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Embryo transfer (ET) 

Embryo transfer (ET) is the process of removing one or more embryos from the 

reproductive tract of one female to another. Transfers may be conducted by either 

surgical or nonsurgical procedures and may involve transferring the embryo(s) from 

either the oviduct or uterus of one female, known as a donor, into the oviduct or 

uterus of another female, known as a recipient. Embryo transfer also may involve the 

transfer of laboratory-produced embryo(s), such as those made by in vitro or cloning 

procedures, into the reproductive tract of a recipient. 

Steps of Embryo transfer 

1- Superovulation 

The species covered in this review include almost exclusively monotocous (horses), 

usually monotocous (cattle), twin-bearing (sheep and goats), polytocous with small or 

moderate litters (dogs and cats), and polytocous with large litters (pigs). When 

females of any of these species are used as embryo donors, superovulation, or the 

induction of the maturation and ovulation of more ova than normal, is usually 

induced with the injection of a gonadotrophin. The gonadotropin most frequently 

used is follicle stimulating hormone (FSH) purified from porcine or ovine pituitary 

glands. In some cases, equine chorionic gonadotropin (eCG), formerly known as 

pregnant mare serum gonadotropin (PMSG), is used, although it is less popular due to 

its long half-life. 

2- Insemination  

Donor females are inseminated either artificially (AI) or by natural service, 

depending on the species and the specific situation. For example, frozen semen is 

used almost exclusively for trans cervical artificial insemination in cattle. In contrast 

to cattle, trans cervical AI is very difficult in sheep and goats and donors are 

inseminated primarily by a laparoscopic approach. 

3- Embryo Recovery 

A number of different methods are employed for embryo recovery.  

The use of a catheter inserted trans cervically into the uterus is relatively easy and is 

routine in cattle and horses.  

Smaller species require either laparoscopic surgery or full surgical exposure to access 

the uterus. 
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Most embryos are collected six to eight days after estrus. 

1- Nonsurgical methods for collecting bovine embryos were first developed more 

than 40 years ago, but because recovery rates were poor, 

2-  surgical methods continued to be used for many years. However, even under 

ideal conditions for surgery, scar tissue sometimes forms in the reproductive 

tract, causing infertility and even sterility in some cases. In addition, surgical 

collections must be performed in specialized facilities with expensive 

equipment and supplies. 

In the mid-1970s much effort was put into improving the nonsurgical methods to 

avoid damaging valuable donors. Currently, virtually all embryos are collected by the 

nonsurgical method, which is often referred to as “flushing” embryos. In preparation 

for non-surgically recovering embryos, a local anesthetic is administered by an 

epidural injection into the tail head. A silicone catheter, temporarily made rigid with a 

removable metal stylette, is passed through the cervix into the uterus. 
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Some practitioners pass the catheter and inflate the balloon in one uterine horn, and 

following embryo collection of that side, deflate the balloon and move the catheter to 

the other horn, repeating the collection process. This is often referred to as a horn 

flush. Other practitioners prefer to inflate the catheter just inside the internal cervical 

os, thus collecting from both uterine horns and the uterine body simultaneously. 

Flush fluid is introduced into the donor cow either by gravity flow or by injection 

with a large syringe. In gravity flow collections, flush fluid exiting the uterus passes 

through a 70 micron stainless steel or nylon mesh in a plastic filter. A number of 

isotonic media often based on Dulbecco’s PBS, and containing antibiotics can be 

successfully used for recovering embryos of all the species. Embryos usually remain 

viable in this fluid for at least 24 hours. 

4- Embryo Handling and Evaluation 

The mammalian oocyte is the largest cell in the body. Oocyte diameters of all the 

species covered in this review are similar and in the range of 150 to 180 microns. 

Aside from the similarity in the size of oocytes at ovulation, however, there also are 

significant differences in early embryonic development among these species. For 

example, on day 8 after estrus, the cow embryo normally has reached the expanded 

blastocyst stage, with a diameter of approximately 250 microns, and hatches from the 

zona pellucida shortly thereafter. 

 The morulae and early blastocysts are typical of the embryos recovered on day 7 

post-estrus in cattle. The expanded blastocyst is a typical day-8 embryo. 

Following the embryo recovery procedure of a donor, embryos are normally located 

in the flush fluid with the aid of a stereomicroscope at 6× to 10× magnification, 

transferred to holding medium, and evaluated at 50× magnification. 

Careful examination with a stereomicroscope of ova/embryos that are recovered from 

donors is necessary to ensure that viable embryos are not discarded, or on the other 

hand, unfertilized ova are not transferred or cryopreserved. 
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5- Embryo Transfer 

Methods for preparing females to serve as recipients vary significantly among 

different species. In cattle, it often is taken for granted that females can be maintained 

in a group and that estrus, as manifested in mounting behavior, can be easily 

observed. 

Induction of estrus in cows and horses is rather easy with the use of prostaglandin 

(PG). Controlled intrauterine drugreleasing devices (CIDR) frequently are also being 

used in cows, but rarely in horses, and often this includes treatment with GnRH or 

estrogen.  

Today, cattle embryos are nearly always transferred to recipients nonsurgical.  

A few embryo transfer practitioners still use surgical procedures in rare situations. 

Before the mid-1970s, most cattle embryos were transferred surgically while the 

recipients were secured on their backs under general anesthesia in a surgical facility. 

Embryos were transferred through a mid-line incision made between the udder and 

navel to expose the uterus. While this procedure resulted in excellent pregnancy rates, 

it was very labor intensive and required special facilities. A simpler surgical 

approach, often called a flank transfer, was developed that involved administering a 

local anesthetic, making a flank incision, slightly exteriorizing the uterine horn, and 

transferring the embryo through a puncture wound in the uterine wall. This approach 

was used on cattle and horses, and still is used on horses in some cases. 

Nonsurgical transfers in cattle and horses are performed with a special transfer gun, 

similar to that used for AI. Nonsurgical pregnancy rates in dairy heifers were reported 

to be similar to those achieved with surgical flank transfers, but pregnancy rates were 

lower with nonsurgical compared to surgical transfers in diary cows (Hasler, 2006). 

Most practitioners administer an epidural injection to relax the rectal muscles. 

Although it is similar to artificial insemination, nonsurgical transfer of embryos is a 

more challenging procedure (why ?) 

 First, embryos usually are transferred approximately seven days after estrus. 

Because the cervix is closed at this stage of the estrous cycle, trans versing it 

with a transfer gun at this time is much more difficult than performing AI when 

a cow or heifer is in estrus.  

 Second, Sanitation is also more important, because penetrating the cervix one 

week after estrus is more likely to lead to uterine infection.  
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 In addition, the embryo is transferred into the uterine horn on the ipsilateral 

side on which ovulation occurred, whereas semen usually is placed into the 

body of the uterus.  

Thus, bovine ET practitioners must be able to palpate the corpus luteum (CL) of the 

previous estrous cycle. 

The degree of estrous synchrony between the donor and recipient has been shown to 

have a very clear influence on pregnancy rates. The rates did not vary when the 

degree of estrous asynchrony between donors and recipient was no more than 24 

hours plus or minus  
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Embryo Bisection (splitting) 

Embryos from some mammalian species can be divided in two, and the halves, 

frequently called demi embryos, can potentially develop into identical twins 

following ET. 

Embryo bisection, often referred to as splitting, is usually accomplished at the 

late morula or blastocyst stage prior to hatching from the zona. When bovine embryo 

bisection was first used commercially in the mid 1980s, it was thought that each demi 

embryo needed to be placed back into a zona (Williams et al., 1984). Consequently, 

zonas of unfertilized ova were used to provide a home for the extra demi embryos. 

This approach to embryo splitting required two micromanipulators: one with 

an aspiration pipette attached, the other with a microsurgical blade. It was soon 

discovered, however, that the pregnancy rate of demi embryos was the same whether 

they were in a zona or not (Seike et al., 1989). In addition, pregnancy rates were 

similar whether embryos were divided with a glass microneedle or a metal 

microblade (Kippax et al., 1991). 

Survival of demi-embryos: 

In general, survival of half-embryos or demi-embryos is such that more 

offspring can be produced per donor female by transferring demi-embryos than by 

transferring embryos intact. Survival of each demiembryo, on the other hand, is lower 

than that of intact embryos; additional insults applied to demi-embryos (e.g. freezing 

and thawing) reduce demi-embryo survival even lower. Reduced survival of 

demiembryos may result from an insufficient number of viable cells to sustain normal 

development or because the smaller embryonic mass provides a weaker anti-

luteolytic signal, which is essential for the maintenance of pregnancy. Once 

produced, demi-embryos have either been transferred fresh to synchronized recipients 

of the same species or frozen in liquid nitrogen.  
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CLONING 

Cloning is the production of a copy or copies of an individual and occurs in 

animals either naturally or artificially, when an embryo is split to produce identical 

twins. 

The word “clone” has also been used to describe animals produced by nuclear 

transfer for the production of an unlimited number of genetically identical offspring. 

The first successes in cloning livestock were with sheep, by fusing a cell from a 16-

cell embryo to an oocyte that had its chromosomes removed (enucleated oocyte).  

Advantages 

Among the possible advantages of cloning in cattle, the following have been 

mentioned in various reports: 

(i) herds with homogeneous production, nutritional and health characteristics 

optimal for a given local environment could be created; 

(ii)  identical replacement animals could be generated for such herds and 

production costs could be markedly reduced; 

(iii)  particular genotypes (e.g. casein milk producers) could be rapidly increased in 

number as required;  

(iv) the preservation of genetic material could take the form of frozen tissue 

samples rather than cryopreserved gametes; and  

(v) cloning would allow basic research to be focused on problems such as genetic 

imprinting, maternal effects and environment/production interactions. 
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Nuclear transfer procedures 

There are three procedures currently used to produce cloned animals.  

The cell-fusion method involves placing a donor cell in the perivitelline space of an 

enucleated recipient oocyte and fusing the donor and recipient cells with electrical 

pulses;  

The second method is one in which the donor nucleus is injected into enucleated 

oocytes by piezo-actuated microinjection; and  

The third is one involving a whole-cell injection into the oocyte (Lee et al., 2003c). 

 There are studies showing that direct nuclear injection using the piezo drill is an 

efficient method for NT in horse and cattle oocytes and that sperm extract can 

efficiently activate horse oocytes after NT (Choi et al., 2002). With this method, 

however, prolonged manipulation of the donor cell is required to isolate the nucleus. 

The third method, as reported by Lee et al. (2003c), is a technique involving direct 

injection of a whole cell into an enucleated oocyte, effectively bypassing both the 

fusion and the nucleus isolation process; using this new cloning procedure, it has 

proved possible to produce cloned piglets from the fibroblast cells of an adult 

transgenic sow.  

The  whole-cell injection procedure resulted in a blastocyst development rate as high 

as 37%. This success rate was attributed to the fact that the method reduced the 

manipulation time of donor cells and recipient oocytes compared with the other two 

NT procedures and to the fact that whole-cell injection assured delivery of all cellular 

components to the enucleated oocytes.  

When the nucleus from a fetal or adult cell is inserted into an oocyte, the genetic 

information in the nucleus is able to direct the development of the whole organism, 

but it is becoming increasingly clear that this direction may often be seriously faulty; 

the reactivation of genes that are silent in most adult tissues, but needed for early 

development, is defective. Regardless of the arguments for and against cloning, 

studies in this area will inevitably provide much insight into the biology of cell 

differentiation. In due course, it seems likely that such research will lead to more 

efficient and safer applications of reprogramming in agriculture and for biomedical 

purposes. 

 



Dr. Maythem A. Ismaeel          Reproductive techniques                        2019-2018 
 

http://cvet.tu.edu.iq 

Semen-sexing Technology 

Benefits: 

1- Determination of sex at the earliest stage can reduce the management cost 

thorough selective management of superior bulls or cows.  

2- Use of sexed semen fastens the genetic progress and allows the farm manger to 

increase selectively the number of heifers or steers based on the need of the farm. 

3-  It also reduces calving difficulty (dystocia) in first calvers (Seidel, 2007) and 

reduces the replacement cost besides maintaining the biosecurity in farm. 

 Techniques for sexing of spermatozoa has been suitably modified and are 

being used commercially in several countries with about 90% accuracy in cattle.  

Dis advantages : The available technologies have some impediment with respect to  

1- cost of production,  

2- implementation and  

3- pregnancy rate than control sperm.  

Basic Principles of Sex–Selection  

Males produce two types of spermatozoa X or Y, when former bearing X sperm 

fertilizes the egg it results in formation of female and when the egg is fertilized by the 

Y bearing sperm it results in male offspring. Thus a pragmatic approach to sex pre – 

selection could be to separate the sperm population containing the desired sex and to 

use in artificial insemination (AI) programs. This is possible only if we realize the 

differences between X and Y bearing spermatozoa.  

The major difference between the X and Y chromosomes, is the: 

1-  DNA content; the amount of DNA in X chromosome carrying spermatozoa is 

higher than Y chromosome carrying spermatozoa. 

2- the size of spermatozoa i.e. X sperm is larger than Y sperm . 

3- motility (motility is reported to be higher in Y chromosome than X chromosome 

bearing spermatozoa) .  

4- surface charges in sperm (X sperm has a negative charge and Y sperm has a 

positive charge) and  

5- cell surface antigens .  

Among these differential characteristics, differences in DNA content of spermatozoa 

have been shown to be the potential criteria for sorting of spermatozoa. 
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METHODS OF SPERM SEXING  

1- Albumin Gradient (or) Gradient Swim Down Procedure  

This method is based on the differences between the X and Y bearing spermatozoa in 

the ability to swim down in a gradient solution. Since Y bearing spermatozoa are 

smaller in size and have high motility, they exhibit a greater downward swimming 

velocity than X chromosome bearing spermatozoa. Thus the fractions of semen 

isolated from specific part of albumin gradient are expected to be either X/Y enriched 

fractions. Success rate in this method has been reported to be around 75%.  

2- Free Flow Electrophoresis  

This method is based on the presence of electric charges on the surfaces of 

spermatozoa. Surface of X spermatozoa are charged negative, while the surface of Y 

spermatozoa is charged positive. Based on electric field of separation, X and Y 

spermatozoa were separated using the differences in the surface charges.  

3- Percoll Density Gradient Method  

This method utilizes the differences in the sedimentation density between X and Y 

bearing spermatozoa. Due to high sedimentation density of X bearing spermatozoa, it 

settles in the bottom of column while Y bearing spermatozoa remain at the top of 

column. Success rate in this method ranged from 86% to 94% . 

4- Swim Up Procedure  

Size – mediated difference of spermatozoa was utilized by several researchers for 

sperm sorting through different methods. Y bearing spermatozoa are reported to 

swim faster than X bearing spermatozoa due its smaller size. Success rate in this 

method was reported to be 81%.  

5- Identification of H–Y Antigen  

Identification of surface proteins expressed in either X or Y bearing spermatozoa and 

using immunological methods to identify and separate X and Y bearing spermatozoa 

could be an option. This method of sorting can be applied in large scale sperm 

sorting. Using Specific antibodies against H – Y antigen (expressed in Y bearing 

spermatozoa) sorting of spermatozoa through affinity chromatography or magnetic 

bead was tried with efficacy of >90%.  
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6- Sperm Sorting Based on the Volumetric Differences  

This method use image analysis of spermatozoa using interference microscopy to 

demonstrate a difference in sperm head volume based on the DNA content between X 

and Y chromosome bearing spermatozoa. A method based on this principle has been 

developed for sorting live spermatozoa by using interference microscopy optics with 

a flow cytometer. Success rate in this method has been reported to be <80%.  

Flow Cytometry  

Flow cytometers are the advanced cell sorters that use LASER to excite 

fluorescent dye that binds to the DNA in spermatozoa. The DNA percent and DNA 

specific dye are the major principle for sperm sexing through flow cytometry. In this 

method of sorting, the spermatozoa are treated with dye (e.g. Hoechst 33342), which 

is permeable to live and intact sperm membranes and binds to the DNA.  

Stained spermatozoa are transported to a point where they are exposed 

individually to a UV laser beam (wavelength of 351 – 364 nm) and the bright blue 

fluorescence emitted is detected and analyzed. Due to more DNA content in X 

chromosome bearing spermatozoa, it takes more stain than Y sperm. On the basis of 

this fluorescence, spermatozoa are classified as X or Y chromosome bearing and 

sorted. Another dye, commonly called “red quencher food colouring dye”, selectively 

penetrates into the damaged, dead and non – intact sperm membranes giving a red 

colour. Identification of live & dead sperm should be done before sorting process.  

Based on the excitation, spermatozoa are separated into discrete populations. In 

domestic animals the differences in DNA content between X and Y bearing 

spermatozoa ranges from 3 – 4.5% (Johnson et al., 1987; Johnson, 2000). Success 

rate in this method has been reported to be 85 – 95% (Pinkel et al., 1982; Johnson et 

al., 1989, 2000). Among the various methods, flow cytometry based separation of sex 

specific spermatozoa is more popular and no other method has been consistently 

proven to be effective in producing offspring of the predicted sex till to date. 
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