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Abstract. The consequences of chimerization and its possible influence on the productivity
of chimera offspring remain poorly understood. The objects of research were ducks (Anas
platyrhynchos) of Shanma (Shan partridge duck) and Shaoxing breeds kept at the Zhuji Guowei
Poultry Development Co, Ltd, China. The study was conducted in the poultry genetics laboratory
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of the Zhejiang Academy of Agricultural Sciences at a duck farm of Zhejiang Generation Biological
Science and Technology Co., Ltd. (Zhejiang Province, China). To create chimeras of ducks, the
method described by Aige-Gil & Simkiss (1991) and Tagirov (2010) was used. Blastodiscs were
isolated from freshly hatched fertilized eggs using a filter paper ring. Shanma duck embryos were
used as recipients and Shaoxing duck embryos, homozygous for plumage color gene allele (wild
type), were used as donors. Busulfan (SigmaAldrich, United States) was used as a chemical agent
that suppresses a division of primary germ cells in recipient embryos. An opening in the eggshell
(window) of recipients (Shanma breed) was made between the blunt and sharp end of eggs. This
reduced the distance between an injector and an embryo needle. The recipients were incubated
for 8-10 hours at a temperature of 38 °C. After incubation of recipient eggs for 8 hours, the
windows were opened in them. Busulfan was injected into the subgerminal cavity of the embryo
with a micropipette (1.5-3 ul of liquid). After busulfan injection, the empty cavity was filled with
nutrient medium (RPMI-1640) supplemented with antibiotics (ampicillin, streptomycin), the
opening was closed by plastic wrap and adhesive tape. The eggs were incubated at a reduced
temperature (+32 °C) for 24 hours to prolong the duration of busulfan action on primary germ
cells. More than 50% of embryos died in the first 2-3 days after the beginning of incubation. Head
and neck disorders were observed in 1.2% of embryos. Busulfan injection at a concentration of
300 ng per egg led to 95.0-96.3% mortality of duck embryos, a concentration of 150 ng per egg —
33.3-75.3%, a concentration up to 75 ng per egg — 18.75-38.5%. Analysis of the age of puberty
(laying of the first egg) indicates that the chimeras matured later. If the average age of puberty in
the control group was 139 + 9 days, in the group of chimeras — 148 + 13 days. Thus, we can attest
that in our experiment, the chimeras matured later than the control animals, which may be due
to the effect of busulfan in the sterilization of recipient embryos. The average weight of ducks in
the control group was lower, and the group itself was more consolidated. Thus, the control ducks
weighed 1422.40 + 57.00 g, the chimeras — 1608.80 *+ 94.76 g. The predominance of chimeras
over the control group in live weight may be due to the fact that the control group consisted of
recipients of Shanma breed. Egg production of ducks for the entire study period was 87.5 + 0.05%
(control) and 79.5 + 0.12% (busulfan). The weight of eggs in ducks from two groups for the entire
period was 70.62 + 0.199 g (control) and 71.15 + 0.157 g. The egg morphometric parameters in
studied groups of ducks: the average values of egg length —6.056 + 0.0564 cm (control) and 6.269
+0.1341 cm (busulfan); egg width —4.520 + 0.0053 cm (control) and 4.529 + 0.004 cm (busulfan).
There were no statistical intergroup differences in the morphometric parameters of the eggs from
the studied groups. In fact, we obtained results similar to the previous ones, which concerned the
egg production of daughters from chimera drakes.

Keywords: germinative chimera, Shaoxing duck, Shanma, busulfan, duck egg productivity

Introduction.

Due to its high reproductive potential,
short intergeneration interval. and embry-
onic development outside the mother’s
body, poultry provides unique opportuni-
ties for its use in fundamental and applied
biological research (Mozdziak & Petitte,

2004; Kagami, 2016). The methods of
cloning and transgenesis have become a
routine tool for creating animal models
of development (Kathleen et al., 2010),
diseases (Ogilvie et al., 2017), bioreactors
and producers of valuable biologically ac-
tive drugs (Petitte & Mozdziak, 2002; Pav-
lou & Reichert, 2004), highly productive
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aquaculture objects (Devlin et al., 2009).
However, the use of the conventional tech-
nique for microinjection of foreign DNA
into the pronucleus of a fertilized egg,
which is well developed for many mam-
malian species (Gordon & Ruddle, 1981),
faces difficulties when applied to birds
(Perry, 1988; Love et al., 1994). The cre-
ation of a transgenic bird is complicated by
the structure of its opaque egg cell with a
large yolk and the unique reproductive sys-
tem of this class. Direct microinjection of
DNA into the oocyte, which is often used
in mammals, is practically impossible for
birds since fertilization occurs in the in-
fundibulum of the reproductive tract and
can be polyspermic (Mozdziak & Petitte,
2004). Therefore, manipulations with the
zygote turned out to be difficult for their
use when creating a transgenic bird (Love,
1994). Over the past decades, some alter-
native Strategies have been developed to
obtain transgenic poultry through the use
of chimeric animals created by the transfer
of blastodermal cells.

Primordial germ cells are successful-
ly used to create transgenic birds (Gins-
burg & Eyal-Giladi, 1987) and as a tool
for preserving the genetic resources of
local breeds (Kagami et al., 1997; Kino
et al., 1997; Yi-Chen Chen et al., 2019).
However, to date, the efficiency of trans-
genic poultry in many cases remains very
low, and the technique of using ducks to
create transgenic birds is practically not
developed (Szta'n et al., 2012).

Analysis of recent researches
and publications.

Today, the duck (4nas platyrhynchos
Linnaeus, 1758) is a poorly studied sci-
entific (breeding) object in comparison
with the species Gallus gallus domesti-
cus, Coturnix coturnix but one of the most
economically promising poultry species.

A duck can secrete a lot of protein in the
oviduct and can regularly produce eggs
over a 20-24-hour cycle, which is a very
attractive means for the synthesis of ther-
apeutic proteins since the sterile content
of eggs is protected by a hard egg shell.
Busulfan is used to suppress cell pro-
liferation. Injection of busulfan into the
subgerminal cavity is one of the methods
that increases the number of donor cells
during the creation of chimeras (Aige-Gil
& Simkiss, 1991; Tagirov, 2010).

However, the methods for creating
germinative duck chimeras face difficul-
ties associated with the structure of the
egg shell in waterfowl; the consequences
of chimerization and its possible influ-
ence on the productivity of chimera off-
spring remain poorly understood (Sawic-
ka et al., 2011). Transgenic animals are
almost not inferior to their non-transgen-
ic counterparts (Korol et al., 2019). The
effect of the reproductive season on the
sperm productivity of germinative drake
chimeras was previously studied (Doro-
shenko et al., 2018). For the analysis of
survival, Korol et al. (2021) used embry-
os obtained using various methods of in-
troducing the DNA.

In order to assess the egg productivity
of daughters from germinative chimeras
(males), a study was carried out on three
groups of ducks with different origins.
Analysis of the productivity of daughters
from germinative duck chimeras showed
that, as a whole, the chimerization of their
parents did not affect the performance of
daughters. An analysis of the productivi-
ty (egg production, pieces, length, width,
egg weight, and shape index) in a group
of daughters obtained from chimeric ani-
mals indicates that, according to most in-
dicators, this group occupies an interme-
diate position between the groups whose
breeds served as donors and recipients.
The method we have used to obtain chi-
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meras can be successfully used on ducks
in order to preserve genetic resources.
Preservation of frozen germ cells of rare
bird species and native bird breeds with
the prospect of their reproduction using
germinal chimeras will reduce the risks
of a decrease in the genetic diversity of
birds (Doroshenko et al., 2021).

Thus, the productivity of daughters
from drake chimeras was investigat-
ed. However, the egg productivity of
female chimeras remains unexplored.
This work is devoted to this issue.

Materials and methods
of researches.

All experiments with animals were
carried out in accordance with the pro-
visions of the “European Convention
for the Protection of Vertebrate Animals
used for Experimental and Other Scien-
tific Purposes” (1986).

The objects of research were ducks
(Anas platyrhynchos) of Shanma (Shan
partridge duck, Shan Ma duck) and Sha-
oxing breeds kept at the Zhuji Guowei
Poultry Development Co, Ltd (China).
The study was conducted in the poul-
try genetics laboratory of the Zhejiang
Academy of Agricultural Sciences at a
duck farm of Zhejiang Generation Bi-
ological Science and Technology Co.,
Ltd. (Zhejiang Province, China).

To obtain duck chimeras, we used a
method such as the production of somatic
and embryonic chimeras in chickens by
transferring early blastodermal cells (Petitte
et al, 1990; Tagirov, 2010) with changes in
time according to the embryonic develop-
ment of the duck. Sterilization of duck em-
bryos was done with busulfan (Aige-Gil &
Simkiss, 1991; Tagirov, 2010). To identify
the offspring of chimeric donors, the mi-
crosatellite analysis of the parents was used
(Kostenko et al., 2017).

Isolation of blastodermal cells. Blasto-
discs were isolated from freshly hatched
fertilized eggs using a filter paper ring
(Lucas & Jamroz, 1961). The obtained
embryos were washed twice from the
yolk in a phosphate-buffered saline (PBS)
solution (170 mM NaCl; 3.4 mM KClI, 4
mM Na,HPO,; 1.8 mM KH,PO,; pH 7.2).
Then, 10-12 embryos were transferred
into 1 ml of PBS containing 0.25% trypsin
and 0.04% ethylenediamine-tetraacetate
(EDTA), and incubated for 10 minutes at
37 °C, then pipetted with a Pasteur pipette
and centrifuged for 10 s at 1500 rpm/min.
The pellet was resuspended in 1 ml of
RPMI 1640 nutrient medium containing
10% fetal calf serum. The cell suspension
was concentrated by centrifugation for 10
s at 1500 rpm, followed by the removal
of 0.7 ml of the supernatant, and then the
cells were resuspended again in the medi-
um that remained.

Obtaining duck chimeras. Shanma
duck embryos were used as recipients
and Shaoxing duck embryos, homozy-
gous for the plumage color gene allele
(wild type), were used as donors. Donor
cells were injected into the subgerminal
cavity of recipients with a micropipette
(outer diameter 50-70 pm) through a
round opening (window) with a diameter
of 0.7 cm in the egg shell. Each embryo
was injected with 3—4 pl of the suspen-
sion, which contained 600-1000 donor
cells. The opening in the egg was cov-
ered with a piece of thin plastic wrap,
which was glued to the shell with protein
and then sealed on top with a larger adhe-
sive tape. Busulfan (SigmaAldrich, Unit-
ed States) was used as a chemical agent
that suppresses the division of primary
germ cells in recipient embryos.

Preparation of recipient eggs. An
opening in the eggshell (window) of the
recipients (Shanma breed) was made
between the blunt and sharp ends of the
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eggs. This reduced the distance between
the injector and the embryo needle. The
eggs from recipients were incubated for
8-10 hours at a temperature of 38 °C.
Preparation of busulfan solution. Bu-
sulfan was dissolved immediately before
use in 10% dimethyl sulfoxide (DMSO),
diluted with 3—5 pl of RPMI 1640 nutrient
medium. The concentrations used were
300 ng/egg, 150 ng/egg, and 75 ng/egg.
Busulfan treatment. After incubation
of recipient eggs for 8 hours, the win-
dows were opened in them. Busulfan
was injected into the subgerminal cavity
of the embryo with a micropipette (1.5-3
ul of liquid). After busulfan injection, the
empty cavity was filled with nutrient me-
dium (RPMI-1640) supplemented with
antibiotics (ampicillin, streptomycin), the
opening was closed with plastic wrap and
adhesive tape. The eggs were incubated
for 24 hours at a reduced temperature
(+32 °C) to prolong the duration of busul-
fan action on the primary germ cells.
Experimental and control animals
were kept in individual cages in the
same room with constant access to wa-
ter and food. The egg productivity of
5 experimental animals, which were
obtained as a result of their treatment
in the embryonic period with busulfan
(chimera group), and 10 control animals
was studied. A total of 1617 eggs were
examined in 142 days in the period from
December 13, 2016, to May 3, 2017.
The body weight was determined in-
dividually with an accuracy of 10 g for
all ducks aged from 41 to 61 weeks.
Average egg weight and size were de-
termined every day. The egg length (L)
and width (W) were measured with an ac-
curacy of 0.1 mm with a vernier caliper.
Eggs were weighed on a JM-A
20001 electronic balance with an accu-
racy of 0.1 g. The egg shape index (SI)
was calculated using the formula:

SI=W/L x 100 @)

The obtained data were statistically

processed on a computer by a spread-

sheet processor “MS Excel 2010” using

descriptive statistics and the F-test for

two samples for deviation procedures
(Zhelyazkov & Tsvetanova, 2002).

Results of the research
and their discussion.

As a result of the experiments, an-
imal chimeras (Fo) were obtained. For
the first time, to obtain blastodermal chi-
meras of ducks, busulfan (1,4-butanedi-
ol dimethanesulfonate) was used as an
agent that suppresses the development of
primary germ cells, an alkylating agent
whose mechanism of action is based on
cross-linking of DNA strands, as a result
of which the replication process is dis-
rupted. A method was developed for cre-
ating germinative duck chimeras using
busulfan injections. It has been shown
that duck embryos are more sensitive to
busulfan than chick embryos. Injection
of busulfan at a concentration of 300 ng/
egg leads to 95.0-96.3% mortality of
duck embryos. More than 50% of em-
bryos died in the first 2-3 days after the
beginning of incubation. Head and neck
disorders were observed in 1.2% of em-
bryos. When using busulfan at a concen-
tration of 150 ng/egg, a mortality rate of
33.3-75.3% was observed. A decrease
in a concentration up to 75 ng/egg led to
18.75-38.5% embryonic mortality.

The assessment of duck chimerism
by means of the analysis of microsatellite
loci and analysis of the phenotype indi-
cates that the efficiency of obtaining ger-
minative duck chimeras was 65-77.8%.

Analysis of the age of puberty (laying
of the first egg) indicates that the chime-
ras matured later. If the average age of
puberty in the control group was 139.5 +
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9.67 days, then in the group of chimeras —
148.2 + 13.13 days. Thus, we can attest
that in our experiment, the chimeras ma-
tured later than the control animals, which
may be due to the effect of busulfan in the
sterilization of recipient embryos. After
the onset of puberty this generation, we
analyzed the live weight in two groups of
ducks aged from 41 to 61 weeks.

The average live weight of ducks
in the control group was lower and the
group itself was more consolidated.
Thus, the control ducks weighed 1422.40
+ 57.00 g and chimeras — 1608.08 +
94.76 g. The predominance of chimeras
over the control group in live weight
may be due to the fact that the control
group consisted of recipients of Shan-
ma breed. This breed is characterized by
the egg direction of productivity and is
lighter than Shaoxing breed (embryos of
this breed served as donors). Thus, donor
cells could be affected by the weight gain
of chimeras. Our previous study showed
that the average live weight of daugh-
ters from Shanma drakes was 1554.20 =
23.54 g, in the group of daughters from
Shaoxing drakes — 1505.47 + 17.06 g,
and a group of daughters from germina-
tive chimeras — 1535.69 + 17.34 g (Doro-
shenko et al., 2021).

Thus, the data of the average live
weight of ducks obtained as a result of
biotechnological procedures associated
with the use of busulfan, correspond to
similar indicators of both the control
group and the offspring of male germi-
native chimeras.

The egg production index in ducks for
the entire study period was 87.5 + 4.53%
(control) and 79.5 + 11.8% (busulfan).

In our previous research, the average
values of egg productivity per month in
studied ducks were 27.52 + 0.84% in
the group of daughters from Shanma
drakes, 27.47 + 0.61% in the group of
daughters from Shaoxing drakes, and
27.73 £ 0.53 eggs in the group of daugh-
ters from germinative chimeras (Doros-
henko et al., 2021). This corresponded
to approximately 91.56-92.4%.

Thus, the sterilization of recipient em-
bryos could have an impact on egg pro-
duction. One of the experimental duck egg
production index was only 34.92%. The
reproductive ability of this chimeric duck
was also impaired, 50.43% of the eggs af-
ter artificial insemination were unfertilized.
At the same time, the percentage of fertil-
ized eggs in the initial population was 87.5
+3.032-92.5 +2.414%, depending on the
age of the ducks (Chepiha et al., 2017).

1. Average indicators in the control and experimental groups of ducks

Rate Control group Busulfan group
M+m Cv+mCv M+m Cv+mCv
Egg production index (142 days), % | 87.5 £4.53** 16.4 £ 0.090 79.5+11.8 32.8+0.181
Live weight of ducks, g 142240 £57.00 | 12.7£0.079 | 1608.08+94.76 | 13.2+0.114
Puberty age, days 139.5+9.67 21.8+0.104 1482+ 13.13 19.8+£0.140
Egg weight, g 70.6 £ 0.198*** | 920+ 0.006 71.4+0.157 5.07+0.071
Egg length, cm 6.05+0.056 3.65+0.042 6.26+0.134 4.93£0.070
Egg width, cm 4.52+£0.053 3.89+0.044 4.53+£0.041 2.09+0.045
Egg shape index, % 75.7+0.3 0.7+0.018 752+0.3 0.8£0.028

Note: Statistical significance at * p < 0.05; ** p < 0.01; *** p <0.001.

Vol. 12, Ne4, 2021

ANIMAL SCIENCE AND FOOD TECHNOLOGY

ISSN 2706-8331 | 11



M. C. opowenko, C. O. KocmeHkKo, I1. B. Kopons, A. M. Yeniea, O. B. CudopeHkKo,
1. 1. Axcyc, H. M. CeupudeHko, T. B. /lumsuHeHKo, O. M. KoHosan, /1. /1y, I1. A. ®ininosa,
P. C. OniliHuk, /1. /1i, M. B. fipazynaH

The egg weight in ducks of two groups
for the entire period was 70.6 = 0.198 g
(control) and 71.4 +0.157 g (p <0.001).

In general, it can be noted that the av-
erage egg weight in experimental ducks
is normal because according to the stan-
dard in Shaoxing ducks, it should be
62—-68 g and becomes relatively stable
(69-73 g) at the end of egg laying.

Thus, according to the results of
our previous analysis of physical and
morphological parameters in Shaoxing
ducks, it was reliably established that
the average weight of eggs with a green
shell is greater than white eggs (71.43 +
0.208 g and 68.52 £ 0.415 g; p < 0.01)
(Chepiha et al., 2017).

The egg weight is one of the main in-
dicators affecting their quality. It should
be noted that according to this indicator,
the egg weight (71.21 g) in the group of
ducks of Shanma breed unambiguous-
ly prevailed in comparison with other
groups of ducks. But the eggs of chimeric
animals were significantly larger (69.94 g)
than the eggs of Shaoxing ducks (69.12 g).
The range of egg weights for various duck
breeds is 60-90 g (Gorski et al., 1998;
Adamski, 2005; Rahman, 2010; Xia et al.,
2019). For example, the maximum egg
weight in the Longyan breed ducks was
65.2 g in the period from 23 to 57 weeks
of age and 66.9 g in the period from 41
to 57 weeks of age (Huang & Lin, 2011).

The egg morphometric parameters
of the studied duck groups: the average
values of egg length were 6.056 + 0.0564
cm (control) and 6.269 £ 0.1341cm (bu-
sulfan); egg breadth — 4.520 + 0.0053 cm
(control) and 4.529 = 0.004 cm (busulfan).
There were no statistical intergroup differ-
ences in the morphometric parameters of
the eggs of the studied groups. In fact, we
obtained results similar to the previous
ones, which concerned the egg production
of daughters from drake chimeras.

Thus, the average values of egg length
were in the range of 598 + 0.022 cm,
6 = 0.02 cm, and 6.06 + 0.02 cm accord-
ing to the experimental groups. A sim-
ilar feature was also observed for the egg
width — 4.55 + 001 cm, 4.8 + 0.01 cm,
449 £ 0.01 cm. Analysis of the productivity
of daughters from germinative chimeras of
ducks showed that, as a whole, the chime-
rization of their parents did not affect the
performance of daughters. An analysis of
the productivity of a group of daughters ob-
tained from chimeric animals indicates that,
according to most indicators, this group oc-
cupies an intermediate position between the
groups whose breeds served as donors and
recipients (Doroshenko et al., 2021).

The egg index of the two studied
groups (control — 0.758 and busulfan —
0.748) did not have statistically signifi-
cant differences.

The index of egg in the 1st group
showed slightly higher values compared to
the values in the 2nd and 3rd groups, but
the difference in values was not statistically
confirmed (Doroshenko et al., 2021).

In our previous studies on the pro-
ductivity of ducks of Shaoxing and
Shanma breeds, we showed a relation-
ship between the productivity of ducks
with age (Chepiha et al., 2017), egg col-
or (Chepiga et al., 2017), and microsat-
ellite loci (Chepiga et al., 2018).

Hypothetically, the procedure for ob-
taining chimeric offspring cannot affect
the productive qualities of their offspring.
It is known that reproductive chimeras can
have reduced fertility and also be sterile
(Doroshenko et al., 2017). However, the
descendants of chimeras are not directly re-
lated to the process of chimerization of their
parents. The descendants of donors have the
properties of donors and the descendants of
recipients — recipients, respectively, since
the chimerization procedure does not affect
hereditary information. The use of busulfan
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as an agent that inhibits the proliferation of
recipient cells can cause a mutagenic effect,
however, we observed a teratogenic effect
and high embryo mortality. It is possible that
the chimerization procedure affects the sur-
vival of the primary germ cells and thus the
selection of cells occurs at the early stages
of development. Our data may indicate the
need for further study of the effect of chime-
rization procedures on the first generation of
chimeras and their descendants.

It should be noted that the populations
studied by us are not pure lines, but poly-
morphic at the loci of quantitative traits,
which could affect the results of our studies.

Conclusions.

The method we have used to obtain chi-
meras can be successfully used in ducks in
order to preserve genetic resources. Analy-
sis of the age of puberty (laying of the first
egg) indicates that the chimeras matured
later. If in the control group the average age
of puberty was 139.5 + 9.67 days, then in
the group of chimeras — 148.2 + 13.13 days.
Thus, we can attest that in our experiment,
the chimeras matured later than the control
animals, which may be due to the effect of
busulfan in the sterilization of recipient em-
bryos. The average live weight of ducks in
the control group was lower and the group
itself was more consolidated. Thus, the
control ducks weighed 1422.40 + 57.00 g
and the chimeras 1608.80 + 94.76 g. The
predominance of chimeras over the control
group in live weight may be due to the fact
that the control group consisted of recipients
of Shanma breed. The egg production of
ducks for the entire study period was 87.5
+ 0.05% (control) and 79.5 + 0.12% (busul-
fan). The egg weight in ducks of two groups
for the entire period was 70.62 = 0.199 g
(control) and 71.15 £+ 0.157 g (p < 0.001).
The egg morphometric parameters of the
studied duck groups: the average values of

egg length were 6.056 + 0.0564 cm (con-
trol) and 6.269 + 0.1341 cm (busulfan); egg
width — 4.520 + 0.0053 cm (control) and
4.529 £+ 0.004 cm (busulfan). There were
no statistical intergroup differences in the
morphometric parameters of the eggs of the
studied groups. In fact, we obtained results
similar to the previous ones, which con-
cemned the egg production of daughters from
drake chimeras.

Preservation of frozen germ cells of rare
bird species and native bird breeds with the
prospect of their reproduction using germi-
nal chimeras will reduce the risks of a de-
crease in the genetic diversity of birds.
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AHomayia. [1na aHAni3y MOX/1UB020 8MaAUBY XUMepu3ayil Ha NPodyKmMueHicme 2epMmi-
HaOMUBHUX XUMepP KaYoK ma iXHix HaujaodKie NpoaHanisysanu A€YHy npoodyKmusHicme ma
HUsy Macy eepMiHaOMUBHUX KA40K, IXHiX 004oK ma aHanoeie. O6’ekmamu 00CniOHeHHA
b6ynu ka4yku (Anas platyrhynchos) nopio WWaHma (Shan partridge duck) ma LWaociHe, wo
ympumyomecs Ha Ka4uHil ¢pepmi Zhuji Guowei Poultry Development Co., Ltd, Kumai. Jo-
cniorceHHsA nposodunu 8 nabopamopii ceHemuKu nmuyi YuceyssaHcoKkoi Akademii azpapHux
Hayk ma ka4uHil gpepmi komnaHii Zhejiang Generation Biological Science and Technology
Co., Ltd. lna ompumaHHsa xumep Ka4yoK 3acmocyeanu memod, onucaHuli Aige-Gil & Simkiss
(1991) ma Taziposum (2010). Baacmoducku eudinAanu 3i uoliHo3HeceHux 3anai0HeHUX AEYb
30 0oromoeot Kinbua 3 ¢inbmpysasnsHoeo nanepy. AK peyunieHmie sukopucmosysaau
embpioHu Ka4ok LLlaHma, a doHopie — eMbpioHU Ka4YoK LLlaociHb, 20M03u20mHi 3a anenem
2eHa Konbopy onepeHHA (Qukuli mun). bycynsgaH (SigmaAldrich, CLLA) sukopucmosysanu
AK XiMiYHUU aeeHm, Wo npuzHivyye nodin nepeuHHUX cmamesux KaimuH embpioHis-peyuni-
eHmis. Y peyunieHmie (nopoda LLlaHma) mix mynum i 2ocmpum KiHYAMU A€y 6ynao 3pobie-
HO omsip (8ikHO) y A€YHIl wKapanyni. Le 3meHW U0 8i0CMaHb MiH¢ iIHHEKMOPOM i 20/1KOHO
embpioHa. Alys peyunieHmis iHkybysanu enpodosx 8—10 200uH npu memnepamypi 38
°C. Micna iHKybayii Aeyb peyunieHmMie ynpooosx 8 200uUH 8iKHa 8 HUX byau eidkpumi. by-
cynb@aH 8800unU 8 NMidembpioHANbHY MOPOHCHUHY 3a 0ornomoz20t Mmikponinemku (1,5-3
MKA piduHu). licna eeedeHHA BycynbgaHy noporHUHy AlYs 3aN08HI08AAU Kyabmypase-
Hum cepedosuuwem (RPMI-1640) 3 aHmubiomukamu (amniyunid, cmpenmomiyuH), omeip
30KpusasaU nosiemuseHo80 M1i8KOK mMa Kaelikoo cmpidykoto. Aliya iHkybysanu npu 3Hu-
HeeHili memnepamypi (+32 °C) ynpooosxc 24 200uH wobu npodosxumu mpusanicme Oii
b6ycynbgaHy Ha nepsuHHi cmamesi kKaimuHu. [ToHad 50% embpioHie 3a2uHynU 8rM1POO0BH
nepwux 2—3 0i6 nicna noyamky iHkybayii. MopyweHHA 207108U Mma wui cnocmepizanucs
8 1,2% embpioHis. BaedeHHA bycynbgaHy 8 KoHuyeHmpayii 300 He/aliye npuzsodums 00
95,0-96,3% cmepmHocmi Ka4yuHux embpioHis, y KoHueHmpauii 150 He/alye — 33,3-75,3%,
Yy KoHuyeHmpauii 0o 75 He/aliye — 18,75-38,5%. []na moao, w06 oyiHumu A€YHy npooyK-
mueHicme 2epMiHaMUBHUX XUMep Ka4yoK bys nposedeHull aHAsi3 eKcnepumeHmanbHUX
meapuH ma ix KOHMPOAbHUX AHA02i8. AHANI3 8iKYy cmameso20o 003pi8aHHA (8i0KAAOAHHA
nepwoeo Aliya) ceidyums npo me, w0 xXumepu 003pinu MizHiwe. AKW,0 8 KOHMPOAbHIU 2pyni
cepeOdHili 8ik cmameesozo 0o3pieaHHA cmaHosgue 139 + 9 3i6, mo e epyni xumep — 148 + 13
0i6. Omice, MOXHA 3ac8I0YUMU, WO 8 HAWOMY eKcriepumeHmi xumepu 003pinu nisHiwe,
HiX KOHMPOAbHI MBAPUHU, W0 Moxce bymu nose’a3aHo 3 diero bycynbdaHy npu cmepusi-
3ayii embpioHis-peyuniecHmis. CepedHa #Usa MAca KAYOK KOHMPOAbHOI epynu 6yna HUX-
Yyor, a cama epyna 6yaa binbw 32ypmosaHor. TaK, y KOHMPOALHUX KOYOK 8aea ckaadana
1422,40 + 57,00 e, y xumep — 1608,80 + 94,76 2. llepesaza xumep HAO0 KOHMPObHOK 2py-
1010 30 HUBOK MACOK MOXe bymu Mo8’A3aHA 3 MUM, W0 KOHMPOAbHY 2pyny ckaadanu
peyunieHmu nopodu LLlaHmMa. Ae4Hicmb Ka4oK 30 eecb nepiod 00cai0weHHA cmaHosuna
87,5+ 0,05% (koHmpons) i 79,5 + 0,12% (6ycynbaH). Maca A€yb y KAHOK 080X 2py 30 8ecb
nepiod cmaHosuna: 70,62 + 0,199 2 (koHmponw) i 71,15 + 0,157 2. MopgomempuyHi nokas-
HUKU AEYb 00CNIOHYBAHUX 2pyNn KAYOK: cepedHi 3HauYeHHA 00excuHu Aliysa — 6,056 + 0,0564
cM (KoHmMponae) ma 6,269 + 0,1341 cm (bycynvghaH);, wupuHa aeys — 4,520 + 0,0053 cm
(KoHmMponb) i 4,529 + 0,004 cm (6ycynsghaH). CmamucmudHUX Mixcepyrnosux 8iomiHHocmel
30 MopomMempuYHUMU napamempamu AEYb 00CAIOHYBAHUX 2pyn He 6ysn0. @aKMUYHO
MU ompumanu pesynemamu, nodibHi 0o nonepeodHix, AKi cmocyeanucsa Hecy4yocmi 004YOK
xumep cenesHA. AHani3 NPoOYKMUBHOCMIi 00HYOK 2ePMIHOMUBHUX XUMEpP KAYOK c8i04ums,
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W0 3a2a710M Xumepu3ayia 6amekie He 8MAUHYAA HA MPOOYKMUBHICMb iXHiX 00YOK. AHANI3
npodykmusHocmi epynu 0040K, OMPUMAHUX 8i0 XUMepHUX MBAPUH, c8i04ums, wo 3a binb-
wicmio NOKA3HUKI8 Ysa epyna 3aliMmae npomircHe micye mixc 2pynamu, Yui nopoou cayeysanu
doHopamu ma peyunieHmamu. Memod, akulli Mu sukopucmosyeasau 0A8 OMPUMAHHA Xu-
Mep, MOXHA yCRiWHO 8UKOPUCMOBYB8AMU 8 KA4OK 0417 36epexeHHA 2eHEMUYHUX pecypcis.
36epexceHHA 3aMOPOHEHUX CMamesux KAimuH pioKicHUx sudie nmaxie ma micyesux nopio
nmuyi 3 nepcnekmueoro Nodasn6Wo20 PO3MHOIEHHA 30 O0NOMO20H0 2epMIHMAMUBHUX XU-
Mep 3HU3UMb PpU3UK 3MEHWEHHA IX 2eHemUu4YH0o20 Pi3HOMAHImMmaA.

Knroyoei cnosa: 2epmiHamueHa Xumepa, KAYKQ WAOCIHb, WaHMa, b6ycynbghaH, A€YHa
MPOOYKMUBHICMb KaYOK
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