Animal Science Papers and Reports vol. 35 (2017) no. 4, 361-377
Institute of Genetics and Animal Breeding, Jastrzgbiec, Poland

Selected methods of in vitro embryo
production in felids — a review*

Sylwia Prochowska!**, Wojciech Nizanski!, Agnieszka Partyka!l,
Joanna Kochan?, Wiestawa Mlodawska?, Agnieszka Nowak?,
Anna Migdal?, Jézef Skotnicki®, Teresa Grega®, Marcin Palys?

! Department of Reproduction and Clinic of Farm Animals, Wroclaw University
of Environmental and Life Sciences, pl. Grunwaldzki 49, 50-366 Wroctaw

2 Institute of Veterinary Science, University of Agriculture in Cracow,
Al. Mickiewicza 24/28, 30-059 Krakow

*Foundation Municipal Park and the Zoological Garden in Cracow,
Kasy Oszczgdnosci Miasta Krakowa 14, 30-232 Krakow

(Accepted November 6, 2017)

During the past decade the need for Artificial Reproductive Techniques in felids has greatly increased.
Mostly, this is a result of growing expectations that these techniques may be applied in conservation
biology and thereby contribute to saving wild felids from extinction. In this article we describe three
most common methods of obtaining embryos in vitro in the domestic cat and its wild relatives: classic
in vitro fertilisation, in vitro fertilisation by intracytoplasmic sperm injection and somatic cell nuclear
transfer. Each of the methods provides a cleavage rate of around 50% and approx. 20% of embryos
develop to the blastocyst stage. After the transfer of embryos produced by these methods, scientists
obtained living offspring of the domestic cat, as well as several wild cats: the tiger, serval, fishing cat,
caracal, ocelot, wild cat, sand cat, black-footed cat and the oncilla. These successes, in spite of the low
efficiency of the discussed methods, are promising and suggest that biotechniques of reproduction will
be valuable tools in the protection of wild species. Somatic cell nuclear transfer will allow to sustain
the narrow gene pool in the critically endangered felids. For these reasons it is necessary to conduct
further research on the optimization of artificial reproduction techniques in cats.
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Classic in vitro fertilization (IVF)

1970 — first embryos obtained in vitro [Hamner et al. 1970]
1988 — first kitten obtained by IVF with the use of in vivo matured oocytes
[Goodrowe 1988]
1990 — first wild felid (tiger) born after IVF and intraspecific transfer [Donoghue
et al. 1990]
1993 — first wild carnivore (Asiatic wildcat) born after IVF and intraspecific
transfer (to the domestic cat) [Pope et al. 1993]
1997 — first kitten obtained by IVF with the use of in vitro matured oocytes [Pope
etal. 1997]
2003 — first domestic kittens born after embryo transfer of cryopreserved embryos
[Gomez 2003, IVF]

Intracytoplasmic Sperm Injection (ICSI)

1998 — first ICSI derived kittens born from in vivo matured oocytes [Pope 1998]

2000 — first ICSI derived kittens born from in vitro matured oocytes [Gomez et
al. 2000]

2009 — first gender-selected domestic kittens produced from embryos fertilized
by sex sorted sperm [Pope 2009]

2011 — first ICSI derived transgenic kittens (green fluorescence) [ Wongsrikeao
etal 2011]

2012 — first kittens born after transfer of embryos derived from ICSI of vitrified
oocytes [Pope et al. 2012a]

2012 — first kittens born after transfer of embryos derived from ICSI of vitrified
embryos [Pope et al. 2012b]

2012 —first kitten born after ICSI with testicular spermatozoa from cryopreserved
tissue and after embryo cryopreservation [ Tharasanit et al. 2012]

Somatic Cell Nuclear Transfer (SCNT, cloning)

2002 — first cloned cat [Shin et al. 2002]

2004 — first wild felid (African wildcat) born after SCNT and intraspecific transfer
(to the domestic cat) [Gomez et al. 2004].

2008 — first transgenic cat (red fluorescence) [Yin et al. 2008a]

2008 — first second generation clones [Yin et al. 2008b]

During the past decade we have observed a rapid increase in the in vitro production
of embryos both in human patients and in farm animals. In human medicine, according
to the most recent world report [Dyer et al. 2016], in 2008-2010 more than 1.1 million
babies were born worldwide using assisted reproductive techniques (ART), with an
approx. 9% increase from year to year. In the case of animals over 0.5 million bovine
embryos were produced in vitro in 2014, of which more than 300,000 were transferred
[IETS 2014]. Embryo transfer of in vitro produced equine embryos almost doubled

362



Selected methods of in vitro embryo production in felids

between 2013 and 2014, and for sheep in 2014 two new countries started to produce
and transfer ovine embryos commercially [IETS 2014]. Unfortunately, similar statistics
do not apply to the domestic cat, for which in vitro embryo production is still more of
a scientific quest than a practical/clinical issue. However, the need to use ART in this
species has increased, because the domestic cat is an excellent biomedical model for
endangered feline species; thus, that methods of in vitro embryo production developed
for the domestic cat might be applied in conservation biology and contribute to saving
wild felids from extinction.

The aim of this article is to describe methods of in vitro embryo production in
domestic and non-domestic cats, to summarise achievements obtained in this field and
to pinpoint problems that still need to be solved.

Obtaining feline embryos in vitro — why should we do this?

Considering the huge numbers of unwanted kittens born each season and
thousands of sterilisation procedures performed each year, it may seem that the goal
of veterinarians should be to limit feline reproductive potential instead of supporting
it by ART. Although this statement is true for stray cats, the situation is different
for purebred cats and wild felids, which suffer from high inbreeding with a negative
impact on animal health and fertility.

The lower fertility of purebred animals is a well-known fact that is especially true
for companion animals, which are selected for their appearance, not their reproductive
value. Although, to the authors’ knowledge, there are no large, statistical reports
concerning the reproductive status of breeding cats, the increasing number of feline
infertility cases admitted into the ambulatory clinic of the Reproductive Department
in Wroctaw seems to confirm that reproductive problems have become a crucial issue
in this species. Some of the infertile males in our clinic showed oligoteratozoospermia
(data not shown), while Axnér and Linde Forsberg [2007] reported a higher incidence
of sperm abnormalities in cats with poor breeding results. In general, teratospermia
(less than 60% normal sperm cells) is a common condition in cats [Axnér and Linde
Forsberg 2007, Prochowska et al. 2015, Pukazhenthi et al. 2006], while additionally
purebred cats exhibit poorer sperm quality than household cats [Axnér and Linde
Forsberg 2007]. In this situation, in vitro fertilisation may be applied as an advanced
method in the treatment of infertility.

Wild cats, both free-ranging and captive, face similar problems. Production of
many morphologically abnormal spermatozoa is common and is more severe than
in the domestic cat. Extreme examples are Florida panthers (Puma concolor coryi),
which produce ejaculates with only 6.5% normal sperm cells [Barone et al. 1994]. Poor
semen quality is thought to be caused by reduced heterozygosity [Barone et al. 1994,
Wildt et al. 1987], which is a consequence of small population sizes, few founding
individuals and a limited possibility to exchange genes between populations. Breeding
in captivity is difficult, due to the small numbers of animals as well as ethical and legal
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restrictions relating to the transportation of individual animals. Additionally, natural
breeding in zoos may be challenging due to behavioral incompatibilities, which in
some species may be extremely strong. For example, in the clouded leopard (Neofelis
nebulosa) intersex aggressive behavior may lead to the death of an animal during
pairing for mating [Brown et al. 1995]. In vitro fertilisation (IVF) and embryo transfer
(ET) might help maintain genetic variability by combining gametes from individuals
separated by distance or behavioral barriers [Herric et al. 2010].

Another approach is the possibility of in vitro embryo production using cells
collected from dead animals [Cocchia et al. 2010]. This is especially important in the
case of genetically valuable individuals and endangered species and will allow us to
preserve rare genotypes that normally would be lost when the animal dies.

Obtaining embryos in vitro — how can we do it?

There are several methods, by which embryos can be produced in vitro. In this
article we will focus on three most common methods reported to be used in felids:
classic in vitro fertilisation, intracytoplasmic sperm injection and somatic cell nuclear
transfer. These methods are briefly described below and summarised in Table 1.

Table 1. Comparison of methods of in vitro embryo production

Item

IVF

ICSI

SCNT

Cells required

mature oocytes and
appropriate number of
motile, competent

mature oocytes and few
spermatozoa (may be
non-motile and non-

somatic cells (mostly fibroblasts)
from the donor of any age and
gender, oocytes (may be from other,

spermatozoa viable) closely related species)
. . . inverted microscope with
. . . inverted microscope with X . .
Equipment required stereomicroscope micromanipulators, electrofusion

micromanipulators

chamber (optional)

Time required

few minutes regardless of
the number of oocytes

around 0.5-1h for oocyte
preparation, ICSI - few
minutes per oocyte

around 0.5-1h for oocyte
preparation, SCNT - few minutes
per oocyte

Difficulty of the procedure

+

++

i

Efficacy in vitro (domestic
cat)
cleavage rate

blastocyst rate (related to
the number of embryos)

from 30 to 80%, typically
around 50%

from 30 to 80%, typically
around 50%

from 40 to 90%, typically around
65%

from 10 to 60%, typically
around 30%

from 10 to 45%, typically
around 25%

from 5 to 50%, typically around
15%

Efficacy in vivo (pregnancy
rate after embryotransfer)
(domestic cat)

from 0 to 100%, typically
around 50%

from 16 to 66%, data are
scarce

from 5 to 25%, typically around
15%

In vitro fertilization (IVF)

This is the oldest and simplest method of in vitro embryo production, which
involves coincubation of oocytes and spermatozoa outside the female body. In cats,
the first embryos were obtained by this method in 1970 [Hamner ef al. 1970] and the
first kitten produced from IVF-derived embryos was born in 1988 [Goodrowe et al.
1988]. Since then, several variations of this technique have been introduced by different
authors to optimise the procedure. For instance, coincubation may be performed in
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400-500 pl of culture medium in a 4-well plastic dish [Pope ef al. 1998] or in small
droplets of medium in a Petri Dish [Gomez et al. 2000]. Different culture media are
used, including media enriched with stimulants such as caffeine [Eriani et al. 2008]
or penicillamine-hypotaurine-epinephrine [Zambelli et al. 2006]. The germ cells are
most often incubated together for 18 h (Fig. 1); however, 3-6 h were enough for feline
spermatozoon to penetrate the zona pellucida, fuse with the oolemma and to fertilise the
oocyte [Pope et al. 1993].

Fig. 1. Presumptive feline embryos after 18 hours of coincubation with spermatozoa.

The IVF method facilitates fertilisation by depositing sperm cells directly next to
the oocyte, eliminating any negative impact of an abnormal uterine environment, low
sperm number or poor sperm survival. However, to achieve success an appropriate
number of competent spermatozoa (motile, morphologically normal, and able to
undergo capacitation and the acrosome reaction) is still required [Michelmann
1995]. This makes the classic mode of in vitro fertilisation less efficient or even
unsuccessful in the case of very poor semen quality (oligospermy, severe teratospermy,
asthenozoospermy, etc.) [Ron-el et al. 1991]. For cats, it was proven that spermatozoa
from teratospermic donors have a reduced ability to bind to and penetrate the
homologous zona pellucida [Howard et al. 1991].

Intracytoplasmic sperm injection ICSI

The first kittens produced after embryo transfer of ICSI-derived embryos were
born in 1998 [Pope et al. 1998]. In this method a spermatozoon is injected with the use
of special micropipettes and micromanipulators directly into the cytoplasm of a mature
oocyte (Fig. 2). Usually the best, motile and morphologically normal spermatozoon
is chosen. However, because the sperm cell is deposited in the oocyte manually, non-
motile, non-viable, even immature spermatozoa may be used [Michelmann 1995].
This makes ICSI a good solution in the case of very low sperm quality. Apart from
being very popular as a way of overcoming male infertility, it facilitates the invention
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Fig. 2. Intracytoplasmic sperm injection in a domestic cat — an oocyte held by the holding micropipette and
a sperm cell inside the injection micropipette.

and application of new sperm collection methods, in which non-motile and immature
gametes are recovered. For cats, ICSI has been applied using cells collected from
the testicular tissue [Buarpung et al. 2013, Comizzoli et al. 2006, Tharasanit et al.
2012]. Also new methods of sperm conservation may be established — methods that
preserve DNA integrity, but not other characteristics of spermatozoa, such as motility
and viability. Examples of such alternative sperm storage methods include alcohol
storage [Murakami et al. 2005] or freeze-drying (lyophylisation) [Choi et al. 2011].
One of the main advantages of these alternative techniques is that liquid nitrogen or
dry ice are no longer required for the storage and shipment of preserved spermatozoa,
because they may be stored at room temperature or 4°C, thereby resulting in enormous
reductions in storage and shipping costs and facilitating the creation of gene banks for
endangered felids.

Somatic cell nuclear transfer (SCNT)

In this method, commonly known as “cloning”, a nucleus obtained from a donor
somatic cell is transferred into an enucleated oocyte and then fusion of these two
elements followed by further embryo development is activated by electrical or chemical
stimuli. The first cloned kitten was born in 2002 [Shin et al. 2002] and since then much
work has been done to optimise this technique for felids. For example, different types
of somatic cells were tested as a source of genetic material for SCNT, e.g. fibroblasts
from both adults and fetuses, preadipocytes and cumulus cells [Kitiyanant et al. 2003,
Shin et al. 2002, Tomii et al. 2011, Yin et al. 2005]. Fetal cells appear to exhibit
better potential to support embryonic development than those obtained from adults
[Kitiyanant e al. 2003, Yin et al. 2005].

Although very controversial and less efficient than IVF and ICSI, SCNT has some
remarkable advantages that are significant for the protection of endangered species by
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sustaining genetic biodiversity and saving rare genotypes. For wild animals, obtaining
tissue samples (e.g. a small piece of skin) is usually much simpler than collecting
gametes or embryos, so a larger and more diverse collection may be accumulated.
Additionally, thanks to this method, genetic material collected from animals that do
not produce germ cells (because they are too young or too old, exhibit illness or gonad
abnormality, have been sterilised, etc.) may be used to produce embryos. Additionally,
performing SCNT from fetal cells allows us to save genetic material in the case of
abortion or stillbirth. The common belief that cloned animals are of the same cellular
age as the donor, was disproved, e.g. in cats the telomere length was independent of
telomere length in donor cells [Imsoonthornruksa et al. 2012]. It has been shown that
cloned animals are able to reproduce naturally and produce healthy progeny [Kasai et
al. 2007]. For cats, cloned males possessed semen characteristics within the normal
range of values [Choi et al. 2010]. Also, the first cloned cat (a female named Copy
Cat) was bred naturally and produced 3 healthy kittens. All of the above confirms
the opinion that cloned animals may be introduced into the “normal” population and
therefore SCNT is a valuable method to safeguard endangered wild cat populations.

There are two versions of this technique involved in rescue programs for felids,
i.e. intra-specific or inter-specific (intergeneric). In the former approach the nucleus
obtained from one species is transferred into an enucleated oocyte of the same species,
e.g. genetic material obtained from a domestic cat fibroblast is fused with an oocyte
of another domestic cat. Inter-species somatic cell nuclear transfer (iISCNT) consists
in transferring the nucleus of one species into the oocyte of another species within
the same genus, e.g. a nucleus from the sand cat (Felis margarita) into a domestic
cat oocyte [Gomez et al. 2008]. A variation of this technique is intergeneric SCNT
(1igSCNT), in which cells of animals from a different genus are used, e.g. a nucleus
from cheetah (Acinonyx jubatus) cells is transferred into an enucleated domestic cat
oocyte [Moro et al. 2015]. Interestingly, it was also possible to produce embryos at
the blastocyst stage when domestic cat [Wen ef al. 2003] or marble cat (Pardofelis
marmorata) [Thongphakdee et al. 2006] nuclei were transferred into rabbit oocytes.
However, embryo transfer was not performed and the subsequent viability of such
intergeneric embryos is unknown.

Embryo culture (EC)

Regardless of the embryo production method, the zygotes obtained need to be
cultured before embryo transfer or cryopreservation. Although the International
Embryo Technology Society has prepared a manual for in vitro embryo production
in felids [IETS 2011], other laboratories/research groups use different in vitro culture
systems. The embryo culture is conducted in an incubator under controlled conditions
optimal for cats: temperature of 38.5 °C and a humified atmosphere with 5% CO, Some
laboratories use lower oxygen tension values (5% O,) [Filliers et al. 2010, Gomez et al.
2000], although its beneficial effect depends on the culture medium used [Moro et al.
2014]. Embryos are cultured in different media, e.g. feline optimised culture medium
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(FOCM) [Herric et al. 2007], a medium based on Tyrode’s Solution [Pope ef al. 1998]
or Ham’s F-10 [Comizzoli ef al. 2006], Synthetic Oviduct Fluid (SOF) [Freistedt et al.
2001, Thongkittidilok et al. 2015], or commercial media, which are designed mostly
for human clinical applications [Nestle ef al. 2012, Prochowska and Nizanski 2017].
Embryos may be cultured in wells (in a large volume of medium, usually 400-500 pl)
or in droplets - individually or in groups. Group culture has provided better results
[Spindler and Wildt 2002, Thongkittidilok et al. 2014, Thongkittidilok ez al. 2015],
which may indicate the supportive effect of paracrine factors released by embryos.
However, the effect of group culture depends on the quality and age of co-cultured
embryos [Spindler and Wildt 2002]. The beneficial effect is sustained even when
embryos of other species are used for co-culture [Spindler et al. 2006]. This fact is
important regarding wild cats, where a low number of embryos can be obtained.

Embryo transfer (ET)

Regardless of the embryo production method, embryos need to be transferred
into a surrogate mother for fetal development. Embryo transfer can be both
autologous, when the donor of the oocyte is simultaneously the recipient of embryos,
or heterologous, when embryos are transferred into another female. Heterologous
transfer may be intraspecific (embryos transferred into a surrogate mother of the same
species) or interspecific (embryos transferred into a female of a different species; most
commonly embryos of wild animals are transferred into a closely related domestic
animal). The limitation for interspecific embryo transfer is connected with the size of
the female, but so far kittens of several small wild felids have been born from domestic
cat mothers: the Asiatic wildcat (Felis silvestris ornata) [Pope et al. 1993], African
wildcat (Felis silvestris lybica) [Gomez et al. 2004], sand cat [Gomez et al. 2008] and
the black footed cat (Felis nigripes) [Pope et al. 2012]. Intraspecific embryo transfer
has led to the birth of live kittens of the tiger (Panthera tigris) [Donoghue et al. 1990],
serval (Leptailurus serval) [Pope et al. 2006a], fishing cat (Prionailurus viverrinus)
[Pope et al. 2006b], caracal (Caracal caracal) [Pope et al. 2006 b], black footed cat
[Pope et al. 2012], ocelot (Leopardus pardalis) and the oncilla (Leopardus tigrinus)
[Swanson and Brown 2004]. In several cases attempts at embryo transfer were made,
but they did not lead to pregnancy, as in the case of the marble cat [Imsoonthornruksa
et al. 2012], flat-headed cat (Prionailurus planiceps) [Thongphakdee et al. 2010],
jungle cat (Felis chaus) or the fishing cat [Pope et al. 1993]. Also, in some cases
pregnancy was diagnosed, but no viable offspring were obtained, as in the leopard cat
(Prionailurus bengalensis) [Yin et al. 2006] or the jaguarundi (Puma yagouaroundi)
[Pope et al. 1998].

Some authors prefer to transfer early stage embryos into the oviduct [Goodrowe
et al. 1988], while others have transferred morulae/early blastocysts into the uterus
[Gomez et al. 2000, Pope et al. 1993, Pope et al. 1998]. Both approaches supported
pregnancy and production of live offspring in domestic and wild cats, although for
cloned black footed cat embryos more fetuses developed to term after oviductal transfer
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of embryos at day 1 [Gomez et al. 2004]. Embryos may be deposited via laparotomy
[Gomez et al. 2000], laparoscopy [Swanson et al. 2001] or transcervically [Swanson
et al. 1994]. Recently, the use of endoscopy for transcervical artificial insemination
was described by Zambelli et al. [2015], which raises hopes for the application of this
method also for embryo transfer.

Typically a large number of embryos is transferred to increase prospects for
success, and indeed more pregnancies occurred following transfer of >12 embryos
per recipient than if <12 embryos per recipient were transferred [Pope ef al. 1993]. In
the African wildcat pregnancies were obtained only if >30 embryos were transferred
[Gomez et al. 2004]. Interestingly, the first cloned cat was produced when only 3
embryos were transferred [Shin ez al. 2002].

Obtaining embryos in vitro — what have we achieved so far?

Since the first feline embryos were produced in vitro in 1970 [Hamner ez al. 1970]
and the first kitten was born after in vitro fertilisation in 1988 [Goodrowe et al. 1988],
scientists have obtained healthy domestic cat litters with each of the methods described,
using oocytes collected by follicular aspiration (in situ collection, in vivo matured)
[Goodrowe et al. 1988] or ovarian cortex slicing (ex situ collection, in vitro matured)
[Gomez et al. 2000, Pope et al. 2012]; with spermatozoa collected with an artificial
vagina [Gomez et al. 2000], electroejaculation [Goodrowe et al. 1988], epididymal
slicing [Galiguis et al. 2014] and testicular retrieval [Tharasanit et al. 2012]; after
gamete [Galiguis et al. 2014] and/or embryo cryopreservation [Gomez et al. 2003, Pope
et al. 2012] or even with sex-sorted spermatozoa [Pope et al. 2009] (see Supplementary
material). Using SCNT the first cloned cat was born in 2002 [Shin et al. 2002] and
nowadays this service is available commercially, at a price of US $ 25,000 (ViaGen).

These successes support claims that ART may be a useful tool for saving endangered
wild cat species. Until now, embryos of almost all feline species have been obtained
using various techniques. Living offspring after embryo transfer were born in several
of them: the tiger (IVF) [Donoghue et al. 1990], fishing cat (IVF) [Pope et al. 2006b],
caracal (IVF) [Pope et al. 2006b], African and Asiatic wildcats (IVF) [Pope et al.
1993, Pope 2000], serval (IVF) [Pope et al. 2006 a], black-footed cat (IVF) [Pope et
al. 2012], sand cat (IVF [Pope et al. 1993] and SCNT [Gomez et al. 2008]); also using
cryopreserved gametes and embryos [Pope et al. 2006b]. These results give hope that
reproductive biotechniques may indeed be successfully introduced into conservation
programs for wild cats.

Obtaining embryos in vitro — why still not commonly used?

Despite the successes described in the previous paragraphs, ART is still rarely
used in felids. Several factors may be responsible for this situation. One of them,
probably the most important, is the low efficiency of ART procedures.
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Wi
Fig. 4. High blastocyst yield obtained after classic in vitro fertilisation in our laboratory (domestic cat).

Some authors achieved good results for in vitro fertilisation in the domestic cat,
with a cleavage rate (the percentage of fertiliszed oocytes that developed to embryos
24h after IVF or ICSI) of more than 80% [Pope et al. 1998] (Fig. 3) and with a
blastocyst rate of over 50% [Freistedt et al. 2001, Goémez et al. 2003, Thongkittidilok
et al. 2015] (Fig. 4). However, the average outcome is around 50% for the cleavage
rate and less than 20% for the blastocyst rate. SCNT provides higher cleavage rates —
commonly >70% [Kitiyanant et al. 2003, Wen et al. 2003, Yin et al. 2005], sometimes
more than 90% [Imsoonthornruksa et al. 2012, Moro et al. 2015]; however, fewer
embryos develop to the blastocyst stage — usually less than 10% [Kitiyanant et al.
2003, Wen et al. 2003, Yin et al. 2005].

Results after embryo transfer are highly inconsistent — the pregnancy rate ranges
from 0% [Pope et al. 1997] up to 83% [Goodrowe et al. 1988] or even 100% [Pope
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Table 2. Efficiency of embryo transfer in the domestic cat

Procedure Embryos transferred Preglt:;ncy Kittens born Reference
SCNT, recloning av. 21 per recipient 1/13 1 kitten Cho et al. 2011
IVEF, vitrified .. . Galiguis et al.
oocytes av. 18 per recipient 12 1 kitten 2014
ICSI 6-14 per recipient 3/18 2 kittens (from two females) Gomez et al. 2000
IVF, .
cryopreserved av. 12 per recipient 4/15 3 k]m?ns (from three females), Gomez et al. 2003

one died
embryos
.. 10 kittens (1-4 kittens per Goodrowe et al.
IVF 6-18 per recipient 5/6 female) 1088
. 7 kittens (1 and 6 per female), Imsoonthornruksa

SCNT av. 21 per recipient 2/12 all died etal 2012

> 12 embryos .

transferred per recipient 11/26 21 kittens (1-5 per female)
IVF Pope et al. 1993

< 1.2 fambryos per 6123 11 kittens (1-5 per female)

recipient
IVF,
cryopreserved av. 15 per recipient 2/4 3 kittens Pope et al. 1994
embryos
IVF
Trial 1 av, 18 per recipient 0/4 - Pope et al. 1997
Trial 2 av. 10 per recipient 3/3 4 kittens
ICSI 11 per recipient 2/4 3 kittens (from both females) Pope et al. 1998
IVEF, sex sorted .. 12 kittens (1, 4 and 7 per
semen 11per recipient 3/4 female), 3 of them dead Pope et al. 2009
ICSL, vitrified 9 1A2.and 22 per 2/3 4 kittens (3 and 1 per female) Pope et al. 2012a
oocytes recipient
IVF,
cryopreserved av. 18 per recipient 4/8 5 kittens, 4 died Pope et al. 2012b
embryos
SCNT
Trial 1 av. 11 per recipient, 1/7 0 Shin et al. 2002
Trial 2 3 per recipient 1/1 1 kitten
ICSIFT Tharasanit et al.
embryos, av. 30 per recipient 3/7 2 kittens (from one female) 2012 '
testicular sperm
IVF 10-35 per recipient 6/6 4 kittens (from three females) aTlho;lgi)?akdee et
IVF 15-25 per recipient 5/22 5 kittens (1 per female), 2 died  Wongsrikeao et al.

30-90 embryos or 120 -
SCNT 140 reconstructed 2/10 3 kittens (2 and 1 per female) Yin et al. 2005

oocytes per recipient
SCNT av. 16 per recipient 3/11 2 kittens (from two females) Yin et al. 2008a
SCNT,
Cloning av. 25 per recipient 1/5 1 kitten .
Recloning av. 29 per recipient 4/15 5 kittens (from two females), Yin et al. 2008

one died

Abbreviations: av. — average, IVF — classic in vitro fertilization, ICSI — intracytoplasmic sperm injection, SCNT —

somatic cell nuclear transfer.

et al. 1997, Thongphakdee et al. 2010]. For SCNT pregnancy rates are lower than
for IVF/ICSI — around 15-30% [Imsoonthornruksa et al. 2012, Yin et al. 2005].
Additionally, in many cases (both IVF, ICSI and SCNT) pregnancy was not carried to
term, e.g. in the domestic cat [Gémez et al. 2003, Thongphakdee et al. 2010], leopard
cat [Yin et al. 2006] and the jaguarundi [Pope et al. 1998]. Single fetus pregnancies
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are very common [Galiguis et al. 2014, Gomez et al. 2000, Goémez et al. 2003,
Gomez et al. 2004, Pope et al. 2012]. This indicates that the in vivo survival of in
vitro derived embryos is impaired. Considering that usually a dozen or even several
dozens of embryos need to be transferred into one recipient to support pregnancy and
that hundreds of oocytes need to be collected to obtain such numbers of transferable
embryos, the overall efficiency of ART in felids is extremely low (Tab. 2).

Low pregnancy and birth rates and small litter sizes following embryo transfer
may be a result of a high incidence of embryonic death and resorption during early
gestation or fetal abortion in later stages [Gomez et al. 2003, Gomez et al. 2004,
Goémez et al. 2008, Thongphakdee et al. 2010]. The underlying cause may be
associated with the abnormal hormonal environment of the surrogate female, which
was reported in felids after gonadotropin treatment [Donoghue et al. 1990, Goodrowe
et al. 1988, Graham et al. 2000], in placental dysfunction, especially after SCNT
[Gomez et al. 2004, Hill et al. 2000] or it may reside in the embryos themselves. It was
reported that culture conditions [Hribal ez al. 2013], the adopted fertilisation method
(IVF or ICSI) [Waurich ef al. 2010] or semen cryopreservation [Waurich ef al. 2010]
altered gene expression in embryos, which may influence their further development.
For cryopreserved embryos, the reasons for pregnancy failure may lie in embryonic
damage inflicted during the freezing and thawing processes [Tharasanit et al. 2012].

In addition to problems with maintaining pregnancy, there are relatively high
losses of individuals derived from in vitro produced embryos during their perinatal and
early postnatal development, especially for kittens developed after iISCNT [Gomez et
al. 2004, Goémez et al. 2008]. The kittens died mainly due to respiratory failure and
septicemia [Donoghue et al. 1990, Pope et al. 2012]. Abnormalities, such as abdominal
organ exteriorization, were reported and were the main causes of stillbirths or death
in neonatal kittens after cloning [Gomez ef al. 2004, Gomez et al. 2008] and embryo
cryopreservation [Pope ef al. 2012]. The abnormal development may be a result of
aberrant epigenetic alterations and gene deregulation [Dean ef al. 2001, Gomez et al.
2008] or chromosomal abnormalities [Gomez et al. 2006].

Conclusions

The results for obtaining feline embryos by classic in vitro fertilisation,
intracytoplasmic sperm injection and somatic cell nuclear transfer are promising, but still
inferior to those achieved in humans and farm animals. From this point of view, the low
efficiency of in vitro embryo production together with its high relative costs may place
doubts in the usefulness of ART in felids. Some researchers claim that the production
of a single viable offspring, unfortunately, cannot justify the expense, labor and animal
stress [Swanson 2006]. However, in our opinion, when ART is used in endangered
animals, when every single individual is invaluable, those costs are justified. Therefore,
the work should be continued to increase the efficacy of the methods described here and
to ensure their practical use in safeguarding the survival of wild felids.

372



Selected methods of in vitro embryo production in felids

Acknowledgements. The authors are grateful to Dr Barry Bavister for his

excellent linguistic support.

REFERENCES

AXNER E., LINDE FORSBERG C., 2007 — Sperm morphology in the domestic cat, and its relation
with fertility: a retrospective study. Reproduction in Domestic Animals 42, 282-291.

BARONE M.A., ROELKE M.E., HOWARD J.G., BROWN J.L., ANDERSON A.E., WILDT D.E.,
1994 — Reproductive Characteristics of Male Florida Panthers: Comparative Studies from Florida,
Texas, Colorado, Latin America, and North American Zoos. Journal of Mammalogy 75, 150-162.
BROWNIJ.L., WILDT D.E., GRAHAM L.H., BYERS A.P., COLLINS L., BARRETT S., HOWARD
J.G., 1995 — Natural versus chorionic gonadotropin-induced ovarian responses in the clouded leopard
(Neofelis nebulosa) assessed by fecal steroid analysis. Biology of Reproduction 53, 93-102.
BUARPUNG S., THARASANIT T., COMIZZOLI P., TECHAKUMPHU M., 2013 — Feline
spermatozoa from fresh and cryopreserved testicular tissues have comparable ability to fertilize
matured oocytes and sustain the embryo development after intracytoplasmic sperm injection.
Theriogenology 79, 149-158.

CHO SJ, BANG JI, YU XF, LEE YS, KIM JH, JEON JT, YEE ST, KONG IK., 2010 — Generation of
a recloned transgenic cat expressing red fluorescence protein. Theriogenology 73, 848-855.

CHOI E.G., LEE Y.S., CHO S.J., JEON J.T., CHO K.W., KONG LK., 2010 — Semen characteristics
of genetically identical male cats cloned via somatic cell nucleus transfer. Theriogenology 73, 638—
644.

CHOI Y.H., VARNER D.D., LOVE C.C., HARTMAN D.L., HINRICHS K., 2011- Production
of live foals via intracytoplasmic injection of lyophilized sperm and sperm extract in the horse.
Reproduction 142, 529-538.

COCCHIA N., CIANI F.,, EL-RASS R., RUSSO M., BORZACCHIELLO G., ESPOSITO V.,
MONTAGNARO S., AVALLONE L., TORTORA G., LORIZIO R., 2010 — Cryopreservation of
feline epididymal spermatozoa from dead and alive animals and its use in assisted reproduction.
Zygote 18, 1-8.

COMIZZOLI P, WILDT D.E., PUKAZHENTHI B.S., 2006 — In vitro development of domestic cat
embryos following intra-cytoplasmic sperm injection with testicular spermatozoa. Theriogenology
66, 1659-1663.

. DEAN W,, SANTOS F., STOJKOVIC M., ZAKHARTCHENKO V., WALTER J., WOLF E., REIK

W., 2001 — Conservation of methylation reprogramming in mammalian development: aberrant
reprogramming in cloned embryos. Proceedings of the National Academy of Sciences USA 98,
13734-13738.

. DONOGHUE A.M., WOLF P., GROSS T., ARMSTRONG L., TILSON R.L., WILDT D.E., 1990

— In vitro fertilization and embryo development in vitro and in vivo in the tiger (Panthera tigris).
Biology of Reproduction 43, 733-744.

. DYER S., CHAMBERS G.M., DE MOUZON J., NYGREN K.G., ZEGERS-HOCHSCHILD F.,

MANSOUR R., ISHIHARA O., BANKER M., ADAMSON G.D., 2016 — International Committee
for Monitoring Assisted Reproductive Technologies world report: Assisted Reproductive Technology
2008, 2009 and 2010. Human Reproduction 31, 1588-1609.

. ERIANIK., BOEDIONO A., DJUWITA 1., SUMARSONO S.H., AL-AZHAR., 2008 — Development

of Domestic Cat Embryo Produced by Preserved Sperms. HAYATI Journal of Biosciences 15, 155-
160.

. FILLIERS M., RIJSSELAERE T., BOSSAERT P., ZAMBELLI D., ANASTASI P., HOOGEWIJS

M., VAN SOOM A., 2010 — In vitro evaluation of fresh sperm quality in tomcats: a comparison of
two collection techniques. Theriogenology 74, 31-39.

373



S. Prochowska et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

374

. FREISTEDT P., STOJKOVIC M., WOLF E., MARCH J., ITA.J., 2001 — Efficient In Vitro Production

of Cat Embryos in Modified Synthetic Oviduct Fluid Medium: Effects of Season and Ovarian Status
Effect of Sperm Treatment of Cat Embryos. Biology of Reproduction, 65, 9-13.

. GALIGUIS J., GOMEZ M.C., LEIBO S.P, POPE C.E., 2014 — Birth of a domestic cat kitten

produced by vitrification of lipid polarized in vitro matured oocytes. Cryobiology 68, 459—-466.

. GOMEZ M.C., POPE C.E., HARRIS R., DAVIS A., MIKOTA S., DRESSER B.L., 2000 — Births

of kittens produced by intracytoplasmic sperm injection of domestic cat oocytes matured in vitro.
Reproduction, Fertility and Development 12, 423-433.

. GOMEZM.C., POPE E., HARRIS R., MIKOTA S., DRESSER B.L., 2003 — Development of in vitro

matured, in vitro fertilized domestic cat embryos following cryopreservation, culture and transfer.
Theriogenology 60, 239-251.

. GOMEZ M.C., POPE C.E., GIRALDO A., LYONS L.A., HARRIS R.F.,, KING A.L., COLE A.,

GODKE R.A., DRESSER B.L., 2004 — Birth of African Wildcat cloned kittens born from domestic
cats. Cloning Stem Cells 6, 247-58.

GOMEZ M.C., POPE C.E., LOPEZ M., DUMAS C., GIRALDO A., DRESSER B.L., 2006 —
Chromosomal aneuploidy in African Wildcat somatic cells and cloned embryos. Cloning Stem Cells
8, 69-78.

GOMEZ M.C., POPE C.E., KUTNER R.H., RICKS D.M., LYONS L.A., RUHE M., DUMAS C.,
LYONS J., LOPEZ M., DRESSER B.L., REISER J., 2008 — Nuclear transfer of sand cat cells into
enucleated domestic cat oocytes is affected by cryopreservation of donor cells. Cloning Stem Cells
10, 469-483.

GOODROWE K.L., WALL R.J., O’BRIEN S.J., SCHMIDT PM., WILDT D.E., 1988 -
Developmental competence of domestic cat follicular oocytes after fertilization in vitro. Biology of
Reproduction 39, 355-72.

GRAHAM L.H., SWANSON W.F., BROWN J., 2000 — Chorionic gonadotropin administration in
domestic cats causes an abnormal endocrine environment that disrupts oviductal embryo transport.
Theriogenology 54, 1117-1131.

HAMNER C.E., JENNINGS L.L., SOJKA N.J., 1970 — Cat (Felis catus L.) spermatozoa require
capacitation. Journal of Reproduction and Fertility 23, 477-480.

HERRICKJ.R.,BONDJ.B., MAGAREY G.M.,BATEMAN H.L., KRISHER R.L., DUNFORD S.A.,
SWANSON W.E., 2007 — Toward a feline-optimized culture medium: impact of ions, carbohydrates,
essential amino acids, vitamins, and serum on development and metabolism of in vitro fertilization-
derived feline embryos relative to embryos grown in vivo. Biology of Reproduction 76, 858-870.
HERRICK J.R., CAMPBELL M., LEVENS G., MOORE T., BENSON K., D’AGOSTINO 1J.,
WEST G., OKESON DM., COKE R., PORTACIO SC., LEISKE K., KREIDER C., POLUMBO PJ.,
SWANSON WE., 2010 — In Vitro Fertilization and Sperm Cryopreservation in the Black-Footed Cat
(Felis nigripes) and Sand Cat (Felis margarita). Biology of Reproduction 82, 552-562.

HILL J.R., BURGHARDT R.C., JONES K., LONG C.R., LOONEY C.R., SHIN T., SPENCER T.E.,
THOMPSON J.A., WINGER Q.A., WESTHUSIN M.E., 2000 — Evidence for placental abnormality
as the major cause of mortality in first-trimester somatic cell cloned bovine fetuses. Biology of
Reproduction 63, 1787-1794.

HOWARD 1J., BUSH M., WILDT D.E., 1991 — Teratospermia in domestic cats compromises
penetration of zona-free hamster ova and cat zonae pellucidae. Journal of Andrology 12, 36-45.
HRIBAL R., JEWGENOW K., BRAUN B.C., COMIZZOLI P., 2013 — Influence of culture medium
composition on relative mRNA abundances in domestic cat embryos. Reproduction in Domestic
Animals 48, 245-251.



Selected methods of in vitro embryo production in felids

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

IETS 2014 — 24™ annual report of The International Embryo Transfer Society (IETS): Statistics of
embryo collection and transfer in domestic farm animals, ed. Perry George, Available on-line: http://
www.iets.org/pdf/comm_data/December2015.pdf

IETS 2011 — Research Subcommittee Resource Manual. Available on-line: http://www.iets.org/pdf/
Resource Manual.pdf?v2

IMSOONTHORNRUKSA S., SANGMALEE A., SRIRATTANA K., PARNPAI R., KETUDAT-
CAIRNS M., 2012 — Development of intergeneric and intrageneric somatic cell nuclear transfer
(SCNT) cat embryos and the determination of telomere length in cloned offspring. Cellular
Reprogramming 14, 79-87.

KASAI K., SANO F., MIYASHITA N., WATANABE S., NAGAI T., 2007 — Comparison of the
growth performances of offspring produced by a pair of cloned cattle and their nuclear donor animals.
Journal of Reproduction and Development 53, 135-142.

KITIYANANT Y., SAIKHUN J., PAVASUTHIPAISIT K., 2003 — Somatic cell nuclear transfer in
domestic cat oocytes treated with IGF-I for in vitro maturation. Theriogenology 59, 1775-1786.
MICHELMANN H.W., 1995 — Minimal criteria of sperm quality for insemination and IVF therapy.
International Journal of Andrology 18, 81-87.

MORO L.N., SESTELO A.J., SALAMONE D.F., 2014 — Evaluation of cheetah and leopard
spermatozoa developmental capability after interspecific ICSI with domestic cat oocytes.
Reproduction in Domestic Animals 49, 693-700.

MORO L.N., HIRIART M.I., BUEMO C., JARAZO J., SESTELO A., VERAGUAS D.,
RODRIGUEZ-ALVAREZ L., SALAMONE D.F., 2015 — Cheetah interspecific SCNT followed by
embryo aggregation improves in vitro development but not pluripotent gene expression. Reproduction
150, 1-10.

MURAKAMI M., KARJA N.W., WONGSRIKEAO P., AGUNG B., TANIGUCHI M., NAOI H.,
OTOIT., 2005 — Development of cat embryos produced by intracytoplasmic injection of spermatozoa
stored in alcohol. Reproduction in Domestic Animals 40, 511-515.

NESTLE E., GRAVES-HERRING J., KEEFER C., COMIZZOLI P., 2012 — Source of protein
supplementation during in vitro culture does not affect the quality of resulting blastocysts in the
domestic cat. Reproduction in Domestic Animals 47, 152—155.

POPE C.E., KELLER G.L., DRESSER B.L., 1993 — In vitro fertilization in domestic and non-
domestic cats including sequences of early nuclear events, development in vitro, cryopreservation
and successful intra- and interspecies embryo transfer. Journal of Reproduction and Fertility 47,
189-201.

POPE CE, MCRAE MA, PLAIR BL, KELLER GL, DRESSER BL.1994 — Successful in vitro and
in vivo development of in vitro fertilized two- to four-cell cat embryos following cryopreservation,
culture and transfer. Theriogenology 42, 513-525.

POPE C.E., MCRAE M.A., PLAIR B.L., KELLER G.L., DRESSER B.L., 1997 — In vitro and in
vivo development of embryos produced by in vitro maturation and in vitro fertilization of cat oocytes.
Journal of Reproduction and Fertility 51, 69-82.

POPE C.E., JOHNSON C.A., MCRAE M.A., KELLER G.L., DRESSER B.L., 1998 — Development
of embryos produced by intracytoplasmic sperm injection of cat oocytes. Animal Reproduction
Science 53, 221-236.

POPE C.E., 2000 — Embryo technology in conservation efforts for endangered felids. Theriogenology
53,163-174.

POPE C.E., GOMEZ M.C., COLE A., DUMAS C., DRESSER B.L., 2006a — Oocyte recovery, in
vitro fertilization and embryo transfer in the serval (Leptailurus serval). Reproduction, Fertility and
Development 18,223.

375



S. Prochowska et al.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

6l.

62.

376

POPE C.E., GOMEZ M.C., DRESSER B.L., 2006b — In vitro embryo production and embryo
transfer in domestic and non-domestic cats. Theriogenology 66, 1518-1524.

POPE C.E., CRICHTON E.G., GOMEZ M.C., DUMAS C., DRESSER B.L., 2009 — Birth of
domestic cat kittens of predetermined sex after transfer of embryos produced by in vitro fertilization
of oocytes with flow-sorted sperm. Theriogenology 71, 864-871.

POPE CE, GOMEZ MC, KAGAWA N, KUWAYAMA M, LEIBO SP, DRESSER BL. 2012b — In
vivo survival of domestic cat oocytes after vitrification, intracytoplasmic sperm injection and embryo
transfer. Theriogenology 77, 531-538.

POPE C.E., GOMEZ M.C., GALIGUIS I, DRESSER B.L., 2012b — Applying embryo
cryopreservation technologies to the production of domestic and black-footed cats. Reproduction in
Domestic Animals 47, 125-129.

PROCHOWSKA S., NIZANSKI W., OCHOTA M., PARTYKA A., 2015 — Characteristics of
urethral and epididymal semen collected from domestic cats - A retrospective study of 214 cases.
Theriogenology, 84, 1565-1571.

PROCHOWSKA S., NIZANSKI W., 2017 — In vitro fertilizing potential of urethral and epididymal
spermatozoa collected from domestic cats (Felis catus). Polish Journal of Veterinary Sciences 20,
19-24.

PUKAZHENTHI B.S., NEUBAUER K., JEWGENOW K., HOWARD J., WILDT D.E., 2006 —
The impact and potential etiology of teratospermia in the domestic cat and its wild relatives.
Theriogenology 66, 112-121.

RON-EL R., NACHUM H., HERMAN A., GOLAN A., CASPI E., SOFFER Y., 1991 — Delayed
fertilization and poor embryonic development associated with impaired semen quality. Fertility and
Sterility 55, 338-344.

SHIN T., KRAEMER D., PRYOR J.,, LIU L., RUGILA J., HOWE L., BUCK S., MURPHY K.,
LYONS L., WESTHUSIN M., 2002 — A cat cloned by nuclear transplantation. Nature 415, 859.
SPINDLER R.E., WILDT D.E., 2002 — Quality and age of companion felid embryos modulate
enhanced development by group culture. Biology of Reproduction 66, 167-173.

SPINDLER R.E., CRICHTON E.G., AGCA Y., LOSKUTOFF N., CRITSER J., GARDNER D.K.,
WILDT D.E., 2006 — Improved felid embryo development by group culture is maintained with
heterospecific companions. Theriogenology 66, 82-92.

SWANSON W.F,, ROTH T.L., WILDT D.E., 1994 — In vivo embryogenesis, embryo migration, and
embryonic mortality in the domestic cat. Biology of Reproduction 51, 452-464.

SWANSON W.F., BOND J.B., STEINETZ B., MCRAE M.A., 2001 — Fetal and neonatal development
of domestic cats produced from in vitro fertilization and laparoscopic oviductal embryo transfer
versus natural mating. Theriogenology 55, 371.

SWANSON W.F., BROWN J.L., 2004 — International training programs in reproductive sciences for
conservation of Latin American felids. Animal Reproduction Science 82-83,21-34.

SWANSON W.E., 2006 — Application of assisted reproduction for population management in felids:
The potential and reality for conservation of small cats. Theriogenology 66, 49-58.
THARASANITT., BUARPUNG S., MANEE-IN S., THONGKITTIDILOK C., TIPTANAVATTANA
N., COMIZZOLI P., TECHAKUMPHU M., 2012 — Birth of kittens after the transfer of frozen-
thawed embryos produced by intracytoplasmic sperm injection with spermatozoa collected from
cryopreserved testicular tissue. Reproduction in Domestic Animals 47, 305-8.
THONGKITTIDILOK C., THARASANIT T., SANANMUANG T, BUARPUNG S,
TECHAKUMPHU M., 2014 — Insulin-like growth factor-1 (IGF-1) enhances developmental
competence of cat embryos cultured singly by modulating the expression of its receptor (IGF-1R)
and reducing developmental block. Growth Hormone & IGF Research 24, 76-82.



Selected methods of in vitro embryo production in felids

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

THONGKITTIDILOK C., THARASANIT T., SONGSASEN N., SANANMUANG T., BUARPUNG
S., TECHAKUMPHU M., 2015 — Epidermal growth factor improves developmental competence
and embryonic quality of singly cultured domestic cat embryos. Journal of Reproduction and
Development 61, 269-276.

THONGPHAKDEE A., NUMCHAISRIKA P, OMSONGKRAM S., CHATDARONG K.,
KAMOLNORRANATH S., DUMNUI S., TECHAKUMPHU M., 2006 — In vitro development
of marbled cat embryos derived from interspecies somatic cell nuclear transfer. Reproduction in
Domestic Animals 41, 219-226.

THONGPHAKDEE A., SIRIAROONRAT B., MANEE-IN S., KLINCUMHOM N,
KAMOLNORRANATH S., CHATDARONG K., TECHAKUMPHU M., 2010 — Intergeneric
somatic cell nucleus transfer in marbled cat and flat-headed cat. Theriogenology 73, 120-128.
TOMII R., OGAWA B., IMAI N., HANDA Y., SASAYAMA N., SHIRASU A., NAGASHIMA H.,
2011 — In vitro development and postvitrification survival of cloned feline embryos derived from
preadipocytes. Journal of Reproduction and Development 57, 273-279.

WAURICH R., RINGLEB J., BRAUN B.C., JEWGENOW K., 2010 — Embryonic gene activation in
in vitro produced embryos of the domestic cat (Felis catus). Reproduction 140, 531-540.

WEN D.C., YANG C.X.,CHENG Y., L1J.S,,LIU Z.H., SUN Q.Y., ZHANG J.X., LEI L., WU Y.Q.,
KOU Z.H., CHEN D.Y., 2003 — Comparison of developmental capacity for intra- and interspecies
cloned cat (Felis catus) embryos. Molecular Reproduction and Development 66, 38-45.

WILDT D.E., BUSH M., GOODROWE K.L., PACKER C., PUSEY A.E., BROWN J.L., JOSLIN P,
O’BRIEN S.J., 1987 — Reproductive and genetic consequences of founding isolated lion populations.
Nature 329, 328-331.

WONGSRIKEAO P, SAENZ D, RINKOSKI T, OTOI T, POESCHLAE., 2011 — Antiviral restriction
factor transgenesis in the domestic cat. Nature Methods 8, 853-859.

YIN X.J., LEE H.S., LEE Y.H., SEO Y.I,, JEON S.J., CHOI E.G., CHO S.J., CHO S.G., MIN W.,
KANG S.K., HWANG W.S., KONG I.K., 2005 — Cats cloned from fetal and adult somatic cells by
nuclear transfer. Reproduction 129, 245-249.

YIN X., LEE Y., LEE H., KIM N., KIM L., SHIN H., KONG 1., 2006 — In vitro production
and initiation of pregnancies in inter-genus nuclear transfer embryos derived from leopard cat
(Prionailurus bengalensis) nuclei fused with domestic cat (Felis silverstris catus) enucleated oocytes.
Theriogenology 66, 275-282.

YIN XJ, LEE HS, YU XF, CHOI E, KOO BC, KWON MS, LEE YS, CHO SJ, JIN GZ, KIM LH,
SHIN HD, KIM T, KIM NH, KONG IK., 2008 a — Generation of cloned transgenic cats expressing
red fluorescence protein. Biology of Reproduction 78, 425-431.

YIN XJ, LEE HS, YU XF, KIM LH, SHIN HD, CHO SJ, CHOI EG, KONG IK. 2008b — Production
of second-generation cloned cats by somatic cell nuclear transfer. Theriogenology 69, 1001-1006.
ZAMBELLI D., MERLO B., IACONO E., PRATI F., BELLUZZI S., 2006 — Fertilizing ability of
electro-ejaculated cryopreserved semen in the domestic cat. Reproduction in Domestic Animals 41,
137-41.

ZAMBELLI D., BINI C., KUSTER D.G., MOLARI V., CUNTO M., 2015 — First deliveries
after estrus induction using deslorelin and endoscopic transcervical insemination in the queen.
Theriogenology 84, 773-778.

377






