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Abstract

Since the only viable cloned offspring born in dogs was a male, the purpose of the present study was to produce female puppies
by somatic cell nuclear transfer (SCNT). Adult ear fibroblasts from a 2-month-old female Afghan hound were isolated and used as
donor cells. In vivo-matured canine oocytes surgically collected (approximately 72 h after ovulation) from the oviducts of 23 donors
were used for SCNT. After removal of the cumulus cells, oocytes were enucleated, microinjected, fused with a donor cell, and
activated. A total of 167 reconstructed SCNT embryos were surgically transferred (Day 0) into the oviducts of 12 recipient bitches
(average 13.9 embryos/recipient, range 6—22) with spontaneous, synchronous estrous cycles. Three pregnancies were detected by
ultrasonography on Day 23, maintained to term, and three healthy female puppies (520, 460, and 520 g), were delivered by
Caesarean section on Day 60. These puppies were phenotypically and genotypically identical to the cell donor. In conclusion, we
have provided the first demonstration that female dogs can be produced by nuclear transfer of ear fibroblasts into enucleated canine
oocytes.
© 2006 Published by Elsevier Inc.
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1. Introduction

Assisted reproduction technologies (ARTs) are less
developed in the dog than in domestic livestock. Unique
species-specific reproductive characteristics, i.e. mono-
estrual, polyovulatory and non-seasonal reproductive
cycle, combine to increase the degree of difficulty and
decrease the level of success. In contrast to most
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mammals that ovulate mature oocytes at the metaphase 11
stage, dogs ovulate immature oocytes at the germinal
vesicle stage and the oocytes undergo a 48—72 h period of
postovulatory maturation in the oviduct. Despite many
studies focused on establishing a suitable system for in
vitro maturation (IVM) of canine oocytes, efficiency is
lower than that of other mammalian species [1-4].

To obtain mature oocytes for somatic cell nuclear
transfer (SCNT), the most useful approach currently is
the surgical collection of oocytes matured in vivo.
However, collection of in vivo canine oocytes by a
surgical approach, i.e. salpingectomy or flushing
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oviducts, is technically difficult because the oviduct
wall is thin and the lumen is small. Similarly,
laparoscopic oocyte retrieval by follicle aspiration
was not feasible due to the presence of the ovarian
bursa. Although in vitro maturation techniques can be
used in some species to generate large numbers of
mature oocytes, the number of in vivo matured canine
oocytes that have been collected from oviductal flushing
ranged from 7 to 10 oocytes per female [5].

The first cloned dog, a male named ‘““Snuppy’’, was
born from in vivo matured oocytes [6] since the
necessary numbers of in vitro-matured oocytes could
not be produced [7-10]. Thus far, “Snuppy” has not
shown morphologically detectable abnormalities. The
ultimate assessment of the normality of reproductive
traits, such as libido, in cloned male dogs is mating with
females produced either by natural mating or by
cloning, to determine if pregnancies and live puppies
can be produced. Therefore, the objective of the present
study was to produce live cloned female dogs derived
from SCNT using fibroblasts and enucleated in vivo-
matured oocytes.

2. Materials and methods
2.1. Care and use of animals

In this study, a total of 35 mixed-breed female dogs (23
oocyte donors and 12 recipients) from 1 to 5 years of age
were used as oocyte donors and embryo transfer
recipients. Facilities for dog care and the procedures
done met or exceeded the standards established by the
Committee for Accreditation of Laboratory Animal Care
at Seoul National University. The study was conducted in
accordance with recommendations described in “The
Guide for the Care and Use of Laboratory Animals”
published by Seoul National University.

2.2. Chemicals
Unless otherwise indicated, chemicals were pur-

chased from Sigma-Aldrich Corp. (St. Louis, MO,
USA).

2.3. Recovery of in vivo matured oocytes

Beginning on the first day of spontaneous estrus,
dogs were examined daily for vulvar swelling and
serosanguinous discharge, and blood samples (3—5 mL)
were collected and serum progesterone concentrations
were determined with a DSL-3900 ACTIVE® Proges-
terone Coated-Tube Radioimmunoassay Kit (Diagnos-
tic Systems Laboratories, Inc., TX, USA). The day of
ovulation was considered as the day that serum
progesterone concentration reached 4.0-7.5 ng/mL
[6]. Approximately 72 h after ovulation, oocytes were
retrieved by laparotomy (using aseptic surgical proce-
dures). Anesthesia was induced with 6 mg/kg ketamine
HCI and 1 mg/kg xylazine, and general anesthesia was
maintained with 2% isoflurane. While in dorsal
recumbency, recipients were aseptically prepared for
surgery and a mid-line ventral incision was made to
expose the reproductive tract. The fimbria of the oviduct
was accessed through the bursal slit and cannulated
using an inverted flanged bulb steel needle (18 gauge,
7.5 cm; Fig. 1). The needle was held in place by a
surgical ligature, which was tied using a quick-release
device using 3 cm of plastic tube (diameter, 2 mm) and
hemostatic forceps. To improve visualization of the
oviductal lumen, digital pressure was applied to the
lower portion of the isthmus of the oviduct (near the
uterotubal junction), an intravenous catheter (24 gauge)
was inserted, and 10 mL of Hepes-buffered TCM-199
(cat no. 11150-059, Invitrogen, Carlsbad, CA, USA)
supplemented with 10% FBS, 2 mM NaHCO; and
5 mg/mL BSA was introduced into the oviduct through
the catheter and collected through the needle. In vivo-
matured oocytes obtained from oviductal flushing were
transported to the laboratory for SCNT within 10 min.

2.4. Donor cell preparation for somatic cell
nuclear transfer

Adult fibroblasts were isolated from an ear skin biopsy
of a female Afghan hound, 2-month-old. The small
pieces of tissue were washed three times in D-PBS,
minced with a surgical blade and dissociated in

Fig. 1. Inverted flanged bulb steel needle (18 gauge, 7.5 cm) used for recovering canine oocytes from the oviduct.
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Dulbecco’s modified Eagle’s medium (cat no. 11995-
065, DMEM, Invitrogen) supplemented with 0.25% (w/
v) trypsin and 1 mM EDTA (Invitrogen) for 1 h at 37 °C.
Trypsinized cells were washed once in Ca**- and Mg**-
free DPBS by centrifugation at 300 x g for 2 min and
seeded into 60-mm plastic culture dishes (Becton
Dickinson, Lincoln Park, NJ, USA). Subsequently, cells
were cultured for 6-8 days in DMEM supplemented with
10% (v/v) FBS (Invitrogen), 1 mM glutamine (Invitro-
gen), 25 mM NaHCO; and 1% (v/v) minimal essential
medium (MEM) nonessential amino acid solution
(Invitrogen) at 39 °C in a humidified atmosphere of
5% CO, and 95% air. After removal of unattached
clumps of cells or explants, attached cells were further
cultured to confluence. These cells were subcultured, for
intervals of 4-6 days, by trypsinization for 1 min in
medium containing 0.1% trypsin/0.02% EDTA, allo-
cated to three new dishes for further passages and then
stored in liquid nitrogen at —196 °C. For freezing, cells
from early passages (1-3) were frozen in the freezing
medium consisted of 80% (v/v) DMEM, 10% (v/v)
DMSO and 10% (v/v) FBS. Cells at passages 3-8 were
used for SCNT. Prior to SCNT, cells were thawed,
cultured for 3—4 days until confluent and retrieved from
the monolayer by trypsinization for 1 min.

2.5. Preparation of recipient oocytes for somatic
cell nuclear transfer

Cumulus cells were removed from in vivo matured
oocytes by repeated pipetting in 0.1% (w/v) hyalur-
onidase (from bovine testis) in Hepes-buffered Ca*-
free CR2 medium [11] with amino acids (hCR2aa).
Oocytes were then stained with 5 pg/mL bisbenzimide
(Hoechst 33342) for 5 min and observed under an
inverted microscope equipped with epifluorescence at
200x magnification. Using bi-lateral micromanipula-
tors (Nikon-Narishige, Tokyo, Japan), oocytes were
held with a holding micropipette (150 wm, inner
diameter) in hCR2aa supplemented with 10% (v/v)
FBS and 5 pg/mL cytochalasin B. The first polar body
and adjacent cytoplasm containing the metaphase-II
chromosomes were removed using an aspiration pipette
(20 wm, inner diameter) and enucleated oocytes were
placed in TCM-199 supplemented with 10% (v/v) FBS
to be used for SCNT.

2.6. Microinjection, fusion, activation, and embryo
culture

A donor cell was deposited into the perivitelline
space of each enucleated oocyte maintained in hCR2aa

supplemented with 100 wg/mL phytohemagglutinin.
Then, couplets were placed in fusion medium consisting
of 0.26 M mannitol, 0.1 mM MgSO,, 0.5 mM Hepes
and 0.05% (w/v) BSA and fusion was induced using a
needle type electrode. Briefly, the single cell-oocyte
couplet was sandwiched between two parallel electro-
des attached to micromanipulators (Nikon-Narishige).
The contact surface between the cytoplast and the donor
cell was parallel to the electrodes and electrical
stimulation was delivered with an Electro-Cell Fusion
apparatus (NEPA GENE Co., Chiba, Japan). The
distance between the electrodes was approximately
180 pm. Two pulses (72 V for 15 ws) were applied.
Fusion of the donor cell and the ooplast was evaluated
using a stereomicroscope at 1 h after electric stimula-
tion. Fused couplets were selected and cultured for 3 h
in modified synthetic oviductal fluid medium (mSOF)
as previously described [12]. Chemical activation of
reconstructed embryos was induced by incubation for
4 min in mSOF containing 10 wM calcium ionophore at
39 °C. Reconstructed couplets were then washed and
further incubated for 4 h in mSOF supplemented with
1.9 mM 6-dimethylaminopurine.

2.7. Embryo transfer and pregnancy diagnosis

Within 4 h after reconstruction, cloned embryos
were surgically transferred into the oviduct of naturally
synchronized recipient females approximately 72 h
after ovulation. The embryos were transferred to
recipients (Day 0) using surgical procedures similar
to those described in Section 2.3. Reconstructed
embryos were placed in the ampullary portion of the
oviduct using a 3.5 Fr Tom Cat Catheter (Sherwood, St.
Louis, MO, USA). On Day 23, pregnancies were
detected with a SONOACE 9900 (Medison Co. Ltd.,
Seoul, Korea) ultrasound scanner with 7.0 MHz linear-
array probe. After the initial diagnosis of pregnancy,
ultrasonographic examinations were done every 2
weeks in pregnant recipients.

2.8. DNA extraction and microsatellite analysis for
genotyping

Parentage analysis was performed on the nuclear
donor fibroblasts, the donor dog, cloned dogs and
surrogate recipients to confirm genetic identity.
Genomic DNA from cultured fibroblasts and blood of
the somatic cell donor, cloned dogs and the surrogate
dams was obtained. Genomic DNA from blood and
trypsinized donor cells was extracted according to
instructions provided with the G-spin™™ Genomic DNA
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(B) Mature

(C) Early aging

(D) Moderate aging (E) Severe aging

Fig. 2. Various stages of in vivo-matured canine oocytes (scale bar = 40 pm) flushed from oviducts approximately 72 h after ovulation. Cumulus
cells from intact oocytes were removed and evaluated. In the absence of perivitelline space (PVS) and first polar body, oocytes were categorized as
immature (A). Denuded oocytes with PVS 15, 25, 30, and >40 pm were categorized as mature (B), early (C), moderate (D), and severely aged (E).

Table 1

Pregnancy and parturition following transfer of somatic cell nuclear transferred canine embryos; recipients C, J and K each delivered a single viable
puppy

Recipient No. of oocyte donors Oocyte status No. of embryos transferred
A 2 Both mature 22

B 2 Mature, early-aging 20

C 2 Both mature 16

D 4 Three: immature, one: moderate-aging 10

E 1 Mature 6

F 1 Immature 8

G 2 Immature, mature 16

H 2 Both early-aging 18

I 1 Severe-aging 8

J 2 Immature, mature 17

K 2 Immature, mature 14

L 2 Early-aging, moderate-aging 12

Total 23 167

Extraction Kit (Intron, Seoul, Korea). The following 14
markers were selected for analysis: PEZ1, PEZ2, PEZ3,
PEZ5, PEZ6,PEZ10,PEZ11, PEZ012, PEZ13, PEZ 16,
PEZ017, FH2010, FH2054, and FH2079. The isolated
genomic DNA samples were dissolved in 50 wL TE and

used for microsatellite assay with 14 specific markers
originally derived from dogs [6,13]. Length variations
were assayed by polymerase chain reaction (PCR)
amplification with fluorescently labeled (FAM, HEX,
and NED) locus-specific primers and PAGE on an

Fig. 3. (A) Three cloned female dogs; (B) somatic cell donor dog (inset is donor dog at maturity).
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Moreover, additional surgical experience has enabled us
to reduce the time required for collection of oviductal
oocytes and for embryo transfer. Thus, the extra
experience we have gained, combined with improve-
ments made in methods for generating and transferring
SCNT embryos have resulted in higher pregnancy and
embryo survival rates, as compared to our first report on
the birth of a male cloned puppy [6].

We believe that the higher pregnancy rate achieved in
the present study was due to the quality of the oocytes
flushed from the oviducts of donors at approximately
72 h after ovulation. Although we used all of the
oocytes that were recovered, including immature,
mature, and post-mature, the only pregnancies produced
were from transferring cloned embryos produced using
mature oocytes as cytoplasts.

Somatic cell nuclear transfer in mammals is currently
associated with high rates of fetal loss, abnormalities and
abortion [25-30]. In the present study, following
detection of a single embryonic sac by ultrasonography
on Day 23, none of the confirmed pregnancies were
subsequently lost. Although signs of impending whelp-
ing, including mammary gland swelling and initiation of
milk letdown, were observed in recipients at the expected
time of delivery date (Day 60), to exclude risk factors
associated with natural delivery of a singleton pregnancy
(i.e. dystocia related to fetal size), a Caesarean section
was done [31,32]. The three cloned puppies were normal
in appearance at birth and have grown into active, healthy
young dogs (Fig. 3). They were reared by their recipient
mothers for 3-5 days. However, due to the effects of
Caesarean section on the milk production, volume of
milk letdown in recipient dogs was decreased. Thus, the
cloned puppies were hand-raised by humans and/or
reared by a female that had naturally delivered of
puppies. We speculate that the lack of abnormalities, fetal
losses and abortions was related to our use of in vivo-
matured oocytes for SCNT.

Microsatellite analysis indicated that the cloned
puppies were genetically the same as the donor somatic
cells. Even though different phenotypes have been seen
between the cell donor and cloned offspring in other
species (e.g., black and white coat color pattern in
cloned calves) [33], the cloned puppies produced in our
study had the same phenotype as the donor of the
somatic cells.

In summary, we have demonstrated that female
cloned dogs can be derived by SCNT. Based on the
present results, it seems that our efficiency in producing
cloned embryos and pregnancies was increased by the
use of good quality in vivo matured oocytes. We will
continue to monitor the growth and health of the three

female cloned dogs and evaluate their reproductive
capability by natural breeding with a male cloned dog.
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