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ABSTRACT

The widespread application of porcine SCNT to biomedical research is being hampered by
the large adult size (300–600 lbs) of the commercial breeds commonly used for SCNT. The
Yucatan minipig, in contrast, has an adult weight of 140–150 lbs and a long history of utility
in biomedical research. In order to combine the wide availability of commercial swine with
the biomedical value of the Yucatan minipig, we utilized SCNT using the Yucatan as nuclear
donors and commercial swine as both oocyte donors and recipients. Of six recipient gilts re-
ceiving 631 SCNT embryos, three went to term and delivered seven piglets, four of which
survived to adulthood. Additionally, we obtained fetal fibroblasts from a cloned Yucatan and
used them for a second round of SCNT. Of three recipients receiving 315 reconstructed em-
bryos, one went to term and delivered three piglets, one of which survived to adulthood. Both
microsatellite and D-loop sequence analysis confirmed that all of the piglets generated were
nuclear-mitochondrial hybrids carrying Yucatan nuclear DNA and commercial breed mito-
chondrial DNA. This report shows that it is possible to produce viable Yucatan SCNT clones
and opens up the possibility of developing valuable biomedical models in this porcine breed.
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INTRODUCTION

WHILE CLONING SWINE by SCNT is progress-
ing at a rapid rate with increases in effi-

ciency continually being reported (Estrada et al.,
2007; Lai et al., 2006; Li et al., 2006; Walker et al.,
2002) the incorporation of this technology into
mainstream biomedical investigation will require
its application to breeds of swine that are more
amenable to study under a biomedical environ-
ment. The conventional occidental commercial
breeds such as Yorkshire, Hampshire, Large
White, Duroc, Landrace, etc., and their crossbreds
have the advantage of high prolificacy, ease of

management, low cost, and extensive availabil-
ity. Their main drawback, however, is their large
size at adulthood with intact males weighing up-
ward of 500–600 lbs and females 400–500 lbs. This
large size places severe constrains in both hous-
ing capabilities and use of animals for biomed-
ical purposes. Of other breeds of swine available,
the Yucatan has an extensive history of biomed-
ical applications (Eubanks et al., 2006; Mattern et
al., 2007; Montezuma et al., 2006; Pak et al., 2006;
Panepinto et al., 1978; Svendsen, 2006; Swindle et
al., 1990; Witczak et al., 2006), lines with selected
SLA (swine leukocyte antigen) haplotypes for
xenotransplantation have been developed (Smith
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et al., 2005), is considered a minipig with adult
sizes of 140–150 lbs, and has a gentle disposition,
making them easy to handle and manage. Un-
fortunately, they are expensive, costing an aver-
age of US $1,000 per animal. Moreover, their
small feet size compared to conventional com-
mercial breeds may cause problems in the post
weaning to adulthood period in facilities using
nonsolid flooring surfaces. In order to determine
whether we could combine the strengths of both
breed types, ease of availability and lower costs
of the occidental commercial breeds, and the ex-
cellent biomedical properties of the Yucatan, we
examined whether we could successfully clone
Yucatan pigs using the occidental commercial
breeds as both oocyte donors and embryo recip-
ients, and the Yucatan pigs as the nuclear donor.
Most of the previous work relating to cloning of
miniature swine has been limited to in vitro de-
velopment (Lee et al., 2006; Miyoshi et al., 2006).
While there have been other reports of successful
cloning of miniature pigs, such as the potbelly
pig, the recipients utilized were either other
minipigs or the Meishan breed (Hoshino et al.,
2005). Recently, the birth of one Claw miniature
pig using occidental breeds as oocyte donor and
recipients has been reported (Miyoshi et al., 2007).
However, to our knowledge, our report is the first
of a successful Yucatan cloning and the second
report of a successful cloning of a minipig using
both oocytes and recipients from commercial oc-
cidental breeds and opens up the possibility of
developing genetically modified lines of Yucatan
pigs for use in biomedical research.

MATERIALS AND METHODS

The experimental protocols used in this study
were approved by the North Carolina State Uni-
versity Institutional Animal Care and Use Com-
mittee.

Oocyte collection and maturation

Ovaries were retrieved from commercial/occi-
dental breed sows at a slaughterhouse located 1
h from the laboratory, and transported in 0.9%
saline solution at 30–35°C. Cumulus–oocyte com-
plexes (COCs) were matured in TC199-HEPES
medium supplemented with 10% porcine follicu-
lar fluid (pFF), 5 �g/mL insulin, 10 ng/mL EGF,
0.6 mM cysteine, 0.2 mM pyruvate, 25 �g/mL

kanamycin and 5 IU/mL of each eCG, and hCG.
Fifty COCs were cultured in 500 �L medium in
a four-well Nunc dish at 38.5°C, 5% CO2 in a hu-
midified atmosphere. COCs were cultured in this
medium for 22 h before being changed to the
eCG- and hCG-free culture medium for addi-
tional 16 h.

Nuclear donor cells

Yucatan nuclear donor cells were obtained
from fetuses of two pregnant Yucatans at days 36
and 48 of gestation. Primary fetal porcine fibro-
blasts were isolated as described previously
(Walker et al., 2002). Fetuses were collected in in-
dividual 50 mL centrifuge tubes containing
MEM-alpha medium (Gibco, Gaithersburg, MD).
Head and inner organs were excised for DNA iso-
lation and the remnants were minced with a ra-
zor blade to less than 1 mm3 pieces. Tissue was
transferred to a 15-mL tube with 10 mL 0.025%
Trypsin/0.5% EDTA solution, then digested
slowly while rotating (tumbling) at 37°C for 45
min. Cells were centrifuged, trypsin removed,
and fresh MEM-alpha added to resuspend the
pellet. Finally, cells were resuspended in 10% fe-
tal bovine serum (FBS), 5% bovine calf serum
(BCS) and 1% Penicillin-streptomycin of MEM-al-
pha culture medium and placed in 10-cm plates
in a 37°C incubator. When plates were 70–90%
confluent, cells were frozen in MEM-alpha �40%
FBS � 10% DMSO, and kept in LN2 until needed
for nuclear transfer. When needed, cells were
thawed and grown in MEM-alpha media sup-
plemented with 15% fetal bovine serum and in-
cubated at 37°C in a 5% CO2 atmosphere. At
70–90% confluence, cells were removed from the
plate by trypsin, centrifuged, and suspended in
NCSU-23 (Petters and Wells, 1993) supplemented
with 0.8 mM CaCl2 and 10% FBS. In addition, fe-
tal fibroblasts collected as described in Estrada et
al., (2007) were used as nuclear donors to gener-
ate control day 30 pregnancies.

Nuclear transfer

Oocytes collected as described above were in-
cubated in manipulation media (Ca-free NCSU-
23 with 5% FBS) containing 5 �g/mL bisbenz-
imide and 7.5 �g/mL cytochalasin B for 15 min.

Following this incubation period, oocytes were
enucleated by removing the first polar body and
metaphase II plate and one single cell was fused
to each enucleated oocyte. Whenever possible,
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smaller sized cells were selected for SCNT. Fu-
sion was induced by two DC pulses of 140 V for
40 �sec in 280 mM Mannitol, 0.001 mM CaCl2,
and 0.05 mM MgCl2. One hour later, recon-
structed oocytes were activated by two DC pulses
of 110 V for 50 �sec in 280 mM Mannitol, 0.1 mM
CaCl2, and 0.05 mM MgCl2 (Estrada et al., 2007).
After activation, oocytes were placed back in
NCSU-23 medium with 0.4% BSA and cultured
at 38.5°C, 5% CO2 in a humidified atmosphere for
less than 1 h before being surgically transferred
into the recipient.

Recipients/foster mothers

Three-way Yorkshire � Landrace � Duroc cross-
bred animals from the Swine Educational Unit at
NC State University were used as recipients. They
were naturally cycling pigs on their first day of es-
trus. Gilts were checked daily for estrus detection
and an ultrasound for pregnancy test was per-
formed at day 25–30 after embryo transfer.

Microsatellite DNA analysis

Nineteen highly polymorphic microsatellites
were tested to determine whether they were in-
formative for this experiment: S0155, SW2410,
SW830, S0355, SW632, SWR1941, SW936, S0228,
SW857, S0101, S0143, S0178, SW911, S0002,
SW980, SW240, SW175, SW951, and S0090. All
were used for genotyping the donor, recipients,
and clones.

Mitochondrial D-loop analysis

To determine whether any mitochondrial het-
eroplasmy could be detected in the Yucatan
clones, and to confirm that the clones were de-
rived from commercial breed oocytes, the D-loop
region was sequenced in eight samples plus a
negative control. The eight samples consisted of
two of the recipient sows that gave birth to the
Yucatan clones, three cloned Yucatan piglets, a
recloned Yucatan cell line, and two samples from
naturally bred Yucatan (not SCNT clones).

The region genotyped was selected using infor-
mation derived by others (Kim et al., 2002) that
identified two Yucatan specific D-loop polymor-
phism when compared to occidental/commercial
breeds. The region of interest was sequenced using
pyrosequencing technology as follows. Three
primers were designed for the amplification and se-
quencing of the mitochondrial DNA containing the

SNP of interest. For the polymerase chain reaction
(PCR) a universal primer system was used. The 
forward primer sequence was 5�GTGACGTA-
CTAGCAACG TCCCTGCAACCAAAACAAG3�
and the reverse primer sequence was 3�TAG-
CAGGATACGACTATCTGGGGACTAGCA-
ATTAATGCAC5�. The sequence in bold is the com-
plementary portion to the universal primers. The
universal primers allowed the biotinylation of the
forward sequence which was later used in the py-
rosequencing process. The PCR was run in 100-�L
reactions with 80 �L of Platinum® Blue PCR Su-
permix (Invitrogen, Carlsbad, CA), 1 �L of 5 �M
gene specific primer mix, 5 �L of the 5 �M univer-
sal primer mix, 8 �L of 25 mM MgCl2, and 6 �L of
50 ng/�L template, resulting in 300 ng total of tem-
plate DNA in each reaction. The thermocycler con-
ditions used a nested PCR protocol. Initially there
was a 2-min denaturation at 95°C, which was pro-
ceeded by the first cycling conditions of 94°C for 30
sec, 57°C for 15 sec, and 72°C for 15 sec for eight
cycles. The second cycling conditions were 94°C for
15 sec, 58°C for 15 sec, and 72°C for 15 sec for 45
cycles. The final elongation was at 72°C for 5 min
and last held at 4°C. After amplification, pyrose-
quencing began by the addition of 74 �L of bind-
ing buffer with 6 �L of Streptavidin Sepharose™
High-Performance beads (Amersham Biosciences,
Uppsla, Sweden) to each biotinylated PCR reaction.
Next, the beads were placed in wells containing 80
�L of annealing buffer with 0.32 �L of 100 �M
sequencing primer 5�GGTTAAATTTTTGGGG-
TC3�, and the sequence analyzed with a dispensa-
tion order of GTCGATATG. The nucleotides, en-
zymes, and substrate from the Pyro Gold Reagents
(Biotage, Uppsala, Sweden) were placed in appro-
priate dispensation slots according to the Sample
Preparation Guidelines for the PSQ™96 and PSQ
96MA Systems.

Phenotypic characterization

Fetal and placental weights of Yucatan SCNT
clones collected at day 30 of gestation were com-
pared to similar stage SCNT clones derived from
our commercial/occidental breeds. Additionally,
birth weights, survival to weaning, and any de-
tectable physical or behavioral abnormalities
were recorded.

Experimental design

In this project the two questions being ad-
dressed were whether male and female Yucatan
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SCNT clones could be generated using oocytes and
recipients from occidental breeds, and whether a
second round of SCNT cloning could yield viable
pregnancies. To address the first question, fibro-
blasts were collected from naturally bred Yucatan
gilts and the fibroblasts used for SCNT. To address
the second question, pregnancies from first-gener-
ation or first-round SCNT clones were established,
fetuses collected at day 30 of gestation, fetal fibro-
blasts cells reisolated as described above, and these
fibroblasts used once again for SCNT cloning. We
refer to these offspring as second-round SCNT
clones. In addition, for comparison purposes,
SCNT pregnancies were established using occi-
dental breed fetal fibroblasts as nuclear donors, and
pregnancies sacrificed at day 30 of gestation to ob-
tain fetal and placental weights. For comparison of
overall SCNT efficiencies, the Yucatan results were
compared to our previously reported commercial
breed cloning efficiencies (Estrada et al., 2007). For
statistical comparisons of survival data, and fetal
and placental weights data were analyzed by one-
way ANOVA using SAS JMP statistical package.

RESULTS

Fetal fibroblast collection

Two naturally mated Yucatan donors were
used for development of fetal fibroblast cell lines.
From one donor, four day 36 fetuses (two male
and two female) were collected. Cell lines were
successfully established from all fetuses and were
frozen at early passages (P1 and P2) for future
cloning. From the second donor, six day 48 fe-
tuses were collected (one male and five female).
Cell lines were established from all but one fetus.
The failure to establish lines from one fetus was
due to contamination.

To obtain fibroblasts from cloned fetuses for
the second round of SCNT, 307 male and female
SCNT embryos were cotransferred into three re-

cipients all of which became pregnant. At day 30
of gestation fetuses were collected for fibroblast
cell isolation, and fetal and placental weights
recorded. From all recipients combined, 28 fe-
tuses were collected—16 normal and 12 with ab-
normal morphology. Abnormal morphology in-
cluded small size, lack of vascularization, or
evidence of necrosis/resorption. Fibroblasts were
collected only from fetuses with normal mor-
phology. Overall, five female and three male, sec-
ond-round SCNT cell lines were isolated. The ad-
ditional eight fetuses failed to yield viable cell
lines due to contamination.

SCNT

For the first round of cloning, six recipients re-
ceived an average of 105 reconstructed embryos
each (Table 1). Of those, three went to term. One
delivered two male piglets, one of which was still-
born. The remaining clone died 7 days postnatally.
Birth weight of the live clone was 1.01 kg. The sec-
ond recipient delivered three female clones, all of
which survived to adulthood. Birth weights were
1.12, 1.31, and 1.25 kg. The third recipient delivered
three male piglets, one of which survived to adult-
hood (6 months of age or greater). Figure 1 shows
newborn and adult Yucatan clones.

For the second round of cloning, three recipi-
ents received an average of 105 SCNT embryos
each and one went to term delivering four male
piglets, one of which was a stillbirth. Birth
weights of the three live clones were 0.76, 0.78,
and 0.87 kg. Two of the clones died within 1 day
of birth, and the remaining one survived to adult-
hood (Fig. 1D).

Microsatellite analysis

Of the 19 microsatellite markers tested, seven
were found to be informative and could differ-
entiate between donor cell lines as well as recip-
ients. As shown in Table 2, the nuclear DNA
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TABLE 1. EFFICIENCY OF FIRST ROUND AND SECOND ROUND SCNT USING YUCATAN NUCLEAR DONORS

Embryos Live piglets
Cloning Collection transferred Number of Pregnant at Pregnant to born/fetuses Survived to
type date (total) recipients D30 (%) term (%) collecteda adulthoodb

1st Round Term 631 6 3 (50%)0 3 (50%) 7a 4
2nd Round Term 315 3 1 (33%)0 1 (33%) 3a 1
1st Round Day 30 307 3 3 (100%) NA 28.a NA

aTwenty-eight conceptuses 16 normal, 12 small or resorbing.
bSix months of age or greater.



genotypes indicated that the genotypes were
identical between the cell lines and the SCNT
clones derived from them, but differed from the
surrogate recipient. This was the same for both
first and second round SCNT clones. These data
confirm that the piglets obtained were derived
from the cell lines used for SCNT.

Mitochondrial D-loop analysis

In order to further confirm that the SCNT
clones that were developed resulted from the
SCNT procedure and not natural breeding, the
mitochondrial D-loop region in all the animals
and cell lines used in this experiment was haplo-
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TABLE 2. MICROSATELLITE ANALYSIS OF RECIPIENTS, CELL LINES AND

CLONES FOR TWO DIFFERENT LITTERS OF SCNT YUCATANS

Cell line Clone Clone Cell line Clone
Microsatellite Recipient 1 YK1 YK1-1 YK1-2 Recipient 2 YK2 YK2-1

SW632 186/188 194/194 194/194 194/194 180/186 178/178 178/178
SW857 163/167 167/169 167/169 167/169 167/167 167/173 167/173
S0143 175/184 175/175 175/175 175/175 181/181 175/184 175/184
SO178 127/141 133/135 133/135 133/135 127/127 133/135 135/135
SW980 133/141 133/143 133/143 133/143 133/146 141/141 141/141
SW951 140/142 151/151 151/151 151/151 140/149 140/140 140/140
S0090 259/263 261/265 261/265 261/265 259/263 265/265 265/265

aRecipient 1 carried to term the first round clones. Recipient 2 carried to term the second round clones.

FIG. 1. Yucatan SCNT clones. (A) Three female first-round SCNT clones at 1 week of age. (B) Adult SCNT clone
boar at 11 months of age. (C) Adult SCNT clone gilt at 1 year of age. (D) Young boar from second-round SCNT (clone
of clone) at 6 months of age.



typed. The choice of region to analyze was based
on previously identified Yucatan-specific haplo-
types. As shown in Figure 2, two polymorphisms
in the region sequenced were informative and ca-
pable of distinguishing between Yucatan-derived
mitochondria and mitochondria derived from the
occidental donor and recipients used for the
SCNT. In one marker the Yucatan had a TCAT
versus a CCAT for the occidental recipients. The
second marker had a haplotype of TAACCC for
the Yucatan versus a CGACCC or TGACCC for
the occidental breeds. Figure 2 indicates that the
recipients had the occidental-specific haplotype
while the Yucatan cell lines had the Yucatan-spe-
cific haplotype. However, when the Yucatan
clones and cell lines isolated from Yucatan clones
were sequenced, it was confirmed that the mito-

chondria were derived from the occidental breed
not from Yucatans.

Phenotypic characteristics of Yucatan 
SCNT clones

As shown in Figure 3a and 3b, placental
weights were significantly smaller (p � 0.018) in
the Yucatan SCNT clones (n � 10) than the occi-
dental SCNT clones (n � 24) (9.67 � 2.12 versus
15.97 � 1.4, respectively). Similarly, fetal weights
of Yucatan SCNT clones (n � 10) where signifi-
cantly smaller (p � 0.0005) than weights of occi-
dental SCNT clones (n � 24) (0.79 � 0.08 vs.
1.19 � 0.05, respectively).

Additionally, comparison of the postnatal mor-
tality rate of the Yucatan clones to that previously
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FIG. 2. Mitochondrial D-loop sequences of polymorphic regions used to distinguish Yucatan from occidental/
commercial swine mitochondria. Two polymorphisms were identified capable of differentiating among the different
breeds. (A) D-loop sequence (TCAT) of Yucatan fetal cell lines (YK1 and YK2) used for SCNT. (B) Sequence (CCAT)
of two recipients (OC1 and OC2) used to carry the SCNT clones to term. (C) Sequence of three first-round clones
(Clo1, Clo2, Clo3) and one second-round clone (RClo 1). In all four cases the sequence matched the occidental/com-
mercial genotype (CCAT), not the Yucatan one. (D) D-loop sequence (TAACCC) of Yucatan fetal cell lines (YK1 and
YK2) used for SCNT. (E) Genotypes (CGACCC or TGACCC) of two recipients (OC1 and OC2) used to carry the SCNT
clones to term. (F) Sequence of three first-round clones (Clo1, Clo2, and Clo 3) and one second-round clone (RClo 1).
In all four cases the sequences matched the occidental/commercial genotypes (CGACCC or TGACCC) not the Yu-
catan one.



reported by us using the same protocol and the
same recipient herd (Estrada et al., 2007) indicates
that the Yucatan clones have a higher rate of post-
natal mortality. With respect to postnatal sur-
vival, three broad groups could be identified:
clones in the upper weight range tended to sur-
vive to adulthood; clones in the bottom 25% per-
centile tended to die soon after birth (1 day or

less); the remaining animals died within 3 days
of birth unless they were provided additional
feeding choices in the form of ad libidum milk re-
placement. In general, the piglets were highly ac-
tive, and were aggressive in their suckling re-
sponses. However, the first 3 days postpartum
were critical for long-term viability. Approxi-
mately half of the clones had difficulties during
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FIG. 3. Fetal and placental weights of SCNT clones derived from either Yucatan cell lines or occidental/commer-
cial origin cell lines. In both cases fetuses were collected at day 30 of gestation and placental and fetal weight recorded.
n � number of observations. Yucatan clones had lower placental (p � 0.018) and fetal (p � 0.0005) weight that the
control occidental/commercial origin SCNT clones.



that initial period. At birth they were active and
appeared healthy and strong, but behaved ab-
normally compared to control farm piglets. This
abnormal behavior was characterized by periods
of hyperactivity, which gradually decreased un-
til the animals became nonresponsive and unable
to suckle on their own. Manual feeding was at-
tempted but the animals did not respond and
died within 3 days of birth. Additionally, two of
the males from one of the litters died soon after
birth. They were normal and did not show any
abnormal behavior. When necropsies were per-
formed on these animals, no pathological abnor-
malities were found.

DISCUSSION

The advent of somatic cell nuclear transfer
combined with genetic manipulation of cells in
culture has opened up a new venue for genera-
tion of complex genetically modified pigs for use
in biomedical research (Kolber-Simonds et al.,
2004; Lai et al., 2006; Ramsoondar et al., 2003;
Takahagi et al., 2005). As this technology contin-
ues to mature, its impact on translational research
will continue to increase, as swine are uniquely
adapted to clinical development and testing of
novel approaches. These can range from surgical
interventions, gene, and cell-based therapies to
pharmacological therapies. In each case the size
and physiology of the swine provides unique ad-
vantages. However, with the expansion of the use
of genetically modified swine has come the real-
ization that for a more extensive utilization of this
technology it is critical that breeds that are more
amenable to biomedical applications are utilized.
One such breed, the Yucatan minipig, has been
used extensively for a range of biomedical appli-
cations. This breed is characterized by its small
size and ease of use, yet it has not been used in
genetic modification projects due to the costs as-
sociated with housing and maintaining a breed-
ing colony of Yucatans. One option for over-
coming this barrier is the utilization of more
commonly available breeds as oocyte donors and
recipients that can then be combined with Yu-
catan cell donors for generation of viable off-
spring that can be used as founder of transgenic
Yucatan lines. We have now demonstrated that
commercial occidental breeds of swine can be
used in combination with Yucatan cell lines to
produce both male and female SCNT offspring.
Moreover, it was possible to obtain viable off-

spring after two rounds of SCNT cloning indi-
cating that multiple rounds of transgenesis and
recloning will be possible making the system
even more useful. The microsatellite DNA anal-
ysis confirmed that the nuclear material in all of
the SCNT clones was derived from the Yucatan’s.
Yet, the D-loop sequencing indicated that the mi-
tochondrial DNA in the SCNT clones was of oc-
cidental origin. This not only demonstrates that
the Yucatan we have generated are SCNT clones,
but also that these clones are, in essence, nuclear-
mitochondrial hybrids that differ from both the
original Yucatan cell donors and the recipient
oocytes, and that can only be produced using
SCNT.

However, our data also indicates that the over-
all efficiency of SCNT, as measured by live piglets
per SCNT embryos transferred, is lower that
when we utilized occidental breed cells as nuclear
donors (Estrada et al., 2007). With the Yucatan as
nuclear donors we obtained less than 40% preg-
nancy rates to term, while with our occidental nu-
clear donors we obtain greater than 75% preg-
nancy to term. Moreover, Yucatan SCNT viable
offspring are less than half those obtained with
occidental nuclear donor embryos (average of
five piglets per litter with occidental breeds ver-
sus less than two with the Yucatan). Addition-
ally, when we collected two pregnancies to ob-
tain fetal fibroblasts for a second round of SCNT,
we observed a large number of resorbing fetuses
in both recipients (four out of eight in one recip-
ient, and 8 out of 12 in the second recipient). How-
ever, when we collected SCNT fetuses at similar
stages of gestation in occidental breeds we ob-
served only 10–20% resorbing fetuses. Thus, the
Yucatan SCNT clones have considerably more fe-
tal lethality at day 30 of gestation.

Also nonresorbing fetuses and some of their
placentae were collected and weighed and both
were found to be significantly lower in the Yu-
catan SCNT clones with the Yucatan fetuses be-
ing 34% smaller and the placentas 39% smaller
than in the commercial/occidental SCNT con-
cepti. Additionally, when ratios of fetal to pla-
cental weight , a measurement of placental effi-
ciency, are calculated the Yucatan clones have a
significantly higher ratio (Fig. 3c) that the occi-
dental clones (0.13 � 0.02 vs. 0.08 � 0.01 for the
Yucatan and occidental SCNT clones, respec-
tively). Unfortunately, we do not have data from
conventional Yucatan pregnancies at equivalent
stages of gestation for comparison purposes.
What we can state from these data is that both
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the fetuses, and in particular the placentas of the
Yucatan SCNT clones, are smaller than occiden-
tal breed clones, and this may have contributed
to the high fetal mortality in the Yucatan com-
pared to SCNT clones from occidental breeds.

Additionally, the ability to survive postnatally
is reduced in the Yucatan clones when compared
to SCNT clones derived by us from commercial
breeds (Estrada et al., 2007)). We believe this ad-
ditional postnatal lethality is related to suckling
difficulties associated with the small size of the
piglets when compared with the relative large
size of the nipple in the recipient gilts. This may
have lead to hypoglycemia because of insufficient
food taken during the first hours of life. If this is
the case, simple management changes that in-
clude additional food availability should result in
increased postnatal survival and further increase
the value of this technology.

Overall, the reduced efficiencies seen in the Yu-
catan are unlikely to be an issue of technical vari-
ability or oocyte or recipient quality as we ob-
tained higher efficiencies with occidental breeds
using analogous oocyte sources as donors and the
same recipient herd (Estrada et al., 2007). Addi-
tionally, the same individual generated both sets
of observations. Thus, the lower viability of the
Yucatan is caused by factors other than experi-
mental variability. What those factors are remain
to be determined, but could include mitochondr-
ial incompatibility, or reduced compatibility be-
tween the Yucatan placenta and the occidental
uterine environment.

Despite the reduced efficiencies, however, our
data shows that it is possible to utilize commonly
used commercial breeds as oocyte donors and re-
cipients to generate Yucatan SCNT clones. The use
of commonly available commercial breeds avoids
the need for having access to Yucatan oocytes or
synchronized Yucatan recipients, both of which
would be prohibitively expensive for most labo-
ratories. The successful cloning of Yucatan’s using
these procedures will greatly enhance the applic-
ability of SCNT technology in biomedical research
as many institutions are already experienced at
working with the Yucatan minipig.
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