X
chromosomes are active (Tian 2004). Using somaticod cells containing genetically
marked X chromosomes, it was shown that X inadgtwaivas random in the epiblast lineage
of cloned mice (Eggan et al. 2000). This meanstti@aiepigenetic marks that distinguish the
active X from the inactive X are removed in somagtls and reestablished on either X in the
embryonic lineage after NT (Eggan et al. 2000, Budeet al. 2001). However, in bovine
clones aberrant patterns of X chromosome inactisedis well as transcript levels of X-linked
genes, including XIS;Thave been found among different tissues (Wrenzgthki. 2002, Xue
et al. 2002). Besides, placental samples exhib&edom X inactivation as opposed to the
non-random preferential paternal X inactivationrs@e normal controls and healthy SCNT
calves (Xue et al. 2002).
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2.10 Differences between cloned and fertilized grmbmvith respect to the early

developmental events

In mammals, oocytes are ovulated at metaphasediramain arrested at this stage until
fertilization. The oocyte remains arrested at ttisge for months (mouse) or even years
(cattle) (Hyttel et al. 1997) and decades (hum@Kkshimoto 2003, Whitaker 1996) until a
preovulatory hormonal surge. Once fertilized, thecybe completes meiosis with the
extrusion of the second polar body and the forrmatibmale and female pronuclei. Shortly
after their formation, DNA replication is initiated the pronuclei. After DNA replication,
equal segregation of the genetic material occumnibysis and the zygote cleaves to form two
daughter blastomeres (Campbell et al. 1996a).

As part of the NT procedure the maternal chromosoane removed to produce an enucleated
oocyte. Following donor cell fusion or nuclear moigjection into the enucleated oocyte
(cytoplast), the donor nucleus undergoes numerabsegjuent events. In summary these
include 1) nuclear envelop break-down (NEBD) folemlvby 2) premature chromosome
condensation (PCC) 3) dispersal of nucleoli, 4pmaftion of the nuclear envelope, and 5)
nuclear swelling (Campbell et al. 1993). Nucleaeking is indicative of extensive exchanges
of proteins between the cytoplasm and the traredernuclei and considered as a
morphological indication of nuclear remodellingamphibians (Gurdon 1964) and mammals
including cattle (Sung et al. 2007), rabbit (Stcel Robl 1988), pig (Prather et al. 1987) and
mice (Czolowska et al. 1984). These series of stiwatural and biochemical changes
occuring in activated oocytes after nuclear tramsfesult in the formation of pseudo pro
nucleai which mimic cytophysiologically interphasaclei which are formed after oocyte
fertilization (Samiec and Skrzyszowska 2005).

Although the male and female pronuclei reside i@ #ame ooplasm, several differences
become established between them during the fitstgele (McLay and Clarke 2003). The
origin of the differences between maternal andrpateronuclei seen in fertilized embryos is
mechanistically linked to the unique origins andochatin state of the oocyte- and sperm-
derived chromosomes (Latham 2005). For instaneeanammals the maternal genome is pre-
packaged with histones in the oocyte, and has anadiin configuration containing high
levels of H3 histones methylated on lysines 4, @ 2n, and trimethlyated histone H4 lysine
20 (Liu et al. 2004, van der Heijden et al. 2008hereas during spermatogenesis spermatids
completely lack histones repacked their DNA witlotamines, which become rapidly

replaced by maternally provided histones in the otyg(McLay and Clarke 2003,
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Yanagimachi 2003). This protamine-histone replacenalows the paternal genome to
acquire a chromatin state that is enriched in hygetylated histones (Adenot et al. 1997). In
addition to histone modification, the pronuclei eppfirst few hours after fertilization differs
markedly in demethylation of their paternal DN@efore fertilization both gametes are highly
methylated, with sperm being more methylated thacyte DNA (Howlett and Reik 1991).
However, very rapid and active demethylation of plagernal pronucleus oocurs shortly after
fertilization while the maternal DNA remains metitg@d during this time (Mayer et al. 2000).
As mentioned above, normal fertilized embryos pssséheir two parental sets of
chromosomes in two distinct pronuclei, and distiddferences have been documented
between the pronuclei in various epigenetic modifans involving changes in DNA
methylation and histone acetylation (Kono 1997 hkat 2005). Therefore, it is reasonable to
assume that if an SCNT-generated embryo has tolajevine chromatin must, at least to
some extent, recapitulate the normal events taglage during early embryogenesis. When
SCNT embryos were probed for the presence of tludifilcation, it was observed that the
pseudo-pronucleus does exhibit characteristicsc&ypeither for the maternal nor for the
paternal pro-nucleus (Fulka et al. 2008). Thishhige due to the nuclease used in nuclear
cloning comes from a somatic (body) cell that has undergone the developmental events
required to produce the egg and sperm (Rideoutl.eRGD1).For instancethe somatic
genome, already packaged with histones, is unlikelyundergo the massive histone
replacement process observed with the paternalngeiiborthongpanich et al. 2010). Besides
the methylation patterns typical of biparental chosomes are not reproduced, passive
demethylation occurres with greatly reduced efficiein cloned embryos (Bourc'his et al.
2001). Thus, somatic cell chromosomes would nadtem those same chromatin states, at
least not with the same maternal—paternal dichotfiratham 2005). Whatever restrictions on
gene expression may arise normally from differémtiadifications of maternal and paternal
chromosomes in the fertilized zygote, these regine are probably lacking in cloned
embryos (Latham 2005).

2.11 Transcriptional reprogramming

It is believed that complete reprogramming of a abercell nucleus by the recipient cytoplast
would result in an embryo with a similar profile @éne transcription as that is seen in vivo.
Expression profiles of genes provide a primary eatbn on the extent to which the donor

genome is correctly reprogrammed. In order to axidrihe question of the extent of
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reprogramming of donor cells and the effects of $Cdh gene-expression patterns in
blastocysts, Smith et al. (2008pmpared gene-expression profiles in donor celts gay-7
blastocysts produced by artificial insemination )(Ah vitro fertilization (IVF), and SCNT
using a 7872 element cDNA microarray representiB@o6unique genes. The result showed
that the vast majority (84.2%) of genes represeatethe array were differentially expressed
in the fibroblast donor cells when compared with 8CNT embryos, with more than 1500
genes exhibiting more than twofold difference. Besi comparison of the gene-expression
profiles of Al, IVF, and SCNT 7-day blastocysts ealed that, SCNT embryos had a gene-
expression pattern that was more similar to thembryos than the Al were to IVF embryos.
Though, the source of cDNA clones which Smith andleagues used consisted
predominantly of placenta and spleen cDNA librandsich lacked embryonic genes, the
study was appreciated as the first dramatic dematist of the extent of nuclear
reprogramming that occurs during the SCNT process.

Following that information from multiple transcrnphal analyses of transferable bovine
blastocysts from various origins is starting towanalate (Long et al. 2007, Pfister-Genskow
et al. 2005, Somers et al. 2006, Zhou et al. 2008) such study (Beyhan et al. 2007)
examined the transcriptional reprogramming staifidblastocysts constructed from two
female adult ear skin fibroblast lines (LE: low ietncy and HE: high efficiency) that
differed markedly in their culture characteristiodevelopmental potential and in the
expression of over 3000 transcripts prior to NTedastingly, comparison of these two cell
lines derived SCNT blastocysts with that of VP dbteyst demonstrated indistinguishable
gene expression profile. However, unlike their fami degree of transcriptional
reprogramming at the blastocysts stage, the twb licels showed significantly different
cloning efficiency in terms of generating live birth. A possible explanatioor fthis
phenomenon is global transcriptional profiling la¢ tblastocyst stage may not have a direct
relationship with to term development capacity. #ternative explanation could be as long
as there were differentially expressed genes bet#&&NT and Al blastocysts, it is possible
that those transcripts may have a pronounced effectdownstream development and
redifferentiation (Smith et al. 2005).

Once the step of somatic-to-embryonic nuclear m@@@ammming has been successfully
overcome, the difficulty resides in the accuratelifeerentiation of the reprogrammed nuclei
(Yang et al. 2007). Thus, post-hatching developnesipiecially between day 7 to 21 SCNT
conceptuses are therefore, of high interest toptiecihow the embryo, the trophoblastic sac

and the uterus depend on each other and to whielmtethey tolerate asynchronies (Hue et al.
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2012). It is important to note that thus far, all expreasprofile studies have examined the
whole blastocyst embryo, so it remains unclear hdrethe observed differences are in the
inner cell mass (ICM), the trophectoderm or botieéiges (Yang et al. 2007). It is noteworthy
that 60—-80% of cells in the blastocyst are committethe extraembryonic tissues (Koo et al.
2002). Thus, aberrantly reprogrammed genes exmressearly trophoblast may not be
detected at 7 days of development if the resuldiffigrential expression is localized to a
fractional population of cells fated to form thetraxembryonic tissues (Rodriguez-Zas et al.
2008). Reports in cattle showed that SCNT derivedbrgos extraembryonic tissues were
shorter than Al or IVP elongating controls at dadydf pregnancy (Alexopoulos et al. 2008).
In an effort to identify putative genes associatedSCNT embryo elonagation process, a
recent review by Hue et al. (2012) summarized mbam 60 genes altered (up- or down-
regulated) in elongating tissue after SCNT as casgpao controls (Al or IVP). The
transcripts were identified (Arnold et al. 2006ajiFet al. 2010, Kato et al. 2007, Rodriguez-
Alvarez et al. 2010a, Sawai 2009, Smith et al. 2Qiing transcriptomic or a candidate gene
approach and analysed silico. Interestingly, 89% of the transcripts belongech&works
that perfectly matched some of the functions thextenpreviously associated to the elongation

process namely: “cell cycle” or “cellular developmiie(Table 1).
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Table 1. Gene expression on bovine elongating guoses after SCNT: IPA analysis on 55
genes, from 7 studies: Arnold et al. (2006), Katcale (2007), Sawai (2009), Fujii et al.
(2010), Rodriguez-Alvarez et al. (2010) and Smitrale (2010). Gene names are provided

according to the referenced HUGO terms.

. Focus .
ID Molecules in network Score Top functions
molecules

Actin, Alpha catenin, Alpha tubuliASCL 2,
AURKA, CaspaseCCT2, Cdc2, ERK1/2, Fdf,
FSH,GNB2L 1, hCG, Histone h3, IGF1R,

1 Immunoglobulin, InsulinKRT8, KRT18, Lh, 38 17
NCL, NPM 1, PP2APTGS2, Ribosomal 40s

Cell death, cell cycle,
DNA replication,
recombination, and

subunit, RnrRPS3, RPS11, RPS12, RPS25, repair
Rsk, TMPO, TPT1, TUBA4A, Veqdf
Apl, Caspase 3/T;DX2, Collagen Alphal,
Collagen type I, Collagen type IV, Cyclin E,
ELF5, EOMES, FGF4, FURIN, Growth Cellular development,
hormone) GF1, IGF2, Igf, IGF2R, I GFBP2, embryonic
2 IGFBP3, Igfbp,ILF2, Laminin, LDL, N-cor, 38 17 development,
NANOG, NFkB (complex), PDGF BB, posttranslational
POUS5F1, SOX2, SOX2-OCT4, SOX2-OCT4- modification
NANOG, SPARC, Stat5 dimerTEAD4, Tgf
beta, WEE1
60S ribosomal subunit, Akt, Ck2, CrdbNO1,
ERK, G-protein betaGATA3, Gsk3,HAND1,
Histone h4, 1gG, IL1, IL12 (complex), IL12 Gene expression,
(family), Jnk, LOC342994, LOC646875, cellular development,
3 LOC653232, Mapk, P38 MAPK, p85 (pik3r), 18 9 hematological system
PI3K (complex), Pkc(s), Ras, RNA polymerase development and
II, RPL18, RPL 23, Rpl36,RPL 39, RPL 10A, function
RPL 35A, Rpl38 (includes othersiRPL P2,
Ubiquitin

Genes in bold are present in the input data Itkipged from Hue et al. (2012).

This suggests that the SCNT elongated embryos’sdérgstome isnot only informative
because it reveales the prevailing earlier reprograng errors or explained later placental
defects but also delivers information on the eloiogaprocess (Hue et al. 2012}. is
therefore critically important to determine the nmmgramming status of transcripts
differentially expressed in elongated SCNT embisoss to define the role of those genes in

subsequent embryo development.
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2.12 Effect of culture medium on gene expressiosanly [VP and SCNT derived embryos

The in vitro production of embryo (IVP) is esseliyia three-step process involving in vitro
oocyte maturation (IVM), in vitro fertilization (I¥) and in vitro culture (IVC). On the other
hand, the standard SCNT procedure includes eniareat ova, insertion of the donor cells
(or nuclei) and activation of the reconstructed gmakand subsequently IVC of constructed
embryos till blastocyst stage. Despite this autonpahe pre-implantation embryo is highly
influenced by factors in the external environmanthsas those presented by embryo culture
or nuclear transfer, which may contribute for thébfference with their in vivo counterparts in
many respects including having smaller embryongcsli(Bertolini et al. 2002), retarded
embryonic development (Alexopoulos et al. 2008, dereNyborg et al. 2005), shorter
trophoblast size (Alexopoulos et al. 2008) and higiiddence of chromosomal abnormalities
(Slimane et al. 2000). These adverse characteristie even more pronounced in SCNT
embryos (Alexopoulos et al. 2008, Booth et al. 3008ich have still unresolved unknown
problems (De Sousa et al. 2002). In addition, thiéty of the embryo to adapt to changing
environmental conditions can exceed its own adaptapacity, resulting in aberrant
embryonic gene expression (Gao et al. 2003, NieraadnNrenzycki 2000).

There is a large and continually increasing bodgwtlence supporting the hypothesis that
the environment to which embryos are exposed iro\dan perturb gene expression in the
developing embryo. Several studies have been peeidbrto gauge the effect of the
environment on gene expression during pre-implamtadevelopment. Most of the studies
looked at the transcription of individual genestenf focusing on stress, imprinting and
apoptosis related genes. In one such study, Mctr@y. (2008) showed the effect of culture
conditions and SCNT on the expression of HSP70rZegrin beta 1 (ITGB1),
phosphoglycerate kinase 1 (PGK1), BAX and IGF2Rpamcine pre-implantation embryos
(McElroy et al. 2008). The amount of BAX mRNA waiglter in IVP and SCNT blastocysts
cultured in a medium with addition of 10% fetal b serum (FBS) on day 4 as compared
with in vivo blastocysts, whereas the mRNA content was lowerH®P70.2, IGF2R and
ITGBL1 in IVP than in in vivo blastocysts. Given tHaSP70.2 is a molecular chaperone that
is generally up-regulated in response to stresss isurprising that the transcription of
HSP70.2 was lower in IVP embryos than in vivo peecblastocysts (McElroy et al. 2008).
However, the regulation of expression of heat shwdteins seems complex and sensitive to

minor changes in environment and manipulation (\&yeki et al. 2001).
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Various studies in cattle and sheep have showrthlegbroduction of embryos under specific
culture environments resulted in not only alteredeyexpression but also altered conceptus
and fetal development following transfer. For imgi® LOS is often attributed to the culture
system. LOS is identified by obvious abnormalitigsch as increased incidence of oversize
fetuses and calves, increased fetal myogenesisailgs dysfunctional perinatal pulmonary
activity, abnormalities in placental developmentl aaduced pregnancy rates (Farin and Farin
1995, Kruip et al. 1997, Niemann and Wrenzycki 2006ung et al. 1998). The incidence of
these phenotypes evidenced the persistence ofreatbcular deviations and their correlation
with developmental anomalies (Lazzari et al. 2002).

Numerous studies aimed to improve the culture mador preimplantation of embryos that
can produce cloned offspring after transfer tord@pient. In vitro optimization of embryo
culture media has revealed that cloned embryooperbetter in glucose containing media,
thus suggesting a possible altered physiologicabbmdism (Chung et al. 2002) resembling
that of somatic cells. In the mouse, studies h&osva that optimal results are obtained when
the reconstructed embryo is cultured in the mediaviich the donor cell was cultured in
(Gao et al. 2003). With the aim to establish anciffit defined culture medium for bovine
somatic cell nuclear transfer (SCNT) embryos, Waingl. (2012a) recently compared various
media. Modified synthetic oviductal fluid (mSOF)thout bovine serum albumin (BSA) was
used as the basic culture medium (BCM) and withAB& a control. Defined culture media
containing each polyvinyl alcohol (PVA), myo-inadita combination of insulin, transferrin
and selenium (ITS), epidermal growth factor EGRlbwere added to BCM and the effect in
terms of blastocyst formation rate, blastocyst nalnber and expression of transcripts H19,
HSP70, BAX and IGF-2 was compared with that of omntounterparts. No significant
differences in expression levels of H19, HSP70 BAX were found in blastocysts derived
from optimized medium and undefined medium, althotie relative expression abundance
of IGF-2 was significantly decreased in the former.

Alternatively, supplementation of hormone such 8sngy/ml leptin during bovine oocyte
maturation improved blastocyst rate and reducedptioportion of apoptotic cells through
transcriptional enhancement of the leptin recefit&PR), signal transducer and activator of
transcription 3 (STAT3), and baculoviral inhibitof apoptosis protein repeat - containing 4
(BIRC4) genes (Boelhauve et al. 2005). Similarty,vitro culture (IVC) medium with 50
ng/ml leptin during pig partenogenic (PA) and SCaibryo development showed a stage-

dependent regulatory effect which its primary stemar effect being observed at the 4-8-cell
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stage (Wei et al. 2009). These results indicatposative effect of leptin on pre-implantion
embryo development.

Addition of growth factors such as vascular endahgrowth factor (VEGF) at the late
porcine IVP and SCNT blastocyst development stage found to have a beneficial effect on
the blastocyst quality and development rate (Bisetasl. 2011). It was shown that VEGF
MRNA along with fetal liver kinase-1/ kinase insddmain-containing receptor mRNA (flk-
1/KDR) was detected in all pre-implantation embrgtages of IVF and SCNT embryos
indicating that the activity was achieved througeGF receptors. Similarly, culturing pig
IVF and SCNT embryos with IGF-I significantly inased the number of total cells in
blastocysts and decreased the number of apoptatliei(Kim et al. 2006).

Improvement of somatic cell reprogramming abilitgsaalso reported when the donor cells or
the reconstructed embryos were treated with trighios A, an inhibitor of histone
deacetylases, before or after NT (Ding et al. 2088er et al. 2008, Meng et al. 2009, Zhang
et al. 2007). Unfortunately, the long-term effeofsthese reagents on embryo development
and their safety in therapeutic cloning are notviumoOne essential difference between the
IVF and SCNT embryos is that the IVF embryos wemilized by sperm in vitro, whereas
SCNT embryos received a diploid nucleus from celtudonor cells. As the underlying
reprogramming processes could be very differenwéen NT and in vitro fertilized embryos,

different media systems may be warranted (Dai.2G09).

2.13 Application of somatic cell nuclear transfer

Although there are issues concerning the safetipad products derived from clones and
their offspring and significant animal welfare cents limiting the acceptability and
applicability of the technology in its current fornthe potential benefits of cloning in
research, industry and agriculture are vast. Tladable literature (Bowring 2004, de Oliveira
Junior and de Oliveira 2012, French et al. 20064eR2000, Yang 2004, Yang et al. 2007)
categorized these applications in two general aréhsrapeutic and reproductive. Less
frequently mentioned possibility ‘basic researctssalso included in the recent review of

Niemann and Lucas-Hahn (2012).
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2.13.1 Reproductive cloning

Reproductive cloning is the formation of one or emanimals from a body cell of another
animal. Thus, the members of a clone are gensatiaddintical to each other and also to the

donor of the cell from which the clone is deriv€&lidon 2004).

Application of reproductive cloning for rapid multiplication of desired livestock

Nuclear transfer cloning, especially from somateédl awuclei, could provide a means of
expanding the number of chosen livestock. It hamtential to produce a genetic copy (a
clone) of an already proven adult animal of exaeplly high genetic merit for commercial

purposes, without recourse to time-consuming prepdesting (Basrur and King 2005). This

would be particularly relevant in the sheep and loedustries, where cloned sires could be
used in widespread natural mating to provide amcéffe means of disseminating their
superior genetics. It could be used as a substitutartificial insemination, which in these

more extensive industries is often expensive aocdnwenient (Wells 2005).

Conservation of endangered species

Cloning can be used along with other forms of #&sdigeproduction to help preserve
indigenous breeds of livestock, which have produrctiraits and adaptability to local
environments that should not be lost from the dlgeme pool. Prominent examples are the
birth of the Sardinian Mufflon which is threatenkeg extension. It was produced by transfer
of cloned Sardinian mufflon embryos into domeshieep foster mothers (Loi et al. 2001).

Cloning for transgenic applications

A transgene is a foreign deoxyribonucleic acid (DNANstruct containing a sequence that
codes for a specific protein and a promoter rediat confers gene expression in specific
tissues, along with insulators and other regulasaguences to protect, enable or enhance the
expression of the introduced gene (Keefer 2004 midien et al. 2003)The so-called
“transgenic animals” were first developed usinganioy microinjection of DNA into the
nucleus of the egg (Gordon et al. 1980, Palmitealet1982). Alternatively, transgenic
offspring can be created by using genetically meditdonor cells for nuclear transfer. It is
possible to remove (knockout) as well as to addegeand facilitates precise modification of
control regions or addition of genes to specifigioas of the genome (knockin) (Campbell

2002). The biotechnological applications of prodgcgenetically modified cloned offspring
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are many fold and include those targeting repradegberformance, growth rate, carcass
quality, milk production, milk composition and dise resistance (Wall 1996, Wheeler et al.
2003). As such, in the earlier days of domesticattbe introduction of superior alleles for
any of these traits into a new line would have ssitated continued genetic selection, cross-
breeding (hybridisation) and repeated back-crossmgensure the introgression of the
introduced allele. Transgenesis offers a fasteahatkof introducing new and desirable genes

into domestic animals without recourse to crosedthireg (Wall 1996).

2.13.2 Therapeutic cloning

This term refers to the production of cells by macltransplantation or cloning so that they

can be used for replacement of body cells thabngdr function normally (Gurdon 2004).

Pharmaceutical and medical applications of cloning

SCNT has been proposed as an approach to genataet gpecific pluripotent stem cells for
potential therapeutic applications. Patients wdltipular diseases or disorders in tissues that
neither repair nor replace themselves effectivag/dccurs, for example, in insulin-dependent
diabetes, muscular dystrophy, spinal cord injusftain cancers and various neurological
disorders, including Parkinson’s disease) could epidlly generate their own
immunologically compatible cells for transplantatiovhich would offer lifelong treatment
without tissue rejection (Wells 2005). The embrgostem cells derived from the SCNT
embryo, called ntES cells (embryonic stem cellsibglear transfer), would be isogenic to the
donor and pose no risk of immune rejection (Paal.€2012, Wells 2005). The generation of
human embryos does (Thomson et al. 1998), howeaise ethical concerns. It is therefore
important for those advocating the introduction tbérapeutic cloning to examine every
alternative that could achieve similar objectiv€3ne of such breakthrough that could
potentially resolve the ethical issues and rejacpmblems associated with the use of human
ES cells in regenerative medicine (Liu et al. 2088forced expression of four transcription
factors (OCT4, SOX2, NANOG, and LIN28) to reprogrammouse embryonic fibroblasts to
ES-like cells (Yamanaka et al. 2006). This techggldas since been improved with
additional factors (Takahashi and Yamanaka 200&afashi et al. 2007) and microRNAs
[termed induced pluripotent stem (iPS) cells](Anekyanso et al. 2011, Miyoshi et al. 2011).
Though the iPS approach is more practical than S{Dihos et al. 2008), several studies
have raised concerns about the safety of the IS @¢ussein et al. 2011, Taapken et al.
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2011, Zhao et al. 2011). These concerns renewedhteeest in other alternatives such as
SCNT. Recently, for the first time, human ntES celere reported to be successfully derived
from an SCNT embryo (Noggle et al. 2011). In theger term, however, fundamental
understanding of reprogramming may enable onetged to be directly trans-differentiated

into another cell type specifically required fofldgmsed therapy (Collas and Hakelien 2003).
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3. Materials and methods

3.1 Materials

3.1.1 List of chemicals and kits

During this experiment, various chemicals, kits autture media purchased from different

manufacturers were used. Besides, during data sieatywltifarious software packages, tools

and databases were utilized.

Chemicals

10 x PCR buffer

2-Mercaptoethanol

5 x First-Strand buffer

Acetic acid

Agarose

BME (essential amino acids)

Bovine serum ablbumin (BSA)
Dimethyl sulfoxide (DMSO)

dNTPs

DTT

Dye terminator cycle sequencing (DTCS)

Ethanol

Ethidium bromide

Manufacturer/Supplier

Promega, WI, USA

Sigma-Aldrich Chemie GmbH,
Munich, Germany

Invitrogen Life Technologje
Karlsruhe, Germany

Roth, Karlsruhe, Germany

Sigma-Aldrich Chemie GmbH,
Munich, Germany

Gibco BRL, life teclowes,

Karlsruhe, Germany
Promega, Mannheim, Geyn
Roth , Karlsruhe, Germany

Roth , Karlsruhe, Germany

Invitrogen Life Technologies,

Karlsruhe, Germany

Beckman teouKrefeld,
Germany

Roth, Karlsruhe, Germany

Roth, Karlsruhe, Germany
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Ethylenediaminetetra acetic acid
Eukaryotic poly-A RNA control kit
EX0SAP-IT

FSH

GeneChip® Bovine Genome Array

GeneChip®3’hybridization, wash and stain kit

GeneChip®3’ IVT express kit

Glycogen for sequencing

GnRH

Hemi-calcium lactate

Hepes

Hoechst 33342
Hydrochloric acid

Hydroxylamine

Hypotaurin

lonomycin

L-Glutamine

Magnesium chloride

MEM (non essential amino acids)

Mineral oil

Roth , Karlsribermany
Affymetrix, CA, SA
USB, Ohio, USA
Follitropin Vetrepharm, Canada
Affymetrix, CA, USA
Affymetrix, CA, USA
Affymetrix, CA, USA

Beckman Coulter, Krefeld,

Germany

Fertagyl®; Intervet, Boxmeer, The

Netherlands
Promega, WI, USA

Sigma-Aldrich Chemie GmbH,
Munich,Germany

Invtrogen, Carlsbad, CA, USA
Roth, Karlsruhe, Germany

Sigma-Aldrich Chemie GmbH,
Munich, Germany

Sigma-Aldrich Chemie GmbH,

Taufkirchen, Germany

Sigma-Aldrich, Chemie GmbH,
Munich, Germany

Sigma-Aldrich, Germany

Sigma-Aldrich Chemie GmbH,

Munich, Germany

Gico BRL, Life Teologies,
Karlsruhe, Germany

Sigma-Aldrich Chemie GmbH,
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Norgen RNA DNA & protein isolation kit

Oligonucleotide primers

PGFa

PicoPuré™ RNA isolation kit

Potassium chloride

Random primer

Ribo-nuclease inhibitor (RNasin)
RNAlater

RNasin

RNA 6000 Nano LabChip® kit
RQ1 RNase-free DNase

Sample Loading Solution (SLS)

Sequagel XR sequencing gel

Sodium acetate

Sodium bicarbonate

Sodium chloride

Sodium hydrogen sulphate
Sodium lactate solution (60%)
Sodium pyruvate

Trypsin-EDTA

Munich, Germany

Norgen Bioteck Corporation,

Ontario, Canada

MWG Biotech, Eberberg, Gany

Estrumate®, Intervet, Munich,

Germany
Arcturs, CA, USA.

Sigma-Aldrich Chemie GmbH,
Munich, Germany

Promega, WI, USA
Promega, WI, USA
Sigma-Aldrich, MI, USA
Promega, WI, USA
Agilent Technologies JI@A, USA
Promega, WI, USA

Beckman Coulter, Klakf
Germany

Beckman Coulter, Krefeld,

Germany
Roth , Karlsruhe, Germany

Sigma-Aldrich chemie, Steinheim,

Germany
Roth , Karlsruhe, Germany
Sigma-Aldrich Inc, MO, USA
Sigma-Aldrich Inc, M@BA
Sigma-Aldrich Inc, MO, USA

Sigma-Aldrich, Chemie GmbH,

Munich, Germany
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Streptomycin

Streptomycin sulphate
TCM199

Superscript Il reverse transcriptase

iTag SYBR Green Supermix with ROX

Taqg DNA polymerase

Reagents and media

Agarose loading buffer

3% BSA in PBS

CR1-aa culture medium (50 ml)

DEPC-treated water (1000 ml)

dNTP solution

Sigma-Aldrich, Deisenhofen,
Germany

Sigma-Aldrich Inc, MO, USA
Sigma, Taufkirchen, Germany
Invitroger, GSA

Bio-Rad Laborgte, Munich,

Germany

Sigma-Aldrich Inc, MO, USA

Bromophenol blue 0.0625 g
Xylencyanol 0.0625¢g
Glycerol 7.5 mi
ddH,O added to 25 ml

BSA 30g
10x PBS : added to 1,000.0 ml

Hemi-calcium lactate 0.0273 g
Streptomycin sulphate 0.0039¢
Penicillin G 0.0019¢
Sodium chloride 0.3156 g
Potassium chloride 0.0112 g
Sodium hydrogen carbonate 0.1050 g
Sodium pyruvate 0.0022 g
L-Glutamine 0.0073 g

Phenol red solution (5% in D-100pl
PBS)

Sodium hydrogen carbonate 0.080 g
DEPC 1ml
added to water 1000 ml
dATP (100 mM) 10 pl
dGTP (100 mM) oul

dTTP (100 mM) 10l
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ddH,O added to 400 pl

Modified parker medium HEPES 0.140 g
Sodium pyruvate 0.025¢g
L-Glutamin 0.010¢g
Gentamicin 50Qul
Medium 199 99 ml
Hemi calcium lactate 0.06 g
added to water 110 ml

3M Sodium acetate, pH 5.2 Sodium acetate 123.1g
ddH,O added to 500 ml
ddH,O added to 1000 ml

3.1.2 Equipments
Equipment Manufacturer

ABI PRISM® 7000 SDS

Applied Bio Systems

Affymetrix®GeneChip Hybridization oven 640  Affymetr CA, USA

Affymetrix®GeneChip Fluidics Station 450
Agilent 2100 Bioanalyzer
Affymetrix®GeneChip™3000 scanner

ApoTome microscope
Axon GenePix 4000B scanner

Centrifuge

CEQ™ 8000 Genetic Analysis
CO2-incubator (MCO-17Al)
CH15 embryo flushing catheter
Electrofusion machine CFA 400

Electrophoresis

AffymetriCA, USA

Agilent Technologies , G4SA
Affymetrix, CA, BS

Carl Zeiss Microlmaging, Gerynan

Axon Instruments, Foster City, CA,
USA

Hermel, Wehingen, Germany
Beckman Coulter, Krefeldyr@amny
Sanyo, Japan
CH15, Wérrlein, AndhaGermany
Kruess Hamburg, Gegma

BioRad, Munich, Germany
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Embryo transfer syringe and sheath IMNAigle, France

_ Thermo Fisher Scientific, Roskilde,
Nunc four well dishes

Denmark
GAPSII Corning, Amsterdam, Netherlands
Inverted fluorescence microscope DM IRB Leica, Gamgn
Nanodrop 8000 spectrophotometer Thermo Fishengioee DE, USA
Memmert CO2 incubator Fischer Scientific, Leicestteée, UK
Millipore apparatus Millipore Corporation, USA
MyCycler Thermal Cycler Bio-Rad Laboratories, G4SA

MicroAmp® optical 96-well reaction plate with APPlied Bio Systems
barcode

Stereomicroscope SMZ 645 Nikon, Japan
StepOnePlus real-time PCR system Applied Bio System
Ultra-low freezer (-8€C) Labotect GmbH, Gottingen, Germany

3.1.3 List of software programs and statisticalkages

Programs (software) Source of the programs (software)
and statistical packages and statistical packages
Bioconductor packages

Library (affy), Library (marray)
Library (GCRMA), Library (LIMMA)
L|brary (Sma)’ L|brary (anotate) http//WWWbIOCOﬂdUCtOt’Ofg/

Library (gostats), Library (Go)
Library(qualityMetrix)

Library(gplots)
Ingenuity's pathway analysis Ingenuity® Systems, www.ingenuity.com
BLAST program http://blast.ncbi.nim.nih.gov/Blagfi.c

EndNote X1 Thomoson
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Entrez Gene

GeneChip® Operating System
Primer Express ® software

Primer 3 (version 4)

Prism for windows (ver.5.0)
Principal component analyis (PCA)

R statistical computing and graphics

software

http://www.ncbi.nlm.nih.gov/sites/entrez?db=ge
ne

Affymetrix, CA, USA
Applied Biosystems, FoSity, CA, USA
http://frodo.wi.mit.edu/prirBér
GraphPad software, Inc.
http://folk.uiolahammer/past

http://www.r-project.org/
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3.2 Methods

3.2.1 Experimental animal handling and management

All experimental animals were heifers of the sameet, Simmental. Heifers were selected
based on general clinical examination for in vivabeyo production, embryo transfer and
slaughter. They were fed a total mixedion and housed in a freestall (cubicles) barth wi

slotted floor lined with rubber mates. All experimi& animals were handled and managed

according to the rules and regulations of the Gertaa of animal protection.

3.2.2 In vitro embryo production (IVP)

In vitro fertilization and in vitro culture was germed according to the protocol described
elsewhere (Salilew-Wondim et al. 2010b). Brieflpvime ovaries were obtained from a local
slaughterhouse and transported in warm (30-3%t@ysiological saline solution within 1-3
hours. Subsequently, cumulus-oocyte complexes (F@@Ese aspirated from 2- to 8-mm-
diameter follicles using a 10-ml syringe loadedvain 18-gauge needle. COCs with evenly
granulated oocyte cytoplasm surrounded by more tina@® compact layers of cumulus cells
were selected under microscope. COCs were waslteohambated (in groups of 50) in four
well dishes containing 400l of maturation medium that consisted of TCM-199g(&a,
Taufkirchen, Germany) with Earle salts bufferedy34mM Hepes and 33.9 mM sodium
bicarbonate (Sigma-Aldrich chemie, Steinheim, Gaeryasupplemented with 10% estrous
cow serum (OCS), 0.5 mM L-glutamine, 0.2 mM pyreyaa0 mg/ml gentamycin sulphate
and 10 pl/ml FSH (Follitropin, Vetrepharm, Canaffdyinc, Roskilde, Denmark) at 38.7 °C
and 5% CO2 in an humidified air. After maturati@2 (h), all COCs were co-incubated with
sperm of the same bull (1x38permatozoa/ml) in a fertilization medium consigtof Fert-
TALP medium supplemented with 10 mM sodium lactatepM sodium pyruvate, 6 mg/ml
BSA, 1ug/mL heparin, 1uM hypotaurine, 2QuM penicillamine, and 21M epinephrine) at
38.7°C in 5% CQin air. At the end of co-incubation abod8 h after fertilization, the
presumable zygotes were denuded from cumulus c@limulus-free presumptive zygotes
were washed three times in CR1aa (Rosenkrans E2@8) supplemented with 10% OCS and
then cultured in 40Ql of the same medium in four well dishes (NuncsRlde, Denmark)

under minerabil at 38.7°C in 5% C@in humidified air until blastocyst stage.
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3.2.3 In vivo embryo production

In vivo derived day 7 blastocyst-stage embryos weréected from donor cows following
superovulation and Al using a similar protocol &satibed in our previous study (Salilew-
Wondim et al. 2010a). Briefly, Simmental cows wene-synchronized by intramuscular
administration of 500 mg of the prostaglandi (PGF21) analogue cloprostenol (Estrumate,
Munich, Germany) twice within 11 days. The cowsitheceived 0.02 mg of GhnRH-analogue
buserelin (Receptal) (Intervet, Boxmeer, The Né#amels). Twelve days after the last GhnRH
injection, cows received the first of eight conda@® FSH-injections over 4 days in
decreasing order. Two PgRreatments were performed at 60 and 72 h aftemitial FSH
injection. Finally, 48 h after the first P@F application, ovulation was induced by
administration of 0.02 mg of Buserelin. A total diree artificial inseminations were
performed within a 12 h interval using the same &silused for in vitro fertilization. At day 7
post insemination, embryos were flushed out byniingi each uterine horn with 500 ml PBS
using the CH15 embryo-flushing catheter (Worrlefmsbach, Germany) via a three-way

connector into an embryo filter (Immuno Systems,IN¢l, USA).

3.2.4 Derivation and preparation of donor cells

Bovine fibroblast cells (FB) were used as a doreisdor production of SCNT blastocysts.
For this, primary fibroblast cell lines were estslhéd from biopsies taken from the ear of the
bull whose semen was used for in vivo and in vdrmobryo production. The biopsies were
minced into 1-2 mm pieces, were washed severalstimad were dispersed in T25 cell
culture flask. The cells were then cultured in @ado’s Modified Eagles Medium (DMEM)
supplemented with 2 mM glutamine, 1% non-essenaatino acids, 0.1 mM§-
mercaptoethanol, 100 U/ml penicillin, 100 pg/mleptomycin (Sigma, Deisenhofen,
Germany) and 10% fetal calf serum (Gibco, Karlsydbermany) in a humidified atmosphere
of 95% air and 5% CPat 37°C. At 90% confluence, the cells were trysd (0.05%
Trypsin/0.53 mM EDTA,; Gibco), subpassaged, anddrogtored as aliquots in cell culture
medium with 10% DMSO until use. Cells of passageeBe cultured and induced to enter a
period of quiescence (presumptive GO) by serunvatian (0.5%) for 7 days before nuclear

transfer.
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3.2.5 Somatic cell nuclear transfer (SCNT)

To generate SCNT blastocysts, oocytes were matfioredl9 h. Metaphase Il oocytes were
enucleated by removal of the polar body and thechéd cytoplasm with the metaphase plate
utilizing a 25um beveled glass pipette. The absence of the metagilate was confirmed by
minimum exposure to ultraviolet fluorescence. Ag&ndonor cell was placed into the
perivitelline space of the oocyte in close contaith the oocyte membrane, utilizing a gox
beveled glass pipette. Fusion was induced withina®ter complex reconstruction by a single
electrical pulse of 25 V for 4s (Kruess electrofusion machine CFA 400, Hamburg,
Germany) between two electrodes, with a spacind5&f um. Activation of reconstructed
complexes was performed by incubation inu® ionomycin for 4 minutes followed by
incubation with 2 mM 6-dimethylaminopurine (DMAPh iCRlaa medim for 3.5 h.
Subsequently, SCNT derived embryos were culture@Riaa mediunundermineraloil at
38.7 °C in 5% CQin humidified air until blastocyst stage.

3.2.6 Embryo transfer and day 16 embryo collection

Prior to embryo transfer, recipient cows were estreynchronized using a similar protocol as
described above for superovulation except recipaminals did not receive FSH and Al.
Following this, good quality day 7 blastocysts proed in vitro (IVP), somatic cell nuclear
transfer (SCNT) and in vivo (Al) weteansferred nonsurgical into the uteaislay 7 of the
estrus cycle. Then recipients of IVP embryos, S@Wbryos and Al were slaughtered 9 days
later. Elongation stage embryos were flushed oth@futerus by cutting the corpus uteri and
injection of PBS solution into the oviduct, theyreavashed twice in PBS and subjected to
morphometric quality assessment. The entire consepfrom each pregnancy group was
measured. On the bases of the conceptus lengthrasence and abscence of embryonic disc,
embryos were further classified in to two groupslarRentous embryos with visible
embryonic discs were considered as elongated wbiteeptuses having early tubular shape
were regarded as developmentally delayed. All sesnwere stored immediately in -20 °C
with RNAlater (Ambion Inc, Austin, TX, USA) for lat use. Morphologically similar
conceptuses were used for large scale gene exgmnessalysis. Conceptuses identified as
developmentally delayed from IVP and SCNT pregrnesiovere used for qPCR based

candidate gene expression analysis.
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3.2.7 RNA extraction and cDNA synthesis

Total RNA was isolated from each group of samplmelg SCNT, IVP, Al and FBs, three
biological replicates from each group, using DNA/protein purification kit (Norgen
Biotek Corporation, Thorold, Canada) according teethmods recommended by the
manufacturer with slight modification. All centrgation steps were performed in benchtop
microcentrifuge at 14, 000 x g except noted. Pedgisndividual embryos were lysed in 600
ul of lysis buffer and centrifuged for 2 min. Aftdre supernatant was transferred to another
RNase-free microcentrifuge tubes, 600 ul of 70%u=thwere applied and vortexed for 10 s.
Lysate with ethanol was applied on the providedicol and centrifuged for 2 min to retrieve
the entire lysate volume. In parallel, fibroblastle were lysed in 350 ul of lysis buffer and
vortexed for 15 sec. Subsequently, 200 pl of 958aratl were applied before transfer to the
column. Despite slight differences in lysate pragian of fibroblast cells and embryo
samples, a similar procedure was carried out foARddlation. The column was reassembled
with a new collection tube and washed twice witlh 40 RNA wash solution and placed in a
fresh 1.7 ml elution tube provided with the kit. RM/as eluted with a total 150 ul of elution
buffer and centrifuged for 2 min. Following prec¢ggion of RNA, TURBO DNA-free Kit
(Applied Biosytems) was used to remove carry oveiADThe quality of the resulting RNA
was verified by the relative intensity of rRNA bandsing Agilent 2100 Bioanalyzer with
RNA 6000 Nano LabChip® Kit (Agilent Technologiesc/iCA, USA),RNA was quantified
using a NanoDrop 8000 spectrophotometer. For reveasscription, 1 pg of RNA was used
in a 20ul final reaction, containing ul random primer (Promega), | Oligo dt , 10 mM
each dNTP, 4l 5x first-strand buffer, RNasin, DTT 0.1 M and stgoeipt 1l in the order of
0.3 ul, 2 ul and 0.7ul, respectively. Cycling was performed at 25 °C $omin, 42 °C for 90
min and 70 °C for 15 min. The cDNAs were kept frozt -20 °C until used in qRT- PCR

experiments.

3.2.8 RNA amplification

RNA amplification, cDNA synthesis, labelling anddniization was performed according to
user manual of GeneChip®3' IVT Express Kit [P/N 888 Rev. 7 Affymetrix Inc)].
Briefly, total RNA isolated from three biologica¢plicates of Al, IVP and SCNT-derived
elongated embryos as well as donor fibroblast aedls subjected to global gene expression
analysis using the GeneChip Bovine Genome Arrdfy(Aetrix, CA, USA). A total of 250

ng RNA (to which 2ul of diluted poly-A RNA controls were added) using T7 oligo (dT)
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primerwas used to generate first strand cDNEAkaryotic poly-A RNA control kit was used
as a SPIKE-IN control to monitor the entire tartgtelling process. The controls were then
amplified and labelled together with the samplegash eukaryotic GeneChip ® probe array
contains probesets for seveil subtilis genes (lys, phe, thr, and dap) that are absent in
eukaryotic samples. Following this, the first stasDNA was converted to double strand.
The resulting double stranded cDNA was in viftanscribed andbiotin- labelled using IVT
master mix at 37C for 16 h. The amplified RNA (aRNA) was then pigif to remove
unincorporated NTPs, salts, enzymes and inorgahasghate using magnetic-beads. The
quality of cRNA was assessed on the Agilent 21@&malyzer, and 1g2g of this cRNA was
fragmented using 5x fragmentation buffer in RNase-fwater. The fragmentation reaction
was carried out at 94 °C for 35 min to generate2B8-base fragments for hybridization, and

fragmented aRNA quality was also assessed usingghent bioanalyzer.
3.2.9 Affymetrix array hybridization, washing, steng and scanning

The GeneChip® Bovine Genome Array (Affymetrix, C4SA) was used for hybridization.
For this, a hybridization cocktail consisting olagmented and labelled cRNA, control
oligonucleotide B2 (3 nM), 20 x eukaryotic hybridion controls (bioB, bioC, bioD, cre)
(Affymetrix, CA, USA), DMSO and RNAse free water rgemixed to a final volume of 200
ul. The mix was then heated at 99 °C for 5 minofekd by 5 min incubation at 45 °C.
Hybridization was performed for 16 h. The arraysevthen washed and stained using the
Fluidics Station 450/250 (Affymetrix, CA, USA) arstanned using the GeneChip™3000
laser confocal slide scanner (Affymetrix, CA, USikjegrated with GeneChip® Operating
System (GCOS) as recommended in the GeneChip® ssiprewash, stain and scan user

manual (P/N 702232 Rev.3) and .cel raw data fileszvgenerated.

3.2.10 Data analysis

Data analysis was carried out with “R”, an openrsetnterpreted computer language for
statistical computation and graphics and tools ftbe Bioconductor project (http://www.r-
project.org) and (http://www. bioconductor.org) wansed. Normalization and background
correction was done using Guanine Cytosine Robusitidrray (GCRMA). During
normalization, the CEL files were pre processed @muverted into expression set using the
GCRMA, considering probe sequence and the GC-cbhigrkground correction. The CEL

files and normalized data can be accessed in thee Gexpression Omnibus (GEO)



Materials and methods
55

http://www.ncbi.nlm.nih.gov/geo/ with series entry GSE40101,
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?ac&H#30101. For genes with more than
one probe set mapped to it, the probe set witHalgest inter quartile range of expression
intensity was selected. Non-specific filtering wased to remove genes with low variance
between arrays using a cutoff of 0.25 (Gregerseh. &010). This left 16,020 genes that were
used for the following analysis. Genes with FBR.2, p<0.05 and>FC > 2 were taken as
differentially expressed (DEGELanonical Pathway Analyses were performed usingringy

Pathway Analysis ([IPA], Ingenuity Systefhsttp://www.ingenuity.co software utilizing

gene transcripts attaining nominal levels of sigaifice (p < 0.05).

3.2.11 PCR based sex determination assay

Due to the fact that we have not used sexed sentetha donor cell line was obtained from a
bull, we took advantage of harvested DNA from eawctbryo sample during RNA isolation to
use it for PCR based sex determination. The sexlafgated embryos was determined by
using two sets of primers namely bovine genderrak@nd bovine male-specific primers.
The sequence of the bovine gender-neutral pringes. wpstream'855CC CAA GTT GCT
AAG CAC TC-3 and downstream'®&CA GAA CTA GAC TTC GGA GC-3(Akyuz et al.
2010) was used to show the presence of DNA inaatiges. The bovine Y-specific primer
(Accession No. AC234853.4), upstreahT®G ACA TTG CCA CAA CCA TT-3 and
downstream 5GCT GAA TGC ACT GAG AGA GA-3 was used to distingbi male and
female DNA. The amplification was carried out fd@ dycles where each cycle consisted of
template denaturation at 96 for 5 min followed by 95C for 30 sec, reannealing at &3
and 55°C for bovine gender neutral and male-specific prérfer 30 sec, respectively and
primer extension for 72C for 1 min followed by a final extension at % for 10 min. A total

of 10 ul of the PCR products was electrophoresed 2% agarose gel stained with ethidium
bromide and visualized under ultraviolet light. idAgle band at size of 102 bp was considered
as female whereas the presence of two bands ahlehd02 bp and 226 bp were referred to

male embryo.

3. 2. 12 Selected genes for gPCR analysis

Based on the length of extra embryonic tissue, tal tof 6 conceptuses which had

disproportionally short trophoblast size rangingnir 1-3 mm (n=3) IVP and 1.25 -5 mm
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(n=3) SCNT day 16 embryos were identified and settcRNA isolation was performed
using the PicoPuf¥ RNA isolation kit (Arcturs, Munich, Germany) folling the
manufacturer's instruction. Genomic DNA contamiorativas eliminated by performing on-
column DNA digestion using RNase-free DNase (QiagembH, Hilden, Germany).
Candidate genes, trophoblast Kunitz domain pra2effiKDP2) and fibroblast growth factor
receptor 2 (FGFR2) were selected on the baseseaf tommon differential expression in
both IVP and SCNT elongated embryos. Besides, gefteasglin 1 (CLDN1), junctional
adhesion molecule 2 (JAM2), Rho/Rac guanine nuicleotxchange factor ARHGEF2)
and CCAAT/enhancer-binding protein alpha (CEBPA)raveselected because these
transcripts were associated with tight junctiomalmg pathway which is a common pathway
affected in both IVP and SCNT embryos. Though feten tau IFNt was found to be not
differentially regulated in the three embryos congmm, the level of this transcript was

guantified.

3.2.13 Quantitative real-time polymerase chaintieac

Quantitative real-time polymerase chain reactio€RpP was performed to validate the
microarray data and analyse the expression profiiteandidate genes. For this up- and down-
regulated genes which were randomly selected frach ef the three comparisons (SCNT vs.
Al, IVP vs. Al and IVP vs. SCNT) and candidate genehich were screened on the above
mentioned criteria were used. All primers were giesd using Primer 3 online software
(http://frodo.wi.mit.edu/primer3/, accessed May 2Dand subsequently entered in the Basic
local Alignment Search Tool (http://blast.ncbi.nhim.gov/Blast.cgi, accessed May 2011) to
ensure specificity. An amplified PCR product of legarimer was further validated by

sequencing using CEQ 8000 Genetic Analysis (Beck@wulter, Krefeld, Germany).
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Each reaction consisted of cDNA, forward and rexgsemers and 10 pl of SYBRgreen
mastermix (Bio-Rad Laboratories, Munich, Germanyde up to a final reaction volume of
20 pl with RNase-and DNase-free water. The cyatiogditions were 56C for 2 min, 95°C
for 10 min and 40 cycles of 98 for 15 sec followed by 6% for 1 min. A dissociation curve
was included to ensure specifity of amplificationGlyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as a normaliser, gsni¢ was validated previously in
pre- and peri-attachment conceptus developmenhées (GAPDHmMRNA concentrations
remained constamats elongation occurs) (Purcell et al. 2009). Quatnte real-time PCR was

performed on the Step One plus Real-Time PCR SysfApplied Biosytems). The

comparative threshold cycle (CT) method was usegitmtify the mRNA abundance.

Table 2. Primers and their sequences used for ari@y validation

Number Acc no gene Primer Sequence (5’-3)

1 NM_001114522 SPINK4 Forward gtcggcagaaaagttggttt
Reverse gtcagcatttcccatccttc

2 NM_001034270 TSPAN1 Forward agaactgtgaagaggcgatg
Reverse cttaggggctctggaatagg

3 NM_175776 TSPO Forward ggtggatctcctgctgact
Reverse aggagcacctctggaactg

4 NM_001080358 TDGF1 Forward ggctaagttgaagggcaagt
Reverse ttcccacttttactggacaga

5 NM_177521 SULT1A1 Forward cataaaggaggaccccaaaa
Reverse catgaaggcagagatgctgt

6 NM_174076 GPX1 Forward aagttccaggagacgtcgtt
Reverse atcaggaaaacgccaagaac

7 NM_001035103 ALAS?2 Forward ctgtgatctcctgctctcca
Reverse cctcagtccaggcttctage

8 NM_175797 ARHGDIB Forward ccagtgatagccgaacaaga
Reverse cagcagtaaccaccaggaga

9 NM_201606 MRPL12 Forward atccaagatgtcgggttgat
Reverse tgatcagcttcaccttgtcc
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10 NM_001038558 CADM1 Forward ttcactcatgaagccgaag
Reverse aaatagggccagttggacac
11 NM_001076372 CCND2 Forward cgacttcatcgaacacatcc
Reverse atctttgccaggagatccac
12 NM_001012683 TKDP2 Forward gtagctcagctccigga
Reverse gaaattccaccttggacacc
13 NM_001034034 GAPDH Forward gaaattccaccttggacacc
Reverse ctgcttcaccaccttcttga
14 NM_001075194 ADD3 Forward agctttgccctcatgaagta
Reverse atgggaacccaacagttaca
15 NM_001205310.1 FGFR2 Forward tcagatcagcctgcattct
Reverse aacgaacaccatggcagtaa
16 NM_001001854.2 CLDN1 Forward agccttatctcctttactc
Reverse aggaatgctatctcccctca
17 NM_001083736.1 JAM2 Forward cagctacatgcaccctctgt
Reverse gggtatgagacccattctgc
18 BC149006.1 CEBPA Forward ccagagggaccgaagttatg
Reverse agagcctcattctggcaagt
19 NM_001098881.2 ARHGEF2 Forward cagcaaccatgaaatga
Reverse ctgtcctcatcaccagcatc

3.2.14 Statistical analysis

Real-time PCR data analysis was performed by cangpaCt values (cycle numbers at the

threshold level of log-based fluorescence normdlite the GAPDH control gene) by

student’s t-test, with two-sided € 0.05 indicating statistical significance. Meafffetiences

in AC; (AACt) were used to calculate fold differences in gerpression by the following

formula: fold change="2“",



Results
59

4. Results

4.1 In vivo development of blastocysts derived fiS@NT, IVP and Al until day 16

Somatic cell nuclear transfer (SCNT), in vitro puodd (IVP) and in vivo developed (Al)
blastocysts were generated and transferred to eymicled recipients at day 7 of the oestrous
cycle and retrieved at day 16 of gestation. The bemof blastocysts transferred and their
development in vivo until day 16 is indicated inbl&3. Results showed comparable in vivo
development rate after SCNT, IVF and Al blastosystnsfer. On the bases of their
trophoblast elongation size and morphology, filatneea embryos were considered as
elongated, whereas early tubular shape embryos ris3 long) were classified as
developmentally retarded or delayed. With regarthé&ir size, the SCNT embryos exhibited
shorter elongation size (93 mm) compared to IVEE@8nm) or Al (196.3 mm) embryos. In
addition, when the elongation status of the SCNd@ A/P embryos was compared to Al,
none of Al embryos displayed a delay in developmghereas SCNT (37.5%) and IVP
(25%) did. Morphologically similar conceptuses wittsible embryonic disc derived from
SCNT, IVP and Al were used for gene expressionyaimalvhile impeded embryos were used

for further characterization of selected candidgeees.

Table 3. Development of somatic cell nuclear transh vitro and in vivo produced

blastocysts until day 16

Recovered day 16 embryos

Group Transferred Recovery Elongated embryos Impeded growth
rate Filamentous Length (mm) Delayed Length (mm)
n n (%) n (%) Mean + SD n ( %) Mean + SD
Al 22 17 (77.3) 17 (100) 196.3+49.9 - -
VP 45 28 (62.2) 21 (75) 186.6 £+43.2 7 (25) 200.15
SCNT 11 8 (72.7) 5(62.5) 93.3+16.3 3(37.5) 1108

‘Delayed’ refers to early tubularlenyos which were not elongated properly.
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4.2 Transcriptome profile analysis of elongated siob derived from SCNT, IVP and Al

To gain a comprehensive overview of the global wgdae expression in SCNT, IVP and Al
embryos, the Affymetrix GeneChip® Bovine Genomeairrepresenting more than 23,000
genes and 19,000 UniGene clustees used. After removing uninformative probes #ietw
little or no variability between arrays, a totalx,020 probes representing 16,020 genes that
passed the data filtering process were identifedeng expressed. Then the level of gene
expression in SCNT and IVP elongated embrys wenmpeosed with that of the Al
counterparts. Using the criteria of a fold charge, P-value< 0.05 and false discovery rate
(FDR) < 20%, 477 transcripts were identified as beingedéhtially expressed in SCNT
conceptuses compared to Al. When the same criteege applied for the IVP and Al
embryos comparison, 365 genes were found to beediially expressed. In addition, 26
differentially expressed transcripts were foundnaeetn SCNT and IVP embryo groups. Of
these, more than 50% of the differentially reguateenes were down regulated in each
comparison, namely: 315 transcripts in SCNT vs. 2898 transcripts in IVP vs. Al and 19
transcripts in SCNT and IVP. The overall expresgoofile comparison of the three embryo

groups and number of differentially expressed genékistrated in Figure 6.
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Figure 6. A) Heat map of differentially expressezh@s in elongated embryos generated by
artificial insemination (Al), somatic cell nucletransfer (SCNT) and in vitro production
(IVP). The numbers following each method of deiwatindicate which of the three
biological replicates is represented. The dendrogom the top depicts the grouping of
samples based on the similarity between them. Ridicsignifies up-regulated genes, green
signifies down- regulated genes and black repregsatérmediate expression as shown by the
colour bar under the heat-mdp) Venn diagram characterizing differential gene eggpien
between and specific to individual embryo types elgnsomparing SCNT vs. Al, IVP vs. Al
and SCNT vs. IVP elongated embryos. Each circleessmts the differential expression
between the two indicated embryo types. Arrowsasg@nt the up-and down-regulated genes.
Placenta-expressed transcript 1 (PLET1) gene ierdiitilly expressed in each embryo

comparison with varying mRNA amount as indicatedh®yarrows.
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4.3 Comparison of donor cell and embryo groups

Comparison of FB donor cells and SCNT embryos rdededifferential expression of 3796
genes, of which nearly equal numbers of transcri®33 and 1903 were up- and down-
regulated, respectively. The heatmap of differdigtexpressed genes in FB and three embryo
samples revealed distinct clusters of the donamfiilast cell in one group and the three
embryo sources in another group, with expressiafilprof reproducible results among the
biological replicates (Appendix 2). To visiualizeetglobal distribution of expressed genes in
each sample, principal component analysis (PCA) pestformed. As shown in figure 7, the
SCNT conceptuses samples were clustered away fomor dibroblast cells and situated near
to IVP samples. This was in turn manifested by %3 difference in gene expression

between fibroblast donor cell and SCNT embryos.
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Figure 7. The PCA was performed based on all egspegenes in SCNT, IVP, Al and FB

samples.

4.4 Chromosomal distribution of differentially eegsed genes

The chromosomal distribution of differentially egpsed genes in SCNT vs. Al, IVP vs. Al
common to SCNT or IVP vs. Al comparison was invgasied using GeneChip Bovine
Genome Array annotation data
(http://www.Affymetrix.com/Auth/analysis/downloads32/ivt/Bovine.na32.annot.csv.zip).
Except some genes with unknown location (25 in SGNTAI, 16 in IVP vs. Al and 13
common DE genes in SCNT and IVP) the majority of @#hes were distributed randomly

across the chromosomes. However, a large numbdiffefentially expressed genes in each
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comparison were located on chromosome 1, 3, 5 &hd Further inspection of the
differentially expressed genes in these chromosmevaed that most of the transcripts were

down regulated.
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Figure 8. Differentially expressed genes and tkbhomosomal location. A) Differentially
expressed genes and their chromosomal location @NTS vs. Al comparison B)
Differentially expressed genes and their chromoddocation in IVP vs. Al comparsion and

C) Common differentially expressed genes and ttl@iomosomal location in SCNT or IVP
vs. Al comparison. The x-axis shows the numberhobmosme including X chromosme and
the y-axis shows the number of differentially exgysed genes. Red and green represent, the

up-and down-regualted genes, respectively.
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4.5 Embryo sexing

As embryos obtained from SCNT were male in thei; seorder to elucidate a sex dependent
expression differences between groups we havendigied the sex of IVP and Al embryos
used for gene expression analysis. Accordingly, fooen each of IVP and Al groups was
female while the other two were males (Figure @oking in to the expression profile of all

individual embryos we couldn not trace a sex depehéxpression pattern.

1000bp

1 2 3 4 5 6 7 8 9 10 Lader

1000bp
11 12 13 Lader

Figure 9 Sex determination assay using DNA isolated from $CNP and Al elongated
embryos and bovine sex-neutral (102 bp) and madeip (226 bp) primers. Lane 1, 2 and 3
are SCNT, lane 4, 5 and 6 are IVP and lane 7, 8 Garadle Al embryo DNA samples,
individually. The numbered lanes denote the sexrakproduct while the neighbouring lanes
denote male specific product. All samples displ@2 bp distinct products but only male
embryos show 102 bp and 226 bp products. Lane d0l8rare negative controls. Lane 11

and 12 are DNA samples taken from known bull ang, cespectively.

4.6 Transcripts altered both in IVP and SCNT eldedg@mbryos

To better understand pre-elongation culture eftecttranscriptome alteration, those genes
that were commonly altered in IVP and SCNT deriesdbryos (n=274) were examined
further using the available bioinformatic tool drtdrature (Figure 10). Of these 274 genes,
the expression level of 204 genes was lower in Idth and SCNT embryos compared to
their Al counterparts. These include the claudimifg gene CLDN1, trophoblast specific
gene, trophoblast Kunitz domain protein family (TRE), genes critical for trophoblast
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differentiation heart and neural crest derivatiegpressed 1 (HAND1), the gap junction
protein genes known to play a role in uterine dewelent and nutrient supply (GJB2, GJB4
and GJB5) and STSB and CTSL1 genes. On the othat, lthe expression level of 70
transcripts including imprinted genes (IGF2R and$HR) and CCND2, HSD17B1, TDGF1,
SLC27A6, were found to be over represented in bgth and SCNT embryos when both

were compared to the Al counterparts.

12

-log10p-value
o N A O ®

6 -4 -2 0 2 4
log fold change

SCNTvs. Al IVP vs. Al

70|

-\ 204] /\

CLDN1, TSPAN1
SULT1A1, ALAS?2 TDGF1,CCND2,
ARHGDIB, TKDP2 JAM2, SPINK4
CEBPA, FGF2R,
ARHGEF2, TSPO

Figure 10.A volcano plot representation of common differeiti@xpressed genes between
SCNT and IVP elongated embryos. The significandeoffuvas set to a FDRf (-log P-value

> 1), the absolute fold-change of all genes areested by the circle, the three different
colour codes used to represent insignificant gédak), differentially expressed genes being
up-regulated (red) and differentially expressedegelbeing down-regulated (green). The list
of genes on the left and right side of the volcplod shows the gPCR validated up-and down-

regulated genes, respectively

4.7 Molecular pathways and gene networks affectddfP and SCNT elongated embryos

Ingenuity pathway analysis (IPA) was used to charaze the function of differentially
expressed transcripts in SCNT or IVP embryos, aliogly, the complete set of differentially

regulated genes in SCNT vs. Al comparison was caisgf in to various canonical pathways



Results
66

(Table 4). The result showed several genes imglitam metabolic pathways (glycolysis,
ascorbate and aldarate, arginine and proline, pyeuvglycerolipid, fatty acidgluthione,
linoleic acid and glycerophospholipid metabolismgrev significantly altered. On the other
hand, most genes associated to blood coagulatioag(ation system and extrinsic
prothrombin activation) were found to be down regedl in SCNT embryos compared to Al.
Down regulated genes included those that encodguta#n factor, 2, 3 and 5. Similar
significant down regulation was also observed fenas involved in TNFR1 signalling and
agrin interaction at neuromuscular junction pathsva3esides, IPS/IL-1 mediated inhibition
of RXR function, aryl hydrocarbon receptor sigmadliand immune response pathways like
MIF regulation of innate immunity were disturbed SCNT embryos as compared to the
control Al embryos.

On the other hand, the top canonical pathways i ¥&. Al comparisons showed only few
metabolic pathways to be affected (pyruvate metaimoland arginine and proline
metabolism) while genes participated in tight jumct agrin interaction at neuromuscular
junction and TNRF-1 signalling were significantlpwin regulated (Table 5). Moreover,
pathway analysis of genes commonly differentialkpressed in IVP and SCNT when
compared to Al revealed their involvement in tighihction signalling and glycolysis

pathways (Table 6).
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Table 4. Top canonical pathways affected in SCNDrgos

-log
Cannonical pathways (p-value) | Ratio] Molecules
ALDH4A1, ABCB1, ACS.3, SLC10A1,
TNFRSF1A, GSTM3, ACOX1,ALDH9A1,
LPS/IL-1 inhibition of RXR ALDH1A1,JUN, FABP5, SCARB1, SULT1AL,
function 5.01 0.071CAT, 3. C27A6, GSTP1
ALDHA4A1, ALDH2, ACSL3, ALDH1A1,
DHRS9, ENO3, DLD, ALDH9A1, GALM,
Glycolysis 4.38 0.075ALDOC
Ascorbate and aldarate ALDH4A1, ALDH2, ALDH1A1, PRHOXNB,
metabolism 3.88 0.06BALDH9A1
Arginine and proline ALDH4A1, ALDH2, ALDH1A1, SAT1,
metabolism 3.87 0.05(PRHOXNB, GOT1, GATM, ALDH9A1, ODC1
AKR7A2, ALDH4A1, ALDH2, ACSL3,
Pyruvate metabolism 3.62 0.058LDH1A1,DLD, PRHOXNB, ALDH9A1
Coagulation system 3.58 0.15B2R, PROSI, SERPINAS, F5, F3, FGG
AKR7A2, ALDH4A1, ALDH2, ALDH1A1
DHRSO, LPIN2, AGPAT3, MOGAT1,
Glycerolipid metabolism 3.57 0.05&ALDHO9A1
ALDHA4A1, FOS ALDH1A1, JUN, CCND2,
Aryl hydrocarbon GSTM3, CDKN1A, TGFB3, ALDH9AL,
receptor signaling 3.12 0.06GSTP1, HSPB1
Extrinsic prothrombin
activation pathway 3.04 0.2 | PROSL, F5, F3, FGG
ALDHA4A1, ALDH2, ACS.3, ALDH1A1,
DHRS9, ACOX1, SLC27A6, ALDH9AL,
Fatty acid metabolism 3.02 0.048YP51A1
Glutathione metabolism 2.79 0.066STM3, GPX1, GGT1, GSS, ANPEP, GSTP1
MIF regulation of innate
immunity 2.61 0.1 |FOS MIF, JUN, NFKBIA, PLA2G12A
Agrin interactions at
neuromuscular junction 2.39 0.08IMGB2, RAC2, JUN, PAK®6, ITGA6, ERBB3
Caveolar-mediated B2M, ITGB2, CD55, FLNC, ITGAV,
endocytosis signaling 2.34 0.08ETGAG, CD48
PLA2G12A, PLA2R1, FADS2, CYP51A1,
Linoleic acid metabolism 2.28 0.046ADS3
Glycerophospholipid PLA2G12A, GPD2, GPLD1, PLA2R1,
metabolism 2.2 0.042GOT1, LPIN2, PLCL2, AGPAT3
TNFRL1 signaling 2.16 0.094-0S, JUN, NFKBIA, PAK6, TNFRSF1A
ALDHA4A1, ALDH2, ALDH1A1, DHRSD,
Bile acid biosynthesis 2.16 0.04ALDH9A1

The underlined and plain text gerespectively showed up-and down-regulation in each

pathway.




Results

68
Table 5. List of top canonical pathways affectetMR embryos
-log
Cannonical pathways (p-value) | Ratio] Molecules
ACS. 3, AKR7A2, AKR7A3, ALDH4A1,
Pyruvate metabolism 2.876.044| PCK1, PRHOXNB
ABCB1, ACOX1, ACSL3, ALDH4A1, FABPS,
LPS/IL-1 inhibition of RXR CARB1, S .C10A1, SLC27A6, SULT1AL,
function 2.7880.045| TNFRSF1A
TNFR1 signaling 2.7480.094 | CASP3, FOS, NFKBIA, PAK6, TNFRSF1A
ARHGEF2, CEBPA, CLDN1, F2RL2, FOS,
JAM2,
Tight junction signaling 2.54@8.055 | PRKAG2, TGFB3, TNFRSF1A1
Arginine and proline ALDHA4A1L, ARG2, ASS1, GOT1, ODC1,
metabolism 2.5180.034| PRHOXNB
Caveolar-mediated
endocytosis signaling 2.290.08 |FOS MIF, NFKBIA, PLA2G12A
Agrin interactions at
neuromuscular junction 2.298.072| ERBB3, ITGAG, ITGB2, PAK6, RAC2
ARHGEF2, BMP7, CASP3, CCND2,
CDKNI1A, FOS,
Molecular mechanisms of GNAI1, NFKBIA, PAK6, PRKAG2, RAC2,
cancer 2.0900.034| RHOB, TGFB3
IL-10 signaling 2.0890.064| ARG2, BLVRB, FOS, IL6, NFKBIA
Eicosanoid signaling 2.079.056 | DPEP1, PLA2G12A, PLA2R1, PTGES
CASP3, CDKNI1A, FGFR2, FOXO4,
PTEN signaling 2.03030.056 | IGF2R, MAGI 1, RAC2

The underlined and plain text gemespectively showed up- and down- regulation inheac
pathway.
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Table 6. Common genes and their corresponding ¢ealopathways affected in IVP and

SCNT embryos
-log
Cannonical pathways (p-value) | Ratio Molecules
ARHGEF2, CEBPA, CLDN1, F2RL2,
FOS JAMZ2, PRKAG2, TGFB3,
Tight junction signalling 3.30 0.055 |INFRSF1A
ABCB1, ACOX1, ACSL3, ALDHA4A1,
LPS/IL-1 inhibition of RXR SCARB1, S.C10A1, SLC27A6,
function 2.98 0.04 SULTIAL TNFRSF1A
Caveolar-mediated endocytosis B2M, CD48, CD55, ITGAG6, ITGAV,
signalling 2.94 0.071 |ITGB2
Agrin interactions at
neuromuscular junction 2.76 0.072 |ERBB3, ITGAG, ITGB2, PAK6, RAC2
MIF regulation of innate
immunity 2.68 0.08 FOS, MIF, NFKBIA, PLA2G12A
ARF4, ITGAG, ITGAV, ITGB2,
PAKG®,
Integrin signalling 2.46 0.043 |RAC2, RHOB, TSPAN1, TSPAN2
Virus entry via endocytic B2M, CD55, ITGA6, CXADR,
pathways 2.43 0.06 ITGB2, RAC2
FOS, GNAI1, GNB4, MPPEL,
NFKBIA,
Relaxin signalling 2.34 0.044 |PRKAG2, VEGFA
TNFR1 signalling 2.31 0.075 |FOS NFKBIA, PAK6, TNFRSF1A
CCND2, GNAI, GNB4, GPLD1,
ITGB2,
IL-8 signalling 2.29 0.041 |RAC2, RHOB, VEGFA
ITGAG, PAK6, RAC2, RHOB,
Germ cell-sertoli cell junction TGFBS,
signalling 2.20 0.042 | TNFRSF1A, TUBB6
ACS. 3, ALDH4A1, DHRS9, ENO3,
Glycolysis/gluconeogenesis 2.15 0.038 | GALM
MIF-mediated glucocorticoid
regulation 2.13 0.071 |MIF, NFKBIA, PLA2G12A
ARHGEF2, CCND2, CDKN1A, FOS
GNAI1,
Molecular mechanisms of NFKBIA, PAK6, PRKAG2, RAC2,
cancer 2.09 0.029 |RHOB, TGFB3
CDKNI1A, FGFR2, FOXO4, IGE2R,
PTEN signalling 1.99 0.048 |MAGI1, RAC2

The underlined and plain text gerespectively showed up- and down- regulation irheac

pathway.
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4.8 Molecular networks affected in SCNT and IVP eyob

To characterize the functional consequences of gampeession changes associated with
SCNT and IVP derived embryos, a molecular netwarlysis of differentially expressed
genes, based on IPA data bases was performed.eshksrindicated thdll, 16 and 12 top
scored gene networks to be affected in SCNT, VB eommon to both SCNT and IVP
embryos respectively. These gene networks weretsdidased on the criteria of IPA score
of 10 or higher and containing 9 or more genesuréid 1, 12 and 13 summarized the top 4
gene networks found with IPA score greater thanBzsed on the identified gene networks,
the top functional categories of transcripts in SCMmbryos are lipid metabolism,
carbohydrate metabolism, DNA replication, recomboraand repair and small molecules
biochemistry. On the other hand, functional categgoof transcripts in IVP embryos mostly
related to cell and organ development, cellular emoent, cellular growth and proliferation,
small molecules biochemistry and carbohydrate nodéitsh while DNA replication
recombination and repair were the commonly affettiedogical functions in both IVP and

SCNT elongated embryos.
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Figure 11. The top scored gene networks usingréfifeally expressed transcripts in SCNT
vs. Al elongated embryos. The IPA score = (-loy#hie)) is associated with the significance

of the selected gene network. The higher the sterenore reliable it is.
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Figure 12. The top scored gene networks usingreffiteally expressed transcripts in IVP vs.
Al elongated embryos. The IPA score = (-log (p-e3Jus associated with the significance of

the selected gene network. The higher the scormthe reliable it is.
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Figure 13. The top scored gene networks for comdiffarentially expressed transcripts in

IVP and SCNT elongated embryos. The IPA score eg({p-value)) is associated with the

significance of the selected gene network. Thedridie score the more reliable it is.

4.9 Identification of genes with different trangtidonal reprogramming status

To evaluate the possible effect of somatic cell@arctransfer on transcriptome alteration due

to genome reprogramming, a list of 193 genes whrehexclusively differentially expressed

in SCNT vs. Al embryos were filtered and categedizn to various reprogramming status,

based on their expression pattern namely: catefjofiranscriptionally not reprogrammed

genes [genes which are differentially expressedidt SCNT and Al conceptuses but not

when SCNT

is compared with FB HSCNT=FB)].

Category 2: Inappropriately

reprogrammed genes [genes whose expressions reseaitbler Al nor FB (A#SCNT£FB)].
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Category 3: Partially or intermediately reprogramdmgenes [genes witlintermediate
expression in SCNT embryos when compared to botnaliFB].

Accordingly, out of 193 genes, 71 transcripts idohgg GATM, HSPB1, FOLR1, GADD45B,
MTFHD2, H2AFJ, TGFBR3, TSCNN1B, SCNN1G, CYP51A1 aR@€N2 were found as
transcriptionally not reprogrammed. Moreover, 9anscripts including imprinted gene
(CDKN1C), several genes associated with metabolmmh as acyl-CoA thioesterase
(ACOT4 and ACOTS8), aldehyde dehydrogenase (ALDH@ AhDH9A1), and solute carrier
families (SLC10A, SLC16A3, SLC6A20) were incomplgteeprogrammed. The remaining
31 transcripts which showed intermediate expresgiattern in SCNT embryos including
TKDP4, RBP4, RYPB, MYLCK, SLC2A5, SHMT2 and SUSD2w classified as partially

reprogrammed.
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Figure 14. A)Heat-map representation of genes that are notcrigtisnaly reprogrammed.
The expression pattern of exclusively differenyiaixpressed genes in SCNT elongated
embryos that resemble donor fibroblasts (FBs) afférdrom control (Al). B) Heat-map
representation of intermediately reprogrammed gerfesse expression in SCNT embryos is
in between Al and FBE) Heat-map representation of incompletely reprograchigenes

whose expressions neither resembled Al nor FBs. ddr&rogram on the top depicts the
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grouping of samples based on their similarity. Regresents high, green represents low and
black represents intermediate gene expressionsleaglshown by the colour code at the
bottom of the figure. Some representative trantcifiwm up-and down-regulated genes from

each category are indicated in the respective boxes

4.10 Pathways and gene networks affected due tonpletely reprogrammed transcripts

Because of the biological significance and thelatree large number, the pathway and gene
network analysis was performed for 91 incompletsdprogrammed genes. Among the
canonical pathways appeared in the analysis of $ké of incompletely/abruptly
reprogrammed transcripts, 4 major pathways aretegkl#do metabolism. These include
glycerolipid, methane, ascorbate and aldarate agithiae and proline metabolism (Figure
15). Moreover, 4 major networks were identifiedalwng the 92 abruptly up- and down-
regulated genes in SCNT embryos. Based on theifiéengene networks with IPA score
more than 25, the top functional categories affécéee cell death, lipid metabolism,

molecular transport, nucleic acid metabolism arlllilee development (Figure 16).
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Figure 15. IPA-generated, top canonical pathways of 91 abyuppl- and down-regulated

genes that are exclusively differentially expresse8CNT elongated embryos. The line plot
designates the ratio of the number of genes frondataset that are available in the identified
pathways divided by the total number of moleculest £xist within the canonical pathway.

Fischer's exact tests were used to calculate psdluesented as -lpgd® values).



Results
78

IPA score Top molecules Top functions

+
APOA2 APOR BCUARS CD3, cholesterol Imoleate, Cardiovascular dizsease
CLIFI, BRE FOG FLNC, FSH GADDES
GADDESE, GNL2, H5FEI, Immumoglobulin, LDL, Endecrite system
49 MTHFD2, NFRE fromplex), NPC'I, OTUDI, P38 disorder

MAPE, PCSES, PIZK fcompler), PLCLZ, PLSCRI,
FNFTI, RAD23E SCNNIE SCNNIG S55CAL

STARDY, TCIRGI, TORBRI, TNRAIPS, TRIM2S Genetic disorder
+

'

ALDOC, ATPGVIRI ATFGVIE2 befa-esfradiol, Drug metabolism

CASKINI, CCNEB2, CLPTMI, CTFS CUTC,
CYPSIAI, DMD, DYNLTZ FADS3, FOLRI, GATM o ,
40 HNFid KDSR LEPROT MAPE], MAPKAPE2, Lipid metabolism
MITF, MTIMRL, MYOILA MTYOIE NADSTNI, RON2,
SLOE5A2, SMARCAE, SRF. STIGALS, SUN2, TASPI,
TGRE]I, TMEM43, WESCRI7

Small molecules
bio chemistry

_-.
_-.
ACTR2, APOC2, ATPSVIEZ, C130rf27, CD63, DD, ell death
DNAJRI, DNATB4, DMNAIC24, FXYD3, G2EFP2, HSP,

25 LARS IGFIR, IMPDHZ, FATS MARKEI Mcpts, Cellular development
MMP3, OTUDSE, FPLEKHA4 RPF2 RPL3, 3
SFXNI,SNCATNF, TNRAIFS TP53, tretinoin, .

TSPANZ3 TST,URC, UNG, WLS ZFANDS Embryonic development
L

Figure 16. Top scored networks using IPA and nptagrammed transcriptome of SCNT
elongated embryos. The IPA score = (-log (p-valus)associated with the significance of the

selected gene network. The higher the score the netiable it is.

4.11 Trophoblast elongation size dependent exmnessbfile of selected genes in SCNT and
IVP day 16 embryos

Even though the array analysis was performed usioggated embryos from SCNT, IVP and
Al sources with comparable length, we were inteesb check the expression of candidate
genes in some of day 16 embryos with impeded gréwth IVP and SCNT pregnancies. For
this, we used disproportionally short size IVP (Iagh, n=3) and SCNT (1.25-5 mm, n=3)
embryos, to compare the expression of candidatesgerth their elongated counterparts.
Candidate genes were selected based on their kfiomation in relation to trophoblast
development (FGFR2, TKDP2 and IFNtau) and theke moltight junction signaling pathway
(CLDN1, CEBPA, ARHGEF2 and JAM2) which are hypotlkaed to be affected by pre-

elongation culture manipulation of both IVP and SIC&mbryos. Even though the microarray
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data did not show significant differences in expras of IFNt, between the three groups, this

gene was included as main player in maternal ratognof pregnancy and trophoblast

elongation.
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Figure 17.Quantitative real time PCR (qPCR) analysis of getbgenes. Gene expression

fold-change between SCNT-I (somatic cell nucleangfer-impeded) embryos vs. SCNT-E

(nuclear transfer-elongated) embryos, and geneessgjn fold-change of IVP-I (in vitro
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produced-impeded) embryos vs. IVP-E (in vitro proshilielongated) embryos were
compared. Stars above the bar denote if that geowed significant differential expression

by Student’s t-test. **, -P< 0.01 and ***, -P < 0D,

Quantitative real time PCR results demonstratet tlaascript abundance of IFNt, FGFR2,

CLDN1 and ARHGEF2 was significantly lower in botfH and SCNT impeded embryos

compared to their respective elongated counterp®ts the other hand, high mRNA

abundance of TKDP2, JAM2, and CEBPA were noticet/id and SCNT impeded embryos

compared to the elongated embryos (Figure 17).

In addition, the gPCR based gene expression cosgmanf all selected genes except IFNt
showed no significant differences between IVP aGHE impeded embryos (Figure 18).
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Figure 18.Quantitative real time PCR (gPCR) analysis of getbgenes expression in IVP-I
(in vitro produced-impeded: 1-3 mm) and SCNT-I (stim cell nuclear transfer-impeded
1.25-5 mm) embryos. Gene expression fold-changedsst IVP-1 and SCNT-I embryos were
compared. Stars above the bar denote if that geowed significant differential expression

by Student’s t-test. *,-P < 0.05.
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4.12 Validation of microarray data

A total of 18 candidate transcripts were used foamitative real time PCR analysis to

validate the array results. Results revealed thajemes except ADD3 and CCND2 showed

similar expression pattern with the microarray data

Table 7. Confirmation of microarray data using qPCR

Gene name  Accession number Comparison Microarray gPCR

FC P FC P
SPINK4 NM_001114522 NT Vs. Al -3.78  0.000000033 41  0.002
TSPAN1 NM_001034270 IVP Vs. Al -4.75  0.0000155 -235 0.01
TSPO NM_175776 IVP Vs. Al -3.05  0.0000008 -34.2 40.0
TDGF1 NM_001080358 IVP Vs. Al 2.61 0.000000065 01.7 0.04
SULT1A1 NM_177521 IVP Vs. Al -2.15  0.00000116 32 0.04
GPX1 NM_174076 NT Vs. Al 2.79 0.00000106 202.42 0040
ALAS2 NM_001035103 NT Vs. Al -4.22  0.000000662 -153  0.02
ALAS2 NM_001035103 IVP Vs. Al -4.18  0.000000735 BB 0.001
ARHGDIB  NM_175797 IVP Vs. Al -2.22  0.00014 -9.39 0.04
MRPL12 NM_201606 NT Vs. Al 1.35 0.0000256 1.48 0.02
CADM1 NM_001038558 NT Vs. Al -3.40  0.00000577 B 0.02
CCND2 NM_001076372 IVP Vs. Al 3.07 0.0000000012 -5.42 0.05*
CCND2 NM_001076372 NT Vs. Al 3.75 0.0000000001  6.09 0.008
TKDP2 NM_001012683 IVP Vs. Al -7.68  0.000000800 -534.06  0.001
TKDP2 NM_001012683 NT Vs. Al -7.47  0.0000000006-535.28  0.001
ADD3 NM_001075194 NT Vs. Al -2.66  0.000000006 M.9 0.27*
ADD3 NM_001075194 NT Vs.IVP  -2.69  0.0000000061 2.3/ 0.0004
FGF2R NM_001205310.1 NT vs. Al -2.02  0.0000067 032. 0.006
CLDN1 NM_001001854.2 NT vs. Al -2.918 0.000000000315.49 0.009
JAM2 NM_001083736.1 NT vs. Al 1.459 0.00035 2.02 003.
CEBPA BC149006.1 IVP vs. Al -2.49  0.00035 6.02 6.01
ARHGEF2  NM_001098881.2 IVP vs. Al -1.80  0.00001 52%  0.0003

FC, fold change,§0.05 is considered as significant, negative andiges/alues indicate up

and down regulated genes respectively, *’ abowalpte indicate genes whose expression are
not validated by gPCR .
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5. Discussion

Cloning and IVF technologies are important toolsgooduction and manipulation of bovine
pre-implanation embryos independent of the matereaVvironment. However, these
technologies are limited by great inefficiency. Tm@minent aberration in IVP or SCNT
derived embryos is that in vitro production systeamsl cloning technology, may lead to
persistent alterations of gene expression pattdungsig embryonic and fetal development
(Wrenzycki et al. 2004)In order to get a global overview of gene exprassatteration

induced by in vitro environment and somatic celtlear transfer, here we performed large
scale gene expression analysis of day 16 concepfisa SCNT, IVP and Al pregnancies as

well as donor fibroblast cells.

Results revealed that the majority of the diffeiaht expressed genes found in IVP (n= 258)
and SCNT (n= 315) embryos were down regulated coaapto Al. This alteration in gene
expression may be originating from all steps of imalation procedures including in vitro
maturation, in vitro fertilization, and in vitro lure as well as failure in genome
reprogramming of donor cell after SCNT. Exposuremibryos to in vitro culture is believed
to affect both IVP and SCNT embryos while trandaoipal reprogramming error is specific
to SCNT embryos. To understand the effect of eawmhponent (culture environment and
genome reprogramming), differentially expressedegemere categorized in two groups. The
first category includes genes commonly differehtiaixpressed between IVP and SCNT as
both compared to their Al counterparts, are comsitléo be affected by pre-transfer in vitro
culture environment. The second category includésti@anscripts unique to SCNT vs. Al
elongated embryos comparison, which were subseguexamined for their transcriptional

reprogramming status based on their expressionnordibroblast cell.

5.1 Common differentially expressed transcriptsfbbetween IVP and SCNT elongated

embryos revealed the effect of pre-elongatiaiure condition

In the last decade several transcriptome studigsloging different array platforms were
conducted in the blastocyst of various sources. tMdshe comparisons which involved
cloned embryos along with the respective donor gsld IVP as a control (Beyhan et al.
2007, de et al. 2005, Pfister-Genskow et al. 28glriguez-Osorio et al. 2009, Somers et al.
2006). However, both the IVP and SCNT embryos amvdd from procedures that involve

in vitro culture environment, which can significhnalter the transcriptome of the resulting
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embryos. Identification of those genes may helputaerstand molecular mechanisms
sensitive to the culture environment. Thus the gmestudy identified 274 genes which were
found to be commonly differentially expressed irPI'dnd SCNT compared to Al and those

genes are believed to be sensitive to in vitraucaltondition.

Several genes known to be associated with normélngmand placenta development are
found to be dysregulated in both IVP and SCNT edeg embryos. Among these, HAND1
Is expressed in trophoblast lineage and plays aoitant role in trophoblast development
(Arnold et al. 2006a). Moreover, gap junction pit2 GJB2 (Cx26), which is known to be
required for transplacental glucose uptake (Gabeklal. 1998) and transcript which
contribute to primitive endoderm differentiationdato the growth and maintenance of the
inner cell mass (ICM) like fibroblast growth factaceptor 2 (FGFR2) are down regulated in
both IVP and SCNT elongated embryos. Receptorsifpralling molecules such as FGFR2
enable the embryo to communicate with the surrcupdenvironment and activate
downstream pathways (Vesterlund et al. 2011). Re$tdm FGFR2 knock out experiments
showed that homozygous embryos died a few houmr afbplantation evidencing an
important role of FGFR2 during post-implantatiorvelepment (Arman et al. 1998). Among
subtypes of FGFRs, FGFR2b was suggested to plajearr regulation of IFNt expression
because of its high expression in day 14 and 1thbasonceptuses coincident with peak IFNt
expression (Cooke et al. 2009). However, such [@oa of FGFR2 with IFNt expression
was not evident in our expression study. The ndferéntial expression of IFNt between the
three embryo groups in our study is in agreemettt thie report of Arnold et al. (2006a), in
which no differential expression IFNt was found vibe¢n Al, IVP and SCNT day 17
embryos. Trophoblast kunitz domain protein 2 (TKpR2down regulated in both IVP and
SCNT groups. Similar to IFNt, trophoblast kunitznahin proteins are secreted by placenta
in transient fashion, with maximal expression odagr during the time of apposition and
adhesion of the trophoblast to the uterine lumepthelium, a stage of pregnancy at which
the mother shows uterine response to the presdribe adhering conceptus (MacLean et al.
2003).

The imprinted genASCL2 also known as MASH2, was found to be up regulateabth VP
and SCNT elongated embryos. MASH2 shows bialletigression prior to implantation and
maternal expression after implantation (Arnoldle2806b). Similar to our results, Arnold et
al (2006a) showed an increased in relative amofimMSCL2 mRNA in day 17 bovine
embryos produced by IVF or somatic cell nucleamgfar when compared with Al

counterparts. Both in vitro culture and embryo $fan procedures affected genomic
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imprinting in the extra embryonic tissues (Rivetale 2008). In mouse, ASCL2 could be one
of the examples of this notion as it was expressed higher level in the placenta of the

manipulated conceptuse than in the placenta of@locinceptus (Rivera et al. 2008).

5.2 Common and distinct pathways affected in IVB S&NT elongated embryos may show

the inherent differences between the two gmigroups

Early embryo culture conditions likely affect thanse pathways and gene networks in both

SCNT and IVP conceptuses (Chavatte-Palmer et &4R)28s shown in Table 4 and Figure 8,

tight junction signalling pathways and the genesoaigted with this pathway and top gene
networks which have impact on small molecules keoaistry, carbohydrate metabolism and
DNA replication recombination and repair were comigaaffected in both IVP and SCNT
elongated embryos. The role of tight and adhenenstipns in ovine endometrial luminal for
blastocyst elongation and adherence of the tropdeatn during implantation were suggested
by Satterfield et al. (2007). In the present studg identified 9 transcripts involved in tight
junction signaling pathway (CLDN1, ARHGEF2, CEBPRZ2RI2, FOS, JAM2, PRKAG2,
TGFB3 and TNFRSF1A) and all genes except JAM2 viewad to be down regulated in
both IVP and SCNT embryos (Table 6). Based on theselts it can be speculated that the
development of both IVP and SCNT embryos was ateah a comparable manner during
the elongation window. However, it can be sugge#tatiboth manipulated conceptuses may
have different mechanism of compensation agairstdileterious effect of pre-elongation
culture.

Cloned embryos are more sensitive to culture enuient as compared to IVF embryos
(Yamanaka et al. 2009pns early as the one-cell stage (Chung et al. 2@I&hed embryos
also have higher energy demands than control emmpeyaharacteristic that may arise from
aberrant expression of ATP-requiring processesesgad in the somatic donor cell type (Han
et al. 2008). The results of the present study sldolarge number of genes to be differentially
expressed in SCNT embryos which are known to belmd in 9 metabolic related
pathways, as compared to the only 2 metabolicwmtk appeared in IVP embryos (Table 4
and 5).

Similarly, lipid and carbohydrate metabolism, DN&plication, recombination and repair and
small molecules biochemistry were among the functialtered in SCNT elongated embryos
as compared to the functional disturbance of aall agan development, cellular movement

and cellular growth and proliferation in IVP embsy@-igure 11 and 12). These results
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necessitate further optimization of in vitro cuéenvironment for successful development of

cloned embryos to generate healthy offspring aftarsfer to recipients.

5.3 Transcriptional reprogramming status of genag compromise their functional

contribution

Depending on their expression pattern between emshagrived from SCNT and Al as well
as FB donor cell, transcriptional reprogrammingtustes of genes were determined.
Surprisingly, 73.9% of gene expression differenes wbserved between SCNT embryos and
FB. Similar studies at the blastocyst stage redoB24% difference in gene expression of
SCNT compared to donor fibroblast cell (Smith et28l05). This suggests the dynamism of
the reprogramming process during the pre-and p®plantation development period.
Transcriptome analysis showed exclusive differémt@ression of 193 genes between SCNT
and Al embryos, of which 71 transcripts were clasdi as transcriptionally not
reprogrammed (Figure 14A). Some of these transeriply not reprogrammed genes
identified in our study are known to be involved mnaternal-fetal nutrient exchange,
trophoblast elongation and embryogenesis. Thedalateptor 1 (FOLR1) transcript which
was down regulated in SCNT embryos is known to lved in maternal—fetal folate
transport. Deletion of FOLRL1 in mice caused nktulze defects and death in utero at day 10
of gestation (Piedrahita et al. 1999). Likewisethegial sodium channel (ENaC) also called
sodium channel, non-voltage-gated 1 participatetthénmaintenance of sodium transport and
ionic homeostasis for both mother and fetus (dehdo et al. 2008). This gene encodes
three sub units (SCNNL1 alpha, beta and gamma) (dMess al. 1994). Two sub units of this
gene TSCNN1B and SCNN1G are found to be down régplia SCNT embryos. Moreover,
transcript cytochrome P450, family 51, subfamily polypeptide 1 (CYP51A1), which was
down regulated in SCNT embryos in the presentystadone of the critical gene at the
initiation of bovine embryo elongation (Clementeakt2011).

Further inspection of genes in this category shothat down regulation of wntless homolog
drosophila WLS gene. By using the mouse ortholo@eieR177), recently the function of
this gene was investigated in mammalian tissuesng/\& al. 2012b). The result indicated
that the expression of GPR177 mRNA in various gssacluding cancer cells. Other studies
demonstrated that mouse embryos with deficient GFRkhibit defects in establishmeoft
the body axis, and homozygous (GPR177-/-) diechdueiarly embryogenesis (Fu et al. 2009,
Fu et al. 2011), implicating the the role of wndés embryo development.
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Genes are assumed to be partially reprogrammed tiled transcript abundance is between
normal fertilized and cloned embryos (Rodriguezi@set al. 2009). A set of 31 transcripts
was found to be partially reprogrammed as theirresgion pattern was found to be
intermediate between donor fibroblast cell and Ab@re 14B). For instance, a transcript of
myosin light chain kinase (MYLK) was found to bewlo regulated in donor cells as
compared to cloned embryos and remained relativigliyer in cloned embryos as compared
to Al Such kind of partial reprogramming refledteadequate inhibition of transcription
factors associated with the somatic cell phenofypi#émut et al. 2011). One of the two forms
of MYLK is embryonic in which its expression de@mat birth to low or undetectable levels
in most adult tissues. The second form smooth reUdf LK, a predominant form found in
adult tissues (Gallagher et al. 1995). Therefdre |lower expression of this gene in our donor
cells was to be expected. However, the higheresgion of this gene in cloned as compared
to Al embryos may show the prevailing aberrant gcaiptional reprogramming process.
Additionally the mitochondrial enzyme serine hydymethyltransferase 2 (SHMT2) was
found to be partially reprogrammed and showed gplegion in SCNT elongated embryos.
On the other hand, genes such as RYBP requiregaity mouse embryo (Pirity et al. 2005)
and retinal and lens development (Pirity et al. ZJDthe metabolic related gene SLC2A5 and
the placenta development and proliferation relgiae TKDP4 were among the genes which
were down regulated in SCNT embryos.

Inspection of the list of incompletely reprogramngzhes showed several genes associated
with metabolism to be affected. This was furthgpmarted by IPA analysis which identified
the consequence of such transcript alteration iycegblipid metabolism, ascorbate
metabolism, arginine and proline metabolism andhare metabolism (Figure 15). Witro
stress factor is proposed to include metabolic sufuktrate deficiencies (Leese 2002). The
evidence that in vitro culture environment affeasbryo metabolism comes from
experiments showing increased glucose uptake irsenoloned blastocyst cultured in glucose
supplemented media (Chung et al. 2002, Han et @D8)2 This characteristic greatly
distinguishes SCNT embryos from normal fertilizeshbeyos and indicates a failure of
complete early reprogramming of gene expressioms{Stent with this observation, the data
of the present study showed exclusive disturbafgeeatabolic pathways in SCNT embryos
suggesting the need of possible intervention inrawing culture environment that could
suppot cloned embryos’ pre-and post-hatching devedmnt.

Apart from its effect on embryo metabolism, in @ignvironment is known to cause oxidative

stress (Gad et al. 2012, Nasr-Esfahani and Johh86d). In human early pregnancy, an
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increase in oxygen tension is associated with aszd in mMRNA of the antioxidant enzymes
such as CAT within placental tissues (Myatt and 2M04). Detoxification enzymes, such as
CAT have also been reported in human placentaligssof early pregnancy failure,
suggesting that such an antioxidative mechanismhintig developed and operate against
possible oxidative damage in patients with susbéyi for miscarriage (Biri et al. 2006). In
the current study heat shock 70kDa protein 5 (glaemgulated protein, 78kDa) HSPAS
expression was higher in NT embryos accompanieitidrngased level of antioxidant enzyme
catalase gene (CAT). Such response operated oniglomed embryos as compared to
fertilized conceptuses suggesting possible defezgq@onse of CAT protein, probably because
of abnormal placental function (Al-Gubory et al 1P0.

In addition, metallopeptidase inhibitor (TIMP2) pem was found to be aberrantly expressed
in bovine and mouse cloned placentas (Kim et @52&im et al. 2010). Recently, Ulbrich
et al. (2011) indicated TIMP2 contribution in mai&r recognition of pregnancy. Similarly,
glycerol-3-phosphate dehydrogenase 1 (GPD1L) whics reported to be aberrantly
reprogrammed in pig blastocyst (Whitworth et al.lP0was found to be incompletely
reprogrammed. The imprinted gene CDKN1C is amomrgsit of few genes identified by
Hori et al. (2010) aberrantly imprinted and suggégb be cause of large offspring syndrome
(LOS) in both NT and IVF derived calves. CDKN1 wast differentially expressed in IVP
embryos in the present comparison showed the gessitect of reprogramming error on the
alteration of expression of this gene in cloned s However, the different SCNT
procedures used, the variation in stage of gestaitosample collection and the different
micro/macroarrays platforms used, make it diffictdt identify sets of genes that are
consistently affected in SCNT pregnancies (Chavttiener et al. 2012)

5.4 Trophoblast elongation size dependent expnesgioandidates in IVP and SCNT

elongated embryos

The process of elongation is required for conceptugival in all ungulate species (Blomberg
et al. 2008) and it is a prerequisite for succddggifplantation (Wilson et al. 2000). Studies
probed SCNT embryos recapitulate elongation shosdlopmental retardation in SCNT
embryos as compared to their equivalent in vivinasitro fertilized embryos (Alexopoulos et
al. 2008, Rodriguez-Alvarez et al. 2010b). Simyarh the present study pronounced
reduction in trophoblast size in day 16 SCNT embr{@8.3 mm) was observed as compared
to IVP (186.6 mm) and Al (193.3 mm) embryos (TaB)e Though it is difficult to identify
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putative genes associated with trophoblat sizeatian in different pregnancy groups in our
study, we have investigated the expression of cateligenes in disproportionally short day
16 embryos from IVP and SCNT groups, to find ouy association of the transcript
abundance of those genes with the size of embryos.

Accordingly the expression of IFNt, FGFR2, CLDNIdahRHGEF2 was significantly low in
developmentally delayed IVP and SCNT embryos aspewed their elongated counterparts
(Figure 17). Higher expression of IFNt in the egat size trophoblast in the present study
was in agreement with the previous observation lmckv expression of IFNt per cell was
increased as the blastocyst enlarges and elon@@es et al. 1990, Kimura et al. 2004). This
suggests that the lower expression of IFNt in digprtionally short embryos may result from
retarded trophoblast development. Besides, the ri@beindance of FGFR2, CLDN1 and
ARHGEF2 in developmentally lagging embryos migldiaate the importance of these genes
during embryo elongation. However, further studiesd to be done to determine their exact
role in trophoblast development. Surprisingly leglbxpression of trophoblast kunitz domain
protein (TKDP2) was noticed in both IVP and SCNTpaded embryos as compared to their
respective elongated counterparts. Despite higkeression of TKDP family genes during
bovine and ovine peri-implantation period (MacLesral. 2003), the exact role of individual
TKDPs has not yet been determined. Like IFNt, TKD&® products of trophoblast
mononuclear cells (Blomberg et al. 2008). Our reslubwed that unlike IFNt, the expression
of TKDP-2 may not depend on trophoblast size.

Interestingly, junctional adhesion molecule 2 (JAM2) transcriptauradance showed an
inverse relationship with trophoblast elongatioresand was higher in both IVP and SCNT
lagging conceptuses. The amount of JAM2 was ihjtigilgher in IVP and SCNT embryos as
compared to Al (Figure 9). It can be suggested #maappropriate level of JAM2 mRNA
might be important for better trophoblast elongati®imilarly, CCAAT/enhancer binding
protein alpha (C/EBP) expression in developmentdéiayed IVP and SCNT trophoblasts
was significantly higher as compared to their retipe elongated embryos. Experiments
done in mice have suggested a crucial role foBEA and $ in embryogenesis, deletion of
both genes resulted in mortality around embryomig t0-11 due to gross failure in placental
development (Begay et al. 2004). The same authoweth that a single copy of either
C/EBP+ in the absence of C/EBR-or C/EBPB in the absence of C/EB# could rescue
embryogenesis. Furthermore, the mRNA levels obalkécted genes except IFNt showed no

variation in expression between IVP and SCNT impegimbryos (Figure 18), strengthening
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our hypothesis that these common differentiallyregped transcripts could be sensitive to

pre-embryo transfer in vitro procedures.
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6. Summary

In vitro produced embryos by either IVP or SCNT déaween successfully used in many
species to produce live offspring despite low eificy. The low efficiency of these
technologies is ascribed to the profounding factetated to reprogramming of the donor
genome and in vitro culture environment, which ggfoently renders deviation in molecules
and phenotypes as compared to non-manipulatedotogrnbryos. Although the specific
effect of each component on transcriptome altemagdargely undefined, the use of various
embryo groups’ comparison at any stage of embryfetat development may offer insight on
the key molecules and pathways altered. The aithisfstudy was to uncover the molecular
changes in conceptuses derived from SCNT, IVP anprédgnancies at the time of maternal
recognition of pregnancy. For this, day 7 blasttxykerived from SCNT, IVP and Al were
transfered to oestrus synchronized recipients. €umses were then recovered from
slaughtered cows at day 16. Despite similar embegovery rates among various groups of
pregnancies, morphological analysis of conceptasésis stage showed that 37.5% of SCNT
and 25% IVP embryos were underdeveloped. In additivtose SCNT and IVP conceptuses
that recapitulated filamentous morphology had gtdrophoblast size as compared to the Al
counterparts. In order to gain a comprehensiveviserof the transcriptome changes, RNA
extracted from three filamentous embryos from epadgnancy group were subjected to
global gene expression analysis by using GeneChi®ine Genome Array. Gene
expression analysis revealed a large number cérdiftially expressed genes in SCNT vs. Al
comparison (477) followed by IVP vs. Al (365) an@IST vs. IVP (26). Interestingly, more
than 50% of transcripts from each comparison weyerndregulated. Thus, the affected
MRNAS span a variety of functional categories, nmaably but not limited to metabolism
and tight junction signalling pathways in SCNT ahdP conceptuses, respectively. To
investigate the SCNT and IVP induced gene altanatin elongated embryos, unique and
common differentially expressed transcripts werkemainto further analysis. Common
differentially expressed transcripts were involvedight junction signaling pathways while
genes exclusively differentially expressed in SC&ldngated embryos were scrutinized for
their reprogramming status. If reprogramming ishhygefficient, most or all somatic genes
are silenced and the appropriate array of embrygaites are programmed for expression,
then transcriptional activation should result ionrdd embryos with characteristics much like
those of normal fertilized embryos. Based on thienario, various research groups have

reported the occurrence of global reprogrammintpetovine blastocyst stage. The question
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is if reprogramming occurs in bovine somatic cétining, why would only a very small
proportion of embryos be enabled to develop to temmal survive? The present study
hypothesis was there must be multiple stages afogegamming process which could be
addressed through different approaches. The cusamty opted to use transcriptomic
approach to elucidate the global transcriptiongkagramming status of SCNT embryos at
the critical stage of maternal recognition of pragery. Thus, our results show various
transcriptional reprogramming statuses of diffdedlyt expressed genes namely
transcriptional not reprogrammed (FOLR1, GATM, APDACNNLG, SCNN1, TKDP5,
ALDOC and WLS), incompletely reprogrammed (ACTO4CPRO8, ALDH9A1, CAT,
CDKN1, TIMP2 and GAR) and partially reprogrammedY(MK, TKDP4, RYBP, AHSG and
TYRO3). Furthermore, to identify the associationpotative genes with embryo elongation
size, qPCR based quantification of candidate gdifast, IGF2R, ARHGEF2, CLDN1,
JAM2, TKDP2 and CEBPA) in disproportionally shortes SCNT and IVP embryos was
performed. Accordingly, IFNt, FGFR2, CLDN1 and ARBE2 were significantly lower in
developmentally delayed IVP and SCNT embryos aspewed their elongated counterparts.
On the other hand, the expression of TKDP2, JAMAd &£EBPe showed inverse
relationships with trophoblast size. The mMRNA alamwmk of these genes was higher in
developmentally lagging embryos as compared to thlengated counterparts. The result
implicates that various molecules might be involekding the elongation process and that
the transcript abundance of these genes might tes@onse or cause of trophoblast size
variation during embryo elongation. In general, therent gene expression profiling of
SCNT, IVP and Al elongated conceptuses presentest af candidate genes which can be
utilized in procedures that involve in vitro cukuenvironment as well as reprogramming cell
fate experiments. The remaining challenge is toewstdnd the functional contribution of
these genes to facilitate the possible technicamotecular intervention to enhance the
production of healthy and fertile offspring fromeie techniques. In this regard, the present
study contributed detailed information about alleraolecular signature and pathways in
SCNT and IVP conceptus during the peri-implantatariod which may contribute to a
better understanding of IVP and SCNT induced chauig@embryos or fetuses obtained from

such procedures.
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7. Zusammenfassung

In vitro produzierte Embryonen durch IVP oder SCN&rden erfolgreich, trotz geringer
Effizienzen, in unterschiedlichen Spezies eingésatz lebende Nachkommen zu erzeugen.
Fur die geringen Effizienzen dieser Technologiemrign viele tiefgrindigere Faktoren
verantwortlich sein. Diese Faktoren stehen im Zusanhang mit der Reprogrammierung
des Donor Genoms sowie mit dem in vitro Kulturmilieund rufen anschlieRend
Abweichungen in Molekilen und Phenotypen im Veurdiezu nicht manipulierten Kontroll-
Embryonen hervor. Obwohl der spezifische Effekt epdeinzelnen Faktors auf die
Veranderungen des Genoms weitgehend ungeklart lsetet der Einsatz von
unterschiedlichen Embryogruppen im Vergleich zwesth  verschiedenen
Entwicklungsstadien des Embryos oder des Fetusnelirblick in Veranderungen von
wichtigen Schlisselmolekilen und Signalwegen. Dasl 4ieser Studie waren die
molekularen Veranderungen im Embryo hergeleitet &G8!T, IVP und Al Trachtigkeiten
zum Zeitpunkt der ersten embryomaternalen Kommuiokaaufzudecken. Hierzu wurden
durch SCNT, IVP und Al Tag 7 erzeugte BlastozysiterOstrus synchronisierte Kiihe
Ubertragen. Am Tag 16 der Trachtigkeit wurden dieziRienten geschlachtet und die
Embryonen entnommen. Trotz ahnlicher Recovery RlateEmbryonen aus verschiedenen
Trachtigkeitsgruppen wurden nach morphologischetetdnchungen 37.5% der SCNT und
25% der IVP Embryonen als unterentwickelt eingesiériuber hinaus zeigten SCNT und
IVP Embryonen mit einer verzégerten rekapitulierfdamentésen Morphologie kleinere
Trophoblasten im Vergleich zu Al erzeugten Embryonidm einen umfassenden Uberblick
Uber die Tanskriptomverdnderungen zu erlangen, evudtei filamentdse Embryonen aus
jeder Trachtigkeitsgruppe fir eine globale Genesgionsanalyse mittels bovine GeneChip®
Genome Array ausgewahlt. Die Auswertung der Trapgknanalyse zeigte viele
unterschiedlich expremierte Gene bei SCNT vs. Al7{4 gefolgt von IVP vs. Al (365) und
SCNT vs. IVP (26). Interessanterweise waren mebr581% der Transkripte aus jedem
Vergleich herunterreguliert. Folglich umfassen detroffenen mRNAs eine Vielzahl von
funktionellen Gruppen. SCNT und IVP Embryonen zmigtneben vielen anderen
funktionellen Gruppen sich besonders in Stoffwechsé Tight-Junction Signalwegen. Um
herauszufinden ob SCNT und IVP eine Genexpressawasderung auf elongierte
Embryonen induziert, wurden einzigartige oder tgiufinterschiedlich exprimierte Gene fir
weitere Analysen verwendet. Haufig unterschiediotprimierte Transkripte die in Tight-

Junction Signaling Wegen involviert waren, zeigeumsschliel3lich in SCNT elongierten
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Embryonen eine unterschiedliche Expression. Aufgrdieses Resultates wurden SCNT auf
ihren Reprogrammierungsstatus wdberpruft. Wenn diprégrammierung sehr effizient ist,
sind die meisten oder alle somatischen Gene abglstchind die entsprechenden Bereiche
der embryonalen Gene sind auf Expression prograrimi2emnach sollte sich die
transkritptionelle Aktivierung der geklonten Embngm charakteristisch der Transkription
von normal fertilisierten Embryonen ahneln. Basierauf dieser Gegebenheit haben bereits
verschiedene Forschungsgruppen uber Vorkommen \obalgr Reprogrammierung in
bovinen Blotozysten berichtet. Die Frage ist: WdReprogrammierung bei Rindern aus
somatischer Klonierung auftritt, warum ist dann eur sehr kleiner Anteil der Embryonen
fahig sich fur eine gewisse Zeit zu entwickeln umd Uberleben? Die Hypothese der
vorliegenden Studie war, dass mehrere Stufen dprogeammierung durch unterschiedliche
Ansatze angesprochen werden konnten. In der veriggn Studie wurde der genomische
Ansatz ausgewahlt, um den Status der globalen kmatisnellen Reprogrammierung in
SCNT erzeugten Embryonen in der kritischen Phase afsten embryomaternalen
Kommunikation aufzuklaren. Das Ergebnis zeigte coldexlene transkriptionelle
Reprogrammierungzustande  von  differentiell  expriteil@  Transkripten,  nicht
reprogrammierte (FOLR1, GATM, APOA2, SCNN1G, SCNNKDP5, Aldoc und WLS)
unvollstandig programmierte (ACTO4, ACTOS8, ALDHO9ATCAT, CDKN1, TIMP2 und
GAR ) und teilweise neu programmierte (MYLK, TKDPRYBP, AHSG und TYROS3).
Darlber hinaus, um eine Assoziation von putativenégsmit der Embryoelongationsgrof3e zu
identifizieren, wurden gPCR Quantifizierungen vonandidatengenen (IFNt, IGF2R,
ARHGEF2, CLDN1, JAM2, TKDP2 und CEBPA) in entwickigsverzogerten SCNT und
IVP Embryonen durchgefuhrt. Dementsprechend warEnt,| FGFR2, CLDN1 und
ARHGEF2 signifikant niedriger expremiert in denwitklungsverzogerten IVP und SCNT
Embryonen gegeniber ihren elongierten Gegenspiefuh der anderen Seite zeigte die
Expression von TKDP2, JAM2 und CEBFPeine inverse Beziehung zur Trophoblstengrole.
Die mRNA Expression dieser Gene war in entwicklwegsdgerten Embryonen héher im
Vergleich zu ihren elongierten Gegenstiicken. Dageldnis impliziert, dass verschiedene
Molekule in dem Prozess der Elongation involvierinskonnten und die Expression dieser
Genen koénnte eine Antwort oder Ursache fur die @ngBriation der Trophobasten wéhrend
der embryonalen Elongation sein. Im Allgemeinen that aktuelle Genexpressionsanalyse
von SCNT, IVP und Al elongierten Embryonen einetéison Kandidatengene erbracht,
welche fur Verfahren die sowohl mit in-vitro Kulhegdingungen als auch

Reprogrammierungen bei Zellkulturexperimenten vewed werden konnen. Die
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verbleibende Herausforderung ist es den funktieneBeitrag dieser Gene zu verstehen, um
maogliche technische oder molekulare Eingriffe Zeiehtern und dadurch die Produktion von
gesunden und fruchtbaren Nachkommen aus diesernikechzu verbessern. In diesem
Zusammenhang trug die vorliegende Studie dazu [eaillilerte Informationen Uber
veranderte molekulare Signaturen und Signalweg8GINT und IVP Embryonen wahrend
der peri-Implantationsperiode zusammeln, die zerairbesseren Verstandnis der IVP und
SCNT induzierten Veranderungen in Embryonen odégrfFaus solchen Verfahren beitragen

kdnnen.
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8. Conclusion

In conclusion, the common deviation in developmeranscripts and molecular pathways
both in SCNT and IVP consuptuses as compared o Aheconterparts might indicate the
influence of the common pre-elongation culture emwnent. In addition, the distinct
alteration in gene expression and pathways relatedetabolism in SCNT embryos in this
window demonstrated the need for optimization o¥itro culture condition to support better
development of cloned embryos. Moreover, the slignhancement in transcriptome
similarity between cloned and donor fibroblast €elh our study as compared to the
difference observed at the blastocyst stage (Setital. 2005) showed the dynamism of
reprogramming process during pre-and peri-implanaperiod. Our results collectively
suggested that transcriptome analysis of diffedavielopment stages of cloned and in vitro
fertilized embryos may yield understanding of thiea in vitro environment, dynamics of
genes regulation and transcriptional reprogramminqs, subsequently facilitates possible

interventions to enhance the efficiency of heatiffgpring production.
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10. Appendices

Appendix 1: Review of the array quality assessmeatsay intensity distribution and
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between array comparisons after normalization. Aatirfhap presentation of the
the correlation of arrays within and between biatabreplicates. The blue and
greay clour represent high and low correlation,peetively. B) Box-plot
summay of the distribution of probe intensitiesoasr all arrays. Each box
corresponds to one array. The boxes have simiaramd Y (position) median.
C) Density-plot shows density estimates (smoothstbfgrams) of the data and
the distribution of the arrays have similar shape edges.
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Appendix 2: Heat map illustration of gene expression differelnewveen donor fibroblast
cells (FBs) and the three gralmamples, namely artificial inseminated (Al),
somatic cell nuclear transfer (SCNT) and in vitroqucton (IVP). The number
after each biological sample denotes their biolalgieplicate. Red signifies high
expression and green signifies low expression bdexck signifies intermediate

expression according to the colour bar shown below.
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Appendix 3: List of the top differentially expressgenes between SCNT and Al derived
elongated embryos. The positive and negative (FESgrmbes the up-and down -

regulated genes respectively.

UniGene.ID Gene.Title Gene.SymbologFC P.Value

Bt.22879 hydroxysteroid (17-beta) dehydrogenase 1  SDH/B1 4.8 4.59E-08
Bt.26921 solute carrier family 27, member 6 SLC27A6 45 2.59E-06
Bt.12809 immunoglobulin heavy constant mu IGHM 40400556389
Bt.4895 cyclin D2 CCND2 3.8 1.95E-10
Bt.44195 solute carrier family 9, member 3 reguldto SLC9A3R1 2.8 1.15E-06
Bt.102106 glutathione peroxidase 1 GPX1 2.81.06E-06
Bt.27824 vestigial like 1 (Drosophila) VGLL1 2.8 1.36E-06
Bt.28476 monoacylglycerol O-acyltransferase 1 MOGAT 2.6 1.04E-06
Bt.91427 glycerol-3-phosphate dehydrogenase 1-like GPDI1L 25 1.74E-05
Bt.856 deoxyribonuclease I-like 3 DNASE1L3 2.5 3.76E-06
Bt.33613 single-stranded DNA binding protein 2 S3BP 2.4 0.00014173
Bt.22336 teratocarcinoma-derived growth factor 1 GH 2.3  1.99E-07
ATPase, Na+/K+ transporting, beta 3
Bt.9728 polypeptide ATP1B3 2.2 6.74E-07
Bt.4520 scavenger receptor class B, member 1 SCARB1 2.2 5.10E-05
Bt.555 carbonic anhydrase IV CA4 20.00010599
Bt.4732 aldehyde dehydrogenase 1 family, member ALDH1A1 2.0 0.00370295
acyl-CoA synthetase long-chain family member
Bt.89521 3 ACSL3 2.0 2.54E-07
Bt.64557 beta-2-microglobulin B2M 2.0.00346596
Bt.23818 acyl-CoA oxidase 1, palmitoyl ACOX1 1.8 5.85E-05
Bt.96910 phospholipid scramblase 1 PLSCR1 1.8.001411
Bt.8953 prostaglandin E synthase PTGES 0.80089766
Bt.51814 solute carrier family 10, member 1 SLC10A1 1.8 3.22E-07
Bt.43859 acyl-CoA thioesterase 8 ACOT8 10800031004
Bt.37893 acyl-CoA thioesterase 4-like ACOT4 1.8.0001655
Bt.16630 transmembrane protein 144 TMEM144 080018509
Bt.25809 filamin A interacting protein 1-like FIL1R 1.8 9.28E-07
Bt.20330 protease, serine, 23 PRSS23 0.00020102
Bt.3891 fatty acid desaturase 2 FADS2 10700060879
Bt.4804 cyclin-dependent kinase inhibitor 1C CDKIN1 1.7 9.63E-05
Bt.48854 Dihydrolipoamide dehydrogenase DLD 1.75.35E-08
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Bt.5534 thioredoxin reductase 1 TXNRD1 1.6 5.30E-06
Bt.25241 mucolipin 2 MCOLN2 1.6 8.82E-05
Bt.27262 pitrilysin metallopeptidase 1 PITRM1 1.6 2.73E-06
Bt.22589 phospholipase A2, group XIIA PLA2G12A 1.6 1.05E-06
Bt.3898 isocitrate dehydrogenase 3 (NAD+) alpha 3BH 1.6 4.74E-09
Bt.46181 achaete-scute complex homolog 2 ASCL2 @1L.®0026889
Bt.24154 transcription factor Dp-2 TFDP2 1.6 8.38E-06
Bt.23388 neuronal guanine nucleotide exchangefactoNGEF 1.6 2.80E-05
Bt.53492 tetraspanin 2 TSPAN2 16.00032153
Bt.103235 transforming growth factor, beta recefifor TGFBR3 1.5 0.00102116
Bt.53077 tropomyosin 2 (beta) TPM2 1300265017
Bt.13245 MAP/microtubule affinity-regulating kinate MARK1 1.5 3.49E-05
reticulocalbin 2, EF-hand calcium binding
Bt.8643 domain RCN2 1.5 1.88E-06
Bt.18203 junctional adhesion molecule 2 JAM2 1030035879
Bt.3771 GAR1 ribonucleoprotein homolog (yeast) GAR1 1.4 7.31E-05
Bt.26573 lysophosphatidylcholine acyltransferase 3 LPCAT3 1.4 8.49E-06
Bt.97115 stearoyl-CoA desaturase SCD 1.43.95E-06
Bt.3254 tubulin folding cofactor E TBCE 1.4 1.07E-06
N-acetylglucosamine-1-phosphate transferase,
Bt.60085 alpha and beta subunits GNPTAB 1.4 4.54E-05
Bt.3248 aldehyde dehydrogenase 4 family, member ALDH4A1 1.4  2.95E-05
Bt.8177 mitochondrial ribosomal protein L12 MRPL12 1.4 2.56E-05
Bt.97107 hypothetical protein LOC616423 MGC134282 .3 1 4.73E-07
chromosome 1 open reading frame 113
Bt.3415 ortholog C3H1lorf113 1.30.00387299
translocase of outer mitochondrial membrane 7
Bt.56545 homolog (yeast) TOMMY7 1.3 1.52E-06
Bt.979 myosin IB MYO1B 1.30.00014369
ribosome production factor 2 homolog (S.
Bt.47903 cerevisiae) RPF2 1.3 1.62E-05
Bt.557 solute carrier family 1 member 1 SLC1Al 1.33.23E-06
pleckstrin homology domain containing, family
Bt.26665 A member 4 PLEKHA4 1.3 4.13E-05
Bt.44554 BCL2-associated athanogene 2 BAG2 1.3.55E-05
Bt.3562 low density lipoprotein receptor LDLR 1.3 1.26E-05
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Bt.57506
Bt.16175
Bt.59278
Bt.22534
Bt.5174
Bt.4167

Bt.6685
Bt.44002
Bt.56241
Bt.22969
Bt.45288
Bt.27485
Bt.15528
Bt.65105
Bt.5267
Bt.405
Bt.42564
Bt.49065
Bt.53256
Bt.4138
Bt.91283
Bt.13913

ATPase, H+ transporting,

lysosomal VO subunit a4 ATP6V0A4
caprin family member 2 CAPRIN2
zinc finger, HIT-type containing 3 ZNHIT3
peripheral myelin protein 22 PMP22
inositol polyphosphate-1-phosphatase INPP1
nucleobindin 2 NUCB2
methylenetetrahydrofolate dehydrogenase 2,

methenyl tetrahydrofolate cyclohydrolase MTHFD2
taspase, threonine aspartase, 1 TASP1

CAP-GLY domain containing linker protein 1CLIP1
serpin peptidase inhibitor, clade G meniber SERPING1
src kinase associated phosphoprotein 1 PRKA
frizzled homolog 10 (Drosophila) FzZD10
macrophage migration inhibitory factor AV
pregnancy-associated glycoprotein 11-like LOC788843
annexin A6 ANXAG6
follistatin FST

zinc finger, DHHC-type containing 7 ZDHHC7
ribonuclease/angiogenin inhibitor 1 RNH1
phospholipase C-like 2 PLCL2
vascular endothelial growth factor A VEGFA
RUN and FYVE domain containing 3 RUFY3

1-acylglycerol-3-phosphate O-acyltransfera AGPAT3

1.8.00091373
1300054616
1.3 9.63E-05
1.35.79E-09
1.3 0.00028457
1.2.00075405

10200010207
11243E-05

1.2 0.0011491
1.20.00064208
1.2 0.00087323
1200222668
1.2 0.00265086
1.2 3.38E-05
1.2 7.57E-05
1.20.00381559
1.2 3.20E-05
.21 4.10E-06
1200029052
1.2 0.00026708
10200042659
1.10.00048793
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UniGene.ID Gene.Title Gene symbol logFC P.Value
Bt.28030 trophoblast Kunitz domain protein 2 TKDP2 -7.5 6.98E-10
Bt.13362 tetraspanin 1 TSPAN1 -5.2 7.00E-06
Bt.23250 alpha-2-HS-glycoprotein AHSG -4.7 7.62E-06
Bt.103200  gap junction protein, beta 4, 30.3kDa GJIB -45 1.62E-08
Bt.63143 integrin, beta 2 ITGB2 -4.3 6.43E-05
Bt.49467 aminolevulinate, delta-, synthase 2 ALAS2 -4.2  6.62E-07
Bt.4946 ras-related C3 botulinum toxin substrateRAC?2 -4.2  5.53E-05
Bt.390 S100 calcium binding protein G S100G -3.83.97E-08
Bt.9625 serine peptidase inhibitor, Kazal type 4  INg& -3.8  3.18E-08
Bt.14198 hypothetical protein LOC100270756 LOC1ama6  -3.6  1.34E-08
Bt.28194 glutathione S-transferase omega 1 GSTO1 .6 6300037272
Bt.89770 lysozyme (renal amyloidosis) LYZ1 -3.5 3.94E-05
Bt.57922 CD48 molecule CD48 -3.5 3.61E-06
family with sequence similarity 84,
Bt.49311 member A FAM84A -3.4 0.00012258
Bt.41664 cell adhesion molecule 1 CADM1 -3.45.77E-06
guanine nucleotide binding protein (G
Bt.63969 protein), beta polypeptide 4 GNB4 -3.3 8.06E-10
Bt.87242 steroidogenic acute regulatory protein BTA -3.3 1.69E-06
Bt.49341 translocator protein (18kDa) TSPO -3.16.17E-07
Bt.12805 phospholipase B domain containing 1 PLBD1 -3.0 4.70E-07
CD55 molecule, decay accelerating factor
Bt.91089 for complement (Cromer blood group) CD55 -3.07.18E-06
Bt.11088 CD97 molecule CD97 -3.0 2.81E-06
Bt.49689 claudin 1 CLDN1 -2.9 3.22E-10
creatine kinase, mitochondrial 1
Bt.49713 (ubiquitous) CKMT1 -2.90.00023121
granzyme B (granzyme 2, cytotoxic T-
Bt.7145 lymphocyte-associated serine esterase 1) GZMB 2101952
fin bud initiation factor homolog
Bt.3435 (zebrafish) FIBIN -2.9 4.33E-07
Bt.5970 S100 calcium binding protein A2 S100A2 -2.81.45E-06
Bt.23917 fibrinogen beta chain FGB -2.8 2.66E-05
Bt.29416 ring finger protein 128 RNF128 -2.8 7.15E-09
Bt.2046 sushi-repeat-containing protein, X-linked RPX -2.8  1.07E-05
Bt.88701 adducin 3 (gamma) ADD3 -2.7 6.83E-09



Appendix

131
Appendix 3: Cont.

Bt.49700 allograft inflammatory factor 1 AlF1 -2.7 1.38E-05

Bt.48905 fibrinogen gamma chain FGG -20600077552

Bt.3537 sulfotransferase family, cytosolic, 1A, ISUA1 -2.6  2.40E-07

Bt.57034 5'-nucleotidase, ecto (CD73) NT5E -0%0293654
Rho GDP dissociation inhibitor (GDI)

Bt.4757 beta ARHGDIB -2.5 6.25E-05
CCAAT/enhancer binding protein

Bt.4332 (C/IEBP), alpha CEBPA -2.9.00035306

Bt.32520 brain expressed X-linked 2 BEX2 -20400029245
glycosylphosphatidylinositol specific

Bt.452 phospholipase D1 GPLD1 -2.4 1.03E-05
Similar to trophoblast Kunitz domain

Bt.53163 protein 2 LOC515917 -2.40.00318993
dehydrogenase/reductase (SDR family)

Bt.12764 member 9 DHRS9 -2.3 0.0002557

Bt.52974 TIMP metallopeptidase inhibitor 2 TIMP2 .320.00013575
Sodium channel, nonvoltage-gated 1,

Bt.17819 gamma SCNN1G -2.3 0.00015025

Bt.2159 transmembrane protein 45A TMEM45A -2.32.49E-07
coagulation factor Il (thrombin) receptor-

Bt.24447 like 2 F2RL2 -2.3  1.39E-07

Bt.12327 thioredoxin interacting protein TXNIP -2.3 1.30E-06
glycerol-3-phosphate dehydrogenase 2

Bt.48365 (mitochondrial) GPD2 -2.20.00041119

Bt.48881 galactose mutarotase (aldose 1-epimerd&sa)M -2.2  4.68E-05
Tumor necrosis factor receptor

Bt.3890 superfamily, member 1A TNFRSF1A -2.0.00038944
butyrobetaine (gamma), 2-oxoglutarate

Bt.21759 dioxygenase BBOX1 -2.2 6.03E-06

Bt.17182 gap junction protein, beta 5, 31.1kDa GJB5 2.1  4.28E-11

Bt.16382 calcitonin receptor-like CALCRL -2.1 5.66E-05
FBJ murine osteosarcoma viral oncogene

Bt.52605 homolog FOS -2.1 7.37E-06

Bt.1537 N-myc downstream regulated 1 NDRG1 -2.12.90E-05
basal cell adhesion molecule (Lutheran

Bt.7873 blood group) BCAM -2.1 4.36E-07

Bt.5044 apolipoprotein H (beta-2-glycoproteinl) @R -2.1 0.00038253

Bt.8247 parahox cluster neighbor PRHOXNB -2.16.16E-10
Rh family, B glycoprotein

Bt.8856 (gene/pseudogene) RHBG -2.1 4.00E-07

Bt.49731 carbonic anhydrase Il CA2 -2.0 1.46E-07

Bt.64701 gap junction protein, beta 2, 26kDa GJB2 2.0- 2.06E-06

Bt.8088 fibroblast growth factor receptor 2 FGFR2 2.0- 6.71E-06

Bt.23268 Niemann-Pick disease, type C2 NPC2 -2.@.82E-07
DNA-damage regulated autophagy

Bt.26851 modulator 1 DRAM1 -2.0 1.34E-05

Bt.1907 hypothetical LOC614490 LOC614490 -2.06.34E-06

Bt.49475 enolase 3 (beta, muscle) ENO3 -2.00139207
similar to family with sequence similarity

Bt.11748 20, member C LOC534672 -2.0 1.49E-05
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similar to Formin-like protein 2 (Formin
Bt.51689 homology 2 domain-containing protein 2) LOC788312 2.0- 4.23E-05
Bt.16830 leucine zipper, down-regulated in cancetROC1 -2.0 0.00057688
Bt.4622 mannosidase, alpha, class 2B, member 1~ MBAN2 -2.0 3.01E-06
Bt.97059 phospholipase A2 receptor 1, 180kDa PLA2R1 -2.0 7.29E-06
Bt.29568 ELL associated factor 2 EAF2 -1.91.58E-09
Bt.10281 trophoblast Kunitz domain protein 5 TKDP5 -1.9 0.00332136
Bt.393 cathepsin B CTSB -1.9 5.40E-06
Bt.26628 RAP2C, member of RAS oncogene famiAP2C -1.9 6.48E-06
Bt.5336 transferrin TF -1.90.00027372
aldehyde dehydrogenase 9 family,
Bt.16137 member Al ALDH9A1 -1.90.00158163
Bt.44383 cannabinoid receptor 2 (macrophage) CNR2 1.9 - 6.79E-07
Bt.5250 milk fat globule-EGF factor 8 protein MFGES8 -1.8  7.66E-05
Bt.10272 stanniocalcin 1 STC1 -1.8 8.15E-05
ATPase, Na+/K+ transporting, beta 1
Bt.49570 polypeptide ATP1B1 -1.8 1.31E-06
Serpin peptidase inhibitor, clade E (nexin,
plasminogen activator inhibitor type 1),
Bt.13676 member 2 SERPINE2 -1.80.00011831
Serpin peptidase inhibitor, clade A (alpha-
Bt.2712 1 antiproteinase, antitrypsin), member 5 SERPINAS 1.8-0.00298173
Bt.49336 ras homolog gene family, member B RHOB 8 -1. 1.84E-06
Rho/Rac guanine nucleotide exchange
Bt.43926 factor (GEF) 2 ARHGEF2 -1.8 1.02E-05
Cyclin-dependent kinase inhibitor 1A
Bt.2749 (p21, Cipl) CDKN1A -1.8  1.41E-06
solute carrier family 5 (sodium iodide
Bt.27351 symporter), member 5 SLC5A5 -1.8.00062041
v-erb-b2 erythroblastic leukemia viral
Bt.64779 oncogene homolog 3 (avian) ERBB3 -1.84.72E-06
hect (homologous to the E6-AP (UBE3A)
carboxyl terminus) domain and RCC1
Bt.55961 (CHC1)-like domain (RLD) 1 HERC1 -1.8 2.87E-07
Bt.3750 S100 calcium binding protein A1l S100A11 .8-D.00023127
Bt.47778 MAX interactor 1 MXI1 -1.80.00023303
pituitary tumor-transforming 1 interacting
Bt.7826 protein PTTG1IP -1.8 2.16E-05
solute carrier family 25 (mitochondrial
Bt.11861 carrier, Aralar), member 12 SLC25A12 -1.7 2.16E-07
Bt.102113 MARCKS-like 1 MARCKSL1 -1.7 4.86E-06
retinoic acid receptor responder
Bt.53829 (tazarotene induced) 1 RARRES1 -10000294362
Bt.48977 RAS, dexamethasone-induced 1 RASD1 -1.3.84E-08
solute carrier family 25
(carnitine/acylcarnitine translocase),
Bt.11770 member 20 SLC25A20 -1.7 6.75E-05
Bt.91163 ephrin-Al EFNA1 -1.7 1.07E-05
Bt.87081 similar to poliovirus receptor-related 3 OC534360 -1.7 5.21E-07
Bt.6087 transmembrane 4 L six family member 1  TM#SF -1.7 0.00059482
UDP-Gal:betaGIcNAc beta 1,4-
Bt.5141 galactosyltransferase, polypeptide 1 B4GALT1 -1.73.19E-05
heart and neural crest derivatives
Bt.46230 expressed 1 HAND1 -1.70.00190195
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Appendix 4: List of the top differentially expressgenes between IVP and Al derived
elongated embryos. The positive and negative (FESgrbes the up-and down -

regulated genes respectively.

UniGene.ID Gene.Title Gene symbol logFC P.Value
Bt.26921 solute carrier family 27, member 6 SLC27A6 4.7 1.94E-06
Bt.22879 hydroxysteroid (17-beta) dehydrogenase 1 SD1¥B1 4.4 1.04E-07
Bt.4895 cyclin D2 CCND2 3.1 1.25E-09
Bt.856 deoxyribonuclease I-like 3 DNASE1L3 2.6 2.07E-06
Bt.22336 teratocarcinoma-derived growth factor 1 GH 2.6 6.50E-08
Bt.27824 vestigial like 1 (Drosophila) VGLL1 2.5 3.03E-06
Bt.64557 beta-2-microglobulin B2M 2.40.00101053
Bt.44195 solute carrier family 9, member 3 reguidtoSLC9A3R1 2.3 5.77E-06
Bt.91427 glycerol-3-phosphate dehydrogenase 1-likéPD1L 2.1 7.03E-05
Bt.102106  glutathione peroxidase 1 GPX1 2.1 1.30E-05
Bt.4520 scavenger receptor class B, member 1 SCARB1 2.1 9.03E-05
Bt.33613 single-stranded DNA binding protein 2 S3BP 2.1 0.00039469
Bt.28476 monoacylglycerol O-acyltransferase 1 MOGAT 2.0 1.12E-05
Bt.25809 filamin A interacting protein 1-like FIL1R 1.9 4.40E-07
phosphoenolpyruvate carboxykinase 1
Bt.12768 (soluble) PCK1 1.8 0.00032497
ATPase, Na+/K+ transporting, beta 3
Bt.9728 polypeptide ATP1B3 1.8 4.13E-06
Bt.8953 prostaglandin E synthase PTGES 100113962
Bt.65578 BCL2-associated athanogene 3 BAG3 1.1.0001303
Bt.555 carbonic anhydrase IV CA4 1.70.00059341
acyl-CoA synthetase long-chain family
Bt.89521 member 3 ACSL3 1.7 1.27E-06
Bt.3891 fatty acid desaturase 2 FADS2 1.6.00082384
transporter 2, ATP-binding cassette, sub-
Bt.62616 family B) TAP2 1.6 0.00147768
Bt.54006 similar to RGC-32 MGC148992 1.60.00035373
Bt.3562 low density lipoprotein receptor LDLR 1.6 1.86E-06
Bt.53492 tetraspanin 2 TSPAN2 1.60.00025097
Bt.17734 zinc finger, AN1-type domain 2A ZFAND2A 51. 5.98E-07
aldehyde dehydrogenase 4 family, member
Bt.3248 Al ALDH4A1 15 1.35E-05
Bt.16175 Caprin family member 2 CAPRIN2 1.4 0.0002091
Bt.18203 junctional adhesion molecule 2 JAM2 1.0.00039628
Bt.23388 neuronal guanine nucleotide exchange faddGEF 1.4 5.68E-05
Bt.16630 transmembrane protein 144 TMEM144 1@.00110671
Bt.6775 annexin A3 ANXA3 1.4 0.00031995
achaete-scute complex homolog 2
Bt.46181 (Drosophila) ASCL2 1.4 0.00076924
Bt.92178 transmembrane protein 88 TMEMB88 1.4.00017692
Bt.91186 Cysteinel/tyrosine-rich 1 CYYR1 1.3 0.00098
Bt.20330 protease, serine, 23 PRSS23 1.8.0014221
Bt.3254 Tubulin folding cofactor E TBCE 1.3 1.60E-06
Bt.49580 brain protein 44-like BRP44L 1.30.00015827
Bt.4138 vascular endothelial growth factor A VEGFA 1.3 1.68E-06
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Bt.15528
Bt.3898
Bt.1548
Bt.23818
Bt.29621
Bt.633

Bt.7490
Bt.405
Bt.5534
Bt.32740
Bt.11195
Bt.22534
Bt.48892

Bt.60085

Bt.97115

Bt.57506
Bt.22399
Bt.49065
Bt.29464
Bt.11942

Bt.17367

macrophage migration inhibitory factor
(glycosylation-inhibiting factor) MIF
isocitrate dehydrogenase 3 (NAD+) alpha 3BH

gamma-inducible protein 30 IFI30
acyl-CoA oxidase 1, palmitoyl ACOX1
glutathione peroxidase 2 GPX2
sideroflexin 1 SFXN1
methylenetetrahydrofolate dehydrogenase

(NADP+ dependent) 1-like MTHFD1L

Follistatin FST
thioredoxin reductase 1 TXNRD1
laminin, alpha 1 LAMA1
palate, lung and nasal epithelium assediatPLUNC

peripheral myelin protein 22 PMP22
gametocyte specific factor 1 GTSF1
N-acetylglucosamine-1-phosphate
transferase, alpha and beta subunits GNPTAB
Stearoyl-CoA desaturase (delta-9-
desaturase) SCD
ATPase, H+ transporting, lysosomal VO
subunit a4 ATP6V0A4
Arginase, type Il ARG2
ribonuclease/angiogenin inhibitor 1 RNH1
hypothetical protein LOC614047 LOC614047
Collagen, type XVIII, alpha 1 COL18A1
DnaJ (Hsp40) homolog, subfamily B,
member 1 DNAJB1

1.3 0.00185713
1.3 3.52E-08
1.3.00549349
1.3.00101928
1.8.00213918

1.2 4.84E-06

1.2 9.50E-05
1.2 0.00347891
1.2 6.13E-05
1.2 0.00016033
1.2 3.02E-07
1.2 9.06E-09
1200135376

10200015139

1.2 1.57E-05

1.2 0.00162894
1.20.00011281
21 4.18E-06
.2 1 3.75E-05

1.2 8.86E-08

1.1 0.00061839
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UniGene.ID Gene.Title Gene symbol logFC P.Value
Bt.28030 trophoblast Kunitz domain protein 2 TKDP2 -7.7 5.39E-10
Bt.262 trophoblast Kunitz domain protein 3 TKDP3 .1-:50.00190812
Bt.13362 tetraspanin 1 TSPAN1 -4.8 1.55E-05
Bt.6410 Placenta-expressed transcript 1 protein TALE -4.3  8.10E-07
Bt.103200  gap junction protein, beta 4, 30.3kDa GJB -4.3  2.37E-08
Bt.49467 aminolevulinate, delta-, synthase 2 ALAS2 -4.2  7.35E-07
Bt.390 S100 calcium binding protein G S100G -3.93.32E-08
Bt.9625 serine peptidase inhibitor, Kazal type 4 NG -3.9 2.55E-08
Bt.63143 Integrin, beta 2 ITGB2 -3.8.00017652
Bt.14198 hypothetical protein LOC100270756 LOC10mE6 -3.5 1.41E-08
Bt.57922 CD48 molecule CD48 -3.5 3.59E-06
Bt.87242 Steroidogenic acute regulatory protein BTA -3.4  1.47E-06
Bt.49713 Creatine kinase, mitochondrial 1 (ubiquélo CKMT1 -3.3 7.60E-05
Bt.28194 glutathione S-transferase omega 1 GSTO1 .3 6300061362
ras-related C3 botulinum toxin substrate 2
Bt.4946 (rho family, small GTP binding protein Rac2) RAC2 3.2 0.00037114
Bt.89770 lysozyme (renal amyloidosis) LYz1 -3.29.03E-05
Bt.11088 CD97 molecule CD97 -3.1 1.78E-06
Bt.49341 translocator protein (18kDa) TSPO -3.08.00E-07
Bt.49689 claudin 1 CLDN1 -2.9 3.16E-10
Guanine nucleotide binding protein (G
Bt.63969 protein), beta polypeptide 4 GNB4 -2.8  4.13E-09
Bt.41664 cell adhesion molecule 1 CADM1 -2.73.57E-05
Bt.49311 family with sequence similarity 84, memBer FAM84A -2.7 0.0007314
Bt.3435 fin bud initiation factor homolog (zebrdfjs  FIBIN -2.7  7.62E-07
CCAAT/enhancer binding protein
Bt.4332 (C/EBP), alpha CEBPA -2.60.00023508
Bt.29416 ring finger protein 128 RNF128 -2.6 1.55E-08
glycosylphosphatidylinositol specific
Bt.452 phospholipase D1 GPLD1 -2.4 1.00E-05
dehydrogenase/reductase (SDR family)
Bt.12764 member 9 DHRS9 -2.4 0.00017846
pregnancy-associated glycoprotein 12-like //LOC782451 ///
Bt.89090 pregnancy-associated glycoprotein 12 PAG12 -2.3 0.00497919
Bt.2046 sushi-repeat-containing protein, X-linked RPX -2.2  6.12E-05
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Bt.4757
Bt.16382

Bt.21759

Bt.3537

Bt.49700
Bt.17182
Bt.64701

Bt.27351

Bt.91089

Bt.26851
Bt.48881
Bt.12327
Bt.12805

Bt.3890
Bt.1240
Bt.4622
Bt.16830
Bt.8088
Bt.5970
Bt.8247
Bt.53829
Bt.24447
Bt.1907

Bt.2712
Bt.9791
Bt.7873
Bt.393
Bt.29568
Bt.48977
Bt.10814
Bt.49475
Bt.10272
Bt.44383
Bt.46230

Rho GDP dissociation inhibitor (GDI) beta  RIAGDIB
calcitonin receptor-like CALCRL
butyrobetaine (gamma), 2-oxoglutarate

dioxygenase (gamma-butyrobetaine

hydroxylase) 1 BBOX1
sulfotransferase family, cytosolic, 1A, phenol-
preferring, member 1 SULT1A1
allograft inflammatory factor 1 AlF1
gap junction protein, beta 5, 31.1kDa GJB5
gap junction protein, beta 2, 26kDa GJB2
Solute carrier family 5 (sodium iodide

symporter), member 5 SLC5A5
CD55 molecule, decay accelerating factor for
complement (Cromer blood group) CD55

DNA-damage regulated autophagy modulator
1 DRAM1
galactose mutarotase (aldose 1-epimerase)GALM

thioredoxin interacting protein TXNIP
phospholipase B domain containing 1 PLBD1
tumor necrosis factor receptor superfamily,

member 1A TNFRSF1A
deoxyribonuclease I, lysosomal DNASE2
mannosidase, alpha, class 2B, member 1 NBAN2

leucine zipper, down-regulated in cancer 1 LDOC1

fibroblast growth factor receptor 2 FGFR2
S100 calcium binding protein A2 S100A2
parahox cluster neighbor PRHOXNB
retinoic acid receptor responder 1 RARRES1

coagulation factor Il (thrombin) receplie 2 F2RL2

hypothetical LOC614490 LOC614490
serpin peptidase inhibitor, clade A (alpha-1

antiproteinase, antitrypsin), member 5 SERPINAS
peptidylprolyl isomerase F PPIF

basal cell adhesion molecule BCAM
cathepsin B CTSB

ELL associated factor 2 EAF2

RAS, dexamethasone-induced 1 RASD1

coagulation factor Il (thrombin) receptor  F2R

enolase 3 (beta, muscle) ENO3
stanniocalcin 1 STC1
cannabinoid receptor 2 CNR2

heart and neural crest derivatives expteds HAND1

-2.2 0.00014305
-2.2 4.40E-05

-2.2 5.95E-06

-2.2 1.16E-06
-2.1 8.01E-05
-2.1  4.63E-11
2.1- 1.61E-06

-2.0.00020141

-20100014018

-20 1.21E-05
-2.0  9.44E-05

-2.0 3.37E-06
-2.0 1.50E-05

-2.0 0.0006944
-2.01.66E-06
-2.0 2.84E-06
-2.0 0.00057876
2.0- 9.20E-06
-2.03.44E-05
-1.91.02E-09
-1.9 0.0014012
-1.9 6.42E-07
-1.91.07E-05

9-0.00253421
-1.93.25E-05
-1.91.37E-06

-1.8 7.10E-06
-1.82.48E-09

-1.2.28E-08
-1.8 1.66E-05
-0.80280978

-1.8.00010617

-1.81.00E-06
-1.8 0.00129096
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guanine nucleotide binding protein,
Bt.5546 alpha inhibiting activity polypeptide 1 GNAI1 -1.8 5.57E-06
Bt.61173 histone cluster 2, H2be HIST2H2BE -10800019048
Bt.11861 solute carrier family 25, member 12 SLC23A -1.8  1.96E-07
Bt.4725 B-cell translocation gene 1, anti-prolifara  BTG1 -1.7  9.80E-09
Bt.5336 transferrin TF -1.70.00047952
Bt.6803 TRAF2 and NCK interacting kinase TNIK -1.7 1.93E-05
Bt.1655 inositol(myo)-1(or 4)-monophosphatase 2 maP -1.7 0.00146599
fatty acid binding protein 5 (psoriasis-
Bt.22869 associated) FABP5 -1.7  3.21E-05
Bt.61846 tumor protein p53 inducible protein 3 TR53 -1.7 0.00024078
Bt.13162 Keratin 5 KRT5 -1.70.00013112
Bt.51689 similar to Formin-like protein 2 LOC78831 -1.7 0.00014394
Bt.11770 solute carrier family 25, member 20 SLC26A -1.7 8.16E-05
Bt.49731 carbonic anhydrase Il CA2 -1.7 9.01E-07
Bt.4125 pregnancy-associated glycoprotein 8 PAG8 .6 {1.00083399
Bt.32520 brain expressed X-linked 2 BEX2 -10600422438
Bt.38271 Motile sperm domain containing 1 MOSPD1 .6-1 1.61E-05
Bt.97059 phospholipase A2 receptor 1, 180kDa PLA2R1 -1.6  3.76E-05
Bt.23268 Niemann-Pick disease, type C2 NPC2 -1.2.16E-06
Rho/Rac guanine nucleotide
Bt.43926 exchange factor (GEF) 2 ARHGEF2 -1.6 2.86E-05
pituitary tumor-transforming 1
Bt.7826 interacting protein PTTG1IP -1.6 4.76E-05
glycerol-3-phosphate dehydrogenase 2
Bt.48365 (mitochondrial) GPD2 -1.6 0.0042225
Bt.8856 Rh family, B glycoprotein (gene/pseudogendHBG -1.6  4.04E-06
Bt.2159 transmembrane protein 45A TMEMA45A -1.66.01E-06
Bt.61523 similar to hCG27535 LOC539805 -1(600171722
Bt.5250 milk fat globule-EGF factor 8 protein MFGES -1.5 0.00030725
Bt.57867 N-acetylgalactosaminidase, alpha- NAGA 5-10.0001616
Bt.30711 hypothetical LOC789163 LOC789163 -1.8.0002886
Bt.65686 Jagged 1 JAG1 -1.6.00221115
Bt.17819 Sodium channel, nonvoltage-gated 1, gamn&CNN1G -1.50.00253486
solute carrier family 13 (sodium/sulfate
Bt.52086 symporters), member 4 SLC13A4 -1.5 0.00011492
similar to family with sequence similarity 20,
Bt.11748 member C LOC534672 -1.9.00016924
Bt.26241 tripartite motif-containing 36 TRIM36 -1.4 1.47E-08
Bt.21732 ribonuclease T2 RNASET2 -1@.00073685
FBJ murine osteosarcoma viral oncogene
Bt.52605 homolog FOS -1.40.00019644
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