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Genetic selection over many years has significantly improved the growth rate of broilers and
increased the number of eggs laid by egg laying chicken breeds. Selection has improved
desired parameters, but has caused some negative effects as well. Adverse effects of selection
may negatively affect embryonic development. The number of live and apoptotic
blastodermal cells (BCs) at the X stage of embryogenesis may be a good indicator of changes
in selected individuals. In this paper, a comparison of the number of live and apoptotic BCs
was made for three lines of quail: Pharaoh (F33), meat-type line, selected for body weight;
egg laying line (S33), selected for egg number; and laying line (S22), additionally selected
(for 17 generations) for high yolk cholesterol content. Apoptotic BCs were separated by the
magnetic activated cell sorting (MACS) method. The percentage of live and apoptotic BCs
was different (P#0.01) for F33 (35.8% and 64.2%, respectively) and S33 (60.0% and 36.4%).
The number of apoptotic BCs for F33 embryos (45 098) was higher (P#0.01) compared to the
number of apoptotic BCs for S33 embryos (26 667). The selection for high yolk cholesterol
content caused an increase (P#0.01) in the total number ofBCs from78403 (S33) to 140 139 (S22).
The percentage of apoptotic BCs was lower (P#0.01) in the S22 line (17.1%) compared to the
S33 line (36.4%). The results showed that it is possible to evaluate the effects of selection in
the early stage of embryonic development.
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As a result of intensive selection carried out for
several generations of birds, it was possible to sig-
nificantly increase the growth rate of meat type
birds, as well as to increase the number of eggs ob-
tained from laying hens.

In a study on long-term selection of laying hens,
some correlated adverse effects were noted. These
effects were connected with a reduction of egg
mass, unsolicited shell color, Haugh unit values
and others (ALY et al. 2010; NESTOR et al. 1996).
In addition, there is no doubt that a decrease of bird
weight was a negatively correlated effect of selec-
tion for the number of eggs (EMMERSON et al.
2002).

On the other hand, during the last 50 years, the
chicken growth rate has increased dramatically as
a result of consistent selection. In 1966, broilers
needed 60 days to obtain 1.82 kg of body weight,
while in 2000 they reached the same weight in only
34 days (HAFEZ & HAUCK 2005). From the bio-
logical, as well as practical point of view, the trans-
formations that affected the object of selection are
very interesting. The best known and well-
documented in various poultry species negative
effect of selection for high growth rate is a de-
crease in reproductive traits (NESTOR et al. 1996;
ANTHONY et al. 1996; DUNNINGTON & SIEGEL
1996). Other adverse effects include inter alia, im-
munodeficiency diseases, deformed limbs and car-
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cass fatness. Among the undesirable changes, the
most important are those associated with repro-
duction. Quails selected for high growth rate are
characterized by reduced fertility (ANTHONY et al.
1996) and by a decrease in egg production and ex-
tended time of sexual maturation (MARKS 1996).
SADEGHI et al. (2013) reported a negative pheno-
typic correlation between body weight, the number
of laid eggs, and the fertility and hatchability in
three lines of quail.

Moreover, the selection of cocks has resulted in
a decrease in semen production and sperm motil-
ity. In addition, selection has reduced the ability of
sperm to fertilize an egg cell (BARBATO 1999) and
increased the number of defective and apoptotic
spermatozoon of cocks (TERIC & HOLCMAN 2008).

It is assumed that adverse effects of intensive se-
lection may be observed in the early development
of the embryo (the X stage according to EYAL-
-GILADI & KOCHAV 1976). According to HAMIDU
et al. (2011) the number of live BCs may be a good
indicator of the early development of birds. There-
fore, the objective of the present study was to ex-
amine the effect of different selective pressures on
the number of live and apoptotic BCs in the X stage
of development of quail embryos (Coturnix japon-
ica).

Material and Methods

Experimental birds

Japanese quail (Coturnix japonica) were main-
tained at the University of Life Sciences in Lublin
in three lines: Pharaoh (F33), meat-type line, se-
lected for body weight; egg laying line (S33), se-
lected for egg number; and laying line (S22),
additionally selected for high yolk cholesterol
content (TAVANIELLO et al. 2014). The number of
hens was different in each group – 17, 24 and 24
birds in F33, S33, and S22, respectively.

The isolation of blastodermal cells

Eggs laid on 3 consecutive days from each
quail were collected and stored for 1 to 3 days be-
fore analysis in the same storage room, in the same
environmental conditions (the temperature was
maintained at 16 to 18°C). Before cell isolation,
the eggshell was washed with 70% ethanol. Next,
the eggs were opened at the blunt end and the yolk
was separated from white. The yolks were trans-
ferred onto sterile Petri dishes (Bionovo, Legnica,
Poland) and cleaned from the remains of white.
Then paper rings were placed onto the blastodiscs
and vitelline membranes were cut around the paper

ring using sterile microsurgical scissors. Paper
rings with blastodiscs were removed from the yolk
surface and the blastodiscs were rinsed by a stream
of PBS (-Ca2+, -Mg2+) (Invitrogen, Carlsbad, CA,
USA) to separate the blastoderm from the vitelline
membrane. Obtained blastoderm was suspended
in 1 ml of PBS (-Ca2+, -Mg2+) with a solution of an-
tibiotics 1:100 (Penicillin-Streptomycin, Invitro-
gen, Carlsbad, CA, USA). Next, blastoderm was
pipetted briefly in order to obtain homogeneous
cell suspensions and subsequently passed through
a 30 Fm nylon mesh (Miltenyi Biotec, Gladbach,
Germany). Each sample was collected from 3 blas-
todiscs per hen.

Apoptotic BCs were separated by using Mag-
netic Activated Cell Sorting (MACS) and the An-
nexin V MicroBead Kit (Miltenyi Biotec, Bergisch
Gladbach, Germany). Before separation, the con-
centration of BCs was evaluated using a Neubauer
hemocytometer (Sigmed, Cisek, Poland). After-
wards, suspensions of BCs were centrifuged at
2800 rpm for 5min. and pellets were suspended in
30 Fl of binding buffer. The next step involved
adding 5 Fl of Annexin V to samples and incuba-
tion for 15 min. at 6-12°C. After incubation, cells
were rinsed by adding 1 ml of binding buffer. Sus-
pensions of BCs were centrifuged at 2800 rpm for
5 min, and the supernatants were replaced with
0.5 ml of binding buffer. The next step included
rinsing of the MS column with degassed binding
buffer and immediately passing the cell suspen-
sion through the MS column. Next, the MS column
was rinsed with binding buffer twice, removed
from the separator and placed on a collection tube.
Finally, the fraction with magnetically labeled
apoptotic cells was acquired by washing the MS
column with binding buffer. The obtained apop-
totic BCs were counted in a Neubauer chamber.
The percentage of apoptotic cells was evaluated by
comparing the BC concentration before and after
MACS separation.

Statistical analysis

Data was evaluated by using a one-way ANOVA,
and means were evaluated by a t-student test (SAS
2011).

Results

In this work the method of Magnetic Activated
Cell Sorting (MACS) was used in order to deter-
mine the share of apoptotic cells in the total popu-
lation of blastodermal cells (BCs). The results of
the analysis were used to determine parameters
such as the number of apoptotic cells and the per-
centage of apoptotic cells in the whole population
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of blastodermal cells. Prior to analysis on the mag-
netic sorter VarioMACS ®, the total number of
BCs was evaluated. Analyzed embryonic discs
were characterized by high heterogeneity in terms
of size; this variability appeared at the individual
level.

In the X stage of embryonic development
(EYAL-GILADI & KOCHAV 1976), embryos of lay-
ing (S33) and meat (F33) type quail were charac-
terized by a similar total number of BCs: 78 403 ±
23 792 and 69 804 ± 18 632, respectively (Fig. 1).

Embryos of quail selected for high content of cho-
lesterol in yolk (S22) had a statistically significant
higher number of BCs (140 139 ± 21 835) com-
pared to S33 and F33 embryos, whereas, in terms
of the number of apoptotic cells, S33 and S22 em-
bryos did not differ significantly (Fig. 2). Embryos
of meat type quail were characterized by a much
higher (45 098 ± 15 040) and statistically signifi-
cant (P#0.01) number of apoptotic cells.

In the light of these results, data shown in Figure 3
is of particular interest. The percentage of live and
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Fig. 1. The total number of BCs of laying quail embryos (S33), quail embryos selected for high content of cholesterol in egg
yolk (S22) and embryos of quail of the meat line (F33). BC = blastodermal cells, n = 24 hens S33, n = 24 hens S22, n = 17 hens
F33. Values marked with letters a, b differ significantly at P#0.01.

Fig. 2. The number of apoptotic BCs of laying quail embryos (S33), quail embryos selected for high content of cholesterol in
egg yolk (S22) and embryos of quail of the meat line (F33). BC = blastodermal cells, n = 24 hens S33, n = 24 hens S22, n = 17
hens F33. Values marked with letters a, b differ significantly at P#0.01.



apoptotic cells was significantly different (P#0.01)
in each of the compared lines of quail. The highest
percentage of live cells (82.9) and the lowest per-
centage of apoptotic cells (17.1) were noted
among embryos from the line selected for high
content of cholesterol in yolk (S22). In contrast, in
the group of embryos of meat type quail (F33), the
percentage of live cells was only 35.8, while the
percentage of apoptotic cells was the highest (64.2).

Discussion

Japanese quail are popular as a laboratory animal
model, used among others for genetic, physiologi-
cal, biomedical, behavioural and embryological
studies (HUSS et al. 2008). Quail selection carried
out for many generations greatly affects the char-
acteristics that initially were not its objects
(ANTHONY et al. 1996; MAIORANO et al. 2009;
MAIORANO et al. 2011; MARKS 1996; NOWA-
CZEWSKI et al. 2010; SADEGHI et al. 2013). Ad-
verse effects are most visible and best evaluated at
the level of adult individuals, especially broilers,
and concern a number of problems ranging from
bone deformations to reproductive disorders.
Since some genetic correlations between selected
traits and those not subject to selection were dem-
onstrated, studies were initiated in order to deter-
mine whether significant changes occur at the
stage of embryonic development.

The growth rate, embryonic weight, time of
hatching, embryonic mortality, presence or ab-
sence of deformation at the level of morphology,
respiratory and metabolic rate, morphology and
vitality of blastodermal cells, expression of genes -
all of these parameters, indicating the state of em-
bryonic development, are subjected to significant
changes under the influence of a variety of factors
(ETCHES et al. 1997; ROMANOFF 1960).

These include epigenetic, genetic and environ-
mental factors. There are relatively few well-
documented investigations showing the impact of
selection for production traits on embryonic devel-
opment. In the light of studies showing, inter alia,
the existence of a negative correlation between the
length of egg storage and the survival of embryos
(BAKST & AKUFFO 1999; FASENKO 2007), it ap-
pears that some authors have tried to prove that se-
lection, as an important genetic factor, may affect
the development of embryos. However, most of
them have limited their interest only to hatching
rates (BEDNARCZYK & ROSIÑSKI 1999; NIKOLOVA
et al. 2011; ROSIÑSKI & BEDNARCZYK 1997).

In our study the percentage of apoptotic cells
was higher (P#0.01) in meat type embryos (F33)
compared to the S22 and S33 embryos. An earlier
study (CHRISTENSEN et al. 2001) showed that se-
lection for fast growth rate of broilers has an influ-
ence on embryonic development and consequently,
leads to morphological changes in an embryo.
These changes may cause the disruption of homeo-
stasis and may even lead to the death of an embryo.

Fig. 3. The percentage of live and apoptotic BCs of laying quail embryos (S33), quail embryos selected for high content of
cholesterol in egg yolk (S22) and embryos of quail of the meat line (F33). BC = blastodermal cells, n = 24 hens S33, n = 24
hens S22, n = 17 hens F33. Values marked with letters a-f differ significantly at P#0.01.
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Disrupted embryogenesis (COLEMAN & SIEGEL
1966 as cited in DUNNINGTON & SIEGEL 1996),
deformation of embryos and their increased mor-
tality (HAMIDU et al. 2011) were found to be char-
acteristic for embryos of birds selected for higher
body weight. JANICKI et al. (2003) also noted sig-
nificant differences in the development of em-
bryos of meat and laying type chickens when
measured on the basis of erythropoiesis.

In this study, the increased proportion of apop-
totic cells, lower survivability and lower total
number of cells in the laying S33 line were ob-
served, compared to the line additionally selected
for high cholesterol content in egg yolk (S22).
NOWACZEWSKI et al. (2010) pointed out the exis-
tence of a positive correlation between the choles-
terol content and the vitality of the embryos and
consequently, hatchability. Thus, high content of
cholesterol affected favorably the embryo state,
and therefore, may affect the state of the cell popu-
lation in the X stage. The results obtained in this
study seem to confirm this relationship.

These results are in accordance with the very few
studies indicating a link between selection for pro-
duction traits and the development of bird embryos.
By analyzing the population of blastodermal cells
from embryos of the Japanese quail, subjected to
different selective pressures, it was shown for the
first time that an assessment of the impact of selec-
tion may be carried out even during the early stage
of embryonic development.
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