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Abstract. To carry out genome editing in cattle, an effective and well-functioning system for obtaining gametes, fertilizing 
eggs and their cryopreservation is necessary. Aim of the work: review and research of present-day existing methods of 
obtaining, insemination and cryopreservation of donor material, in order to provide genome editing in cows. Methods and 
materials. The work is completed according to the theme No. 0532-2019-0001 “Development of complex technology of 
marker-based genome selection of agricultural animals” within State Order of  Ministry of Education and Science of the Rus-
sian Federation. The analysis of open scientific literature on the issues of in vitro fertilization in animals, cryopreservation 
of oocytes and embryons, sperm preparation and methods of insemination of cows’ oocytes, and cryopreservation of oocytes 
and embryons of animals is done. Features of the preparation of biological material of cattle for genome editing by microin-
jection into ooplasm are described. Results of research and duscussion. At present time there are two ways to obtain donor 
material from cattle: from live animals and taking ovaries after slaughtering cows. Material transportation is carried out at 
a temperature of 30–37 °C depending on the distance to the laboratory and expected time period of transportation. Oocyte-
cumulus complexes can be removed by ovarian dissection and aspiration of visible follicles. In both cases, immature eggs 
are predominantly obtained. Subsequent ripening is carried out in vitro using special media in a CO2 incubator. The culture 
medium for oocyte maturation should contain hormones that mimic the peak of LH (luteinizing hormone), which occurs 
in vivo during the maturation of oocytes before ovulation. To accumulate a certain number of eggs at the stage of MII, it is 
recommended to carry out their cryopreservation by the method of vitrification, having previously released the oocyte from 
the cumulus cells. After thawing, oocytes need to be incubated for 2–3 hours 38.5 °C in 5–6.5% CO2 to restore the spindle. In 
order to make editing more effective, the introduction of genetic material is recommended to be carried out in parallel with 
the fertilization method “icsi”. In humans, mice and rabbits, an injection of sperm into the cytoplasm is sufficient to activate 
the oocyte, however, in cattle, just micro-injection of the sperm is not enough and often the male pronucleus does not form. 
To solve the problem, various methods are used, including freezing-thawing of sperm, resulting in damage of a membrane, or 
addition of heparin-glutathione into the medium that increases decondensation of the sperm DNA.
Keywords: genetic modeling, in vitro maturation of oocytes, artificial insemination in cows, oocyte vitrification. 

For citation: Barkova A. S., Makutina V. A., Modorov M. V., Isaeva A. G., Krivonogova A. S. Features of the prepara-
tion of biological material for genome editing in cattle // Agrarian Bulletin of the Urals. 2019. No. 12 (191). Pp. 40‒44. 
DOI: 10.32417/1997-4868-2019-191-12-40-44. 

Paper submitted: 14.10.2019.

Introduction
Introduction of planned changes into cattle genome makes 

it possible to obtain animals with expected economic char-
acters, such as disease resistance, necessary composition of 
milk, improved productivity and others [27]. For genome 
editing both somatic cells and gamets can be used. In the 
first case, genetically modified nucleus of somatic cells are 
introduced into an oocyte. This procedure is called somatic 
cell nuclear transfer. However, because of low acceptance of 
embryons and high rate of abortions, this technology needs 
a significant number of recipients. The method that is alter-
native to cloning is  microinjection into in vitro inseminat-
ed oocyte. Using the latter method significantly increases a 
number of recipients’ successful pregnancies and deliveries 
(as compared to the method of somatic cell nuclear transfer). 
Thus, to successfully obtain a necessary number of transgenic 

animals, it is possible to use less recipients [26, 28]. This work 
describes present-day existing methods and features of prepa-
ration of biological material of cattle for a microinjection into 
ooplasm. 

Methods
The work is completed according to the theme No. 0532-

2019-0001 “Development of complex technology of marker-
based genome selection of agricultural animals” within State 
Order of Ministry of Education and Science of the Russian 
Federation. The analysis of public-accessed scientific litera-
ture on the issues of in vitro ferrilization in animals, cryo-
preservation of oocytes and embryons, sperm preparation and 
methods of insemination of cows’ oocytes, and cryopreserva-
tion of oocytes and embryons of animals is done. Features 
of the preparation of biological material of cattle for genome 
editing by a microinjection into ooplasm are described. 
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Results
Sampling and maturation of oocytes. At present there 

are a few ways to obtain bovine oocytes. A modern approach 
is the use of OPU (ovum pick up) technology, that is obtaining 
oocytes from follicles of alive animals, using an ultrasound 
prober, special nozzle and an aspirating needle. This method 
can be used with both mature animals and adult heifers [8]. 
OPU can be done both with preliminary hormonal prepara-
tion of a donor (stimulation of superovulation), as well as 
under the conditions of normal ovary cycle. Without exoge-
netic hormones, one donor can produce oocytes once in two 
or three weeks, with aspiration of from two to five follicles. 
In case of superovulation, it is possible to obtain up to more 
than 20 oocytes in one cycle, if donors are used once in two 
or more months [9]. An advantage of ОРU technology is the 
possibility to use one donor many times, and disadvantages 
are high cost of necessary equipment and high demands to 
qualification of personnel involved in doing that procedure.  

An alternative of OPU is obtaining oocytes from cows’ 
ovarium directly after slaughtering, preferably avoiding ovar-
ium from pregnant cows, ovarium having abnormities, such 
as cystous follicles (> 20 mm in diameter) and ovarium carry-
ing yellow body. It is known that level of blastulation (forma-
tion of blastocytes) is significantly lower [16].

It is possible to transfer the whole oocyte to the laboratory 
or do aspiration of visualized follicles and transfer them in 
follicular fluid with oocyte-cumulus complexes in buffered 
medium. Follicles of from 2 to 8 mm are aspirated with a 18G 
needle attached to a 5–10 ml syringe [18, 24]. Transportation 
is done in special incubators with constant temperature 30–
35 °С [11, 24]. According to the data obtained by L. V. Golu-
bets and co-authors, the optimum delivery time of oocytes tis-
sue or aspirated oocyte-cumulus complexes at temperature of 
37 °С is not more than 3 hours, whereas formation of morulas/
blastocytes can be up to 27 %. Longer time of transportation 
significantly reduces level of blastulation [2]. 

Oocyte-cumulus complexes obtained from non-stimulat-
ed oocytes need to get matured until the stage of mature oo-
cytes (the stage of metaphase II – M II), suitable for insemi-
nation (IVM – in vitro maturation). To achieve that, oocyte-
cumulus complexes are cultivated for 20–24 hours in culture 
medium at temperature of 38,5 °С, рН of medium is about 
7,3 (5–6,5 % CО2) and 5 % O2. The culture medium for ma-
turing oocytes should have hormones that mimic peak of LH 
(luteinizing hormone) occuring in vivo during the period of 
maturation of oocytes before ovulation. There are a number of 
scientific works regarding optimization of medium of matura-
tion, but nowadays the standard one is the TCM-199 medium 
with bicarbonate buffer with added 10 % fetal calf serum, 
22 ug/ml sodium pyruvate, 50 ug/ml gentamycine and 1 ug/
ml 17β-estradiol. Main modifications are caused by changes 
in concentration of gonadotropins introduced into culture me-
dium. As a rule, doses of 0,5 ug/ml FSH (follicle stimulating 
hormone) and 5–50 ug/ml HGG (human chorionic gonadotro-
pin) or 5 ug/ml LH (luteinizing hormone) are used [4, 12, 22, 
24]. Methods of cultivation of donor oocytes in medium with 
prolactin are developed and successfully used [5, 6] 

Preparation of spermatozoids. For successful insemina-
tion of an oocyte, sperm needs to undergo biochemical modi-

fications (capacitation), resulting in elimination of factors 
blocking acrosomal activity. By natural insemination capaci-
tation takes place in female reproductive tracts. In case of in 
vitro insemination, an ejaculate needs preliminary treatment, 
that is dissection of sperm from semenal plasma, as well as 
from immobile and dead spermatozoids and/or cryoprotectors 
(if an ejaculate was originally cryopreserved), as well as pre-
incubation in special medium for their capacitation.

If sperm has not been cryopreserved, most spermatozoids 
are active and mobile, whereas in the course of cryopreserva-
tion a part of spermatozoids die that leads to mobility after 
thawing from 30 to 70 % [21]. 

Treatment of sperm can be done by “swim-up” method or 
centrifugalization in Percoll gradient. “Swim-up” method is 
quite often used for migration of spermatozoids. It includes 
overlaying of culture medium on sperm that allows progres-
sive motility spermatozoids to move from semenal plasma to 
pure fraction of medium. 

Centrifugalization in Percoll gradient is also rather often 
used. It results in division of sperm into spermatozoids and 
semenal plasma by сentrifugalization in discontinuous Per-
coll gradient (Percoll 45 % and Percoll 90 %) for 5–10 minutes 
at 1500–3000 g and at room temperature. Sperm pellet after 
сentrifugalization is washed by buffer fluid for 3–5 minutes 
at 1000 g [23].

Further preincubation of sperm in culture medium is 
necessary for capacitation. There are a few modification of 
protocol of sperm preincubation, such as addition of heparin 
in various concentration in culture medium, changing duria-
tion of an incubation period, or addition of caffeine and/or Ca 
ionophore [10, 12, 22]. 

Insemination. After preincubation sperm is introduced 
into medium with matured oocyte-cumulus complexes. 
Amount of sperm added to oocyte-cumulus complexes dur-
ing in vitro fertilization affects percentage of zygotes insemi-
nated by a few spermatozoids (polyspermy). As a rule, it is 
enough to introduce in the medium sperm in concentration of 
about 1.0–9.0×106 mobile spermatozoids/ml [19, 24].

In some cases, for example, in case of the use of prelimi-
nary cryopreserved oocytes, it is necessary to do fertilization 
using the method of intracytoplasmic a sperm injection into 
oocyte (ICSI). 

DNA of mammals’ spermatozoids is tightly packed with 
protamine sulfate links. After penetration into an oocyte, a 
spermatozoid is subjected to decondensation by means of re-
placing protamines of spermatozoids with histons of an oo-
cyte that leads to decondensation of chromatine and formation 
of male pronucleus, which later links with female pronucleus 
resulting in formation of a zygote [15]. In humans, mice and 
rabbits, an injection of sperm into the cytoplasm is sufficient 
to activate the oocyte. However, in cattle, just micro-injection 
of the sperm is not enough and often the male pronucleus does 
not form. 

To solve the above-mentioned issue, various kinds of 
methods are used, including freezing-thawing of a sperma-
tozoid, that results in damage of a membrane, and addition of 
heparin-gluthatione or dithiothreitol, which facilitate decon-
densation of DNA of sperm [20].
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Before doing ICSI it is necessary to remove oocyte-cumu-
lus cells by repeated pipetting in 0,1 % solution of hyaluroni-
dase that allows to denudate an oocyte from cells of cumulus 
and granulosis. For an injection only oocytes at the stage of 
MII, which extruded the first polar body can be used. 

After an injection it is possible to activate oocytes, in or-
der to provide extrusion of the second polar body, by influ-
ence of 7 % etanol for 3–5 minutes [17, 25]. However, outer 
activation of an oocyte can cause virginal reproduction [18].

Oocytes demonstrating extrusion of the second PB after 
3–4 hours after activation are considered to be insemintated 
[17, 25].

Cryopreservation. It is possible to cryopreserve oocytes 
before genome editing both at the MII stage and after insemi-
nation. At present time a standard method of cryopreserva-
tion is considered to be vitrification, that is ultrafast cooling 
without crystallization. Originally vitrification was used for 
cryopreservation of mice’s embryos. In the course of vitrifica-
tion cells or tissues are subjected to influence of high concen-
tration of cryoprotectors penetrating inside, which effectively 
dehydrate a cell before the start of cooling. Long effect of high 
concentrations of penetrating cryoprotectors is harmful for 
cells [13]. High cooling speed during vitrification is a main 
criteria of success that helps to avoid damage of cells because 
of cooling and cryoprotectors. 

Oocytes showed high sensitivity to cryopreservation be-
cause of low proportion between their surface and volume 
that prevents motion of water and penetrating cryoprotectors 
through cell plasma membranes [4]. Besides, vitrification of 
mature oocytes at the metaphase of miosis II (MII) leads to 
disorganization or damage of meiotic spindle that results in 
chromosomal aberration. On the other hand, in immature oo-
cytes at the stage of a germinal vesicle (GV) depolymeriza-
tion of spindle does not occur, but oocytes at the GV stage are 
more sensitive to osmotic stress than the MII oocytes. The 
first successful vitrification of the MII oocytes of cows was 
done using the grid of electron microscope and 0.25 ml plastic 
straws as a device for vitrification [18]. Since then a few more 
devices have been developed, each one using a special method 
of minimization of volume of solution for vitrification: Cry-
oloop, a straw with open strain, a glass capillary, Cryotop, 
cellulose triacetate hollow fibers [3, 25].

The issue of necessity of cumulus cells for successful vit-
rification of mature oocytes, is disputable. Some researchers 
vitrified mature oocytes of cows with a few layers of cumulus 
cells. Nevertheless, according to other data, availability of cu-
mulus in mature oocytes of cows reduced survival rate after 
vitrification, as cumulus cells probably prevented diffusion of 
water and cryoprotectors [21]. The reason for incompatibility 
of the results can be differences in vitrification protocols, and 
the use of various cryoprotectors (ethylene glycol or mixture 
of ethylene glycol/dimethylsulfoxide). 

Nowadays numerous vitrification protocols have been de-
veloped, whereas main difference between them regards the 
used cryoprotectors and their concentration. The process of 
vitrification starts with equilibration of oocytes/zygotes for 
12–15 minutes at room temperature in the solution with low 
concentration of penetrating cryoprotectors, 3–4 % ethylene 
glycol or 7,5% ethylene glycol + 7,5 % dimethylsulfoxide. Af-

ter equilibration oocytes/zygotes are placed in the medium 
for vitrification, containing 30–35 % ethylene glycol with 
addition of 1,0 mol/L saccharose or 15 % dimethylsulfoxide 
+ 15 % ethylene glycol + 0.5 mol/L saccharose [14, 23]. In 
the vitrification medium oocytes/zygotes should stay for not 
more than 1.5 minutes until their placing into liquid nitrogen, 
including the time of putting them on the device for vitrifica-
tion.

For thawing, the device for vitrification is placed in 2–5 ml 
of medium containing 0.5–1 mol/L saccharose or 0.3 mol/L 
trehalosa at temperature of 37 °С for 1 minute. After that 
oocytes/zygotes are transferred to the medium with reduced 
concentration of saccharose or trehalosa for 3–5 minutes in 
each medium [11, 14]. Gradual changes in concentration of 
penetrating cryoprotectors is necessary to prevent excess in-
crease of cell volume and cell lysis during influence of large 
osmotic gradients on the membrane.  

After heating oocytes are incubated for 2–3 hours at tem-
perature of 38.5° C in 5–6.5 % CO2 for restoring spindle. 

According to the data obtained by L. Letkevich and coau-
thors (2015) survival rate of oocytes after vitrification in dif-
ferent cryoprotectors is 36.9 % [7]. In the work of A. I. Gan-
dzha and coauthors (2017) it was stated that cryopreservation 
of oocytes obtained from follicles and at different stages of 
development makes it possible to preserve more than 80 % of 
cells, with obtaining up to 18 % of cleavage stage embryons, 
including 5.5 % up to the stage of blastocyst [1].

Discussion and Conclusion
The analysis of literature source showed that at present 

there are a few ways of obtaining biological material from 
cows that allows to choose the most suitable one to obtain 
oocyte-cumulus complexes. The further cultivation of oo-
cytes is done in culture medium at temperature of 38.5 °С, 
рН of medium about 7.3 (5–6.5 % CО2) and 5 % O2. The cul-
ture medium should contain hormones that mimic the peak 
of LH (luteinizing hormone) in ovarian cycle. The literature 
gives description of a few modifications of culture media that 
mostly differ in concentration of gonadotropins introduced 
in culture medium. For insemination of mature oocytes two 
methods were suggested: ICSI and insemination of spermato-
zoids, after capacitation, in the medium with oocyte-cumulus 
complexes. As genome editing needs some definite amount of 
biomaterial, the issue of its long-term preservation arises. The 
most effective way of cryopreservation of oocytes is vitrifica-
tion. According to a number of researches, survival rate of 
oocytes after vitrification is from 37 to 80 %. 

Thus, for preparation of biological material for further 
genome editing of cattle by means of microinjection into an 
oocyte it is possible to suggest the following order of actions. 
At the first stage it is recommended to provide accumulation 
of biomaterial: aspiration of oocyte-cumulus complexes from 
ovary obtained after cows’ slaughtering; further maturation 
of oocytes in special mediums; cryopreservation by method 
of vitrification of oocytes at the МII stage, or zygotes after 
insemination. The second stage includes thawing unfertilized 
eggs and their insemination by the ICSI method with intro-
duction of system of editing, or thawing of zygotes and their 
editing by microinjections. 
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