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Abstract

The low efficiency of Inter-Species Somatic Cellddar Transfer (iISCNT) makes it necessary to
investigate new strategies to improve embryonicigmmental competence. Embryo aggregation has
been successfully applied to improve cloning ediicly in mammals, but it remains unclear whether it
could also be beneficial for iISCNT. In this studg first compared the effect of embryo aggregatioer o
invitro development and blastocyst quality of porcine,if@and feline zona-free parthenogenetic (PA)

embryos to test the effects of embryo aggregatiogpecies that were later used as enucleated socyte
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donors in our iISCNT study. We then assessed whethbryo aggregation could improve ihnevitro
development of zona-free equine iISCNT embryos aft@onstruction with porcine, bovine, and feline
ooplasm. Bovine and porcine aggregated PA blastotys significantly larger diameters compared to
non-aggregated embryos. On the other hand, fefidbavine aggregated PA embryos had higher
blastocyst cell number. Embryo aggregation of Eerliquine SCNT was found to be beneficial for
embryo development as we have previously repori¢dhle aggregation of three Zona-Free
Reconstructed Embryos (ZFRESs) did not improved gmdevelopmental rates on iSCNT.vitro
embryo development of non-aggregated iSCNT wasopnathntly arrested around the stage when
transcriptional activation of the embryonic gendmeeported to start on the embryo of the donocigge
Nevertheless, independent of embryo aggregatiannedplastocyst-like structures could be obtaimed i
our study using domestic feline enucleated oocyitaken together, these results showed that embryo
aggregation enhange vitro parthenogenetic embryo development and embryadtygbait effects vary
depending on the species. Embryo aggregation mlsmies, as expected, timevitro embryo
development of Equine-Equine SCNT embryos, howesedid not observe positive effects on equine
iISCNT embryo development. Among oocytes from doinestimals tested in our study, the feline
ooplasm might be the most appropriate recipiepaitially allow preimplantation embryo development

of iISCNT equine embryos.

Keywords

Embryo, Aggregation, SCNT, Equine, Parthenogenktter-species

1. Introduction

Differentiated somatic cells can be reprogrammettiéctotipotent state when transferred into
enucleated oocytes by means of somatic cell nutl@asfer (SCNT) [1]. Inter-species Somatic Cell

Nuclear Transfer (iISCNT) is achieved by transfey@ndonor cell into the cytoplasm of an enucleated
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oocyte from another different species/family/ordags. iISCNT can be utilized to investigate the
interactions between the somatic cell and the sopld&urthermore, iISCNT can be used to produceeiabl
embryos, pregnancies and deliveries [2-8]. In regears, iISCNT has been used to understand the
mechanisms involved following the fusion of a samaell with an enucleated oocyte (reviewed by Long
et al. [9]). Nevertheless, producing a viable emldollowing activation of reconstructed cloned eytor

remains a complex phenomenon.

Current stem cell and cell reprogramming reseaocidcbenefit from employing iISCNT and using
oocytes from species that are more accessibletamtiant. In particular, iISCNT may facilitate obiam
pluripotent stem cells by producing inter-speciesed embryos [10, 11], as well as the study of
mitochondrial/genomic DNA compatibility [12]. A festudies using iISCNT with mouse [15], cattle [16,
17] and sheep [5] enucleated oocytes fused witineqeells have reported low blastocysts rates.
However, iISCNT remains an exciting tool for specigth limited availability of oocytes, such as the
horse, and for endangered species where assigtetivetion is needed. Moreover, the genus Equus has
the unusual characteristic of being able to prodiaigle offspring when crossing individuals of éifént
species, even with different phenotypic and kamyatgharacteristics [13, 14]. This characteristizkes

the equine an interesting model for iISCNT studies.

To overcome the low efficiency of iISCNT, it is nesary to investigate new strategies to improve
its embryo developmental competence. Embryo agfioeghas been successfully applied to improve
cloning efficiency in several mammals [18-24], huemains unclear whether it could also be berafic
for iISCNT. Therefore, we sought to evaluate theaff of embryo aggregation on flnesitro embryo
development efficiency of iISCNT in the equine. Wetfinvestigated the effects of embryo aggregation
oninvitro development and blastocyst quality of porcine,iewand feline zona-free parthenogenetic
(PA) embryos. We then tested if embryo aggregatigrovedin vitro development of equine cloned

embryos generated by iISCNT with enucleated oodytes porcine, bovine and domestic feline.



73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

2. Materials and methods

2.1. Chemicals

Except otherwise indicated, all chemicals wereiakthfrom Sigma Chemicals Company

(St. Louis, MO, USA).

2.2. Experimental design

Two experiments were performed in our study. Inegxpent one, we produced non
aggregated and aggregated porcine, bovine ana fatina-free parthenogenetic embryos to test
the effects of embryo aggregation on ithgitro embryo development and blastocyst quality. In
experiment two, tested species in experiment orre wsed to produce interspecific equine
zona-free cloned embryos, and to evaluate thetsftdembryo aggregation on thevitro
development. Additional, non-aggregated and aggeelgaomospecific zona free equine cloned

embryos were produced as control.

In experiment ondn vitro matured zona-free oocytes from porcine, bovinefalioe
species were parthenogenetically activated. Fdr species, immediately after activation, Zona-
Free Parthenogenetic Embryos (ZFPE) were cultuaenmcrowell system, placing one (1x-non-
aggregated) or three (3x-aggregated) ZFPE per m@toT herefore, experimental groups for
experiment one were: porcine: 1x (non-aggregated)@rcine 3x (aggregated); bovine: 1x
(non-aggregated) and bovine 3x (aggregated), dimgfd x (non-aggregated) and feline 3 x
(aggregated)n vitro culture was performed for eight days, and we nregsblastocyst size and

cell number (Fig.1).



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

In experiment twoin vitro matured zona-free oocytes from porcine, bovinmdend
equine species were enucleated by micromanipulatidrthen fused in all cases with equine
skin fibroblasts to produce Zona-Free Reconstruetetiryos (ZFRES). For each species,
immediately after activation, ZFREs were cultur@aimicrowell system, placing one (1x-non-
aggregated) or three (3x-aggregated) ZFREs peom@lt. Therefore, experimental groups for
experiment two were: Equine-Porcine: 1x (non-agated) and Equine-Porcine 3x (aggregated);
Equine-Bovine: 1x (non-aggregated) and Equine-B®ar (aggregated); Equine-Feline: 1x
(non-aggregated) and Equine-Feline 3x (aggregaaed) Equine-Equine: 1x (non-aggregated)
and Equine-Equine 3x (aggregatdd)vitro culture was performed for eight days, and some

obtained blastocysts were usedifovitro embryo culture after Day 8 (Fig. 2).

2.3. Oocyte collection anth vitro maturation

2.3.1Porcine

Ovaries were collected from gilts at a local slateghouse and transported to the
laboratory at around 25 to 30 °C within 3 h of ection. Cumulus-oocyte complexes (COCs)
from 3 to 6 mm follicle diameter were aspiratechgsin 18 gauge needle attached to a 10mL
disposable syringe. Compact COCs were selectedhatuted in 100 pL droplets of tissue
culture medium bicarbonate-buffered TCM-199 (31088; Gibco, Grand Island, NY, USA)
under mineral oil (M8410), supplemented with 0.3 mddlium pyruvate (P2256), 100 mM
cysteamine (M9768),8/mL myo-Inositol (15125), 1 pg/mL insulin-transferrin-selam (ITS;
51300-044, Gibco) 1% antibiotic-antimycotic (ATB5240-096, Gibco), 10% porcine follicular
fluid (follicular fluid was obtained from folliclesef 3 to 6 mm of diameter, centrifuged at 1900 X
g for 30 min at 5 °C, filtered and then aliquoted stored at -20 °C), 5 ng/mL basic Fibroblast

Growth Factor (F3685) and 10 pg/mL of FSH (NIH-FBH-Folltropin, Bioniche, Caufield
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Junction Caufield North, Victoria, Australia). Masion was performed at 38.5°C in a

humidified atmosphere of 6.5% G@ 90% air for 42 to 44 h.

2.3.2Bovine

Cow ovaries were transported from a local slaudjiotese to the laboratory in a thermo
container at 24 to 27°C. COCs were aspirated fliches with a diameter of two to eight
millimeters. Oocytes covered with at least thrgeia of granulosa cells were selected for
maturation. The maturation medium was TCM-199, aimiig 2 mM glutamine (G8540), 10%
fetal bovine serum (FBS; 10499-044, Gibco), 10 (lghk8H, 0.3 mM sodium pyruvate, 100 mM
cysteamine, and 1% ATB. Groups of 25 COCs vierétro matured in 10Q.L droplets of
maturation medium covered with mineral oil. Matioatconditions were 6.5% GGn

humidified air at 38.5 °C during 22 to 24 h.

2.3.3Feline

Ovaries were recovered from queens subjectedademtomy and transported to the
laboratory within 2 h. The COCs were released ffolticles by repeatedly puncturing and
scraping the ovaries. The maturation medium was TIO®! containing 1 IU/mL hCG (Ovusyn,
Syntex SA, Buenos Aires, Argentina), 10 ng/mL Eeguihorionic gonadotropin (eCG,
Novormon 5000, Syntex SA), 2.2 mM calcium lactat2000), 0.3 mM sodium pyruvate, 3
mg/mL BSA (A6003) and 1% ATHn vitro maturation conditions were 6.5% @ humidified

air at 38.5 °C for 24 hours.

2.3.4Equine

Slaughterhouse ovaries were collected and traresptotthe laboratory within four to seven

hours, at 26 to 28 °C. Equine oocyte recovery veafopmed by a combination of scraping and



139 washing of all visible follicles using a syringdleid with DMEM/Nutrient Mixture F-12 medium
140 (DMEM/F12; D8062), supplemented with 20 IU mL-1 heép (H3149). Oocytes were matured
141 for 24 to 26 h in 100 pL microdrops of TCM-199 slgmpented with 10% FBS, 2/8./mL ITS,
142 1 mM sodium pyruvate, 100 mM cysteamine, 100 pgodhESH and 1% ATB, under mineral
143 oil. Maturation conditions were 6.5% G@ humidified air at 38.5 °C.

144 2.4. Cumulus and zona pellucida removal

145 In all the species, cumulus cells were removeddtexing them for 2 min in hyaluronidase

146  solution [H4272; 1 mg/mL in Hepes-buffered Tyrodesdium containing albumin, lactate and pyruvate
147  (TALP-H)]. Oocytes were observed under stereoscpicoscopy to confirm nuclear maturation by the
148  presence of the first polar body. Zona pellucidaenatured oocytes was removed by incubating oocytes
149  for 3to 6 min in 1.5 mg/mL pronase (P8811) in TAHRoNn a warm plate. Zona-free matured oocytes
150  (ZF- matured oocytes) were washed in TALP-H andgdan microdrops of Synthetic Oviductal Fluid
151  (SOF) until activation for zona-free parthenogemnetnbryos (ZFPESs) for experiment one, or until

152  enucleation for SCNT or iISCNT embryos in experinterd.

153 2.5. Cdl culture (experiment two only)

154 Only equine fibroblasts were used in this study aere obtained from a skin biopsy of an
155  Argentinean Criollo horse. Fibroblasts were cultlireDulbecco’s modified Eagle’s Medium (DMEM;
156 11885, Gibco, Grand Island, NY, USA) supplementét W0% FBS, 1% ATB, and 1uL/mL ITS in
157  6.5% CQin humidified air at 38.5 °C. After the primary tiwre was established, fibroblasts were

158  expanded, frozen in DMEM with 20% FBS and 10% DM&@y stored in liquid nitrogen. Donor cells
159  were induced into quiescence by being grown to 1668éluence for three to four days prior SCNT.

160  Cells were trypsinized (25300, Gibco) before usé rsuspended in DMEM with 10% FBS.

161 2.6. Oocyte enucleation (experiment two only)
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Enucleation of all oocytes used for experiment wes performed as described by Gambini et al.
[23]. Briefly, aspiration of the metaphase platesyarformed in TALP-H containing Ow@)/mL of
cytochalasin B (C6762) with a blunt pipette und&f light. Prior to enucleation, oocytes were incoht
in a microdrop of SOF containinguty/mL Hoechst bisbenzimide 33342 (H33342) for 5Qaiin. Zona-

free enucleated oocytes were kept in a SOF micpodntil nuclear transfer.

2.7. Cdl fusion and embryo reconstruction (experiment two only)

Zona-free enucleated oocytes were individually wdsfor a few seconds in 50 pL drops of 1
mg/mL phytohemagglutinin (L8754) dissolved in TCMybes, and then dropped over an equine donor
cell resting on the bottom of a 100 pL TALP-H dropnsequently these two structures were attached.
Formed cell couplets were washed in fusion medi® M mannitol (M9546), 0.1 mM MgSQO
(M7506), 0.05 mM CaGl(C7902), 1 mg/mL polyvinyl alcohol (P8136)], an@thfused in a fusion
chamber containing 2 mL of warm fusion medium. Aildle direct current pulse of 1.2 kV/cm V, each
pulse for 3Qus, 0.1 s apart was utilized for fusion. Coupletsenadividually placed in a 10 uL drop of
SOF medium supplemented with 2.5 % FBS and incduatder mineral oil, at 38.5 °C in 5% ¢i0 air.
Twenty minutes after the first round of fusion, ffased couplets were re-fused. Fusion rates were
recordedTwo hours after the first round of fusion, ZonaefiReconstructed Embryos (ZFRES) were

subjected to activation.

2.8. Activation

ZF-matured oocytes or ZFRESs derived from porcinejre, feline and equine was performed

according to tested protocols for each species.

2.8.1Bovineand feline
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ZF-matured oocytes and Equine-Bovine and Equinm&&FREs were activated in TALP-
H containing 5 mM ionomycin (124222; Invitrogen) & min. After this initial activation, ZFREs
were subsequently treated with 1.9 mM 6-dimethyfepiurine (6-DMAP, D2629) in SOF for 3

h.

2.8.2Porcine

ZF-mature oocytes and Equine-Porcine ZFREs wemrigally activated by a single direct
current pulse of 1.2 kV/cm for 80 ps, followed bgubation for 3 h of 1.9 mM 6-DMAP in a
100pL drop of SOF medium. For Equine-Porcine ZFRisswas the second or third electrical

pulse (one or two for cell-ooplasm fusion and arreatctivation).

2.8.3Equine

For Equine-Equine ZFRESs, chemical activation wdseaed by a 4 min treatment in
TALP-H containing 8.7 mM ionomycin followed by avindividual culture in SOF
supplemented with 1 mM 6-DMAP and 5 pg/mL cyclolngxie (C7698). None PA embryos

were produced with equine oocytes.

2.9. Invitro embryo culture until day 8 and embryo aggregation

Invitro culture of ZFPEs and ZFREs was carried out in ometls containing 50 uL microdrops of
SOF medium under mineral oil. These microwells weraluced using a heated glass capillary lightly
pressed to the bottom of a 35 x 10 mm Petri diSh Rxperimental groups were designed for each
species according to the number of ZFPEs or ZFR&=@ per each microwell immediately after
activation (Fig. 1 and 2): Group 1x: one ZFPE oRBer microwell (non-aggregated embryos), Group
3x: three ZFPEs or ZFREs per microwell. Cultureditians were 5% @ 5% CQ and 90% Nin a

humidified atmosphere at 38.5 °C. Day 0 was comsitithe day of activation. A similar ratio of
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embryo/culture medium was maintained for all experital groups. Cleavage was assessed 72 h after
activation, and rates of blastocyst formation dradrtdiameter were recorded by a millimeter eyepiatc

Day 8.

Additionally, some parthenogenetic blastocystsamheexperimental group from experiment one
were fixed at Day 8 in 4% formaldehyde (F1635) inli2cco phosphate buffered saline (DPBS; 14287-
072; Gibco, Grand Island, NY) for 20 min, rinseddRBS with 0.4% BSA (A7906) for 20 min and then
permeabilized in 0.1% Triton-X (T9284) in DPBS fd min. Then PA blastocysts were stained with
0.5% propidium iodide for 30 min at room temperatand mounted on a glass slide in 70% glycerol
under a coverslip. Embryos were analyzed on a Ngkonfocal C.1 scanning laser microscope. Some
iISCNT blastocysts from experiment two were stawét 1 ug/mL Hoechst for cell counting under the

microscope.

2.10. In vitro embryo culture after day 8 (experiment two only)

Some Equine-Equine SCNT blastocysts from each arpatal group were kept im vitro
culture from Day 8 until Day 16 to 17 unless thellapsed earlier. On Day 12, blastocysts were place
in 100 pul microdrop of DMEM/F12 medium containing% FBS and 1% ATB. Blastocyst diameter was
measured every two days using a millimeter eyepigdditionally, cloned blastocysts from Equine-
Feline experimental group were keptiarvitro culture to study embryo growth beyond Day 8. No

blastocysts from Equine-Porcine or Equine-Bovineenabtained to perform this experiment.

2.11. Satistical analysis

Differences among treatments in each experimeng wetermined using GraphPad Prism software
version five. Blastocyst rates were analyzed by<gjiare or Fisher’s exact test. Mann-Whitney tes w
performed to analyze differences in embryo sizeaatidhumber among experimental groups. Significant

differences were considered with a p value <0.05.
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3. Results

3.1. Experiment one: In vitro embryo development of aggregated PA bovine, feline, and porcine

embryos.

We assessed the vitro embryo development to blastocyst stage of noneagded (1x
experimental group) and aggregated (3x experimgndaip) zona-free bovine, feline, and porcine PA
embryos to test the effects of embryo aggregatiothe species that were later used as ooplasm slonor
for the iISCNT study. Furthermore, we analyzed thality of obtained blastocysts through recording
embryo size and cell number. Embryo aggregatiamatcell stage improved the cleavage rates in
porcine but not in bovine and feline. Although rffedlences were found in the number of blastocysts
obtained per ZFPEs among groups, blastocyst ratesigrowell were higher for aggregated groups in
all the species (Table 1). We noticed that Bovimg porcine aggregated PA embryos were significantly
larger compared to the non-aggregated embryos. Mémitney test was performed to analyze
differences in embryo size and cell number amomgemental groups. Blastocyst diameter in microns:
Experimental Group porcine 1x, 181.3 £ 51.21 (r2¥\s. 3%, 256.7 £ 102.5 (n = 23); bovine 1x, 152 +
38.67 (n = 20) vs. 3x, 201.3 + 48.97 (n = 19);rfelilx, 228.8 + 89.54 (n = 30) vs. 255.0 + 117.% @1).

In contrast, bovine and feline aggregated PA embhgaal higher blastocyst cell number. Cell number:
Experimental Group porcine 1x, 28.14 + 9.04 (n ¥)3x, 49.57 + 23.94 (n = 7); bovine 1x, 83.00 £
41.83 (n = 13) vs. 3%, 129.2 + 49.56 (n = 20);rfeliLx, 115.2 + 72.70 (n = 13) vs. 3x, 259.8 + 130.6
19). Embryo aggregation improvisvitro embryo development and embryo quality but effeaty

depending on the species (Fig. 3 and Fig. 4).

3.2. Experiment two: in vitro embryo devel opment of aggregated SCNT and i SCNT cloned equine

embryos.
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To assess whether embryo aggregation could impherefficiency of iISCNT in equine, a total of
250 Equine-Equine SCNT and 383 iSCNT ZFREs werdymed and cultureich vitro for 8 days. The
number of cells and the diameter of the iISCNT blagt and thén vitro embryo growth after Day 8
were recorded. We observed that equine fibrobfastd better with porcine enucleated oocytes (Table
2). Additionally, cleavage, two to four cell, foiar eight cell, eight to 16 cell, >16 cell and btastst rates
per embryo (microwell) and per ZFRE were recoraedafl experimental groups (Table 3). A significant
improvement of blastocyst rates per embryo wasrebddn aggregated homospecific Equine-Equine
SCNT embryos. Furthermore, aggregation did notlireszthe use of additional oocytes to obtain
blastocysts, since no significant differences astidcyst rate per ZFRE were observed in Equinertequi
Experimental Group. The aggregation of three ZF&iEs10t improve embryo developmental rates on
iISCNT, and embryo developmental arrest varied ddipgron the species: 70% of Equine-Porcine
iISCNT embryos arrested at two to four cell sta@®p®f Equine-Bovine iISCNT embryos and 58% of
Equine-Feline iISCNT embryos arrested at four thtetgll stage. Intriguingly, three Equine-Feline
iISCNT embryos reached blastocyst-like stage at®@ig.5), and sizes in microns were: 100, 88 ahd 8
Equine-Equine SCNT blastocysts were able to grovitro when they were kept in culture media after
Day 8. The numbers of embryos analyzed per group:vis, n = 5 and 3%, n = 4. Mean embryo sizes in
microns per Day + SD were: Day 8, 125.29 + 22.68y D0, 358.97 + 122.47; Day 12, 589.87 + 214.36;
Day 14, 1479.68 + 477.57; and Day 16, 2143.33 £B8%3n contrastin vitro embryo growth after Day 8
was not observed in iISCNT Equine-Feline blastodysty two Equine-Feline iSCNT blastocyst-like
structures were successfully processed for celtiogiat Day 10, and cell number were: 33 and 27.
These results showed that embryo aggregation inegremnbryo development in Equine-Equine SCNT

embryos, but did not improve survival in iISCNT aguembryos.

4. Discussion
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Embryo aggregation showed to be beneficial for BAazfree preimplantation embryo
development in porcine, bovine, and domestic felt@wvever, effects on embryo quality varied among
these species. While embryo aggregation incredmeBA blastocyst size in bovine and porcine buimot
feline, blastocyst cell number was improved by aggtion in bovine and feline but not in porcine.
Moreover, consistent with our previous reports 28, we also observed positive effects of embryo
aggregation in homospecific cloned embryos (SCNuirEquine embryos). Conversely, the
mentioned benefits of embryo aggregation did ngrowe the developmental competence of equine

iISCNT embryos.

Parthenogenetic mammalian embryos have been usethadel to understand some of the
mechanism involved in embryo development. In oudgt parthenogenetic embryos were produced to
study the effect of the aggregation in embryos wiitblear-cytoplasmic compatibility. Firstly, embryo
aggregation was evaluated within each species mimd@Eovement of the developmental competence to
blastocyst stage was detected. A threefold increaseobserved in blastocyst rates in 3x aggregated
groups in all the analyzed species. Interestirgiybryo aggregation significantly improved blastdcys
size in bovine and porcine blastocyst but not eftine. In contrast, embryo aggregation improkéd
blastocyst cell number in bovine and feline butindhe porcine. Cell number and blastocyst sizeewe
considered as two independent indicators of embugdity. Blastocyst size is mostly correlated vilib
grade of blastocyst expansion. We observed thatcaeased in the blastocyst cell number not necigssa
correlates to an increased ability of the blastbttygxpand owvice versa. Comparisons with previous
reports are challenging when the timing of aggiiegas different. Aggregation of 8 cells embryos
improves inner cell mass cell number in PA bovimbeyos [25]. However, a report in pigs showed that
SCNT embryo aggregation also improves blastocyshaenber [26], but aggregation was performed at
the four cell stage in this study. Taken togetti@se differences may reflect different mechanisms

underlying embryo development according to the iggeaind suggest that timing of aggregation may
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299  affect the potential benefits of this techniqueidsts focusing on establishing the best timing of

300 aggregation are needed.

301 Invitro embryo development of non-aggregated equine iISCHFE wredominantly arrested around
302 theinitiation of transcription activation of thenbryonic genome (Zygote Genome Activation, ZGA)

303 reported for the donor species. Indeed, this phemomis critical for a normal embryonic development
304 and the initiation of ZGA varies depending on thedes: pigs in four cells [27], cattle in eighlie§28],
305 feline four to eight cells [29] and equine foureight cells stage [30]. The maternal to zygotiasition is
306 concomitant with a dramatic reprogramming of gexgression and molecular events that depends on the
307 recruitment and the degradation of maternal fag®itk The incompatibility between donor cell and

308 recipient oocyte during iISCNT could cause failutasng these processes and affect embryo

309 developmental competence. Therefore, failure telbgvto blastocyst stage in some of our experinhenta
310 groups could be due to nucleus-cytoplasm incomifiitibT his idea is supported by previous studies

311  where failures in reprogramming and ZGA appeatstone of the major problems associated with the

312 low developmental rates observed in iISCNT embrg@s37].

313 The results of embryo aggregation of Equine-EqEG®&T obtained in this study are consistent
314  with our previous reports [23, 24] which suggestt #tmbryo aggregation immediately after embryo

315 activation is a repeatable and reliable technitoevever, embryo aggregation showed no positiveceffe
316  oninvitro embryo development of iISCNT embryos. The benefiterved for PA and Equine-Equine
317  SCNT embryo aggregation in our study, in additiothie advantages reported for SCNT embryo

318 aggregation in others mammals [18-24, 26, 38-Affjgest that embryo aggregation effects may be

319 influenced by the nuclear-cytoplasmic compatibitighin the embryo. Some of the reported effects of
320 embryo aggregation are the increased number diiaicells to achieve an embryo and a potential

321  epigenetic complementation [18]. Up to date, omlg study reported achieving development to

322  blastocyst stage by producing Equine-Bovine iSCRibeyos. However, aggregation of two embryos did

323  not improve embryo development in this study [E&cently, our laboratory reported that embryo
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aggregation could improve the embryo developmefhaetah-Cat iISCNT embryos but there were no
effects on pluripotent gene expression [40]. Traservations suggest that embryo aggregation sffect

on iISCNT embryos could also depend on the spenigshe phylogenetic relationship between them.

Surprisingly, equine blastocyst-like structures lfjeyos compacted at Day 5 with a certain degree
of expansion at Day 8) could be obtained in oudsusing domestic feline enucleated oocytes
independent of embryo aggregation. It has beeriqusly reported that the success of iISCNT embryo
development depends on phylogenetic proximity [#itErestingly, horses are more phylogenetically
related to cat than to cow or pigs. Horses (orBersssodactyla) and cats (orders Carnivora) share a
single evolutionary origin named “Pegasoferae” [42]d coincidentally they have a similar timing of
ZGA. Hence, those might be some of the reasonsdemestic feline enucleated oocytes showed to be a
better recipient for an equine genome compareawib and porcine. Nevertheless, phylogenetically
distant species can also sustain embryonic devednpduring iISCNT [43, 44]. Equine iISCNT was
previously reported by some authors who used basirgtes [5, 15-17] and mouse [15]. Up to date,
only one study reported obtaining equine blastostages by using bovine enucleated oocytes [15]. In
our study we observed that enucleated domestioarates can partially suppartvitro development of
equine cloned embryos until compaction or earlgtoleyst-like stages. However, the failure to giaw
vitro after Day 8 in addition to the low number of celted the smaller size compared Equine-Equine

SCNT blastocysts, are indicators of the low emlmyality of Equine-Feline iISCNT obtained embryos.

5. Conclusion

In summary, our results showed that embryo aggi@yanproved then vitro embryo
development and embryo quality of porcine, boviné feline parthenogenetic embryos but effects
differed according the species. Aggregated Equimeisie SCNT embryos showed higher blastocyst rates
compared to non-aggregated embryos; however, nbveosffects of embryo aggregation were observed

on iISCNT embryo development. We detected a devetapaharrest of ISCNT embryos around the
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estimated time of major ZGA. Finally, among enutddanocytes tested in our study, the feline might b

the most appropriate to partially alloawvitro preimplantation development of equine iISCNT embryos
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8. Figure Legends

Figure 1. Schematicillustration of our experimental design for zona-free aggr egated parthenogenetic
embryo production (experiment one). IVM, In vitro Maturation; ZP, Zona Pellucida; ZF, Zona-Free;
ZFPA, Zona-Free Parthenogenetic Embryo; 1x, nomeagded experimental group; 3x, aggregated

experimental group.

Figure2: Schematicillustration of our experimental design for zona-Free SCNT and iISCNT equine
aggregated embryo production (experiment two). SCNT, Somatic Cell Nuclear Transfer; iSCNT,
Interspecific Somatic Cell Nuclear Transfer; IVM,vitro Maturation; ZP, Zona Pellucida; ZF, zona-free;
ZFRE, Zona-Free Reconstructed embryo; 1x, non-ggdee experimental group; 3x, aggregated

experimental group.

Figure 3: Effects of parthenogenetic embryo aggregation on porcine, bovine, and feline blastocyst
quality. Graphs plot Mean with SEMA) Non-aggregated and aggregaléaistocyst diameter at Day 8
from all experimental group§B) Non-aggregated and aggregaldaistocyst cell number at Day 8 from all

experimental groups. * Statistically different (MaWhitney test, p < 0.05).

Figure4: Images of porcine, bovine and feline Day 8 aggr egated and non-aggr egated blastocyst
stained with propidium iodide. (A) Non-aggregated (1x) zona-free parthenogenetimiedvliastocyst(B)
Aggregated (3x) zona-free parthenogenetic boviastbtyst(C) Non-Aggregated (1x) zona-free
parthenogenetic porcine blastocyfl) Aggregated (3x) zona-free parthenogenetic poioiagtocyst(E)
Non-Aggregated (1x) zona-free parthenogenetic ddbilastocyst(F) Aggregated (3x) zona-free

parthenogenetic feline blastocyst. Scale bars gns0
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Figure5: Zona-Free SCNT and iSCNT equineembryos. (A) Day 8 aggregated SCNT equine blastocyst
(165um diameter)(B) Day 8 aggregated Equine-Feline iSCNT blastocystdikkucture (10Qm). (C) Day 5
non-aggregated Equine-Bovine iISCNT from 1x expenitalegroup. Note the inability to compact of Equine

Bovine cloned embryos at Day 5.
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506
Table 1: In vitro embryo development of aggregated zona-free PA bovine, feline and porcine embryos until Day 8.
Experimental No. of No. of embryos No. of cleaved No. of % of blastocyst per | % of blastocyst per
Groups ZFPEs (microwells) ZFPEs(%) Blastocyst microwell ZFPEs
1x 178 178 117 (65.73) 23 12.92 12.92
Porcine
3x 291 97 250 (85.91) 31 31.96 10.66
1x 113 113 108 (95.57) 21 18.58 18.58
Bovine
3x| 105 35 96 (91.423 20 57.14 19.04
1x 104 104 61 (58.65) 15 14.42 14.42
Feline
3X 111 37 85 (76.57) 23 62.16 20.72
2P values within species in same column with differemperscript indicate significant differences adP5(Fisher's exact t).
Abbreviation: PA, Parthenogenetic; ZFPEs, Zona-fra¢henogenetic embryos.
507

508



509

510 Table 2: Fusion rates of thefirst round of fusion between equine skin fibroblasts and enucleated oocytes from
511 porcine, boving, feline, and equine species.
512 Experimental Group (Cell-
No. of couplets No. of fused couplets (%)

513 Ooplasm)
514 Equine-Porcine 177 147 (83§
515 Equine-Bovine 118 71 (60§

Equine-Feline 87 59 (67.8Y

Equine-Equine 200 152 (76§

Total 582 429 (73.7)

abyalues with different superscripts in a column @ade significant differences at P<0.05 (Chi squese).
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Table 3: In vitro embryo development of aggregated equine SCNT and iSCNT embryos using por cine, bovine and feline enucleated oocytes until Day 8.

Embryo development stages

Experimental

No. of %
Groups No. of No. of cleaved %

embryos 2to4cells | 4to8cells | 8to16¢cels |>16cdls | No. of Blastocyst
(Cell- ZFREs embryos (%) Blastocyst

(microwdll) (%) (%) (%) (%) blastocysts per cleaved
Ooplasm) per ZFREs

microwell

Equine | 1x| 64 64 43 (67f 30 (69.76) | 15 (34.88) | 2 (4.65F 1(2.32§ 0 03 0
Porcine | 3x | 87 29 27 (93.10% 0° 7(25.925 |10(37.03) |10(37.03) |0 03 0°
Equine | 1x| 49 49 38 (77.55§ 8 (21.05) | 20 (52.63) | 10 (26.31) | ° 0 ¢ 03
Bovine | 3x |54 18 17 (94.44% o™ 2 (11.76) | 6 (35.29) 9(52.94f |0 o? 0°
Equine | 1x |57 57 48 (84.2Ff 7 (14.58y° | 28 (58.33) | 8 (16.66) 3(6.25 |2 3.51 4.18
Feline 3x | 72 24 24 (100§ o 7(29.16 |10(41.66) |6 (25.005 |1 1.38 4.16
Equine | 1x | 145 145 115 (79.31 | NIR N/R N/R N/R 8 5.52 6.95
Equine | 3x| 105 35 34 (97} N/R N/R N/R N/R 12 11.42 35.29

ab.e.9 values with different superscripts in a coluindicate significant differences at P<C (Fisher's exact te..

Abbreviation: SCNT, Somatic Cell Nuclear Transf&CNT, Inter-Species Somatic Cell Nuclear TransZ&1REs, Zona-Free Reconstructed Embryos; N/R, Not

recorder.
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