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Abstract 
 

Gametes (spermatozoa and oocytes) and 
embryos from domestic animals are routinely handled in 
vitro in large and increasing numbers all over the world. 
Such manipulation causes various forms of damage to 
the gametes/embryos that can lead to different 
problems. A safe and reliable basis for continued 
practical use of these technologies in science and cattle 
industry requires further activities in research and 
development. Just as important is a continued close relation 
between science and industry so that the extent and results 
of this work can be collected, analyzed and reported for 
the benefit of all groups involved and interested such as 
scientists, consumers, industry and legislators. 
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Working with gametes and embryos 
 

Today it is a widespread routine to work with 
oocytes, spermatozoa and embryos in many mammalian 
species. For cattle, the worldwide extent of this activity 

has been estimated 10 yr ago for semen (Thibier and 
Wagner, 2002), while statistics for oocytes and embryos 
are collected and published every year by the 
International Embryo Transfer Society (IETS; Stroud, 
2011). If all this is added together, every year more than 
two million oocytes and around one million embryos are 
handled worldwide, and these numbers continue to 
increase. One reason is that more and more techniques 
have been developed since artificial insemination (AI) 
was introduced 70-80 yr ago (Table 1), but also that the 
techniques are being used in more and more domestic 
animal species and last, but not least, have been 
implemented in practice. Many of the techniques are 
used in practice as part of systematic breeding plans, 
starting with AI in the 1950’s, MOET in the 1980’s, 
OPU/IVP in the 1990’s, and today with the beginning of 
genomic selection of embryos. Even a technique such as 
SCNT is being used more often, mostly for single 
animals of certain high value such as “Starbuck II” 
(born in Canada in 2000; www.ciaq.com) and three 
copies of “Mtoto” (born in Italy in 2002; Galli et al., 
2003); furthermore, different companies such as Cyagra 
and Bovance are offering cloning to farmers. 

 
Table 1. Overview of the approximate decade for the first practically useful results with in vitro handling 
technologies on spermatozoa, oocytes and embryos from domestic animals. 

In vitro handling technique Gametes Embryos 
Spermatozoa Oocytes 

Artificial insemination (AI) 1930   
Biopsy of embryo   1990 
Cryopreservation 1950 1990 1970 
In vitro maturation (IVM)  1980  
In vitro fertilization (IVF) 1980 1980  
In vitro culture (IVC)   1990 
Multiple ovulation and embryo transfer (MOET)   1970 
Ovum pick-up (OPU)  1990  
Somatic cell nuclear transfer (SCNT)   1990 
Sorting of semen 2000   
Splitting of embryo   1980 

 
Consequences 

 
Any in vitro handling of gametes and embryos 

is a threat to the cells, as they are under artificial 
conditions and will easily be damaged. Although such 
damages should be reduced as much as possible, 
working with these techniques results in a combination 
of biological, technical and practical reasons for 
damages. The biological reasons are reflections of our 

level of knowledge about the cells (e.g. media 
composition for IVM; superovulation protocol for 
MOET; voltage for electrofusion in SCNT); the 
technical reasons are related to the way the technique is 
performed (e.g. in vitro handling in a dish or in a 
microfluid system; in vitro culture after HandMade 
Cloning); the practical reasons are often dictated by the 
working conditions (e.g. distance between oocyte 
donors (slaughterhouse or stable) and the IVM-
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laboratory; temperature variations in the environment 
where embryos are handled). In most cases it will be a 
combination of these three reasons, as performing one 
technique often means including one or several others - 
examples: “semen sorting” includes collection, 
eventually cryopreservation, and finally AI; “OPU” 
includes IVF, eventually biopsy and afterwards 
cryopreservation, and finally ET; and “SCNT” includes 
IVC and finally ET. 

The consequences of the different damages can 
be fatal with death of the cells, but with the techniques 
today most damages are moderate or minor. The 
severity of the damages for the given gamete/embryo 
depends on the robustness (quality) and type of 
technique (some are more demanding than others with 
stronger physical or chemical stress or with longer 
duration of the in vitro handling). It is therefore 
important to realize the extent of the damage and 
evaluate its importance. In that context, damage to a 
fraction of cells from an ejaculate with millions of 
spermatozoa can be more acceptable than on a small 
group of oocytes or a single embryo. 

The moderate and the minor damages are often 
more difficult to detect and evaluate. Minor damages 
may be within the range of “optimal conditions” that are 
considered to be accepted as normal by us (and by the 
cells!). The moderate damages may be more difficult to 
detect as they may reveal themselves later; perhaps as a 
low developmental rate, soon after transfer or around 
implantation as abortion, or perhaps first at birth or even 
later. Therefore it is often considered that a conclusive 
evaluation of a technique includes post-transfer 
embryonic development and calf characteristics (Merton 
et al., 2012). 
 

Challenges 
 

In the work with gametes and embryos, there 
are two types of challenges. One is regarding the 
damage to the cells themselves caused by the 
techniques, and the other is the way we perform the 
techniques. This is illustrated in the following three 
examples. 
 
Efficiency 
 

The extensive and increasing use of OPU-IVP 
in cattle industry is a very clear example of a set of 
techniques that have found a solid place in practice. 
Basic biological and technical problems have been 
sufficiently solved, but also the practical problems have 
found a convincing solution as described in a large 
study from Brazil (Pontes et al., 2010). Long distances 
between site of oocyte collection, the IVP-laboratory 
and the site of transfer to recipients is no longer a 
practical problem, illustrating that the real limitations of 
a given technology are often first realized when it is 
used under large-scale practical working conditions 

where robust solutions are needed. 
Even though this technology is used routinely 

and in large scale, which is a significant milestone in its 
development, new additions and optimizations continue 
to be investigated. Two examples of this are: 

 
Oocyte donors  

There is a large variation between number of 
oocytes collected from donors used for OPU, and with 
the established role of this technique in more and more 
breeding programs, factors responsible for this are 
naturally being investigated. Breed has a significant 
influence (Guyader-Joly et al., 2010; Pontes et al., 
2010), but there is also a strong influence of the oocyte 
donor on the blastocyst production (Tamassia et al., 
2003). At least part of this seems to be related to genetic 
parameters, where some traits have been found to be of 
potential value for future genetic selection (Merton et 
al., 2009). 

 
Sexed semen 

This technology is today used both for AI, 
superovulation and after OPU-IVP (e.g. Blondin et al., 
2009; DeJarnette et al., 2010; Pontes et al., 2010), but 
large individual differences between bulls are described. 
Part of the issue is related to the sorting process itself as 
well as the low dosage used for AI (Frijters et al., 2009). 
However there is also the influence of the IVP caused 
by the in vitro conditions and eventual additional 
cryopreservation (Blondin et al., 2009). However, even 
though sexed sperm is affected by the sorting procedure, 
the calves are not different from calves born after non-
sorted semen (Seidel, 2009). 

Both of these examples have been revealed in 
larger commercial settings, where the large scale of the 
activities allows for such data collection and analysis. 
Other examples can be mentioned that are more focused 
on technical developments, such as development of new 
methods for cryopreservation of in vitro produced 
embryos. 
 
Animal welfare 
 

In the earlier years with use of IVP and SCNT, 
it was shown (Kruip and den Daas, 1997) that an 
increased proportion of calves born after IVP or SCNT 
were abnormal in a number of different ways compared 
to AI calves. This phenomenon became commonly 
known as Large Offspring Syndrome (LOS; Renard et 
al., 1999), because increased birth weight was one of 
the very visible problems. Due to the many other 
problems with the calves, the term AOS was later 
suggested (Abnormal Offspring Syndrome; Farin et al., 
2006). 

Since then, only few larger comparisons 
between AI, MOET and IVP calves have been made, 
being the occurrence of LOS/AOS confirmed in 2000 
(van Wagtendonk-de Leeuw et al., 2000). It was also
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demonstrated that the problem could be minimized with 
reduced serum concentrations in the IVP-medium. This 
was gradually implemented, and today it is the 
impression that LOS/AOS is no longer an issue in the 
IVP field (e.g. Merton et al., 2012). 

For SCNT, the problems still exist with the 
calves having a range of abnormalities and reduced 
viability. However, since 1997 (Kruip and den Daas, 
1997) much has been learned, and already 10 yr ago it 
was concluded from a literature review both that “the 
abnormalities observed in cloned offspring are also seen 
with natural reproduction” and in a higher rate, but “the 
great majority of clones appear to develop normally” 
(Cibelli et al., 2002). 

For both IVP and SCNT, it is as important as 
ever to follow the development of the techniques, both 
because new changes are introduced in the procedures, 
but also because of the intense focus on the outcome. 
With the already large commercial use of IVP and 
increasingly use of SCNT, the industry will be an 
important partner in providing information about further 
developments and improvement of techniques. 
 
Product quality 
 

The outcome of the practical use of the many 
techniques mentioned in this article must be a range of 
end products of high quality. There are several 
examples that this is a strong point of concern for many 
groups, e.g. farmers, consumers, industry and 
legislators. This is in particular the situation related to 
SCNT, where major concerns have been addressed to 
the actual food products such as meat and milk from 
cloned cattle and their offspring. Many experiments 
have been made to test for differences between such 
products from cloned vs. non-cloned cattle, especially in 
Japan (Watanabe, 2011). Many investigations have also 
been made with focus on other types of products such as 
sperm characteristics (Couldrey et al., 2011), embryo 
development (Yamanaka et al., 2011) and production 
and health characteristics (Wang et al., 2011). 
Furthermore, extensive reviews have been performed by 
FDA (Rudenko et al., 2007) and European Food Safety 
Authority (EFSA, 2012). From all these documents, a 
common conclusion is that no differences have been 
found in food or other products between cattle clones 
and their offspring compared to non-cloned cattle. One 
remaining issue is life length and senescence that has 
not been possible to study due to the long generation 
intervals of domestic animals (Cibelli et al., 2002). 
 

Final remarks 
 

The in vitro handling of gametes and embryos 
of domestic animals is routine, and the extent of this 
work is growing rapidly with even better results in 
practice, and with even more techniques being added. 
This is paralleled by new developments and refinements 

of the various techniques. Such development is good for 
the techniques and their uses, and also for the 
companies and persons working with them. However, 
there is a tendency not to inform about these recent 
modifications and improvements as much as it was done 
in the first years. This is probably related to the practical 
situation of companies where the techniques are 
intensively used, though with focus on things other than 
to collect, analyze and publish data from the daily 
activities. However, the last 20 yr’s history has clearly 
shown the importance of contributions to the literature 
from both science and industry. As illustrated above, 
there is a need to continue having such focus especially 
on the consequences of the practical use of the 
techniques in domestic animals, both for the animals as 
well as for their use in food production. Practically, the 
already existing role of several scientific societies in the 
collection and communication of such information can 
only be urged to continue and even expanded in parallel 
with the use of existing and new developments of in 
vitro technologies in domestic animals. 
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