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This review focuses on the platform of recent advances in 

reproductive biotechnologies in sheep and goat. Here, we discuss 

some aspects of veterinary and biomedical importance in artificial 

insemination using sexed semen, in vitro/in vivo fertilization, 

interspecies in vitro fertilization, multiple ovulation and embryo 

transfer (MOET), somatic cell nuclear transfer and transgenic animal 

production in sheep and goat. Some of these technologies are already 

widely used in the cattle industry, and some are new to the goat and 

sheep industry. 

Introduction

The world sheep and goat populations in 2006 were recorded as 

416 and 489 million, respectively [1]. Reproductive biotechnologies 

are playing an increasingly important role in the production and 

management of these species. Animal biotechnology encompasses 

the application of science and engineering principles to the processing 

or production of materials to provide services or goods for human 

use [2]. Examples of current animal biotechnologies include artificial 

insemination using fresh, frozen or sexed semen, embryo transfer 

using fresh or frozen in vivo or in vitro produced embryos, cloning 

using somatic cell nuclear transfer procedures and production of 

transgenic animals. Recent advances in reproductive biotechnologies 

have shown important developments in the technologies and their 

delivery that promise to yield significant benefits for their application 

within the livestock industry as well as in biomedical sciences. This 

review focuses on the recent advances of biotechnologies in sheep 

and goats.

Artificial Insemination (AI)

Artificial insemination is the procedure involving the mechanical 

deposition of pre-collected semen into the uterus of an estrous 

female by a technician. The widespread commercial application 

of AI, a robust tool in livestock breeding, began in earnest in the 

1950’s after researchers developed methods to successfully freeze 

cattle semen [3]. This technology, which is the most extensively 

applied reproductive biotechnology in the world, has many valuable 

advantages such as reducing venereal diseases, rapidly increasing 

genetic merits of the production animals through selective breeding 

and eliminating lethal alleles. The potential to pass high genetic 

merits of a selected male to thousands of females, makes this a far 

more efficient technology for producing large numbers (1.5 x 108) of 

offspring per year compared to female based technologies, such as 

embryo transfer (ET), which can only produce a few progeny from a 

selected female. More recently, the advent of separation of sperm 

into X- and Y-chromosome fractions using flow cytometry has added 

a new dimension to livestock production [4]. 
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Since the first report of live rabbit pups of predetermined sex 

using X and Y-enriched sorted semen over 20 years ago [5], there 

have been more than 40,000 births of live animals resulting from the 

so- called Beltsville sperm sexing technology [4]. This sperm sexing 

technology has proven to be a reliable and more efficient method of 

obtaining predetermined sex in animals compared to other relatively 

wasteful methods of embryo sexing and pre-implantation genetic 

diagnosis [6 - 8]. Live offspring born from fresh sex- sorted semen 

have been reported in many species including cattle [9], pigs [10,11], 

horses [12,13] and sheep [14,15]. As the sorting procedure can 

separate sperm only at a speed of approximately 10 million per hour, 

inseminations have to be carried out using limited numbers of sperm 

in each insemination dose compared to the conventional standards 

for AI. To obtain high success rates with sorted semen AI, most trials 

have been carried out using fresh sorted semen, nevertheless, use 

of frozen sorted semen is ultimately more beneficial to the livestock 

industry as it can be stored for long duration and easy to transport 

anywhere in the world. 

Semen sexing technology

Semen sexing is the process of separating spermatozoa into 
two subpopulations containing X-chromosome and Y-chromosome 
bearing spermatozoa. In theory, use of the X-bearing spermatozoa 
fraction for insemination will result in female progeny, while the 
Y-bearing spermatozoa fraction will give male progeny. Considerable
efforts have been made in this area over the past 30-40 years, but
only recently has there been considerable progress, particularly in
cattle [16]. The most commonly applied technique for the separation
of a fresh semen sample into X and Y-chromosome bearing fractions

is fluorescence activated cell sorting (FACS). The concept behind this
technique is described below:

Fluorescence activated cell sorting (FACS)

This technique involves the separation of X- and Y- bearing 

spermatozoa in small quantities based on the DNA content of the 
spermatozoa so that they can then be used in in vitro fertilization 
and AI programs [17]. The procedure is relatively slow and requires 

expensive infrastructure at least for mass scale commercial 
application. The technique is based on the biological principle that the 
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DNA content of the X and Y chromosomes as X-chromosome has 3.8% 

more DNA than Y-chromosome [9]. This difference can, nonetheless, 

be detected with FACS technique. Before the spermatozoa are 

passed through the cell sorter, the sample is exposed to a non-

toxic DNA dye that specifically binds to DNA to allow measurement 

of the DNA content of each spermatozoa. The cell suspension is 

then passed through an extremely fine nozzle that vibrates at high 

frequency causing the fluid stream to disperse into micro-drops 

which, optimally holds only one spermatozoa after the conditions 

are calibrated. When the stream of micro-droplets is passing through 

a UV laser beam, the already stained DNA will start to glow or emit 

fluorescence. The strength (intensity) of the florescence is measured 

by a detector, and if the florescence is in the range designated for 

the Y-bearing spermatozoa, that micro-drop is given an electric 

charge. Furthermore, if the intensity is within the range for X-bearing 

spermatozoa, the micro-drop is given an opposite electric charge. 

The charged micro-drops fall between two charged plates, resulting 

in two groups of droplets to be separated into different pools (Figure 

1). Droplets that fall outside of the fluorescence range for X or Y are 

collected into a third group where the sex cannot be determined. 

The disadvantages of the technique are its relatively slow process and 

increased wastage of unsorted spermatozoa. The advantage is it can 

give up to 95% purity sexed semen samples. 

Application of sexed semen in goat and sheep production

Although the sexed semen technology is gaining in popularity in 

commercial cattle industries, its use has yet to be developed in the 

sheep and goat industries. Nevertheless recent attempts to separate 

the X- and Y-chromosomal fractions using flow cytometry on ram 

semen has been attempted and yielded a fraction purity greater than 

90% [18]. In flow cytometry, the sperm extending medium plays a 

critical role in the efficiency of separation and the viability of the 

sperm after sorting [19,17,20]. Ram sperm have to be diluted 20- fold 

before sorting and a further 200-fold dilution takes place when it 

passes through the cell sorter resulting in capacitation-like changes 

that lead to reduced fertility of sexed sheep semen [17,20]. It has 

also been shown that suspension of ram semen in Tris-based medium 

without egg- yolk, improves the staining of the DNA and efficiency of 

separation of sperm without reducing its viability [18,21,8]. 

When working with frozen sex- sorted semen in sheep, it is 
believed that the semen should be deposited in the oviduct or deep 
within the uterus to obtain high success rates, although it appears 
to be not as critical in cattle [16]. In sheep, frozen semen is usually 
deposited laparoscopically into the uterus and these same methods 
have been used effectively to produce offspring from frozen sex- 
sorted semen [15]. Oviductal deposition of frozen semen in sheep is 
not practical if large numbers of sheep are to be inseminated. To our 
knowledge, there have been no reports of attempts to inseminate 
sheep or goat using sex- sorted semen in the cervix or transcervically.

The minimum number of sperm in an intrauterine AI dose in 
sheep varies between 5 x 106 and 25 x 106, but in Australia it has 
been suggested as 25 x 106 motile spermatozoa. Although it is not 
known exactly the minimum number of frozen sex-sorted sperm for 
intrauterine insemination of sheep, it is expected that it should be in 
the range of standard commercial intrauterine AI semen dose [20]. 
However, it is acceptable that the number of sperm in frozen sex-
sorted semen should be increased in line with the negative effects of 
the sorting process to obtain high efficiency. 

The timing of AI also plays a significant role in AI success in 
sheep but recent findings have suggested that the best results can be 
achieved with sex–sorted frozen sperm when inseminated just before 
the expected ovulation time in ovulation- synchronized progesterone 
treated ewes. Using sex sorted frozen semen (40 million sperm per AI 
dose), optimal results can be expected when ewes are inseminated at 
58 h after sponge removal or 36 h after GnRH injection [20]. 

Embryo production and transfer

Multiple ovulation and embryo transfer (MOET): This breeding 
model has been extensively used to multiply genetically superior 
goats and sheep and many protocols have been developed to optimize 
its application in research as well as in commercial practice [22-25]. 
In most domestic farm animals, especially in cattle, the genetic gain 
is limited on the female side due to low reproductive rate with only 
one calf being produced per year and also relatively long intervals 
between generations. To overcome these limitations MOET has been 
developed. Using this method, a female is hormonally stimulated to 
have multiple ovulations (superovulation). Most MOET programs in 
sheep and goat consist of a 14 to 17 day progesterone exposure, 
with FSH injections beginning 2 days before the removal of the 
progesterone releasing device. Following six or eight FSH injections 
given twice daily, the animals are allowed to breed naturally or by 
artificial insemination. The ovulated ova are allowed to fertilize in vivo 
following artificial insemination or natural mating. After fertilization 
and initiation of embryo development, 6-7 day old embryos (morula/
blastocyst stage) are recovered from within the uterus using embryo 
flushing techniques. In sheep, this is done surgically [26]. These 
embryos are then transferred to non-pregnant estrus-synchronized 
recipients 6-7 days post estrus or frozen in liquid nitrogen (-196i° C) 
for future use. 

It is well-known that the superovulation protocols in small 
ruminants do not guarantee the recovery of quality transferable 
embryos due to various factors that affect the success of the program 
[25]. These factors can be listed as extrinsic and intrinsic factors. The 
extrinsic factors include: a) source and purity of the gonadotrophins, b) 
protocol of gonadotrophin injection, and c) the type of progesterone 
treatment protocol [25]. Intrinsic factors include: age, breed, nutrition 
and reproductive status of the animals [25]. However, despite all the 
achievements in the MOET programs in small ruminants so far, the 
success of obtaining high quality transferable embryos still remains 

Figure 1: Schematic representation of the concept behind the Florescent 

Activated Cell Sorting technique used in separation of X- and Y-bearing 
chromosomes in a fresh semen sample.
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low and more studies are needed to investigate the optimization of 
these programs. 

Embryo transfer (ET) 

According to the available data from the International Embryo 

Transfer Society (IETS), the number of embryo transfers carried out 

in small ruminants is shown in Table 1. In sheep and goat, ET is 

usually carried out by laparoscopic surgery 6-7 days post estrus [27], 

(Figure 2). Estrus is generally synchronized in sheep as follows. On 

day-1 of the program, progesterone releasing intravaginal sponges 

(Veramix®, 60mg medroxyprogesterone acetate, Pharmacia & 

Upjohn, Orangeville, Canada) are inserted in to the vagina. On day-

14, the sponges are removed and 300 IU PMSG (Folligon®, Intervet) 

are injected intramuscularly to each ewe at the time of sponge 

withdrawal. Vasectomised rams are introduced on day-15 and ewes in 

estrus are identified between 12-36 h post PMSG injections. Surgical 

embryo transfer is then performed on day-22 of the program [27]. 

The embryos are usually evaluated for morphology according 

to the IETS criteria [28] and only the excellent quality blastocysts/

morulae are transferred into recipient ewes. Ewes are anesthetized 

using xylazine (0.2mg/kg) injection intravenously, and are secured 

on a laparoscopic cradle. An incision of approximately 1 cm is 

made in the skin approximately 3 cm to the left of the mid line and 

approximately 5 cm from the udder, using a scalpel blade (Figure 

2B-D). A trochar and cannula are inserted into the abdominal cavity 

through the incision made in the skin (Figure 2E-F). The uterine horns 

and the ovaries with corpora lutea are visualized using a laparoscope 

(Figure 2G). The uterine horn is punctured close to the utero-tubular 

junction using a blunt 18-gauge needle and the embryos are loaded 

into an embryo transfer catheter and transferred into the lumen of 

the uterine horn (Figure 2H). The ewes are then monitored post-

operatively for a few hours and released to the paddocks. 

Recently, a goat ET group in Sri Lanka reported that they have 

produced ET born goat kids (Figure 2B) from fresh embryos in a field 

embryo transfer program without using sophisticated equipment [22], 

thus validating the field application of the technique in veterinary 

practice to multiply genetically valuable goats to establish an elite 

goat herd under local production conditions. Moreover, ET in small 

ruminants is still carried out using the conventional ET techniques 

employing laparoscopic techniques with an average pregnancy rate 

of 60% with fresh embryo transfers. The pregnancy rates can vary due 

to many factors such as donor, recipient, embryo and operator. The 

transcervical ET procedure seems to be not practical in these species 

due to the problems associated with handling of the cervix and its 

anatomy. Recently, a research group [29] reported that anestrus sheep 

cervix can be dilated using prostaglandin 12 h prior to the insertion 

of AI gun into the uterus suggesting possibility of transcervical ET in 

sheep. However, more studies are needed to optimize this technique 

in small ruminants to obtain high success rates.

In vitro embryo production in sheep and goat

In vitro embryo production in sheep and goat provides an alternate 
source of low cost embryos for transfer in breeding programs such 

as MOET. The process consists of 3 main steps: 1) oocyte collection 

and In vitro maturation (IVM) of cumulus-oocyte complexes (COCs), 
2) In vitro fertilization (IVF) and 3) in vitro culture of embryos. These 
steps have been reviewed in detail by others [30 - 33]. Here we will 
highlight the important differences between species. 

Oocyte collection and In vitro maturation 

Prior to in vitro fertilization, COCs are collected either by 

minimally invasive laparoscopic ovum pick up (LOPC) or postmortem 

from slaughtered females [32,34]. Cumulus-oocyte complexes are 

collected from live sheep by a laparotomy followed by aspiration 

of oocytes from ovaries using an aspiration pump. This method is 

often called as laparoscopic ovum pick-up (LOPU) and seems to be 

very efficient for the recovery and quality of the COCs obtained in 

sheep and goats. Usually, in sheep, a short repeated gonadotrophin 

treatment is followed by LOPU [35-38]. In contrast, goats can be 

stimulated with a ‘one shot’ regime of gonadotrophins (one shot 

of follicular stimulating hormone (FSH) plus equine chorionic 

gonadotrophin (eCG), compared to the traditional multi-dose 

Figure 2: Embryo Transfer in sheep and goat. Embryo Transfer in sheep 
and goats (A–H): (A), preparation of anesthetized ewe on a cradle; (B) and (C), 
two skin incisions (each 1cm) are made on either side of the mid ventral line, 5 
cm away from the udder; (D, E and F), insertion of trocar and cannula, cannula 

is left on the abdomen through which endoscope is inserted into the abdomen; 
(G), insertion of the endoscope through the cannula to visualize the ovaries, 
corpora lutea and reproductive tract; (H), a  uterine horn is punctured close to 

the utero-tubular junction using a  blunt-end 18 Gauge needle, embryos are 

loaded into an ET catheter and transferred into the lumen.

Species Transferable embryos Transferred embryos

Fresh Frozen Total

Sheep 18828 4793 433 5226
Goat 3141 824 278 1102
Cervids 980 840 0 840
Source: Embryo transfer Newsletter, IETS, September 2009

Table 1: World embryo transfer activity in small ruminants in 2008.
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gonadotrophin regimes. The results revealed no differences in the 
efficiency of COCs recovered and their quality [39,36]. It has also been 
shown that ‘one shot’ regime can be performed as a 4-day treatment 
regime followed by LOPU in sheep and goats without reducing the 
efficiency in oocyte recovery and quality [40]. The most common 
method of oocyte collection is from abattoir derived ovaries from 
sheep or goat. Ovaries are transported to the laboratory at 37°C in 
phosphate buffered saline (PBS) after which they are finely sliced with 
a scalpel blade and rinsed in oocyte collection medium consisting of 
2% steer serum in Ham’s F10 medium [34]. 

In vitro maturation of abattoir derived oocytes from sheep and 
goats (for comprehensive reviews see 32, 31) rely on methods based 
on bi-carbonate buffered TCM 199 medium supplemented with 
L-glutamine, ovine FSH (10 g/ml), ovine LH (10 g/ml, estrogen 
(1 g/ml) and 10% fetal bovine serum [34]. Some researchers have 
used mature follicular fluid supplementation in the IVM medium 
to enhance the maturation of sheep oocytes [31]. Under these 
conditions, goat and sheep oocytes tend to extrude first polar body 
between 16-24 h of in vitro maturation [41]. In contrast, it is accepted 
that supplementation of the glutathione precursor cysteamine (100 
μM) in IVM medium enhances the in vitro maturation process of goat 
oocytes [41]. In addition, a recent study [42] showed that cysteamine 
and BSA added to IVM medium for sheep, resulted in high blastocyst 
rates (42% blastocyst rate from total cultured oocytes) and high survival 
rate of blastocysts after embryo transfer. It is obvious that artificial 
oocyte maturation and culture systems have detrimental effects 
on embryo development compared to their in vivo counterparts. 
Recent fluorescent in situ hybridization cytogenetic studies from 
our laboratory using whole chromosome painting probes have 
revealed that high incidence of chromosomal abnormalities in sheep 
blastocysts derived from IVP systems, compared to in vivo derived 
blastoctsts [43] emphasizing the inherent differences in the two 
production methods. 

In vitro fertilization

In vitro fertilization of the oocytes is usually carried out following 
24 h maturation in the IVM medium. Surrounding cumulus cells are 
removed by gentle pippetting and washing in fertilization medium 
and groups of 40-50 oocytes are placed in 4-well dishes in 500 l of 
synthetic oviductal fluid (SOF) covered by 200 l of mineral oil [31,43]. 
Motile sperm are obtained by centrifugation of frozen-thawed semen 
in Percoll gradient (45%/90%) at 500 g for 10 min in room temperature. 
Percoll gradient separation of spermatozoa seems to be an effective 
means of yielding motile sperm from frozen-thawed semen [44]. 
Motile sperm are collected from the bottom of the 90% fraction and 
diluted to a concentration of 107 spermatozoa/ml in media. Recent 
studies have shown that incubation of spermatozoa for a further 1 
h period in media supplemented with heat-inactivated estrus serum 
enhances the capacitation process of spermatozoa (sheep and goat 
: [41]; deer : [45,46] ). In our laboratory we routinely add heat – 
inactivated sheep serum (2%) to the IVF medium and incubate oocytes 
with motile spermatozoa for 17 hours resulting acceptable levels of 
blastocyst development [43]. Although 17 h co-incubation is practiced 
in IVF, it has been shown that even 4 h co-incubation was enough to 
obtain acceptable cleavage and blastocyst rates in sheep [41]. Further 
application of in vitro fertilization in obtaining sex pre-determined 
offspring will be an advantage for the livestock industry [47,20]. In 
vitro fertilization of prepubertal oocytes and oocytes recovered from 
LOPU [37] are also important areas to be developed further.

In vitro culture

Following in vitro fertilization, embryos are washed several times 

and then placed in in vitro culture (IVC) media for further development. 
There are 3 methods available for embryo culture after fertilization, 
such as co-culture with somatic cells, culture in semi-defined media 
and culture of embryos in in vivo systems (oviducts) of the same 
or different species [41]. Co-culture systems in sheep and goat are 
usually based on including oviductal cells in TCM-199 medium. 
Semi-defined medium is also used often in small ruminant IVC based 
on the components of the sheep oviductal fluid (SOF), a medium 
containing essential and non-essential amino acids supplemented 
with BSA [48,43]. In our laboratory, sheep embryos cultured in SOF 
medium supplemented with amino acids and BSA at 38°C in 5% O2, 
5% CO2, 90% N2 humidified atmosphere resulted in 19.2% blastocyst 
rates from total oocytes cultured [43]. This rate is confirmed by [38], 
who showed that SOF culture systems supplemented with BSA and 
amino acids produce high quality blastocysts in sheep. Addition of 
fetal bovine serum (FBS) on day 2 or 3 of culture does result in high 
embryo survival post-embryo transfer and normal viable offspring 
[41]. However, some studies have reported that sheep embryos 
reduce their viability by 15%–25% when produced in SOF systems 
supplemented with serum compared to co-culture [48] or in in vivo 
systems of culturing the embryos in oviducts [49]. It has been noted 
that adding steer serum or human serum to sheep and goat IVC 
media may attribute to many abnormalities in the offspring [50,51]. 

Interspecies in vitro fertilization

Investigating interspecies fertilization provides valuable insights 
into the role of cytoplasmic and nuclear events that regulate full 
term development. Due to species specific molecular, morphological 
and chronological markers these embryo models are unique for 
examining the paternal and maternal interactions and their vital role 
in development. Interesting findings from our laboratory revealed 
that ram spermatozoa is not able to fertilize bovine oocytes in 
vivo, however, in vitro fertilization occurs and the resulting hybrid 
embryos, confirmed by cytogenetic analysis (Figure 3), arrested at 
4-8 cell stage [52] even when zygotes were transferred to sheep 
oviducts for early development. Similar developmental arrest occurs 
with the reverse cross. Hybridization between sheep and goats 
through cross or chance breeding like many species, appears to be 
polar with the success or efficiency dependent of the parent of origin 

Figure 3: Metaphase spread from a 4-cell sheep-cattle hybrid embryo showing 

57 chromosomes (30 cattle and 27 sheep). Note the 3 metacentric sheep 
chromosomes labeled 1,2 and 3 and the cattle X chromosome labeled bX. 
(King and Kelk, unpublished data).
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[53]. Goats bred to rams conceive and pregnancies will progress to 
second trimester while in the case of the reverse cross, sheep oocytes 
exposed to buck sperm in vivo do not fertilize [52]. However, a few 
cases of sheep X goat hybrids born to goats have been documented 
[54]. In vitro sheep and goat oocytes, could be fertilized by buck 
or ram sperm and embryos developed to the blastocyst stage, 
hatched and, following transfer into the uteri of sheep or goats, they 
established pregnancies. However, retarded fetal growth, defects 
in placentome formation and pregnancy failure during the second 
month of gestation were observed [52]. The in vitro production of 
hybrid embryos is particularly amenable to facilitate further study of 
the reproductive barriers and species differences in imprinted and 
epigenetic, regulation of early embryo development that are key to 
embryo survival and development.

Somatic cell nuclear transfer (Cloning)

A new era in reproductive biotechnology began when Wilmut 
and colleagues produced the first somatic cell nuclear transfer 
(SCNT) derived viable sheep, “Dolly”, from transplanting an adult 
somatic cell into an enucleated sheep oocyte [55]. Following this 
breakthrough, theoretically, it seems to be a promising technology to 
produce unlimited numbers of genetic copies from an adult animal or 
a fetus; and so far many species including farm, pet and endangered 
animals have been cloned using this technology [56]. Obtaining 
a viable offspring through this technology still imposes a great 
challenge for researchers due to its relatively low success rate and 
in some instances compromised health status of offspring [57,58). At 
present, cloning is carried out for biomedical and research purposes, 
and agriculture production. Although extensive reviews are available 
on animal cloning, here we emphasize some recent findings that are 
important in small ruminant cloning. 

The standard SCNT technique in sheep/goat in most of the 
laboratories follows some common steps such as oocyte maturation, 
removal of cumulus cells from oocytes, enucleation, transplantation 
of the somatic cell into the perivitelline space of the oocyte, electro-
fusion of the cell couplet, activation of the embryo and in vitro 
embryo culture. When the embryos develop to blastocyst, they are 
transplanted into the uteri of estrus-synchronized surrogate animals 
6-7 day post estrus [27]. In most cases, the oocytes are collected from 
abattoir ovaries using the slicing method and undergo IVM for 17h 
(goat: [59-61], Sheep: [34,27]). Some laboratories that conduct goat 
SCNT programs preferred in vivo derived oocytes either following 
ovulation [62,63] or LOPU [64,65]. This may be due to the decreased 
availability of goat abattoirs in different countries or the higher 
success rates from in vivo matured oocytes. Following maturation, 
the cumulus cells are removed by vortexing in 3% Sodium citrate 
medium [27] for 1-2 minute or in 0.01% hyaluronidase. Cumulus –free 
oocytes with first polar body extrusion are selected and after a short 
exposure to cytochalasin B and Hoechst stain, enucleation is carried 
out in a micromanipulator equipped with UV light [27,64,65,61]. 
Following oocyte enucleation, cell cycle-synchronized donor cells are 
transplanted into the perivitelline space of the oocytes in a manner 
that both cell membranes attach firmly to each other. The cell-
couplets are then electrofused in a 0.3 M mannitol fusion medium. 
One hour following fusion, cell-couplets are activated by culturing 
for 5 min in ionomycin containing medium followed by culturing 
them in 6-DMAP or cycloheximide containing medium [34,27,61]. 
Recent studies in our laboratory revealed that a greater incidence 
of chromosomal abnormalities occur when SCNT-sheep embryos are 
cultured in 6-DMAP containing medium compared to cycloheximide 

[34,27]. After activation, embryos are cultured in IVC medium and 

are surgically transferred into uteri of estrus –synchronized ewes 

[27] or into the oviducts of the does [61]. Pregnancy confirmation 

is done by ultrasound scanning beginning on day 35 of pregnancy. 

Pregnancy loss in sheep following SCNT-derived embryo transfer 

can be monitored by ultrasound imaging combined with serum 

progesterone levels [27]. 

Recently, there has been some controversy on the biological age 

of the SCNT-derived offspring, and whether they may susceptible 

for pre-mature death compared to their age-matched control 

counterparts [56]. A good example of this was the premature death 

of “Dolly”. The hypothesis behind this is that donor somatic cells 

from adults may correlate with offspring carrying shortened telomere 

lengths compared to normal controls. Telomeres are located at the 

end of the chromosomes and become shorter in each cell cycle when 

somatic cells replicate. When the telomere length reaches a critical 

length the cell either enters senescence or enters a ‘crisis’ state 

associated with the development of cancer cells. This phenomenon 

does not happen in the germ line and in embryonic cells as these 

cells posses telomerase, an enzyme that adds telomere sequences 

to chromosomes during cell replication thus preventing telomere 

shortening from occurring. In most somatic cells, the telomerase 

enzyme is not present, leading to continuous telomere shortening 

when cells replicate [66]. 

Recent findings in telomere lengths in animal clones revealed 

cases of shorter [67, 68], , not different [69-71] and surprisingly 

even longer lengths compared to those measured in their age-

matched control counterparts [72]. These findings have triggered 

much speculation on the fate of clones. However, this makes 

animal clones derived from adult somatic cells appropriate models 

for studying cellular rejuvenation and aging in vivo since they are 

generated from aged and culture propagated somatic cells known to 

contain shorten telomeres. Following SCNT, the differentiated donor 

nucleus undergoes extensive remodeling and reprogramming by the 

recipient oocyte cytoplasm [73], which has been shown to cause 

altered gene expression profiles [74] and chromatin modifications 

[75] that likely contribute to the high incidence of abnormalities, 

prenatal and post natal losses found in clones[73]. Altered expression 

of telomerase activity [71] and donor cell type-dependent telomere 

length differences [76] further support inappropriate genome 

reprogramming, however, the precise etiology of altered telomere 

lengths in vivo are not clear for clones. Recent studies from our 

laboratory on SCNT-derived small ruminants showed that shortened 

telomere lengths in sheep cloned using adult donor cells compared 

to controls [67] and a similar phenomenon was observed in SCNT-

derived goats [77]. Interestingly, the offspring derived from natural 

breeding between cloned parents, did not show any discrepancies in 

telomere length [67] suggesting that telomere length was reset in the 

germ line of the cloned offspring. To date we do not possess enough 

data on telomere length of clones and “Dolly” cannot be considered 

the only incidence in this nature, thus more research is needed to 

investigate the lifespan of cloned offspring; at this stage the data 

available is inconclusive.

Production of transgenic sheep and goats

Transgenic animals are produced either to carry an exogenous 
gene or to have a “knock out” gene from their own genome. Many 

transgenic animals have been produced for biomedical research 
interests as well as to test their application in livestock production 
[78]. There are many techniques available for the production of 
transgenic animals, such as pronuclear microinjection [79,80,37], 
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sperm-mediated transgenesis [81] and somatic cell nuclear 

transfer[82,65,83]. During the last decade, research has focused on 

producing transgenic animals which secrete recombinant proteins 

in their milk. These animals produce relatively high quantities of 

recombinant proteins compared to other conventional methods 

due to the physiological nature of the mammary gland for its unique 

ability to synthesize proteins [84,78,85,86,87,88]. A few examples 

of transgenic small ruminants producing recombinant proteins 

in milk for pharmaceutical and biomedical interest are sheep 

producing human clotting factor VIII [89] and factor IX [82] and goats 

synthesizing human antithrombin III [90], human alpha-fetoprotein 

[91], human monoclonal antibodies [92, 93], malaria antigens [94] 

spider silks [95], human granulocyte colony stimulating factor (96) 

and human butyryl-cholinesterase [97,98]. Although these animals 

have shown high expression of the transgene product in the milk, a 

recent report suggests that the transgene may have some negative 

effects on the physiology of mammary gland function, leading to a 

compromised situation [87]. However, the first protein produced 

by transgenic animals, ATryn, a recombinant human anti-thrombin-

 produced in transgenic goats’ milk, received approval for use in 

humans in 2009.

Conclusions

In this review, we have focused on some aspects of reproductive 
biotechnology that are of veterinary and biomedical importance in 
sheep and goat that have been reported in the recent past. It is well-
known that most biotechnologies take many years to come into full 
practice after enormous amounts of laboratory and field research. 
Therefore, more focus should be carried out in emerging areas like 
artificial insemination of sheep and goat using sexed semen, in vitro 
and in vivo embryo production systems, transgenic animal production 
and cloning using stem cells. 
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