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ABSTRACT

The sperm head contains highly compacted genoms.cbmpaction is mediated
by protamines. Sperm protamines are replaced lpplagmic histones after the sperm
entry into the oocyte. Beside protein replacemaisty particular epigenetic remodeling
occurs. One of the most studied epigenetic remoglein early zygotes is DNA
demethylation. This phenomenon was observed in soamemals (mouse, rat, monkey)
but not in other mammals (sheep) and what is mabmut some of them quite
inconsistent data were published (pig, human, gahbit).

In our work we were mostly concentrated on pordggotes and attempted to
explain the reason of inconsistency in observed.dahree factors were evaluated
in our work — the technique of embryo productiopersn factors, and the oocyte
quality. In the first part of the study (the teature of embryo production) we compared
the zygotes produced by conventional vitro fertilization and zygotes produced
by intracytoplasmic sperm injection. The epigenetemodeling was evaluated
by immunolabeling. There was no difference betweggotes produced by both
mentioned techniques. The paternal genome was eotetthylated in any zygote.
The labeling with anti-H3/K9-me2 (anti dimethyl gm on lysine 9 of histone 3)
showed the positive labeling of both pronuclei boat half of zygotes. In the second
part of the study (sperm factors) we aimed at spé&antors. The technique of
interspecific intracytoplasmic sperm injection @J was used to experimentally
separate the oocyte and sperm factors. We injeoted spermatozoa into mouse
oocytes, human spermatozoa into mouse oocytesmande sperm heads into porcine
oocytes. All the injected spermatozoa (or sperndfetormed the paternal pronucleus
in oocytes of different species. The paternal gemamporcine and human origin was
demethylated in mouse oocytes. In contrast, therpalt genome of mouse origin was
not demethylated in porcine oocytes. These resatggest that oocyte cytoplasm
mainly affects the paternal genome remodeling. ldoee, boar spermatozoa, which are
not demethylated in porcine zygotes, are able tdergo the active demethylation
in cytoplasm of another species. In the third pHrthe study (the oocyte quality)
we compared mouse and porcine ovulated iandtro matured oocytes. The oocytes
were used for embryo production by intracytoplassgerm injection techniques (ICSI
and iICSI). We observed a difference between oedlandin vitro matured oocytes



in both species. The difference was more eviderdctivation capabilities of oocytes
then in epigenetic remodeling capabilities. Mooselated oocytes are able to form
the paternal pronucleus of porcine origin. In castiy mousen vitro matured oocytes
were not able to form the paternal pronucleus otipe origin. Similarly, the paternal
pronucleus of mouse origin was formed in porcinell@aed oocytes, buin vitro
matured oocytes formed the paternal pronucleus aftgr additional activation
with the electrical pulse. Only a small differernveas observed in epigenetic remodeling
in mouse control zygotes (intraspecies) producethfovulated andn vitro matured
oocytes (extent of DNA demethylation). In additiomp difference was observed
in porcine control zygotes (intraspecies) produfrech ovulated andn vitro matured
oocytes. Moreover, we did not observe the DNA déwlation of paternal pronucleus
in porcine zygotes which is in agreement with saoegorted studies but in contrast
with some other studies.

From these results we concluded that the techriged for embryo production,
sperm factors, or the quality of oocytes did ndectfthe final epigenetic remodeling
in zygotes. We suppose that the problem of inctersislata observed in pig is much
more complicated. It seems that the reason is @lynin the quality of oocyte, as is
often quoted, but in some other not defined factors
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ABBREVIATIONS

5-hmc 5-hydroxymethylcytosin

5-MeC 5-methylcytosin

ADP adenosine diphosphate

ATP adenosine triphosphate

DNA deoxyribonucleotic acid

Dnmt DNA methyltransferase

Elp elongator complex protein

FISH fluorescent in situ hybridization

GV germinal vesicle

GVBD germinal vesicle breakdown

H3 histone 3

H3/K4-me (2, 3) (mono, di, tri) methylation of Igg 4 on histone 3
H3/K9-me (2, 3) (mono, di, tri) methylation of Igg 9 on histone 3
H4 histone 4

HP1 heterochromatin protein 1

IAP inhibitor of apoptosis protein

ICM inner cell mass

ICSI intracytoplasmic sperm injection

iICSI interspecies intracytoplasmic sperm inj@ati
iPS cells induced pluripotent stem cells

IVF in vitro fertilization

LOS large offspring syndrome

MBD2 methyl binding domain 2

me methyl group

Ml metaphase | oocyte

Ml metaphase Il oocyte

MtDNA mitochondrial deoxyribonucleotic acid
SAM S-adenosylmethionine

SCNT somatic cell nuclear transfer

S-S disulphide bonds

TE trofectoderm



TET protein ten-eleven-translocation protein; asel
ZP zona pellucida



1. INTRODUCTION

A better understanding of early mammalian develagmis important for
embryonic biotechnology. High-quality embryos mums# produced for successful
application. A number of studies were made on mansdel where the techniques of
embryo production are well developed. However, theuse is biologically very
different from human or livestock and the knowledgee hardly applicable
in biotechnology. More studies must be thereforeedim other animal models, such as
bovine, rabbit, and pig.

The pig is used as a model in medicine researcte uanatomical and
physiological similarities of human and porcine ang, pig is used as a disease model
in cardiology, pulmonary, and internal medicine.eTpig is similar to human also
on biochemical and immunological bases. Especiéigcause of immunological
similarities, the pig has a high potential for hum@generative medicine (porcine
epidermal stem cell). Moreover, it could be usefiddel for stem cell biotechnology
testing previous the application in human medidineural stem cells). Besides the
above mentioned facts, the pig is also used as Iniedstudies of aneuploidy in adult
human oocytes. What is more, there is a possilidityse genetically modified pigs for
xenotransplation. All these presumptions becomeemealistic in connection with
the fact that some components of pig are alreadg usmedicine practice (derma).

However, the biotechnology of pig still faces withany problems. First,
the quality of ovulated anth vitro matured oocytes is largely different. Ovulated
oocytes are difficult to obtain and only small nwenbof them is derived from
the stimulated animal. In spite of plentiful sowwa# ovaries from prepubescent gilts in
slaughter houses, the seasonal effect is reflectethe quality of isolated oocytes.
Moreover, maturation of isolated porcine oocytessitro takes extremely long time
(40 - 44 hours) and the media for maturation areapdimized. Then vitro matured
oocytes have therefore a lower quality. Second, tdehniques used for embryo
production are also problematical. For example i¥Bccompanied with a high rate of
polyspermy which is not easy to regulate (Funahag003). The problem of
polyspermy is solved by ICSI, but this method faséh problem of insufficient sperm
head decondensation (Kren et al., 2003). Thirdirttvetro produced blastocysts contain

much less cells compared to vivo produced blastocysts. The embryo cultivation
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condition must be improved to get developmentaipable embryos. By now, only
a few research groups were able to give birth ve knimals derived fronn vitro
produced embryos. The pig was also one of thetlapesies cloned by SCNT (somatic
cell nuclear transfer). Finally, only putative emdmic stem cell lines were derived
from porcine blastocyst (Vackova et al., 2007). Thativation conditions are not
developed either for porcine stem cells. Cellsedéhtiate spontaneously within first
few passages. The similar problems are expectegomtine iPS cells (induced
pluripotent stem cells). So, in spite of high pbagies of biotechnology application of
pig, there are still many aspects which have tedbeed.

One of the aspects how to improve the quality ofbsms is to identify
the mechanisms of epigenetic remodeling. In the fhig mechanism of epigenetic
remodeling is unclear. A number of contrasting deta been published about the active
demethylation of paternal genome in porcine zyg@tese details below).

Epigenetic remodeling reflects in many aspects o$sfple biotechnologies.
For example epigenetic remodeling plays a cruakd m SCNT and in human assisted
reproduction. The somatic cell nucleus has to beodeled in the recipient oocyte after
SCNT and this remodeling is considered to be onil@inbasis as remodeling of
paternal pronucleus after fertilization. SCNT facestremely low efficiency and
individuals born after SCNT have often similar diers called “large offspring
syndrome” (LOS). It is supposed that LOS is a sgbsece of insufficient remodeling
of donor nucleus, especially in the area of epigesne Except of application of SCNT
for a new individual production, the SCNT could bsed even in human medicine.
In this context, there has been speculated aboutafled “therapeutic cloning”.
The therapeutic cloning means the SCNT embryosyatazh with the aim to derive
embryonic stem cells. The proper stem cell difféegion in a tissue is a precondition
for human stem cells technologies. When there isnaarrect epigenetic remodeling
in embryo, the derived embryonic stem cells coutdveh problems with the proper
differentiation and function.

Besides, epigenetic remodeling is important alschtonan assisted reproduction.
Here a possible impact oh vitro cultivation on epigenetic remodeling of human
embryos must be evaluated. The negative effect wham assisted reproduction
on embryos has not been proved directly; howewvee, td the knowledge concerning
other species we are not able to disprove it absglult seems that inn vitro

conditions the pronuclei formation and epigeneémodeling are delayed compared
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with in vivo conditions. The delay is especially obvious atter intracytoplasmic sperm
injection (Katayama et al., 2002; Ajduk et al., B0rhese facts must also be taken into
consideration.

All above mentioned statements acknowledge thmabee detailed awareness of
the mechanisms of epigenetic remodeling makes ssipte to better understand and
predict the disorders connected with the epigese@ur study evaluates factors which
could affect the final epigenetic remodeling in g@oe zygotes. Except of common
techniques for embryo production, we have used lil@8erspecies intracytoplasmic
sperm injection) — a technique which allows us expentally to divide the oocyte and
sperm factors. A definition of negative factorseaffng the quality of embryos will help

us to produce embryos usable in biotechnologies.

1.1 Epigenetic remodeling

Epigenetic remodeling covers genome modificationsiclv do not lead to
a change of DNA sequence but it affects the dewedy of the organism.
The epigenetic modifications have an important rmlepreservation of structural
integrity and gene regulation. Moreover, it wasnduhat epigenetic processes have
an impact on cell differentiation and also on carmégin. Nevertheless, epigenetics
plays an important role in early mammalian develepin

Both gametes — the sperm and the oocyte, are hggidgialized cells. In contrast,
embryonic cells are at first totipotent and laterblastocyst, they are pluripotent. Thus
the genomes of gametes must be remodeled to mékecthonal diploid genome of
zygote.

In the text below it is briefly discussed chromatimodeling mechanisms
in the context of early mammalian development; dgrtiee text focused on covalent
histone modifications and DNA methylation.

1.1.1 Sperm chromatin before fertilization

Sperm head contains highly condensed and inactir@ra@tin. This condensation

is mediated by specific spermatic proteins callewtgmines. Incorporation of

12



protamines into the spermatic genome is the lagt st spermatogenesis. According to
the model of Balhorn (1982), arginine-rich coresledong minor groove of DNA helix
and it fills one helical turn. There are two knotypes of protamines — protamine 1 and
the family of protamine 2 proteins. Protamine 1fasnd in all vertebrates; family of
proteins protamine 2 are formed by protamine 24 8pmponents and they are found
only in mice and human spermatozoa (Oliva, 2006).

In spite of the appearance of protamines in thensgeead, there are still some
minority rests of histones. For example in humaarsp it was shown that 85% of
the nucleus structure is organized with protamimesereas 15% is organized with
histones or other proteins. Thus some parts of nchtm of spermatozoa remain

arranged into nucleosomes (Gatewood et al., 1987).

1.1.2 Fertilization

The entry of sperm into the oocyte is an activasigmal for inactive metaphase Il
oocyte. Oocyte chromatin re-enters meiotic cellleyd progresses from metaphase
into telophase and second polar body is extrudesty® chromatin is then changed
into maternal (female) pronucleus. Similarly, higldondensed sperm chromatin is
decondensed in oocyte cytoplasm and it gets forasegbaternal (male) pronucleus.
Both genomes (the maternal and paternal) are irmpbfor successful development.
Gynogenetic or androgenetic embryos are not vimbfeammals (McGrath and Solter,
1984; Barton et al., 1984; Surani et al., 1984).

1.1.3 Morphological and molecular remodeling of chromatinafter

fertilization

A number of morphological and molecular changesonginal sperm head
precede the paternal pronucleus formation. Spemontdtin is highly compacted and
inactive therefore a remodeling is necessary facessful activation. There are three
main steps of morphological remodeling of spermdh@a/right and Longo, 1988;
Adenot et al., 1991). In the first step, when theyte completes anaphase I, the sperm

chromatin is dispersed. The size of sperm chromatitarges about three-times.
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In the second step, when the oocyte reaches tlophtete II, sperm chromatin
recondenses into a smaller mass. The size is rddotea half. In the third step, when
both pronuclei are formed, the area covered bynshromatin is ten times larger.

The crucial step of remodeling is the removal oftpmines from the sperm
genome. Protamines are completely removed fromnaliggperm head at the end of
anaphase Il of oocyte cell cycle. It means that rdfdacement occurs shortly after
sperm penetration, before the formation of nucteambrane. For example in the pig,
the replacement is finished within 2-3 hours afaatilization, at the time when the
sperm head is still condensed (Shimada et al., 200 reduction of disulfide (S-S)
bonds is necessary for protamines replacement. poitant regulator of disulfide
bonds reduction is cytoplasmic protein glutathigiveshida, 1993; Perreault et al.,
1988).

Sperm protamines are replaced by oocytes cytoplasoteins - histones.
The protamine-histone exchange is mediated by tagapc proteins called nuclear
chaperones (Philpott et al., 2000). For exampleamphibian, a chaperon called
nucleoplasmin removes protamines from sperm andsilspH2A-H2B histone dimer.
As the human sperm head decondenses even in aeplakiract, the decondensation
factors do not seem to be species specific (Ohsinal., 1986). However, little is
known about the replacement process in mammals. nlizkeoplasmin-like protein
in mammals has not been detected so far (Nakaziaalg 2002).

Although both pronuclei are formed in the same piem, several epigenetic
differences are established between them. The foldterence is histone
hyperacetylation of paternal pronucleus. This d#feee disappears before DNA
replication. The reason is that histones H3 andatdincorporated into the pronucleus
in their acetylated form; this modification is rewea afterwards (Adenot et al., 1997;
Verreault, 2000). Another difference is in residtranscription activity in pronuclei.
The transcription activity in zygote is generallpwt however, as was confirmed
by genes microinjection, the residual transcript®migher in the paternal pronucleus
(Aoki et al., 1997). Further, one of the most staldilifferences between pronuclei is the
active demethylation of paternal pronucleus. Thhenmmenon appears shortly after
fertilization and persists up to pronuclei appaositiThe process of active demethylation

is more described below.
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1.1.4 Epigenetic remodeling in zygote

1.1.4.1 Covalent histone modifications

The covalent histone modifications are complex tr&y involve many histone-
modification enzymes. Core histones are covalembdified at lysine, arginine and
serine residues. The most common modifications marethylation, acetylation,
phosphorylation, ubiquitination and ADP ribosylatioFor example some lysine
residues on histone 3 (H3/K9, 14, 18 and 23), stysme residues on histone 4
(H4/K5, 8, 12 and 16), and lysine residues on hissoH2A and H2B are acetylated.
Other lysine (H3/K4, 9, 27) and arginine residue8/R2, 17, 26) on histone 3 and
histone 4 (H4/K20, H4/R3) are methylated (Li, 2002)

As mentioned above, histones are incorporated ih® male pronucleus
in hyperacetylated form. However, shortly afterithecorporation, H3/K9-me, H3/K4-
me and H3/K29-me are detectable (Morgan et al.5R0® means that histones are
immediately deacetylated and monomethylated by aoprogriate histone
methyltransferase. Dimethyl and trimethyl formstloése residues become detectable
later (Morgan et al., 2005). Whereas histone aattyls and methylations of some
histones (H3/K4, H3/K36, H3/K79) are transcriptibpgermissive, methylations of
other histones (H3/K9, H3/K27, H4/K20) are trastapally repressive modifications
(Struhl, 1998). This possibly explains the highesidual transcription activity of
paternal pronucleus. It is possible that the déifee in transcription activity between
pronuclei is the result of different acetylationéérather than its cause. It is unknown
how the histone acetylation causes higher trartsmnipactivity. It is supposed that
highly acetylated histones do not bind DNA so sgignthey loosen the nucleosome
and DNA is then more accessible to transcriptiahoia.

The role of histone modifications is that they da@ recognized by various
proteins, which influence the structure of chromateu- vs. heterochromatin) or
transcription. The example is HP1 (heterochromatimtein 1). HP1 binds with high
affinity to methylated H3/K9 and through oligomeation HP1 maintains
heterochromatin. Besides, in Arabidopsis HP1 bowrd H3/K9 recruits DNA
methyltransferase to its target CpG sites (Jacks$ai., 2002). In spite of not knowing
how histone modifications affect DNA methylation mammals, it is expected that
the mechanism is similar to Arabidopsis.
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1.1.4.2 DNA methylation

DNA methylation is the most studied epigeneticeati#éhce between the maternal
and paternal pronuclei. Mammalian DNA becomes niatbeg at the fifth position of
cytosin; thus 5- methylcytosin (5-MeC) is formedrT simple cytosin. Enzymes
responsible for DNA methylation are various typ€®BA methyltrasferases (Dnmts).
DNA methylation occurs mainly in CpG dinucleotidef the genome. DNA
methylation is mostly associated with the reprassibgene transcription. The methods
for study of DNA methylation are the indirect imnuiluorescence and bisulfite
sequencing.

Before fertilization, the maternal (oocyte) andguaal genomes (spermatozoa) are
heavily methylated. The parental methylation is tlgparemoved during early
mammalian development. There are two types of deytegion in preimplantation
mammalian development — the active and passive tiigtagon (Rougier et al., 1998).
In the early development, shortly after fertilizatj the paternal pronucleus becomes
demethylated whilst the maternal pronucleus remiaiigisly methylated. As the process
is quite rapid and it starts before the first regiion, we call this phenomenon the active
demethylation. A factor responsible for active d#wikation (a demethylase) is not
fully known so far (more details below). Later etdevelopment the methylation level
passively declines and it reaches the lowest levehorula stage (Dean et al., 2001).
The reason is that thde novo methyltransferase (Dnmtl) is not present, so,ngduri
following replication new replicated strands aret moethylated (Bestor, 2000). In
mouse blastocyst, when the first differentiatioemvoccurs, the inner cell mass (ICM)
becomes methylated again and trofectodermal cEl$ &re undermethylated (Dean et
al., 2001; Santos et al., 2002). However, it seé¢nas this phenomenos is species
specific.

The role of active demethylation is not fully detemed so far. First it seemed that
the active demethylation of paternal pronucleus ®mmon phenomenon between all
mammals (Dean et al., 2001). The paternal pronsdleunouse zygote is extensively
demethylated, whilst the maternal pronucleus remhighly methylated (Santos et al.,
2002; Oswald et al., 2000). Similar results wereesbed in the rat and monkey (Yang
et al., 2007; Zaitseva et al., 2007). However,rlate this assumption was challenged
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by some additional experiments. For example, oalyigl demethylation was observed

in bovine (Beaujean et al., 2004) and no active ethgiation at all was observed

in the sheep and rabbit (Beaujean et al., 2004g8al., 2004). What is more, in some

species quite inconsistent data were publishedmiples of such species are the pig,

goat and human. The demethylation of paternal prens in the pig was observed
by Dean et al. (2001) and Fulka et al. (2006a) e&®rJeong et al. (2007a) and
Deshmukh et al. (2011) did not detect any demetioylaat all. In the goat there was

observed only partial (Park et al., 2007) demetighatogether with absence of any

demethylation (Hou et al., 2005). Similarly, onlgrpal demethylation (Fulka et al.,

2004) and complete demethylation (Beaujean et2£Q4; Xu et al.,, 2005) were

observed in human zygotes. In addition, the lapedilished results of methylation

in rabbit zygotes proved again the original assimnpt_epikhov et al. (2008) observed

that even in the rabbit, in progressed stage obteyghere is the active demethylation

of paternal pronucleus (Table I).

Table I: The DNA methylation patterns observed in arious mammalian species

Animal
species

Paternal pronucleus demethylation

Extensive
demethylation

Partial demethylation

No demethylation

mouse

(Oswald et al., 2000)
(Santos et al., 2002)

rat

(Zaitseva et al., 2007

monkey

(Yang et al., 2007)

bovine

(Beaujean et al., 2004

sheep

(Beaujean et al., 2004)

rabbit

(Lepikhov et al., 2008

(Beaujean et al., 2004)
(Shi et al., 2004)

goat

(Park et al., 2007)

(Hou et al., 2005)

pig

(Fulka et al., 2006a)
(Dean et al., 2001)

(Jeong et al., 2007a)
(Deshmukh et al., 2011

human

(Beaujean et al., 2004

(Xu et al., 2005)

(Fulka et al., 2004)
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1.1.4.3 Mechanism of active DNA demethylation

The mechanism of active DNA demethylation in tlaelyedevelopment is not
fully understood. Initially it has been speculatédt a mechanism of DNA repair
participates also in the process of active DNA dégiation (Ooi and Bestor, 2008).
Three possibilities are considered in the connaatiodemethylation by DNA repair: (i)
direct removal of methyl group from 5-MeC (Bhattagya et al., 1999); (ii) base
excision repair; and (iii) nucleotide excision repéGehring et al., 2009). First,
a protein called MBD2 (methyl binding domain 2) tthmnds methylated DNA and
directly removes methyl group from 5-MeC was repadiby Bhattacharya et al. (1999).
However, this results were not confirmed by othesearchers (Ooi and Bestor, 2008)
and what is more, DNA demethylation was still obsdrin knock-out mice for MBD2
(Hendrich et al., 2001). Second, the DNA repairblage excision repair means either
direct removal of 5-MeC, which is common in platagglycosylase), or deamination of
5-MeC to thymine followed by T-G mismatch repairdaspecific replacement of
thymine with cytosine. A glycosylase like enzymeswent reported in mammals so far
(Gehring et al., 2009). A cytosine deaminase (Morgd al., 2004) and DNA
methyltrasferase (Dnmt) were reported as to be @fbtkeamination of 5-MeC (Gehring
et al.,, 2009). However, even here, although theemat Dnmt3a was found
in pronuclei of zygote, there is no difference imagtity of Dnmt3a between
the maternal and paternal pronuclei (Hirasawa .et28008). Third, the mechanism of
nucleotide excision repair seems to be improbaBkh(ing et al., 2009; Okada et al.,
2010), in spite of some reported pathways of DNAetaylation by nucleotid excision
repair (Barreto et al., 2007). It must be notecehtbiat base/nucleotide excision repair
makes DNA strand breaks which can be detrimenf@@ally in these critical stages of
development (Gehring et al., 2009).

Later on, some other mechanisms of DNA demetlofaivere reported. Some
components of elongator complex were identified{EI3, 4) to have a crucial effect
on active demethylation in zygotes. What is quitieriesting is that the SAM domain
(S-adenosylmethionine; a donor of methyl group witlnethylation) was found to be
necessary for the process (Okada et al.,, 2010).th&noimportant finding was
the presence of 5-hydroxymethylcytosin (5-hmc) ianpiclei. 5-hmc, which is derived
from 5-MeC through oxidation by TET proteins, wasurid in high amounts

in progressed pronuclei of zygote (Igbal et al120 In addition, anti-5-hmc antibody
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labeled the pronuclei of zygote asymmetrically @he labeling was detectable also
in later stages (2-, 4-, 8-cells). The mechanisrthefDNA demethylation by oxidation

is not fully understood; however, it seems thaintehmay work as a neutralizer of 5-
MeC gene suppression. Simultaneously, 5-hmc is aosubstrate for Dnmtl

(maintaining methyltransferase) and it leads taicéidn of methylation in later stages
of development. Moreover, Tet3 oxidase was conftiteebe expressed at high levels
in oocytes and zygotes (Igbal et al., 2011). Howeseme other experiments must be

done to confirm this assumption.

1.1.5 Oocyte remodeling capabilities

The conflicting data of DNA demethylation observedome species are difficult
to explain. Nevertheless, there are some points riight play a significant role.
The protocol used for evaluation is the first poiMbst of results are concluded from
immunofluorescence where two antibodies are uslked.ektent of active demethylation
can be particularly influenced by the antibody tido thus the completgs. partial
demethylation or partials. no demethylation observed in some species maybsed
by different antibody concentration (Fulkova, 2Q0&hother point is connected with
the time of demethylation occurrence which is défé between species and probably
even between strains of the animal species. Fanpbeain the mouse, some researches
reported complete demethylation already in fourrbafter fertilization (Santos et al.,
2002) whereas another authors did not observe atengemethylation until eight hours
(Mayer et al., 2000). The authors used differenuseostrains. Similarly in the pig,
according to our previous results, it seems thawe@demethylation occurs shortly after
fertilization in the miniature pig (Fulka et al.0@6a); however, no demethylation was
observed in recently published results from thesthirey pig (Deshmukh et al., 2011).
Next point is connected with methylation/demethgiatdynamics during the first cell
cycle. As described in bovine, demethylation anthethylation in zygotes occur
in waves (Park et al., 2007). Therefore the timmiggample preparation must also be
taken into consideration. Further point is the guaif oocytes. This fact may become
important in those species where oocytes are nthinngtro.

The quality of oocytes is reflected in oocyte reelody capabilities. Not only
maturation condition but also the method of ooggtdation may affect oocyte quality
(Wang et al., 2007). Maturation of porcine oocyt#ees about 44 hours and it is one
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the longest maturation among species used in conmesgarch. The comparison of
in vitro andin vivo matured porcine oocytes reported that these oeajtéer in many
aspects. For example, the polyspermy is lowenivivo matured oocytes (Gioia et al.,
2005); the formation of paternal pronucleus is gedhinin vitro matured oocytes;
asynchronous pronuclei formation is typical for aygs after use ain vitro matured
oocytes (Laurincik et al., 1994). Beside these maptl aspects the quality of oocyte
may influence also the epigenetic remodeling. Tifferént occurrence of methylation
and demethylation was observed betwiaevivo andin vitro matured porcine oocytes.
Oocytes matured completeiyn vivo or just partlyin vitro were able to actively
demethylate the paternal pronucleus. In contrastpcytes matured completelyvitro
there was no demethylation observed. An interegizigt concluded from this study is
that the key point of maturation is the time ofrgeral vesicle breakdown (GVBD;
Gioia et al., 2005). However, in contrast to thestement no active demethylation was
observed recently in naturally fertilized zygotefs bveeding pig (Deshmukh et al.,
2011). Therefore it seems that there are many tspeuch are reflected in oocyte

remodeling capabilities and the importance of essgect must be determined more.

1.2 Interspecies intracytoplasmic sperm injection (ilC3)

Species specific binding proteins on the sperm aocyte protect the oocyte
against fertilization with a sperm of other speci€he method of intracytoplasmic
sperm injection (ICSI) allows us to inject sperntemspecifically. As mentioned above,
the mammalian sperm head decondenses and formspabernal pronucleus
in cytoplasm of amphibian oocyte (Ohsumi et al8@)9 Similarly, it forms the paternal
pronucleus in oocytes of different mammals (Yanagtl al., 1991; Wakayama et al.,
1997; Kimura et al., 1998). Sperm remodeling fat@mlutathione, chaperones) are
therefore universal, not species specific.

All these mentioned facts cause that the iICSI webtis useful for the study of
factors contributing to the pronuclei formation. eTRICSI allows us to divide
experimentally the maternal and paternal contrdyutto the zygote and to study
remodeling capabilities of oocytes. Especiallysééems to be a beneficial method

in epigenetic studies of early development.
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What is more, the iICSI could be used as a toolsfmerm analysis of patients
undergoing the assisted reproduction. The remod®ésinal pronucleus could be used
for chromosomes number analysis. Together witi-t8¢1 method (fluorescende situ
hybridization) we might be able to analyze specdiwomosomes for a deletion or
amplification. The extreme genome condensatiomefsperm does not allow us to use

the intact sperm head for similar detection (HkBu&, personal communication).
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2. AIMS OF THE STUDY

The general aim of the study was to evaluate faotdrich could affect the final
epigenetic remodeling of zygotes and which coulttl &0 production of high quality
embryos. The study characterizes the epigenetrogegmming capabilities of oocytes.
A special attention was paid to the DNA and histonethylation. The laboratory
animal species (mouse) and breeding animal spgaggswere used for evaluation. The
study attempted to specify the reason of inconsistiata of epigenetic remodeling

observed in porcine zygotes.

Specific aims of the study were:

1. to characterize the potential role of techniqu&4-(and ICSI) used for embryo

production on epigenetic remodeling of porcine 2ggo

2. to evaluate the paternal genome remodeling in iIC@hterspecies
intracytoplasmic sperm injection) embryos, naméky temodeling of paternal genome
of human and porcine origin in mouse oocytes aedréimodeling of paternal genome

of mouse origin in porcine oocytes
3. to characterize the role of maturation qualityemodeling capabilities of oocytes,

to compare remodeling capabilities of ovulated amditro matured oocytes of mouse
and pig
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3. COMMENTS AND DISCUSSION ON SPECIFIC
PUBLICATIONS AND UNPUBLISHED RESULTS

The list of publications is not arranged chronotadjy but according to the

relevance to a given topic.
3.1 Comments and discussion on specific publications

3.1.1 Research paper |

Barnetova |, Okada K
Genome reprogramming during the first cell cycleninitro produced porcine embryos
CZECH JOURNAL OF ANIMAL SCIENCE2010; 55 (2)49-57

Specific contribution to the article: conventiomalvitro fertilization, intracytoplasmic

sperm injection, immunolabeling, image analysisnusgript preparation

As mentioned above quite inconsistent data abouf Dithylation has been
published in the pig. Some authors observed theveactemethylation of paternal
pronucleus (Dean et al., 2001; Fulka et al., 20@tgreas the other authors exclude this
notion (Jeong et al., 2007a).

In this work we aimed at the method for embryo piabn (IVF and ICSI). Both
methods are quite problematic in the pig (polyspemwars. aberrant sperm head
decondensation). We therefore test, if there igff@ardnce in epigenetic remodeling
between embryos produced by these two mentionédhitpees.

Both types of porcine zygotes were fixed at 22 [ipdurs post fertilization).
Zygotes were then used for the antibody labelinghwanti-5-MeC (anti-5-
methylcytosin) and anti-H3/K9-me2 (anti-dimethybgp on lysine 9 of histone 3). No
difference between the two groups of zygotes waeted. The paternal genome was
not demethylated on 5-MeC in any types of embry¥$ @nd ICSI). H3/K9-me2 of
paternal pronucleus was positive (both pronucletlied) in 58% of IVF and 56% ICSI
embryos (no statistically significant differeng@-test). Thus it seems that the method

of embryo production does not affect the epigemeticodeling of zygotes.
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Similar experiment was done by Fulka et al. (2006b)mice. No difference
between the techniques was observed as well. \§imore, the authors did not see any
difference between zygotes produdedivo andin vitro. In contrast, a different embryo
quality was observed after IVF and ICSI in the (dbshizawa et al., 2010). There,
the methods used for embryo production affectedréite of demethylation between
zygotes. It must be noted that the cultivation @yseitnd media composition in mouse
biotechnology is well developed. This is not thesecaof rat biotechnology.
The developmental rate up blastocyst is, in thealabut 50% after IVF and 20-30%
after ICSIl. Therefore a media and system optinopatwould probably lead to
the normal remodeling dynamics also in the rat {\¥omva et al., 2010).

The relation of active demethylation and H3/K9 ny&tion is not fully
understood. Santos et al. (2005) suggested thaK+H3k2 protects the maternal
pronucleus from demethylation; so the absence oK®tBne2 in male pronucleus
allows it to undergo active demethylation. Segalet(2007) also supposes that the
demethylation is not possible when H3/K9-me2 issprg. In our work we observed
H3/K9-me2 in the paternal pronucleus in about half the zygotes, whereas
the demethylation was not seen at all. Jeong g2807b) also saw the methylation
on H3/K9. It seems that the methylation of H3/K@®g&tablished during the pronucleus
development and it prevents the male pronucleus fader demethylation.

To sum up these comments, the paternal pronuchepsrcine zygotes produced
from in vitro matured oocytes remained methylated and this meoeas not affected
by the method used for embryo production.
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3.1.2 Research paper Il

Barnetova |, Fulka H, Fulka J, Jr.
Epigenetic characteristics of paternal chromatimiarspecies zygotes
JOURNAL OF REPRODUCTIN AND DEVELOPMENT 2010; 56 (®01-606

Specific contribution to the article: intracytoptais sperm injection, immunolabeling,

image analysis, manuscript preparation

The method of IICSI allows us to experimentallyides the oocyte and sperm
contribution to the remodeling. We used this mettwdtudy the maternal and paternal
contribution to the remodeling separately. Porcsperm heads, which were not
demethylated in porcing vitro matured oocytes, were injected into mouse ovulated
oocytes. The paternal pronucleus demethylation é@ramon phenomenon in mouse
zygote (Dean et al., 2001; Santos et al., 2005). tiéeefore interested in whether
the porcine sperm head is able to undergo the eacidmethylation in mouse oocyte.
Moreover, according to our knowledge, the oocytesstiy used for mouse zygote
production are naturally ovulated and there arenmate detailed studies of remodeling
abilities of oocytes maturda vitro. To test the importance of maturation condition we
have also useih vitro matured mouse oocytes for both iIICSI and ICSI.

Both pronuclei (maternal and paternal) were forraftdr the porcine sperm head
injection into mouse ovulated oocytes. The paterpainucleus was larger that
the maternal (12-14 hpf) — as it is typical for ttn@use, but not for the pig. Both
pronuclei were labeled with anti-Pan histone amtjpwhich was used as a control of
protamine-histone exchange. The labeling with thgbady against 5-MeC showed
gradual demethylation of paternal pronucleus otierorigin. The paternal pronucleus
was also negative after the labeling with HP1, HBfKe2, H3/K4-me3 antibodies.
From that arises that the porcine paternal genoageremodeled similarly to the mouse
paternal genome. It seems that the porcine genenadle to undergo demethylation
in appropriate cytoplasm and that the reason oérates of demethylation in porcine
zygotes produced in previous work is not causesgdgym factors.

Consequently, we decided to look at the remodeadinigity of in vitro matured
mouse oocytes. First, we have used these oocytepofgine sperm head injection
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(IICSI). Here, to our surprise, the male pronuclewass not formed at all in spite of
obvious activation of oocytes (second polar bodisuded, MlIll stage chromosomes).
The paternal pronucleus was not formed neither afiditional activation of oocyte by
SrChk nor after the treatment of boar spermatozoa (palpitization with Triton X-100,
freezing, sonication; Barnetova, additional expernts). Because these treatment
techniques help us to remove the sperm membragepritblem seems to be rather
in protamine-histone exchange. Second, we have tls®dmousen vitro matured
oocytes for mouse sperm head injection (intraspd€&l). Methylation patterns (HP1,
H3/K9-me2, H3/K4-me3, 5-MeC) of these zygotes wamgared to the patterns typical
for zygotes produced from ovulated oocytes. Thehglation pattern was essentially
the same except of 5-MeC. Paternal pronuclei insaaygotes derived from ovulated
oocytes were extensively demethylated in 12 hpkreds the demethylation was not so
extensive in zygotes derived from vitro matured oocytes (Barnetova, additional
experiments, Fig. 1). Thus it seems that the atinacapability and remodeling

dynamics of mouse ovulated amdvitro matured oocytes are different.

Figure 1: DNA methylation pattern in mouse intraspecies tggl? hpf. (A) Zygote
produced with the use of ovulated oocyte. (B) Zggmtoduced with the use of vitro
matured oocyte.

MP — maternal pronucleus; PP — paternal pronucleBs: polar body
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3.1.3 Research paper Il

Fulka H, Barnetova I, Mosko T, Fulka J, Jr.

Epigenetic analysis of human spermatozoa after ingction into ovulated mouse
oocytes

HUMAN REPRODUCTION 2008; 23 (3): 627-634

Specific contribution to the article: additionaldesupporting experiments

The role of active demethylation in human embryalso not fully determined.
Quite inconsistent data were observed even in husrabryos. Almost complete
demethylation was detected by Beaujean et al. (2004contrast Fulka et al. (2004)
and Xu et al. (2005) observed that about half obms had the paternal genome less
methylated than the maternal genome. A more ddtatady is protected by ethical
reasons.

In this work we have used the method of iIICSI fpersn remodeling evaluation.
Human spermatozoa were injected into mouse ovulaiedytes. The paternal
pronucleus was larger than the maternal pronudte8s9 hpf as it is typical for mouse
zygotes. The origin of paternal pronucleus was icmefd by Cotl DNA FISH and
by labeling of spermatozoa mid-piece with MitotrackGreen FM. The paternal
pronucleus was demethylated absolutely in sometegg®/43); however, only partial
demethylation with two typical patterns was obsdr#e some of them — a weaker
labeling under membrane (20/43) and weak labelinghdgenously distributed in
the pronucleus (17/43). All these observations ico@d strong remodeling capability
of the mouse oocytes. The labeling with other amlibs showed the asymmetrical
patterns between pronuclei on H3/K9-me2, H3/K9-mkdK20-me3, H3K4-me3,
H3K27-me3, and HP1l positions. Histones H3/K9 and/KH2 were labelled
symmetrically in both pronuclei. The epigeneticdiahg is generally almost the same to
mouse intraspecies zygotes.

The iICSI can be used in related studies to askigproduction (Yanagimachi,
2005). For example Heindryckx (2005) used the ilGth mouse oocytes for
the analysis of sperm activation ability. Terada at (2004) injected human
spermatozoa into rabbit and analyze the sperm astral function. What is more,
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IICSI zygotes may be used also for the karyotypalyss (Araki and Yoshizawa,
2005). Besides, the iICSI seems to be really usfultesting of ROSI (testicular
biopsy; Tesarik et al., 1999). Our results confidniieat human spermatozoa are able to

form the functional paternal pronucleus in oocyiesther species.
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3.1.4 Research paper IV

Fulka H, Langerova A, Barnetova I, Novakova Z, Mo3k Fulka J, Jr.
How to repair the oocyte and zygote?
JOURNAL OF REPRODUCTION AND DEVELOPMENT 2009; 55){683-587

Specific contribution to the article: 1B works avptcs discussed in this review

In this review we focused on approaches that camsbd to repair oocytes or one-
cell embryos. First of all, it is important to pbwut that defects in cytoplasm (mtDNA)
are possible to repair with a micromanipulatiorhteque whereas defects in nucleus
(nuclear DNA) are impossible or very difficult tepair (nucleolus). Second, different
oocyte stages can be used for manipulation. Mlytascseem to be more advantageous
for micromanipulation than GV, zygote, or 2-cell lenyo; nevertheless, the specific
stage is dependent on the type of problem whichttdse solved. Finally, it is quite
clear that the appropriate technical equipmentabbtatory is a necessary precondition
for micromanipulations (a micromanipulator).

There are different approaches how to repair ooagte zygote. First attempt is
GV transfer. GV could be removed from one oocyté fused with another cytoplasm
from that the original GV was removed. The oocytent matures and reaches MIl.
Moreover, GV can be stored in empty ZP and alsoficated. When GV are stored
in vitro separately, the GVBD does not occur. It is dunited volume of cytoplasm
which has not enough factors for GVBD induction. the second attempt, the Mi
condensing chromosome can be transferred. Thisnitpody however, needs
considerable micromanipulation skills. Chromosom espoorly visible and they cannot
be stored for longer time outside of the oocyteother attempt is a transfer of
pronuclei which is possible in zygote. Similarlyth® case of GV transfer, the pronuclei
are quite large, therefore a diameter of enuclegtipette must be wide and pronuclei
cannot be directly injected into the oocyte. Thaeeotattempts are cytoplasmic transfer,
destruction of mtDNA, ZP reparation, and nucleolanipulation. The cytoplasmic
transfer means injection of a volume of cytoplasio the oocyte or zygote as a tool for
improvement of developmental potential. It is notnenonly used in human medicine

because of some abnormalities of born children. ddstruction of mutated mtDNA has
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to be used before the transfer of donor mitochandn this context, it is important
to take into consideration the distribution of domoitochondria which is cell cycle
dependent. The ZP reparation is necessary in celses spermatozoa are not able to
penetrate ZP or when the ZP is so hard that the&tdalgst does not hatch. Nucleoli are
absolutely essential for embryonic development @bget al., 2008) and the transfer of
this structure is very promising. The potential osall mentioned attempts is wide and
quite perspective. As most of these mentioned miarapulation methods work well
in the mouse, some additional experiments musbbe tb consider their use in another
species. All the risks must be compared with berefiore the use in human assisted
reproduction.
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3.2 Unpublished results

3.2.1 Research paper V - submitted manuscript

Barnetova |, Vackova I, Firla P
Dynamics of epigenetic remodeling in interspeciexine zygotes
CZECH JOURNAL OF ANIMAL SCIENCE

Specific contribution to the article: oocytes igmla, intracytoplasmic sperm injection,

immunolabeling, image analysis, manuscript prepamat

The quality of oocytes may be reflected in ooageodeling capabilities. The
ovulated oocytes seem to be much better quality the oocytes matureh vitro
(Gioia et al., 2005). In our previous work we hawsed iICSI for mouse interspecies
embryo production (Barnetova et al., 2010) and Wwseoved different capabilities of
ovulated andn vitro matured oocytes to form paternal pronucleus @rggecies origin
(porcine).

In this work we used a reversed approach of iKJ8buse sperm head injection
into porcine oocytes. Two types of porcine oocytesre used for injection and
epigenetic remodeling evaluation - ovulated oocyesd in vitro matured oocytes.
The presumptive zygotes were labeled with antitsodigainst Pan Histone, 5-MeC,
HP1, H3/K9-me2 and H3/K4-me3. The labeling pattesese compared with control
zygotes, produced by porcine spermatozoa injectitmovulated oocytes (intraspecies
ICSI). First, we injected mouse sperm head intolated oocytes. In this part of
the study, the paternal pronucleus was formed i6 3@ of zygotes. The labeling was
symmetrical for all the mentioned antibodies exadpti3/K9-me2, where the labeling
was asymmetrical. Second, we injected mouse spe¥ad hintoin vitro matured
oocytes. These oocytes were not able to form patgronucleus of mouse origin.
We therefore activate the oocytes additionally diele pulses) and then the paternal
pronucleus was formed. The rate of pronuclei foromaafter additional activation was
30.6 %. The labeling with the mentioned antibodvess essentially the same as
in the first part of the study. Third, as a contiw intraspecies zygotes were produced

by porcine sperm head injection into ovulated oesyT he antibody labeling of control
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zygotes was the same as the labeling of intersperygotes from both parts of
the study. From these results it is evident thatdbcytes of different origin differ in
their activation capabilities; however, their reralg capabilites are comparable.
Moreover, we do not observed the DNA demethylationporcine inter- and also
intraspecies zygotes. The paternal pronucleus absldd in the same intensity as
the maternal pronucleus in both types of intergseaygotes (from ovulated amnd
vitro matured oocytes). What is more, the symmetrida¢llag was observed even in
progressed stages of porcine intraspecies zygdhese results are in agreement with
the study of Deshmukh et al. (2011) who analyzedradly fertilized zygotes and even
there he did not observed DNA demethylation.

It seems that the final remodeling is mainly atéelcby the oocyte cytoplasm.
The pronuclei size in porcine interspecies zygetas the similar, as it is typical for
porcine zygotes. In contrast, according our previawrk the pronuclei differ in size
in mouse intraspecies zygotes and also interspeggstes. The epigenetic remodeling
is also similar to the pattern typical for the dpedrom which originate the oocytes.
For example, the paternal pronucleus or porcingirorivas partly demethylated on 5-
MeC and it was not labeled after H3/K4-me3, H3/K&2vand HP1. Similar pattern is
typical for mouse zygotes. In contrast, the patgonanucleus of mouse origin was not
demethylated in porcine oocytes and it was labelgh HP1 and H3/K4-me3. Similar
patterns were observed also in porcine control tiegjo

From our results it seems that the ovulated iandtro matured oocytes differ
in some capabilities (activation) but their remaaiglpotential is comparable. These
results are in contrast to the results of Gioiaalet(2005) who observed significant
difference in active DNA demethylation between @et andn vitro matured oocytes.
This discrepancy is difficult to explain. AlthougBioia et al. (2005) used another
method for embryo production (IVF) we do not sumpdbat the method affects
the final remodeling.

It seems that the inconsistent data of DNA demationi observed in the pig are

affected mainly by some unknown factors and lebsethe quality of oocytes. More

studies must be done to evaluate the factors aftetiie epigenetic remodeling.
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4. CONCLUSIONS

According to the aims of the study, main resulesssarmmarized as follows:

1. We compared two techniques commonly used forrgonproduction -
conventionalin vitro fertilization (IVF) and intracytoplasmic sperm eggion (ICSI).
We did not observed statistically significant difeces in epigenetic remodeling of
zygotes produced by these two techniques. Bothugtenremain highly methylated
(no marks of DNA demethylation) on 5-MeC in zygof@®duced by IVF or ICSI.
More than half of embryos had also symmetricallyelad pronuclei on H3/K9-me?2.
From these results we concluded that the methodrfdaryo production does not affect

the epigenetic remodeling of zygotes.

2. The remodeling capabilities of paternal genonsewcharacterized by
interspecies intracytoplasmic sperm injection (ilC8Ve injected mouse spermatozoa
into porcine oocytes, boar spermatozoa into mowsstes, and human spermatozoa
into mouse oocytes. All the used spermatozoa fortihheghaternal pronucleus and were
remodeled in oocytes of mentioned species. We Igledemonstrated that boar
spermatozoa, which were not demethylated in porocowites (Aim no. 1), are capable
of demethylation in cytoplasm of mouse oocyte.dntcast, mouse spermatozoa, which
are commonly demethylated in mouse oocytes, wetedemethylated in porcine
oocytes. According to these results it seems tiatcytoplasm of oocyte has a major
impact on the paternal genome reprogramming. We alsowed that human

spermatozoa are able to undergo epigenetic renmgdielioocytes of other species.

3. The maturation conditions of oocytes are re#ldcin the quality of
oocytes. Naturally ovulated oocytes are supposeldate better quality than oocytes
maturedin vitro. We have used ovulated amdvitro matured oocytes of mouse and pig
for ICSI and iICSI. A difference between ovulatetdan vitro matured oocytes was
observed in both species. The major differenceiwastivation capabilities of oocytes.
Mouse in vitro matured oocytes were not able to form the patepnahucleus of
porcine origin in spite of that the ovulated oosyfermed the paternal pronucleus

frequently. Porcine ovulated oocytes also formeel platernal pronucleus of mouse
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origin; however,in vitro matured oocytes were able to form the paternahymieus
only after additional activation. In contrast, eggtic remodeling capabilities of
ovulated andn vitro matured oocytes seem to be similar. Mouse ovulatetin vitro
matured oocytes differ only in the rate of actiemthylation in 12 hpf. No difference
in epigenetic remodeling was observed between tedilandin vitro matured porcine
oocytes.
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5. DISCUSSION

The real significance of active DNA demethylation mammalian zygotes
remains unknown. It is supposed that the remodelirgametes is important for further
ability of cell to differentiate into all lineages the embryo. Aberrant remodeling is
connected with low efficiency of SCNT and it is theason of the "large offspring
syndrome". Several genetic diseases are associatkeddefects in gene methylation
in humans (De Rycke et al., 2002). Therefore itrsethat a remodeling is essential for
successful development.

The contrasting data of active DNA demethylatidaserved in porcine zygotes
are not explained so far. In our study we excludenhe factors as technique, sperm
factors, or the quality of oocytes. However, thare still some other factors which must
be evaluated. Such factors are, for example, tleechgocytes (and also of animals),
the media composition, or the animal breed (strain)

One of the mentioned factors is the age of oocgtes eventually, the age of
animals. It is known that oocytes after maturatiordergo aging. The aging means
decrease of MPF activity which may be connectedh wicrease in activity of some
other factors. Nevertheless, the age of ovulatexytes is difficult to estimate because
of different reactivity of animals on stimulatioAnother important factor is the age of
animals. In our system we used prepubertal giltschviare known to have a lower
quality oocytes compared to sows (Lechniak et28Q7). However, prepubertal gilts
were used also by Gioia et al. (2005) who obsethiedctive demethylation. Moreover,
the study of Deshmukh et al. (2011), where no deyhation was observed, evaluated
oocytes and zygotes from sows.

Another factor, the possible effect of media cosifian on final epigenetic
remodeling was published by several authors. Adtéons in methylation and
expression levels were observed for some impriggetes in the mouse (Doherty et al.,
2000; Khosla et al.,, 2001). Prolonged culturevitro may deregulate epigenetic
mechanism. However, this aspect does not explardifierence in zygotes produced
without cultivationin vitro (naturally fertilized).

It is unexplained why both the active demethylato no demethylation were
found in naturally produced zygotes by differerge@ch groups (Fulka et al., 2006a;
Deshmukh et al., 2011). Also in our laboratory tlenethylation of paternal genome

35



in naturally produced zygotes were observed in aume pig (Fulka et al., 2006a)
in contrast to the absence of active demethylatioserved in zygotes from hybrid pig
(Barnetova, submitted). The procedure and the soofr@antibodies used for evaluation
were simply the same. In spite of that the zygatedreeding pig were produced
differently (in vitro) we do not suppose that the final remodeling wdwddaffected
by thein vitro production technique. We suppose that the difiszemould be explained
rather by various remodeling strategies betweeniatre and breeding pig.
Nevertheless, this notion must be tested furtheemor

A question arising from the study is concernedatgossibility of various
strategies of epigenetic remodeling between mamrmid&e embryonic genomes must
be remodeled before EGA (embryonic genome actimatibhe EGA occurs in different
stages of embryos in mammals. In the mouse, winerdeGA occurs at 2-cells stage,
it is necessary to remodel the genome shortly #fieifertilization. In livestock, where
the EGA occurs much later (4-8 cell stage), remglienty of time for genome
remodeling. For example in the goat, there is auraption published that the active
demethylation occurs at 2-cell stage embryo (Pad.e2010). Moreover, the DNA is
demethylated passively during the later developm&nthe porcine blastocyst contains
much more cells (200-300 cells) compared to the seoblastocyst (70-80 cells),
the more extensive methylation decrease may becteghén porcine blastocyst during
the passive demethylation. According to the work @éshmukh et al. (2011),
the methylation level decreases from the 2- to &ieell stage of embryonic
development. Another decrease in methylation |leved observed between early and
late blastocysts (Deshmukh et al. 2011). Fulkd.gP806a) also observed the decrease
in methylation rate in blastocyst; however, the hgkttion level from the 2-cell
to the morula stage was unchanged. Is the differencthe active demethylation
between zygotes connected with the difference ebiga demethylation during early
development? We do not know whether the passiveettgiation during early
development can substitute the active demethylati@ygotes. Nevertheless, even this
possibility must be further evaluated. Finally, thiher epigenetic remodeling occurs
with the first differentiation event in blastocy§€M vs. TE).

There are many factors which may participate m rdamodeling. In our work
we excluded some factors; however, there arenstity of them to be tested. Therefore
it is necessary to continue in the research toaéxphe reason of inconsistent data

observed in DNA demethylation and to understandentbe process of epigenetic

36



remodeling. The knowledge will be used for productof high quality embryos which
are proper for biotechnologies and human medicine.
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