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THE RECENT STATE OF EMBRYO PRODUCTION
TECHNIQUES IN SHEEP BREEDING - A REVIEW

MUJITABA MALAM ABULBASHAR - VASS NORA - BODO SZILARD - ANGYAL ESZTER
SUMMARY

Conventionally, embryos can either be produced in vivo or in vitro, both procedures aimed at
improving farm animals’ reproductive performance. The former being the easiest or less invasive,
while the latter is the most cumbersome, has many advantages and potential to rapidly foster genetic
improvement. However, the efficiency and prospects of in vitro embryo production (IVEP) techniques
in sheep are limited by so many factors. Among these include the reproductive system-s anatomy,
oocytes and embryo quality, and cytoplasmic lipid droplets. This review aimed to highlight some
of the procedures/steps involved in embryo production in sheep and recent developments in the
techniques for breeding purposes. It covers the two EP methods; in vivo (estrus synchronization
of the donor and the recipient ewes, multiple ovulation and embryo transfer, insemination of the
donor ewe and recovery of oocytes/embryos) and in vitro (grading and selection of best quality
oocyte, in vitro oocyte maturation, in vitro fertilization, in vitro culture of embryos, selection of best
quality embryos for transfer, mature in vitro embryo transfer (MIVET) and juvenile in vitro embryo
transfer (JIVET)). The use of short-term protocol (5-7 days) of estrus synchronization with fixed-time
artificial insemination by a laparoscopic method can resultin a high pregnancy rate, reduce time and
cost of EP in ewes than with the conventional method. The JIVET and nonsurgical embryo recovery
techniques and a transfer would enable the commercialization of IVEP and transfer in sheep. More
intense researches are needed on the strategies of improving the viability of in vitro produced sheep
embryos. There is also the need to ascertain whether the oocyte source (abattoir and laparoscopic
ovum pick-up) affects the sheep oocytes> quality and developmental competence.

OSSZEFOGLALAS

Mujitaba, M. A. - Vass, N. - Bod6, Sz. - Angyal, E.: AZ EMBRIOELOALLITASI TECHNIKAK AKTUALIS
HELYZETE A JUHTENYESZTESBEN - IRODALMI ATTEKINTES

Az allattenyésztési gyakorlatban az in vivo és in vitro embrio-el6allitast alkalmazzak. Mindkét
modszer javitja a gazdasagi haszonallatok reprodukcios teljesitményét. Az in vivo embriéprodukcid
a legkdnnyebben kivitelezhet6 és kevésbé invaziv, mig az in vitro embrideldallitas bonyolult eljaras,
amely szdmos elénye mellett meggyorsitja a genetikai elérehaladast. Ugyanakkor juh fajban azin vitro
embrié-elballitds hatékonysagat és a technikaban rejlé lehetéségeket szamos tényez6 befolyasolja:
az anyajuhok nemi szerveinek anatémiaja, a petesejt és az embriék minésége, a citoplazmaban
fellelhetd lipidcseppek szama. A review kézlemény célja egyrészt olyan eljarasok kiemelése, melyek
a juh embridprodukcio részét képezik, masrészt azoknak a legjabb tudomanyos eredményeknek
a bemutatasa, amelyek a tenyésztdk érdekl6désére is szamot tarthatnak. Juhoknal kétféle embrio-
eléallité eljarasrol beszélhetiink: in vivo (a donor és recipiens anyajuhok ivarzasszinkronizalasa,
tobbszdrds ovulaciéd és embridtranszfer, a donor anyak termékenyitése, a petesejtek/embriodk
kinyerése) és in vitro (a petesejtek osztalyozasa és a legjobb mindségl petesejt kivalasztasa, in
vitro oocyta érlelés, in vitro termékenyités, in vitro embrid tenyésztés, a legjobb mindségli embridk
kivalogatasa az atlltetéshez, érett in vitro embrio eléallitas (MIVET), juvenilis in vitro embrié el6allitas
(JIVET)). Anyajuhokban az 5-7 napos ivarzasszinkronizalasi protokoll és a fix idépontban végzett
laparoszkopos mesterséges termékenyités alkalmazasa magasabb vemhesUlési aranyt eredmé-
nyezhet, mint a hagyomanyos mddszer, sét, kéltség- és id6hatékonyabb is. A JIVET technoldgia,
valamint a nem-sebészi embridkinyerési és atlltetési technoldgia alkalmazasa a kdzeljovében az
IVEP és embri6 atultetés térhoditasat teheti lehetévé a juhtenyésztésben. Azonban az in vitro eléal-
litott juh embridk életképességének javitdsahoz tovabbi kutatasok szikségesek. Fontos lenne azt a
kérdést is tisztazni, hogy a petesejt forrasa (vagoéhid, laparoszkdpias ovum pick-up) befolyasolja-e
a petesejt mindségét és fejl6dési kompetenciajat.
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INTRODUCTION

Embryo production (EP) from the donor and embryo transfer (ET) to a surrogate
opened a new way to produce several progenies from a superior female within
the required possible time. The conventional biotechnological approach of EP
and ET requires to hormonally superovulate the selected donor females and at
the appropriate time (depending upon species and breed of animals) induced
to artificial insemination (Al) (Gupta et al., 2018). Conventionally, embryos can
either be produced in vivo or in vitro, both procedures aimed at improving farm
animals’ reproductive performance. The former being the easiest or less invasive
while the latter is the most cumbersome, though, has many advantages. In vitro
embryo production (IVEP) involves a sequence of events which include; oocytes in
vitro maturation (IVM), in vitro fertilization (IVF), and in vitro culture of the resultant
embryos to the blastocyst stage (Hyttel et al., 2019). The technique allows for the
production of offspring from selected genetically superior females that would not
be able to reproduce using Al, multiple ovulation and embryo transfer (MOET), or
recently using juvenile in vitro embryo transfer (JIVET) (Menchaca et al., 2018).
According to the European Embryo Transfer Association cited by Paramio and
Izquierdo, (2014), when compared to a cow, research and commercial embryo
activities in small ruminant (SR) are low in the European Union.

Similarly, International Embryo Transfer Association also reported that there
exist few IVEP studies in SR compared to other livestock species. Ovine EP,
particularly in vitro, is still associated with many challenges that include low
efficiency majorly due to poor quality embryos, leading to poor viability after
the transfer/cryopreservation process. The technique is still relevant and vital,
especially in increasing genetic progress by shortening generation interval
compared to the natural breeding system. Addressing such problems would
virtually enable breeders to exploit the best out of this technique. This reviewss
principal aim was to highlight some of the procedures/steps involved in sheep
EP and recent developments recorded in the techniques for breeding purposes.
It covers EP methods (in vivo and in vitro).

EMBRYO PRODUCTION METHODS

In EP, one of the initial steps is the selection of good quality spermatozoa for
the IVF. Conventionally, it involves selecting a frozen-thawed sperm based on
a percoll separation method; in Hungary, work showed that sperm with a high
viability and chromosome integrity could be obtained by percoll separation than
by swim-up method (Gordon, 2017). One of the advantages of EP techniques
is that embryos are more resistant than gametes when subjected to high body
temperatures due to thermal stress. Thus, the pregnancy rates are better in ET
than in Al throughout the year (Sanches et al., 2018). Embryo development is
influenced by several factors: maternal, paternal, breed, age, individual variation,
follicle, oocyte diameter, and environment (Camargo et al., 2018).
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In vivo embryo production

In vivo EP activities in SR started as early as the 1930s. Since then, the great
majority of embryo recovery (ER) and ET attempts were performed by surgery
procedures (Gordon, 2017). Recently, a novel and noninvasive ER and ET procedure
was invented in SR and had been proven to be successful (Fonseca, 2016). The in
vivo produced embryos are of more outstanding quality than their in vitro counterparts
because of higher survival, implantation, and birth rate (Zhu et al., 2018).

Estrus synchronization of the donor and the recipient ewes

Reproduction in SR can be controlled by administering exogenous hormones
to modify the physiological chain of events involved in the estrous cycle. The
manipulation of the estrus cycle can concentrate the insemination and births and
induce cyclicity, shorten the interval between births, schedule births for a favorable
season of the year with available feed, and use genetically improved animals (Ramos
and Silva, 2018). Estrus can be synchronized in cyclic or anoestrus ewes by using
either prostaglandin or progesterone/progestagens (a synthetic hormone with a
similar action to progesterone). In sheep, PGF2a (>15 mg) or cloprostenol (125 mg)
is effective after day 5 of the cycle (estrus is day 0). Estrus may be synchronized
by two doses of prostaglandin, 7-9 days apart. Controlled internal drug release
(CIDR) intra-vaginal plastic device impregnated with progesterone (300 mg)
can also be used. The CIDR uses for 7 days, and a luteolytic dose of PGF2a
is administered 1 day before or at device removal. The estrus response is high
within 72-84 h (Romano, 2019).

The latest development in estrus synchronization (ES) and Al is the short-term
protocols for fixed-time artificial insemination (FTAI). It consists of exposure to
exogenous progesterone (usually in a CIDR-type) for 5-7 days, associated with
a dose of equine chorionic gonadotropin (eCG) and PGF2a at the time of device
removal. This system reduced the exposure period to progesterone from 10-14
days to 5-7 days and the detrimental effects of the decline in fertility due to low
progesterone concentration experienced in the 10-14 days protocol (Menchaca
et al., 2018). Estrus, LH peak, and ovulation occur approximately 30, 40 and 60
h after a device removal, respectively (Vilarifio et al., 2010). For first-use devices,
FTAIl should be performed on the morning of day 8 (46-50 h after device removal)
by the cervical route or in the afternoon (52-56 h) by the intrauterine route. For
second-use devices, FTAI could be performed by both insemination routes in the
morning or afternoon without affecting fertility (Menchaca et al., 2018). Menchaca
et al. (2018) reported a higher pregnancy rate 43.5% in short-term (6 days) than
37.8% in long-term (14 days) protocol in multiparous ewes that were inseminated
by laparoscopic method. This suggests that the short-term protocol would shortly
become the best method of choice for breeding purposes in SR.

Multiple ovulation and embryo transfer

The MOET program is based on ES and superovulation of donor ewes, followed
by Al and collection of embryos with uterine lavage, and subsequent transfer to
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recipient ewes or cryopreservation. The technique offers rapid multiplication of
the number of offspring from the genetically superior ewe, increases selection
pressure, and reduces generation interval (Gl), making the technique an
instrument of genetic progress (Ramos and Silva, 2018). Donor ewes are treated
with progestagens/prostaglandin and gonadotropins so that estrus and ovulation
are control and to enhance large production (10-20) and release of ova from the
ovary. Doses of the hormones used usually range between 500-800 IU of PMSG
and/or 120-140 mg of FSH, while 40-50 ug of GnRH is mostly used to increase
ovulation synchrony (Cottle, 2010). The GnRH is administered two days before
removing the progesterone device. At the same time, FSH injections need to be
continued for a total of 4-6 shots, and animals are allowed to breed naturally or
by Al. After 6-7 days of embryo development, morula/ blastocyst stage embryos
need to be flushed and preserved or transfer to the surrogate (Gupta et al., 2018).
Protocols using vaginal progesterone pessary for 7-8 days can achieve similar
results (Driancourt, 2001). Despite advances in the technique recorded in recent
years, there is still ovarian response variability, which remains the major limitation
in MOET programs (Pinto et al., 2018). The super-stimulatory treatment (ST) and
the difference in the composition of commercially available FSH preparations are
seen as some of the causes (Cognié et al., 2003). However, the ovarian response
to ST also depends on factors such as follicular condition, genetics, season,
and nutritional status of animals. Between 20 and 40% of the treated females
do not respond to the ST (Brasil et al., 2016). The onset of estrus variability and
the LH peak after hormonal treatment and the lack of synchrony at the onset of
superovulation are among the problems leading to failed fertilization (Amiridis and
Cseh, 2012). Therefore, ST should consider ewes’ ovary status at CIDR insertion
(size of antral follicles and presence of luteal structures). It should begin on Days
5 or 9 of CIDR treatment in ewes without corpus luteum and ovaries bearing
medium-sized follicles (Bartlewski, 2019).

Insemination of the donor ewe

Al techniques enable ram to inseminate many more ewes that it could be possible
by natural mating. Before collecting semen, ram should be performance tested and
proven superior before using their semen (Cottle, 2010). In sheep, conventional
Al protocols require daily estrus detection (ED) with teasers> aid, which is quite
labor-intense. For this reason, the traditional Al had now been replaced by the
use of FTAI, which is a labor-effective option because ED becomes unnecessary
(Olivera-Muzante et al., 2011). Miranda et al. (2018) highlighted that FTAI allows the
synchronization of lambing periods, organization of lambs into batches suitable for
meeting market demands, an earlier onset of puberty, and improved conception
rates regardless of whether the estrus is observed or not. Usually, the treatment
for FTAl in sheep is based on progesterone-releasing devices and eCG or GnRH
administration at device removal, with an acceptable pregnancy rate (Menchaca
etal., 2017). The eCG or GnRH are used to reduce the interval between sponge
withdrawal and estrus and to improve the efficiency of ES and ovulation during
the breeding season (Fornazari et al. 2018). Menchaca et al. (2017) noted an
earlier appearance of estrus behaviors and subsequent preovulatory LH peaks
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and ovulation in animals receiving CIDR-eCG than in the CIDR-GnRH. Based on
eCG protocol, De et al. (2015) observed estrus response of 79.4% (374/471) and
lambing rate of 60.42% (226/374), Miranda et al. (2018) reported a 55.4% lambing
rate, while Tekim (2019) recorded 71.4% estrus response and 100% kidding rate in
goats. Similarly, Rekik et al. (2016) reported that the use of flourogestone acetate
for 14 days and 300 IU eCG administered at sponge removal resulted in a 70.4%
lambing rate.

Recovery of oocytes/embryos

The ER in SR can be performed using surgical, laparoscopic, or trans-cervical
methods (Fonseca et al., 2016).

Surgical embryo recovery technique

Surgical/Laparotomy technique allows exact counting of corpora lutea and
evaluation of total structures recovery rate. However, disadvantages are the
relatively high cost of equipment, stress to the animal due to the manipulation
of the exteriorized reproductive tract that can cause adhesions, and progressive
reduction in the success of ER rates (Fonseca et al., 2016). As a result, the technique
is not mostly used nowadays by most farms.

Laparoscopic ovum pick-up

Laparoscopic ovum pick-up (LOPU) is generally regarded to be an effective
and minimally invasive procedure for the oocyte/ER in SR (Gordon, 2017).
Slaughterhouses represent a low-cost and abundant source of oocytes useful
for research projects, oocytes from live animals are required for commercial
application of IVEP. For this purpose, follicular aspiration by LOPU is mandatory in
SR, providing approximately 10-14 oocytes per female in each session (Baldassarre
et al., 2002; Teixeira et al., 2011) cited by Menchaca (2018). Follicular aspiration
of live animals needs to be associated with ovarian stimulation, usually achieved
by using a single dose of FSH and eCG 36 h before LOPU (Baldassarre et al.,
1996; Gibbons et al., 2007). Baldassarre (2002) reviewed follicle aspiration by LOPU
in SR and identified some important key steps which include; donor selection
(it should be superior or high genetic merit), donor treatment (synchronized and
hormonally-primed for LOPU) and lastly follicular aspiration (animal need to have
fasted for 24 h for food and 12 h for water and the procedure should be performed
under anesthetic condition). The technique is very flexible and does not interfere
with the donors’ productive or reproductive career yet allows the production of
more embryos than the conventional superovulation (Gordon, 2017). Sometimes,
it leads to fewer adhesions and, therefore, a donor could be collected more than
seven times. However, this method still requires special equipment and highly
trained personnel. Thus, regardless of the excellent efficiency described, this
technique did not become popular (Fonseca et al., 2016).
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The non-surgical embryo recovery technique

Embryos can be recovered from sheep by nonsurgical embryo recovery (NSER)
technique. It was first reported in SR in the 1980s. This technique’s anesthetic
protocols are much simpler, and animals may remain in a standing position under
sedation combined with epidural block and local cervical anesthesia. To dilate
the uterine cervix for transcervical embryo flushing and deposition. Several drugs
have been used successfully with combined treatment using estradiol benzoate,
d-cloprostenol (both administered 16 h before embryo flushing), and oxytocin (20
min before cervical penetration), providing the most optimal results in cycling and
superovulated ewes. Recipient animals do not require any hormonal drug to induce
cervical dilation. Embryos were transferred directly by a cervical route, which yields
an excellent result (Fonseca et al., 2019) cited by Bartlewski (2019). The transcervical
recovery method was successful in 61% of ewes receiving either cloprostenol or
misoprostol, whereas no catheter passage was achieved in control-ewes.

Similarly, in Dorper ewes, animals receiving 200 mg misoprostol by vaginal
route 5 h before ER reached 95% of cervical transposition, compared with 0% for
control-ewes. On average, the technique was accomplished in 30 min and allowed
recovery of six embryos per ewe, demonstrating its feasibility for Dorper ewes
(Fonseca et al., 2016). The reduced or non-adhesion formations are pointed as the
main advantage of this technique, suggesting that successive collections are more
feasible in NSER than in laparotomy. Conversely, the introduction of a catheter
through the cervix, mainly in sheep, and the incapability of rectal manipulation
of the tract are the main difficulties for NSER procedures (Fonseca et al., 2016).

In vitro embryo production

The results of a meta-analysis study conducted by Zhu et al. (2018) indicated that
slaughterhouse had been the primary resource for cumulus oocytes complexes
for IVEP among many countries around the globe. The IVEP can produce more
offspring from genetically superior animals than with the use of conventional
MOET. This because it is capable of avoiding most of the causes of failure in MOET
(Baldassarre, 2002). In addition to selective breeding, IVEP also permits; production
of offspring from genetically superior senile or prepubertal females, species
conservation programs and represents a valuable research tool in developmental
biology and in the study of human infertility treatments (Menchaca et al., 2018).
In sheep, the technique is still inefficient; approximately only 70-90% of immature
oocytes undergo maturation, from prophase | to metaphase Il out of which, 50-80%
undergo fertilization and cleave to a two-cell stage at 24 to 48 h after insemination;
only 20-50% of immature oocytes ever reach the blastocyst stage, on day 7 to
8 post-fertilization (Zhu et al., 2018). Viana (2017) reported that in bovine, the
numbers of transferred in vitro produced embryos (IVP) exceeded that of their
in vivo-derived (IVD) counterparts. Unfortunately, the reverse is still the case in
ovine. Data collected from six different world regions; Africa, Asia, Europe, North
America, Oceania, and South America, on the total number of ovine IVD and
IVP transferrable embryos indicated that 18652 were IVD and only 66 were IVP.
For transferred embryos, 12571 were IVD, out of which 10 were frozen, and only
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55 were IVP and were all transferred fresh (Viana, 2017). This calls for the need
for more intense research on this subject for possible improvement. The IVEP
includes oocyte collection/recovery (previously discussed), grading and selection
of best oocyte with more cumulus oophorus, IVM of selected oocytes, IVF of a
matured oocyte, selection of best quality embryo at the morula stage, and then
finally, transfer of the produced embryos to the recipient ewes (Gupta et al., 2018).

Grading and selection of best oocyte

The ability of oocytes to undergo maturation and support embryonic development
varies; this is referred to as developmental competence (DC) or oocyte quality
(OQ) (Reader et al., 2017). The oocyte source in goats was observed to have
marked effects on oocyte maturation, viability, and developmental competence
of in vitro produced embryos. The LOPU-sourced were reported to be of more
outstanding quality than the abattoir-sourced oocytes (Rahman et al., 2009). Age
of donor was also reported (O’Brien et al., 1996; 1997; Ledda et al., 1997; Ptak
et al., 1999; Kochhar et al., 2002; Ptak et al., 2006) to affects the OQ (Table 1.).

The oocyte is known to be a unique and highly specialized cell responsible for
creating, activating, and controlling the embryonic genome, as well as supporting
basic processes, such as cellular homeostasis, metabolism, and cell cycle progression
in the early embryo (Mtango et al., 2008) cited by Hoshino, (2018). It is essential,
therefore, to assess the fertility potentials and guarantee the necessary health
qualities of the oocytes since the DC of an embryo is principally dictated by the health
and OQ (Reader et al., 2017; Hoshino, 2018). Usually, for IVF and intracytoplasmic
sperm injection, oocyte selection is based on morphological parameters related to
the cumulus cells, polar body, and cytoplasm (Hoshino, 2018; Wani et al., 2013). Wani
etal. (2013) graded oocytes into three categories based on the number of cumulus
cells and uniformity of the oocytoplasm, which include;

a. Good: Oocytes with many complete layers of cumulus cells and uniform
cytoplasm.

b. Fair: Oocytes with thin or incomplete layers of cumulus cells and uniform
cytoplasm.

c. Poor: Oocytes with few or no cumulus cells.

Only good and fair oocytes should be used for better embryo DC. A potential
technique that can be used to determine OQ is intracellular temperature
imaging with a fluorescent polymer thermometer to evaluate the oocytes:
thermal profile. Moreover, OQ can be determined by assessing molecular
markers (microRNAs) and certain morphological factors that are related to OQ
like; first polar body morphology, meiotic spindle, cumulus cells, and mitochondria
(Hoshino, 2018). Reader et al. (2017) reported that follicle and oocyte size,
mitochondria, lipid droplets, oocyte vesicles, and cortical granules could be
examined to assess OQ. Similarly, OQ can be assessed by staining procedure
using brilliant cresyl blue to measure glucose-6-phosphate dehydrogenase activity.
By the end of maturation, the authors concluded that oocytes with a greater
volume or number of evenly distributed mitochondria, lipid droplets and vesicles,
and cortical granules located immediately below the oolemma have greater DC.
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Table 1.
Comparison of developmental competence of oocytes of prepubertal and adult sheep
Parameters (%) (1)
S/N Oocyte Type of media used (3) Fertilization | Cleavage | Blastocyst | Source
source (2) rate (4) rate (5) rate (6) (7)
1 Pre-pubertal | Medium-199 (Earle’s salt, 7.7 81.9 15.42 O’Brien
(8) L-G, 2200 mg/I SB, 25 etal.
mM HEPES, Gibco, BRL, (1996;
Grand Island, NY) +0.3 1997)
mM P+0.3 mM G+10%
FBS(v/v)+ 10 ug/l FSH+10
ug/l LH
Adult (9) 70.0 82.0 34.1°
2 Pre-pubertal | TCM-199(10% v/v FBS, 10 | 64.02 72.0 20.02 Ledda
(8) mg/l FSH and 10 mg/I LH) etal.
(1997)
Adult (9) 72.0° 73.0 49.0°
3 Pre-pubertal | B-b TCM-199 (275 mosm) NA NA 22.92 Ptak
(8) supplemented with 2 mM etal.
G, 100 ug/ml C, 0.3 Mm (1999)
SP, 10% FBS, 5 ug/ml FSH
(Ovagen), 5 ug/ml LH and
1 ug/mlE,
Adult (9) NA NA 35.8°
4 Pre-pubertal | TMC-199+10% FCS under | 69.0 63.22 17.82 Kochhar
(8) oil etal.
(2002)
Adult (9) 72.7 69.25° 26.8°
5 Pre-pubertal | B-b TCM-199 (2 mM G, NA 75.52 12.0° Ptak
(8) 100 ug/ml C, 0.3 mM SP, etal.
10% FBS, 5 ug/ml FSH (2006)
(Ovagen), 5 ug/ml LH and
1 ug/mlE,
Adult (9) NA 81.0° 36.0°

B-b: Bicarbonate-buffered, BSA: Bovine Serum Albumin, C: Cysteamine, CB: Cytochalasin B, E,:
Estradiol, FBS: Fetal Bovine Serum, FSH: Follicle Stimulating Hormone, G: Glutamine, HEPES:
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, LH: Luteinizing Hormone, NA: Not Available, P:
Pyruvate, SB: Sodium Bicarbonate, SP: Sodium Pyruvate, TCM: Tissue Culture Media (10)

Values in the same column between two oocyte sources with different superscripts are significantly
different (11)

1. tablazat Prepubertas kort és felnétt anyajuhokbdl szarmazé petesejtek fejlédési kompetenci-
ajanak 6sszehasonlitasa

paraméterek (1); petesejt-forras (2); felhasznalt médium tipusa (3); fertilizacios arany (4); osztédasi
arany (5); blastocysta arany (6); forras (7); prepubertas (8); felnétt (9)

B-p: Bikarbonat-pufferelt, BSA: szarvasmarha szérum albumin, C: Ciszteamin, CB: citokalazin
B, E,: 6sztradiol, FBS: fetélis borjd savo, FSH: follikulus stimulalé hormon, G: glutamin, HEPES:
4-(2-hidroxi-etil)-piperazin-1-etan-szulfonsav, LH: luteinizalé hormon, NA: nem all rendelkezésre, P:
Piruvat, SB:natrium-bikarbonat, SP: natrium piruvat, TCM: szévettenyészté médium (10).

A két kllonbozd petesejt-forrashoz tartozo, de egyazon oszlopban szerepl6 értékek kozott akkor
van szignifikans kildnbség, ha a felsd indexben eltérd betl szerepel (11).
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In vitro oocyte maturation

Maturation is the most critical stage of IVEP; this is majorly due to immature
oocytes’ heterogeneous nature (Paramio and Izquierdo, 2014). The quality of the
embryo to be produced depends mainly on the OQ. High-grade oocytes can only
be achieved by using the right maturation media and maturation processes. For
immature oocytes to become fertilizable they must undergo; cytoplasmic and
nuclear maturation, extrude the first polar body, and have entered metaphase I
(Cognié et al., 2003). As stated by Zhu et al. (2018), the most commonly used media
for the maturation of oocytes is the traditional medium-Tissue Culture Medium-199
(TCM-199), supplemented with various serum at 10% including fetal bovine serum
(FBS) (13 of 25 laboratories), sheep serum (5 of 25), bovine serum albumin (5
of 25), follicular fluid (1 of 25). FSH and LH combinations or 173-estradiol are the
most common hormones added to the maturation media and maintained under
38.5-39 °C, 5% CO, for 20-24 h.

In vitro fertilization

Here, both the oocytes and sperm cells are involved; therefore, their quality
determines their fertilization ability and overall success of the process. Moreover,
both gametes’ ability to fertilize is time-dependent, which is limited and generally
referred to as the ,fertile span” (FS) beyond which they cannot fertilize. The
FS is variable even in the same individual and is greatly determined by certain
factors breeds, season, donor’s age, donor nutrition, gamete quality, culture or
preservation conditions including pH value, osmolality, compounds, gases, and
so on (Zhu et al., 2018). Sometimes, FS may vary depending on OQ; poor quality
or aged oocytes may have shorter FS. Therefore, timing is a vital factor that affects
the success of IVF. Matured oocytes and spermatozoa must be co-incubated
together within their FS to ensure that a greater proportion of the matured oocytes
can be fertilized by capacitated and appropriate spermatozoa (Zhu et al., 2018).
Besides, IVF success depends on proper oocyte maturation, sperm selection,
sperm capacitation, and IVF media (Paramio and Izquierdo, 2014). The most
common fertilization medium for sheep oocytes is SOF medium supplemented
with 1-2 ug/mL heparin + 2-20% either FBS or SS, respectively. Besides other
conditions, the blastocyst rate of oocytes IVF with 2% serum ranges from 20.0%
to 59.2%, whereas that with 20% serum, it ranges from 24.1% to 42%. After
insemination, the IVF drops are incubated at 38.5 °C in a humidified atmosphere
incubator with 5% CO, in the air for 15 to 20 h (Baldassarre, 2002). Semen can
be sex-sorted before the IVF process is carried out (Paramio and Izquierdo,
2016). Sex is determined in farm animals by sex chromosomes content of sperm;
females are produced by gamete containing X-chromosomes and males by those
carrying the Y-chromosomes. The former is larger and has more DNA than the
latter, 4.2% and 3.5%, respectively (Gordon, 2017). Different methods are now
available for semen sexing, including albumin gradient, percoll density gradient,
free-flow electrophoresis, identification of H-Y antigen, or Flow-cytometry (Boro
et al., 2016). With the flow-cytometry technique or cell sorting machine, semen
from many mammalian species can be sexed at about 90% accuracy without
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damaging them. This development permitted the production of many offspring
of the desired sex (Boro et al., 2016).

In vitro culture of embryos

Among all the stages involved in the IVEP, the culture stage is longest (6-8
days) and also has a marked influence on the embryo developmental competence
(EDC), viability, pregnancy rate, fetal development, and birth weight (Zhu et al.,
2018). Ovine zygotes are cultured in SOF supplemented with amino acids (AA)
and BSA. This combination is the standard or conventional culture medium for
sheep embryos production. Keeping oxygen concentration at 5 % (5% O,, 5%
CO,, and 90% N,) reduces oxidation incidence. The blastocyst is formed on day
6-8 of culture. The culture medium is usually changed after every 48 h, or applied
with two-step culture, namely; embryos are cultured in SOF+ AA+ BSA on the
first three days, and on day 4, they are transferred into a SOF+ AA+ glucose+
bovine/ovine serum albumin and cultured in the medium up to day 8 (Zhu et
al., 2018). Fernandez-Gonzalez et al. (2014) observed that blastocyst culture in
FBS’s presence significantly affects some imprinting genes’ mRNA expression. In
2013 an entire serum-free ready-to-use media suite for all the steps, maturation,
fertilization, and culture, was made commercially available by IVF Bioscience, UK,
combining synthetic serum replacements and BSA (Hyttel et al., 2019).

Selection of best quality embryos for transfer

Embryos can be assessed for quality by placing them under a magnifying
glass. According to their morphological aspect, their quality is estimated
due to the time after insemination and the pellucid membranes’ integrity that
surrounds the embryo (Rizos et al., 2002). Embryos grading is mostly focused
on the state of development and morphology, and only embryos graded
as «excellent» or “good” will allow good results of cryoconservation (Brem
and Wiener, 1990). Jones et al. (2001) reported some of the criteria that can be
adopted to optimize the selection of embryo development, including; the rate
of embryo development, blastocyst development, pronuclei expression and
nucleoli orientation, ovarian/follicular vascularity, noninvasive assessment of
metabolic products of embryos during development, pre-implantation genetic
diagnosis, and morphological evaluation. Geber et al. (2002) identified the
following criteria for assessing EDC in the human being;

a. Developmental rate: embryos must be assessed in culture, during the 1-cell,
cleaving, and morula/blastocyst stages, and classified according to quality. On
day 2, the first cleavage division occurs. After this, embryos double their number
of blastomeres each day. Thus embryos have an expected 2-4 cells on day 2,
6-10 cells on day 3, become morula at day 4, and blastocysts at day 5 and 6.
Embryos with odd numbers of blastomeres probably have cells with slower
division than others.

b. Morphology: best embryos are those that are having thinner zonae and bla
stomeres of similar size without fragments. Thicker zonae might impair hatching,
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while greater degrees of fragmentation and blastomere irregularity gives a poor
prognosis of pregnancy.

A combination of all these criteria to select the most likely embryos to implant
might improve pregnancy rates.

Mature in vitro embryo transfer and juvenile in vitro embryo transfer

Transferrable embryos can be produced in vitro after ovum pick-up from
super-stimulated donor ewes. The ewes can either be matured, in which case
the technique is termed ,mature in vitro embryo transfer” (MIVET), or immature/
prepubertal ewe that is as young as 3 weeks old ,juvenile in vitro embryo transfer”
(JIVET) (Cottle, 2010). This technique offers a great opportunity for rapid genetic
improvement through reduction of Gl to as low as 6 months. Moreover, it also
circumvents the problems of variation in fertilization rate and the super-stimulatory
response observed in MOET (Cottle, 2010). However, juvenile embryos were
observed to have lower viability following cryopreservation or transfer to recipient
ewes. This was presumably, due to lower volume fraction and size of cortical
granules in juvenile oocytes than adult oocytes following IVM, which may be related
to the increased rate of polyspermy reported in oocytes from juvenile animals
(O’Brien et al., 2000). There is a need for intense studies on the other causes of
poor DC/low viability of juvenile oocytes after maturation and/or cryopreservation.

Embryo transfer

ET can be used to expand the population of a particular breed or elite strain
of sheep in demand; a further consideration is in import and export of sheep
in the form of frozen embryos rather than animals on the hoof (Gordon, 2017).
One of the most challenging aspects of assisted reproductive technologies is
determining which embryos are most suitable for transfer into the uterus. The two
most important factors that need consideration here are; the choice of the embryo
with the best DC (previously discussed) and the risk of multiple pregnancies
associated with the number of embryos transferred (Jones et al., 2001). Usually,
two embryos are transferred to each recipient ewe via laparoscopic insertion into
the uterine horns ipsilateral to the ovary containing corpus luteum. Moreover, the
recipient needs to be the same breed as the donor, and their estrus and ovulation
be synchronized simultaneously (Cottle, 2010).

The most significant obstacles limiting the widespread use of the ET technique
in sheep include:

a. Considerably limited available data on pedigree and performance

b. A lack of simple and cost-effective methods of dispersing superior gene in
female sheep (i.e., laborious and non-standardized superovulatory protocols); and

c. The unique ewes’ anatomical structure of the reproductive tract; this
precludes the simple transcervical passage of an insemination/ET apparatus
(Bartlewski, 2019).
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Addressing those mentioned above and other problems associated with ET in
sheep could improve the efficiency and farmers’ acceptability of the technique.

CONCLUSION

The techniques of IVEP in sheep breeding can offer overwhelming promising
results on livestock improvement in the future. Techniques like JIVET help
accelerate the rate of genetic gain by shortening Gl to as low as 6 months.
The recent development of short-term protocol (5-7 days) of ES with FTAI
using laparoscopic insemination method, if adopted, can increase the success
rate and reduce the cost and time of EP. The use of a combination of different
oocyte and embryo quality indicators could improve ovine IVEP. More researches
are needed on the strategies of enhancing the viability of in vitro produced sheep
embryos. There is a need to ascertain whether the oocyte source (abattoir and
LOPU) affects the DC of sheep oocytes.
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