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LIST OF COMMONLY USED ABBREVIATIONS

PGCs- primordial germ cells

E-G&K - Eyal-Giladi and Kohav (1976)

H&H - Hamburger and Hamilton (1951)

rpm - revolutions per minute

PGCs""?®Hl _ primordial germ cells unlabeled with PKH26 fluohwome
PGCs""?M _ primordial germ cells labeled with PKH26 fluorsome
GP - Green-legged Partridgelike

R - Ross 308

| - injection of treosulfan into subgerminal cavity

Il - injection of treosulfan into egg yolk

PBS- Phosphate Buffered Saline

PBS[-] - Phosphate Buffered Saline without calcium {Tand magnesium
(Mg?") ions

PAS -Peridic Acid Solution

FBS- Fetal Bovine Serum

Pen-Strep- Penicillin Streptomycin - antibiotic

OPTI-MEM® | - OPTI-MEM | Reduced Serum Medium

PKH26 - Paul Karl Horan 26 fluorescent dye

TREO - treosulfan - cytostatic



1. INTRODUCTION

1.1. PREFACE

Primordial germ cells (PGCs) are the only cellsatd@ of transferring
information stored in genetic material from genierato generation. PGCs can
be isolated, culturedn vitro and genetically modified with maintaining
potential of creating a germline (van de Lavoiakt 2006). It has been shown
that PGCs can be transferred from one embryo tthanand create functional
germ cells in recipient embryos (Sang, 2009). Pfienomenon has been used
in the production of transgenic birds through gamenl chimeras, while
additional genetic modification of chicken PGCs a#tuence the efficiency of
poultry production and even provide an excelleot for production of human
therapeutic proteins (Park and Han, 2012).

The main aim of the studies on chimeras and tramisdprds is to produce
the embryo consisting of cells having and expresgiansgene, and cells
ensuring the proper development of embryo (Ishiiakt 2004). Therefore,
worldwide research on development of transgenimals are developed in two
main directions: i) efficient manipulation of as myadifferent types of cells as
possible, preserving their high survival rates @nchodifying certain exogenes
without interfering with the other genes of animg@han, 2009). Accordingly,
many studies focus on development of techniques dotaining PGCs,
maintaining their high viability, and optimizatioof obtaining germline
chimeras (by PGCs injection) with a high potengflgermline transmission.
One of the most important factors determining tlfiiciency of obtaining
chimeras, or transgenic offspring is percentagmtnbduced PGCs in relation
to the total population of endogenous PGCs in gemddecipients (Li and Lu,
2010). This ratio can be modified by elimination ehdogenous PGCs
belonging to recipient embryos, and at the same timareasing the number and
capacity of integration of introduced exogenous BGC

This paper presents the behavior of PGCs isolatad fonads of donor
embryos and introduced into embryos acting as ieip. The research
hypothesis assumes that it is possible to incrahse number of PGCs
introduced and integrated with recipient organigndéveloping an appropriate
method of their isolation, selection of donor-réeim cell genotypes, and
reducing the population of endogenous PGCs of iextip

1.2. THE USE OF TRANSGENIC CHICKENS

Domestic chicken Gallus gallus domesticishas become an important
subject of biotechnological research, particulaaling with transgenesis. The
reason why birds are increasingly being subjeategenetic manipulation is a
free access to embryos and an ease of carryingnmubsurgical procedures
(Ishii et al., 2004). One of the most importantug® of transgenic research in



poultry is implementation of a chicken model to gwoe biotherapeutics
(Rashidi and Sottile, 2009; Song and Han, 2011)es&hexpensive and
complicated to manufacture drugs are an importamt pf many therapies,
including treatment of tumors, multiple sclerosigpatitis C, autoimmune
diseases, and many others. Apart from birds, ptazuof biotherapeutics also
uses mammals, e.g.: cows, sheeps, goats, or ewhitsraSang, 2003).
Compared to transgenic mammals, avian bioreactore Advantages, such as a
short reproductive cycle, a small gap between geiogrs, high laying
performance, easy breeding (Li and Lu, 2010), presef protease inhibitors
in eggs (Rapp et al., 2003), glycosylation profeattern similar to the human,
possibility of production in oviduct and depositiom egg proteins toxic to
mammals (Lillico et al., 2005). Also, the phyloggoeposition and compact
structure of chicken genome make birds an easiely sbbject than mammals
(Han, 2009). These advantages make the costs thfebépeutics production in
eggs much smaller than that produced in mammandglarhe high content of
albumin in egg makes the generated amount of teatepprotein up to several
hundred milligrams (lvari, 2006). Chicken bioreastprovided, among others,
human erythropoietin (Koo et al., 2010), interfeadpha 2b (Rapp et al., 2003),
interferon beta-1a (Lillico et al., 2007), monoabantibodies (Kamihira et al.,
2005), granulocyte colony stimulating factor (G-GSKwon et al., 2008),
parathyroid hormone (Lee et al., 2007), and so on.

It is speculated that, in addition to creating kbit bioreactors, genetic
manipulations in birds can be used to increaseqtiemtity and improve the
quality of poultry products, such as meat and eGgsetic interference into the
biosynthetic pathways can lead to changes in thé éenversion, growth rates,
composition and weight of body (Cyriac et al., 20Ebr example, induction of
the increased expression of growth factors willltei a faster growth rate in
birds. On the other hand, reducing the expressionyostatin can increase the
muscle growth with a decrease in a fat contentedfett on improved quality
of meat (Sang, 2003).

Transgenic technologies in poultry production hals® found applications
in increasing or inducing the resistance of birdaiast some viral diseases.
Hence, one of the main objectives of genetic pmogran poultry production is
to identify natural resistance genes or genesdbald make it stronger. Tools
to achieve this effect include interspecific anteiracial exogen transfers, as
well as modifications and enhancing the resistayares expression (Stafiaka
et al.,, 2014). Replication of avian influenza virias been already blocked
through a direct inactivation of viral genes by sHRNA fragments encoded by
an artificially introduced gene (Ge et al., 200B)oreover,in vitro studies
suggest that the poultry produced using transgeithods, also in an indirect
way, can effectively inhibit infections caused biyug of infectious bursal
disease, through the production of previously naidpced proteins (Sang,
2009).



Genetic modifications may also find use in redudimg negative impact of
poultry production on environment condition. Tragsig adding of phytase to
the pool of digestive enzymes in chicken can sothe problem of
environmental pollution with phosphorus, by forcitgydistribution in the body
of animal (Sang, 2003).

An important element is the use of chicken model study of
developmental biology (Rashidi and Sottile, 2008h easy access to the
developing chicken embryo makes that it can beessfally used to carry out
various types of manipulations, which in mammalsmach more difficult
(Mozdziak and Petitte, 2004). Moreover, maintenaot@otential of chicken
PGCs to create germline, even after a long timim eftro culture and, carried
thereon genetic manipulation, combined with thelitgbto acquire somatic
features make these cells a successful new mode¢ istudy of developmental
biology (van de Lavoir et al., 2006). The aforenmmtd ease of an access to
embryo and possibility of re-entry of PGCs into thleodstream of embryo at
early stages of its development favour this motleése advantages create new
opportunities of chicken genome manipulation givittge perspective of
implementation of the results into agriculture apldarmaceutical industry
(Mahdi and Fariba, 2012).

1.3. PRODUCTION METHODS OF TRANSGENIC CHICKENS

Transgenic chickens may be produced in several Wwaystroduction of a
transgene into cells that give rise to germ cailscytes and sperms) or cells
which are contained in the fertilized egg or in eyobat early stages of its
development. Different stages of development ofngeells and their precursors
provide further opportunities for a direct intertien in host genome.
Currently, it is assumed that there are two maiondpction methods of
transgenic chickens based on destination of depgditansgene. These are: i)
direct modification of embryo by using a DNA oralirvector, and ii) indirect
action on blastodermal cells, embryonic stem cgltsnordial germ cells and
spermatogonial stem cells (Li and Lu, 2010). Momtaded methods for
generation of genetically modified birds are préséin Table 1.
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Tab. 1. Methods used in production of transgenickems (modification of Cyriac et

al., 2012).

method

description

Virus Mediated Gene Transfer

- retro- and lentiviral vectors
- the most efficient method

- exploiting natural abilities of retrovituses
combinate their own genetic material with h
DNA

- transfection of BCs, PGCs, testicular cells

Microinjection of DNA

- injection of exogenous DNA into pronucle
of freshly fertilized egg

- minimal usage because of difficult procedun
- low efficiency

Embrionic Stem Cell/ Primordiq
Germ Cell/ Blastodermal Ce
Mediated Gene Transfer

| - require to obtain the cells (ESCs, PGCs, B(

|- cells are maintained im vitro conditions that
prevent them from differentiation

exogen introduction by

electroporation, nucleofection

- modified cells require re-introduction into tk
embryo

lipofection

Nuclear Transfer

- nucleus transfer into an enucleated cell
- low efficiency

- limited use for poultry due to yolk abundan
and difficult access to single-celled embryo

(o
DSt

[0)

LS)

ne

Avrtificial Chromosomes

- can carry very large DNA fragments (1Mb
even more)

- minimal use in chickens

Testis Mediated Gene Transfer

- exogenous DNA with lipofectant are inject
directly into the nucleus

exogenes bind to spermatogonia
spermatozoa DNA, which are then used
artificial insemination

- low efficiency in chickens

or
for

Sperm Mediated Gene Transfer

- utilizes ability of sperm to bind and internali
foreign DNA and to transfer it to oocyte durif
artificial insemination

- sperm cells are subjected to transfection

N

9

electroporation, lipofection, REMI, etc.
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Most of methods for production of transgenic chitkeinvolve an
introduction of the previously designed, "new" gemgo cells which will give
rise to germ cells. Consequently, most of theshnigeies produce a hen (or
rooster) exhibiting a mosaic presence of transgermgonads. Offspring with
presence of transgene in all cells of the body lsanobtain only after the
crossbreeding of chimeras. Therefore, the appreprimodification and
targeting of cells giving rise to the germ line éssential to success of
experiment (Mozdziak and Petitte, 2004).

A transfer of exogens using viruses is the mosiciefit production
technique of transgenic chickens (Petitte and Miakg2007; Nischijima and
lijima, 2013). It was observed that one hundreccgetr of hatched chickens,
transfected by this method, showed the presenceegmession of introduced
gene (Koo et al., 2004; Kwon et al., 2004; Koo let 2006; Lee et al., 2007;
Kwon et al ., 2008; McGrew et al., 2010). Howewer, technical and safety
reasons, the use of viruses for agriculture istédyi other non-viral methods
were developed for effective cell transfection gmoduction of transgenic
chickens using germline chimeras. Many of theseéhatt use primordial germ
cells as a vector of the transgene. It is belighatl the most safe, effective and
promising method is obtaining transgenic chickepstransfer of genetically
modified PGCs to recipient embryos using the ebgairation method and/or
lipofection. Despite their safety, non-viral metkpdhowever, have some
shortcomings, which elimination is the main objeetiof research on
genetically modified chickens. An analysis, whichsaconducted on the basis
of literature (146 items) accumulated in the Welsoience database, aimed at
the compilation of shortcomings and imperfectiofissach of the two basic
methods: viral and non-viral (cell-based), the Itssare presented synthetically
in Table 2.

Tab. 2. Problems in transgenic chickens production.

production
methods of
. problems authors
transgenic
chickens
= difficult to control differentiation process of Heo et al.,
Q PGCs, BCs and testicular cells in long-teim| (2011)
e vitro cultures
2
£ very small number of PGCs can be isolated flol@hang et al.
D gonads, and in particular from germ bloodstream(1997)
O
= very low efficiency of exogenous DNAs Nishijima and
S integration into host genome by lipofection lijima, (2013)
[
2 difficult to isolate germ or embryonic stemcellsy i Land Lu
(2010)
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injection of transgenes or nuclear transfer atye

stages of embryo development is particulgrl{2005)
complicated due to large size and fragility of ggg

produced by a hen

arLillico et al.,

achieving a sufficient hatchability of chicks;

direct introduction of exogen into fertilized Petitte, (2004)

chicken egg is difficult because of multiplicity
cells included in blastoderm;

difficult to generate F1 offspring due to t
mosaic expression of transgene in FO generati

transgenic lines are generated approximately after

1 year

Mozdziak and

Df

ne
bn;

transgene expression may occur in other cells

Mahdiand
Fariba, (2012)

chicken egg in contract to mammalian oocyte iPetitte and

not transparent, making it a challenge to view
injection and manipulation

foMozdziak,
(2007)

viral

introduced transgene size is limited to about 10 KByun et al.,

when viral vector systems are used;

tissue specific promoters with strong activity are

required

(2011)

high susceptibility of transgene silencing;

danger of recombination with retroviruses that
widespread in commercial poultry flocks

Esmaeilzadeh
hrand  Farhadi
(2011)

viral transduction technique has relatively lowPark and Han
and unpredictable rates of germline transmissiq2012b)

and production of transgenic chickens

expression of exogenes transferred by retrovir&long and Han
vectors can be changed in different tissues and @011)

various stages of development

exogenes can only integrate into dividing cellsi and Lu,

and specific target cells must be propegrly2010)

recognized;

possible unwanted retroviral integration |in

immediate vicinity to potential oncogenes| -

activation of carcinogenesis process

transgene silencing in next generations McGrewl.et]
(2004)
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Our observations confirm the above informationsrédeer, with respect
to the PGCs, the biggest problems in productionclutken chimeras for
transgenic tests using the method of isolation BR@&LCs injection include: a
small number of PGCs isolated from gonads and &keaggregates, low
survival of isolated cells in short-terin vitro culture, a small number of
exogenous PGCs integrated with recipient embryos; survival rate of
recipient embryos after microinjection of cellssmall percentage of obtained
germline chimeras, and the presence of endogenG@s Pwhich hinders the
implantation of introduced cells in gonads of remnp embryos. In order to
reduce the above issues we should improve metladsdlating PGCs from
gonads towards their larger number and surviva, r@ptimize the selection of
PGCs donors and recipients for the low mortalityeafipient embryos, increase
a share of chimeras with exogenous PGCs and mieithie participation of
endogenous PGCs in gonads of recipient embryogghrtheir sterilization.

1.4. PRIMORDIAL GERM CELLS AS A TOOL IN CREATING
TRANSGENIC CHICKENS

Primordial germ cells are increasingly being usedrésearch on the
development of transgenic birds. Their genetic ffication takes place using
both viruses (Shin et al., 2008; Kim et al., 20M&tono et al., 2010) and non-
viral techniques (Naito et al., 1998; van de Lawitirl. , 2006; Macdonald et
al., 2012; Park and Han, 2012; Glover et al., 20}2ick et al., 2013; Jordan et
al., 2014; Chojnacka-Puchta et al., 2015), howetle, latter are preferred,
particularly when it comes to the practical uspauwltry breeding programs.

Previous studies have shown that isolated chicke@dPcan successfully
be introduced into recipient embryos at stage 138 H&H), where they
circulate freely in the blood of developing embmithout losing ability to
transform into germ cells at later stages of dguakent (Naito et al., 1998;
Naito et al., 1999; Kim et al., 2004; Mozdziak ¢t 2006; Macdonald et al.,
2012; Park Han, 2012a and 2012b, Sawicka et al5)20his unique property
provides the possibility of applying PGCs in theogction of germline
chimeras and transgenic chickens.

The big advantage of PGCs is that they can beredtand modifiedn
vitro (Kuwana et al., 1996), and therefore, the produacthethod of transgenic
chickens using PGCs appears to be particularlpaive, because integration
and expression of transgene can be checked befdrgraduction into genome
of recipient embryo (Mozdziak and Petitte, 2004)thhis solution, number of
birds, of which only transgenic are chosen, is ceduand time required to
assess the phenotype is shortened. In additiongcriéases the likelihood that
resulting transgenic animals will have targetednges within their genome.
Using the PGCs is primarily aimed to improve thefgrenance of exogen
transmission to offspring, as these cells are theyssors of an egg and sperm
(Li and Lu, 2010). However, further studies areuregd to optimize the
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production of transgenic birds, taking into accoamong others, more detailed
expertise of the behavior of exogenous PGCs ipi&d embryos, an increase
of amount of isolated PGCs and optimizing the silacof PGCs donor and

recipient genotypes.

1.5. MORPHOLOGICAL AND BIOLOGICAL
CHARACTERISTICS OF PRIMORDIAL GERM CELLS

Chicken primordial germ cells viewed under the wécope are large,
round granular cells with the size of 14419 (Nakajima et al., 2011). Initially,
PGCs were identified based on morphological featusach as: presence of a
large spherical nucleus with a diameter of appBmm, very well developed
Golgi apparatus and endoplasmic reticulum (Fujinegtal., 1976), presence of
refractive lipids in cytoplasm and numerous gr&serve substances (Zhao and
Kuwana, 2003). At present, identification of PGCgsinoften uses: i) Peridic
Acid Solution (PAS) (Meyer, 1960) - after the staggrains containing reserve
material in the form of glycogen are stained, andimmmunohistochemical
markers such as SSEA-1 antibody (stage-specifiayonkr antigen-1), EMA-1
(embryonic mouse antigen-1) (Karagenc et al., 199@hich recognize
glycoprotein antigens on cell surface (Nakamurakt 2007) and CVH
(chicken vasa homologue ) exhibiting expressiorrattaristics for germ cells
(Tsunekawa et al., 2000; Bernardo et al.,, 2012;aNaka et al.,, 2013).
In addition to these markers, Jung et al., (2005ppsed a method of PGCs
double staining with antibodies SSEA-3, SSEA-4egnin a6 andpl, lectins
STA (Solanum tuberosum agglutiniand DBA Dolichos biflorus agglutinin

Primordial germ cells exhibit features of pluripudg, i.e. they can
differentiate into many cell types and have thditgltio self-renew (Wu et al.,
2008). In contrast to mammalian PGCs, chicken P@@ssuccessive stages of
migration during embryonic development continuoudgrease the expression
of pluripotency genes and exhibit a gradual losslwdracteristics associated
with this property. This phenomenon is accompatgdr reduction in PGCs
ability to form colonies in than vitro culture (Naeemipour et al., 2013).

Primordial germ cells can be identified at an eathge X, and their further
differentiation is dependent on the formation &f &mbryo (Ginsburg and Eyal-
Giladi, 1987). They arise from epiblast (Eyal-Gilatial., 1981) and at stage X
of embryonic development they are located in thdreeof area pellucida (Eyal-
Giladi and Kohav, 1976). Initially, they are attadhto the posterior side of
hypoblast, but with the growth (stage Xl to XIV)ethmove to the anterior part
to finally reach the region of the germinal credcéstage 4-6) (Fig.1). The
number of PGCs at stage X is approx. 130 and iseseaearly four times at
stage 10 (Nakamura et al., 2007).
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area pellucida
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PGCs (E-G&K)
epiblast
PGCs
: hypoblast
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' ( E-G&K)
germinal
crescent
PGCs stage 6
(H&H)
yolk

Fig.1. Formation and migration of primordial gerells in early stages of chick embryo
development (own compilation based on Simkiss, 198¢ami and Kagami, 1998;
Han, 2009 and Bernardo et al., 2012). Roman nusiaral designated by Eyal-Giladi
and Kohav (1976), while Arabic are designated bynHarger and Hamilton (1951).

At the stage 10-12, when blood vessels are forrRgd2), PGCs pass into
the bloodstream of embryo, from which through bkiogam they enter the
genital ridges (stage 20-24), there they settlglifprate and begin to
differentiate into male and female reproductivdscéChojnacka-Puchta et al.,
2012). Before the start of the 14th day of embrgoliie, PGCs mitotic
divisions cease (at this time we can observe irgtheads approx. 26000 PGCs)
and the process of gametogenesis begins (MochemakMatsui, 2010).

There are several possible mechanisms by which PG®@s move
(Kuwana, 1993). These include: their own movemtra,movement caused by
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the physical contact with the surrounding somagiisc the affinity to certain
cells or extracellular matrix, such as fibronectipassive migration by
morphogenetic movement and migration induced bynthactic agents. There
was also a supposition that the circulating PGCsewelemically attracted by
the compounds released from the gonads (Kuwana Roglliska, 1999).
Migration itself is assisted by extracellular matrivhose compounds facilitate
adhesion of PGCs during their way through the btr@dm to the gonads
(D'Costa et al., 2001) and the chemokine SDF-1,setmresence is essential to
the migration process (Stebler et al., 2004 ). €hesque migration properties
enable the production of germline chimeras by tipecof donor PGCs into the
bloodstream of recipient embryos on the 3-3.5thafaheir development.

Fig.2. Migration of PGCs in chicken embryo; A-stdge B- stege 17; C- stege 28;
developmental stages according to Hamburger amdiltéa (1951) (own compilation
based on Simkiss, 1994; Hong et al., 1995; Tagamdi ilagami, 1998 and Han, 2009).

1.6. METHODS FOR ISOLATION OF PRIMORDIAL GERM
CELLS

The unique migratory properties of PGCs to the dahgprimordia
preceded by their free circulation in the bloodstneof embryos provide
opportunities for the isolation of these cells frdinblastoderm at stage X; ii)
the blood of 2.5-3-day-old embryos (stages 13-a@y iii) the gonads of 5-7
day-old embryos (stages 26-31) (Chojnacka-Puchah,e2012). The following
describes all three methods for the isolation aflkdn PGCs to create germline
chimeras.

Isolating PGCs from blastoderm at stage X Petittal.e(1990) produced
for the first time chicken germline chimera by sgpiag blastodermal cells
containing PGCs and putting them under the blastodé recipient at the same
stage of embryonic development. The resulting syolsad functional sperms.
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However, due to the very low hatching of chickend a small number of PGCs
from stage X above described chimera productiomis/ery popular.

In contrast to mammals, avian PGCs use the ciaylatystem of forming
embryo, as a means of transport from the regiogeominal crescent to the
future gonads. Accordingly, embryo blood at stat@d7 becomes a potential
source of PGCs for the production of chicken chasefn particular, blood
coming from stage 14 appears to be the most seitbdl this purpose, as
concentration of circulating PGCs is then the h&gh@ajima et al., 1999).
Given the above, Tajima et al. (1993) successfigyated primordial germ
cells from blood of donor embryos, by using a glasgropipette, and
introduced them into the bloodstream of recipienbig/os at the same stage of
development, thus producing germline chimeras.heuytNaito et al., (2004)
showed that PGCs isolated from the blood and intred into the blastoderm at
stage X successfully enter the bloodstream of ietipembryos, from where
they migrate towards gonads. A disadvantage ofntle¢hod of isolation of
PGCs from the embryonic blood is a difficulty ofpéipation and very small
number of obtained PGCs (approximately 0.048% tafl tulood) (Yasuda et al.,
1992), which limits the use of this method of isimla for more technically,
advanced transgenic manipulation. It should be esighd that germline
chimeras obtained by isolation of PGCs from embigdrood have a higher
degree of germline transmission (11.3-96%) comp#rezhimeras obtained by
isolation of PGCs from blastoderm (Han, 2009).

The most common way of obtaining PGCs is theiraiioh from the
gonads of 5-7-day-old embryos. In order to releasks, the gonads are
fragmented and/or digested using 0.25% trypsin-ERXdAition. Compared to
other two methods, the number of PGCs per one embbtained by this
method is the highest, thus increasing the suarfesisimera generation. It was
demonstrated that germline chimeras can be prodbgedn introduction of
PGCs derived from gonads of 5-day-old donor embrtyoblood vessels of
recipient embryos at stage 15-16 (Tajima et al98)9It has also been proven
that cells isolated from gonads (stage 27) anctiegeinto embryos in stage X
and 17 also undergo the normal development and g@metes (Mozdziak et
al., 2006). These studies easily show that PGCairgal from gonads are
capable of remigration and differentiation into thanctional germ cells in
recipient embryos, even if they underwent the ntigna phase in donor
embryos.

1.7. SELECTION OF DONOR AND RECIPIENT GENOTYPE OF
PRIMORDIAL GERM CELLS

Primordial germ cells can be transferred betweaehrgos in an allogenic
or xenogenic way, i.e. between donors and recipiehthe same species (e.g.,
from a "chicken" to a "chicken"), and between deramd recipients of different
species (e.g. from a "quail" to a "chicken"). Iretfirst case, there are two
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additional options including transfer between tame or different races and/or
types of hens. Literature contained in the datab¥sk of Science was used to
analyze the selection of donors and recipients GIC® cells, which is
summarized in Table 3. It is believed that selectbgenotypes for the role of
donors and recipients of PGCs has a significantaghpn migration and
population growth of introduced PGCs (Ishigurolet2009; Kang et al., 2009),
and hence a degree of germline transmission (Natkaetal., 2013).

Interspecies and interracial germline chimeras vgeczessfully produced
by an injection of PGCs derived from different spec(Kang et al., 2008;
Ishiguro et al., 2009; Kang et al., 2009; Werndrgle 2010; Kang et al., 2011;
van de Lavoir et al., 2012; Park and Han, 2013) lanegéds of birds (Tajima et
al., 1998; Park et al.,, 2003; van de Lavoir et 2006; Kim et al., 2010 ,
Nakamura et al., 2010; Nakajima et al., 2011; Nakanet al., 2011; Nakamura
et al., 2012; Park and Han, 2012, Miyahara e®@ll4) to recipient embryos. It
has been shown thus that PGCs of different speamsnigrate towards gonads
of recipients and normally proliferate in gonadsariP et al., 2014). Still,
however, there are no studies verifying the suitgbof various breeds and
types of chickens for the production of germlinewdras.

The production of germline chimeras involves incogtion of exogenous
PGCs into endogenous gonadal tissue of recipiebtyas. Therefore, there is a
specific competition between the two populationspafmordial germ cells -
endogenous and exogenous, which leads to the grodwf two types of germ
cells - derived from a donor and recipient (ho3thus, the proportion of
exogenous gametes is determined by the ratio afuh@ber of germ cells of the
host to the cells artificially introduced into tlypnads of recipient embryos
(Nakamura et al., 2013). This number may be aftebietwo factors. The first
one is the ability of germ cells to mitosis, whicéries depending on chicken
breed. For example, chicken breeds, such as theeWlgghorn, Barred
Plymouth Rock and Fayoumi differ in their ability &ccept foreign PGCs, with
the best results for the first of these breeds t#med worst for the Barred
Plymouth Rock. The second factor regulating the rat number of host germ
cells to artificially introduced cells is the numbaf exogenous PGCs, which
reach the gonads and colonize them as well asutmder of endogenous PGCs,
already present there. The proportions between ttembe increased by the
partial or complete removal of endogenous PGCs thylization. Various
sterilization techniques of recipient embryos aespnted in the next section.
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Tab. 3. Combinations of donors and recipients émegation of avian chimeras.

authors

species / breeds
donor - recipient

Xenogenic transfer

Gao et al., (2011)
Ishiguro et al., (2009)
Kang et al., (2008)
Kang et al., (2009)
Ono et al., (1996)

van de Lavoir, (2012)
Wernery et al., (2010)

Yasuda et al., (1992)

Japanese Qualil
platyrhyncho}

Chicken @Gallus domesticys> Japanese Quail
japonica

Pheasant Rhasianus colchicys> Chicken Gallus domesticys
Pheasant Rhasianus colchicys> Chicken Gallus domesticys
Japanese Quail Ceturnix japonica> Chicken @Gallus
domesticup

Chicken Gallus domesticys> Guinea fowl Numida meleagrjs
Houbarda bustard Chlamydotis undulaja> Chicken Gallus
domesticup

Chicken Gallus domesticys > Japanese Quail Cpturnix
japonica

Coturnix japonica~> Peking Duck Anas

Coturnix

Allogenic transfer

Chang et al., (1997)
Jung et al., (2010)

Kim et al., (2010)

Lee et al., (2006)

Park et al., (2003b)
Park et al., (2010)
Jeong i Han,(2002)
Han et al., (2002)

Park and Han,(2000)
Park et al., (2003a)
Nakajima et al., (2011)
Shiue et al., (2009)
Zhang et al., (2013)
Kagami et al., (1997)
Miyahara et al., (2014)
Naito et al., (1994)
Naito et al., (2001)
Nakamura et al., (2010)
Nakamura et al., (2012)
Song et al., (2005)

Speksnijder et al., (1999)

Tagami et al., (1997)

van de Lavoir et al., (2006)

Naito et al., (1994)
Naito et al., (1998)
Tagami et al., (1997)
Tajima et al., (1998)
Kim et al., (2005)

Korean Ogol Chicker> White Leghorn

White Leghorn>Korean Ogol Chicken

White Leghof Rhode Island Red
White Leghorn-> Taiwan Country Chicken
Black Boned Chickérsuqin Yellow Chicken
Barred Plymouth Rock> White Leghorn

White Leghorn> Barred Plymouth Rock

Black Japanese Quaib Wild-type Japanese Quail
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1.8. STERILIZATION METHODS OF RECIPIENT EMBRYOS

In order to increase the efficiency of germlinensaission and genetic
modification a number of methods of inactivatiordaemoval of endogenous
PGCs from recipient embryos have been developediiweth et al., 1989).
The most important of these include: i) surgicahoeal (Naito et al., 1994;
Kagami et al., 1997), ii) inactivation using UV raiibn (Reynaud, 1976), X-
rays (Lim et al., 2006; Nakamura et al., 2012) amddiation (Carsience et al.,
1993), and iii) chemical treatment with busulfariggxGil and Simkiss, 1991,
Furata and Fujihara, 1999; Song et al., 2005; Nakarat al., 2009; Lee et al.,
2013) and tamoxifen (Mohsen et al., 2002).

Mechanical removal of blastodermal cells from cantpart of area
pellucida at stage X is technically difficult, hoves, as compared to methods
based on radiation, it gives much better resultst@vo et al., 2009). Another
commonly used method is the removal of part of #hlfr@m bloodstream of
developing 2-3.5-day embryos immediately prior moigjection of exogenous
PGCs. This method, however, requires great preciammd number of PGCs
removed in this way is very small (Naito et al..94® On the other hand,
gamma radiation, X-ray or UV damage DNA by actimgaotarget cell, which
disrupts the continuity of all cell cycles, and sequently leads to cell death.
Germ cells in contrast to somatic cells are morseaptible to radiation, which
is used in sterilization of recipient embryos (Nakeia et al., 2013). Another
method of depriving the embryo of gonadal PGCs abesicals. Tamoxifen is
an agent which was studied in chicken embryosttmlizing properties, but its
effectiveness in elimination of endogenous PGGsnall (Mohsen et al., 2002).
A cytostatic called busulfan is most commonly u$edthis purpose (Furata
and Fujihara, 1999; Song et al., 2005; Nakamumd.e2009; Nakamura et al.,
2010; Lee et al., 2013). This is an alkylating dageusing germ cells apoptosis.
In addition to sterilizing properties, the treatrasth busulfan can cause many
side effects, such as teratogenicity, infertilit, death (Lee et al., 2013).
Despite the high effectiveness of busulfan to redandogenous number of
PGCs, its side effects are still a problem, asaih cause abnormalities in
development of embryos and increase their mortaditg. Structural analogue
of busulfan-treosulfan appears to be an excellerterrative in
chemosterilization of chicken embryos, becausetofiaw toxicity and good
solubility in water (Brink et al., 2014). Howevdaq date, this cytostatic agent
was not used in such studies.
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1.9. STUDY OBJECTIVE

The aim of this study was to develop a comprehensiethod to create
chicken germline chimeras by optimizing of isolatimethods for primordial
germ cells (PGCs), selection of donors and recipief cells and sterilization
of recipient embryos as factors influencing the esédr of donor primordial
germ cells in the body of a recipient.

Carrying out this work includes the following tasks

1. Optimization of a method of isolating PGCs frtme gonads of 6-day-
old chicken embryos,

2. Examination of the impact of donor and recipiegits on detection of
exogenous PGCs in gonads of recipient embryos,

3. Sterilization of recipient embryos, precedingimection of exogenous
PGCs,

4. Sterilization of recipient embryos and an inj@ttof fluorochrome-
labeled PGCs in order to track the migration of BGE€gonads of recipients
and assess their impact on survival and developoferbryos.
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2. MATERIALS AND METHODS

2.1. RESEARCH SCHEME

Scheme shows the plan of carried studies:
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2.2. RESEARCH MATERIALS

2.2.1. Eggs

The research material used in the work were feetlichicken eggs (Gallus

gallus domesticus) obtained from broilers Ross (BJ®bex Agro; Makowiska)
and from polish native breed green-legged Partliikgehickens - ZS-11 (G.
Skarnicki; Duszniki Wielkopolskie).

2.2.2. Laboratory equipment

incubator for eggs - Fest hatching apparatus; ALMNZL
stereoscopic microscope - MST 132

incubator CQfor cell cultures - Smart Cell HF-90; Heal Force
heating block - AccuBlock Digital Dry Bath D1200ahnet

Burker counting chamber - Mareinfeld

inverted microscope with fluorescent lamp - Axidvdl CFL; Zeiss
fluorescence microscope - MN80O FL; OPTA-TECH

set for micromanipulation - InjectMan® NI2; Celln® Oil;
Eppendorf

glass microcapillaries for injection - MAS lab

photo camera - Olympus u820

2.2.3. Reagents

PBS - Phosphate Buffered Saline; tablets; Fishien8fic; POCH
PBS[-] - Phosphate Buffered Saline 1x; [-] Calciloride; [-]
Magnesium Chloride; Gibco® Invitrogen

PKH26 - Red Fluorescent Cell Linker Kits for Genetall Membrane
Labeling; Sigma-Aldrich

FBS - Fetal Bovine Serum; Gibco® Invitrogen

Pen-Strep - Penicillin-Streptomycin; Sigma-Aldrich

Trypan Blue - 0,4%; Sigma-Aldrich

PAS & Schiff reagent - PAS staining system; Signidrigh

Trypsin -EDTA - 1x; Sigma-Aldrich

OPTI-MEM® | Reduced Serum Medium - 1x; Gibco® Imeigen
Treosulfan - 1000mg; Ovastat®; Medac

Aqua pro injectione - Polpharma

sesame oil - Haitoglou Bros

2.2.4. Other materials

parafilm - Parafiim® M; Sigma-Aldrich
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- needles - Microfine + U40; 0,3 x 8mm; BD

- needles - 0,6 x 25mm i 0,9 x 40; Terumo

- 4-well cell culture plates - SPL Life Sciences
- 96-well cell culture plate - BD Falcon

2.3. OPTIMIZATION OF ISOLATION METHOD OF
PRIMORDIAL GERM CELLS FROM THE GONADS OF 6-DAY-
OLD CHICKEN EMBRYOS

2.3.1. Eggs incubation

Eggs were incubated for 6 days at a temperatur@/&°C and relative
humidity 62-65%. Gonads and PGCs were isolated vemaioryos obtained 28-
29 developmental stage according to the system ashbdirger & Hamilton
(1951).

2.3.2. PGCs isolation from gonads of 6-day old enjpos

Embryos were randomly divided into three groupgheeonsisting of 24
animals. Then, under a stereoscopic microscopesiyga microinstruments
(0.3 x 8 mm needles, scissors) mesonephromas saetdad (Fot. 1).

Fot.1. Mesonephromas (A) with visible gonad andhisal gonad (B); MN80O FL
OPTA-TECH.

Subsequently, gonads were separated from mesorseghdoplaced in 0,1

ml of PBS solution (Phosphate Buffered Saline) (Edtwithout C4" and Mg*
ions - hereinafter PBS[-].
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Fot.2. Isolated gonads in PBS[-] solution.

Obtained gonads were divided into three groups 3Fig

= A - gonads were mechanically fragmented, then placdb ml PBSI-
] and incubated in 4-well flat-bottom plates at&8T and 5% Cgsaturation for
1 hour - 3 replicates of 8 embryos (16 gonads).

= B - gonads were partially digested after isolatioiggdtion for 1
minute at 37°C) with 0.25% trypsin-EDTA solutiomgyme was inactivated by
addition of 10% FBS - Fetal Bovine Serum), purifitdm trypsin-EDTA
residues (centrifugation for 5 minutes at 2500 rpim3n placed in 0.5 ml PBS
[-] and incubated in 4-well flat-bottom plates & &C and 5% C&saturation
for 1 hour - 3 replicates of 8 embryos (16 gonads).

= C - untouched gonads - control group - placed inmL3*BS[-] and
incubated in 4-well flat-bottom plates at 37.8°@ &% CQ saturation for 1
hour - 3 replicates of 8 embryos (16 gonads).

After incubation, the content of wells was pipetteeveral times, and
checked for presence of PGCs aggregates undetedvwaicroscope.

2.3.3. Determination of number and survival rate oPGCs

After incubation obtained PGCs were stained wid¥®trypan blue. Then
dead (stained blue) and viable cells (unstainedjewsounted in Burker
counting chamber under inverted microscope to deter the survival rate of
PGCs.
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number of PGCs; degree of cell aggregation

Fig.3. Scheme of PGCs isolation from gonads.

2.3.4. Identification of PGCs - PAS staining

Obtained cells were standard stained with PAS i@ackit - PAS staining
system) for the presence of supplementary matarighe form of glycogen
grains. It is a characteristic reaction for primatgerm cells (Meyer, 1960).

For PAS staining cells were fixed in 4% formaldedy@vashed twice in
PBS solution and incubated at room temperaturé fatinutes in the presence
of PAS reagent. After this time cells were againshed twice with PBS
solution and treated with a Schiff's solution férrhinutes at room temperature.
This reagent was removed by subsequent washin@® glution. Slide was
analyzed under OPTA-TECH microscope.

2.4. IMPACT OF DONOR AND RECIPIENT OF CELLS, ON
DETECTION OF EXOGENOUS PRIMORDIAL GERM CELLS IN
GONADS OF RECIPIENT EMBRYOS

2.4.1. General plan of trial

l tsolition > PG ——— PKH26 labeling
B S e e | | kel
/\‘ 3repetitions
in vi invivo
! Ross308 —  — Ross308
donors recipients |
PGCs GP GP
T E i
2iu 255
3 days 3 days
............................... \ A 4
survivability of | counting of embryos with visible
PGCs PGCsP<H¢[+] in gonads

Fig.4. Scheme of second experiment.
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Based on previous results we selected optimal rdetboisolate PGCs
from the gonads of embryo donors. Isolated cellseweultured in a CQO
incubator at full humidity or were injected intoettbloodstream of recipients
embryos in developing stage 15-19 according to H&iY. 4). Study was
performed in 3 replications.

Number of injected embryos in different systems wasous due to the
health status of embryo. Some of them were noalsi@tfor treatment. Initially,
in each group 60 embryos were assigned for injectio

2.4.2. Eggs incubation

Eggs of donors were incubated for 6 days while efgecipients for 3.5
days at a temperature of 37.8°C and 62-65% humidity the stage 28-29 for
donors and 15-19 (H&H) for recipients. Then embryesre used for the
isolation and injection of PGCs respectively.

2.4.3. Isolation of PGCs from gonads of 6-day-oldashor embryos

The gonads were collected under sterile conditimma 6-day-old chicken
embryos using microinstruments under stereoscopicostope and placed in
100ul of PBS solution with Pen-Strep antibiotic  (100:Penicillin
Streptomycin). Subsequent procedures were heldchmeber with laminar air
flow, wherein the biological material was maintalnen heating block at
37.8°C. In order to release PGCs, gonads were gesidid for 1 minute with
0.25% trypsin-EDTA solution (37°C), as describedeviously in earlier
experiment. Digestion was stopped by adding 10%,FRBfl trypsin-EDTA
solution was removed by centrifugation (2500 rprmiB). Then, PGCs were
incubated for another hour in a volume of 0.5 mISRBsolution, at 37.8°C
and 5% CQ. After this, the resulting precipitate was cenigiéd (2500 rpm, 5
min) and resuspended in 0.5 ml of OPTI-MEM® | medilPGCs were counted
in a Burker chamber under inverted microscope.

2.4.4. PGCs labeling with fluorochrome PKH26

PGCs suspension was divided into 2 parts (Fig.5.):

1. group PGCE". for 3-dayin vitro cultivation in order to evaluate
survival rate of cells unlabeled with PKH26; 1D0f cell suspension (approx.
1/5 of the total volume) were transferred into well plate. Then, cell culture
was supplemented with 4000PTI-MEM® | medium, 5% FBS and 1% Pen-
Strep antibiotic. Cells were incubated (until ttey @f fluorescence detection in
gonads of recipient embryos) at 37.8°C and 5% f0©3 days. Simultaneously
with fluorescence detection an assessment of P{BCsitro culture was
conducted. Cells were collected from wells and tediras in subsection 2.3.3.

2. group PGCE"?IL for injection into embryos, and to evaluate cell
survival rate after PKH26 labeling; remained PG&gpf(ox. 4/5 of the total
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volume) were centrifuged (2500 rpm; 5 min), theesnptant was removed and
cells were subjected to PKH26 labeling accordingnamufacture instruction.
Labeled PGCs were then suspended inub@PTI-MEM® | medium and
counted in Burker chamber under inverted microscad}s in the case of a
PGC$""%! group, cell suspension was supplemented with 5% BBd 1%
Pen-Strep. Such labeled PGCs were used for injettto recipient embryos.

chsPKHJE[-]
| >

group PGCsPrzel] group PGCsFrHzel]

Fig. 5. Schematic distribution and use of PGCs susion.

2.4.5. Injection of PGCs into3.5-day-old recipient embryos

Disinfected eggs from 3.5-day-old recipients wetidled in the blunt end
(e of window - 1cm), in a place where air chambetosated, so as not to
damage the inner membrane of egg. PE®& were centrifuged (2500 rpm; 5
min) and resuspended in 100of fresh OPTI-MEM® | medium. To cell
suspension 10 of FBS and gl of Pen-Strep antibiotic were added. With a set
for micromanipulation 1-2 ml of PGCs suspension wasoduced into the
bloodstream of embryos (dorsal aorta). After ing@tcteggs were sealed with
parafilm and incubated for 3 subsequent days &°@7and 62-65% humidity.

PGCs that remained after microinjection were rented, transferred to a
4-well culture plate and cultured after refilling OPTI-MEM® | medium, 5%
FBS and 1% Pen-Strep (group PEE&M established in order to evaluate cell
survival rate after PKH26 labeling).
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2.4.6. Evaluation of survival rate of culturedin vitro PGCs before
and after PKH26 labeling

After 3 days ofin vitro cultivation, unlabeled cells (group PGE€) and
labeled with PKH26 cells (group PG&*) were counted in Biirker chamber
under inverted microscope in order to evaluateviability after incubation in
CO, chamber. To distinguish dead and living PGCs Otdfdan blue was used.
Cells during the assessment were 9 days (isolatead 6-day-old embryos + 3
days ofin vitro cultivation).

2.4.7. Detection of PGCs fluorescence in the gonad$ recipients
embryos

Gonads isolated from the 6-day-old recipient embryeere placed in a
drop of PBS solution on a microscope slide (eaéhgfagonads was placed in a
separate drop) (Fig.6.)

Fig.6. Observation of gonads under an inverted asmope; Axiovert 40 CFL Zeiss

Fluorescence was detected under inverted microsadthea fluorescent
lamp (wavelength range: 551-567 nm). Only embrydh wisible, introduced,
labeled with PKH26 primordial germ cells in therfoof round, single points
with a diameter of 14 to 1@n or points in the form of aggregates were counted.
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2.5. STERILIZATION METHOD OF RECIPIENT EMBRYOS
AND ITS EFFECT ON THEIR SURVIVABILITY AND
DEVELOPMENT

2.5.1. Optimization of treosulfan dose and site aofs injection

2.5.1.1. General plan of trial

Based on the findings of previous trial, recipiemisre green-legged
Partridgelike embryos which were sterilized in tdifferent ways (injection
into subgerminal cavity; injection into yolk) witfour different treosulfan
dilutions - 8 combination, plus 2 control group&(F). When embryos reached
6 day of development, viability rate of embryos amuber of survived PGCs
were counted. Experiment was repeated three times.

........................................

! 3repetitions
concentrations site of injection =—=====5
I recipient |
TREO2 I from step2. |
microinjectioninto == T===
TREO 1 subgerminal cavity I
= = = =
TREC 0,5
TREO 0,25 injectioninto yolk
CONTROL
‘L survival rate of

embryos and
isolation and counting of survived PGCsin gonads + analysis of
abnormalities

Fig.7. Scheme of third A experiment.

2.5.1.2. Preparation of eggs for sterilization pahare

Eggs were divided into two groups and maintainemain temperature for
2-3 days before the experiment was start in ordestabilize the position of
blastoderm. The eggs were placed in the approp@gition:

- blunt end up - for group |, where cytostatic agams injected into
subgerminal cavity,

- horizontal - for group Il, where cytostatic agewas administered into
egg yolk.

This procedure was intended to displace and toiligebblastoderm
location (Fig.8). After this eggs were cleaned disihfected. The first group of
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eggs was drilled in the blunt end to expose blastad The second group of
eggs punctured with a needle (0,9 x 40mm) in tlaepshnd.

y I

Fig.8. Methods of treosulfan insertion into a fexéid eggs A - group | - injection into
subgerminal cavityB - group Il - injection into yolKk).

2.5.1.3. Preparation of treosulfan dilutions

Treosulfan was dissolved in 10 ml of Aqua pro itiee solution to form
a stock with a concentration of 100mg/ml. Then gteck was diluted 50, 100,
200 and 400 times in sesame oil. There was thusrdat 4 groups of dilutions
in which the concentration of treosulfan was refipely: 2, 1, 0.5 and
0.25mg/ml. In the control group was used Aqua pjedtione100 times diluted
with sesame oil.

2.5.1.4. Methods of treosulfan injection

Emulsion of cytostatic solutions and control enwtsi (Aqua pro
injectione) were administered into eggs in twoetiéiht ways (Fig. 8A and 8B).

A total of 10 groups of embryos was obtained:

-1 TREO 0.25,

-1 TREO 0.5,

-1 TREO 1,

-1 TREO 2,

- | control,

- Il TREO 0.25,

-1l TREO 0.5,

-1l TREO 1,

-1l TREO 2,

- Il control.

Injection holes in egg shells was sealed withfdara
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2.5.1.5. Embryos incubation

Sterilized eggs were incubated for 6 consecutiwes dd 37.8°C and 62-
65% humidity. On the third day control embryo promevelopment was
performed. During this control, dead embryos weraoved in order to protect
remaining embryos against contamination. Then iatab was continued until
6 day of embryonic development.

2.5.1.6. Evaluation of embryos survival rate

After incubation, dead and alive embryos were oedntalong with
individuals removed on the third day of incubati®@ased on these data, we
estimated survival rate for each of the ten grafpambryos.

2.5.1.7. Isolation and counting of donor PGCs

Gonads were isolated using a stereoscopic micrescamd surgery
microinstruments and placed on a 96-well cultur@epl Each pair of gonads
was placed in a separate well filled with 80@f PBS[-] solution. Plate was
incubated for 2 hours at 37.8°C and 5% g@ccording to the method of
Nakajima et al. 2011. This method is designed $oldirge PGCs from somatic
cells of gonads and migration of PGCs towards PBSJution on the basis of a
difference in osmotic pressures. After two hoursirafubation PGCs were
counted for each group using a Burker chamber mvetted microscope.

2.5.2. Effect of sterilization of recipient embryosand injection of
donor derived primordial germ cells on survival rate and
development of recipients

2.5.2.1. General plan of trial

. .. 3 repetitions
recipient sterilization
====== TR
: concentrations TREO X mlcrom]e.ctlonlnlto =====)
I fromstep3. - subgerminal cavity recipient I
o ———Z 1| TREOY < = fromstepa.
injection into yolk ————
CONTROL
injection
lllL donorfromstepa. = = PGCsPRH6[+]____5
_— === = = =

survival rate of embryos and
analysis of abnormalities

(6 day) +

Fig.9. Scheme of third B experiment.

counting of embryos with visible
PGCsPKH26[] jn gonads
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The last step is a combination of sterilization amédction of embryos (Fig.9)
and their impact on death of embryos and presericelevelopmental
abnormalities. 3 repetitions of experiments wenmdgomed.

2.5.2.2. Preparation of recipient eggs for steailan procedure

Recipient eggs (GP) for 2-3 days before sterilmatwere placed in an
appropriate position in order to stabilize blastode- blunt end up or
horizontally (see subsection 2.5.1.2). After tliiset eggs were disinfected and
drilled in blunt end ¢ of window - 1cm) or punctured in sharp end of egd
subjected to sterilization procedure with treosuli@ytostatic was administered
into subgerminal cavity or yolk respectively.

2.5.2.3. Selection of treosulfan dilution and d$teation of recipient
embryos

On the basis of previous experience two dilutiofistreosulfan were
selected: 200x and 400x. As before, dilutions o€&osulfan (stock:
100mgTreosulfanu/iml Aqua pro injectione) were adstéred into the eggs in
form of sesame oil emulsion. Control group was atgected with Aqua pro
injectione in sesame oil emulsion (100x dilutioRgrtilized eggs were injected
with 1-2ul of treosulfan dilutions into subgerminal cavity mjected (using
insulin syringes) with 5@ of dilutions into the yolk. Eggs were sealed with
parafilm and incubated.

2.5.2.4. Incubation of donor eggs and preparatfae@pient embryos to
injection procedure

Donor eggs were incubated for 6 days at 37.8°C G65% humidity.
Then eggs were broken and embryos (stage 28-29diegoto H&H) were
obtained to isolate PGCs.

In turn, the treated with treosulfan recipient eggse subjected to 3.5-day
incubation until the stage 15-19 according to H&htubation of donor and
recipient embryos was synchronized in such a wa ththen PGCs were
isolated from 6-day-old embryos, the second growgterilized recipients of
PGCs were in 15-19 developmental stage accordihtgtd. In this stage, after
disinfection, eggs containing sterilized recipientgere re-opened and
assessment of condition state of embryos was peefr For PGCE"%M
injection only viable embryos were used - showimg visible body and
cardiovascular system defects. Dead embryos wenetetd and causes of death
were also determined (see subsection 2.5.2.8.a.).

2.5.2.5. Isolation of PGCs and PKH26 fluorochrdateeling

PGCs were isolated from 6-day-old donor embryosreyhod described
previously in subsection 2.3.4.. Briefly, obtainesspension was labeled with
PKH26 fluorochrome according to methodology desaitby manufacturer.
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Next, PGCE*? were suspended in 5800PTI-MEM® | medium and
counted under inverted microscope by using Burkanmber. The medium was
supplemented with the addition of 5% FBS and 1%-$tep antibiotic. Cells
were maintained at 37.8°C and 5% £i@til injection procedure.

2.5.2.6. Injection of PGEE?*M into sterilized recipient embryos and
incubation of embryos

Eggs with 3.5-day-old recipient embryos sterilized cytostatic were re-
opened and disinfected. Only eggs with centrallgalized embryos were
selected for injection. Remaining embryos (dispiiageincorectly located), that
did not meet this criterion were removed due toomwenient or even
impossible access to the blood vessels.

Fig.10. Injection of PGCE"%M into the bloodstream of recipient embryos. Arrow
indicates a microneedle containing suspension a@$26"],

PGCSEXH26" were centrifuged (2500 rpm; 5 min) and transfet@dresh
OPTI-MEM® | medium. To 100l of medium 1@l of FBS and gl of Pen-
Strep antibiotic were added. Amount of 1u2 of PGC$*"%" suspension
(mean concentration - 293 333/1ml) was introducganizromanipulator into
the bloodstream sterilized recipient embryos (Fiy.1After completion of
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injection eggs were again secured with parafilm emwdibated for a further 3
days at 37.8°C and 62-65% humidity.

2.5.2.7. Detection of fluorescence in gonads ofilsted and injected
with PGCE¥H281 recipients embryos

The fluorescence was detected in the same mannarsadbsection 2.4.7.
Gonads were obtained in a 6th day from the alhtjviecipient embryos. Each
pair of gonads were placed in a separate drop & &Bution on a microscope
slide. Then, gonads gently flattened using glas®rstip and placed under an
inverted microscope with fluorescence lamp (wawvgile range from 551 to
567 nm). Only those embryos in which gonads wemgbhd, labeled with
PKH26 primordial germ cells in the form of roundngle points with a
diameter of 14 to 18m or points in aggregates form were counted.

2.5.2.8. Assessment of sterilization and injecfioocedures on embryos
development

2.5.2.8.a. Survival rate of embryos and causesuty death

Viability of recipient embryos were counted sepelsafor each group of
dilutions and for each group of administration noeth of treosulfan, ie. for
sterilized into subgerminal cavity or into yolk. Brgos mortality was
determined for 3.5 day after sterilization treatin@and for 6 day-old embryos
(after PGC8"'%[ injection). Day and probable direct cause of dea#re
determined (eg. no signs of development, bloodsratg.).

2.5.2.8.b. Developmental abnormalities in 6-dayettbryos

In the day of fluorescence detection (6th day afpient development)
embryos were checked for the presence of body afaiities. All abnormal
individuals were counted and photographed. Abnatreslwere determined
separately for each treosulfan dilution and fothemethod of sterilization.

2.6. STATISTICAL ANALYSIS

SAS Enterprise Guide 4.3. was used for statisteddulations. With the
help of this program, the analysis of variance dl@nand multi-factor),
contingency analysis, and the Paerson's correlatene performed. Individual
application of these analyzes and the use of pmstthsts are described in
following sections.
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3. RESULTS

3.1. OPTIMIZATION OF ISOLATION METHOD OF GONADAL
PRIMORDIAL GERM CELLS FROM 6-DAY-OLD CHICK
EMBRYOS

Isolated during the study cells (Fot.3) have molptioal features typical
of primordial germ cells, that is round shape, ntgue granules in cytoplasm,
diameter from 14 to 18n and large cell nucleus. Total number of dischérge
primordial germ cells was 7.118 x®1(mean 5.932x 19 out of which 3.33 x
10° of cells derived from Ross 308 chickens (mean®%40), and 3.788 x
10P of cells derived from Green-legged Partridgelikéckens (mean 6.313 x
10). Obtained differences were not statistically gigant (P > 0.05).

Fot.3. Primordial germ cells isolated from gonadisipvert 40 CFL Zeiss

Behavior of cells treated with PAS staining wa®agamined. The aim of
this staining was to visualize supplementary matesf PGCs in a form of
glycogen. Stained PGCs are shown in photography 4.
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Fot.4. Identification of PGCs (PAS reaction); MN8BD OPTA-TECH

Primordial germ cells were recovered from gonad$iiee different ways -
by mechanical fragmentation (A), by partial digestiwith 0.25% trypsin-
EDTA (B) and by free migration of cells from unttwed gonads in PBS[-]
solution (C). Last of the aforementioned groups used as a control. A total of
144 gonads were isolated from 72 chicken embryast#l of 1.46 million cells
were collected. Table 4 shows the results of eag@<isolation method. The
highest survival rate (76.17%) and the highest remdf viable PGCs was
observed in control group. The lowest cells viapilivas in group B, where
gonads were partially digested with a trypsin-ED3dution (71.55%). In turn,
the lowest number of PGCs were obtained from mechiy fragmented
gonads. Above differences between groups were faunde statistically
significant (P < 0.05).

Behavior of donor primordial germ cells was als@leated in terms of
tendency to form cell aggregates. Only PGCs isdlatgh B method did not
created agglomerates in the form of PGCs aggregates obtained material
was high purity and homogeneity. In other two mdthé\ and C aggregates
were obtained. Chi-square test confirmed that auetbf PGCs isolation
significantly affect the presence of conglomerateshese two groups (P <
0.05). Primordial germ cells conglomerates isolatéth method A are shown
in picture 5.
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Tab. 4. Effect of different isolation methods of ®6on number and viability of cells.

number of recovered _
method n PGCs x SD agregates

viable in1ml 114000.00
dead in 1 ml 45333.33 *
B 24 total 159333339 no
survival rate [%] 71.55 9.29

X - mean values; SD - standard deviation;
a,b,c - values in same column with different lettaiffer statistically (P < 0.05)
* - statistically significant differences (P < 0)05

Fot.5. Cell aggregates in group A - PGCs were wexad by mechanical fragmentation
of gonads; Axiovert 40 CFL Zeiss
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3.2. EFFECT OF DONOR AND RECIPIENT COMBINATION ON
DETECTION OF EXOGENOUS PRIMORDIAL GERM CELLS IN
GONADS OF RECIPIENT EMBRYOS

For PGCs isolation 180 Ross 308 embryos and 18Cer@egged
Partridgelike embryos were used. Based on therfgsdfrom previous trial cells
were isolated by partial digestion of gonads wit2696 trypsin-EDTA solution.
To be able to observe the behavior of donor derR&Cs, cells were labeled
with fluorochrome PKH26 (Fot. 6) and were microcigd into bloodstream
through the dorsal aorta of 143 Ross 308 and I@&2ri5legged Partridgelike
recipient embryos.

Fot. 6. Primordial germ cell labeled with PKH26white light (left) and ultraviolet -
551-567 nm excitation filtefright); Axiovert 40 CFL Zeiss

3.2.1. Survivability of unlabeled and labeled withPKH26 primordial
germ cells inin vitro culture

Behavior of primordial germ cells during short-teimvitro culture was
also examined in this studies. Assessment of PQGalslity on the day of
isolation and after three days of vitro cultivation was carried out using trypan
blue. Results of PGCs survivability on the firsydd in vitro cultivation are
presented in Table 5., while after 3 daysnofitro cultivation in Table 6.

A total of 3 330 000 PGCs were obtained from Rd38 &mbryos and 3
788 000 PGCs from Green-legged Partridgelike enshrywwever, these
differences were not statistically significant (®05). Respectively 2 696 000
and 2 230 000 cells were labeled with fluorochroiifee remaining part of cells
werein vitro cultured in short-term. On the day of PGCs isotgtia the case of
unlabeled with PKH26 dye cells, higher survivakraive PGCs derived from
Green-legged Partridgelike and it was 66.31 %. &l the case of labeled
with PKH26 dye cells higher survival rate have RGIerived from Ross 308
embryos (53.68 %). However, those findings werestatistically confirmed (P
> 0.05).

40



Tab. 5. Survivability of unlabeled [-] and labelgd PGCs originating from Ross 308
and Green-legged Partridgelike embryos on the désotation.

survival rate of survival rate of
donor PGCgKH26l PGCgKH26l]
% %
R x 64.14 x 53.68
SD +21.25 SD +15.82
GP x 66.31 x 48.92
SD +27.74 SD +16.06

X - mean values; SD - standard deviation
R - Ross 308; GP - Green-legged Partridgelike

After 3 days ofin vitro cultivation total number of unlabeled primordial
germ cells was 420 000 for Ross 308 and 443 000 Goeen-legged
Partridgelike, whereas the number of PKH26 labeleits amounted to 1 670
000 and 962 000 PGCs respectively. Survival ratentdbeled with PKH26 dye
PGCs after 3 days of cultivation in vitro conditions was similar in both
groups - 86.63 % (22.49 % increase) for Ross 3a8 &h34 % (20.03 %
increase) for Green-legged Partridgelike. In theeaaf unlabeled cells 62.87 %
(9.19 % increase) and 73.54 % (24.62 % increasejvalirates were obtained
respectively, but these differences were not sizdiy significant (P > 0.05).

Tab. 6. Survival rate of unlabeled [-] and labgledPGCs originating from Ross 308
and Green-legged Partridgelike embryos after tHeses ofin vitro cultivation.

survival rate of survival rate of
donor PGCgKH26l PGCgKH26l]
% %
R x 86.63 x 62.87
SD +6.98 SD +24.07
GP x 86.34 x 73.54
SD +9.49 SD +15.50

X - mean values; SD - standard deviation
R - Ross 308; GP - Green-legged Partridgelike

The impact of PKH26 factor on behavior of PGCs w0 evaluated.
Survival rate of PGCs after labeling is listed iable 7. On first day dh vitro
cultivation higher survival rate have unlabeled RGthan labeled cells,
however, this result was not statistically sigrafic (P > 0.05). A similar
tendency was found after three daysrofitro cultivation. However this time,
higher survival rate (86.48%) of unlabeled cellsnpared to labeled (68.20%)
differed significantly (P < 0.05).

41



Tab. 7. Survival rate of unlabeled [-] and labgledPGCs in the day of isolation and
after three days af vitro cultivation.

PKH26 day survival rate [%]

x 51.04°

¥ L ) 2359

) 1 x 65.22°

' SD +15.40

< 68.20°

¥ S. ) 20,09

) 3 x 86.48"

' SD +7.94

a,b - values in same column with different letwiffer statistically: P < 0.05
X - mean values; SD - standard deviation

500000
450000
3 400000 \\
O 350000 N !\
« 300000 a
o 250000 AN —&—PKH26[]
o AN
2 200000
€ 150000 . W —B—PKH26[+]
S 100000
50000 — e
0 T T T T 1
1. day 3. day 1. day 3. day
Ross 308 Green-legged partridgelike

Fig.11. Effect of PKH26 labeling on the number &®s during short-ternm vitro
cultivation.

Number of labeled and unlabeled cells during 3-dajtivation was
compared in Figure 11. Regardless of procedurestivas a decrease in cell
number. Assuming, that the number of PGCs (unéabeind labeled with
fluorochrome) on the first day was equal to 100¥%anges in the number of
cells on third day of cultivation were as follows:

a) for PGCs isolated from Ross 308 embryos:

36.94% decrease in the total amount of PE®E (100%-> 63.06%),

38.06% decrease in the total amount of PS®EE" (100%-> 61.94%)),

b) for PGCs isolated from Green-legged Partridgediknbryos:

41.53% decrease in the total amount of PE®& (100%-> 58.47%),
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56.86% decrease in the total amount of PEEE (100%-> 43.14%).

If we analyze these data regardless of cell domgersotype, then the
number of fluorochrome-labeled PGCs during thregsddin vitro cultivation
was reduced by 46.57% (100% 53.43%), while unlabeled by 39.40% (100%
- 60.60%).

3.2.2. Fluorescence detection in gonads of recipteembryos

Gonads of recipients were checked for the presehadroduced, labeled
with PKH26 dye primordial germ cells. Occurrencepofnts within gonads of
about 14 to 1@m, that emits fluorescence in wavelength rangebdf567 nm,
proved the presence of exogenous PGCs (Fot. Ajivalrate of embryos after
injection was determined based on percentage blevi@mbryos in relation to
total number of embryos subjected to procedure.

o]

e E

Fot. 7. Gonad of Green-legged Partridgelike emlifogekground 200x magnification;
small images 400x magnification) with visible, l&dmwith PHK26 day primordial
germ cells that derived from Ross 308 donors; Agib¥0 CFL Zeiss

Table 8. shows the results of donor / recipientdatpn the percentage of
recipients embryos with exogenous PGCs. The laesientage of embryos
having exogenous PGCs (54.50%) was noted in grdigyvemdonor of cells was
Ross 308, and Green-legged Partridgelike was ttipieat of cells (P < 0.01).
The lowest percentage of embryos with visible exogs PGCs (3.30%) was
observed in a group where donor of cells was Glegged Partridgelike and
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the recipient was Ross 308, similarly (8.30%) iougr where Ross 308 was
donor and recipient (P < 0.01). Homogenous contisineof GP / GP was
middle value (19.10%). Genotype combination hadsigmificant effect on
survival rate of embryos (P > 0.05).

Tab. 8.Effect of donor/recipient combination onvéual rate of embryos after PGCs
PKH261] injection and on fluorescence detection in recipgonads

embryos
survival rate of . with visible
. survival rate of PKH26[+]
embryos in control . PGCs
. N injected embryos 0
. group - noninjected 0 [%0]
donor->recipient [%] [%]
X
SD
n X n X
SD SD
100.00 92.30 8.30°
R es +0.00 8 4340 +0.13
96.70 93.20 19.10"®
GP>GP 30 +5.77 3 +8.82 +1.70
96.70 93.80 3.30°
Gl <0 +5.77 65 +2.59 +0.27
100.00 86.50 54.50"
R>GP 30 +0.00 89 +3.34 +1.40

A,B - values in same column with different lettdifer statistically: P < 0.01
X - mean values; SD - standard deviation

R- Ross 308; GP - Green-legged Partridgelike

* - only recipients with drilled out window in eggpell

Calculated linear Pearson correlation coefficidrgsveen the percentage
of embryos with visible, labeled PGCs and the nunaf@ead embryos as well
as survival rate were highly statistically sigcdfint and statistically significant
respectively. Dependencies relating to the numbetead embryos were high
(0.72240) according to Guillford scale, and comiefa was positive. In turn,
dependencies about survivability were moderate, camcelation was negative
(Tab. 9).
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Tab. 9. Pearson correlation between percentagmlbfy®s with visible exogenous
PGCs and survival rate of those embryos.

live dead survival rate
embryos embryos [%0]
% of embryos with visible 0.38970 0.72240%* -0.65148*

PGCs PKH26[-]

* - statistically significant correlation coeffigig P < 0.05
** _ highly statistically significant correlationoefficient; P < 0.01

Effect of injection on survival rate of recipierissshown in Table 10. In
shells from both groups of eggs the injection wimgovere drilled, however
injection were made only among experimental grodgmbryos from control
group - noninjected have higher viability (98.31%gmpared to those of which
labeled primordial germ cells were introduced iftlmodstream (91.15%).
Difference (7.16%) was confirmed to be statisticalgnificant (P < 0.01).

Tab. 10. Effect of injection on survival rate o€igent embryos

procedure n live embryos dead embryos survival[ale
o X 91.15°
injection 305 278 27 sD +5 38
no injection X 98.31*
(control) 118 116 2 SD +3.98

A,B - values in same column with different lettdifer statistically: P < 0.01
X - mean values; SD - standard deviation

3.3. INJECTION OF EXOGENOUS PRIMORDIAL GERM CELLS
PRECEDED BY STERILIZATION OF RECIPIENTS AND ITS
EFFECT ON SURVIVALBILITY AND DEVELOPMENT OF
RECIPIENT EMBRYOS

3.3.1. Selection of treosulfan concentration injeet into egg

In this part of experiment the behavior of donorivdel primordial germ
cells was examined after treating with sterilizieigbstance - treosulfan. For
this purpose a 127 of Green-legged Partridgelikbrgos were used among
which 105 of embryos were subjected to sterilizatfrocedure and 22 of
embryos were randomly selected for control groapgéneral survival rate of
embryos was 47.24%. Among 127 embryos, 61 werdgetigato subgerminal
cavity and 66 into yolk. Taking into account thdfatient concentrations of
cytostatic, 23, 22, 30 and 30 embryos were injeet@d 0.25, 0.5, 1 and 2
mg/ml solutions respectively.
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Results of Chi-square test (Table. 11) indicated there is a very high
dependence between the method of sterilizatiorsandvability of embryos (P
< 0.001). Within experimental groups a greater itgbwas found in embryos
sterilized into subgerminal cavity (72.73%) as vaalinto yolk (83.33%) both
with TREO 0.25. It was also noted that, with ingieg concentration of
administered cytostatic survival rate of embryosrdased, giving the lowest
values in group were concentration of treosulfas @ang/ml (20.00% in group
I and 13.33% in group 1) (Fig.12).

Tab. 11. Effect of treosulfan administration on eyals survival rate (Chi-square test).

statistics value probability
Chi-square 36.3975 <.0001
likelihood ratio Chi-square 39.8738 <.0001
100

S

2 80 91.67

F

= 3

£ 60 - . ®TREOO0.25

B 60.00 = TREO 0.5

Q

S 40 - 0 — ®=TREO1

©

S o 6167 2667 | REO2

2 20.00 control

13.33
0 A T 1
group | group Il

site of treosulfan delivery

Fig.12. Effect of treosulfan delivery on survivate of embryos.

| - embryos treated with cytostatic into subgerrhozvity

Il - embryos treated with cytostatic into egg yolk

control - embryos that received Aqua pro injectieneulsion in sesame oil
Contingency analysis showed no significant cori@ta(P> 0.05) between

mortality of embryos and injection site of treoamlf without division into

concentrations (Tab. 12). Embryos mortality depegain the site of treosulfan
delivery is shown in Figure 13.
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Tab. 12. Effect of treosulfan delivery site on sual rate of embryos (Chi-square test).

statistics value probability.
Chi-square 1.0057 0.3159
likelihood ratio Chi-square 1.0073 0.3155

§ 60

S 50

= 10 51.52

2 42.62

o

9T 30 -

£= 20

2 10 -

>

: o - |

group | group Il

site of treosulfan delivery

Fig.13. Effect of treosulfan delivery site on swalirate of embryos.
| - embryos treated with cytostatic into subgerrhozvity
Il - embryos treated with cytostatic into egg yolk

Based on results of Chi-square test it was showahttiere is a very high
statistical correlation between the mortality ofbewos and concentration of
injected treosulfan solution, regardless of adnmai®n site (Tab. 13). The
highest survival rate of embryos (78.26%) has growhere 0.25mg/mi
concentrations of cytostatic were used. Controlugrdias slightly lower
survivability than TREO 0.25 group (77.27%). Thghest mortality was found
in group where the most concentrated treosulfarg(@) was used (16.67%).
It was noted that survival rate of embryos decrdaseng with increasing
concentrations of treosulfan (P < 0.001) - Figu¢éeshows this dose-dependent
relations.

Tab. 13. Effect of treosulfan concentration on atahrate of embryos (Chi-square
test).

statistic value probability.
Chi-square 33.6582 <.0001
likelihood ratio Chi-square 35.8612 <.0001
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Fig.14. Effect of treosulfan concentration on sualirate of embryos.
control - embryos that received Aqua pro injectieneulsion in sesame oil

Number of survived primordial germ cells after simation procedure is
shown in Figure 15. Thhighest number of cells within experimental groups
was obtained at 0.25mg/ml concentration, but it alasut 50% lower (2535.71
— 2775.0) as compared to control group (5041.67386%6). The lowest
number of PGCs was obtained when 2mg/ml treosutfamcentration was
applied, both in group of eggs treated into subgeahtavity (183.33) as well
as into egg yolk (375.0).

7000 —
» 5386.36
6000

5041.67
5000 :[ —

4000 2775.00 —"group
B .

3000 2535. 71 |

group Il

number of PGCs

C 1571.43
2000 -
1300.001 D 937.50

1000 - 99375 3 pavs:
183.33
0 - i miim 15

TREO 0.2 TREOO0.! TREOI1 TREO: contro

Fig.15. Effect of injection site and applied trelfsn concentration on the number of
survived - endogenous PGCs in embryonic gonadayaéd

| - embryos treated with cytostatic into subgerrhoavity
Il - embryos treated with cytostatic into egg yolk
control - embryos that received Aqua pro injectieneulsion in sesame oil

A, A, B, B, C,C, D, D -values in same columns with different letteféedistatistically:
P <0.001
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Analysis of variance, presented in Table 14., slibthat the behavior of
endogenous PGCs in embryonic gonads is affectedbditiy method of
treosulfan injection (P = 0.0119) as well as cotredion of delivered cytostatic
(P < 0.001). Test results for interactions betwesamined experimental
factors i.e. site of injection and applied concatibn were insignificant (P =
0.9888).

Tab. 14. Variance analysis of effect of injectioite sand applied treosulfan
concentration on the number of survived - endogerf®GCs in gonads of 6-day-old
embryos.

sum of squares mean square F Pr.>F
site 888717.1 888717.1 6.83 0.0119
concentration 174673867.0 43668466.8 335,55 <.0001
site*concentration 40328.0 10082.0 0.08 0.9888

Scheffe test results are shown in Table 15. Thg t®nfirmed the
significant differences in number of survived PGiisembryonic gonads,
depending on the site of treosulfan administrafioto subgerminal cavity or
into egg yolk). Treosulfan injected into subgerinality caused a depletion of
endogenous PGCs in a greater extent than cytostégicted into egg yolk -
2297.0 or 3014.71 cells respectively.

Tab. 15. Effect of injection site of treosulfan thie number of survived - endogenous
PGCs in gonads from 6-day-old chick embryos (Sehef$t).

site of treosulfan delivery x
group | 2297.06
group Il 3014.7%

| - embryos treated with cytostatic into subgerrhozvity

Il - embryos treated with cytostatic into egg yolk

a,b - values in same column with different letwiffer statistically: P < 0.05
X - mean values

Results of Scheffe test for different treosulfaneantrations, regardless of
the site of administration, are shown in Figure O8ly differences between
concentrations 2 and 1 mg/ml were not statisticallynificant, other cases
differed significantly (P < 0.001).
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Fig.16. Relation between the number of endogenoWCs and treosulfan
concentrations.

control - embryos that received Aqua pro injectieneulsion in sesame oil
A,B,C,D - values in same column with different letterdatfifstatistically: P < 0.001

Photos of isolated, survived, endogenous primordi@tm cells after
sterilization procedure are presented in Tablaér2dhapter 6.

3.3.2. Sterilization of recipient embryos followedip injection of
primordial germ cells and their effect on survivablity of embryos

In present study the behavior of donor PGCs intteduinto sterilized
recipient embryos was also examined. Survival ohteecipients and ability of
exogenous PGCs labeled with PKH26 dye, to incateointo embryos gonads
were evaluated. Based on the results of previays $or sterilization 0.5 and
0.25mg/ml concentrations of treosulfan were setkct@ytostatic agent was
introduced into subgerminal cavity or into yolk feftilized eggs (Fig. 17). In
total, 208 embryos derived from Green-legged Rig#like representing the
recipient of PGCs, were sterilized. In turn, foolaion of PGCs, 90 donor
embryos - derived from Ross 308 chickens, were .uB&LCs recovered from
these embryos, were detected in 67 recipient ersbryo

Control group (Fig.17) had the highest survivapitit embryos (84.44% in
group | and 91.67% in group IlI), the highest numbenormally positioned
recipient embryos (81.11% in group | and 83.33%giiaup II), the highest
number of embryos that survived injection (71.13%gioup | and 77.78% in
group 1) and finally the highest number of embrywih exogenous PGCs
labeled with flurochrome dye (45.56% in group | a8®@33% in group II).
Among groups TREO 0.25 and TREO 0.5, the highesthau of recipients, in
which exogenous PGCs labeled with flurochrome PKM28e detected, was
observed when more diluted treosulfan was adneirgdt into subgerminal
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cavity (39.90%), and the lowest (22.22%) in casdest diluted treosulfan
introduced into egg yolk. However, all differendasned out to be statistically
insignificant (P > 0.05).

100
90
ETREO 0.25

[%2]

S

S HTREO 0.5
S

(M)

5 control

N

group Il

Fig.17. Effect of treosulfan injection into subgémal cavity (group 1) or egg yolk
(group II) on survival rate of recipient embryosdapresence of exogenous PGCs
labeled with PKH26 fluorescent dye.

1 - embryos that survived after treosulfan steatian

2 - embryos normally positioned (subjected to feirtimjection)

3 - embryos that survived injection of exogenou<BG

4 - embryos with visible, introduced PGT¥§26*!

| - embryos treated with cytostatic into subgerrhasvity

Il - embryos treated with cytostatic into egg yolk

control - embryos that received Aqua pro injectieneulsion in sesame oil

For a better visualization of embryos survivabilignd fluorescence
detection, these results were grouped in termsnpction site and used
concentration - Figures 18 and 19 respectivelywéier, there were no
statistically significant differences (P > 0.05).
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Fig.18. Effect of different injection site of tradfan (into subgerminal cavity or into
egg yolk) on survival rate of recipient embryos gmésence of exogenous PGCs
labeled with PKH26 fluorescent dye.

| - embryos treated with cytostatic into subgerrhazvity

Il - embryos treated with cytostatic into egg yolk

100

m survived after
sterilization

= normally positioned

= survived after
injection

% of embryos

possessed PGCs
PKH+

TREO 0.25 TREO 0.5 control

Fig.19. Effect of different concentrations of tralfan on survival rate of recipient
embryos and presence of exogenous PGCs labeledP¥ii26 fluorescent dye.

control - embryos that received Aqua pro injectiengulsion in sesame oil
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Behavior examination of exogenous PGCs, in termsfladrescence
emission in gonads of Green-legged Partridgelikergas, was carried out on
6-day-old recipients. Among 208 individuals subgelcto sterilization, followed
by injection of PGCs labeled with PKH26, 67 (32@1have visible primordial
germ cells in gonads. Photos of those gonads uadenicroscope with
fluorescent lamp (Tab. 25) are shown in chapter 6.

The data in Table 16.summarize the effect of inpecsite and treosulfan
concentration on percentage of embryos with visilblegonads exogenous
PGCSE*H261 Among groups treated with treosulfan the highestentage of
embryos was in group | TREO 0.25 (40.00%), while tbwest in group II,
where higher concentration of cytostatic was gi{&2a22%). | and Il control
groups were respectively 46.88% and 33.33%. Howyetleere was no
interactions and statistically significant diffecers between groups (P > 0.05).

Tab. 16. Fluorescence detection in gonads of giedilrecipient embryos injected with
PGCSXH261'] _ percentage was calculated relative to initiahber of embryos.

embryos with

group n PGCgKH260]
I %
TREO 0.5 33 27.27
TREO 0.25 35 40.00
control 32 46.88
Il %
TREO 0.5 36 22.22
TREO 0.25 36 25.00
control 36 33.33

| - embryos treated with cytostatic into subgerrhozvity
Il - embryos treated with cytostatic into egg yolk
control - embryos that received Aqua pro injectieneulsion in sesame oil

Regarding to effect of treosulfan concentratiohsyas demonstrated that
there are differences between control group, whhee highest number of
embryos with exogenous PGEF®M was observed - 27 individuals, and
sterilized with 0.5mg/ml treosulfan group, wheremiuer of embryos with
visible in their gonads labeled PGCs was the lowdst individuals. However,
there was no statistically significant correlatigs> 0.05). Results are shown
in Table 17.
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Tab. 17. Fluorescence detection in gonads of rem:iFa'mbryos sterilized with different
treosulfan concentrations and injected with PTSCEM,

embryos with PGC5*"*°l*]

group n

[%]
TREO 0.5 69 24.82
TREO 0.25 71 32.45
control 68 39.44

control - embryos that received Aqua pro injectiengulsion in sesame oil

Taking into account injection site of cytostaticldsion (Tab. 18), it was
noted that higher number of embryos with visible@@%"?°*! were obtained
when treosulfan was administered into subgermimaitg - 38 individuals.
Group injected into egg yolk had 29 such cases,elilewabove differences
were found to be statistically insignificant (P %). Photos of gonads with
visible PGCE*"%[" gre shown in chapter 6. in Table 25.

Tab. 18. Fluorescence detection in gonads of recigmbryos sterilized into different
sites and injected with PGEX§261*]

embryos with PGC&+261*]

group : number of individuals %]
| 100 38 38.00
" 108 29 26.85

| - embryos treated with cytostatic into subgerrhozvity
Il - embryos treated with cytostatic into egg yolk

3.3.2.1.Effect of sterilization and injection procdures on embryos
development

Mortality rate of embryos subjected to influence oftostatic was
determined in 3.5 day of embryo development. Emby@mt showed normal
signs of life (heart beating, properly filled blosdssels, lack of blood rings
etc.) were subjected to PGEE injection. Photos of dead embryos are
shown in chapter 6 (Tab. 26).

Among hundred embryos treated into subgerminaltgaiiiab. 19), 23
were considered as dead. The lowest percentagality(l5.65%) was noted
in control group, and the highest (27.27%) in growmere 0.5mg/ml
concentration of treosulfan was administered. Itswabserved that with
increasing concentrations of cytostatic, the mitytahte of embryos increase,
due to hemorrhage (blood rings) on second day.eTlti#ferences proved to be
statistically significant (P < 0.05).

54



Tab. 19. Mortality of embryos up to 3.5 days of elepment - embryos were treated
with treosulfan emulsion into subgerminal cavityhi{$Square test).

dead/sterilized

group mortality day of embryo death
9/33 6 blood rings on 2nd day

LKEOIEE 27.27% 3 no signs of development
9/35 5 blood rings on 2nd day

TREO 0.25 25.72% 4 no signs of developmen
control 5/32 4 blood rings on 2nd day

15.65% 1 no signs of development

* - statistically significant differences (P <0.05)
control - embryos that received Aqua pro injectieneulsion in sesame oil

In group Il, where eggs were injected with trecsunlfnto yolk (Tab. 20)
108 embryos were subjected to sterilization, of awhil6 embryos did not
survive up to 3.5 day of embryonic development reria experimental groups
than in control. Additionally, three eggs provedbt unfertilized. There was a
statistically significant relationship between usmshcentration and the day of
embryos death (P < 0.05). Most of blood rings angbcond day were observed
in group that received a higher concentration @bgulfan. In turn, more deaths
on the third day were observed when lower conceairaof treosulfan was
used.

Tab. 20. Mortality of embryos up to 3.5 days of elepment - embryos were treated
with treosulfan emulsion into egg yolk (Chi-squgest).

dead/sterilized

mortality day of embryo death

group

(1 unfertilized)

TREO 0.5 e 5 blood rings on 2nd day *
22.22%
2 deaths on 3rd day
8/36 (2 unfertilized)
TREO 0.25 2 blood rings on 2nd day *
22.22%
4 deaths on 3rd day
control 3/36 2 blood rings on 2nd day
8.33% 1 death on 3rd day

* - statistically significant differences (P <0.05)
control - embryos that received Aqua pro injectieneulsion in sesame oil
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Sterilized 3.5-day-old recipient embryos with nofmasition (Fot.15. in
chapter 6.) were qualified for PGtE*" injection, remaining embryos (Fot.
14. in chapter 6.) were rejected due to impossbtess. Injected embryos were
incubated for further 3 days after which mortaland day of death were
determined (on the 6th day of embryonic developmetdy of fluorescence
detection in gonads). In order to check whetheretlie a relationship between
the death of embryo, and used concentration and eit treosulfan
administration, Chi-square test was performed. #hatf dead embryos are
shown in Table 26. in chapter 6.

In the case of group | - sterilized into subgerrhicavity (Tab. 21), 74
embryos out of 77 live embryos were centrally posg&d and were suitable for
injection PGC¥?®" Only in group, where 0.5mg/ml concentrated tréfasu
was administered, all embryos were properly pasitib Nevertheless, obtained
differences were not statistically significant (P05). The highest mortality
rate after injection of cells was observed in gral®EO 0.5 - 7 embryos out of
which 4 died on 3-4 day. In each of experimenta eontrol groups there were
two cases of deaths on 5-6 day. However, the Qlwggtest did not confirm a
statistically significant relationships (P > 0.05).

Tab. 21. Effect of treosulfan sterilization intdog@rminal cavity and injection of
PGCEXH?on survivability of recipient embryos (Chi-squagst).

n.o_rmally. dead/
positioned/live - q
embryos Injecte
group embryos day of embryo death
subjected to .
SN mortality
injection
4 deaths on 3-4 day
TREO 0.5 153/33% 2;/5;1% 1 no signs of development
: : 2 deaths on 5-6 day
24/26 3/24 1 death on 3-4 day
TREO 0.25 92.31% 12.50% 2 deaths on 5-6 day
control 26/27 3/26 1 death on 3-4 day
96.30% 11.54% 2 deaths on 5-6 day

* embryos with incorrect position were removed possible to inject
control - embryos that received Aqua pro injectiengulsion in sesame oil

In the case of group Il - sterilized into egg ydikab. 22), among 89
embryos, that survived sterilization 4 were imprbpeositioned and therefore
were not qualified to the next step of studies.ilaiy to group |, only in group
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were higher treosulfan concentration was usedofaimbryos were centrally
positioned. In this respect there were no stasiljicsignificant differences (P >
0.05). The highest mortality of embryos after iti@e of cells was in group
TREO 0.5 and it was equal to 6 embryos, out of widdied on 5-6 day and 3
did not undertake further growth after injection BECS*"%". In control
group number of dead embryos was the lowest amdhgr experimental
groups and it was equal to 2 individuals, that wiid undertake development
after injection of PGC%"**"into bloodstream. However, results proved to be
statistically insignificant (P > 0.05).

Tab. 22. Effect of treosulfan sterilization intagegplk and injection of PGE&™?%"on
survivability of recipient embryos (Chi-square Jest

normally
positioned/live dead/ injected
group embryos embryos day of embryo death
subjected to mortality
injection*
28/28 6/28 3 no signs of development
HRED 100.00% 21.43% 3 deaths on 5-6 day
27/28 3/27 2 deaths on 3-4 day
TREO 0.25 96.43% 11.11% 1 no signs of development
control SlulE 280 2 no signs of development
90.91% 6.67% 9 P

* embryos with incorrect position were removed possible to inject
control - embryos that received Aqua pro injectieneulsion in sesame oil

On the day of fluorescence detection (6th day ofili@tion) in gonads of
Green-legged Partridgelike embryos developmentalombalities were also
determined. The highest number of embryos with glathcal lesions was
observed in group, in which 0.5mg/ml concentratioh treosulfan was
administered into egg yolk (4 embryos - 18.18%)nt@u groups have the
lowest percentage of embryos with pathologicablesi(2 embryos in group | -
8.70% and 1 in group Il - 3.57%). Among groupsiteel with cytostatic, the
lowest number of embryos with developmental abntitim® was noted in
group treated into subgerminal cavity and it wasat¢qo 9.52% (2 embryos)
(Tab. 23). However, Chi-square test did not condidnstatistically significant
differences between groups (P > 0.05).

57



Tab. 23. Developmental abnormalities in 6-day-@dipient embryos after treosulfan
sterilization and injection of PGE&"" (Chi-square test).

group normal embryos embryos with abnormalities
| TREO 0.5 88.24% 11.76%
| TREO 0.25 90.48% 9.52%
| control 91.30% 8.70%
Il TREO 0.5 81.82% 18.18%
Il TREO 0.25 87.50% 12.50%
Il control 96.43% 3.57%

| - embryos treated with cytostatic into subgerrhoavity
Il - embryos treated with cytostatic into egg yolk
control - embryos that received Aqua pro injectiengulsion in sesame oil

Percentage of embryos with pathological lesionsevggouped in terms of
applied treosulfan concentrations. Those resukssaown in Figure 20. The
highest number of embryos with developmental abatities was found in
TREO 0.5 group (15.38%), while the lowest in coh{88%). Group TREO
0.25 had intermediate value (11.11%). In this cts Chi-square test also did
not confirm statistically significant dependencs>(0.05).

120

100

11.11 15.38

80 - embryos with
abnormalities

60 -

% of embryos

40 -
= normal embryos
20 -

O -
TREO 0.25 TREO 0.5 control

Fig.20. Developmental abnormalities in 6-day-oldipeent embryos after sterilization
with different treouslfan concentrations and injeetof PGCE*2¢"l (Chi-square test).

control - embryos that received Aqua pro injectieneulsion in sesame oil
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Percentage of pathological defects in embryos wesaped also in terms
of administration sites of cytostatic. Results wemnilar, but slightly more
embryos with developmental abnormalities were ndtedyroup I, where
treosulfan was administrated into egg yolk and vesyeal to 10.81% (Fig. 21).
Obtained differences proved to be statisticallyigngicant after conducted
statistical analysis using Chi-square test (P 5)0.0

120

100 10.81

9.84 .
embryos with
abnormalities

= normal embryos
0 .

group | group Il

[es)
o

% of embryos
(o]
o

N
o

N
o

Fig.21. Developmental abnormalities in 6-day-oldipent embryos after treosulfan
sterilization into different sites and injectionRGCSE "] (Chi-square test).

| - embryos treated with cytostatic into subgerrhasvity
Il - embryos treated with cytostatic into egg yolk

All embryos with pathomorphological defects were grouped, and then
photographed. Their photos are presented in TAblen chapter 6.
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4. DISCUSSION

New technologies of transgenic birds productionehbgen developed all
around the world and they include use of chimerdschy if properly
crossbreeded, lead to production of birds - bidmradBednarczyk et al., 2003;
Sang, 2006; van de Lavoir et al., 2006;). In thipraach genetically modified
primordial germ cells, which are carriers of a igreDNA, are introduced into
chicken embryos in order to integrate them withtlgenome (Speksnijder et
al., 1999). Besides, PGCs and avian chimeras maysée for biopreservation
of endangered bird species (Naito, 2003) througdir thrtificial generation
(introduction of PGCs of endangered bird specie® isterilised chicken
embryos and as a consequence “production” of thésks by recipients of
cells), in animal breeding and meat industry (Sebal.,2005) by changing
proportion of sex (preliminary sexing of exogen®Cs) and also as a tool to
understand complex mechanisms of birds embryonieldpment (Tagami and
Kagami, 1998). Unique properties of PGCs spealawotr of the use of PGCs
in chimera’s production. It is related to behawwérPGCs and their migration
pathway from germinal crescent, through bloodstréamonads which allows
for repeatable and effective production of germtihaneras.

Production of avian germline chimeras is signifitarhindered by the
necessity to become familiar with difficult, timercssuming and labour-
intensive methods of identification, isolation andturing of primordial germ
cells, their potential genetic modification/labgljneffective introduction into
recipient embryos, securing of optimum conditions ftheir migration,
proliferation and transformation into functionalngetes. Only when all these
conditions have been meeting and after hutchirayjrrg and crossbreeding of
chimeras, can heritance of PGCs donor genotypecleat with potential
transgene) be expected in the following generations

No descriptions of similar and extended studiesfawmad in the available
literature except for the articles focusing on widlial aspects-methods, which
have been considered in preparation of this théssisan be exemplified by
studies on ways of isolation and purification ofG€{Tajima et al., 1998; Li et
al.,, 2005; Mddziak et al.,, 2005, Nakajima et al., 2011, Naeemnipand
Bassami, 2013b), application of different systemgyenotypes in a role of
donors and recipients of PGCs (Yasuda et al., 1888ami et al., 1997; Park
et al., 2003a and 2003b; Ishiguro et al., 2009;\&gr et al., 2010; Kang et al.,
2011; van de Lavoir et al.,, 2012; Park et al., Ha®].3) or sterilization of
recipient embryos (Mohsen and Ahmed, 2002; Sorad. e€2005; Motono et al.,
2009; Nakamura et al., 2010; Park et al., 2010;dtesd., 2013).

The studies on behavior of primordial germ cellglofiors and recipients,
which are presented in this publication, focus aur imain tasks. Their findings
are discussed in relation to previous studiesigdrea.
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4.1. OPTIMIZATION OF ISOLATION METHOD OF GONADAL
PRIMORDIAL GERM CELLS FROM 6-DAY-OLD CHICK
EMBRYOS

Primordial germ cells were isolated from gonads6ealay-old chicken
embryos. In order to confirm the character of PQGs,isolated suspension of
cells was stained with peridic acid solution (PASjaining with PAS is a
standard, simple and cheap method for chicken Pi@€tification (Tagami
and Kagami, 1998). This method has been widely @isegears in studies on
chicken PGCs (Meyer, 1964; Yasuda et al., 1992;akaget al., 1997; Jung et
al.,, 2005; Nakajima et al., 2011; Naeemipour et a013). It should be
emphasized, however, that it is a reaction typichlchicken PGCs. By
comparison, quail PGCs cannot be identified with thethod since they do not
have patrticles of glycogen (Chang et al., 2010).rpMological analysis of
freshly isolated PGCs, which was carried out in atudies, showed presence
of big, round cells, 14-19m in diameter. It was shown (Fot. 3 and 6), that
cytoplasm of these cells contained numerous grarafl@ storage material in a
form of glycogen which are specifically stainediwihagenta in PAS reaction.
Microscopic observation, under a greater magnificatshowed presence of a
great cellular nucleus, approximatelyu®n in diameter, which was located
eccentrically and did not show affinity to PAS sti Some of PGCs had
pseudopodia and irregular shape which was alsacteistic of these cells at
this stage of development (Kuwana and Rogulska9y199

Literature often describes also additional procedluof cleaning the
suspension of PGCs (isolated from blood and gon&ds) contaminations
such as little background particles and other unalele somatic cells such as
morphotic elements of blood. They include Percokngity gradient
centrifugation (Oishi 2010), Ficoll density gradierentrifugation (Yasuda et
al., 1992; Park et al., 2003b), Nycodenz densiadgmt centrifugation (Zhao
and Kuwana, 2003), lysis of erythrocytes with ACKiffer (ammonium
chloride-potassium) (Yamamoto et al.,, 2007), immuagnetic separation of
cells with MACS (magnetic-activated cell sorting)rio and Machida, 1999;
Wei et al., 2001; Kim et al., 2004; Kang et al.p020Naeemipour and Bassami,
2013) and use of FACS (fluorescence-activated smatling) system based on
reaction of monoclonal anty-SSEA-1 antibodies (Moak et al., 2005; Motono
et al.,, 2010). FACS and MACS methods are also mrdeebe effective in
purifying of gonadal PGCs. Although, the above riwerdd methods are
effective because obtained suspension of PGCsadrmacterized with higher
purity and homogeneity, the quoted studies showahgreat number of PGCs
is irreversibly lost, and those which survive areakened and show reduced
vitality. Therefore, in these studies we resigrnednfapplying the procedures of
PGCs purification. However, in order to secure adyguality, gonads were
collected to a microtube with PBS solution whichsvkept on a heating block
(37.8 °C) throughout the experiment time.
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PGCs, for production of bird chimeras, may be isaldrom blastoderm in
stage X or from blood of 2.5-3-day-old embryos. leer, only very few PGCs
can be obtained from these tissues. The highestbeunof PGCs for
biotechnological manipulations can be collectedhsir isolation from gonads
of 5-7-day-old embryos. Therefore, in this studzd3 were isolated from
gonads of 6-day-old chicken embryos. Behavior amprdial germ cells, in
terms of their ability to migrate from gonads, veamalysed with three different
methods. The described methods of PGCs isolatmm fyjonads of 6-day-old
chicken embryos were developed on the basis of jia&aet al., (2011) studies.
Authors suggest a new and simple method of catigdtighly purified (about
50%) gonadal PGCs with high vitality by incubatimf gonads (in a
temperature of 37.8°C and 5% gdom 7-day-old embryos in PBS solution
deprived of calcium and magnesium ions (PBS[-]).pfgsent, it is the most
effective method of PGCs isolation from gonadstotken embryos because it
allows, in a short time, to collect a high numbémell-purified and viable
PGCs (Nakamura et al., 2013).

In presented here study, this method was expandednéchanical
fragmentation of gonads (A) or their digestion wibt25% trypsin-EDTA
solution (B) and was, in an unchanged form, usea @sntrol group (C). Thus,
numerous PGCs were obtained in presented studieshighest number, more
than 198 thousand cells, was obtained in a cogtaip and the lowest number
— in a group A (more than 128 thousand cells), inictv gonads were
mechanically fragmented. AlImost 160 thousand ce#ise released in a group
of gonads digested with trypsin-EDTA. A very lowmiber of PGCs were
obtained in a group of mechanically fragmented denand this can be
attributed to sticking the cells together and thaithesion to the cut gonad
tissues in a form of big PGCs aggregates. Inteesaciment of PGCs from
gonads in two other groups and their migration BSH-] may indicate a very
poor connection of PGCs with somatic cells of ganad6-day-old embryos. It
is worth emphasizing that a mean number of PGCGmiembryo varied from
about 5.3 to about 8.2 x 1®GCs, and was significantly higher than data
provided in literature [e.g. Motono et al., (20i8)lated 1.0 x TDPGCs per
one embryo and Mozdziak et al., (2006) about 070%. This discrepancy,
apart from the method of isolation, may also betesl to the quality of
embryos, their origin, breed and type of use. Hawgein the first place, it
depends on the degree of gonad development. Aladaibdies are very diverse
and ununified in this aspect. Primordial germ calle usually collected from
gonads in 27-28 H&H stadium of development which be translated to 5-5.5
day of incubation (Chang et al., 1997; Han et2002). In the studies, which
are presented in this thesis, eggs were incubate®l days which contributed to
a higher number of PGCs in gonads, since they e time for proliferation.
The mentioned heating block which was used duiimg-tonsuming isolation
of gonads from embryos might also have supportecctintinued proliferation
of PGCs.
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Li et al., (2005) showed that the highest numbd?@Cs can be obtained
after their isolation from stage 28 (according t&Hj. This isolation must be
combined with digestion of the tissues with 0.25%psin-EDTA solution in
order to obtain a suspension of single PGCs, wéuielfree from aggregates and
other somatic cells which form gonads. Trypsin-EDEBAlution enables
releasing of PGCs which are entrapped in a denssudi of gonads.
Nevertheless, digestion time cannot be too longalise PGCs may become
partially digested or too short because not all BG@l be released from
tissues. After considering the results of Chojnaekahta et al., (2015) and
Sawicka et al., (2015), time of digestion with SypEDTA was set for 60
seconds. Survivability of PGCs digested with trgpSDTA (about 72%) in
own study significantly differs from the result prded by Li et al., (2005)
(about 90%). This difference may be related to erloour incubation of cells in
CO, chamber and PBS solution deprived of calcium aagmasium ions which
was performed after isolation of cells. Storingcefls for one hour without any
medium or nutritional compounds might have contebuto a higher mortality
of PGCs. It seems to be confirmed by similar rasoftPGCs survivability in a
case of cells in mechanically fragmented (about)78&6 untouched (a control)
group (about 76%).

Behavior of gonadal PGCs was evaluated also inaeée to the capacity
of PGCs to adhere to each other i.e. to form aggesg Controlling of PGCs
aggregation is one of the key factors which areergs to maintain high
number of cells which can be submitted to furthemipulations (Yu et al.,
2011). After leaving gonads and undewitro conditions, PGCs start rapidly to
form cellular aggregates (Di Carlo and De Felidd0@). It is caused by
presence of cell adhesion molecules (CAMs) on titase of PGCs, which act
like a specific factor which sticks adjacent cétigether (Karagenc and Petitte,
2000). The available literature, however, doesprovide any information on
the relationship between a method of PGCs isolafimm gonads and
formation of cellular aggregates. A method of @artigestion with trypsin-
EDTA, was the only one which allowed preventing nfation of such
conglomerates in all three repetitions of the expent which may suggest
inactivating properties of trypsin-EDTA on CAMs.i#t also suspected that in
other groups (A and C), a high number of gonadalati cells, which were not
submitted to digestion, made PGCs stick together.

4.2. EFFECT OF DONOR AND RECIPIENT COMBINATION ON
DETECTION OF EXOGENOUS PRIMORDIAL GERM CELLS IN
GONADS OF RECIPIENT EMBRYOS

Migration of PGCs transferred within chickens oé tsame breeds/types
cannot be so far measured. The reason behindhtisa specific and easy-to-
detect genetic marker allowing for differentiatibatween cells of donors and
recipients has not been discovered yet (Motono l.et2810). Preliminary
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modification of cells with a marker gene — greamofescent protein (GFP) is
the only way to identify this gene in recipient eyds (Chojnacka-Puchta et
al., 2015). It is, however, a difficult, time-comsing and expensive procedure.
Therefore, it has been decided to label PGCs WHHZ® fluorochrome dye in
the described study.

The PKH26 dye is a widely used marker of gonaddl @rculating PGCs
in studies on formation of bird chimeras (Jeong &tzh, 2002; Park et al.,
2003a; Minematsu et al., 2004; Yamamoto et al. 728@&ng et al., 2008; Kang
et al., 2009; Jung et al.,, 2010; Nakamura et #2102 Kang et al., 2011;
Nakajima et al., 2011; Miyahara et al., 2014).ittds, irreversibly, to a cellular
membrane of labeled PGCs which allows to followrfigration of exogenous
cells and sites of their settlement in recipiemagps. Phototoxicity of PKH26
was evaluated on a human line of hematopoietic ¢€lh et al., 1999). It was
shown then that the very fluorochrome does not @ influence the
viability and development of cells. It is the expasto fluorescent light of the
microscope which dramatically reduces these twarpaters.

The cells which were isolated in presented herdystuere either labeled
or unlabeled with PKH26 fluorochrome and placedGiTI-MEM® | growth
medium in order to assess behavior of PGCs in a-#on in vitro culture.
Earlier it was shown that PGCs which were isoldtedn 5-day-old chicken
embryos were able to proliferate vitro even during the first two days of a
primary culture (Allioli et al., 1994) and grow 3tBnes by the fourth day of
culture (Chang et al., 1995). Besides, it was shthaheven short-tertim vitro
maintenance of PGCs may increase the efficiencgesminal transmission
(Park et al., 2003b). In own study, the somatitscel few hours after placing a
culture plate, started to adhere to the surfacealf bottom and constitute a
fibroblast-like layer on which non-adherent PGCthgeed. After the first day
of culture, PGCs started to form agglomerates stingi of a few or several
cells and adhere to a fibroblast layer. On thedtlday of culture in OPTI-
MEM® | medium, cells suddenly started to shrink aheir cytoplasm was
becoming darker. The PGTE* and PGCEH#! cells died probably due to
lack of nutrients, growth factors or other supplatsevhich were essential for
growth.

It can be also explained by unavoidable physical physicochemical
injuries which were sustained during isolation dd@®s and during further
procedures, which in consequence lead to deathesttcells. Reduction of the
overall population in a short-term culture may batdbuted, as it was already
mentioned, to lack or growth factors in a mediumaktresulted in death of
cells. Li et al.,, (2005), came to the same conohsi The researcher used
TCM-199 medium with 10% calf serum in his shorrteculture of gonadal
PGCs and reported a reduction of vitality from 80.5%0 7.9% of freshly
isolated PGCs after a 72-hauarvitro culture.

In presented study, a 17.6% increase of surviwghifi PGCs labeled with
PKH26 was reported as well as 21.6% increase ofvalility of PGCs which
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were not labeled with fluorochrome, between thstfand the third day ah
vitro culture of PGCs. However, an overall number of B&@nificantly
decreased within those 3 days. This reductionés evore significant in case of
cells labeled with fluorochrome. Their number desexl by 46.75% on the
third day when compared to the first day. A slightdwer mortality (39.4%)
was observed in a group of unlabeled PGCs. Lowawivability of
PGCEKH28 vs. PGCE'*I] may be, thus, consistent with the above mentioned
phototoxic effect of fluorochrome. The labeled sellere submitted to UV
radiation under the microscope during their counéind observation on culture
plate. Then, the phototoxic effect of PKH26 andréased mortality of PGCs
might have taken place.

Kim et al., (2005) came to interesting conclusiorise researcher analyzed
behavior of quail PGCs which were recently isoldtedn a 5-day-old embryos
and submitted to a 3-daw vitro culture in medium which had been optimized
earlier for chicken PGCs. The uncultured PGCs wemaved to be more
effective in terms of hatchability, proportion dfimeric chickens and a degree
of germinal transmission when compared to PGCs lwhiere cultured for 3
days. Given that and taking into considerationduced survivability of PGCs
on the third day of culture, in presented hereystue resigned from studying of
the impact of a short-terrim vitro culture on migration abilities of already
weakened PGCs by their re-injection into the rexipbloodstream.

Available literature provides also information oehlavior of PGCs in
long-termin vitro cultures (Kuwana et al., 1996; Macdonald et &1® Naito
et al., 2010; Miyahara et al., 2014) which howewvegre based on much more
complex media than the medium which was used in siwdy. The goal was to
sustain steady growth and proliferation of PGCshatit adversely affecting
migration and biological activity. Observations thie migration capacity of
PGCs from long-term culturen vitro are contradictory. Han et al., (2002)
believes that PGCs retain their migration capadiiplogical activity and
germinal transmission potential even after a 2-imémtvitro culture. Besides,
they do not lose their potential for expressionpbfripotency markers and
integrations with the recipient gonads (Shiue et2009). Park et al., (2003b)
also believes that a propiervitro preparation of PGCs before their introduction
into the recipient embryos should enhance gerniiag@smission in chimeras.
On the other hand, Miyahara et al., (2014), belabat a long-term culture of
PGCs reduces their migration capacity which traaslanto a reduced number
of exogenous PGCs in gonads when compared to yréstihted PGCs which
are introduced into recipient embryos. It is knowowever, that PGCs retain
their capacity to migrate in a bloodstream of resipembryos, to colonize their
gonads and to form functional gametes even aftzfng them in a liquid
nitrogen (Tajima et al., 1998) or purifying in FicgJeong et al., 2002) or
Percoll (Chojnacka-Puchta et al., 2015) gradient.

The following step of this study involved assessmeh behavior of
chicken primordial germ cells in terms of the mtgra capacity of donor PGCs
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in a recipient organism. On the basis of proportibembryos in which visible
and fluorochrome labeled PGCs were detected, thst affective combination
of genotypes - Ross 308 Green-legged Partridgelike was selected. In theory
this result might have been affected by many factior presented study, factors
which might have been important included proliferatpotential (which was
genetically conditioned) and migration capacitydohor PGCs and ability of
recipients to incorporate exogenous PGCs which diffgr between breeds that
were used in own study. It can be also explaineddriable and breed-related
activity of enzymes and other substances involveB®Cs migration, as well
as adjustment of donor and recipient developmestagles.

Obtained results of own study related to the donamsl recipients
combination might have been also affected by boeggendent proliferative
potential of exogenous PGCs which settled in theiprent gonads and
competitiveness with endogenous PGCs for spacetirads. No information
can be found in the literature on how PGCs of Giegged Partridgelike and
Ross 308 could behave in relation to the above.t&am of Nakamura (2011)
used PGCs originating from three distinct chickereds: White Leghorn,
Barred Plymouth Rock and Fayoumi. By introducing #ame number of cells
into the bloodstream of recipient embryos they ptbvhat the number of
exogenous PGCs that settle in the gonads of 6-thyezipient embryos is
statistically different between the three chickeeedls that were examined.
Those differences affected the later ratio betwd@mor- and recipient-derived
germ cells. It is therefore known that the probfitwn potential of PGCs in
gonadsin vivo can differ between chicken breeds. The abilityP@Cs to
proliferate can also differ im vitro conditions (Miyahara et al., 2014) — PGCs
isolated from Barred Plymouth Rock embryos achiegetigher degree of
proliferation than PGCs isolated from White Leghdfowever, in own study,
there was no statistically significant correlatlmetweenn vitro proliferation of
PGCs isolated from Ross 308 and Green-legged &hgetike embryos. This
does not exclude such correlationifinvivo conditions or in precisely adjusted
growth medium.

The size of PGCs population can differ dependingpecies and type of
donor, and even between different poultry flockewidver, in our experiments
no statistically significant differences in the rien of cells obtained from
Green-legged Partridgelike or Ross 308 embryos Viared (3.788 x 1Dvs
3.33 x 16, respectively). No publications that would comp#ire number of
PGCs between chicken breeds were found in theadblailiterature, but there
are single reports about breeds matching of doadsrecipients of these cells.
Naito and coworkers (1994) proved that the efficieaf germinal transmission
can be increased even 3.5-fold if the breeds ofodorand recipients are
properly matched. In their experiments, better lteswere obtained taking
White Leghorn as donor and Barred Plymouth Rockeagient of PGCs than
in reversed combination. Also other authors (Onalgt1998a and b; Park et
al., 2003b) indicate that a proper combination #ebls used as donors and
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recipients can influence improvement or deterioraiof degree of chimerism
and of germinal transmission. Furthermore, theceefficy can also be changed
by combining bird lines within one breed (Nakametaal., 2010). The above
studies, as well as our findings prove that theblemm of low number of
exogenous PGCs integrated with recipient embryos bEa solved by proper
matching of donor and recipient genotypes.

Similar conclusions were drawn in this study. Tlenbination of Ross
308 as PGCs donor and Green-legged Partridgelikecgsent turned out to be
more than 16.5-fold more effective (54.5% vs 3.3%@an the reversed
combination. Homogenous combinations also yieldedificant differences.
Green-legged Partridgelike chickens were charae@rin this respect by a
higher number of embryos in which exogenous PGGQs wetected in recipient
gonads (19%), while in the group of Ross 308 onBA@ chimeric embryos
were obtained.

In case of chickens asymmetric migration of PGQsbiserved — more cells
migrate in the direction of the left gonad tharha right one (Ono et al., 1996;
Nakamura et al., 2007), which in consequence csuitrin a higher number of
proliferating PGCs in the left gonad (Nakajimalet2011). In our experiments,
the number of exogenous PGCs in individual gonads wot measured; a
further optimization in this direction is therefareeded.

The decrease of migratory potential of germ catlsvarious genotype
combinations can also result from differences iairttthemical composition
between chicken breeds and types. In this workstuglies comparing the
chemical composition of PGCs isolated from Ross 208Green-legged
Partridgelike were conducted. It is neverthelesswnthat in the migration of
PGCs towards genital ridges are involved such anbss as integrins, CXCR4
(Stealer et al., 2004; Kunwar et al., 2006; Motataal., 2008), extracellular
matrix molecules, such as laminins, fibronectifgrdroitin sulphate, collagen
type IV (Uren et al., 1989) and tenascin C (Angstrand Tucker, 1996). It is
supposed that the expression levels of those sudestaliffer between Ross 308
and Green-legged Partridgelike breeds.

The results obtained in this study can also beaéx@tl by asynchrony of
development level of donors and recipients of PG@# are belonging to
different breeds. Although our studies used PGQsvet® from 6-day-old
embryos that were introduced into 3.5-day-old erobrythe development
degree of Ross 308 embryos was substantially diftefrom Green-legged
Partridgelike. This could influence the behaviorR&Cs. The later, as an old,
native breed with little genetic modifications, eéharacterized by a slower
embryonic development than Ross 308 chicken thaie weder a strong
selection pressure during many years (Buzata g2@15). In other words, we
observed in our experiments that 3.5-day-old amyBold Ross 308 embryos
are bigger and more developed than 3.5-day-old Gaddy-old Green-legged
Partridgelike embryos. This anatomical and physjiglal difference could have
an effect on the results. More precisely, in stgd5 (H&H), PGCs leave the
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heart of developing embryo and continue their nigrain direction of genital
ridges. During these stages, the ventral aortaloesdirst cranially and later
caudally (Bernardo et al., 2012). In relation witle above, when exogenous
PGCs microinjection will be conducted before thewamentioned blood vessel
will develop or when it will be impossible to ins¢he needle in the abdominal
branch of aorta, the cells can get trapped in gitwark of head capillaries— this
could have happened in own study. It seems thah gassibility can be
confirmed by the studies conducted by Nakamuracamebrkers (1991), where
PGCs accumulate close to the head in embryos @epot abdominal part. It
was shown that 8.7% to 20% of total PGCs populatiooumulate in head
region of embryo as so called extragonadal PGCs ianig a natural
phenomenon (Nakamura et al., 1988; Yasuda et 882;1Kuwana, 1993;
Ishiguro et al., 2009). It therefore seems thatetfieiency of germline chimera
production obtained in the study is influenced iy level of synchronization of
donors and recipients belonging to different breedsl the ratio and
localization of donor PGCs migrating towards remipiembryo gonads. It is
interesting that gonadal PGCs have a lower potdntigettle in the gonads after
introduction to recipient embryo that PGCs isolatein blood (Naito et al.,
1994; Han et al., 2002; Park et al., 2003b).

In our study, we have resigned from the isolatibrP@Cs from blood,
because it is a much more difficult and labor-istea method that yields a low
number of PGCs. However, when PGCs are isolated fjonads of 5-7-day-
old embryos and introduced into the bloodstrear.6f3.5-day-old embryos,
the germinal transmission rate of gametes origigafirom donor of cells
reaches less than 28%. The same indicator reachels higher values (nearly
98%) when donor PGCs are at the same developmstatge as recipients
(Naito et al., 2007). Minematsu and coworkers (30®luated the migration
abilities of PGCs isolated from chicken embryosddterent developmental
stages using two indicators — percent of recipembryos with fluorescently
labeled with PKH26 PGCs present in gonads anddte humber of labeled
PGCs in these gonads. The first of mentioned indisavas 100% when PGCs
derived from 6.5- and 10.5-day-old embryos wereduse donors, while the
other showed lower values when the cells were tisdlrom 14.5-day-old and
older embryos. However, in spite of decreasing gtiogr with subsequent
developmental stages) ability of exogenous PGCsetibe in recipient gonads,
it is not entirely hampered even in case of PGCsined from 20-day-old
donors (Naito et al., 2007). The potential to difgiate into gametes is not
deteriorated even if PGCs are isolated from chickenbryos at different
developmental stages (Jung et al., 2010). The piexddere study confirms the
above. In the combination B ZK (most advantageous), cells were isolated
from 6-day-old Ross 308 embryos and introduced iBte-day-old Green-
legged Partridgelike embryos. It is supposed thaiprents were in the most
advantageous (out of tested combinations) develofhstage to incorporate
exogenous PGCs. In the reversed combination €ZIR), the recipients were
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already "too old" to ensure optimal settlementaifscin the gonads, as they are
characterized by a faster embryonic development.

It is unlikely that factors such as sex combinatibralonors and recipients,
number of injected PGCs, interference in PGCs &itracand their preparation
for injection could influence the % of obtained raeric embryos, as those
elements were constant during the study and didmiaiduce differentiation
between the groups.

According to literature data, sex combination ohais and recipients is
one of the factors that may influence the efficieraf exogenous PGCs
settlement into recipient gonads. The efficiency bifd germline chimera
production and degree of germline transmissiorhageer when the donor and
the recipient are the same sex (Tagami et al., ;198to et al., 1999;
Macdonald et al., 2010; Yamaguchi et al., 2000; et al., 2009; Park and
Han, 2013). In presented here study, the cells tsedeate chimeric embryos
were derived from both sexes, i.e. they were a afixmales and females.
Therefore, if sex-specific differences of chickeB$3 had an influence on the
results, they would affect all combinations withimilar degree.

Another factor that was constant in experiment had no influence on
results was the number of injected PGCs. This fastoonsidered as one of the
most important elements influencing the percenthifmerism. Injection of a
large number of exogenous PGCs into recipient easbiycreases the number
of PGCs migrating in the direction of genital ridg&im et al., 2010). On the
other hand, it is supposed that a large numbenjettied PGCs can have a
negative effect on their migration abilities (Motoret al., 2010), and in
consequence lead to lower percent of chimerism. fmbomber of PGCs
introduced to recipient embryos is very variableoagliterature data — from 50
(Nakajima et al., 2011), via 900 (Kim et al., 201@)d up to 3600-4000
PGCs/embryo (Kang et al., 2008). In our study, ribenber of injected PGCs
per one embryo was the same for all four donomgrest combinations and was
equal to around 1000 cells, which also resulteatiimeric embryos. These
findings support the assumption that a high nundfenjected PGCs have no
influence on decreasing migration abilities of PGCs

PGCs treatment in all tested genotype combinatisas the same, so
interference into PGCs structure a@ndvitro management did not influence the
results obtained in this study. Manipulations, sashfluorochrome labeling
used in this work (that was proved to be able tolide PGCs) or genetic
modifications (Kim et al., 2010) can impair migmatiabilities of PGCs, which
will cause their exclusion from their migration akgh bloodstream toward
gonads. Of manipulated PGCs, only those with higgrele of proliferation can
migrate into the genital ridges. However, a lotflabrochrom labeled PGCs
cells were settled in gonads, which suggests thH$ cerived from donor
maintained high biological activity.

In our study, we also investigated how the intenfiee into bloodstream of
recipient embryos by PGCs injection and the presearica drilled window in
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the eggshell influence the survival of recipientbeyos. In order to prevent
embryo death caused by infection, we closed thedowus drilled in the
eggshell with sterile parafilm (size 2x2 cm). Arsficant difference (7.16%)
was subsequently obtained in survival rate of 6-aldyembryos subjected or
not to injection with fluorochrom labeled PGCs. Thevivability obtained in
this study differ significantly from those obtaindy Zing and coworkers
(2013). These authors compared among others thbdility of chickens from
eggs with drilled window and of chicken additioyaithjected with transfected
exogenous cells into blastoderm. A significant eliéince in chicken
hatchability was shown (35% and 5.21%, respectjvdlge decreasing embryo
survival rate can therefore suggest that both figecf exogenous PGCs and
the drilled window itself influence embryonic despinent. In presented here
study, the stage of hatching was not reached, timless the significantly
higher embryo survival on the 6th day of incubatas compared with the
abovementioned studies (91.15% for injected embeyus 98.31% for non-
injected embryos, but with drilled windows) seempimint out to a negative
influence of the interference into bloodstreameathan of the drilled window.
Other authors report that place of injection hasirdluence on survival of
manipulated embryos (Han et al., 1996; Bednarckygt. e2000). In our studies,
we chose to drill the egg on the blunt end. Han emdorkers (1996) tested
three injection localizations — blunt end, sharg end side of egg — the first
method proved to be the most efficient, and thegmed and not disturbed air
chamber as well as double parafim layer were tsuen the correct
development of embryo and survival of 81% on thie &ay (Chang et al.,
1997). Opposite conclusions were reached by Bedparand coworkers
(2000), they proved a higher hatching level in cakérilling in blunt rather
than sharp end (41 and 9.8%, respectively). Highlisy of the procedure is a
more important factor than the place of drilling.dur study, high sterility was
achieved due to the use of a laminar flow chamtlismfection of the eggshell
with 75% ethanol, washing of the drilled surfacaéhwantibiotic solution and
use of UV-sterilized parafilm.

4.3. INJECTION OF EXOGENOUS PRIMORDIAL GERM CELLS
PRECEDED BY STERILIZATION OF RECIPIENTS AND ITS
EFFECT ON SURVIVALBILITY AND DEVELOPMENT OF
RECIPIENT EMBRYOS

4.3.1. Optimization of treosulfan concentration ingcted into egg

The aim of this step was to propose a novel efficierilization method of
recipient embryos, permitting better conditions émmpetition of exogenous
PGCs. Embryo sterilization procedure is conductedrder to deprive them of
endogenous PGC. It was shown that PGCs removal blastoderm stage X
led to lower host PGCs number and increased gelriamasmission after the
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transfer of donor blastodermal cells (Kagami et H97). Removal of PGCs
circulating in the blood immediately before intrethg "new" cells led to a
minor increase of germinal transmission level. Tividue to the low amount of
blood drawn from the embryo (around one third) Eaving of a large number
of unaffected endogenous PGCs (Naito et al., 1994)irradiation of embryos
leads to a decrease of the number of endogenous RAEss than 30% of cells
in the non-sterilized control group (Aige-Gil anioinRiss, 1991a) and increases
mortality and incidence of developmental abnornesiof embryos.

Similar effects are obtained with radiation. It has to be noted that the
results vary according to radiation dose (Park let 2010). Irradiation of
chicken and quail eggs with different strengths<efays gives similar results
(Li et al., 2001; Atsumi et al., 2008; Nakamuraakf 2012). It was proven that
micromagnetic waves inhibit mitotic activity of esgknous PGCs resulting in
increased proliferation of exogenous PGCs in theade of chimeric embryos
(Atsumi et al., 2009). This results in increasetioraf introduced PGCs to
recipient PGCs and in increased germinal transomissivel (Nakamura et al.,
2012).

The degree of germline chimerism and transmissit@ can be increased
by sterilizing recipient embryos using cytostatihemical substances
(Nakamura et al., 2010). Regarding this aspecty duoisulfan (Song et al.,
2005) and tamoxifen (Mohsen and Ahmed, 2002) ha ldested. Busulfan
sterilization efficiency is high, but very variabldue to difficulties in
administration of a constant and reproducible dosthe embryo. Moreover,
residual busulfan remaining in the embryo can l@adpoptosis of exogenous
PGCs (Nakamura et al., 2013). Other studies hawewnrshthat busulfan
administration to the embryo in early developmergtges will block the
elimination of exogenous PGCs, allowing normal deweent of the embryo
(Nakamura et al., 2009; Tagami and Nakamura, 2004moxifen is another
cytostatic substance used to sterilize chicken gosb(Mohsen and Ahmed,
2002). It is an anti-estrogen drug with reducedacép to cause serious side
effects. When administered to 1-day-old chicken mpody it slightly inhibited
the migration of PGCs from germinal crescent regimading to a 16%
decrease in the PGCs population in gonads of 1@tthgmbryos as compared
with control group.

In our study, we resigned from the above methods tduhigh costs of
equipment for radiation-based sterilization, techhiand manual difficulties
related with surgical removal of PGCs, high toyicitf the abovementioned
chemical substances, low busulfan solubility, lownbeyo survival and
numerous developmental abnormalities occurringr afteplying all listed
sterilization methods. We therefore tried to setaumpew chemosterilization
method of chicken embryos using a chemical substaalted treosulfan.

Treosulfan used in this study is a structural agpadd busulfan. Even
though both of those compounds show alkalizing ertgs, they differ in the
mechanism of action and cytotoxic activity. We diat found in the literature
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any examples of the use of this cytostatic to elate endogenous PGCs. Its
choice came from previous information about its usduman medicine for
elimination of slowly and fast proliferating cellKrzemieniecki and Zygulska,
2011). We decided to verify its cytotoxic activitglative to the behavior of
chicken primordial germ cells and, at the same tiexamine the survival rate
of embryos after treosulfan application.

When analyzing the results of embryo survival sy« after treosulfan
administration, a clear correlation can be obsenmween increasing
treosulfan concentration and increased embryo titgrtAdministration of the
cytostatic at a concentration of 2 mg/ml increasednumber of dead embryos
from 3 to 6.88 times, as compared with the corgroup (Aqua pro injectione).
Administration of treosulfan at a concentrationlog/ml caused a 2.25- to
3.44-fold decrease of embryo survivability. Thewgre TREO 0.5 and TREO
0.25 gave results that were most comparable withaliure data (Nakamura et
al., 2010; Lee et al., 2013). Embryo mortality e fTREO 0.5 and TREO 0.25
group was respectively 1.2- and 1.57-fold highantim the control group. Only
in the case of TREO 0.25 injected into subgermoality, a slight 1.2-fold
increase of survival was observed, as compared twilcontrol. In the group
injected into yolk with the same treosulfan dilutjove obtained a slight 1.1-
fold increase of mortality compared with the cohtyoup. In other studies, in
case of chicken embryos treated with d@®usulfan previously emulsified or
not emulsified with 1% polyglycerol polyricinoleatéhe survival rate on the
seventh day of incubation was ranged from 68.2%-fdld decrease as
compared with control embryos) to 77.65% (1.2-fohdre than in control
group), resulting in hatching from 62% (Lee et 2D13) to 36.4% (Nakamura
et al., 2010). To compare, Mohsen and Ahmed, (208®)wed that the
mortality of embryos treated with tamoxifen wasnfrd.05- to 1.31-fold higher
than in the control group. It is therefore suppodeth residual treosulfan at a
concentration higher than 0.25 mg/ml present inethg is not undergoing fast
inactivation and can negatively influence embryovistal. The influence of
sesame oil is also unknown. Further analyses thatildv confirm this
supposition are therefore required.

In own study, a strong correlation is observed ketwthe concentration of
treosulfan and the decreasing number of surviviBg® This result indicates
that a constant and reproducible amount of thestatic was introduced into
subgerminal cavity. It is possible thanks to con®lsolubilization of the
substance, which is not easy in the case of buslége-Gil and Simkiss,
1991b). A correlation between the site of injectiand the number of
endogenous PGCs was also observed. In the presstogdyl treosulfan was
dissolved in a nontoxic injection medium - Aqua pctione, and emulsified
using sesame oil. This oil worked as a transpduerthe cytostatic - when
introduced into the yolk, which is characterizedayigher density, it moved
upward in the direction of the blastoderm. Diragjection into subgerminal
cavity and faster (than in case of injection inwky contact of treosulfan
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emulsion with the small PGCs population in the todsrm eliminated more
PGCs than in the other group where the cytostaiicth move through the yolk
in order to finally reach (via density differendie PGCs located inside the
blastoderm.

It was calculated that sterilization with treosulfied to 48.5 % - 96.4%
lower number of PGCs as compared with control gré&&gng and coworkers
(2005) report that embryos treated with busulfad 63.4 - 83.7% less PGCs
than the non-sterilized group. The embryos of Nakanand coworkers (2010)
had 99.4% less PGCs compared with control. In oasemoxifen, the embryos
have around 16% less PGCs (Mohsen and Ahmed, 2B0&2her studies on the
influence of treosulfan on somatic cells of theshdderm are nevertheless
required.

4.3.2. Sterilization of recipient embryos followedip injection of
primordial germ cells and their effect on survivablity of embryos

In the last part of this study, we examined theab@r of fluorescently
labeled primordial germ cells of the donor in dized gonads of recipient
embryos. Interestingly, the number of embryos, witisible exogenous
PGCSK"2%1] that underwent sterilization was lower (by 14.5%2.28%) than
in the case of embryos from second step, where 84é5% chimeric embryos
were obtained (Table 8). Even in the control growg,treated with treosulfan,
a lower (by 7.62% - 21.17%) number of embryos viitborporated PKH26
positive PGCs as compared with second step wasnaaseNo statistically
significant differences between the site of trefasuintroduction as well as its
concentration and the number of embryos with exogePGCE"?°* present
in gonads were shown. It indicates that at the nmbnoé exogenous PGCs
injection, the cytostatic did not have any lethdluence on cells introduced in
the third day. Such result permitted to rebuild BG@pulation by exogenous
cells and can yield in future a high germinal traission rate. In the study
conducted by Nakamura et al., (2010) test crossinghicken treated with
busulfan showed that exogenous PGCs got successhdbrporated into
sterilized gonads of recipient embryos and thatilfas had no cytotoxic effect
on exogenous PGCs. The current study did not tat@® ¢onsideration the
influence of treosulfan on the degree of germlirengmission, as it would
require conducting hatching of germline chimeragintaining them until
sexual maturity and test crossings, which wouldnificantly prolong the
duration of experiment. Nevertheless, such stualieplanned in future.

Increasing doses of treosulfan injected into suingeal cavity or into yolk
of fertilized chicken eggs had an inhibitory infhee on embryos development,
which was manifested by a higher number of moytalitring the first 24 hours,
higher number of blood rings on the second daythind day as compared with
the control group that was not treated with cytistdore cases of embryo
death in the first three days of development wdrseoved in group injected
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into subgerminal cavity (23 cases) than in groufl8 cases). It can also be
explained by the fact that interference into initggof blastoderm through

mechanical damage by microcapillary can be fataltie delicate blastoderm
and as a consequence lead to embryo death on tuwrelater stages of

development. Yolk puncture in case of group |l dlsms out to have a negative
influence on embryo survival rate in first threeyslaof development.

Fluorochrom labeled PGCs injection was an additioreatment on the third

day of embryonic life so it can also contributeatslight increase of embryo
mortality, but it was not confirmed statistically.is therefore concluded that
administration of increasing cytostatic concentradi and not the injection of
exogenous PGCs leads to increased embryo moritaktiyove case.

In the sixth day of embryonic life, the morphology embryos was
evaluated with respect to incidence of developmepthologies. Most
abnormalities were related with incorrect morphglag the eyeball, lack of
beak and total body deformation, which is similar dtudies reporting on
tamoxifen and busulfan (Mohsen and Ahmed, 2002gSaral., 2005; Yu et al.,
2012). In Mohsen and Ahmed (2002) studies, it vegeorted that doses of 200
and 40Qg of tamoxifen could be used to chemosterilizabbohicken embryos
without influencing to a significant degree theionality and the incidence of
developmental anomalies (0.07% cases), which ang a@mmon in case of
busulfan injection. In own study the percent of eyns with developmental
anomalies in the control group was much higher ihatlhe case of tamoxifen
(5.88%) and nearly 10% lower than in the case Bfrig/ml concentration of
treosulfan. Although the group that was treatedh wikosulfan at concentration
of 0.25 mg/ml was characterized by intermediateesiwith respect to percent
of embryos with morphological abnormalities, no tistacally significant
correlation between the cytostatic concentratiod p@rcent of developmental
abnormalities in embryos was observed. It is alggpesed that the sesame oil
used as carrier for treosulfan solution could haeatributed to observed
anomalies. However, further studies in this dimttre required.
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5. CONCLUSIONS

1. Behavior of primordial germ cells depends ore tbolation method,
combination of cell donor/recipient, cell labelirand embryo sterilization
method.

2. The highest number of morphologically normalqidial germ cells
(114 000; P < 0.05) that did not form aggregates wlatained by incubating
gonads digested with 0.25% trypsin-EDTA in a PB&itsmn without calcium
and magnesium ions.

3. The highest percent (54.5; P < 0.01) of embuwyitis exogenous PKH26
labeled primordial germ cells were present in theug Ross 308> Green-
legged Partridgelike, as cell donérrecipient, respectively.

4. Cytostatic treosulfan can be used for chemitailization of chicken
embryos, especially when administrated into subgeimcavity. With its
increasing concentration (from 2 to 0.25 mg/ml)eréh is an increased
elimination of endogenous primordial germ celliffr 48.5% to 96.4%), as
compared with control group and a decrease of istiggmbryo survival rate.
The percent of embryos with exogenous donor ceks dhot change.

5. Cytostatic treosulfan does not significantlylushce the incidence of
developmental abnormalities in treated embryos.
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6. PHOTOS

Fot.8. Discharge of primordial germ cells from egytbric gonads (control group);
Axiovert 40 CFL Zeiss.

Fot. 9. Migrating PGCs from untouched gonads (admgroup); Axiovert 40 CFL
Zeiss.
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Fot. 10. Unlabeled cells (group PGEE®) - first day ofin vitro cell culture;Axiovert
40 CFL Zeiss.
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Fot. 11. Labeled cells (group PGEF®™) - second (top) and third (bottom) dayirf
vitro cell culture. Fibroblast-like cells visible in thackground; Axiovert 40 CFL
Zeiss.
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Fot. 12. PGCssolated from gonads after PKH26 labeling- white light; B-
fluorescencg551-567 nm excitation filter); Axiovert 4CFL Zeis..
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Fot. 13. Primordial germ cells in a drop of injectisuspension; Axiovert 40 CFL Zeiss.
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Tab. 24. RecoverelGC: from gonads of sterilized embryos; Axiovéfi CFL Zeis.

group | group Il

TREO 0.5

TREO 0.25
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Tab. 25. Gonads aterilized chickerrecipient embryos with visible PGE26*):

Axiovert 40 CFL Zeiss

group |

100um

100pm

|0J1U02

100um
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Fot. 14. Incorrect position of embryo - impossiblgction.

Fot. 15. Normal position and development of embr@od day.
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Fot. 16. Normally developed embryo - 6th day.
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Tab. 26. Death of sterilized and injected with PG¥¥ embryos.

group | group Il

STERILIZATION \

no signs of
develop-
ment after =
treosulfan t

treatment

®

blood rings
on 2nd day

blood rings
on 3rd day
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Tab. 26. Death of sterilized and injected with PG¥¥ embryos.

group | group Il

INJECTION OF PGCsPKH26[*]

no signs of
develop-
ment after
injection of
cells

death on
3-4 day

death on
5-6 day
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Tab. 27. Developmental abnormalities of 6-day+elcipient embryos after sterilization
and injection of PGC&H261]

DEVELOPMENTAL ABNORMALITIES

ITREO 0.25

Very small, Total deformation
underdeveloped eyes

—— = =

I,
=
:
[
Reduced body and Very small,
limbs underdeveloped eyes
=)
$=]
=
=)
L]
3
v
o1
=
:
ot
=
e
eyes

II TREO 0,5

; 'small size of ‘Lack of beak _Sm@_ﬂ? underdeveloped
embryo eyes

‘Small, underdeveloped
eyes
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STRESZCZENIE

Biologia i zachowanie si pierwotnych komérek piciowych (PGCs- ang.
primordial germ cells) ptakéw znacznieznd sic od tych u ssakéw, co w efekcie
daje unikaln wiasciwosé- mazliwosé tworzenia ptasich chimer piciowych poprzez
wprowadzenie PGCs dawcéw do uktadu krwidmego 3.5- dniowych zarodkéw
biorcéw. Celem pracy byto zbadanie zachaw&Cs dawcy i biorcy.

Praca skupia sina trzech aspektach: 1) sposob izolacji PGCs zadjon
zarodkéw biorcow w stadium 28-29 (H&H) w kierunkayskania jak najwiszej
liczby nie tworacych agregatow komorek; 2) badanie aivwosci migracyjnych
PGCs pochodcych od dwdéch rinych ras/typow kury domowej, depnhych na
terenie kraju (Ross 308 - R i zielonaké kuropatwiana - ZK) w roli dawcy i
biorcy komérek - na tym etapie efektywsdokombinacji dawca/biorca byla
sprawdzana poprzez detekdjuorescencji w gonadach zarodkéw biorcéw; 3)
opracowanie nowej metody ezxiowe] sterylizacji zarodkéw biorcow z
wykorzystaniem cytostatyka - treosulfanu (TREO),legagcej na eliminaciji
endogennych PGCs i pokeniu najwydajniejszej metody sterylizacji oraz
kombinacji dawcéw i biorcow w celu stworzenia chiggznego zarodka, a tad
zbadanie wptywu czynnika sterylizgiego na prawidtowy rozwoj zarodka biorcy.

Rezultatem wykonanych batlgest opracowanie kompleksowego systemu,
ktory maze stanowd alternatywg dla obecnie istniegych metod produkcji kurzych
chimer plciowych w szczegéldo znajdugcych zastosowanie w badaniach
transgenicznych, jak i réwniev konserwacji zagumnych gatunkéw ptakéw oraz
w hodowli i biologii zwierat. W trakcie bad& wyizolowano 4cznie 9,688 x 10
PGCs pochodgych od 581 6-dniowych dawcéw i iniekowano je d@ Zarodkow
biorcéw. Uzyskano 130 zarodkéw wykageych cechy chimery piciowej.
Najwieksz liczbe prawidtowych morfologicznie pierwotnych komorelciolwych
(114 000; P < 0,05), nie twameych agregatéw uzyskano inkubaj gonady
nadtrawione 0,25% trypsyfEDTA, w roztworze PBS[-]. Najwce] (54.5; P <
0,01) zarodkéw posiadgjych egzogenne, znakowane PKH26 PGCs odnotowano w
grupie R(dawca komorek)/ZK (biorca komorek). Liczbayeliminowanych
endogennych PGCs zliszata s} (od 48,5% do 96,4%) wraz ze wzrostegzshia
TREO (koncentracja od 2 do 0,25 mg/ml), zwlaszczadapego do jamy
podzarodkowej. W wyniku podania TREO maleje pymealnas¢ zarodkow
biorcéw, natomiast procent zarodkéw z egzogennyonidrkami dawcy nie ulega
zmianie.

Zachowanie si PGCs zalgy od sposobu ich izolacji, doboru dawcy/biorcy
komorek, ich wyznakowania oraz sposobu sterylizamgirodka. Wdrgenie
wynikéw powyzszej pracy, w szczegOlém dotyczicych dziatania treosulfanu,
pozwoli w przysziéci rozszerzy wiedz na temat mechanizmu jego dzialania, a
takze zwikszy wydajnag¢ produkcji transgenicznych ptakow z wykorzystaniem
PGCs.
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