
NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

May 2016 | Volume 4 | Issue 5 | Page 266

Tetraploid embryos have been extensively applied in 
the field of animal biotechnology since last few years. 

The tetraploid embryos, having double complement of 
chromosomes instead of the usual diploid one, are useful 
model for generating valuable information on embryonic 
development. The application of tetraploid embryos devel-
oped an investigation area in which each blastomere of the 
cultured embryo had tetraploidy stage instead of diploid 
(Tarkowski et al., 2005). 

In an experiment in mouse, tetraploid embryos developed 
upto midgestation stage, after that spontaneous abortion 
occurred (Kaufman and Webb, 1990; Kaufman, 1992) as 
polyploidy (except the extra-embryonic tissues) is gener-
ally not suited with the development of the majority of 
mammalian tissues ( James et al., 1995). Tetraploid embry-
os are commonly employed to generate mice directly from 

embryonic stem cells and to avoid embryonic lethality 
which may arise due to defective extra embryonic pheno-
types (Nagy et al., 1990). 

TETRAPLOID EMBRYO PRODUCTION 
METHODS

There are three fundamental techniques to induce tetra-
ploidy in vitro. First technique is that a nucleus (2n) is 
fused to a fertilized ovum surgically. The repeatably uni-
form tetraploid embryos were produced by this method 
but only 9–15% of the injected blastocysts survived due to 
surgical trauma (Modlinski, 1981). The second technique 
was to inhibit the cleavage with the help of chemicals. 
The third technique was to induce fusion of two cell stage 
embryos. Initially inactivated Sendaivirus was used as the 
fusion agent (Graham, 1971) but main drawback of this 
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method was that 2-cell stage embryos have to be treat-
ed individually as a result causing the slow rate of embryo 
production. Along with this, due to removal of the zona 
pellucida (before fusion) and culture of the embryos for 
two days in vitro, the survivability of embryos was lowered. 

Presently, the most common technique to produce tetra-
ploid embryos is fusion of 2-cell stage embryos when in-
duced by electric current. Fusion of embryos induced by 
electrical pulses was used for production of tetraploid em-
bryos in different species including mouse (Sekirina et al., 
1997), rabbit (Ozil and Modlinski, 1986), pig (He et al., 
2013), bovine (Darabi et al., 2008) and rat (Krivokharch-
enko et al., 2002). 

ELECTROFUSION METHOD

Electrofusion is one of the most accurate, measurable, re-
peatable, less toxic and well defined procedure which can 
be performed with the embryos (2-cell stage) having zona 
pellucida. During this procedure, these embryos are placed 
between two electrodes in fusion buffer, electrical stimulus 
is provided for very short duration (Darabi et al., 2008). 
During electrofusion due to applied direct current (DC) 
electric field, the membranes are polarized and in-stabi-
lized, results in attraction of other membrane (point mem-
brane fusion) and formation of unstable flat membrane 
diaphragm, through reversible pore formation followed 
by reversible breakdown of the membrane or diaphragm 
(Darabi et al., 2008). Under favourable environment, the 
flat diaphragm becomes weak to allow cell mixing, indicat-
ing through cell-to-cell fusion (Chernomerdik and Sow-
ers, 1991). Many factors affect the fusion efficiency, such as 
fusion medium, alignment of embryos between electrodes, 
pulse number, exposure time and electric field intensity.

Alignment of embryos was important factor for successful 
fusion of the two cell stage embryos. The embryos must 
be aligned in the fusion chamber with their inter-blasto-
meric axis parallel to the electrodes using AC current and 
when alignment performed with AC current and mannitol 
(nonelectrolyte solution) was utilized for fusion of embryos 
(Kubiak and Tarkowski, 1985; McLaughlin, 1993). An al-
ternating current field cause polarization of the 2-cell stage 
embryo and cause rotation of embryos in such a manner 
that appropriate alignment of embryos occurred for elec-
trofusion (McLaughlin, 1993). Non-electrolyte solution 
(mannitol) and electrolyte solution (PBS) were used as a 
fusion media for electrofusion of embryos (Kubiak and 
Tarkowski, 1985). 

Brief hiStory of electrofuSion method
Senda et al. (1979) reported first time the successful elect-
rofusion of two cells of plant protoplast. Later on, Richter 

et al. (1981) reported the electrical induced fusion between 
two eggs of sea urchin. After electrofusion, cytoplasmic 
mixing occurred in sea urchin eggs that were also able of 
being fertilized although cleavage did not occurred in fer-
tilized eggs. Electrofusion of 2-cell stage embryos was first 
documented in mouse and fusion was performed using 1 
to 4 kV/cm DC (direct current) pulses for 1 to 5 min-
utes duration (Berg, 1982). Kubiak and Tarkowski (1985) 
reported maximum fusion rate with 1 kV/cm DC pulses 
and 100-250 μs duration for electrofusion of mouse em-
bryos and observed that fused embryos had similar via-
bility when compared the non-electrolyte (mannitol) and 
electrolyte (PBS) solution as a fusion media.

fuSion of emBryoS with different field 
Strength and durationS
Various researchers have produced the tetraploid embryos 
using different aspects (field strength, exposure time, num-
ber of pulses, AC voltages, and fusion medium). Nagy et al. 
(1990) reported 98% fusion rate with a single, 100 μs expo-
sure time and 1 kV/cm DC pulse. Cheong et al. (1991) ob-
served in mouse that fusion and subsequent development 
of embryo was not influenced by alternating current volt-
ages (6 and 12 V/mm) and also reported a higher fusion 
and embryo developmental rate, when 1.0 - 2.5 kV/cm 
field strength, 30 to 90 μ sec pulse duration and 1 - 6 num-
ber of pulses were used having a wire fusion chamber. Seki-
rina et al. (1997) applied 30 μs duration and two 4 kV/cm 
DC pulses for fusion of mouse embryos and observed that 
the fusion was influenced by the stage of cell cycle, where 
98% fusion was achieved by mid-stage embryos, while low 
fusion rate was observed at the early and late stage 2-cell 
embryos (24 and 31%, respectively).

Prochazka et al. (2004) evidenced in pigs that two 100 kV/
cm DC pulses and 10 to 25 μs duration was most suitable 
treatment while, Xiangyung et al. (2005) reported that two 
100 kV/cm DC pulses and 50 μs duration was most appro-
priate for tetraploid embryo production in mice. Stekelen-
burg-Hamers et al. (1993) reported in bovines that a high-
er fusion rate (80%) was observed at 1.75 kV/cm DC pulse 
and 40 μs exposure time. May be these difference in elec-
trofusion parameter was related to kind of fusion buffer, 
electrofusion machine and species of animal. 

Darabi et al. (2008) documented that when applied 1.5kV/
cm for 100 μs, fusion rate was 88% and observed that the 
fusion rate was voltage dependent. With increases of volt-
age intensity from 0.5 to 1.5kV/cm, fusion rate increased 
but increase in duration of electrical pulse to 100 μs did 
not affect the fusion rate in different voltage. Curnow et 
al. (2000) evidenced that when applied 1.4 kV/cm for 100 
μs duration, fusion rate was 76% in bovine. Lan Li et al. 
(2008) also reported that fusion rate increased upto 77% in 
goat with increases of voltage intensity.
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Park et al. (2011) reported that most favourable electrofu-
sion voltages were 100 volts DC pulse and 20 volts alter-
nating current in mouse. Tetraploid embryos were further 
developed and 2-cell stage tetraploid embryos (93%) were 
achieved after 16 hours of electrofusion, whereas 4-cell 
stage tetraploid embryos (80%) were achieved after 24 
hours. However, embryos reached the morula stage (95%) 
after 32 hours of electrofusion. At last, blastocyst stage of 
tetraploid embryos (93%) was achieved after 48 hours of 
electrofusion. 

He et al. (2013) analysed 2DC electro pulses of different 
electric field intensities, including 0, 0.3, 0.6, 0.9, 1.2, 1.5, 
1.8 and 2.1 kV/cm for 30 μs for production of porcine 4n 
embryos and recorded that the optimum condition for 
electrofusion of 2-cell embryos to produce porcine 4n em-
bryos was 2DC pulses at 0.9 kV/cm for 30 μs. 

Iwasaki et al. (2000) documented a higher fusion rate 
(95%) and viability when used 1 kV/cm DC pulses and 10 
to 25 μs duration in bovines. Krivokharchenko et al. (2002) 
observed 96% fusion rate after electrofusion of 2-cell stage 
embryos in rat when used 0.6 kV/cm DC pulses for 20 μs 
duration. 

other exPerimental StudieS at different 
fuSion conditionS
Cheong et al. (1991) compared electrode geometrics which 
showed that when using chambers of various electrode ge-
ometries, fusion conditions also changed and documented 
that embryo development was significantly lowered in a 
rectangular fusion chamber when applied against the wire 
fusion chamber. The author also reported in a rectangular 
fusion chamber that when field strength amplified from 
1.0 - 2.5 kV/cm, the embryo developmental rate was de-
creased but when used a wire fusion chamber, it was easier 
to apply a relatively broad range of field strength, exposure 
time and pulse number, hence, rate of fusion and embryo 
development rate was increased.

Tatham et al. (1995) studied that by fusing enucleated 
bovine oocytes with blastomeres (with different aged) 
and showed that increase voltage intensity up to certain 
threshold level increased the fusion rate, after which fusion 
rate decreased. However, they also showed that increasing 
inpulse duration had no fundamental effect on fusion rate 
up to the threshold level. Zhelev et al. (1988) observed that 
there was a correlation between pulse intensity and pore 
formation.

develoPment of fuSed emBryoS to tetraPloid 
BlaStocySt
He et al. (2013) observed that the development rate to 
blastocyst of porcine 4n embryos was 28.5%. The authors 
(He et al., 2013) observed that development of 2n embryos 

was faster than 4n embryos at the cleavage stage in porcine 
embryos under the optimum conditions and also recorded 
that the timing of blastocyst formation of 2n and 4n was 
very similar but rates of blastocyst formation between 2n 
and 4n were not significantly different suggesting that the 
blastocyst forming capacity in 4n embryos was similar to 
those in 2n embryos. 

Curnow et al. (2000) observed that embryos when fused at 
2.4 kv/cm DC pulse and a single pulse for 30 μs duration 
showed a significantly lower cleavage and blastocyst rate. 
Curnow et al. (2000) recorded that blastocyst formation 
rate was 72.5% in bovine while Iwasaki et al. (2000) doc-
umented 18.8% mean blastocyst formation rate in bovine. 
In Rhesus monkey, two 1.5 kV/cm DC pulses and 50 μs 
duration were used to produce tetraploid embryos and 82% 
fusion rate was documented after 45 minutes and blasto-
cyst stage of embryos was achieved by 51% of the electro-
fused tetraploid embryos (Schramm and Paprocki, 2004). 

Darabi et al. (2008) recorded maximum cleavage rate at 
0.75 kV/cm in 80 μs duration while maximum formation 
of blastocyst stage (35%) was recorded at 0.75 kV/cm field 
strength and 60 microsecond duration. The author (Darabi 
et al., 2008) also observed that there was a negative corre-
lation between voltage and cleavage rate in all durations. 
This was possibly due to large pore formation (and leakage 
of cytoplasm) over the two-blastomere membranes. There-
fore the author suggested that for optimal cleavage rate, 
exposure of 2-cell bovine embryo to higher than 1kV/cm 
should be avoided while Curnow et al. (2000) documented 
that when applied 1.4 kV/cm for 100 μs, cleavage rate was 
higher (72.5%) in bovine embryos. 

comParative Study of develoPmental Potential 
of diPloid and tetraPloid emBryoS
Snow (1973) observed in mouse that the cell cycle length 
of tetraploid and diploid embryos was similar. Whereas, 
two hour increase was recorded in the cell cycle length of 
fused tetraploid embryos then diploid embryos and it was 
reported that in tetraploid and diploid embryos, compac-
tion and formation of blastocoel occurred at the same mo-
ment, although cell numbers differed between tetraploid 
and diploid embryos (Koizumi and Fukuta, 1995). 

In mouse, compaction occurred at the same time between 
electro-fused embryos and control embryos, although elec-
tro-fused embryos had lesser number of cells per embryo 
(Kubiak and Tarkowski, 1985). Later on, the cell doubling 
time was reported similar for tetraploid and control embry-
os by Henery and Kaufman (1991). A significantly longer 
cell doubling times was recorded in both groups (kept in 
vitro and which were transferred to recipient females) than 
control embryos that stayed in vivo during the investiga-
tional phase and also observed that rate of formation of 
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tetraploid embryos was not slow than diploid embryos at 
appropriate and similar experimental environment. 

The lower developmental capacity of the fused embryo 
may be due to alteration in distribution and behaviour of 
microtubules and microfilaments affecting normal forma-
tion of mitotic spindle and the contractile ring, respective-
ly (Suzuki et al., 2001) and also possibly could be due to 
electrical stimulation, exposure to non-electrolyte medium 
or due to chromosomal construction of these embryos 
(Darabi et al., 2008). The lower developmental rate in high 
intensity may be likely due to large pore formation and 
leakage of cytoplasmic material needed for development. 
The reasons for discrepancy among species were not quite 
clear but it was proposed that the functional centrosomes 
exist during the early stages of cleavage in fused porcine 
and bovine embryos, which may render the embryos more 
prone to forming a disorganized bipolar or tri-polar spin-
dles. However, lack of centrioles in mouse embryos, up 
until the blastocyst stage, may cause the 4n embryos to 
develop after fusing normally. Therefore, due to failing of 
combining of 2 sets of diploid chromosomes after fusion, 
2n embryos occurred at higher rate in fused porcine and 
bovine embryos (He et al., 2013).

characterization of the tetraPloid StatuS
Karyotyping analysis showed that the electrofused 2-cell 
embryos exhibited significant species variances in their 
ploidy. At the blastocyst stage of the electrofused embryos 
of rats and mice, the uniform tetraploidy was documented 
(Krivokharchenko et al., 2002). 

However, at the morula and blastocyst stage, only some 
embryos displayed uniform tetraploidy in cattle while most 
of the embryos were diploid or their mosaics (Curnow et 
al., 2000). In pigs, about 50% of tetraploid blastocysts were 
of 4n status (Prochazka et al., 2004). When tetraploid em-
bryos were examined by in situ hybridization in mouse, 
these embryos were found uniformly tetraploid ( James et 
al., 1992). On cytogenetic analysis of embryos, Darabi et 
al. (2008) showed that over 76% of fused embryos were 
true tetraploid while Iwasaki et al. (2000) reported 78% 
tetraploid embryos in bovines. Prochazka et al. (2004) ev-
idenced that 50% embryos were tetraploid in swine while 
Curnow et al. (2000) recorded very low percent (12.5%) of 
tetraploid embryos in bovines. He et al. (2013) recorded 
a high percentage of tetraploid embryos (68.18%) in por-
cine when evaluated their ploidy at the blastocyst stage by 
FISH.

During normal embryo development, tetraploid embryos 
may provide useful information about regulation of cell 
size and cell cleavage rate in early fetuses. Tetraploid em-
bryos have been used in ancestry studies and for alteration 
of the balance of parental genomes (Eakin and Behringer, 

2003). In chimeras, the observable fact by which diploid 
and tetraploid cells are separated out has been exploited 
in various examples; for sorting of genetically dissimilar 
tissues, to avoid extraembryonic defects and to increase 
the rate to produce transgenic mice and to study of their 
phenotypes. Gene balancing is required for successful 
tetraploidy and gene balance is a significant outcome of 
genomic imprinting in all mammals (Eakin and Behringer, 
2003). Although, various experiments have been made in 
laboratories during last few years to induce tetraploidy in 
vitro but there is still a necessity of more investigations to 
induce tetraploidy in vitro.
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