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I.  Narrative Summary:

Objective 1. Understanding the developmental biology and underlying mechanisms of 

          fertilization and embryonic development. 

Male Gametes

Heparin and Ca++ free medium promote sperm displacement from bovine oviduct epithelial cell attachment. Based on motility and acrosome status results, it is now proposed that released sperm from oviduct cells may be used for in vitro fertilization (IVF) and other assisted reproductive techniques (WA). A series of experiments were conducted to investigate the effects vitamins C and E on boar sperm motility, acrosome integrity, viability and oxidation (AR). Results demonstrated that vitamins C and E decreased the oxidation of sperm and increased the percentage sperm that were motile, viable  and had intact acrosomes after 24 hours of incubation or after cryopreservation. Collectively, our results demonstrate that vitamins C and E enhanced the physiological characteristics of boar spermatozoa, and suggest they may be useful in improving swine fertility (AR).

Another station has characterized a 27 kDa and a 39 kDa sperm plasma membrane proteins with demonstrable affinity for the oocyte plasma membrane (CA). These two membrane proteins are glycosylated, have an identical N-terminal sequence analysis, and are added to the sperm in the epididymis.  Fertilization is inhibited when either the fraction containing these proteins or the Fab fragment of the antibody to these proteins is added to in vitro fertilization assays utilizing zona-free porcine oocytes. It was also found that relocalization of these products occur in sperm incubated under capacitating conditions with sperm collected during the summer and demonstrating a different relocation pattern with sperm collected during the winter months (CA).



After a series of studies at another station (WA), stallion sperm motility and sperm chromatin outcomes were found not to be well correlated (r = <0.30).  In contrast, natural breeding first cycle and seasonal pregnancy rates for each stallion did correlate with the base line percent of sperm with damaged chromatin (r = (0.60) (WA).

Harvesting Female Gametes

In cattle, follicle dimension has been used as the main criterion for selection of oocytes for in vitro embryo production.  In a series of studies, oocyte competence was evaluated as it was related to the natural follicular phases of the cow (SK). Cows were slaughtered on days 2, 3, 5 or 7 (day 0 = follicular wave emergence), which was equivalent to the growing, early static, late static and regressing phases of subordinate follicle development. The proportion of oocytes that developed to the blastocyst stage was greater in those collected on day 5 after wave emergence (23%) than on days 2 (12%), 3 (13%) or 7 (16%).  In summary, the results do not support the hypothesis of a local effect of the CL or dominant follicle in cattle.  It was concluded that a positive relationship exists between early follicular regression and oocyte competence.  Moreover, morphologic characteristics of oocyte quality used in this study were not predictive in identifying competent oocytes for in vitro fertilization (IVF). Correspondingly, another station has reported a reduction in its presence on the oocyte plasma membrane on cumulus-free oocytes aspirated from follicles where the oocytes are undergoing atresia (CA).

There is a need to identify reliable indicators of oocyte competence and develop a simple, noninvasive method to assess competence in cattle and swine (SK, AR). One station evaluated ultrasound image characteristics of ovarian follicles in relation to oocyte competence and follicular status in cattle (SK). Image analysis revealed differences in echotexture between dominant and subordinate follicles among days 2 to 7 of the follicular wave.  Results from this study also  did not support the hypothesis of a local effect of the CL or dominant follicle on follicular echotexture. It was concluded that the sensitivity of this image analysis technique was not yet sufficient for use in a diagnostic setting, but results provide rationale for image analysis as a tool for evaluating oocyte competence in situ.

Multiple stations developed new approaches to oocyte collection using transvaginal ultrasound-guided technology (SK, LA, IA). One station (SK) refined oocyte collection in beef cows by giving a luteolytic dose of prostaglandin and then 8 days later using transvaginal ultrasound-guided ablation of follicles ≥4 mm to induce emergence of a new follicular wave followed buy standard transvaginal ultrasound-guided oocyte aspiration. Two stations conducted on a cooperative research project to develop methods of harvesting oocytes from cattle during the first 30 days postpartum (IA, LA). With gonadotropin-stimulated and nonstimulated cows viable oocytes were harvested the produced good quality IVF-derived blastocytes (IA, LA) and live offspring were produced (LA). This finding has important implications for commercial cattle production in the future. A series of studies were conducted to improve reproductive efficiency by developing a system to utilize bovine oocytes from heifer calves at 2 month of age (CT). Although live offspring have been produced form oocytes derived from young heifer calves, this ongoing project is focused on refining the activation methods by testing different combination of activation and chemical treatments on prepubertal oocytes from both cattle and goats (CT, LA). 

Female Gametes

Multiple stations are focusing on the effect follicular fluid on subsequent oocyte maturation (UT, LA, OR). The effect of bovine follicular fluids (bFF) collected from varied sizes of follicles was evaluated for use with in vitro maturation (UT). The results indicate that fewer IVF-derived embryos developed to morula and blastocyst stages when matured in medium supplemented with bFF from small follicles (<2 mm and 3-8 mm in diameter) than those with bFF from large follicles (>15 mm), indicating that fluids from small follicles (<15 mm) adversely influence in vitro development of bovine embryos.

The effects of fluid recovered from normal and cystic bovine ovarian follicles on in vitro oocyte maturation, fertilization and embryo development (OR, LA). Culture medium supplemented with follicular fluid from cystic or normal follicles was found to have neither adverse nor beneficial effects on maturation, fertilization and embryo development when compared with medium supplemented with bovine serum (OR). It was found that holding bovine oocytes follicular fluid from 2 to 9 mm diameter follicles was beneficial for holding bovine oocytes for 6 hours prior to the onset of the in vitro maturation process (LA). In contrast, when oocytes were held for in similar pooled follicular fluid for 12 hours prior to the onset of maturation this resulted in a negative effect on subsequent IVF embryo development (LA). 

It was recently reported that there was biochemical involvement of protein kinases in bovine oocyte activation (UT). Another study evaluated whether the presence or absence of gonadotropins during the first or second half of in vitro maturation affected porcine oocyte in vitro maturation and subsequent cleavage (AR).  Delaying FSH and LH supplementation until after 20 hours of maturation was found to reduce oocyte maturation and cleavage, but had no effect on the portion of cleaved porcine embryos that formed blastocysts during subsequent in vitro culture.

Studies were conducted to evaluate whether delaying the onset of GVBD in farm animal oocytes increase or decreased developmental competence (AR, LA, CO). A series of studies was conducted to evaluate whether delaying GVBD by 20 hours in porcine oocytes increase developmental competence (AR). Dexamethasone or dibutyryl cyclic AMP and testosterone treatment was found to be effective in delaying GVBD, with ~80% of the oocytes still at the GV stage at 20 hours of incubation.  Both treatments were reversible, with ~75% of the oocytes achieving the M-II stage by 44 hours of in vitro maturation. Both treatments reduced cleavage and development to the blastocyst stage when compared with that of the controls. In summary, treatments were identified that were effective in delaying GVBD without adverse effects on subsequent nuclear maturation, but did reduce cleavage and development to the blastocyst stage in the pig.  In the horse, roscovitine did not enhance in vitro maturation rates in oocytes harvested from medium to small diameter follicles of mares (LA). In another report, nuclear maturation of equine oocytes could be blocked with roscovitine reversibly (CO).

After four years of intensive study, one station (CA) has identified an oocyte plasma membrane protein (POMP) that functions as one of the oocyte receptors for the spermatozoa and may serve as the antigen for an antibody-based technique to evaluate oocyte quality (Yen and Berger, 1999) (CA). Further characterization of the POMP molecule indicates that it is exposed on the porcine and bovine oocyte surface (but not antigenically detected on murine oocytes) demonstrates affinity for the sperm plasma membrane, relocates during oocyte maturation, such that it is not present in the area of the plasma membrane overlying the metaphase plate. The POMP molecule presence on the oocyte plasma membrane increases during oocyte maturation consistent with the increase in receptors for sperm during oocyte maturation (CA). Also focusing on oocyte receptors, another station (UT) has identified the existence of integrin receptors on the cell surface of bovine oocytes.  It was concluded that these receptors were likely important to the activation and subsequent development embryos.  

Multiple stations evaluated various methods of freezing bovine and equine oocytes (WI, LA, CO). A series of studies on cryopreservation of bovine oocytes showed that oocyte maturation protocols clearly affected post-thaw viability (WI). Correspondingly, the optimal equilibration time for the initial vitrification solution for bovine embryos was found to be 3 minutes for blastocysts and 1 minute for morulae (CO). In another study, the use of trehalose along with the cryo-loop was successful in producing a nuclear transfer calf from a previously vitrified bovine oocytes (LA). At another station, the use of the cryo-loop for vitrification of equine oocytes was also found to be successful in producing viable foals (CO).  Overall, the poor post-thawing  viability of bovine oocytes was found to be attributed to mechanical damage and endogenous DNA damage (WI, LA). In series of studies, an effort is now underway to refining embryo culture conditions to improve post-freezing survival by testing various sequential culture media (LA, CT) and to refine cryopreservation methodologies for oocyte vitrification (LA, CT, CO). 

In Vitro Fertilization

An arginine-glycine-aspartic acid (RGD) containing peptide has been identified that      induces calcium transients in mature bovine oocytes similar to those detected at fertilization (UT).  The RGD peptide was found to cause parthenogenic development of oocytes to the   blastocyst stage and has been shown to directly bind to receptors on the vitelline membrane of   bovine oocytes.

Several stations evaluated in vitro fertilization performance of bovine sperm from different sources on IVF outcomes (UT, LA). On station (UT) investigated IVF performance of bovine sperm from different sources and compared those with subsequent IVF embryo production. The results of this study and those of another station (LA) showed that bull effect was an important factor effecting in vitro production of embryos, and that combining capacitation along with IVF culture was beneficial for production of bovine embryos (UT). Several stations evaluated the effect of cattle breeds of the oocyte on IVF embryo production (LA, WI). A difference in the in vitro developmental pattern (developmental rate to blastocyst formation) was found when purebred and crossbred bovine embryos were produced via standard IVF procedures (LA). It was found that between species crosses in cattle had a negative heterosis effect on blastocyst development rate, that was likely due to genetic incompatibility of parental genomes (WI).  

A successful procedure was developed and refined to laser sort X and Y sperm for cattle and horses (CO). Results from several field trials have shown that calves produced by IVF from sexed sperm were equivalent to calves from IVF with control sperm (CO). Gender-selected sperm is considered an important breakthrough for improving reproductive efficiency in farm animals. 

Embryo Culture

Glucose addition to culture media was evaluated by several stations (CO, LA). It was found that glucose added at various concentrations to KSOM culture medium enhanced bovine embryo development to the blastocyst stage (LA) and further demonstrated that the addition of fructose was superior to glucose for culturing bovine embryos in vitro (CO).  Furthermore, it was found that L lactate was superior to D-L lactate for culturing bovine embryos (CO).

One station (IL) developed a microfluidic, microchannel system that has been used to study in vitro oocyte maturation, cumulus cell removal, in vitro fertilization and embryo culture in the mice, swine and cattle. This microchannel system decreases polyspermy in swine and improves embryo development in mice and in cattle (IL). The plans included evaluating his microfluidic system in an integrated in vitro embryo production in mice, cattle and other species (IL, WI, LA).

Various exogenous plant products were evaluated for their effect on ebryo development in vitro (IL, UT, LA). Phytohemagglutinin (PHA) and pokeweed mitogen (PWM), extracts from Phaseolus vulgaris and Phytolacca americana, are mitogenic agents that produce short lived bursts of mitosis in small lymphocytes. The effects of both PHA and PWM were evaluated on bovine oocyte maturation, however, there was not noticeable affect on subsequent pre- implantation embryo development in vitro(UT). Phytoestrogens are estrogenic isoflavones commonly found in soybeans and legumes. The phytoestrogen, genistein, has no apparent inhibitory affect on embryo development and blastocyst formation of in vivo produced pig embryos cultured in its presence (IL). GB3, a potent stimulatory plant hormone, was evaluate on the in vitro development of bovine IVF-derived embryos but no significant growth enhancement was noted (LA). 

Isocupressic acid [15-hydroxylabda-8(17),13E-dien-19-oic acid] (ICA), a diterpene acid from the pine needles in Ponderosa pine (Pinus ponderosa), Lodgepole pine (Pinus contorta) and common juniper (Juniperus communis), is known to induce abortions during the last trimester of pregnancy when administered orally or by intravenous infusion to cattle. The effects of ICA on bovine embryo development using in vitro fertilization procedures is presently underway (UT).

In several studies, the effects of swainsonine, a plant indolizidine alkaloid and inhibitor of -mannosidases, was evaluated on coceptus deveolment using bovine embryos (UT). It was found that swainsonine did not have any detectable adverse effects on development and viability of preimplantation bovine embryos.

Embryo/Conceptus Development

Cell allocation in the embryo between trophoblast and inner cell mass was shown to depend upon culture medium and culture atmosphere (WI). Another station (OR) evaluated the factors influencing bovine endodermal cell migration, immunosurgically isolated inner cell masses (ICM) were cultured with the inhibitory peptides, RGD and EILDV. Bovine endodermal cell migration on fibronectin was modulated by RGD and EILDV, indicating employment of integrins 51 and 1 in migration. However, even with inhibition, neither peptide completely prevented outgrowth on fibronectin. In contrast, cellular outgrowth was unaffected by RGD for ICM cultured on vitronectin. The persistence of cellular outgrowth on fibronectin and the    absence of inhibition by RGD for ICM cultured on vitronectin suggest that bovine endodermal cells can employ alternative cellular adhesion systems during their outgrowth (OR). In addition, using expressed sequence tag entry numbers as indicators of gene expression, it was determined that the gene expression patterns differ significantly between pig embryos and reproductive tissues in pigs (WA).

A comprehensive evaluation of expression of the plasminogen activator (PA) and matrix metalloproteinase (MMP) families of extracellular matrix (ECM)-degrading proteinases during the period of blastocyst expansion and elongation in ovine embryos was conducted using RT-PCR (OR). Ovine embryos and uterine biopsies were surgically collected from ewes on days 9, 11, 13 and 15 of gestation and of the estrous cycle and RNA was extracted. Urokinase-type PA (uPA) expression was found in embryos throughout days 9 to15 of gestation. Tissue-type PA (tPA) and PA inhibitor-1 (PAI-1) transcripts were detected in day-15 embryos and weakly expressed in day-13 embryos. Ovine embryos expressed transcripts for the MMP inhibitors (TIMP) TIMP-1 and -3 during days 9 to 15 and for TIMP-2 during days 11 to15. Membrane-type MMP (MT) -1, -2, -3 and –5 and TIMP-1, -2 and –3 were expressed in pregnant and nonpregnant uterus during all days of collection. MT-3 and –5 were expressed in ovine embryos during days 9 to 15 of development but neither MT-1 nor –2 were detected. These findings indicate that uPA and MT-3 and –5 are involved in the morphological changes that occur in ovine embryos during days 9 to 15 of development and, at least for the MT, TIMP may be involved in controlling proteolysis during these processes. It is unlikely that MMP-2 and -9 are involved in these embryonic events. The robust expression of TIMP, coupled with the coordinated expression of tPA, PAI-1 and MMP-9 in the embryo on day 15, when embryonic adhesion is developing with the endometrium, suggest that these two families of proteinases are playing a key role in implantation (OR).

A series of studies were conducted to identify the ECM proteins present during extra-   embryonic endoderm formation and elucidate factors affecting endodermal cell migration in bovine embryos (OR). Fibronectin was detected in day 6 to day 10 embryos and no difference in expression was detected by day of development or between in vivo- and in vitro-developing embryos. Laminin was moderate in all stages observed until day 10, where laminin content was greater compared with day 6 to 9 embryos in vivo. Laminin was greater in day 10 in vivo embryos compared with in vitro embryos. Vitronectin was identified in day-6 to day-10 embryos and day 10 in vivo-developing embryos expressed more vitronectin than day-10 embryos in vitro. This findings give new insight to the understanding of the initial process of implantation in farm animals.

Estrus Detection

Several stations focused on the use of an electronic estrus detection to monitor the onset of estrus, duration of estrus and mounting activity during estrus (AR, UT, LA). The primary effort was on the effect of estrus parameters on fertility after insemination and/or embryo transfer. The effect of interval from synchronization treatment to onset of estrus, intensity (mounting activity) and length of estrus and timing of insemination on pregnancy rate in beef cattle were evaluated at multiple stations (AR, UT, LA). A study directly compared three electronic systems for continuous monitoring for estrus in cattle (AR). Pregnancy rates were similar among insemination times ranging from 8 to 24 hours after onset of estrus and the pregnancy rates were similar regardless of length of estrus.  Numerically, pregnancy rate was higher for animals with 30 to 50 total mounts during estrus. Results of this study and a study from another station (UT) showed that the efficiency and accuracy of estrus detection in cattle could be improved with the use of electronic estrus detection. These results provide information on the effectiveness, reliability and limitations of available electronic estrus detection systems.
The success of embryo transfer is dependent of accurate and efficient detection of estrus.  
The HeatWatch system was used to continuously monitor for onset of estrus in order to determine the effect of actual synchrony on embryo transfer pregnancy rates.  The interval from synchronization treatment to onset of estrus had no affect on subsequent pregnancy rate.  Pregnancy rates were similar when compared at 12-hour intervals from -24 to +24 hours.  However, the pregnancy rate was higher for synchrony of ±0 to 12 hours than that of ±12 to 24 hours (60 versus 46%, respectively). This embryo transfer study found that pregnancy rates were over 10% higher for transfer of embryos to recipients with ±12 hours synchrony when compared with ±12 to 24 hours synchrony (AR). In another study, another station (LA) found that electronic estrus detection aided in selecting fertile cattle recipients for embryo transfer.

Estrus Synchroniztion and Artificial Insemination
A study was conducted to directly compare the effectiveness of dinoprost and cloprostenol in different estrous synchronization schemes for beef cattle (AR). Across synchronization treatment schemes, a similar percentage of animals were detected in estrus after either dinoprost or cloprostenol treatment. The interval from treatment to estrus was almost identical for both dinoprost and cloprostenol. Also, no difference was noted for intensity of estrus between the two synchronization products. Overall, the results of this study indicate dinoprost and cloprostenol were both equally effective for inducing estrus at the recommended dosages. In a series of studies at another station, altrenogest was found to be an effective agent for synchronizing beef heifers and cows for AI when compared with the standard MGA treatment for estrus synchronization (LA).


Studies were conducted to investigate the effects of bovine somatotropin (bST) treatment on pregnancy rate in inseminated beef and diary cattle (AR). Treatment of heifers with bST at or 5 days after insemination had no effect on pregnancy rate when compared with that of the control group. Likewise, treatment of beef cows with bST 1 day prior to timed insemination had no effect on subsequent pregnancy rates. Subsequent studies suggested that bST treatment on day 14 actually reduced pregnancy rates (AR). These results suggest there is no advantage to the use of bST in artificially inseminated cattle. Overall, bST treatment was not found to increase pregnancy rates from artificial insemination (AR), as previously reported in the scientific literature, but was found to increase the number of follicles per female when used in an FSH superstimulation schedule for oocyte collections in donor cows (LA).  In a series of cooperative studies, pregnancy rates in heat-stressed dairy cows can be increased four-fold relative to AI by transfer of fresh IVP embryos (WI). 

Artificial Insemination and Sex Ratio

Studies were conducted to evaluate the effect of timing of insemination in cattle on the gender ratio of the offspring (AR, SK). An electronic estrus detection system was used by both stations to continuously monitor for onset of estrus and mounting activity. The first study (AR) investigated the effect of timing of insemination on the gender of offspring in cattle. Results indicated that time of insemination (early versus late) had no effect on gender ratio. Neither the length of estrus nor its intensity (number of mounts/female) had an effect on pregnancy rate or gender ratio. Also, no differences were detected in the gender ratios resulting from different sires or semen batches.

In another study, the effect of interval from estradiol benzoate (EB) treatment to insemination on pregnancy rates and sex ratios in a fixed-time AI program (SK). All beef cows received a dose of 1 mg of EB on day 8 (~24 hours after CIDR-B removal).  All cows were inseminated on day 9 starting 30 hours after EB treatment (52 to 54 hours after CIDR-B removal and PGF). Cows were inseminated 23 to 33 hours after EB treatment.  With 391 cows calving, there was no difference in pregnancy rates over the 10-hour insemination times (between 23 and 33 hours after EB treatment).  There tended (P = 0.15) to be more males born to the early inseminations, from those at 23 to 26 hours after EB treatment.  The sex ratio was approximately equal in the later insemination times, from those at 26.5 to 33.5 hours after EB treatment.

Objective 2.  Refinement of methods for production of genetically modified animal improve

                      livestock production efficiency.
Gene Activation and Function

One mechanism for the switch from maternal to zygotic control of development (maternal to zygotic gene activation; MZGA) is the appearance of transcription factors that activate specific genes in the embryonic genome (OR). Members of the E26 transformation specific (Ets) family are unique transcription factors involved in development, differentiation and protease regulation. One study investigated the expression of the ETS transcription factors, Ets-1, Ets-2 and Elf-1, using RT-PCR in bovine and ovine oocytes and embryos from the zygote stage to day 15 of pregnancy (day 0 = onset of estrus). Ets-1 transcripts were present in bovine primary and matured oocytes, cleavage stage embryos and in day-10, day-12 and day-14 embryos. Ets-2 transcripts were not detected in any of the bovine embryos evaluated. Elf-1 transcripts were detected in bovine matured oocytes, cleavage stage embryos and in days-6, day-10 and day-14 embryos. In ovine embryos, Ets-1 and Elf-1 expression was detected on days 13 and 15 and Ets-2 was expressed in day-15 embryos. Expression of the three transcription factors was not found in any of the earlier ovine stages examined. Based on the expression patterns of Ets-1 and –2 and Elf-1, it is unlikely that any of these are linked to genomic activation. However, this does not preclude their involvement in other processes, such as cellular migration, germ layer formation, protease secretion and ECM turnover that would also be occurring during this interval. In fact, in a separate experiment (OR), treatment of day-5 bovine embryos with Ets-1 antisense oligonucleotides suppressed PA production compared with embryos treated with sense oligonucleotides. These results suggest that Ets-1 may be involved in regulating PA expression in bovine embryos. The reprogramming on telomere lengths, the epigenetically inactivated X chromosome and imprinted genes are in the process of being evaluated in a series of studies (CT). The findings on X chromosome inactivation are needed to improve the nuclear reprogramming procedure in nuclear transfer embryos.  

Nuclear Transfer 

It has been suggested that parthenogenetic activation is an important aspect in the production of nuclear transfer embryos. Calcium ionophore (A23187) and cycloheximide in combination was found not to efficiently activate oocytes for pig nuclear transfer procedures (IL). Extensive research was also conducted in identifying better donor cells for nuclear transfer and reprogramming of  somatic nuclei before nuclear transfer (CT, LA , TX). Different cell lines were found to produced different nuclear transfer results in embryo production in cattle (CT, LA), in the goat (LA) and in the horse (LA).  In a recent study, comparison of nuclear transfer embryos during early pre-implantation development to the donor cell line has revealed a strong similarity in their expression patterns (TX). These results establish that during the first few divisions, many reconstructed embryos maintain the expression patterns of the donor cell line.  

Differences between IVF and NT embryos have shown that the resulting failure of so many reconstructed embryos to properly reinitiate development is due to an inability of reconstructed embryos to recapitulate a developmentally appropriate pattern. One station (UT) evaluated the effects of culture conditions of donor cells and subsequent embryos on development and ploidy of the resulting blastocysts. This station also examined telomere length differences during development in bovine cells by measuring the telomere to centromere ratio, by using a slot blot analysis (UT). Another station evaluated differential gene expression in bovine embryos reconstructed by nuclear transfer using cDNA microarray analysis (TX). RNA from M-II oocytes, IVF and nuclear transfer 2 cell, 4 cell, 8 cell, 16 cell, morula and blastocyst stages of development has been isolated. The RNA was reverse transcribed using the Cy3 and Cy5 labels and run on a commercial microarray. This array contained 15,000 cDNAs from a mouse mid-gestation placenta and embryo cDNA library.  Expression profiles for several stages of development have been attained and the analysis made to identify these genes, which have been found to aberrantly express in reconstructed embryos.    

Embryo/Conceptus Development

Chromosome aberrations lead to the failure of embryos to thrive and undergo further development. Of the few published studies on the cytogenetic analyses of bovine nuclear transferred embryos, results have differed between air-dry and fluorescent in situ hybridization procedures. To approach this problem, one station has developed an improved air-dry procedure that results in suitable metaphase spreads for analysis of day-5 and day-7 bovine embryos (UT).

Several stations investigated the problems associated with abnormal nuclear transfer calf production (CT, CO, TX).  IGF-2 mRNA concentrations have been found to be higher in livers of day-75 bovine fetuses derived from cloning by nuclear transfer than controls (CO).  Umbilical cords of cloned fetuses were found to be greatly enlarged (CO) and placental tissues found to be abnormal (TX, LA).  Two stations conducted research on the efficacy of clinical management of pre-term born somatic cell cloned calves and associated pathology in cloned calves (TX, CT). Clinical management was found not to solve the problems with bovine offspring.  In contrast,   nuclear transfer caprine fetuses that have past 45 days of pregnancy have been reported to be consistently normal and healthy at birth (LA). Efforts have been made to improve nuclear transfer procedures by making chimeric embryos from an IVF-derived bovine embryo and partho- genetically activated bovine embryos (LA). This procedure has produced bovine embryos and viable chimeric offspring when the embryos were transferred to cattle recipients. This approach could serve as a model for nuclear transfer and transgenic embryo production in the future.

Cloning mammalian species from cell lines of fetal and adult animals has been demonstrated by multiple stations (CT, TX, LA, UT, CA). Aside from its importance for cloning multiple copies of genetically valuable livestock, cloning now has the potential to salvage companion (TX, LA), exotic and/or endangered species. Several stations have made an effort to develop nuclear transfer procedures for exotic species (UT, LA). One station (UT) has produced cloned mule offspring using domestic horse recipients. Another station (LA) produced and transferred cloned llama (Lama glama) embryos to llama recipients but no offspring resulted. One station (UT) investigated the effect of the bovine and domestic (Ovis aries) ovine oocyte cytoplasm on the nucleus of an established cell line from an endangered Argali Wild sheep (Ovis ammon) after nuclear transplantation. One Argali Wild sheep pregnancy resulted from nuclear transfer but the pregnancy did not develop to term. Using a similar approach, another station (LA) used domestic cattle oocytes to produce and transfer somatic cell cloned Benteng cattle (Bos javanicus) embryos into domestic cattle recipients. Although pregnancies were obtained, no live births resulted from the transfers. Recently, live viable offspring have been produced from the transfer of   African Wild cat (Felis silvestris libica) cloned embryos to domestic cat recipients (LA).

Stem Cells

Several stations have isolated cultures stem cells from embryos for use to genetically   engineer agricultural species (TX, CA).  Experiments were conducted to isolate stem cells from cultured porcine primordial germ cells (CA). These cells were shown to be similar in morphology and developmental capacity to embryonic stem cells isolated from cultured blastocysts.  When injected into porcine blastocysts, the stem cells were shown to be capable of contributing to development of normal tissues through chimera production. However, the percentage of injected blastocysts that developed into chimeras and the percentage of each chimera contributed by the stem cells were low.  

Additional experiments were conducted to enhance incorporation of stem cells into early embryos, however, none were effective in producing offspring with sufficient chimerism to support genetic manipulation (CA).  Isolation of pluripotent stem cells for agricultural species has been challenging and as yet not been fully successful. Sharing of information and approaches across this multi-state project is critical in advancing stem cell biology and its application to farm animals.

Transgenic Animal Production
Transgenic over-expression of bovine -lactalbumin and human IGF-I in porcine mammary gland affects on lactation and piglet growth and development has been under intense investigation (IL). Results indicate that transgenic gilts produced more (P<0.01) milk than controls on days 3, 6 and 9 of lactation. Total solids intake was significantly greater (P<0.05) by transgenic-reared litters on days 3 and 6 compared with control-reared litters. Transgenic-reared litters gained weight at a greater rate than control-reared piglets. Expression of the transgene was associated with increased milk production in lactating gilts and increased growth of transgenic-reared piglets.


Mammary-specific overexpression of IGF-I in transgenic swine increases milk IGF-I and IGF binding protein-2 and –5 (IL).  IGF-I was found to act as a central regulator of lactation by stimulating mammary mitogenesis, inhibiting apoptosis and partially mediating the effects of growth hormone on lactogenesis. Colostral IGF-I content in transgenic milk ranged from 0.6 to 1.4 mg/L compared with <0.1 mg/L in nontransgenic milk (IL). Milk IGF-I content was maintained at ~0.5 mg/L throughout lactation or 35-fold higher than milk IGF-I of nontransgenic sows (IL). Milk of transgenic sows also contained elevated levels of IGFBP-2 and -5, particularly in early lactation.  Intestinal villus height and lactase activity is increased in piglets suckling IGF-I transgenic sows (IL).  Jejunal lactase activity was significantly (P<0.05) greater in piglets suckling transgenic sows than non-transgenic on days 4 and 7 postpartum. In addition, villus length was significantly increased in 7 day-old pigs suckling transgenic sows (IL). As a result, IGF-I overexpression in porcine milk stimulates early neonatal intestinal development of piglets and may prove beneficial for newborns with compromised intestinal function. Recently, a gene-based comparative approach was developed for animals to annotate cattle ESTs based on human genes in order to identify transcriptomes, analyze their biological relationships and discover preferentially expressed genes in different tissues/organs (WA).

II.  Accomplishments with Impact Statements: 

Objective 1. Understanding the developmental biology and underlying biological 

          mechanisms of fertilization and embryonic development

Accomplishment: W-171 researchers have found that heparin-induced sperm release from bovine oviduct epithelial cells is not mediated by the acrosome reaction and the released sperm may be superior to sperm that did not release from oviduct epithelial cells in IVF procedures (WA).

Impact: Using sperm that have attached and then released from bovine oviduct epithelial cells will increase rate of in vitro fertilization.
Accomplishment: W-171 researchers have shown stallions with suboptimal fertility when using cooled, shipped semen extended in milk‑based extenders for sperm should be evaluated for sperm chromatin structure. This semen should be alternatively shipped in an egg yolk-based extender (WA).

Impact: Thus, it was recommended to ship less than optimal stallion semen in an egg-yolk extender rather than a milk-based extender to improve pregnancy rates from artificial insemination.
Accomplishment: W-171 researchers studying boar semen metabolism found that vitamins C and E are effective in decreasing the oxidation of spermatozoa and increasing the percentage spermatozoa that were motile, viable and had intact acrosomes after 24 hours of incubation or after cryopreservation (AR).

Impact: Fertility in swine artificial insemination can be improved by using vitamins C and E to enhance the physiological characteristics of short-term stored or cryopreserved boar spermatozoa.

Accomplishment: W-171 researchers have shown that sperm chromatin integrity correlates well with field fertility in the stallion and may be used as a diagnostic tool for stallion breeding soundness examinations (WA).
Impact: Using the sperm chromatin integrity assay as part of a stallion’s breeding soundness examination will improve the field fertility accuracy.

Accomplishment: W-171 researchers were first in the world to produce IVF-derived pregnancies and live offspring in beef cattle with bovine epididymal sperm (LA). In an effort to save germplasm from deceased bulls, using epididymal sperm stored in the testes for 24 h at 4ºC in a standard ‘test tube’ fertilization (in vitro fertilization) procedure produced good quality embryos and a pregnancy rate of 46% in recipient beef females

Impact: With this capability, cattle producers will now have to opportunity to harvest germplasm (epididymal sperm) from a recently deceased genetically valuable bull or from an injured breeding bull no longer able to mate. Cattle producers have requested this technology from scientists for decades.

Accomplishment: W-171 researchers have identified an oocyte plasma membrane protein (POMP) that functions as one of the oocyte receptors for the spermatozoa (CA). 

Impact: Evaluating oocyte quality remains as a major hurdle to improving the efficiency of      laboratory embryo production for livestock. This POMP protein could serve as the antigen for an antibody-based technique to evaluate oocyte quality prior to in vitro fertilization (IVF). 

Accomplishment: W-171 researchers have characterized the POMP molecule showing that it is exposed on the oocyte surface of pigs and cattle (but not antigenically detected on murine oocytes) (CA).

 Impact: This demonstrates affinity for the sperm plasma membrane, relocates during oocyte 
maturation, such that it is not present in the area of the plasma membrane overlying the metaphase plate, and it's presence on the oocyte plasma membrane increases during oocyte maturation consistent with the increase in receptors for sperm during oocyte maturation. This finding will help improve in vitro fertilization rate in pigs. 


Accomplishment: W-171 researchers have noted a reduction in its presence on the oocyte plasma membrane on cumulus-free oocytes aspirated from follicles-oocytes that are undergoing endogenous atresia (follicle demise) (CA).

Impact: These findings are of critical importance when evaluating oocyte maturation in farm animals. This important to improving the efficiency of the in vitro fertilization process.

Accomplishment: W-171 researchers have further characterized the 27 kDa and 39 kDa sperm plasma membrane proteins with demonstrable affinity for the oocyte plasma membrane (CA).  These two membrane proteins are glycosylated, have an identical N-terminal sequence analysis, and are added to the sperm in the epididymis. Fertilization is inhibited when either the fraction containing these proteins or the Fab fragment of the antibody to these proteins is added to in vitro fertilization assays utilizing zona-free porcine oocytes. Relocalization occurs in some sperm incubated under capacitating conditions with sperm collected during the summer demonstrating a different relocation pattern than sperm collected during the winter.

Impact: These findings are of critical importance when identifying how seasonal effects (from increased temperature and humidity) occur altering fertilization rates in farm animals. This discovery is also important for improving the in vitro fertilization process and making it more efficient for the livestock producers.

Accomplishment: W-171 researchers have successfully developed methods to harvest oocytes from cattle, horses, goats and sows using transvaginal ultrasound-guided procedures (LA, IA, SK, CO). 

Impact: For example, this technology allows producers to harvest supplemental oocytes from cyclic, noncyclic postpartum and pregnant farm animals for in vitro fertilization and thus, produce supplemental offspring from these females in addition to their natural born offspring; increasing the efficiency of on-farm animal production. Producing one or two extra calves per year from breeding herd females will increase the producer’s annual income. With the potential to increase the efficiency of animal production, this technology is now being implemented by progressive cattle producers.
Accomplishment: W-171 researchers have in a collaborative study have shown that control of ovulation technologies combined with technology of in vitro embryo production can be used to increase (two-fold) pregnancy rates in heat-stressed dairy cows (WI).

Impact: Pregnancy rates from artificial insemination of heat-stressed dairy cows can fall to single digit levels. This ultimately drives the dairyman out of business. This finding greatly affects seasonality of milk production and availability of replacement heifers. The transfer of     in vitro produced embryos enhances pregnancy rates of heat-stressed cows. This technology is presently being implemented by survival-driven dairy and beef producers.

Accomplishment: W-171 researchers have developed the in-field use of sexed semen and shown from field trials have that calves produced by in vitro fertilization with sexed sperm were equivalent to calves from in vitro fertilization with unsexed sperm (CO). 

Impact: Being able to produce sexed-embryo offspring in farm animals has a marked potential for economic benefit to the livestock producer. For example, dairy producers would produce valuable females for herd replacement rather than low-value bull calves. The finding that IVF-derived sexed embryo calves are no different than calves produced from unsexed semen is important to the economic development of this technology. This gender selection technology will likely be the one of the most important breakthroughs for the livestock industry of the decade.

Accomplishment: W-171 researchers have demonstrated negative heterosis in IVF blastocyst formation rate using Bos taurus and Bos indicus parents. Since reciprocal crosses were done the lowered blastocyst formation rate was due to genomic incompatibility of parental autosomes rather than genomic imprinting or maternal effects (WI).

Impact: In tropical and subtropical regions the cross zebu cows with Bos taurus bulls (primarily the Holstein breed) is now widely practiced to produce milk cows. Such systems exploit heterosis and complementarity, but because of hybrid dysgenesis, only the first cross (F 1) is superior. Systems of continual F 1 embryo production and implanting F 1 cows with F 1 embryos can be used to account for negative heterosis in blastocyst production rates of F 1 embryos (WI). This approach is recommended for consideration livestock producers in tropical and subtropical regions throughout the world.

Accomplishment: W-171 researchers have tested new computer-based electronic estrus detection system and found it be a valuable method of detecting the onset of estrus in cyclic cattle (AK, LA, UT).

Impact: Information on the effectiveness, reliability and limitations of available electronic estrus monitors is now available for the producers. Overall, the efficiency and accuracy of estrus detection can be improved through the use of electronic estrus detection. In some cattle herds, it has been reported that estrus behavior is not detected or inaccurately detected in 40% of the females. This new approach to detecting estrus will aid the cattle producers to complete artificial insemination at the appropriate time and thus, improve overall pregnancy rates.

Accomplishment: W-171 researchers have found that embryo transfer pregnancy rates in cattle can be improved by as much as 10% by electronically monitoring for estrus in embryo donors (AR) and recipients (AR, LA) and transferring embryos to recipients with asynchrony of equal to or less than 12 hours (AR).

Impact: With the use of electronic estrus detection, cattle producers will be able to improve the efficiency of their on-farm embryo transplant program. This would benefit the producer by reducing the cost per embryo transfer calf produced.

Accomplishment: W-171 researchers have evaluated the timing of insemination in relation to onset of estrus for its effective in controlling the sex of offspring (AR, SK). Producers have asked for verification of this in-field rumor for decades. An unbiased analysis, as to whether time of insemination alters the gender ratio of calves, revealed that timing of artificial insemination does not significantly alter the calf sex ratio at birth.

Impact: Information made available to the livestock producers will allow them to make an appropriate management decision at the time of artificial insemination.  

Accomplishment: W-171 researchers have developed improved methods of culturing bovine embryos by substituting fructose for glucose (CO). It was also found that zona hardening can occur in bovine oocytes, but to a lesser degree than in mouse oocytes, and it can be prevented by adding serum to the culture medium (CO).

Impact: Improved methods of culturing embryos are being used by industry to obtain more calves from laboratory production procedures. An efficient embryo culture system also permits more efficient use of funding dollars for animal embryo research. For some in vitro biotechnological procedures (e.g., sperm injection for fertilization), preventing zona pellucida hardening of oocytes will improve overall success rates.

Accomplishment: Bovine embryos development was improved by decreasing glucose concentrations during in vitro oocyte maturation.  D-L lactate was also found by W-171 researchers to be much less effective than L lactate for culturing bovine embryos (CO).

Impact: Improved bovine oocyte maturation in vitro will increase success rates of in vitro fertilization and culture of embryos.  D-L lactate, which is used in the majority of culture media for embryos should be replaced with L lactate. This will improve success rates of in vitro embryo production.

Accomplishment: W-171 researchers have fabricated and tested an alternative system (microchannel system) for in vitro embryo development and for embryo miromanipulation in livestock (IL,WI). 

Impact: This new microchannel system will provide a tool not only for optimizing in vitro embryo culture but also to enhance basic understanding of early embryo development in farm animals. This new technology (presently being prepared for commercial distribution a Wisconsin based company) is predicted to have a major impact on improving laboratory production of farm animal embryos in the years to come. 

Accomplishment: W-171 researchers have shown that the use of microfluidic devices for embryo culture has led to a greater in vitro blastocyst development (IL).

Impact: Precise control over local environmental conditions will allow exploration of the effect of different components of culture medium on viability of animal embryos. Initial research studies have shown that this new microfluidic technology will increase the efficiency of embryo production by >25%. 

Accomplishment: W-171 researchers have shown that in vitro fertilization in a microchannel can dramatically reduce polyspermy in swine (IL).

Impact: The microchannel system will allow automation of the in vitro production of embryos, which could not only decrease the cost of embryo production to producers but also enable increased efficiency through the production of rare and valuable germplasm.

Accomplishment: W-171 researchers have shown that culture conditions for in vitro production of bovine embryos affect in fundamental ways the allocation of cells to embryonic components of the trophoblast and inner cell mass (WI). 

Impact: Embryo culture conditions are correlated with embryo size (for example, large calf syndrome) and the maintenance of pregnancy. These findings advance the practicality of using in vitro produced embryos in commercial animal production systems by the cattle producers. 

Accomplishment: W-171 researchers have identified the existence of integrin receptors on the cell surface of bovine oocytes.  These receptors appear important to the activation and subsequent development of bovine embryos (UT). 

Impact:  The identification and characterization of integrin receptors will lead to increased fertility in semifertile cows when using assisted reproduction procedures.

Accomplishment: W-171 researchers have identified an arginine-glycine-aspartic acid (RGD) containing peptide that induces calcium transients in mature bovine oocytes similar to those that occur at the time of fertilization in cattle (UT).

Impact:  The identification of arginine-glycine-aspartic acid (RGD) containing peptides will lead to a better understanding of events at fertilzation, thus, resulting in improved fertility in a portion problem breeder cows and bulls with sperm-oocyte binding problems.

Accomplishment: W-171 researchers have found that wortmannin and genistein act as inhibitors of oocyte development, suggesting involvement of tyrosine kinase and PI3 kinase pathways in activation of the bovine oocyte and subsequent embryo development (UT).

Impact: Optimal efficiency of laboratory-produced farm animals has yet to be obtained. Under- standing the process of oocyte activation is of key importance to improve the efficiency of production of in vitro fertilized and nuclear transfer embryos.

Accomplishment: W-171 researchers have used natural RGD-containing sequences (disintegrins) to understand their role in fertilization (UT).

Impact: Understanding the process of fertilization is of key importance to improve efficiency of the production of in vitro fertilized embryos in farm animals.

Accomplishment: W-171 researchers have determined that nuclear maturation of equine oocytes could be blocked by roscovitine (CO, LA). This in vitro maturation block was found to be reversible (CO).  

Impact: Blocking nuclear maturation in equine oocytes allows cytoplasmic maturation to catch up, resulting in greater production of normal equine embryos in vitro after sperm injection.  

Accomplishment: W-171 researchers have developed in vitro embryo culture systems that can develop IVF-derived embryos to the morula and blastocyst stages for nonsurgical transfer procedures in cattle (LA, CO, UT, WI). 

Impact: These culture systems will make new assisted reproductive technologies more economical and thus, applicable to the livestock producers in the year to come.

Accomplishment: W-171 researchers have found that specific embryo culture conditions affect chromosome composition and ploidy of in vitro produced blastocysts (UT).

Impact: The in vitro culture environment for developing bovine embryos can alter chromosome composition. This is specific to conditioned media, rather than a co-culture system. These results indicate that the viability of IVF-derived and nuclear transfer embryos can be improved, thus ensuring a higher incidence of normal chromosome ploidy in laboratory-produced embryos.

Accomplishment: Chromosome aberrations have been shown to lead to the failure of embryos to thrive and undergo further development. To better study this problem, W-171 researchers have developed an improved air-dry procedure that results in many suitable metaphase spreads for analysis, which results in mitotic indices greater than 40% (UT).

Impact: The development of a better cytogenetic assay for examining early-stage embryos will lead to improve embryo production efficiency by eliminating adverse effects found in the presently used embryo culture systems.

Accomplishment: W-171 researchers have demonstrated that oocytes from prepubertal animals can be used for the production of live viable offspring (CT).

Impact: For example, being able to produce IVF offspring from cattle prior to them reaching puberty will increase reproductive efficiency and generation interval of genetically valuable females. 

Accomplishment: W-171 researchers have using COMET assay showed that cryoinjury in frozen-thawed oocytes was due not only to mechanical damage to cytoplasmic structures caused by ice crystal formation but also to damage to the haploid genomic DNA (WI).

Impact: DNA damage during cryopreservation clearly indicates that more research is needed to improve the methodology for oocyte cryopreservation in farm animals. 

Accomplishment: W-171 researchers have reported that survival of cryopreserved oocytes post- thawing was enhanced if prior to freezing the oocytes were matured. Cattle oocytes not having progressed through meiosis (nuclear maturation) were found to be considerably more sensitive to cryoinjury (WI).

Impact: Male gametes (sperm) are readily available in time and space because of ability to cryopreserve. Female oocytes have limited availability because they are refractory to cryopreservation. It was recommended that oocytes be cultured under maturation conditions to improve post-cryopreservation success rates.

Accomplishment: W-171 researchers have developed an efficient system (termed vitrification) to cryopreserve cattle and horse oocytes for sebsequent use in fertilization and nuclear transfer protocols (CT, LA, CO). Live offspring have recently been produced from vitrifying and fertilizing horse oocytes and from vitrifying and conducting nuclear transfer with cattle oocytes. 

Impact: The development of efficient systems for producing good quality embryos from in vitro fertilization and nuclear transfer allows the maximum reproduction of genetically elite animals.

Accomplishment: W-171 researchers have developed optimal procedures for vitrifying cattle embryos for later embryonic stages (morulae and blastocysts) (CO).  

Impact: The method that was developed for vitrification of embryos was found to be very efficacious for later stage cattle embryos. This new method is much simpler, easier and less expensive to use than standard methods. Vitrification will likely become the method of choice for cryopreserving IVF-derived cattle embryos in the future.

Accomplishment: W-171 researchers have shown that there was no inhibitory affect on embryo development (blastocyst formation) of in vivo produced pig embryos cultured in the presence of phytoestrogen and genistein (IL).
Impact: Because there is no inhibitory affect on blastocyst formation of in vivo produced pig embryos cultured in the presence of  phytoestrogen and genistein, swine producers may safely feed high (<30%) levels of soybean meal in the diets of pregnant sows and gilts.

Accomplishment: W-171 researchers have intensely evaluated the reproductive efficiency of Chinese pigs over a number of years for possible use in swine breeding programs in the USA (IA, IL).  

Impact: After an exhaustive evaluation of growth, development and reproduction parameters, it is recommended that the producers should choose an alternative approach to genetic improvement in swine herds.

Objective 2. Refine methods for production of genetically modified animals to improve

          livestock production efficiency

Accomplishment: W-171 researchers have developed a new oocyte enucleation method that does not compromise the in vitro development of cloned embryos (CT).

Impact: Impact: The development of efficient systems for producing good quality embryos from nuclear transfer that will allow the maximum reproduction of genetically elite animals in the future.

Accomplishment: W-171 researchers have developed a new and simple method of whole cell injection for cloning pigs by nuclear transfer (CT).

Impact: The development of efficient systems for producing good quality embryos from nuclear transfer that will allow the maximum reproduction of genetically elite animals.

Accomplishment: W-171 researchers have demonstrated that xenogenic oocytes (from a different species) can produce nuclear transfer embryos and subsequent pregnancies from established cell lines of three different endangered species (UT, LA).

Impact: Xenogenic oocytes could produce early-stage embryos and subsequent pregnancies, which could be useful in the propagation of rare breeds or species.

Accomplishment: W-171 researchers have uncovered important components of nuclear reprogramming on telomere lengths, the epigenetically inactivated X chromosome and imprinted genes are in the process (CT).

Impact: Uncovering the problem in nuclear reprogramming is of key importance in developing a more efficient nuclear transfer procedures for farm animals.  

Accomplishment: W-171 researchers have developed in vitro embryo culture systems that can grow nuclear transfer embryos to the morula and blastocyst stages for nonsurgical transfer procedures in cattle (LA). 

Impact: This culture methodology will make these technologies more economical and thus, applicable to the cattle producers in the future.

Accomplishment: W-171 researchers have has successfully developed methods to produce cloned embryos in the horse (TX, LA) and three cloned mules using nuclear transfer with horse oocytes (UT). 

Impact: Procedures developed for cloning mules and horses are particularly useful for animals that can not naturally propagate, have been previously castrated or injured, and can no longer reproduce by natural means.

Accomplishment: W-171 researchers have identified strategies to pre-treat donor cells to enhance nuclear reprogramming, which can potentially increase nuclear transfer efficiency and reduce abnormalities of cloned offspring (CT). 

Impact: The development of efficient systems for producing good quality embryos from nuclear transfer that will allow the maximum reproduction of genetically elite animals.

Accomplishment: In studying the reasons for abnormal fetal placental units produced from nuclear transfer in cattle (TX, CO), it was found that cloned day-75 bovine fetuses had excess mRNA for the IGF-2 gene in liver tissue (CO).

Impact: Understanding the molecular mechanisms of abnormalities in cloned fetuses is needed to increase success rates of cloning, particularly in reducing conceptus mortality.

Accomplishment: W-171 researchers found that a census of genes provides a panel of transcripts that can be used as targets to study the mechanisms involved in normal embryo and cloned embryo development (WA).

Impact: A census of genes has been made available to station researchers studying fetal organ development and formation.
Accomplishment: W-171 researchers have demonstrated that newborn cloned animals have clinical signs of abnormalities, which are not associated with the telomere lengths of the animals (CT).

Impact: It is important to understand the physiologic mechanisms causing abnormalities in cloned cattle pregnancies is needed to reduce conceptus and neonate mortality. These resulting conditions are primary factors presently retarding the use of nuclear transfer technology by the livestock industry. 

Accomplishment: W-171 researchers have isolated stem cells from embryos for use to genetically engineer agricultural species (CA). Experiments were conducted to isolate stem cells from cultured porcine primordial germ cells.

Impact: Being able to verify true stem cell lines from farm animals will become a part of a major breakthrough in developing stem cell technology for use in farm animals.

  
Accomplishment: W-171 researchers have developed nuclear transfer techniques in the rabbit that yielded 72% cleavage and 30% blastocyst rates (UT).

Impact: This nuclear transfer procedure for the rabbit and will assist researchers that are interested in using nuclear transfer technologies for the production of transgenic rabbits for pharmaceutical purposes.

Accomplishment: W-171 researchers have successfully developed technologies to produce transgenic nuclear transfer dairy goats (LA). This approach is being tested as an economically efficient method for the production of valuable human proteins in these animals' milk. 

Impact: This approach using goats and cattle is projected to be the method of choice in the future for the production of unique pharmaceutical proteins for human medicine, at a reduced cost to the public. The first transgenic goat-derived human protein for use in human medicine is slated to be approved for the commercial market in 2004.

Accomplishment: W-171 researchers have shown that these cells were similar in morphology and developmental capacity to embryonic stem cells isolated from cultured blastocysts (CA).  When injected into porcine blastocysts, the stem cells were shown to be capable of contributing to development of normal tissues through chimera production.  However, the percentage of injected blastocysts that developed into chimeras and the percentage of each chimera contributed by the stem cells remain low at this time. Several stations plan to join together in a cooperative effort to continue this effort in animal stem cell research.

Impact: Sharing of information and approaches across this multi-state project is critical in the advancement of stem cell biology for use in farm animal models and to ultimately be applied to food-producing animals.

Accomplishment: W-171 researchers have that using the technique of clustering analysis of gene expression patterns in tissues derived from cattle has the potential of tracing the developmental origin of tissues and organs of the conceptus (WA).

Impact: The technique of clustering analysis of gene expression patterns has been published where scientists studying origins of reproductive tissues can access the information.

Accomplishment: W-171 researchers have determined that there are at least three genes for interferon tau in cattle (CO).  

Impact: Understanding regulation of interferon tau genes could eventually lead to a decrease nonpathological embryonic death in cattle.   

Accomplishment: W-171 researchers have shown that milk production and piglet growth can be significantly increased by the introduction of a single gene, which is involved in milk synthesis (IL).

Impact: With transgenic pigs that have increased protein components in their milk, their piglets then grow more efficiently reducing the cost of production. The production of -lactalbumin and IGF-I transgenic swine may allow for improvement of piglet growth and health in swine production systems. Furthermore, he over-expressing -lactalbumin will provide a method to increase milk production in a variety of livestock species in the future. Increasing efficiency without increasing cost of production will be an economic benefit to livestock producers. There is great potential for this model to be used in other species. It is proposed that this approach to raising food-producing farm animals will be used by livestock producers to gain an economic advantage over their competitors in the future. Transgenic animal production technology has remarkable economic potential for the livestock producers in the years to come.






