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ABSTRACT  Developmental potencies of sheep somatic cells (foetal fibroblasts, FFs) in chimaeric

animals were analysed. FFs from pigmented Polish Heatherhead (wrzosowka) breed were

microsurgically injected into morulae or blastocysts of white Polish Merino breed (5 cells to each

embryo). In one experiment the cells were stained with vital fluorescent dye PKH26, and chimaeric

blastocysts were cultured in vitro to confirm the presence of fluorescent cells. In the majority of

experiments the blastocysts were transferred to synchronized recipient ewes for development

until term. Cultured embryonic cells (CEC), earlier known to produce chimaeras, were injected into

blastocysts in control experiments.  Seven young were born from FF-injected embryos and three

were born from CEC-injected ones. All of them were white, but all three control lambs and three

experimental lambs showed small areas of skin pigmentation, which indicated Heatherhead CEC

or FF contribution. Tissue samples originating from three germ layers were taken from two FFs-

originating presumably chimaeric lambs (male and female) at the age of one month for DNA

analysis. The random amplified polymorphic DNA-PCR method supplied two markers of chimae-

rism, which were amplification products of 643 bp and 615 bp long DNA fragments, found in

tissues of experimental lambs as well as in FFs, but not in the blood of parents of blastocysts. The

643 bp marker was found in the majority of tissues of both lambs. The 615 bp amplicon was

detected in the skin and lungs of the female lamb and in the hooves of the male lamb. Our data

show that foetal fibroblasts introduced to sheep blastocysts can participate in development and

can contribute to all tissue lineages up to at least one month of age.
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Introduction

 Two lines of evidence suggest that mouse somatic cells (foetal
fibroblasts) can be reprogrammed to regain totipotency and to
participate in embryonic development. First, experimental repro-
gramming of cells in vitro culminated in the results by Takahashi
and Yamanaka (2006), who have shown that the four genes
introduced to foetal or adult fibroblasts caused a small fraction of
fibroblasts to become totipotent ES-like cells. The second line of
evidence is chimaera formation after injecting foetal fibroblasts to
cleaving mouse embryos (Piliszek et al., 2007). Progeny of injected
somatic cells could be found in many organs of adult mice,
suggesting their reprogramming in vivo and subsequent participa-
tion in development.

 Mouse was the first species to give rise to experimental
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chimaeras (Tarkowski, 1961; Mintz, 1962). Also in the mouse (and
primates) totipotent embryo-derived ES cells are available. Once
injected into blastocysts these cells join to form chimaeras, and
participate in all tissues of embryonic body, germ line included
(Beddington and Robertson, 1989). None of these forefront her-
alds of easily forming adult chimaeras are available in the sheep.

 Therefore we aimed at producing embryonic-somatic chimae-
ras in the sheep. It was ealier known that ovine embryo-derived
cultured cell lines, also referred to as embryonic stem cell-like cell
lines, can contribute to sheep chimaeras (Modlinski et al., 1996).
In the presented experiments, such cultured embryonic cells
(CECs) were injected as control, and foetal fibroblasts (Fig. 1) were

Abbreviations used in this paper: cec, cultured embryonic cell; ff, foetal fibroblast;
RAPD, random amplified polymorphic DNA (assay); rs, removing sponge.
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injected to the embryos as somatic cells. The use of RAPD-PCR
assay supplied two markers of chimaerism, which allowed to
confirm contribution from fibroblasts to animals born.

Results

Presence of PKH26-stained fibroblasts in blastocysts
 In a single experiment observation of the embryos in vitro

confirmed the presence of injected cells. The day after injection
three and 5 cells were found. On the third day 2, 7 and 7 cells were
found. In few cases the embryos cultured for one week displayed
but one marked cell. The observations are not in disagreement with
the results of detailed analysis in the mouse (Piliszek et al., 2007),
showing that FFs resume divisions at day 3 after injection and that
cell loses happen at any stage of development.

Postimplantation development of presumed chimaeric em-
bryos

 Lambing efficiency was about 12% (7 lambs out of 58 blasto-
cysts) when presumably chimaeric blastocysts were transferred to
recipient ewes (Table 1). Six transfers terminated at full term,
giving rise to 7 young out of 17 blastocysts with the introduced
fibroblasts (Table 2). Six lambs were perfectly normal. One (female
No 5) was born dead. It was a large lamb, with shortened head. In
two transfers terminated at term, 3 young were born of 4 blasto-
cysts harbouring cultured embryonic cells. However, one lamb
(male No 10) was born dead. Out of eight lambs born alive, two
(female No 6 and male No 7, both originating from FFs-injected
embryos) were sacrificed early (at the age of one month) to take
tissue samples for DNA analysis. Of the remaining six, one (female
No 9) broke leg and died. The survivors: one male and four
females, grew normally and they are from two to three years old
now.

Overt chimaerism
 Lack of skin pigmentation and curly wool type in recipient

Merino breed allows to discriminate between non-chimaeric lambs
and those displaying areas of Heatherhead dark pigmented skin
and slightly wavy hair that can indicate for chimaerism. These
morphological features served as markers of overt chimaerism.

  In the present experiments all three control lambs were born
with patches of dark pigmentation on mouth and legs (Fig. 2),
including male lamb Nr 10 that was born dead and had dark
patches at face and on the top of its hooves (Table 2). One female
additionally had areas of donor-type hair on her legs.

 Three lambs derived from FFs-injected blastocysts had at birth
areas of pigmented skin (dark skin of nose and lips, some dark hair
nearby, but also dark hooves; Fig. 2). At the age of about one year

Fig.1. Sheep foetal fibroblasts growing in vitro (left; phase contrast)

and seeded after PKH26 staining (right, UV light).

No. Sex Cells Pigmented Heatherhead Comments
(passage) skin* type of hair**

1 FF (6) + + -

2 FF (4) - + Slim head and posture of

Heatherhead

3 FF (4) - - -

4 FF (5) + - -

5 FF (14) + - Born dead, puggish head

6 FF (11) - - -

7 FF (11) - - -

8 CEC (4) + + -

9 CEC (4) + - -

10 CEC (7) + - Born dead

LAMBS BORN AFTER INTRODUCING FIBROBLASTS
OR CULTURED EMBRYONIC CELLS FROM HEATHERHEAD

PIGMENTED SHEEP INTO BLASTOCYSTS
OF WHITE MERINO BREED

TABLE 2

CEC, cultured embryonic cells; FF, foetal fibroblasts; * lips, nose and/or hooves; ** legs, sides

the fourth lamb of this group who was white, in its general
appearance resembled Heatherhead sheep (slim head, the pos-
ture), with legs covered by wavy hair. Also at the sides of the body
patches of donor type hair were evident.

  Two lambs with no signs of overt chimaerism (No 6 and 7) were
sacrificed at 1 month of age to supply tissue samples for DNA
analysis.

RAPD DNA analysis
Fourteen different tissues (blood, thymus, liver, kidney, gonads,

skeletal muscles, heart muscle, small intestine, brain, skin of nose,
lungs, cloven hooves, thyroid, pancreas) from lambs No 6 and 7 (a
total of 27 samples) as well as samples of blood from the parents
of blastocysts and the sample of the same Heatherhead fibroblasts
that had been injected to blastocysts, were analysed.

  Band sharing values (BS) between FFs and parents of blasto-
cysts (Table 3) calculated from the electrophorograms, confirm
otherwise obvious features of experimental design: high BS value
between male and female parent of blastocysts reveals their

Type of cells No. transfers No. term pregnancies No. young born No. live young
(blastocysts) (blastocysts)

FFs 20 (58) 6 (17) 7 (5 ,2 ) 6 (4 ,2 )

CECs 9 (26) 2 (4) 3 (2 ,1 ) 2 (2 )

DEVELOPMENT OF BLASTOCYSTS INJECTED WITH CELLS,
AFTER TRANSFER TO RECIPIENTS

TABLE 1

CECs - cultured embryonic cells (control)

FFs - fibroblasts
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common breed identity (Merino), whereas lower BS values
between any parent and FFs indicate other breed of the
cells (Heatherhead).

In Table 4, RAPD markers identified in lambs No 6 and
7 are summarized. The majority of them (6 and 8) are type
I markers, which denote bands found in any material
studied (parents of blastocysts, lambs born and injected
fibroblasts). Type IV marker (male parent and offspring) is
only found in the female lamb, thus excluding its localiza-
tion to chromosome Y. The absence of common amplifica-
tion products for father and male lamb indicates that no Y
chromosome specific sequence has been revealed by
RAPD analysis with the primers used.

  Amplification of DNA fragments originating from donor
fibroblasts, using arbitrarily chosen primers revealed the
presence of two absolute RAPD markers, i.e. such that
they are present only in band pattern of fibroblasts and not
in DNA originating from parents of blastocysts (lambs).
These markers are loci that are 615 and 643 bp long,
respectively (Fig. 3). Since both bands were found in both
individuals analysed (lamb No 6 and 7), thus their chimae-
rism has been confirmed in the form of coexistence of
donor (fibroblasts) and recipient cells.

 Analysis of tissue distribution (cf. Fig. 3) has revealed
that all ectodermal tissues as well as tissues originating
from mesoderm and/or endoderm (with the exceptions of
thyroid, liver and blood) of lamb 2 (male No 7) contained
marker amplification product of 643 bp long DNA fragment.
Based on the quantity of this amplification product, the
lamb could be characterized as showing varying tissue
chimaerism. The other lamb studied (female No 6) dis-
played amplification product of 643 bp long DNA fragment
in all tissues analysed. Also in this individual, tissue-
specific variation in quantity of the product indicates for
varying chimaerism (cf. Fig. 3).

 The second type V marker was the amplification prod-
uct of 615 bp long DNA fragment. The presence of this
fragment was found among amplification products of DNA
isolated from the skin on the nose as well as from lungs of
lamb 1 (female No 6) and in DNA isolated from the hooves
of lamb 2 (male No 7).

Fig. 2. Dark pigmentation

of  lips (lambs 8 and 9) and

cloven hooves (lamb 5) is

the marker of overt chimae-

rism, indicating the donor
contribution (Heatherhead fi-
broblasts) to recipient blasto-
cysts of white breed, and con-
firming the chimaerism of the
animals.

Fig. 3. Electrophorograms of RAPD molecular marker patterns generated

with a primer in the tissues of the lambs as recipients, the blood of their

parents (K) and in donor fibroblast cells. Two markers of chimaerism, which
are amplification products of 643 bp and 615 bp long DNA fragments, are
indicated with red arrows. In the tissue samples of the female lamb (top panel)
the 643 bp marker was commonly detected. The other 615 bp amplicon appeared
in the skin and lungs. In the tissues of the male lamb (bottom panel), the 643 bp
amplicon was also omnipresent, and the 615 bp marker appeared in the hooves.
The data confirm embryonic-somatic chimaerism of the lambs at the molecular
level.

Sex identification
An accurate, sensitive, and quick method for determining the

sex of ovine fibroblasts consisted in using polymerase chain
reaction (PCR) primers derived from an ovine-specific SRY gene
(Fig. 4). The fibroblasts used in the experiments proved to be male.
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Discussion

Experimental chimaerism in mammals
  Mouse embryonic chimaera formation was first described by

Tarkowski (1961) and Mintz (1962) and this technique spread
gradually on other mammalian species. In the cow, chimaera
production has been applied to rescue parthenogenetic embryos
by aggregating them with fertilized ones (Boediono et al., 1999).
In the sheep embryonic chimaeras were produced between
cleaving embryos (Fehilly et al., 1984) and by introducing inner
cell masses to blastocysts (Butler et al., 1987). Cultured embry-
onic cells derived from early embryos have been tested for their
pluripotency by chimaera formation in many species (mouse –
Beddington and Robertson, 1989; cow – Cibelli et al., 1998;
Iwasaki et al., 2000; Saito et al., 2003; sheep – Modlinski et al.,
1996; pig – Notarianni et al., 1997; Onishi et al., 2000; rabbit –
Schoonjans et al., 1996; Bodo et al., 2004).

 The first to test developmental potential of differentiated
somatic cells by chimaera formation was Brinster (1974), who
injected bone marrow cells into mouse blastocysts. In the experi-
ments conducted later, various somatic stem cells have been
proved able to contribute to foetal or adult tissue after being
introduced into blastocysts (hematopoetic stem cells - Geiger et
al., 1998; neural stem cells - Clarke et al., 2000; mesenchymal
multipotent progenitor cells - Jiang et al., 2002; foetal somatic
stem cells - Kues et al., 2005).

 Foetal fibroblasts which are non-stem somatic cells, partici-

pated in the formation of the majority of tissues in adult mice after
being introduced to cleaving embryos (Piliszek et al., 2007). The
mice obtained were thus adult embryonic-somatic chimaeras. In
the present paper adult embryonic- somatic chimaeras are for the
first time obtained in the sheep.

Markers of chimaerism in the sheep
  Dark pigmentation of hooves, skin on the nose and/or lips can

be used as the marker of chimaerism in white Polish Merino
sheep, since pigmentation has been eliminated from this breed to
such an extent, that small patches of pigmentation at birth happen
to less than 0.5% lambs (Niznikowski, personal information). All
three lambs born from our CECs-injected embryos, and three out
of seven lambs born from FFs-injected embryos, had dark patches.
This frequency is so high, that random appearance of this phe-
nomenon can be excluded, and the skin chimaerism of these
lambs can be safely concluded.

  Biochemical polymorphism of glucosephosphate isomerase
(GPI) has been an excellent marker of chimaerism in the mouse
for over thirty years now (Chapman et al., 1972; Gearhart and
Mintz, 1972a, b) and is still in use (e.g. West and Flockhart, 1994;
Wang et al., 1997; Tarkowski et al., 2001; Suwinska et al., 2005).
Unfortunately, isozymes of glucose-6-phosphate isomerase could
not be used as the marker of chimaerism in the sheep, since two
(Beatty, 1983) or three (Rasero et al., 1993) isozymes are found
in each breed and there are only quantitative differences in their
expression between the breeds. Therefore, for identifying mo-
lecular markers of chimaerism, random amplified polymorphic
DNA (RAPD) method was used. In this method, by using a single
arbitrary primer (10 mer) and amplifying DNA in polymerase chain
reaction (PCR), DNA markers appear that can be separated
easily on an agarose gel by electrophoresis (Williams et al.,
1990). The advantages of RAPD is its simplicity, rapidity, the
requirement for only a small quantity of DNA, which allows to
detect small numbers of donor cells, i.e. the low level of chimae-
rism, and the ability to generate numerous polymorphisms (for
review see: Hadrys et al., 1992; Bassam and Bentley, 1994).

 RAPDs can be generated with minimal cost and investment,
but the limitation is that many more dominant than codominant
markers are needed to accomplish the same resolution (Huff et
al., 1993) due to difficulties in distinguishing between homozy-
gous (++) and heterozygous individuals (+-); recessive (—) indi-
viduals are unambiguous. However, as soon as at least one
marker of chimaerism is found, the prove of donor contribution to

Source of DNA BS
(number of bands) female parent/(12 bands) male parent/(11 bands)

FFs (11) 0.783 0.636

male parent (11) 0.956 -

BAND SHARING (BS) VALUES BETWEEN FIBROBLASTS (FFS)
AND PARENTS OF BLASTOCYSTS, CALCULATED ON THE BASIS

OF RAPD PROFILES

TABLE 3

Fig. 4. Electrophorogram showing the product of ovine SRY frag-

ment amplification (131 bp in length), as found in male parent

(K0123), male lamb (lamb 2) and in foetal fibroblasts. The band was
absent from female lamb (lamb 1) and female parents (K4140 and K3329).
Taken together, the data are indicative of the male sex of the fibroblasts
used.

Bands found in* Number of RAPD markers

Type of marker Mo Fa FFs La Lamb 7 ( ) Lamb 6 ( )

I + + + + 6 8

II + + + 1 1

III + + + 4 2

IV + + 0 1

V + + 2 2

Total 13 14

RAPD MARKERS IDENTIFIED IN LAMBS NO 6 AND 7 (TYPE V -
MARKERS OF CHIMAERISM)

TABLE 4

* Mo – mother of blastocysts; Fa – father of blastocysts; FFs – fibroblasts; La - lambs
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an individual can be accomplished. The other limitation is not
always high reproducibility of the results obtained by RAPD.
Unlike two-primer mediated PCR, RAPD assay is performed
using low stringency conditions. By interference, mismatches
may occur between the primer and its target sequence in the
amplification reaction (MacPherson et al., 1993). However, with
standardized methodology: the same thermal cycler, temperature
profiles, the brand of DNA polymerase, and the concentration of
MgCl2, primer and template DNA, we obtained a high repeatability
of RAPD assay, so that the final result is reliable.

 Among RAPD markers, the band patterns in the chimaeras
were found to be fully additive. The offspring revealed 100%
shared markers with parents of blastocysts. The presence of
RAPD markers of type V allowed identifying chimaerism in both
lambs analysed. The occurrence of such markers in band pat-
terns indicated that fibroblasts introduced into morulae or blasto-
cysts were able to contribute to tissues originating not only from
mesoderm, which is the layer of origin of fibroblasts, but from two
other germ layers as well.

  Type III and IV markers are particularly important to identify
the polymorphisms in RAPD loci. Sources of polymorphisms in
RAPD assay may include base change within priming site se-
quence, deletions of priming site, insertions that render priming
sites too distant to support amplification, and deletions or inser-
tions that change the size of a DNA fragment without preventing
its amplification (Williams et al., 1990).

  RAPD method proved effective in the studies of farm animal
species (buffalo, Indian Zebu cattle, sheep and goat) (Cushwa et
al., 1996; Rao et al., 1996). However, as far as we know, RAPD
has not been earlier applied to study experimental chimaerism in
mammals. The effects of our attempt show that this method can
possibly be used to study tissue-distribution of chimaerism and/
or transplantation efficiency.

Somatic-embryonic chimaerism in the sheep
  Areas of pigmented skin in born lambs prove that somatic

cells introduced to very early sheep embryos can participate in
development until term. Persistant location of dark patches on
mouth and legs of all lambs may suggests an ordered mechanism
of somatic cell positioning in development or loosening of the
morphogenetic control in distal parts of the body.

  Earlier studies on embryonic goat-sheep chimaeras have
shown that skin fibroblasts explanted from sites covered with goat
hair as opposed to sheep wool, show chromosomal composition
of the goat as opposed to the sheep, respectively (Jaszczak et al.,
1999). Therefore we suggest that a lamb obtained in our study,
carrying patches of unpigmented wavy Heatherhead hair, is a skin
chimaera as well.

  Two polymorphic DNA markers revealed a broad range of
tissue chimaerism in our study, including all embryonic lineages
(ectoderm, endoderm and mesoderm). From life-long cytogenetic
analysis of an embryonic goat-sheep chimaera a conclusion was
drawn, that cell contributions from both partners were established
during primary colonization but later on they changed with the age
of the animal, so that the dominant contribution increased, actu-
ally approaching 100%. The exception among tissues studied
was lung epithelium in which the proportion of sheep to goat cells
was 1:1 in the 10 years old chimaera (Jaszczak et al., 1999).

  Two markers of chimaerism were found in each lamb studied.

It remains to be explained why locus 615 bp long could not be
found in as many tissues of lambs as the other amplified locus. A
hypothesis can be offered, that loss of heterozygosity (LOH)
occurs in fibroblasts introduced to embryos, causing silencing of
a presumably polymorphic allel in many tissues. Indeed, LOH was
detected in vitro, when mouse foetal fibroblasts at early passage
were cultured for up to 24 hours (Larson et al., 2006), and can
possibly occur in vivo as well

  Most lambs born after receiving male fibroblasts were fe-
males. Female embryos must have been the recipients of male
fibroblasts to produce female lambs. It can be further expected
that gonadal chimaerism was low in at least RAPD-analysed
female lamb, since normal ovary was present in this individual,
contrary to what is found in embryonic XX/XY sheep chimaeras,
who develop into males (Tucker et al., 1974).

  Two presumably chimaeric lambs were born dead: one from
the blastocyst that had obtained cultured embryonic cells (the
control), and the other one after fibroblast injection. In both cases
the passage of donor cells in vitro was the highest in the group.
High passage might be the reason for lower vitality of the chimae-
ras. Even mouse embryonic stem cells, which are best suited to
form germ-line chimaeras, do so most effectively, when they
undergo not more than 15 passages in vitro (Fedorov et al., 1997).

  In the mouse – the only mammalian species studied before -
somatic-embryonic chimaerism lead to the presence of hybrid
cells in foetuses and the young born (Piliszek et al., 2007). The
suggested origin of hybrid cells was by cell fusion of somatic cells
(fibroblasts) and embryonic recipient cells. The animals were thus
chimaeras between recipient cells and tetraploid hybrid cells with
contributions from the donor fibroblasts. Therefore, in further
studies of somatic-embryonic sheep chimaeras, cytogenetic stud-
ies and possibly also analysis of polymorphic forms of proteins
should aid RAPD method.

Materials and Methods

 The experiments were performed according to the rules of the Polish
Governmental Act for Animal Care and were approved (No. 6/2003) by the
Third Local Ethics Committee for Animal Care.

Obtaining of morulae/blastocysts from hormonally stimulated ewes
Ewes of Polish Merino breed were synchronized for 14 days with

fluorogestone acetate sponges (40 mg, Chronogest, Intervet, Holland).
Superovulation was induced by four injections of follicle-stimulating
hormone (FSH, Sigma): 6 mg twenty four hours before removing sponges
(r.s.), 5 mg twelve hours before r.s., 3 mg on the morning of r.s., 2 mg
twelve hours after r.s. First signs of oestrus were observed 24 - 48 hours
after r.s. Rams of Polish merino were used for natural mating starting from
the onset of oestrus and then every 12 h until the oestrus (usually 2-4
times). Embryos were flushed from the oviducts and uterine horns at day
6-7. They were quickly transferred to warm M2 medium under paraffin oil
in a Petri dish on a heated stage (38.5ºC).

Foetal fibroblasts
Foetal fibroblasts were derived from a 35-day Polish Heatherhead

(wrzosowka) foetus. Briefly, the carcass obtained by dissecting out and
discarding the soft tissues (liver, heart and other viscera) was washed in
phosphate buffered saline, minced into small pieces of tissue and incu-
bated 30 min in 0.25% trypsin (Sigma) at 38ºC. After adding DMEM
medium (Sigma) with 10% foetal calf serum (Gibco) the suspension was
centrifuged at 200g, and the pellet was resuspended in the culture
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medium and seeded on Petri tissue culture dishes. After the plates
became confluent the cultures were expanded and cells were frozen.
The appearance of these cells is fibroblastic (Fig. 1). The cells were
used between the 4th and 14th passage. For the experiment the cells
were thawed, and after they reached confluence, they were trypsinised
out from the dish and suspended in M2.

Cultured embryonic cells
Polish Heatherhead embryonic cell lines have been produced from

Day 12 embryonic discs, essentially as described earlier (Karasiewicz
et al., 1996) and were cultured in Dulbecco’s modified Eagle medium
(high glucose: 4.5 g/l, Sigma), supplemented with 0.1 mM β-mercapto-
ethanol, 0.1 mM nonessential amino acids, and nucleosides (Robertson,
1987), with 20% foetal calf serum. The appearance of these cell lines
is epithelioid. The cells were used between the 4th and 7th passage.
For the experiment the cells were trypsinised out from the dish and
suspended in M2.

PKH26 staining
In some experiments fibroblasts were stained with PKH26 dye

(Sigma) according to the manufacturer’s instructions. Briefly, freshly
diluted dye was added to the pellet of cells at a concentration of 2 x 10-

6M for 2-5 min at room temperature. Extensive rinsing of cells with
culture medium containing 10% foetal calf serum, together with three
rounds of pelleting them by mild centrifugation, prevented any cell
deterioration. In fact, when followed up in vitro the stained cells
survived at least next two passages. The cells were red fluorescent
upon the use of filter set for rhodamine, in Opton inverted fluorescent
microscope IM35 (Zeiss, Germany). The same dye was earlier used to
mark cow blastomeres (Rho et al., 2001).

Injection of fibroblasts or embryonic cells into the embryos
For manipulation the embryos were placed together with fibroblasts

or embryonic cells in micromanipulation chamber, in M2 medium. The
chamber was placed in Leitz Fluovert inverted microscope equipped
with Nomarski Differential Interference Contrast under which all micro-
manipulation procedures were carried out. Leitz mechanical microma-
nipulators were used. Pipettes were pulled at P-97 puller (Sutter
Instruments Ltd., USA) of 1 mm capillaries (Sutter Instruments Ltd.,
USA). Five cells were placed in the middle of a morula or within the
cavity of blastocyst.

Co-culture in vitro
After manipulation the embryos were placed on Vero/BRL mono-

layer (Duszewska et al., 2000) or STO feeder layer to be cultured
overnight (for transfer) or longer. The culture medium was DMEM,
which was supplemented like for embryonic cells.

Transfer to recipient ewes
After co-culture the blastocysts (in groups of 2 to 5) were transferred

to Heatherhead ewes, that were synchronized and FSH-injected due to
the same procedures as the embryo donors, but applied one day in
advance. Pregnancy was diagnosed by ultrasonography.

Tissue samples from born lambs
Two lambs were slaughtered in the slaughterhouse of Institute of

Genetics and Animal Breeding. Tissues samples were immediately
taken from them and were frozen at -70ºC until the time of DNA
isolation.

DNA isolation
Total cellular DNA from frozen tissues of recipients (lambs), from
fibroblasts and blood samples of parents, was isolated using DNeasy
Blood & Tissue Kit (Qiagen, Japan) according to the manufacturer’s
instructions and was stored at -70ºC. The DNA concentration and

quality was measured using spectrophotometry (FT-IR BIO-RAD FTS
135; USA) (at 270, 320 and 360 nm) and by electrophoresis, and the
DNA samples were adjusted to a final concentration of 100 µg per ml.

RAPD method
PCR reactions were performed by using 25 µl of a mixture containing

10 mM Tris-HCl pH 8.0, 1.5 mM MgCl2, with four dNTPs (0.2 mM each),
0.2 µM primers, 1.5 units of Taq DNA polymerase (Polgen, Poland) and
10 ng genomic DNA. 10-mer primer (CCBC – 5’AAACGGGCGG 3’)
synthesised in DNA Sequencing and Oligonucleotide Synthesis Labora-
tory, Institute of Biochemistry and Biophysics (Warsaw, Poland) and
previously tested in other experiments was used. Reactions were carried
out using DNA thermocycler (MJ Research, USA) programmed as fol-
lows: incubation at 94ºC for 3 min; 40 cycles at 94ºC for 1 min, 40ºC for
1 min 45 s, and 72ºC for 1 min 30 sec, followed by one final extension cycle
of 10 min at 72ºC. A negative control reaction omitting template DNA was
prepared each time. All amplification reactions were repeated twice to test
reproducibility.

Fragment visualisation
Amplified RAPD products were separated and visualized in 2%

agarose gels (20 x 10-cm) stained with ethidium bromide, with Tris-borate
(0.089 M Tris, 0.089 M borate, 2 mM EDTA, pH 8.3) tank and gel buffers.
An additional molecular-weight marker 1444-80 (pUC/Bsp R1/Taq) was
added in the outside lane and gel running times were set so that fragments
> 80bp were retained on the gels.

Computational analysis
Visual analysis of the band patterns was aided by DNA-ProScan

software (DNA ProScan Inc., USA). The results were derived from the
analysis performed by two researchers (inter-researcher results correla-
tion was close to 1). The analysis included only bands representing
fragments ranging from 500 to 1500 base pairs (bp). Amplified DNA
fragments (bands) were scored as 1 (fragment present) or 0 (fragment
absent) for each sample. Banding patterns were compared between the
lanes to identify shared and non-shared bands. Bands were regarded as
non-shared if they differed in their position more than half of band width
and if intensity ratio was less than 1:4.

Statistic calculations
Based on the results of patterns generated by RAPD the calculations

were done to compare analysed individuals and to seek genetic distance
between them. Major statistical parameters of band patterns, such as
band sharing (BS), based on the number of common bands between two
individual samples, were used to describe the similarity between profiles
of RAPD. BS was estimated with the following assumptions: a) All RAPD
loci show complete dominance, b) All loci have two alleles, c) The marker
alleles from different loci do not comigrate to the same position on the gel.
This parameter was calculated from the formula:

BS N
N N

ab

a b

=
+
2

, where Nab is the number of bands shared and Na and

Nb are the total number of bands scored in samples A and B, respectively
(Jeffreys and Morton, 1987).

Sex identification in fibroblasts and its confirmation in lambs and
their parents

DNA was extracted from fibroblasts and from blood of parents of
blastocysts and of lambs, using DNeasy® Blood & Tissue Kit (QIAGEN
GmbH, Hilden, Germany) according to the manufacturers’ handbook.
Isolated DNA was diluted in 50 µl distilled H2O and used for further
analyses.

We used one set of primers for amplifying the sheep SRY gene. The
DNA sequences of the primers were:
F: 5’-CTCGTGAACGAAGACGAAAGG-3’) and
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R: 5’-CTGTGCCTCCTCAAAGAAATGG-3’. Amplifications were performed
in a final volume of 20 µl in 10 X PCR buffer (15 mM MgCl2, pH 8.3), 100
µM for each dNTP (Polgen, Lodz, Poland), with 1 M Taq DNA Polymerase
(Polgen, Lodz, Poland) and 10 pmol of each primer synthesised in DNA
Sequencing and Oligonucleotide Synthesis Laboratory, Institute of Bio-
chemistry and Biophysics, Warsaw, Poland. Four µl of the DNA-extract
were added to the PCR mix. The amplification was carried out with initial
denaturation at 95ºC for 10 min, followed by 35 cycles of one denaturation
step at 94ºC for 50 sec, primer annealing at 56ºC for 45 sec and primer
extension at 72ºC for 50 sec in a MJ Research thermocycler (MJ
Research, Waltham, USA). A final extension cycle was 10 min at 72ºC.
PCR-products were purified using the Gen EluteTMPCR Clean-up kit
(Sigma, Japan) according to the manufacturers’ instructions.

Amplified products were separated and visualized in 2% agarose gels
(10 x 10-cm) stained with ethidium bromide, with Tris-borate (0.089 M
Tris, 0.089 M borate, 2 mM EDTA, pH 8.3) tank and gel buffers. An
additional molecular-weight marker 1444-80 pUC/Bsp R1/Taq (Polgen,
Lodz, Poland) was added in the outside lane. The product of SRY
fragment amplification was 131 bp in length.
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