Title: Review of the Physiological, Pharmacological and Technical Factors Affecting the Efficiency of Embryo Transfer in Sheep
Introduction:
Embryo transfer is a form of assisted reproductive technology (ART) that can be used in several livestock species to increase the number of offspring from a dam with high genetic merit (Paramio & Izquierdo, 2014; Cognie et al., 2003). In sheep, embryo transfer has many specialty applications, including production of high-value rams used for artificial insemination (AI), increasing the populations of endangered ovine species, reducing the transmission of infectious diseases like scrapie, and producing embryos for research; however, ovine embryo transfer is not commonly used in commercial applications like meat and dairy production due to high cost and mediocre success (Cognie et al., 2003). The poor efficiency of embryo transfer procedures in sheep makes it a rarely-used and under-researched reproductive strategy, especially compared to embryo transfer in cattle. In 2014, the International Embryo Transfer Society reported only 14,161 ovine embryos collected, compared to 614,464 bovine embryos collected globally for the year (Perry, 2015). There are countless facets to this report; however, it shows that embryo transfer is not utilized as an assisted reproductive strategy for sheep nearly as often as cattle, nor are the records for sheep as complete. The poor efficiency of embryo transfer in sheep is a large contributor because it is currently too expensive and difficult for common use in commercial flocks. There are characteristics of each step of the procedure – superovulation, insemination, collection, and transfer – that are specific to sheep and that affect the efficiency of the entire process. These factors can be approached by physiological, pharmacological, and technical standpoints. 
Physiological Factors:
Research on several of the physiological factors associated with sheep ART can be used to fine-tune an embryo transfer program. For example, different sheep breeds can respond differently to superovulation treatments for multiple ovulatory embryo transfer (MOET), particularly FSH injection, due to varying follicular growth patterns among breeds (Ammoun et al., 2006). Additionally, variability in response to superovulation protocols has been observed among contemporaries, and even more so in seasonally anestrus ewes subjected to melatonin treatments to resume cyclicity (Bartlewski et al., 2008). To achieve a successful superovulation – i.e. producing a sufficient number of transferable embryos -  the donor ewe must develop a wave of follicles without producing a single dominant follicle and release a sufficient LH surge to ovulate all of the oocytes she produced (Lopez-Alonso et al., 2005). No matter how tightly regulated the breeding herd is, there will always be some individuals that will not respond well to superovulation.

Ewe reproductive tracts during laparoscopy (A & B) and laparotomy (C & D) following superovulation (Bartleski et al., 2016) [image: https://ars.els-cdn.com/content/image/1-s2.0-S0093691X16300553-gr1.jpg]White Arrows – Corpora Lutea
White Arrowheads – Cystic follicles, unovulated
Black Arrowheads – Cystic follicles, partially luteinized
A & C – Poor response to superovulation
B & D – Good response to superovulation

Alterations in physiology among the herd due to age, breed or individual variation negatively affect the efficiency of the entire embryo transfer protocol by hindering the number of ewes that respond to superovulatory hormone treatments; therefore, steps that can be taken to identify the non-responsive ewes before subjecting them to invasive embryo collection procedures would be in the right direction. A recent study suggests that ultrasonography can be used to assess the corpora lutea on sheep follicles following an eCG superovulation treatment. The relative number of corpora lutea formed (<3 vs. >3) in response to the treatment could be visualized, and 84% of the high-producing individuals also responded well to superovulation using FSH (Bruno-Galarraga et al., 2015). 
Pharmacological Factors:
Fostering superovulation in donor ewes is perhaps the most pharmacologically significant part of the embryo transfer process, and it is paramount to the success of MOET programs. Fairly standard superovulation treatments include the use of 5-day or 12-day progestagen sponges and a 4-day regimen of FSH injections, given every 12 hours and decreasing in volume each day, starting 48 hours before removal of the sponge (Mayorga et al., 2011). A single dose of eCG could be used in leu of the FSH regime, administered 48-72 hours before sponge removal; however, eCG use for superovulation has been associated with development of cystic follicles and lower embryo quality and recovery (Bartlewski et al. 2016). In contrast, decreasing doses of FSH have been shown to improve embryo quality and recovery in both in-vivo and in-vitro applications (Bartlewski et al., 2016).

Technical Factors:
The classic approach to in-vivo production of embryos is MOET, and involves superovulation, insemination via intrauterine AI or natural service, embryo collection via laparoscopy or laparotomy, grading under a microscope, packaging and storing, and transfer to the uterus of a recipient ewe (Amiridis & Cseh, 2012). Cervical access to sheep uteri is limited, making the surgical approach a better option for embryo harvesting and AI to get a greater proportion of transferable embryos; however, performing surgery hinders the efficiency of the embryo transfer process because of expense, time consumption, and invasiveness. (Amiridis & Cseh, 2012; Cognie et al., 2003). While MOET is a valuable method for producing embryos, it is costly.
In-vitro production of embryos is another method that can be used in sheep. It requires collection of oocytes, often sourced from lambs or slaughtered ewes; maturation; in-vitro fertilization (IVF); embryo culture; storage; and transfer (Paramio & Izquierdo, 2014). In-vitro embryo production is a great tool in research applications and for rapidly improving genetic gain in a flock. Cheap collection of oocytes from abattoirs, and laboratory control of embryo development lends this approach to research, and collection of oocytes from prepubertal ewes cuts the generation interval of a sheep flock in half – 6 months compared to 12 in traditional MOET programs (Amiridis & Cseh, 2012; Paramio & Izquierdo, 2014). However, variable quality of collected oocytes makes the embryo maturation process difficult to master, and it contributes to the variable success of embryo production in laboratories (Paramio & Izquierdo). 
Conclusion:
Currently, embryo transfer in sheep is mostly limited to applications that are not as reliant on the efficiency of the process because of the promise of profitable offspring, maintaining flock health, and aiding in conservation or research efforts. Variability in response to MOET superovulation, inaccessibility of the ovine uterus, and the variable quality of oocytes and embryos makes embryo transfer in sheep rather inefficient in terms of cost and/or success. Perhaps in the future, improved methods of embryo transfer in sheep will present more applications for it in animal production systems.
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