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The world’s first cloned swamp buffalo (Bubalus bubalis) derived from adult ear skin fibroblast has been reported. Donor fibroblast
cells were produced from biopsies taken from adult male ear skin and in vitro matured oocytes obtained from a slaughterhouse
were used as cytoplasts. A total of 39 blastocysts and 19 morulae fresh embryos were transferred into 12 recipient buffaloes.
Progesterone assays indicated establishment of pregnancy in 10 of the 12 buffaloes (83.3%) after 45 days, with six animals still
pregnant at 3 months. One recipient maintained pregnancy to term and naturally delivered a 40 kg male calf after 326 days of
gestation. DNA analysis showed that the cloned calf was genetically identical to the donor cells. Genotype analyses, using
12 buffalo microsatellite markers, confirmed that the cloned calf was derived from the donor cell lines. In conclusion, the present
study reports, for the first time, the establishment of pregnancy and birth of the first cloned Thai swamp buffalo derived from adult
ear skin fibroblast cells.
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Implications

Following the first successful cloning of a mammal from an
adult somatic cell (‘Dolly the sheep’), it has taken approxi-
mately 10 years to produce the world’s first cloned swamp
buffalo. This accomplishment represents the outcome of a
long-term programme of research and development in buffalo
and cattle reproduction, combined with extensive on-farm
experience. The technique may play a role in the conservation
of the valuable Thai swamp buffalo.

Introduction

Nuclear transfer of adult somatic cells from farm animals is
the most efficient technique for obtaining large numbers of
genetically identical animals (Kato et al., 1998), and could
greatly enhance current agricultural production (Lu et al.,
2011). Approximately once per year, since the birth of Dolly,
a viable cloned sheep derived from adult mammalian cells
(Wilmut et al., 1997), has been produced successfully, along
with several other cloned mammals (Lu et al., 2011). The
production of cloned buffalo (Bubalus bubalis) is the latest

addition to these successes in the application of the nuclear
transfer technique. Lu et al., (2011) noted that cloning of
buffalo presents a greater challenge than other livestock.
This may be attributable to their low fertility, as evidenced by
delayed puberty, silent oestrous, long postpartum ovarian
inactivity and lower oocyte recovery number from ovaries in
comparison with cattle (Shi et al., 2007). Our first reports on
swamp buffalo cloning showed that foetal fibroblast could
be reprogrammed following transfer into recipient cytoplasts
to produce cloned embryos up to blastocyst stage (Parnpai
et al., 1999). Moreover, foetal and granulose cells exhibited
similar abilities (Parnpai et al., 2000). Subsequently, our
team succeeded in producing the first cloned Brangus cattle
calf born on 6 March 2000, followed by a second that did not
survive delivery. A third cloned American Brahman calf was
born on 3 April 2001 (Kamonpatana, 2003).
Cloning of buffalo presents a number of challenges, both

logistic as well as technical. First, access to swamp buffaloes
(typically owned by remotely located small farmers) is time-
consuming. Moreover, the challenge of preparing animals for
implantation is compounded by irregular oestrous with weak
oestrous symptoms (Kamonpatana, 2003); this hampers
detection of the correct date for transfer of cloned embryos.
As a result, work on cloning of buffaloes has made significant
progress, mainly at the laboratory level (e.g. Parnpai et al.,
2001, 2002 and 2003). Kamonpatana (2003) also highlighted† E-mail: skitiya@chula.ac.th
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key preimplantation differences between cattle and buffalo
that reduce the cloning success rate in buffalo relative to
comparable species (Parnpai et al., 2002). Thus, specialized
techniques for swamp buffalo must be developed to over-
come these challenges and increase the success rate.
A significant component in determining the success of

somatic cell nuclear transfer (SCNT) is the source of the
nuclear donor cells (Powell et al., 2004). Skin cells offer the
advantages of easy accessibility and non-invasiveness,
without sex or age limitations (Kubota et al., 2000).
Moreover, skin cells offer an additional attraction as the
phenotype of the animal is known (Forsberg et al., 2002).
Finally, ear fibroblasts can be obtained without risk to the
donor animal’s health and may be more convenient and
practical to harvest and sub-culture than other cells (Lu et al.,
2005; Hosseini et al., 2008). Moreover, Tasripoo et al. (2007)
showed that there was no difference in blastocyst formation
among buffalo donor skin fibroblasts of a 6-month old calf, a
2-year old and a 4-year old buffalo. Furthermore, Saikhun
et al. (2004) found no significant difference in the develop-
ment potential of embryos reconstructed with foetal, calf and
adult fibroblast cells.
Shi et al. (2007) reported successful cloning of swamp

buffalo by SCNT of foetal fibroblast and granulose cells. Of
the three female cloned calves produced, only one survived.
Subsequently, Singla et al. (2010), using handmade cloning,
produced the world’s first two cloned dairy buffalo (Murrah)
derived from the embryonic stem cells. However, despite a
number of attempts using SCNT, no successful cases have
thus far been reported on live-cloned swamp buffalo derived
from adult ear fibroblasts. Our previous study (Parnpai et al.,
2000) found that foetal fibroblasts and granulosa cells
demonstrated a similar capacity for reprogramming follow-
ing transfer into recipient cytoplasts to produce cloned
embryos up to the blastocyst stage.
This paper describes the first successful application of

SCNT in producing live-cloned swamp buffalo derived from
adult ear skin fibroblasts. The technique carries significant
implications for breeding and conservation of rare species,
particularly owing to the greater practicality of using adult
ear fibroblast relative to foetal fibroblast. In this study, a
prized Thai swamp buffalo with high genetic potential was
selected as the cell donor. It is hoped that as a result of this
proof of concept, SCNT may be further developed as a
technique to conserve rare and endangered breeds.

Material and methods

Chemicals
Unless otherwise stated, chemicals were purchased from
Sigma Aldrich Corp. (St. Louise, MO, USA).

Production of adult SCNT embryos
The procedure for producing embryos by SCNT followed the
method of Parnpai et al. (1999, 2001 and 2002) with some
modification as described below.

Preparation of donor cells
A male swamp buffalo (5 years old) with specific colour
markings was selected as the cell donor. Tissue samples
(0.25 cm2) were collected by ear biopsy and stored in normal
saline. The samples were washed several times in phosphate
buffered saline (PBS), then manually cut into small pieces,
and treated with CaCl2 and MgCl2-free PBS containing
trypsin and ethylene diamine tetraacetic acid (EDTA) for
5 min, before washing with MEM+ 10% (v/v) foetal bovine
serum (FBS; Gibco, Invitrogen, Grand Island, NY, USA).
The tissue pieces were then placed in a 60-mm culture Petri
dish (Nunc, TC dish, Vents nunclon, Roskilde, Denmark),
covered with a glass slide and cultured for 7 days with 5 ml
of Modified Eagle’s Medium (MEM; Sigma) plus 10%
FBS+ 0.06 g/ml of penicillin G+ 0.10 g/ml of streptomycin
and amphotericin B. The medium was replaced every 3 days.
The tissue was cultured under a humidified atmosphere of
5% CO2 in air at 37°C. After 7 days, fibroblast cells had
begun to grow out of these explants; the explants were then
removed and the fibroblast outgrowths harvested by wash-
ing twice with Ca2+ and Mg2+ -free PBS and then trypsi-
nized with trypsin/EDTA. The fibroblast cells were counted
and seeded in a 25 cm2 tissue culture flask. When the cells
reached 90% confluence, at the third cell culture passage,
they were collected by trypsinization and frozen in αMEM
supplemented with 10% FBS and 10% dimethyl sulfoxide
(v/v), and stored in liquid nitrogen. Frozen-thawed fibroblasts
were cultured for five passages in MEM+ 10% FBS and
used as donor cells. They were isolated from culture flasks
supporting a fully confluent cell monolayer for 2 days in
MEM+ 2 mM L-glutamine+ 0.5% FBS (v/v) before transfer.
The cell monolayer was trypsinized and the cells washed by
centrifugation in MEM. Cells (diameter = 14–16 µm) with
smooth membrane surfaces were selected for nuclear transfer.

In vitro maturation of oocytes
Buffalo ovaries were obtained from an abattoir and transported
to our laboratory in 0.9% normal saline plus antibiotics at 25 to
30°C. Within 3 h of collection, the oocytes were aspirated from
follicles with a diameter of 2 to 6 mm through an 18-gauge
needle attached to a 10 ml disposable syringe. The oocytes
were washed with TCM199+ 10% FBS (Gibco, Invitrogen).
A group of 10 cumulus–oocyte complexes with compact
cumulus cells were placed in a 50 µl drop under mineral oil
in a 60× 15 mm plastic dish (Nunc) of the medium TCM199
supplemented with 10% buffalo follicular fluid (v/v),
50 IU/ml human chorionic gonadotrophin (Chorulon Intervet-
International BV., Boxmeer, the Netherlands), 0.02 AU/ml FSH
and 1 µg/ml oestradiol-17β (E2). The cells were then cultured
for 19 to 20 h at 38.5°C in a humidified atmosphere of
5% CO2.
The oocytes were freed from the cumulus by initial

treatment with 0.2% hyaluronidase in Dulbecco’s phos-
phate buffered saline, supplemented with 1 mg/ml poly-
vinylpyrrolidone (K-30) with gentle pipetting. The oocytes
were washed in TCM199 supplemented with 10% FBS and
12.5 mM Hepes. Oocytes with a visible first polar body were
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selected and transferred into drops (5 µl each) of 12.5 mM
Hepes in TCM199 with 10% FBS, which had been previously
placed under mineral oil.

Enucleation
The oocytes were washed five times with Hepes-buffered
TCM199+ 20% FBS and enucleated by micromanipulation;
each oocyte was then placed in a small drop of TCM199+
10% FBS (v/v), 12.5 mM Hepes and 5 µg/ml of cytochalasin B.
Oocytes with extruded first polar body (metaphase II arrest)
were selected for enucleation. The zona pellucida above the
first polar body was cut with a glass needle, and a small
volume of adjacent cytoplasm removed, where possible,
together with the first polar body (Supplementary Figure S1).
Complete enucleation was confirmed by staining with Hoechst
33342 (Supplementary Figure S1).

Nuclear transfer, fusion and activation
A single donor cell was transferred into the perivitelline
space of enucleated oocytes from 50-µl culture drops of
TCM199+ 12.5 mM Hepes and 10% FBS (v/v) (Supplemen-
tary Figure S2). The oocyte–fibroblast complexes were then
placed individually between electrodes and induced to fuse
with 2 DC pulses of 30 V for 15 µs each by electro cell fusion
(BTX Electro Cell Manipulator 200, San Diego, CA, USA) in
Zimmerman fusion medium (Zimmermann and Vienken,
1982; Parnpai and Tasripoo, 2003). The electrical pulse
simultaneously induced initial oocyte activation (Kubota
et al., 2000; Supplementary Figure S2). The nuclear trans-
ferred embryos were then washed seven times with
TCM199+ 12.5 mM Hepes+ 20% FBS and incubated for
45 min at 38.5°C in a humidified atmosphere of 5% CO2.
Fusion was then confirmed by microscopic examination.
All the fused embryos were further activated by culturing
with 50-µl drops of TCM199+ 12.5 mM Hepes+ 10%
FBS+ 5 µM calcium ionophore A23187 for 5 min. The fused
embryos/reconstructed embryos were washed five times
and then cultured in SOFaa+ 10% FBS (v/v)+ 10 µg/ml
cycloheximide+ 1.25 µg/ml cytochalasin D at 38.5°C in a
humidified atmosphere of 5% CO2 for 5 h.

In vitro culture of nuclear transfer embryos
The nuclear transfer embryos were cultured in 50-µl drops of
SOFaa+ 1% FBS, overlaid with mineral oil, and incubated at
38.5°C in a humidified atmosphere of 5% CO2, 5%O2 and
90% N2 for 48 h. Cleavage rates were recorded and the
eight-cell stage embryos were selected and cocultured with
buffalo oviductal epithelial cells of SOF+ 5% FBS at 38.5°C
in a humidified atmosphere of 5% CO2. The medium was
replaced every 2 days. The embryos were cultured for 6 days
before transfer.

Recipients and embryo transfer
Recipient animals. The recipient animals were a group of 10
female swamp buffaloes, owned by farmers, in Saraburi
province, located about 100 km from Bangkok. The animals
were raised by grazing in natural pasture and paddy fields

during the day, and fed with rice straw according to avail-
ability. Oestrous cycles occurred naturally without any spe-
cific programme for detection.

Embryo transfer, pregnancy monitoring and diagnosis of
pregnancy. All candidate recipient animals were subjected
to fertility diagnosis by plasma progesterone radio-
immunoassay (Kamonpatana et al., 1981) to determine the
non-return to oestrous recipients and to predict whether the
transferable embryos would be conceived (Supplementary
Material S1). They were also assayed for progesterone pro-
files in plasma every 10 days. The oestrous cycles of candi-
date recipients were checked by their respective plasma
progesterone profiles. Before embryo transfer, the presence
of corpus luteum in the ovaries of the recipient animals was
checked by rectum palpation. Day 6 blastocyst in SOF+ FBS
10%, were transferred into the recipient animal on 6 days
after detection of oestrous (day 0 = day of oestrous). On
day 6, one to three embryos were deposited into the uterine
horn non-surgically, ipsilateral to the ovary bearing a corpus
luteum by a trans-cervical method. Following embryo transfer,
pregnancy status was determined by monitoring blood
progesterone levels at 10-day intervals, continuing until
3 months of pregnancy. Pregnancy and calving details were
recorded.

Microsatellite analysis
A microsatellite analysis of genomic DNA from the
cloned buffalo calf, the donor fibroblast cells, the surrogate
mother and one random buffalo sample was performed with
12 primer sets: ITSLT006, ITSLT033, CSSN022, CSSM038,
CSSM043, CSSM057, CSSM029, CSSM019, CSSM041, ETH121,
BMC1013 and BM1818 to confirm the genetic identity of the
offspring. The DNA of the donor cell was prepared from
trypsinized ear skin fibroblast cells, but other samples were
prepared from whole blood. The genomic DNA was extracted
using a commercial kit (QiAamp® DNA blood Mini kit)
according to the manufacturer’s instructions, and isolated
DNA was then assessed for quantity and quality using 2%
agarose gel electrophoresis.
The PCR primers for microsatellite markers were labelled

with fluorescent dye (FAM, Yakima Yellow, ATTO550 and
ATTO565; Schubbert and Rittler, 2012) synthesized by
Microsynth AG, Switzerland. PCR amplification was carried
out by denaturing at 95°C for 5 min, and 35 subsequent
cycles at 95°C for 30 s, annealing for 56 to 60°C for 30 s,
extension at 72°C for 30 s and a final extension at 72°C for
10 min. The products were separated by 2% agarose gel and
stained with ethidium bromide to assess their quality and
quantity. All microsatellite loci were analysed by detection
on vertical electrophoresis units using 7% denaturing poly-
acrylamide. After electrophoresis at 60 V for 16 h, the gel
was stained with EDTA (10 mg/ml) for 50 min, and DNA
fragments were visualized by UV transilluminator, PCR pro-
duct size was confirmed by Gene Mapper V3.5 software
performed on ABI3130 automated sequencer (Applied Bio-
system, Foster City, CA, USA).
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Results

To the best of the authors’ knowledge, this cloned calf is the
first swamp buffalo derived from adult ear skin fibroblast
cells. The development of reconstructed embryos from
frozen-thawed adult fibroblasts is shown in Table 1.

Embryo transfer to recipients
The fresh embryos, 19 morula (Supplementary Figure S3)
and 39 viable blastocysts (Supplementary Figure S3) were
transferred (30 transfer attempts) into 12 recipient buffaloes
(Table 2).

Pregnancy diagnosis and calf birth after nuclear transfer
The percentage of pregnancy by day 45 following fresh cloned
embryo transfer was 83.3% (Table 2). The pregnancy rate
remained high (>80%) from day 45 to 60, but dropped to
50% at day 90, remaining at this level until day 120. By day
150, half of these losses occurred, at day 240, the pregnancy
rate had fallen to 8.3% (one remaining recipient) where it
remained until calving. Detection of aborted foetus was not
determined. In October 2011, after a full-term pregnancy
(326 days), the single remaining recipient naturally delivered a
cloned swamp buffalo (Supplementary Figure S4).
Parturition proceeded naturally without any assistance.

The calf weighed 40 kg at birth and was developmentally
normal. The calf possessed similar phenotypes and pheno-
typical identity characteristics to the donor (Supplementary
Figure S5). The results of microsatellite analyses shown in
Table 3 confirmed that the cloned calf was genetically
identical to the somatic cell donor. The calf has since been
raised on the farm under a good feeding regime, and began
grazing at about the age of 2 months. The cloned calf has
shown normal physiological and behavioural parameters,
and is currently ageing normally (Supplementary Figure S6).

Genetic analysis of cloned calf
A comparison of the microsatellite alleles of genomic DNA
from the cloned calf derived from the donor cell line from
ear fibroblasts was made with 12 microsatellite markers.
Parentage analysis showed that the cloned calf DNA was
genetically identical to that of the donor adult skin fibro-
blasts, with a 100% genetic identity to the donor cell and a
clear difference from the surrogate mother DNA (Table 3,
Figure 1) at all 12 microsatellite markers.

Discussion

This study has described the first known successful application
of SCNT derived from adult ear skin fibroblast cells to produce

a live-cloned offspring of swamp buffalo. The cloned calf
displayed the unique phenotype of the donor karyoplasts,
and microsatellite analysis with 12 markers confirmed that
the cloned calf genotype was also identical to that of the
donor animal. The blastocyst and hatched blastocyst rates in
this study were similar to those reported in our previous
studies (Parnpai et al., 2002; Tasripoo et al., 2007). Our
previous report on the average number of nuclei in cloned
swamp buffalo blastocyst derived from foetal fibroblast at
7 days was 80.6 ± 11.6 (Parnpai et al., 1999). The natural
delivery of the cloned calf following a normal gestation
period (326 days) was within the range observed in normal
breeding or natural insemination (325–332 days), as reported
by Virakul (1987). However, differences in gestation period
have previously been observed by Shi et al. (2007) in cloned
Chinese swamp buffalo, in which gestation periods for cloned
pregnancies were found to be longer than for natural preg-
nancies. In the current experiment, birth weight of the cloned
calf was at the higher end of the normal range (mean value,
26.68; range 15 to 41 kg), as established by Thevarnanoharan
et al. (2001). This is significant in light of previous studies on
cattle, which found a 47% rate of large offspring syndrome in
calves derived from the skin, ear or liver donor cells (Heyman
et al., 2002). At present, at 2 years and 4 months of age
(Supplementary Figure S6), the cloned calf exhibits normal
growth and development (Supplementary Figure S7; unpub-
lished data) and appears healthy. Plasma progesterone
concentration can be used in the selection of non-pregnant
buffaloes. Plasma progesterone levels on day 10 offer an
important indicator, with progesterone levels elevated in
pregnant animals, while remaining low in non-pregnant
animals (Kamonpatana et al., 1981). The progesterone test is
particularly useful with buffalo as oestrous may be difficult to
determine (Dobson and Kamonpatana, 1986).
In this study, the 29% pregnancy rate at day 60 was higher

than that reported by Saikhun et al. (2004), who performed
SCNT in synchronized buffaloes. In animals derived from
cloning or in vitro culture procedures, a high incidence of
placental abnormalities is found during both early and late
gestation (Hill et al., 2000). Buffaloes that were pregnant on
day 30 but not on day 45 or day 90 were considered to have
undergone embryonic mortality or foetal mortality (FM),
respectively (Vecchio et al., 2007). In nuclear transfer, first
trimester losses of more than 50% are common for nuclear
transfer pregnancy in cattle, sheep and goats (Hill et al.,
2000). This study recorded FM of ∼50%, whereas the pro-
portion of late gestation losses between day 90 and calving
reached 91.7%.
In bovine SCNT pregnancies, foetal losses continue

to occur sporadically throughout the second and third

Table 1 Development potential of swamp buffalo-cloned embryos using freeze-thawed ear skin fibroblast cells

Number of fused oocytes Cleavage (%) Eight cell (%) Morula (%) Blastocyst (%) Hatched blastocyst (%)

628 497 (79.1) 362 (57.6) 226 (36.0) 157 (25.0) 73 (11.6)
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Table 2 Pregnancy, calving and incidence of late embryo mortality (LEM) and foetal mortality (FM) of recipients after transferred fresh swamp buffalo-cloned embryo

Number (%) of recipients pregnant at days

Number of recipients 45 60 90 120 150 180 210 240 270 300 Calving

Pregnancy rate 12 10 (83.3) 10 (83.3) 6 (50) 6 (50) 3 (25) 2 (16.7) 2 (16.7) 1 (8.3) 1 (8.3) 1 (8.3) 1 (8.3)
Incidence LEM/FM 2/12 (16.7) 2/12 (16.7) 6/12 (50) 6/12 (50) 9/12 (75) 10/12 (83.3) 10/12 (83.3) 11/12 (91.7) 11/12 (91.7) 11/12 (91.7) 11/12 (91.7)

Table 3 Microsatellite analysis of nuclear transfer donor cells, calf blood, recipient blood and a non-related swamp buffalo

Loci

M1
(130–160)

M2
(270–310)

M3
(200–230)

M4
(150–200)

M5
(150–200)

M6
(220–260)

M7
(100–130)

M8
(170–200)

M9
(200–250)

M10
(130–160)

M11
(200–280)

M12
(130–160)

Samples
Foster mother 153/155 278/278 209/209 171/171 183/183 254/254 112/118 177/177 212/218 153/158 260/274 133/141
Donor cell 151/155 280/280 206/208 173/181 183/187 251/254 118/123 177/191 212/214 155/162 271/274 141/146
Cloned buffalo calves 151/155 280/280 206/208 173/181 183/187 251/254 118/123 177/191 212/214 155/162 271/274 141/146
Random buffalo sample 140/144 275/275 209/209 181/187 185/185 250/250 118/120 183/186 218/226 137/142 262/269 145/147
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trimesters, affecting 25% to 75% of pregnancies from day 90
onwards, depending on the donor genotype and cell line
(Chavatte-Palmer et al., 2012).
The causes of abortion remain unclear, although incom-

plete genetic reprogramming or abnormal gene expression of
nuclear transfer embryos may contribute to high abortion
rates after embryo transfer (Saikhun et al., 2004). Incidence
of loss between day 90 of gestation and calving was 43.7%
for bovine adult somatic clones (Heyman et al., 2002), which
was much lower than those encountered in the current study.
Serum starvation may often result in reduced cell survival and
increased DNA fragmentation, which in turn cause sub-
sequent high embryonic loss after nuclear transfer (Shi et al.,
2007). In bovine nuclear transfer, Hill et al. (2000) recorded
50% to 60% loss of cloned pregnancies by day 100; these
rates are comparable to the loss rates encountered in the
current study.
It is generally accepted that oocyte quality has an impact

on early embryonic survival, establishment and maintenance
of pregnancy, foetal development and even adult disease
(Hossein et al., 2009). Buffalo ovaries are often obtained
from a slaughterhouse and the genetic background of the
oocytes is unknown. The frozen-thawed buffalo adult fibro-
blast cell was successfully used for cloning in this study. Our
results demonstrate that the frozen buffalo ear skin fibroblast
cells could support the development of matured oocytes into
the embryos, and the subsequent establishment of preg-
nancy to full term. It has been reported that factors such as
age, type and treatment of donor cells, as well as embryo
culture methods influence survival rates in the first trimester,
and neonatal viability at term (Hill et al., 2000).
Failure to reprogramme the donor genome is thought

to be a main reason for the low efficiency of cloning
(Rodriguez-Osorio et al., 2012). The efficiency of swamp
buffalo cloning in the present study is about 1.7% (1 calf
from 58 embryos). However, adult SCNT protocols were set
up in this study. Several factors may account for the success
of this adult SCNT. First, the quality of oocytes obtained was
excellent. Second, recipient oestrous cycles were closely
synchronized with the stage of reconstructed embryos. Third,
implantation of two or three embryos into the reproductive
tract of the recipient animal could improve success rates

(Hufana-Duran et al., 2008). In water buffaloes, a higher
success rate is achieved in recipients receiving embryos
following natural oestrous, compared with recipients with
synchronized oestrous (Hufana-Duran et al., 2004). Fourth,
regular oestrous cycle assessment and pregnancy diagnosis
by progesterone monitoring may also have contributed to the
success of this adult SCNT (Supplementary Material S1).
Furthermore, the cloned embryos were transferred in
December. During this period (November to January, cool
season) reproductive performance (ovarian activity) is ele-
vated (Promdireg et al., 2008) and conception rates are the
highest (Chaikhun et al., 2012). The birth of the cloned calf
occurred during the peak calving period of swamp buffalo
(August to October, rainy season). Aside from these technical
considerations, close cooperation between farmers and
the research team is also an important supporting factor
for a successful pregnancy. The current application of SCNT
offers a promising new avenue for reproductive technologies
to breed and conserve, and offers convenience in that
animal transport is no longer required. However, freezing of
donor cells will be required for large-scale cloning. In this
study, limitations to the efficiency of SCNT are indicated
by the low success ratio. The outcome of this experiment
represents the world’s third live-cloned buffalo produced by
nuclear transfer, the world’s second buffalo produced by
nuclear transfer and the world’s first cloned swamp buffalo
derived from adult somatic cell (based on published research
articles). While acknowledging the challenges and low
efficiency presented by current methods, this study demon-
strates that pregnancy can be established via this route,
although survival to term remains low for in vitro and in vivo
embryos. The study improves our understanding of buffalo
reproduction and the factors influencing success rates
for adult SCNT. Further refinement of the SCNT technique
carries potential for genetic conservation of superior buffalo
Landraces.
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Figure 1 Representative of microsatellite analyses of donor cell, cloned
calf, non-related recipient using M10 and M8 markers in genomic DNA.
R = recipient; S = cloned calf; D = donor cell; C = non-related swamp
buffalo.
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