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ABSTRACT 

Maximising sheep breeding production to enhance farm profitability and flock quality can 

be achieved through advanced reproductive technologies such as embryo transfer (ET). 

This thesis reviews the principles, benefits, and challenges of ET in sheep, focusing on the 

integral steps of donor ewe selection, superovulation protocols, synchronization, 

laparoscopic artificial insemination, embryo collection, grading, freezing, and implantation 

in recipients. The anatomical structure of ewes necessitates skilled surgical techniques, 

increasing the technical difficulty and cost of ET compared to other livestock. Breed 

differences in superovulatory response and the management of donors and recipients 

significantly influence success rates. Advances in in vitro embryo production, cloning, 

genome editing, and semen sexing offer promising avenues to further improve efficiency 

and genetic progress. While ET remains relatively niche in sheep compared to cattle, 

ongoing refinement and comprehensive management can unlock its full potential to 

accelerate genetic improvement, expand endangered breeds, and meet the increasing 

demand for quality sheep production globally. The economic viability of ET depends 

heavily on maximizing the yield of transferable embryos from donor ewes and optimizing 

recipient management to achieve high pregnancy success. This work consolidates decades 

of research and offers practical insights for implementing ET programs effectively on sheep 

farms. 
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ABSZRAKT 

A juhtenyésztési termelés maximalizálása a gazdaságok jövedelmezőségének és az állomány 

minőségének javítása érdekében fejlett reprodukciós technológiákkal, például 

embrióátültetéssel (ET) érhető el. Ez a disszertáció áttekinti az ET alapelveit, előnyeit és 

kihívásait juhokban, a donor anyajuhok kiválasztásának, a szuperovulációs protokolloknak, 

a szinkronizálásnak, a laparoszkópos mesterséges megtermékenyítésnek, az 

embriógyűjtésnek, a minősítésnek, a fagyasztásnak és a recipiensekbe történő beültetésnek 

az integrált lépéseire összpontosítva. Az anyajuhok anatómiai felépítése szakképzett 

sebészeti technikákat igényel, ami növeli az ET technikai nehézségeit és költségeit más 

haszonállatokhoz képest. A szuperovulációs válaszban mutatkozó fajtabeli különbségek, 

valamint a donorok és recipiensek kezelése jelentősen befolyásolja a siker arányát. Az in 

vitro embriótermelés, a klónozás, a genomszerkesztés és a sperma nem szerinti 

meghatározásának fejlődése ígéretes lehetőségeket kínál a hatékonyság és a genetikai 

fejlődés további javítására. Míg az ET a juhok esetében viszonylag réspiaci szerepet játszik 

a szarvasmarháknál, a folyamatos finomítás és az átfogó gazdálkodás kiaknázhatja teljes 

potenciálját a genetikai fejlesztés felgyorsítása, a veszélyeztetett fajták bővítése és a 

minőségi juhtenyésztés iránti növekvő globális kereslet kielégítése érdekében. Az ET 

gazdasági életképessége nagymértékben függ a donor anyajuhoktól származó átvihető 

embriók hozamának maximalizálásától és a recipiensek kezelésének optimalizálásától a 

magas vemhességsiker elérése érdekében. Ez a munka több évtizednyi kutatást egyesít, és 

gyakorlati betekintést nyújt az ET programok juhtenyésztő gazdaságokban történő hatékony 

megvalósításába. 
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1. INTRODUCTION 

Sheep production plays an important role in food production, therefore research and 

development of reproduction methods that can be economically viable and be achievable on 

a commercial scale are important. Favourable traits can be selected to improve 

characteristics of sheep and be advanced with the use of embryo transfer production. 

Reproduction management of a flock will determine the offspring produced and the 

profitability of the farm. To ensure this reproductive methods like embryo transfer (ET) need 

to be carried out [1]. 

A successful ET programme will require steps that are effectively executed. Inadequacy at 

any of the steps will affect the result negatively. Use of embryo transfer programmes to 

reproduce sheep has increased significantly over the recent years. This is due to 

standardisation and improved techniques across the industry [1]. Manipulation and 

improvement of sheep flock genetics using embryo transfers, aided by advanced 

reproductive technologies, is an effective tool to increase the quality of a flock to meet the 

increased demand for productivity [2]. 

Pedigree breeding has been advanced with the development and improvements of embryo 

transfer. In cross breeding the genetic merit of the ram can be easily and efficiently utilised. 

ET allows for the harvesting of the genetic benefit of the female sheep through methods such 

as super ovulation [3].  

ET can be successfully carried out on farms by following the correct procedures and advice 

developed by experts over multiple decades of experimentation and research. 
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2. AIMS 

The aim of this review is to give a fundamental overview of the principal steps and tasks 

used to make ET programmes successful in a commercial setting or used in a breeding sheep 

flock on farms.  

ET has considerable abilities and advantages to dramatically advance rates at which sheep 

can be genetically improved. Traits that formerly took decades of breeding to add to a flock 

can now be expedited within several generations of sheep. However, to make this work 

viable it requires a high yield of transferable embryos from donor ewes in the program. 

This review summarises the main steps for an ET program, from the concept of ET, to 

selecting donor ewe, producing embryos, harvesting the embryos, processing the embryos 

and techniques used, implanting them in suitable recipients and managing that recipient until 

the valuable ET produced lamb is born into the flock.  
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3. CONCEPT AND BENEFITS OF EMBRYO TRANSFER TECHNOLOGY 

Genetic improvement programs fail when animals of lesser quality are used for breeding in 

place of animals of superior quality. Cross breeding has developed many desirable traits, 

such as increased milk, meat and wool production through hybridisation. In practice, most 

of the improvement in a crossbreeding program comes from selecting high-quality rams, 

because sheep are seasonal, short-day breeders. Practically, this means that ewes only cycle 

during a limited part of the year, so each ewe can only produce a limited number of lambs. 

A single superior ram, however, can mate with many ewes in that short season, so his 

genetics influence a large proportion of the next generation [4]. 

Multiple ovulation and embryo transfer (MOET) can be used to utilise maternal genetics. 

For maximum benefit from MOET, high conception rates must be achieved with the 

recipient ewes [5]. The benefits are especially evident when utilising the female genetic 

potential of the flock. Additionally, it also reduces the generation interval among female 

sheep [6]. 

There are numerous benefits of increasing the progeny of genetically superior females, such 

as saving endangered breeds of sheep, introducing new breeds, rapidly increasing flock size, 

obtaining offspring from an injured female, avoiding transmission of certain diseases to 

offspring. Transferring embryos also takes advantage of lesser quality females to use as 

recipients to produce a higher quality animal [3]. ET can be used to import and export 

genetics between countries around the world and conduct research on embryology. ET can 

also be used to excel progress to develop new breeding concepts such as shortening gestation 

periods [7]. Commercialising embryos, both in vivo-derived (IVD) and in vitro-produced 

(IVP), has the advantage of using selected males to fertilise the oocytes from selected 

females [8]. 

Ongoing advancements in embryo production, freezing, and genetic editing technologies 

may further expand the applications and effectiveness of these reproductive 

biotechnologies in sheep breeding programs. 

 

 

  



   
 

4 
 

4. LIMITATIONS OF EMBRYO TRANSFER TECHNOLOGY IN SHEEP 

Collection and implantation of embryos is more complicated in sheep compared to cow or 

mare. This is due to the size and anatomical structure of their genital tract. Manipulation of 

the genital tract can be performed rectally in cows and mares, and collection or implantation 

of embryos can be done via the cervical canal into the uterine horn ipsilateral to the ovulating 

ovary. This is not possible in ewes due to their narrow, convoluted cervical anatomy which 

complicates ET. Thus, more skilled practitioners are needed to carry out the process. Surgical 

procedures such as laparotomy or laparoscopy are often required for both embryo collection 

(flushing) and transfer, increasing the cost, technical difficulty, and invasiveness of the 

procedure. These interventions also necessitate anaesthesia, sterile operating conditions, and 

post-operative care, all of which contribute to animal welfare concerns and increase the 

logistical and ethical challenges of routine use in field conditions [3]. 

In addition to anatomical limitations, recording and data management systems for sheep lag 

those of other livestock species. In many regions, animal performance recording is primarily 

focused on traits of economic importance such as growth rate, wool quality, or carcass yield, 

with limited emphasis on reproductive and fertility traits. This imbalance hinders genetic 

progress in reproductive efficiency and limits the identification of superior donor and 

recipient animals. To optimise the benefits of ET and other advanced reproductive 

biotechnologies, comprehensive recording systems that include both production and 

fertility-related parameters are essential [4]. Breeding programs and other incentives that 

encourage the systematic collection and utilisation of such data would enhance the 

effectiveness of ET and broader genetic improvement strategies in sheep. 

Another drawback of the MOET programs is the unpredictability of the number of 

transferable grade embryos that can be used. Many different factors affect this, such as wide 

variation of superovulatory responses from donor ewes, as well as embryo quality. It is not 

uncommon to have fertilisation failures after natural mating or cervical insemination with 

donor ewes. This is due the aforementioned anatomical structure of the ewe’s cervix, making 

accurate placement of the semen difficult. It has also been noted in numerous studies that 

synchronisation treatments affect the transportation of sperm through the cervix, which 

negatively impacts the number of viable embryos collected [9]. 

Furthermore, problems can occur after embryos are collected. If the embryo is stored in an 

unsuitable environment or has undergone extensive manipulation such as gene programming 
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after a nuclear transfer it affects the gene that regulates foetal growth. Most laboratories 

dealing with embryos have seen the so called “large calf-lamb syndrome”. Also known as 

Large Offspring Syndrome (LOS), which is characterised by longer than normal gestation 

periods, increased birth weight and other developmental problems. It increases the risk of 

dystocia and poses an increased risk in mortality for both ewe and lamb [10]. Moreover, 

undershot lower jaws have also been noted in lambs derived from in vitro produced and 

cloned embryos [11].  

The technologies involved in embryo transfer production is expensive. If the current demand 

for pedigree sheep decreases then it will reduce the demand for sheep produced by ET as 

well [12]. 

Overall, these factors currently restrict the widespread and routine application of embryo 

transfer in sheep breeding programs despite its genetic improvement potential. Continued 

refinement and better data management are essential to optimize its use and should be 

matters of the utmost importance to the industry.  
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5. DONOR EWE SELECTION 

Many factors should be considered in a flushing programme when selecting a donor ewe to 

extract embryos from. These include genetic superiority, normal physiology and health 

conditions, good reproductive status, age of the donor and the potential economic value of 

the offspring produced. The donor should be disease-free, cycling regularly and preferably 

have a history of successful lambing. Ewes with a record of proven, successful offspring are 

preferred for an ET program to ensure consistent, high-quality genetics. However, selecting 

yearling sheep with superior genetic traits is also possible, as these younger animals may 

contribute valuable genetics to accelerate flock improvements. A balance should be found 

between proven performance and good genetic potential, in order to optimise the success of 

a breeding program [7]. 
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6. PRODUCING EMBRYOS USING SYNCHRONISATION 

Synchronisation is essential to align the oestrus cycles of all ewes in the ET programme for 

improved efficiency. It allows the flock lamb simultaneously and promotes uniformity of 

the offspring, which simplifies nutritional management of the flock. Additionally, 

synchronisation of the ewe and donor increases survival rates of implanted embryos [4].  

Sheep are seasonal, short-day breeders, with reproductive activity closely tied to decreasing 

of the daylight hours. This seasonal breeding pattern presents challenges for year-round 

embryo transfer programs. In order to overcome this obstacle, groups of donor ewes are 

often synchronised and prepared concurrently for embryo collection. Prior to 

synchronisation, superovulatory treatments are typically administered to donor ewes. This 

facilitates an increase in the number of ova available for fertilisation, thereby maximising 

the number of embryos that can be recovered per ewe. Due to demand for embryos 

throughout the year, repeated cycles of superovulation and synchronisation may be required 

to maintain a consistent supply of embryos. Using a larger number of donor ewes in each 

cycle also enhances the economic efficiency of ET programs by reducing cost per embryo 

and increasing overall output [13]. 

6.1 Methods of Oestrus Synchronisation 

Oestrus synchronisation is typically achieved using a progesterone-based program which 

are designed to mimic the natural luteal phase of the oestrus cycle. This can be administered 

orally, but more often, a vaginal sponge or a Controlled Internal Drug Releasers (CIDRs) 

are used. These devices contain either natural progesterone or synthetic analogues such as 

fluorogestone acetate (FGA) or medroxyprogesterone acetate (MAP). While the specific 

hormone used is less critical, the dosage plays a major role in determining the number of 

ovulations. 

Following progesterone withdrawal, an oestrus-inducing agent such as equine chorionic 

gonadotropin (eCG) or prostaglandin F₂ is administered to stimulate follicular growth and 

ovulation. It is essential that synchronisation protocols are tailored to account for breed, age, 

body condition, and physiological status of the ewes, since these factors affect hormonal 

responsiveness. Additionally, seasonal timing exerts a significant influence on 

synchronisation outcomes. For instance, treatments applied during the natural breeding 

season typically produce higher conception and embryo recovery rates [13]. 
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7. SUPEROVULATION PROTOCOLS 

Superovulation aids in producing the maximum number of fertilised embryos, which can 

subsequently be transferred to recipients with a high possibility to create successful 

pregnancies and produce adequate offspring [1]. Economic viability of ET programmes 

relies upon the superovulatory response in donor ewes [14]. 

Superovulatory treatment is administrated at the end of the synchronisation treatment. 

Gonadotropin, a follicular stimulating hormone, is used to stimulate the ovaries to increase 

ovulation rates. There are other factors that affect success rates, such as the distribution of 

pattern of the hormone doses and the ratio of FSH/LH in the gonadotropin preparation. It 

has been determined that decreasing the dose results in higher response of numbers of 

ovulation compared to a constant dose level. For ewes, an intravaginal sponge is inserted for 

14 days with twice daily injections of FSH on day 12 to 14. The sponge is removed before 

the FSH injection on the final day. There are many different types of FSH available on the 

market some of which are porcine originated, others of ovine origin. In case of the latter, 

care needs to be taken to prevent the transmission of prion infections such as scrapie [13]. 

Management of donor animals on different farms was noted as a considerable factor 

influencing ovulation rates and, consequently, the overall success of embryo transfer 

programs. However, management of the donor cannot be fully controlled by the surgeon 

performing the procedure. External factors such as nutrition, particularly in he form of 

energy and mineral supplements given, as well as the environment and general herd health 

also play crucial roles. All these considerations make it apparent that an experienced farm 

manager is essential for the success of adequate superovulation rates of donor ewe [15]. 

It is worth noting that a substantial difference was found in responses to superovulatory 

treatment between sheep breeds as well [16]. An ewe that had been treated with 

superovulating hormones produces 6 to 8 embryos per flush on average. However, this 

number varies depending on the individual and breed, ranging from 0 up to 40 embryos in 

a single flush [17]. 

Despite these challenges and variability inherent in superovulation responses, continued 

refinement of protocols and farm practices will enhance the economic viability and genetic 

progress achievable through embryo transfer technology in sheep breeding. 
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8. SPERM SEXING  

The method of semen sexing involves the separation of spermatozoa bearing either the X or 

Y chromosome from a semen samples. This biotechnology is primarily used to increase the 

number of either female or male lambs born. In the case of sheep breeding, increasing the 

number of females is more economically beneficial. This is due to the reproductive value of 

ewes, and is especially important for expanding specific breeds or conserving endangered 

ones [4]. 

Flow cytometric sorting is a commercially successful technique for preselection of the sex 

of offspring in many species. In this process, sperm with X or Y chromosomes is separated 

out based on DNA content using specific staining methods. It allows for collection of 

superior sperm populations to be used in both in vitro and in vivo applications. However, 

the sorting procedure induces stress on sperm, potentially affecting both motility and 

viability of the semen sample. Consequently, this may affect the fertilising potential and 

lifespan in the female reproductive tract. Advancements in technology have improved 

sorting efficiency and reduced biological impacts. This shows that sex sorting is an effective 

method that can manage offspring sex ratios for both genetic and economic benefits in sheep 

breeding [18]. 

It is worth noting that sperm sexing technology is not without drawbacks and limitations in 

many animal species. During the production and use of sex-sorted spermatozoa, factors such 

as the rate at which X and Y bearing sperm cells can be separated, as well as the post-sorting 

storage conditions can severely affect the quality of the sexed spermatozoa. However, 

studies have shown that sex-sorted and frozen-thawed ram spermatozoa can achieve similar 

or even higher fertility when comparing to non-frozen-thawed controls. Even when 

inseminated at low doses in non-superovulated ewes, or in cases where the males are located 

far from the sorting facility and the sperm samples have undergone freezing prior to and 

after sex-sorting, this holds true [18]. 

Flow-sorted ram spermatozoa have been shown to achieve fertilisation rates comparable to 

those of non-sorted spermatozoa. In fact, sex-sorted ram spermatozoa have superior in vitro 

quality and survivability, including improved motility, acrosome integrity and 

mitochondrial activity. Their greater longevity in vitro suggests that sex-sorted spermatozoa 

may also possess an extended fertilizing lifespan within the female reproductive tract, 

however, further research would be necessary to back up this claim [18].  
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9. LAPROSCOPIC ARTIFICAL INSEMINATION PROCEDURE  

Fertilisation of ewes can be achieved by natural mating or by artificial insemination (AI) 

[13]. AI is a very useful method in the fast advancement for genetics. Artificial insemination 

was originally developed for hygienic purposes, by removing the need for live mating which 

has an increased risk of transmitting certain infectious diseases. This, combined with the 

controlled use of semen of genetically superior rams across a larger number of females than 

they could normally cover, benefits the success of ET programmes [19]. 

Best fertilisation results are achieved using fresh or frozen semen from multiple selected 

sires that are suitable and fit for purpose. Several factors substantially influence the success 

of the procedure, including the timing within the breeding season, the specific breeds 

involved, the frequency of technology use, the competence of the veterinarian or technician 

performing the insemination, storage conditions of the semen after collection, and the body 

condition of the sheep [4].  

9.1  Steps to carry out laparoscopic artificial insemination 

Laparoscopic artificial insemination (LAI), an intrauterine method, is a standard practice 

used to inseminate donor ewes in ET programmes. LAI has been used effectively to breed 

sheep for the past two decades [20]. A major advantage of LAI is that it makes more efficient 

use of semen, leading to greater fertilisation rates. Smaller semen volumes can be used, 

allowing more ewes to be inseminated per ejaculate. Moreover, LAI allows for effective 

utilisation of poor-quality frozen semen by allowing for deep intrauterine deposition, 

overcoming the physical barrier of the caudal reproductive tract of ewes. Due to these 

benefits, laparoscopic deposition of semen is associated with over 60% increase in 

pregnancy rates compared to more traditional techniques [21].  

To carry out LAI procedure the donor ewe is lightly sedated and placed upside down in a 

cradle. The area on the ventral abdomen is appropriately clipped, injected with lidocaine for 

local anaesthesia and disinfected with a chlorohexidine solution. The ewe is then lifted to a 

45-degree angle in the cradle known as Trendelenburg position. Using a scalpel, an incision 

is made on one side of the median line of the abdomen through the skin to the level of the 

muscle. Then a 1.5-inch blunt teat canula with an insufflation tube attached is inserted 

through the muscle into the abdomen through the incision furthest from the surgeon by a 

calculated push. Air insufflation is used until the ventral abdomen is enlarged and feels tense 

to press. Minimal insufflation is advised to reduce the risk of hypoxia due to positioning 
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during surgery. A second incision is made near the surgeon. A 5mm trocar and cannula are 

inserted, followed by withdrawal of the trocar and insertion of a 5mm laparoscope for 

abdominal visualisation. 

From the surgeon’s perspective, the reproductive tract will be located ventral to the bladder, 

which if full can sometimes obstruct the view. A distinct tone is seen when the donor ewe 

has responded well to the oestrus synchronisation programme. The reproductive tract will 

appear pink and has a curled response when touched with an instrument. Distended loops of 

the small intestine and the caudal sac of the rumen may prevent visualisation of the 

reproductive tract. This can usually be prevented by fasting the ewe for twelve hours of feed 

and water before the surgery [21].  

Once the reproductive tract has been visualised, a second trocar and cannula are inserted 

beside the teat cannula. A laparoscopic AI gun containing 0.25cc semen, sheathed for uterine 

manipulation, is passed and angled opposite the greater curvature of the uterine horns. The 

sheath aids in positioning the uterine horn by gently moving any overlying structures, such 

as the omentum. The aspic needle is then exposed, and at the mid-horn location, semen is 

carefully injected into one or both uterine horns. Care must be taken to facilitate proper 

uterine injection of semen and prevent semen leaking into the abdomen. Although it is not 

definitely proven that semen needs to be injected into both horns when performing LAI. 

Regardless, for ewes in embryo recovery programmes it may be beneficial to inject both 

horns, ensuring spermatozoa are available in both horns for fertilisation. Additionally, 

injecting both horns also ensures against diminished returns in case of leakage at one 

injection site during the procedure [21]. 

After semen deposition, the surgeon should inspect the manipulated sites for any lacerations 

or excessive bleeding. The laparoscope and cannulas can then be removed and the abdomen 

decompressed of gas. The ewe is returned to a horizontal position, and the skin incisions 

are closed with non-absorbable sutures or surgical staples. Once removed from the cradle, 

the ewe should stand up immediately. If this is not the case, the ewe should be placed in 

lateral recumbency to prevent the risk of aspiration pneumonia [21]. 

9.2 Problems that may arise with LAI 

As with any surgical procedure, LAI methods are not without risk. The main complications 

reported are risk of puncture and lacerations of the abdominal organs, especially the urinary 

bladder. However, these risks can be minimised with appropriate protocols in place, such as 



   
 

12 
 

taking extra care when penetrating the abdominal cavity and visualisation of the abdominal 

cavity when removing the equipment, ensuring to check for any trauma caused to organs. 

[21]. 
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10.  EMBRYO COLLECTION 

Unlike with large ruminants, where embryos can be transferred through the cervical route,  

surgical intervention is required in ewes [13]. Sheep embryos are typically collected between 

day 6 and 7 onset of oestrus. With embryo collection, timing is equally critical. Accounting 

needs to be made for when the embryo enters the uterine cavity, ensuring the embryo has 

not hatched from the zona pellucida. This helps preserve the embryo’s viability for deep 

freezing and storage, and ultimately has a significant impact on the success of fertilisation 

[13]. 

Traditionally embryos are collected from the ewe under general anaesthesia, through a 

laparotomic procedure exteriorising the uterus to reach the ovaries. The most reliable 

method of embryo recovery has been through surgical recovery from either one of the 

oviducts or the uterus [3]. 

To safeguard both animal welfare and ensure surgical success, the donor ewe must be fasted 

for 24 hours of food and 12 hours of water prior to surgery. Donor ewes are intravenously 

sedated with ketamine and xylazine into the jugular vein. Once sedated, the ewe is restrained 

in a mobile cradle for safety and ease of access for the surgeon to carry out the procedure. 

During surgery, anaesthesia of the ewe is maintained with isoflurane. A 20 cm ventral 

midline incision, cranial to the udder, allowing the reproductive tract to be exteriorised for 

uterine flushing and embryo retrieval [3]. 

The reproductive tract is flushed with Dulbecco’s phosphate-buffered saline containing 

bovine serum and antibiotic-antimycotic agents. For oviduct flushing, the oviducts are 

cannulated through the through the fimbriated end with a fluted plastic catheter. A 20 ml 

syringe fitted with a 25-gauge needle is used at the uterotubal junction to infuse 20 ml of 

collection medium [3]. 

To flush the uterus, a no.8 paediatric foley catheter is inserted in the uterine horn slightly 

proximal to the bifurcation, and the bulb is inflated with air. An 18-gauge needle attached to 

a 50 ml syringe is introduced into the uterine lumen at the uterotubal junction, and 30 ml of 

medium is used to flush the uterine horn into a foley catheter. The products of the flushing 

are then collected into a sterile petri dish to examine further [3].  

Under a microscope at 10–20× magnification, the collected embryos are located and then 

inspected and evaluated for quality under 80× magnification. It is crucial to check that the 

zona pellucida is intact and free from adhering tissue debris [13]. 
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With repeated surgical collections from a donor ewe, intra-abdominal adhesions may occur 

due to multiple incisions and regular manipulation of the reproductive organs. To minimise 

this risk, 50-100ml of a 6% dextran-70g solution is dispensed directly into the peritoneal 

cavity prior to suturing the abdominal cavity. Finally, the incisions are sutured with 2-0 

polyglactin in a continuous subcuticular pattern [3]. 

Surgical embryo collection remains the most dependable technique for retrieving viable 

embryos from ewes. Whilst advances such as laparoscopic and transcervical approaches 

have aimed to reduce invasiveness, laparotomic surgical recovery continues to offer 

higher reliability and embryo quality in sheep. Careful attention to timing, animal 

preparation, and recovery techniques is essential to maximise embryo yield and ensure 

welfare. Future developments may further improve efficiency and welfare outcomes, but 

at present, surgical methods remain the gold standard for sheep embryo collection. 
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11. EMBRYO GRADING 

Embryo morphology assessments are the most popular method to evaluate and grade the 

quality of an embryo prior to transfer into a recipient. This grading system is based upon an 

embryo’s colour, texture and the integrity of the embryonic cells. Whilst more advanced 

techniques exist for more in-depth embryo evaluation, practically, morphological 

examination using a stereomicroscope suffices in most field conditions [22]. 

Embryos are generally evaluated and graded whilst they are enclosed in the zona pellucida 

(ZP), an extracellular structure surrounding the embryo. It consists of cross-linked 

glycoproteins and is present between the zygote through the blastocyst stage. The matrix of 

the ZP plays several essential roles, including protecting the embryo and mediating key 

events during fertilisation [22]. 

Key aspects considered during evaluation include colour of the embryo, developmental 

stage of the embryo, the degree of fragmentation and compaction. All these factors combine 

in a quality assessment of the grade of the embryo [22]. Higher-grade embryos consistently 

show better pregnancy success rates after embryo transfer compared to embryos of lower 

grade. This is most likely due to their greater capacity to conditions within the uterine 

environment [5]. 

11.1  Embryo grading scale 

Embryos are evaluated and assigned a grade based on a four-point scale in order to 

determine their suitability for cryopreservation programs and ET [1]. 

Embryos assessed at grade 1 show excellent quality, which is determined as symmetrical 

and spherical in shape, with uniform size, colour, shape, and density, as well as minimal 

cellular irregularities. Over 85% of the embryonic mass is intact and the stage of 

development corresponds to the day of collection [1]. 

Grade 2 embryos are considered slightly less optimal, but they remain at least 50% of their 

cellular integrity. They may exhibit minor irregularities only, and will still be deemed 

suitable for ET or freezing [1]. 

Embryos classified as grade 3 are of poorer quality, demonstrating larger irregularities with 

approximately only 25% of their cellular mass intact. Grade 4 embryos are dead or severely 

degenerated, considered non-viable, and are not recommended for use. Grade 3 and 4 

embryos are much less likely to result in successful pregnancy. However, transferring 
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multiple grade 3 or 4 embryos together can sometimes improve conception rates [1]. 

Therefore, only grade 1 and 2 embryos should routinely be selected for cryopreservation and 

transfer to ensure optimal outcomes. Embryos graded 3 and 4 are rarely used, except in 

specific circumstances to maximise the chances of recipient conception [23]. 

Embryo assessment remains an essential and practical approach for evaluating embryo 

quality for assisted reproductive technologies in sheep and other species. By applying a 

standardised grading scale and focusing on key structural and developmental criteria, 

practitioners can reliably select embryos with the greatest potential for survival and 

successful implantation. Whilst future advancements may further refine embryo 

assessment, established grading protocols enable increase outcomes in embryo transfer and 

cryopreservation programs to this day.  
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12.  FREEZING EMBRYOS 

Since the 1970s, embryo freezing has become a well-established technique in assisted 

reproduction, after the birth of the first lamb from a successfully implanted frozen-thawed 

embryo. The original method involved incubation of embryos in a cryoprotectant, then 

gradually chilling them to -3 degrees below their freezing point and inducing ice nucleation 

with pre-cooled forceps to ensure controlled freezing. Over time, this process has gone 

through series of refinements to ensure embryo viability and improve success rates [11]. 

These days, embryo cryopreservation is a commonly practiced technique, allowing for the 

transport of embryos across regions and countries. Ethylene glycol is considered a highly 

effective cryoprotectant and commonly used. Embryos are prepared by passing them 

through 3 baths with increasing concentrations of ethylene glycol (0,5, 1.0, 1.5M), spending 

om average 5-10 minutes in each bath [13]. 

The freezing procedure is typically conducted at room temperature, which allows for the 

direct transfer of embryos immediately after thawing, provided that the embryos have been 

adequately cryopreserved within the straw. During freezing, the embryos are put into straws 

surrounded by a freezing medium, with the embryo positioned centrally and separated from 

a thawing medium at each end by two air bubbles creating a buffer [13]. 

The straws are then placed into a controlled-rate freezing system, where the temperature is 

gradually lowered to the seeding point at approximately −7°C, followed by slow cooling to 

−35°C at a rate of about 0.3°C per minute. After this process, the straws are stored in liquid 

nitrogen for long-term preservation [13]. 

Thawing demands rapid warming, with the exact protocol depending on whether embryos 

were frozen using single or multi-step methods. Conception rates following transfer of 

frozen-thawed embryos approximate those of fresh semen artificial insemination, although 

success depends on factors such as the embryo's developmental stage and synchronization 

with the recipient’s cycle [13]. 

Overall, embryo cryopreservation remains a cornerstone of modern reproductive 

technologies, enabling flexibility in timing and logistics without compromising fertility 

outcomes. 
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13.  IN VITRO EMBRYOS  

In vitro embryo production (IVEP) offers the benefit of low-cost embryos that can be used 

for various applications in sheep reproduction [24]. The IVEP process involves the 

aspiration or collection of oocytes from ovaries, followed by their in vitro maturation 

(IVM). Matured oocytes are then fertilised in vitro using capacitated spermatozoa. The 

resulting embryos are cultured until they reach the young blastocyst stage needed for 

transfer. IVEP has been routinely applied in sheep reproduction for over a decade, although 

methods and protocols have evolved significantly during this time [13]. 

One of the main advantages with IVEP is that it avoids some of the limitations of in vivo 

superovulatory protocols, such as variable embryo yield and surgical trauma induced by 

collection methods, which can affect the efficiency and durability of such protocols, but also 

raises welfare concerns for the ewes. Unlike traditional multiple ovulation and embryo 

transfer (MOET) programs, IVEP does not necessarily require superovulation. With IVEP, 

oocytes can be harvested from the follicle directly in hormonally stimulated or non-

stimulated females using less invasive techniques such as laparoscopic ovum pick-up 

(LOPU). This method minimizes trauma in the ewes compared to laparotomy, which 

significantly improves animal welfare and repeatability [13]. However, the procedure is not 

without downsides. IVEP shows higher rates of foetal loss compared to MOET, which 

highlights that further advancements need to be made before IVEP can replace MOET as a 

more suitable method [25] 

Overall, IVEP utilising LOPU is a viable complement or alternative to conventional 

reproductive technologies in sheep. It continues to facilitate genetic improvement and 

expands the options for embryo production and transfer in both research and livestock 

production contexts. 
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14.  EMBRYO CLONING 

Cloning enables the reproduction of organisms without the act of sexual intercourse, 

producing genetically identical copies, commonly called clones, of the original organism. 

Unlike with sexual reproduction where offspring inherits a combination of traits from 

parents, with cloning the progeny born are homogenous copies derived directly from 

specific biological materials such as genes, cells, or even an entire organism. These clones 

are developed in vitro primarily through two methods: somatic cell nuclear transfer (SCNT) 

and embryo splitting, also known as twinning [26]. 

14.1  Embryo splitting 

Embryo splitting, a biotechnological method that mimics in vitro the natural process of 

producing identical twins by artificially dividing early-stage embryos. Embryo splitting can 

be done at multiple embryonic stages, such as the 2-, 4-, or 8-cell stage. It results in the 

formation of twins or multiple genetically identical embryos. Studies in farm animals, 

including sheep, demonstrate an approximately 36% efficiency with split embryos at the 2-

4-cell stage developing into full organisms following uterine transfer [26]. 

Embryo splitting uses two primary methods: blastomere biopsy and embryo bisection. There 

is very little evidence that shows either method influences the percentage of twin 

pregnancies. Blastomere biopsy involves removing a single blastomere from a cleavage-

stage embryo and inserting it into an evacuated zona pellucida (ZP), which supports further 

development. Openings in the ZP are made with Tyrode’s solution and a micropipette. This 

approach has been shown to be successful in sheep. Bisection mechanically divides a 

compact embryo into two equal parts, each containing a trophectoderm and an inner cell 

mass, and can also be applied to various large animal livestock including sheep [26]. 

This technique has considerable benefits, especially for individuals who respond poorly to 

hormonal stimulation in embryo programmes. It can help produce sufficient embryos when 

there are limited oocytes, with the remainder of embryos frozen for later use. One of the 

major advantages of embryo splitting is the application in genetic disease diagnosis before 

implantation of the embryo. For example, with embryo splitting, one embryo can be used 

for genetic screening while its twin is implanted. Thus, allowing for the selection of healthy 

embryos for breeding high-health-status flocks. In that case, should genetic diseases be 

detected they might be treated with gene therapy at early stage of embryo formation reducing 

risks significantly [26]. 
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The future of embryo splitting lies in enhancing its efficiency and expanding applications, 

particularly in genetic disease screening and therapy. Progress in molecular diagnostics will 

improve pre-implantation genetic testing, enabling earlier and more accurate detection of 

hereditary conditions. Advances in gene therapy combined with embryo splitting may allow 

treatment of genetic disorders at the embryo stage, promoting healthier livestock 

populations. Additionally, refinement in embryo manipulation techniques promises higher 

survival and implantation rates, increasing the practicality of widespread use in livestock 

breeding and conservation programmes [26]. 

Ultimately, embryo splitting remains a vital tool for genetic improvement, health 

management, and sustainable breeding, with ongoing research poised to unlock further 

possibilities for optimizing animal production and welfare 

14.2  DNA cloning 

Somatic Cell Nuclear Transfer (SCNT), also known as adult DNA cloning, involves 

removing the nucleus from an oocyte and injecting the nuclear genetic content of a somatic 

cell into the enucleated oocyte. Solter and Magrath advanced this nuclear transfer 

technology in mammalian embryos by relocating the nucleus from one fertilised ovum into 

another fertilised but enucleated ovum, creating a two-nucleus cell which was implanted 

into the uterus of a female mouse. Further experiments at the Wistar Institute confirmed that 

mammalian cloning was biologically possible [26]. 

Following activation of the embryo, often with electric pulses, the reconstructed embryo 

develops into a pre-embryo and is transferred into a recipient’s uterus. Here it implants and 

if all goes well, develops into an organism. The initial nucleation process removes the 

haploid chromosomes and meiotic spindle complex from the oocyte at metaphase II, after 

which diploid somatic donor cells fuse with this enucleated oocyte to create a cytoplast 

capable of further development [26]. 

This technique was most famously used to create Dolly, the first cloned sheep. It has since 

been applied to clone multiple other species. At the University of Cambridge, Ian Wilmut 

and colleagues successfully cloned Dolly by using adult mammary gland cells as a nuclear 

donor, creating the first mammal cloned from adult somatic cells. Their research also 

involved interspecies embryonic cell fusion, such as sheep-goat and sheep-cow hybrids, 

demonstrating the broad potential of cloning technologies [26]. 
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However, despite its success, SCNT has notable limitations. Inefficiencies arise due to 

incomplete reprogramming of somatic nuclei, resulting in embryonic loss before, during, or 

after implantation [26]. Large Offspring Syndrome (LOS) is also a common consequence, 

with phenotypic abnormalities such as hydroallantois, prolonged gestation, abnormal limb 

growth, respiratory and immune dysfunctions [10]. Technical challenges like invasive 

microscopic manipulation and incompatibility with in vitro culture also reduce SCNT 

efficiency [26]. 

Emerging technologies, such as CRISPR-based genome editing and artificial intelligence-

guided reprogramming, promise to overcome current limitations. These innovations are 

expected to enhance cloning precision, reduce abnormalities and increase success rates 

across multiple species. As techniques become more available, DNA cloning will expand 

its applications creating a future where cloning technologies are safer, more efficient, and 

more widely accessible.  
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15. GENOME EDITING  

Genome editing can aid and accelerate the selection of beneficial DNA variants in livestock, 

increasing productivity through more efficient means than traditional breeding methods. 

Natural selection of desirable traits from animals is an extremely slow process, as each 

animal in a flock only partly inherits the desired traits. Genome editing circumvents this 

limitation, as it directly introduces or enhances the specific desired genetic trait. It allows 

for rapid genetic gain within a single generation. Progress through traditional breeding 

methods permits at most a 1 to 3% gains per generation [27]. 

The most promising of the genome editing technologies currently is CRISPR-Cas9. It can 

be enlisted for the improvement of resistance to certain diseases, increases growth rates and 

feed efficiency. It can also significantly contribute to animal welfare by increasing 

environmental endurance to heat and cold stress factors, as well as the elimination of certain 

problematic traits by for instance modifying genes to only produce polled animals. 

CRISPR-Cas9 edits the genome with the use of a guide RNA (gRNA) to locate a specific 

DNA sequence in the genome. Here, the Cas9 enzyme acts as molecular scissors to create 

a break in the double-strand of the DNA. The cell will repair this break using natural repair 

mechanisms, but it allows scientists to remove, add, or alter DNA sequences precisely at 

this targeted location, seamlessly integrating edits into the organism’s DNA [27]. Currently 

this research is for example utilised to develop pigs that are more resistant to viruses and 

cattle that can withstand greater temperature without negative health and production 

consequences. These kinds of techniques may have a significant benefit in reducing the 

environmental footprint of animal keeping and improve food security around the globe 
[28]. 

With ongoing refinements and ethical and regulatory adaptations, various methods of 

genome editing are expected to enable highly efficient and sustainable livestock production 

in the future. It will revolutionise breeding programs and allow to livestock producers to 

meet the growing demand for sustainable animal agriculture [28]. 
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16. DISEASE AND SANITARY RISK WITH SHEEP EMBRYOS  

Historically, the exchange of genetic material between countries was primarily through the 

movement of live animals and small quantities of frozen semen. As experimental techniques 

advanced, embryo transfer emerged as a low-risk method for transporting genetic material. 

These days, the sanitary risks associated with embryo transfer are considered minimal. 

However, the risks are determined by multiple factors, including health status of the donor 

animal, the quality of semen and oocytes used, as well as the environmental conditions to 

which they are exposed, such as culture media, storing conditions and transfer procedures 

prior to implantation [29]. 

One of the main risks when collecting embryos is the contamination of the flushing medium 

with faecal or vaginal pathogens. Although most of these pathogens will be removed through 

standard washing procedures, there are some exceptions such as Bovine Viral Diarrhoea 

Virus. Sanitary risks associated with processes such as evaluation, freezing, and storage can 

be minimised by adhering to the International Embryo Technology Society (IETS) 

recommendations [29]. Nevertheless, embryos collected from infected donors may already 

have been exposed to infectious agents within the oviduct or uterus [30].  

Pathogens residing in the reproductive tract are of particular concern with regards to embryo 

transfer practices. Genital infections, including brucellosis, campylobacteriosis, and 

chlamydiosis, pose notable risks during ET [30]. 

Additionally, the use of animal-derived components in media for embryo collection, 

transfer, cryopreservation, donor superovulation, or in vitro embryo culture introduces 

potential sanitary hazards. Contaminated sera may host viruses capable of infecting both 

recipients and offspring. Whilst gamma irradiation can reduce this risk, it is not universally 

applied, and certain viruses, such as Bovine Viral Diarrhoea Virus (BVDV), are resistant to 

this treatment. As a result, BVDV-contaminated media can lead to embryo contamination 

even after ten washing cycles [29]. 

Foot-and-mouth disease (FMD) represents a major concern in small ruminant populations. 

The disease consists of multiple strains and subtypes and can be expressed differently 

depending in species [13].  

Mycoplasma transmission via semen and embryo transfer also poses a risk. Strains 

significantly differ in their pathogenicity. It is of note, that some can colonises the 

reproductive tract, increasing the likelihood of transfer through embryos compared to other 
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pathogens. Mycoplasma tends to adhere to cells and tissues, including semen and embryos, 

as well as other non-phagocytic cells. They often show resistance to standard control 

measures, such as washing procedures and antibiotic supplementation in embryo media and 

semen diluents [31]. 

Although the risk of transmitting infectious diseases through embryo transfer remains 

possible, it is considered very low. Thousands of embryos have been transferred 

internationally without disease outbreaks. Rarely, when embryo-derived offspring become 

infected, the infection most likely originated from contaminated transfer media or pre-

existing infection in the recipient following transfer [30]. 

While embryo transfer presents certain sanitary risks primarily related to donor and 

environmental factors, adherence to established guidelines and rigorous protocols 

significantly minimises these hazards. Whilst most pathogens can be removed through 

washing, exceptions such as BVDV and mycoplasma highlight the need for strict 

biosecurity measures. Continued care and comprehensive screening, alongside strict 

adherence to international standards, remain important to ensuring the safety and success 

of embryo transfer programmes worldwide. 
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17.  SELECTION AND MANAGEMENT OF RECIPIENT ANIMALS FOR EMBRYO 

TRANSFER 

The recipient is an important influence in the success of embryo transfer programmes. The 

quality of the recipient can reduce cost significantly by minimising pregnancy loss related 

expenses such as labour, medication and extra feed [32]. 

Additionally, reproductive success is influenced by various external factors, which 

necessitates careful consideration and management of recipient animals within such 

programmes. Environmental conditions, nutritional status, and stress levels, amongst other 

factors, directly impact embryo survival and pregnancy outcomes. These considerations 

therefore inform the development of recipient management protocols aimed at optimising 

reproductive efficiency [33]. 

A benchmark for recipients should be high health status, be reproductively sound without 

disorders, be temperamentally suited to the task, and be compatible with donors in size and 

synchronisation. Handling and keeping of recipient animals throughout the pregnancy 

stages, should consider both these internal and external factors [7].  

If recipient ewes need to be purchased for use in an ET programme, it is recommended to 

acquire the ewes several weeks in advance to allow acclimatisation to the farm environment. 

Vaccination against diseases such as toxoplasmosis and enzootic abortion is strongly 

recommended to reduce disease risks and potential outbreaks on the farm [17]. 

The Body Condition Score (BCS) system, ranging from 1 (severely emaciated) to 5 (obese), 

is an effective tool to identify optimal condition for successful embryo transfer. Nutritional 

management is a crucial step in livestock management, particularly when it comes to 

reproduction. Metabolic changes influenced by diet impact reproductive function, 

including progesterone production, uterine health, and embryo survival. Appropriate 

nutrition of both donor and recipients is therefore of the utmost importance. Negative 

energy balance (NEB) at implantation or during early pregnancy can lead to abortion due 

to insufficient nutrients for the developing embryo. Poor-quality, stale feed, straw-based 

diets, or sudden dietary changes will negatively affect ruminal microbes and fermentation, 

influencing circulating metabolites and hormones [33]. 

Recipients should be maintained on a consistent, controlled diet for six weeks prior to 

implantation. This diet should be maintained for at least 8 weeks into gestation. This practice 

reduces early embryo mortality by preventing hormonal fluctuations caused by sudden 
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changes in diet. After this period, dietary adjustments can be made gradually to meet the 

nutritional requirements of the pregnant ewe [33]. 

Minimising stress, for instance excess heat, handling and nutritional deficiencies, in 

recipient animals is crucial to maintain a pregnancy. Stress will trigger physiological 

changes that disrupt normal metabolic and hormonal balance, particularly increasing levels 

of non-esterified fatty acids (NEFA) and altering insulin concentrations. Elevated NEFA 

and insulin imbalances negatively affect the uterine environment and embryo development, 

thereby increasing the risk of embryo mortality [34]. 

Recipient selection should consider breed compatibility and natural cycling periods relative 

to the donor flock. For example, Charollais crosses tend to cycle better than mule recipients 

in July, while Suffolk crosses with mule ewes are ideal in August. Pure breeds such as Texel 

should generally be avoided as recipients due to their conformation and smaller pelvic size 

[17]. 

Practically, it is recommended to select five recipients per donor ewe to allow implantation 

of up to ten embryos as twins [17]. 

The success of embryo transfer programmes relies heavily on careful selection and 

management of recipient animals. Effective stress management and dietary consistency 

support embryonic development and survival.  Careful selection of recipient ewes and 

tailoring recipient selection based on breed compatibility and reproductive cycles aligned 

with donor flocks optimises viability of implanted embryos. 
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18. CONSIDERATIONS REGARDING IMPLANTATION 

The stage of embryo development determines the site of implantation. Embryos collected at 

day 4 are transferred to either the oviduct or the uterus. Embryos collected before day 4 are 

exclusively transferred to the oviduct, whereas any embryo collected after day 4 will need 

to be transferred to the uterus. This timing aligns with the natural transport of embryos in 

sheep, where the morula-stage embryo typically enters the uterus around day 4 to 5 post-

fertilisation, followed by blastocyst formation by day 6 and subsequent implantation. Early 

stage embryos (day 4) can still be accommodated by the oviduct, but later stage embryos 

require the uterine environment for optimal implantation [35]. Implantation of a suffolk ewe 

as shown in figure 1. 

 

 

Figure 1: Pedigree Suffolk ewe post-surgery (picture by author) 
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19.  INTERNATIONAL MOVEMENT OF EMBRYOS 

More than a decade of international movements of sheep and goat embryos support the 

scientific consensus that embryo transfer is one of the safest methods for exchanging 

germplasm around the globe. To maintain this standard, sanitary procedures must be strictly 

adhered to, excessive controls can also hinder embryo trade and increase transaction costs 

beyond the embryo's value. These rising cost in turn will promote the trade of live animals, 

which carry significantly higher disease transmission risks [13]. 

Importers should be aware of the health status of the exporting country, the donor flock, 

and the individual donor animals. The international health guidelines in Appendix 4.2.3.3 

for ovine and caprine embryos, approved by the OIE Assembly which represents veterinary 

authorities of over 150 countries, outline the responsibilities of embryo collectors and 

processing laboratories. These guidelines specify the roles and duties of personnel involved 

in embryo collection and provide recommendations on the proper operation of processing 

laboratories to ensure biosecurity and quality control [13].  

Their guidelines also specify health requirements for flocks and donor animals, highlighting 

that flocks must be free from foot-and-mouth disease, bluetongue, rinderpest, and peste des 

petits ruminants. Additionally, flocks should participate in national disease control 

programmes targeting ovine brucellosis, contagious caprine pleuropneumonia, and 

contagious agalactia of sheep and goats. Prior to importation, freedom from these diseases 

must be confirmed through testing of degenerated embryos and flushing fluids, all of which 

are examined for potential pathogenic agents [13]. 

Adhering to strict sanitary procedures not only ensures biosecurity but also maintains the 

cost-effectiveness of embryo trade. By following international guidelines, including health 

requirements for donor flocks and rigorous testing of embryos and flushing fluids, the 

safety and integrity of germplasm exchange are upheld. Continued commitment to these 

standards is essential to support sustainable genetic improvement and global animal health. 
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20.  CONCLUSION  

Superior genetics combined with effective embryo transfer (ET) programmes offers an 

effective approach to producing high-quality sheep. The main aim of ET is to generate 

valuable live lambs from genetically superior ewes, increasing the number of elite offspring 

far beyond what a single ewe could naturally produce during her lifetime. ET involves 

multiple important steps, like donor and recipient selection, synchronisation, artificial 

insemination, embryo collection, embryo implantation, and recipient management 

throughout pregnancy. 

One of the biggest barriers in sheep ET is the anatomical complexity of the ewe’s 

reproductive tract, which means more invasive surgical or laparoscopic procedures for 

embryo collection and transfer compared to other livestock such as cattle. ET in sheep is a 

rapidly advancing field, continuous improvements expected to significantly be improving 

flock genetics around the world 

 ET is widely practiced in various countries; it remains relatively niche compared to the 

cattle industry. The demand for ET services correlates to the market for pedigree sheep any 

decline in this market could impact the use of ET technologies. Nevertheless, the potential 

for ET to accelerate genetic improvement, conserve valuable or rare breeds. 

Positives for the future is advancements in assisted reproductive technologies such as in 

vitro embryo production, cloning, and genome editing will advance sheep breeding even 

further. These technologies will aid in improving efficiency and enable more precise genetic 

enhancement. Integration of ET with farm management practices, improved data collection, 

and improved surgical techniques will be essential. 

In summary, embryo transfer technology has played a key role genetic progress in sheep 

breeding. Continual development of new reproductive biotechnologies will enhance the 

future success and sustainability of sheep production systems worldwide.  
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21. SUMMARY 

Embryo transfer (ET) in sheep is a vital reproductive technology used to accelerate genetic 

progress and increase flock productivity. It involves key steps of selecting genetically 

superior donor ewes, synchronising oestrous cycles, inducing superovulation to increase 

ovulation rates, collecting embryos surgically, evaluating embryo quality and viability, 

cryopreserving embryos when necessary, and transferring viable embryos into synchronised 

recipient ewes. Successful ET depends heavily on precise timing, skilled surgeons and 

surgical  techniques and a high standard of  animal management. 

Sheepbreeding has particular challenges due to their reproductive anatomy, requiring 

laparoscopic or surgical methods for embryo collection and transfer. Donor ewes undergo 

hormonal treatments to maximize embryo yield, but superovulation responses are variable, 

influencing embryo quality and amounts. Recipient synchronisation ensures the uterine 

environment supports embryonic development. 

Embryo grading assesses embryo viability, with higher grades of embryos correlating with 

better pregnancy outcomes. Embryo cryopreservation using ethylene glycol allows storage 

and transportation. In vitro embryo production (IVEP) offers an alternative source of 

embryos, avoiding invasive superovulation and collection methods 

Cloning techniques, including somatic cell nuclear transfer and embryo splitting, provide 

alternative options to replicate elite genetics. Genome editing has potential to further 

accelerate genetic improvement by directly introducing desirable traits. 

 ET in sheep offers immense potential for rapid genetic gains and breed conservation when 

integrated with careful farm management and advancing biotechnologies. Continued 

refinement is been carried out to improve success rates, welfare, and practical 

implementation in sheep flocks globally. 
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