
and evaluated following IETS guidelines. For each breed, superovulatory response (i.e. mean number of CL) and embryo data were evaluated by

ANOVA for mixed models, using CL, FSH dose and treatment as fixed variables and cow identification as a random variable. Forty-six (24.2%)

Angus donors, 4 (11.1%) Brangus donors and 5 (6.8%) Bonsmara donors did not have a CL at the time of initiating FSH treatment. There was no

significant effect of FSH dose or treatment protocol on superovulatory response and the presence or absence of a CL did not influenced embryo

production (P4 0.31). Mean (� SEM) number of CL, ova/embryos and transferable embryos were 13.2� 0.5, 12.4� 0.7 and 6.1� 0.4 in Angus

donors with a CL vs 13.0� 0.7, 11.5� 0.9 and 5.6� 0.7 for those without a CL (P4 0.37); 14.8� 1.2, 14.2� 1.6 and 8.4� 1.1 for Brangus donors

with a CL vs 15.2� 3.1; 11.2� 3.3 and 5.7� 2.8 for those without a CL (P4 0.34); and 13.2� 0.8, 11.2� 1.0 and 7.4� 0.5 for Bonsmara donors

with a CL vs 17.4� 3.7, 13.6� 6.5 and 9.2� 4.3 for those without a CL (P4 0.16). In summary, the presence or absence of a CL did not affect

embryo production in donor cows superstimulated every 28 to 35 days using a progesterone-releasing device and FSH.

Study was supported by Bioniche Animal Health, Belleville, Ontario, Canada.

231 SUPEROVULATORY RESPONSE AND EMBRYO YIELD OF SANTA INES EWES SUBMITTED

TO FOLLICLE STIMULATINGHORMONE TREATMENTS STARTEDNEAR THE TIMEOF EMERGENCE

OF THE FIRST AND LAST FOLLICULAR WAVE OF A PROGESTERONE-BASED PROTOCOL
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This study was designed to investigate if the superovulatory response and embryo yield in Santa Ines ewes are influenced by the time that FSH

treatments are inititiated: near the emergence of the first or last follicular wave of a progesterone-based (P4) protocol. Days of emergence of the

follicular waves was defined in a previous study that evaluated follicular dynamics in oestrus synchronization treatments (Oliveira et al. 2011 Acta

Sci. Vet. 40). Twenty Santa Ines cyclic ewes were submitted to 2 superovulatory protocols according to the time that FSH treatments were initiated

(G-first wave, n¼ 10 and G-last wave, n¼ 10). Thus, the FSH treatment started on Day 4 and 10 of protocol for G-first and G-last, respectively (Day

0¼ onset of protocol). Ewes were treated with a P4 device (CIDR�; Pfizer-New Zealand) for 6 and 12 days for G-first and G-last, respectively.

Additionally, in G-last, the CIDR was replaced by a new one on Day 7. All ewes received 2 injections of 37.5 mg of D-cloprostenol (Prolise�, Arsa-
Argentina) on Day 0 and at CIDR removal. The superovulatory regimen consisted of 8 IM injections of pFSH (Folltropin�; Bioniche Animal Health,

Belleville, Ontario, Canada) administrated twice daily (40, 40, 30, 30, 20, 20, 10 and 10mg of porcine FSH). A single IM dose of 200 IU of eCG

(Novormon�, Syntex, Buenos Aires, Argentina) was given concurrently with CIDR removal. Ewes were mated by a fertile ram. Embryo collections

were accomplished 7 days after CIDR removal. The superovulatory response was classified in scores: (0) 4 or fewer corpora lutea (CL); (1) between 5

and 10CL and (2) 11 ormore CL.Means (�SD)were compared usingKruskal-Wallis test and percentages usingChi-square (Po 0.05).Most donors

(70%, 7/10) from G-last had a superovulatory response classified as score 2 and the remainder (30%, 3/10) as score 1, whereas half of ewes from

G-first were classified as score 2 and half as score 1 (P4 0.05).There was no effect between treatments (P4 0.05) for ovulation rate (G-first:

90.7� 10.2% vs G-last: 93.0� 7.2%), number of ovulations (G-first: 13.1� 7.3 vs G-last: 14.0� 5.8), or number of luteinized unovulated follicles

(G-first: 1.4� 1.3 vs G-last: 0.9� 1.0). Furthermore, there was no effect between G-first and G-last (P4 0.05) in the rate of ova/embryos recovered

(55.1� 27.1%vs 67.0� 19.4%),mean number of ova/embryos recovered (7.0� 5.5 vs 9.1� 3.8), number of viable embryos (3.9� 6.1 vs 5.7� 4.4),

or viability rate (49.1� 43.7 vs 58.5� 34.6). In conclusion, superovulatory response and embryo yield did not differ between FSH treatments

initiated during the first or last follicular wave of a progesterone-based treatment in Santa Ines ewes.

Financial support of FAPESP is acknowledged.
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232 GENERATION OF TRANSGENIC PIGS CARRYING A SMALL INTERFERING RNA VECTOR

DIRECTED AGAINST TISSUE FACTOR EXPRESSION

H. E. Ahrens, B. Petersen, A. L. Queisser, D. Herrmann, W. Kues, S. Holler, P. Hassel, E. Lemme,

A. Lucas-Hahn, and H. Niemann

Institute of Farm Animal Genetics, Friedrich-Loeffler-Institute, Mariensee, Neustadt, Germany

The acute vascular rejection (AVR) remains the main hurdle for long-term survival of a porcine xenograft after transplantation into primates.

Immunological reactions and molecular incompatibilities can lead to endothelial activation and microvascular thrombosis. Knock-down of tissue

factor (TF) could be a promisingmechanism to prevent AVR. Tissue factor is a keymolecule of the extrinsic coagulation pathway. It functions as cell

surface receptor for coagulation factor VIIa and thereby initiates thrombin formation. Since TF knockout was lethal in the mouse model (Toomey

et al. 1996 Blood 88, 1583–1587), we tested different small interfering (si) RNAs in their efficiency to knock down TF in a porcine cell line. Two

siRNAs reduced the mRNA level of TF too3% compared with wild type controls as determined by RT-PCR. Subsequently, porcine fetal fibroblasts

(PFF) were co-transfected with constructs coding for one of the most promising siRNAs and a DsRed vector, which confers neomycin resistance and

red fluorescence. Transfected cells were selectedwith neomycin for 14 days and checked for the occurrence of fluorescence. Integration of the siRNA

vector was confirmed by PCR. Cell clones positive for TF knock-down siRNA served as donor cells for somatic cell nuclear transfer (SCNT).
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Successfully reconstructed embryos were transferred to synchronised recipient sows. Eight transfers resulted in 4 pregnancies. One foster animal was

sacrificed on Day 35 of gestation. All of the 3 resulting fetuses had integrated the TF knock-down siRNA as shown by PCR and will be used for

recloning. Additionally, we plan to determine vector integration by Southern blot analysis and siRNA and TF expression level by real time-PCR. The

remaining 3 sowswill be allowed to carry to full term for further investigations. The functionality of the knock-downwill be tested in a tumo necrosis

factor-a induced assay using cultured endothelial cells of knock-down piglets and of wild type counterparts because exposure to inflammation

mediators stimulates expression of TF and adhesionmolecules in the endothelium.Our geneticallymodified TF transgenic pigs can be combinedwith

already existing genetic modifications to generate multi-transgenic pigs. This model would be of great importance to prolong xenograft survival and

move porcine xenografts to the preclinical level.

This project was funded by the EU project ‘Xenome’ (LSHB-CT-2006-037377).
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A knockout (KO) of the porcine a1,3-galactosyltransferase (GGTA1) gene is crucial for controlling the hyperacute rejection after pig-to-human

xenotransplantation. Porcine kidney and cardiac xenografts from Gal-KO pigs showed prolonged survival after transplantation into baboons.

Unfortunately, knockouts produced by conventional targeting (homologous recombination) are rare events and normally do not lead to biallelic KO.

Zinc-finger nucleases (ZFN) have been shown to be much more efficient by inducing mutations via specific cleavage followed by nonhomologous

end joining (NHEJ). Zinc-finger nucleases do not require antibiotic selection. Here, we used designed ZFN to specifically target exon 9 of theGGTA1

gene encoding the catalytic domain of the Gal-transferase. Recently, we generated female pigs with aGGTA1-KO using ZFN (Hauschild et al. 2011

PNAS 108, 12 013–12 017). Here, we investigated whether cells of a male cell line are susceptible to ZFN-mediated genome editing in a comparable

manner. Male porcine fetal fibroblasts (3� 106) were co-transfected with a ZFN-plasmid pair (7.5 mg each) by electroporation at 250V and 400 mF.
One week after transfection, a Cel-I assay revealed a NHEJ rate of 5.7% of all alleles in the cell population. After magnetic bead selection, Gal-

expression was analysed by fluorescence-activated cell sorting (FACS) using fluorescein isothiocyanate (FITC)-conjugated isolectin-B4. Ninety-

five percent of the cells were free of Gal epitopes, indicating a biallelic KO. These Gal-negative cells served as donor cells in somatic cell nuclear

transfer (SCNT). In total, 507 transgenic embryos were transferred into 6 recipient sows. By obtaining live animals by SCNT after transfer of male

ZFN-GGTA1-KO embryos, wewill have produced female andmale ZFN-KO pigs, which can be used for further breeding experiments to circumvent

the extensive and relative inefficient recloning method. These results show that ZFN work independent of the sex of the cells and that a biallelic

Gal-KO can be produced in male cells by using the ZFN technology. This technology could benefit both agriculture and biomedicine and establishes

the pig as a model for human diseases.

234 EFFICIENT EXPRESSION OF HUMAN ENDOTHELIAL PROTEIN C RECEPTOR AND HUMAN

THROMBOMODULIN IN TRANSFECTED PIG PRIMARY hCD551-GAL2/2 FIBROBLASTS

USING F2A EXPRESSION VECTOR
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The genetic engineering of the pig genome for xenotransplantation studies requires the insertion of different transgenes to create multi-transgenic

pigs. In order to simultaneously add more transgene in a single genetic insertion, we constructed a polycistronic vector using the F2A self-cleaving

peptide. Moreover, this solution has the added advantages of preventing possible segregation during breeding of the animals and of guaranteeing an

equimolar production of chosen transgenes. The scope of this work was the construction and validation of an ubiquitous F2A-bicistronic expression

vector for human thrombomodulin (hTM) and human endothelial protein C receptor (hEPCR) genes in pig primary hCD55-GAL�/� cells to establish

transgenic fibroblasts colonies, to be used for somatic cell nuclear transfer (SCNT) to generate pigs for xenotransplantation research. The expression

vector consisted of pCAGGS promoter (CMV-IEþchicken b actin) followed by hEPCR-furinF2A-hTM coding sequence. The resulting expression

cassette was inserted between 2 insulators obtained from the 50 MAR region of chicken lysozyme.Outside of this insulated structure, there is a loxable

puromycin selection cassette. The resulting purified and linearized expression vector (pEFTM/Lgu I¼ 5 mg) was transfected into hCD55-GAL�/�

primary fibroblasts (1� 106), using Nucleofector (Amaxa, Lonza, Cologne, Germany), in parallel for comparative purposes we cotransfected the 2

pCAGGS-monocistronic vectors for the same transgenes (hEPCR and hTM¼ 1:3, 5mg). Transfected cells were selected with puromycin

(1 mgmL�1) for 15 days. After 8 days of selection, resistant colonies were picked up and expanded into 24-well plates for cryopreservation and

analyses. Bicistronic transfection produced 20 clones and cotransfection only 8 clones that were analysed by Western blot (WB) and by
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immunocytochemistry (ICC) using polyclonal antibody anti-EPCR (1:250, R&D) and monoclonal antibody ab6980-Abcam (1:5000, Abcam,

Cambridge, UK) in WB; polyclonal antibody RCR252 (1:100, Sigma-Aldrich, St. Louis, MO, USA) and monoclonal antibody ab6980-Abcam

(1:100, Abcam) for ICC. Seventeen bicistronic clones (85%) and 2 cotransfected monocistronic clones (25%) were positive for both transgenes using

WB. After ICC analyses, only 11 bicistronic colonies (55%) and 1 cotransfected colony (12.5%) uniformly expressed the desired transgenes andwere

selected for SCNT. The pCAGGS promoter maintained its strong expression also using the hEPCR-FurinF2A-hTM coding sequence and this

bicistronic solution permitted us to improve our results obtainedwith co-transfection. Availability of hEPCRþ hTMþ hCD55þ-GAL�/� colonieswill

allow us to obtain a new transgenic background for future xenotransplantation projects.

This study was supported by EU grant no. LSHB-CT-2006-037377 (Xenome) and by Regione Lombardia (Superpig project).

235 PRODUCTION OF PORCINE KNOCK-IN FIBROBLASTS EXPRESSING HUMAN DECAY-

ACCELERATING FACTOR on a-1,3-GALACTOSYLTRANSFERASE (GGTA1) GENE LOCUS

J. W. Kim, S. M. Lee, J. W. Ju, and M. J. Kang

Chonnam National University, Gwangju, Korea

Galactose-a1,3-galactose (a1,3-gal) epitope is synthesised at a high concentration on the surface of pig cells by a1,3-galactosyltransferase gene

(GGTA1). The a1,3-gal is responsible for hyperacute rejection in pig-to-human xenotransplantation. The generation of transgenic pigs as organ

donors for humans is necessary to eliminate theGGTA1 gene that synthesise Gala(1,3)Gal. Knock-in system refers to the integration a foreign gene at

a specific target, disrupting the target gene by inserting the transgene. Human decay-accelerating factor (hDAF) is a cell surface regulatory protein

that serves as complement inhibitor to protect self cells from complement attack. The generation of GGTA1 knockout pigs expressing DAF is

necessary to use as organ donors for humans. In this study, we established cell lines of GGTA1 knockout expressing DAF from pig ear fibroblasts to

apply somatic cell nuclear transfer. A GGTA1-DAF knock-in vector for positive-negative selection (PNS) consists of the neomycin resistance gene

(neo) as a positive selectable marker gene and the diphtheria toxin A fragment (DT-A) gene as a negative selectable marker gene. The DAF gene was

subcloned in the GGTA1 gene exon 4 and the endogenous start codon was replaced by that of DAF. The ear fibroblast cell lines were isolated from

Chicago miniature pig and used for transfection. Linearized targeting vector DNAwas transfected into these cells by electroporation. After selection

of G-418 during 11 days, we analysed 242 colonies using PCR and long PCR.We isolated 2 positive colonies forGGTA1 gene disruption. To confirm

expression of the hDAF andGGTA1 genes, we isolated total RNA from normal pig cells and the knock-in somatic cell line. A cDNA synthesised using

reverse transcriptase progressed to RT-PCR by a pair of DAF-specific primers and a1,3-GT specific primer, respectively. Expression of DAF was

detected in DAF knock-in somatic cells, butnot in normal pig cell. Expression of GGTA1 gene was decreased in the knock-in somatic cell line

compared with normal pig cell. These cell lines may be used production of a1,3-GT knockout and DAF expression pig for xenotransplantation.

236 GENE TARGETING USING ZINC FINGER NUCLEASES (ZFN) IN THE PORCINE FIBROBLAST
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Gene targeting is a genetic technique that utilises homologous recombination between an engineered exogenous DNA fragment and the endogenous

genome of an animal. In domestic animals, gene targeting has provided an important tool for producing knockout pigs for the a1,3-
galactosyltransferase gene (GGTA1) to use in xenotransplantation. The frequency of homologous recombination is a critical parameter for the

success of gene targeting. The efficiency of homologous recombination in somatic cells is lower than that in mouse embryonic stem cells. The

application of gene targeting to somatic cells has been limited by its low efficiency. Recently, knockout rat andmouse were generated by introducing

nonhomologus end joining (NHE)-mediated deletion or insertion at the target site using zinc-finger nucleases (ZFN). Therefore, the development of

effective knockout and knock-in techniques in domestic animals is very important in biomedical research. In this study, we investigated homologous

recombination events at the cytidine monophospho-N-acetylneuraminic acid hydroxylase (CMAH) gene locus using ZFN in porcine primary

fibroblast. The CMAH-targeted ZFN plasmid and mRNA were purchased from Sigma-Aldrich (St Louis, MO, USA). Porcine ear fibroblasts cells

were obtained from a 10-day-old male Chicago miniature pigs. The fibroblasts were cultured in DMEM containing 15% fetal bovine serum,

1� nonessential amino acids, 1� sodium pyruvate, 10–4M b-mercaptoethanol, 100 unit mL�1 penicillin and 100 mgmL�1 streptomycin. The cells

were trypsinized and resuspended at a concentration of 1.25� 107 cellsmL�1 in F10 nutrient mixture. Four hundredmicroliters of the cell suspension

was electroporated in a 4-mm cuvette with 4 pulses of 1ms duration using 400V capacitive discharges using the CMAHneo targeting vector and ZFN

plasmid or RNA. The CMAH neo targeting vector consists of the neomycin resistance gene (neo) as a positive selectable marker gene, 789-bp 50 arm
and 763-bp 30 arm from exon 8 of CMAH gene. After selection of G-418, PCR analysis was performed using 64 colonies transfected with ZFN

plasmid and 48 colonies transfected with ZFNRNA.As a result, 19 positive colonies were identified in colonies transfected with ZFN plasmid and 15

colonies were identified in colonies transfected with ZFN RNA. The targeting efficiency was 29.7 and 31.6% in the colonies transfected with ZFN

plasmid and ZFN RNA, respectively. To our knowledge, this study provides the first evidence that the efficiency of gene targeting using ZFN was

higher than that of conventional gene targeting in the porcine fibroblast. These cell lines may be used in production of CMAH knockouts for

xenotransplantation.
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237 EXPRESSION PATTERNS OF DEUBIQUITYLATING FACTORS (Usp9x AND Af-6) IN GERM CELLS

OF WILD TYPE AND TRANSGENIC PIGS
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The ubiquitin (ub)-mediated degradation of certain regulatory proteins plays critical roles in various functions, including cell cycle, signal

transduction, transcription regulation and endocytosis. Usp9x is stage dependently expressed in the germ cells during mouse gametogenesis. Af-6,

a cell junction protein, has been identified as a substrate of Usp9x, indicating a possible association between Usp9x and Af-6 in spermatogenesis and

oogenesis. In this study, we examined the expression patterns of Usp9x andAf-6 and their intracellular localization in transgenic pig testes and ovary.

In both Sertoli and granulosa cells, Af-6 was continuously expressed throughout postnatal and adult stages. Both Af-6 andUsp9xwere enriched at the

sites of Sertoli-spermatid junctions, especially at stage IV. In granulosa cells, Usp9x was strongly expressed in primary follicles, but its expression

rapidly decreased after the late-secondary follicle stage. On the other hand, the expression of both Usp9x and Af-6 was weak in transgenic pigs, with

low expression in the Sertoli cells and relatively stronger expression in Graafian follicles. This study suggests that Usp9x and Af-6 were

deubiquitylated in Sertoli and follicle cells in wild type and transgenic pigs.

This study was carried out with the support of Agenda Program (Project No. PJ006702), RDA, Republic of Korea.
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Duchenne muscular dystrophy (DMD) is one of the most common genetic diseases in humans, affecting 1 in 3500 boys. It is characterised by

progressive muscle weakness and wasting due to mutations in the dystrophin (DMD) gene resulting in absence of dystrophin protein in skeletal

muscle. Although curative treatments are currently not available, genetic and pharmacological approaches are under investigation including early-

phase clinical trials. Existing animal models in different species (e.g. mdx mouse, GRMD dog) have been instrumental to understand the

pathophysiology of DMD, but have several limitations. Importantly, the causative point mutations (mdx mouse: nonsense mutation; GRMD dog:

splice mutation) are different from the most common human mutations (out-of-frame deletion of one or several exons of the DMD gene). We used

gene targeting in somatic cells and nuclear transfer to generate a genetically tailored pig model of DMD. A bacterial artificial chromosome (BAC)

from the porcine DMD gene was modified by recombineering to replace exon 52, resulting in a frame shift in the transcript. Modified BAC were

transfected into male neonatal kidney cells, which were screened by quantitative polymerase chain reaction for replacement of exon 52 in the

X-linked DMD gene. Eight of 436 cell clones were successfully targeted and 2 of them were used for nuclear transfer. For each of the cell clones, a

pregnancy was established by transfer of cloned embryos into recipient gilts. Four piglets of the first litter were live born and killed within 48 h and

tissue samples were processed for histological characterisation. Two piglets of the second litter died during birth due to obstetric complications,

whereas the other 2 piglets were delivered by Caesarean section and raised in an artificial feeding system. Their serum creatine kinase (CK) levels

were grossly elevated. Although both piglets showed reducedmobility comparedwith age-matched controls, theywere able tomove and feed on their

own. Immunofluorescence staining of dystrophin was negative in muscle fibres of DMD mutant piglets and the complete absence of dystrophin

protein was confirmed by immunoblot analysis. Histological examination of biceps femoris muscle from DMD mutant pigs showed a degenerative

myopathy with fibre size variation, rounded fibres, central nuclei, fibrosis and fatty replacement of muscle tissue mimicking the hallmarks of the

human disease. In conclusion, we generated the first pig model for a genetic muscle disease. TheDMDmutant pig appears to be a bona fide model of

the human dystrophy as ascertained by absence of the dystrophin protein, elevated serum CK levels and early degenerative changes on muscle

histology. Because deletion of exon 52 is one of the most frequent mutations found in human DMD, the exon 52 mutated DMD pig represents an

excellent model for testing targeted genetic treatments.

This study was supported by the Bayerische Forschungsstiftung.
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Cystic fibrosis (CF), the most common inherited disease in the Caucasian population, is caused by mutations of the CFTR gene, coding for an anion

channel responsible for chloridemovement, determining transepithelial salt transport, fluid flow and ion concentrations. Cystic fibrosis is determined

by chronic lung disease, marked by airway surface dehydration, reducedmucus clearance and increasedmucus obstruction, impaired bacterial killing

and inflammation and continuous destruction of the lung tissue. The lack of suitable CFmousemodels has so far impeded the understanding of disease

mechanisms and the development of novel therapies. Recently, a pig model reflecting the main hallmarks of the human disease in the respiratory,

gastrointestinal and genital tracts has been reported (Rogers et al. 2008 Science 321, 1837–1841). In the present study, we generated a new CF pig

model by disrupting the CFTR gene using an approach that differs in 3 major aspects from the previously published model: (1) gene targeting was

achieved using a modified bacterial artificial chromosome (BAC) vector; (2) transcription of the CFTR gene was completely prevented; and

(3) homozygous CFTRmutant pigs were derived by nuclear transfer from cells in which both alleles were inactivated by sequential BAC targeting.

We characterised 2 cloned litters with a total of 13 piglets (including 4 stillborns). All piglets showed a characteristic CF multi-organ disease with

severe meconium ileus, microcolon, microgallbladder, hypoplasia of the exocrine pancreas, congenital aplasia of the vas deferens andmalformations

of the trachea. In contrast to the recently published CF pig, where the majority of the intestinal obstructions occurred proximal to the ileocecal

junction, we found obstructions exclusively distal to this site. We thus present a novel pig model for CF that reflects the main hallmarks of the human

disease. It confirms the suitability of the CFTRmutant pig for cystic fibrosis research and increases the availability of CF models for molecular and

translational CF research.

The help by Prof. K. Heinritzi and his team from the Pig Clinic, LMU Munich, is gratefully acknowledged. This study was supported by

Mukoviszidose e.V.

240 QUALITY AND VIABILITY OF IVF BOVINE EMBRYOS AFTER INTRACYTOPLASMIC INJECTION

OF DNA]LIPOSOME COMPLEXES

L. N. Moro, G. Vichera, and D. Salamone

Laboratorio de Biotecnologia Animal, Facultad de Agronomia, Universidad de Buenos Aires, Capital Federal, Argentina

Transgenic animals have important applications in agriculture and humanmedicine; nevertheless the available techniques still remain inefficient and

technically difficult.We have recently developed a novelmethod to transfect bovine embryos that consists of intracytoplasmic injection of exogenous

DNA–liposome complexes (eDNA-LC) in IVF zygotes. This study was designed to evaluate the quality and viability of IVF bovine embryos, after

intracytoplasmic injection of pCX-EGFP–liposome complexes (EGFP-LC) or pBCKIP2.8-liposome complexes (plasmid that codifies the human

insulin gene, HI-LC). First, we evaluated embryo development and enhanced green fluorescent protein (EGFP) expression of IVF embryos injected

with both plasmids separately. This treatment was analysed by Fisher’s Exact test (P� 0.05). Cleavage rates for EGFP-LC, HI-LC and IVF embryos

injected with liposomes alone (IVF-L) and IVF control (IVF-C)were 62% (63/102), 67% (67/100), 66% (67/101) and 79% (98/124); blastocysts rates

were 17% (17/102), 21% (21/100), 21% (21/101) and 23% (28/124), respectively. No statistical differences were seen among groups. The percentage

of EGFP-positive embryos (EGFPþ) after EGFP-LC injection was 42.9% after 3 days of culture and 41.8% at the blastocyst stage. In the second

experiment, the blastocysts obtained, EGFPþ or EGFP-negative (EGFP�), were analysed by TUNEL assay at Day 6 (Bd6), 7 (Bd7) and 8 (Bd8) of

in vitro culture, in order to evaluate the effect of the transgene and culture length, on DNA fragmentation. This treatment was analysed by the

difference of proportions test (P� 0.05) using statistical INFOSTAT software. All EGFPþ blastocysts showed TUNEL positive cells (Tþ). The

percentage of Tþ in Bd6, Bd7 and Bd8 were 91, 73.7 and 99.5%, respectively (P� 0.05). EGFP� blastocysts showed lower fragmented nuclei (0,

44.6 and 85%, respectively;P� 0.05). Groups IVF-L and IVF-Cwere also evaluated. In both groups, there was no evidence of DNA fragmentation in

Bd6 andBd7, but Tþwere detected inBd8 (66.4 and 85.8%, respectively;P� 0.05). In the third experiment, bovine blastocysts obtained from theHI-

LC group were individually transferred to recipient cows after 6 (n¼ 11), 7 (n¼ 5) and 8 (n¼ 5) days of culture post-IVF and HI-LC injection. The

pregnancies obtained were from Bd6 [18.2% (2/11)] and Bd7 [40% (2/5)], although none of the recipients receiving Bd8 were diagnosed pregnant.

Two pregnancies developed to term, one derived from Bd6 and the other from Bd7. Analysis by PCR determined that none of the born cows were

transgenic. In summary, IVF bovine embryos could be easily transfected after the injection of eDNA-LC and the technique did not affect offspring

viability. The results indicate that extended time in in vitro culture increases the percentage of fragmented nuclei in blastocysts. Moreover, this

parameter increases in blastocysts with transgene expression compared with those without expression. Finally, more transfers are required in order to

obtain the real efficiency of this new technique and to overcome the drawbacks generated by in vitro culture length and transgene expression.
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