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Abstract. Background. Due to the fact that now many new forms of poultry are created by crossing existing
breeds and populations, a comprehensive genetic analysis of hybrid chickens as a ground for further breeding work
is of particular importance. Aim. To study the features of the population and genetic organization of the genomes
of inter-breed chicken hybrids. Materials and methodology. The experimental work was based on the use of an
oligonucleotide probe (GTG)S, which was labeled with digoxygenin. The probe was hybridized with genomic DNA
on a nylon filter, and then labeled DNA fragments were visualized using a streptavidin-alkaline phosphatase con-
jugate chemistry. The number and distribution of DNA fragments was highly specific for each individual. These
parameters under study include similarity coefficient (BS), genetic distances between groups (D) and average
heterozygosity levels (H). Scientific novelty. For the first time, marker DNA fragments characterizing individual
groups of birds have been identified; these fragments can be used in the certification of populations. The novelty of
the work also lies in the determination of the main genetic characteristics in new groups of hybrid chickens, which
will be used to consolidate the desired breeding traits. Results. Based on the data obtained, it can be concluded
that there are relatively small genetic differences between various hybrid forms, which is the result of using the
same source breeds. Brahma x Sussex Light and Uzbek Game x Amrock hybrids were relatively distant from each
other (D = 0.070). Sussex Lightx Amrock hybrids were the most genetically diverse according to the criterion of
average heterozygosity (P = 0.66).
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Introduction

Scientists from around the world have long noticed
that the biodiversity of commercially used poultry
breeds is reduced in comparison with the wild prede-
cessor forms living in nature. At the same time, the pro-
cess of depleting the chicken gene pool is observed in
parallel with the reduction in the number of bird species
and breeds. The original forms of the bird are carriers
of valuable genes that can be used in breeding work to
improve the populations [1, pp. 34-35; 2, pp. 64—65].
Evolutionary processes in groups of wild forms of birds
have led to the formation of complexes of interacting
genes that ensure adaptability to living conditions,
adaptive abilities to changing environment, resistance
to diseases, etc. [3; 4, p. 1]. The wide distribution of
highly productive industrial breeds of chickens has led
to the displacement of local breeds of gene pool birds,
reducing the number of their population size. The small
number of bird groups, in turn, gives rize to an increase
in homozygosity and the appearance of negative ef-
fects of inbreeding depression [5, p. 976], expressed as
a decrease in the productive traits, reproductive quali-
ties and viability of the livestock [6, p. 2]. This negative

phenomenon has long attracted the attention of scien-
tists in order to understand the molecular mechanisms
of the development of this depression phenomenon. It
has been established that the appearance of CH3 methyl
groups in nitrogenous bases in the genome plays a cer-
tain role in inbreeding depression [7, pp. 2678—2679].
Genetic drift due to the small number of gene pool
populations also contributes to the accumulation of le-
thal and sublethal alleles in the genome [8, p. 7]. On the
other hand, intensive selection in industrial breeds of
chickens, when a limited number of cocks used in stock
reproduction, also reduces the diversity of individuals
in the population, ultimately leading to negative conse-
quences [9, p. 756; 10, pp. 4—6].

Modern methods of genetics make it possible to
simultaneously detect many mutant loci in chicken
genomes. Especially informative is the analysis on
chips, when tens and hundreds of thousands of loci are
screened in one experimental run (single nucleotide
polymorphism — SNP). This approach is widely used in
identifying the population structure, determining ho-
mozygous regions (runs of homozygosity — ROH) as one
of the indicators of the level of inbreeding, determining
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genetic relationships and clarifying the origin of mod-
ern chicken breeds and populations [11, pp. 1-2]. Cases
of gene introgression from industrial highly productive
breeds to gene pool breeds are shown [12, pp. 618—619].

Another informative approach to the analysis of
farm animal populations is the use of polymorphism
in microsatellite DNA repeats. In this case, individuals
differ not by one nucleotide per locus, but by the num-
ber of repeating units consisting of two or three nucleo-
tides. In some cases, it was possible to detect high het-
erogeneity of populations without dividing them into
separate subpopulations [13]. In addition to microsatel-
lite DNA, the population structure of chicken gene pool
breeds is studied using data on the nucleotide sequence
in the D-loop of mitochondrial DNA (mitochondrial
haplotypes) [14, pp. 830—832]. Sufficient attention is
paid to the search for associations of polymorphic re-
gions in individual genes and the manifestation of pro-
ductive traits in birds [15, pp. 4—6].

In many cases, the creation of new breeds of poul-
try occurs by crossing between existing breeds and
populations, followed by selection for the consolidation
of desirable traits [16, p. 24-26]. Thus, “traces” of the
original breeds can be detected using modern methods
of genetic analysis [17, pp. 82—84].

Methods

1. Object of study. Chicken hybrids from two-
breed crossing were used as the object of the experi-
ments. In particular, hybrids Brahma Light X Sussex
Light, Uzbek Game * Amrock, Sussex Light x Am-
rock, Tsarskoye Selo x Sussex Light were studied.
Blood was taken from the axillary vein, in each group
there were 15 individuals. After collection, the samples
were stored in a freezer until use. These hybrids were
selected taking into account breeding schemes accept-
ed in the Bioresource Collection of our research insti-
tute (table 1). The weight of hens, egg production and
autosexity, which makes it possible to separate hens
and cocks at an early age of their development, were
chosen as ultimate breeding goals when working with
these hybrids.

2. DNA isolation and digestion with a restriction
endonuclease. Genomic DNA was extracted using wa-
ter-saturated phenol and proteinase K. This approach
allowed us to obtain high quality DNA samples suit-
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able for further work (A260/A280 > 1.8). BsuRI diges-
tion (Thermo Scientific™) was performed according to
the product manufacturer’s recommendations. 10 pg of
DNA and 50 u of enzyme were used in each reaction
tube. The mixture was incubated in a thermostat for
three hours at a temperature of 37 °C.

3. Electrophoresis and hybridization with a DNA
probe. The DNA fragments obtained after digestion
with restriction endonuclease were separated by size
using electrophoresis in 0.8 % agarose gel. At the end
of the process, the DNA fragments from the gel were
transferred to a nylon membrane in a vacuum appara-
tus; the DNA was fixed under an ultraviolet lamp, pre-
hybridized in buffer containing 5xSSC — 0.1 % SDS —
5x Denhardt’s solution, hybridized in the same solution
with the addition of an oligonucleotide (GTG)5 labeled
at the 5’-end with digoxigenin, washed out of the non-
included digoxiginated label in buffer 5xSSC — 0.1 %
SDS.

4. Signal detection. After washing, the filters were
incubated in a buffer with maleic acid, then in a buffer
with a blocking solution (Roche™), which contained
an antibody to digoxigenin conjugated with the alka-
line phosphatase enzyme. The binding sites of the latter
were determined by color reaction with chromogenic
substrates NBT and BCIP (Thermo Scientific™). The
reaction appeared as blue colored bands on the filter,
corresponding to the binding sites of the conjugate with
the digoxigenin-tagged DNA fragments.

5. Calculations of population-genetic param-
eters. The genetic relationship of the compared popula-
tions was determined on the basis of genetic distance
parameter (D) and the similarity coefficient (BS),
which reflects the proportion of common DNA frag-
ments within groups as well as between groups of the
total number of detected fragments in all pairwise com-
parisons. BS values and other parameters were calcu-
lated using the Gelstats™ program, which is based on

the formula: 2 By
BS=BaB,
where Bxy is the number of matching fragments in the
compared electrophoretic lanes;
Bx and By are the total number of fragments on
tracks x and y, respectively. Average heterozygosity

was determined by the formula of Stephens:

Table 1
Initial breeds of chickens and their main characteristics used for obtaining the analyzed hybrids
Chicken breeds Initial chicken breeds Egg production, Egg mass, g | Live mass, kg
pes/year
Sussex Light Dorking, Cornish, 155-170 59-61 33.0-4.0
Cochin, Orpington, Brahma 9Q2.5-3.1
Uzbek Game Local chicken, 100-120 59-61 34.0-6.0
Central Asian chicken Q2.8-3.5
Brahma Light Malay chicken and Cochin 130-150 57-59 33.5-5.0
Q3.0-4.5
Amrock Javanese chicken and Cochin 160—-180 59-60 33.0-4.5
92.5-3.0
Tsarskoye Selo Poltava clay chicken, New 145-170 59-62 32.8-3.2
Hampshire, fawn-striped 4-lines Q2.2-2.5
cocks of «Broiler-6» cross
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where S, is the occurrence of the k-th fragment in the
samples;

A is the observed number of all fragments;

n is the number of samples.

Results

The work was carried out in two stages. On the
first one, three groups of hybrids were used — Brahma
Light x Sussex Light, Sussex Light x Amrock, and Uz-
bek Game x Amrock. At the second stage, using the
second filter — Tsarskoye Selo x Sussex Light, Uzbek
Game x Amrock (repeatedly) and Sussex Light X Am-
rock (repeatedly). The absolute values of the parame-
ters for the same hybrids observed in two experiments
differed somewhat, however, within each experiment,
conclusions were identical. The highest value of the
intragroup similarity coefficient was noted in the Uz-
bek Game X Amrock hybrid (BS = 0.56), the lowest
value was in the Sussex Light x Amrock hybrid (BS =
0.48). It should be noted that between the two-breed hy-
brids, the values of the genetic distance were not large.
Certain differences were observed between Brahma
Light x Sussex Light and Uzbek Game X Amrock hy-
brids (D = 0.070). Brahma Light x Sussex Light and
Uzbek Game x Amrock hybrids were somewhat distant
from each other (D = 0.070) (table 2).

Marker DNA fragments characterizing certain
groups in the first experiment were observed in Brah-
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ma Light x Sussex Light hybrids (fragment No. 10,
frequency of occurrence 0.87). In the remaining two
groups of hybrids, the frequency was only 0.27 (table 3).
Interestingly, in the Uzbek Game x Amrock hybrids, a
monomorphic fragment (No. 43) was detected, which
was observed in all 15 individuals (frequency of occur-
rence 1.00).

Intrapopulation genetic diversity can be calculated
from the level of mean heterozygosity (H) using the
Gelstats™ program (table 4).

In general, the hybrid bird has a fairly high level of
genetic diversity, with the maximum value in the Sus-
sex Light x Amrock group (H = 0.65). The lowest in-
dicator was found in Uzbek Game x Amrock hybrids
(H=0.54). Thus, there are no large differences between
hybrids in terms of their heterozygosity. It should be
noted that our earlier studies demonstrated significant
differences in the level of intragroup diversity between
different industrial chicken breeds. In second experi-
ment the lowest value of genetic distance was found
between Uzbek Game X Amrock and Sussex Light x
Amrock (D = 0.020) (table 5).

Fragment 54 is found in Uzbek Game X Amrock hy-
brids with a frequency of 0.80 (marker fragment), while
it was rare in Tsarskoye Selo x Sussex Light (0.13). Frag-
ment 69 in Tsarskoye Selo x Sussex Light hybrids oc-
curs with a frequency of 0.87, i. e. is a marker for these
hybrids. The same fragment is rare in Uzbek Game x
Amrock hybrids with a frequency of 0.13 (table 6).

The highest heterozygosity was found in Sussex
Light x Amrock (H = 0.66), the lowest in hybrids Uz-
bek Game x Amrock (H = 0.59) (table 7).

Table 2

Population and genetic parameters in 3 groups of two-breed chicken hybrids: Brahma Light x
Sussex Light, Uzbek Game x Amrock, Sussex Light x Amrock

Two-breed chicken hybrids n Bamggie’:; lane P BS' BS? D
Brahma Light % Sussex Light 15 32.00 +£2.57 1.07 x 10~° 0.52 0.47 0.070
Uzbek Game x Amrock 15 35.47 £ 2.10 1.44 < 10°° 0.56 ) )
Brahma Light x Sussex Light 15 32.00 +2.57 1.07 x 10~° 0.52 0.44 0.060
Sussex Light X Amrock 15 33.53+£2.77 1.49 x 107 0.48 ) )
Uzbek Game x Amrock 15 35.47 +2.10 1.44 <107~ 0.56 0.47 0.045
Sussex Light X Amrock 15 33.53£2.77 1.49 x 10" 0.48 ) )

Note. P is the occurrence of two individuals with an identical set of all DNA fragments; BS'is the coefficient of similarity within groups;

BS? is the coefficient of similarity between groups; D is the genetic distance.

Table 3

Specific DNA fragments and alleles with different frequency of occurrence in 3 groups of two-breed
chicken hybrids: Brahma x Sussex Light (1), Uzbek Game x Amrock (II), Sussex Light x Amrock (I11I)

Frequency of DNA fragment Allele frequency q = 1-N1—p
DNA fragment i 11 1 1 1 jiii
10 0.87 0.27 0.27 0.64 0.15 0.15
43 0.47 1.00 0.60 0.27 1.00 0.37
52 0.87 0.33 0.27 0.64 0.18 0.15
80 0.87 0.33 0.40 0.64 0.18 0.23
Table 4
Heterozygosity (H) in two-breed chicken hybrids
Two-breed chicken hybrids n N ”’;’ bqr of | Number of N umber_ of , H
oci alleles polymorphic loci
Brahma Light X Sussex Light 15 20.24 3.66 0.95 0.58
Uzbek Game x Amrock 15 23.00 3.26 0.91 0.54
Sussex Light X Amrock 15 20.31 3.74 1.00 0.65
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Table 5

Population-genetic parameters in 3 groups of two-breed chicken hybrids: Tsarskoye Selo x Sussex Light,
Uzbek Game x Amrock, Sussex Light x Amrock

Bands per lane

Two-breed chicken hybrids n Xtm P BS' BS? D
Tsarskoye Selo x Sussex Light 15 33.67 £2.19 2.73 x 1071 0.52 049 | 0040
Uzbek Game x Amrock 15 33.87+1.62 4.07 x 1071 0.53 ’ ’
Tsarskoye Selo x Sussex Light 15 33.67 +2.19 2.73 x 1010 052 1 o8 | 0.030
Sussex Light x Amrock 15 3313+ 154 6.67 x 107! 0.49 ‘ )
Uzbek Game x Amrock 15 33.87+1.62 4.07 x 10" 0.53 1\ 049 | 0.020
Sussex Light x Amrock 15 33.13+1.54 6.67 x 101! 0.49 ‘ :

Table 6

Specific DNA fragments and alleles with different frequency of occurrence in 3 groups

of two-breed chicken hybrids: Tsarskoye Selo x Sussex Light (I), Uzbek Game x Amrock (I1),

Sussex Light x Amrock (111)

DNA fragment Frequency of DNA fragment Allele frequency q = 1-N1-p
1 yi4 11 1 1 11
13 0.93 0.67 0.53 0.16 0.43 0.31
16 0.67 1.00 0.73 0.43 1.00 0.48
54 0.13 0.80 0.73 0.07 0.55 0.48
69 0.87 0.13 0.33 0.64 0.07 0.18
Table 7
Heterozygosity (H) in two-breed chicken hybrids
Two-breed chicken hybrids n ]\Z}%I’ce;.r ;}Z’ng;; of po IJJX::Z;Z%.C loci H
Tsarskoye Selo x Sussex Light 15 19.98 3.46 1.00 0.62
Uzbek Game x Amrock 15 21.35 3.51 0.91 0.59
Sussex Light X Amrock 15 19.95 3.71 1.00 0.66

Discussion and Conclusion

Carrying out two experiments on different filters
showed that the absolute values of the population genet-
ic parameters may differ slightly, however, the general
conclusions on the relationships in the groups are close.
When taking into account all DNA fragments on the
filters, individual subjective errors may occur, which
leads to slight differences in the calculations. However,
taking into account the large number of detected DNA
fragments, individual inaccuracies are leveled. Based
on the results of the analysis of the first filter, it was
found that the intrapopulation similarity according to
the similarity coefficient criterion for Sussex Light x
Amrock hybrids was 0.48, the second filter in the same
group showed a close value of 0.49. According to both
experiments, the lowest genetic diversity within the
groups was found in Uzbek Game X Amrock hybrids,
which can be explained by the origin of Uzbek Game
chickens, which were bred on the basis of local popula-
tions and historically never were not crossed with other
breeds, ensuring the relative homogeneity of this pop-
ulation (table 1). When creating the Sussex Light and
Amrock breeds, Cochin chickens were used, therefore,
in both experiments, the genetic distances between the
groups of Uzbek Game x Amrock and Sussex Light x
Amrock hybrids was the smallest. Surely, genetic rela-
tionships in populations are determined not only by the
breed, but also by the history of the creation and breed-
ing of a particular population. In many cases, gene pool
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breeds are represented by small groups of birds with a
specific genetic structure, which can be identified us-
ing multilocus analysis. More detailed characteristics
of chicken populations can be obtained using chip
technology with simultaneous analysis of multiple loci,
which is envisaged by plans for further studies using
these populations. In general, the data obtained allow
us to formulate the following conclusions:

1. It was found that Sussex Light x Amrock hybrids
were characterized by the highest diversity within the
group with similarity coefficients of 0.48—0.49 (first
and second experiment, respectively).

2. When considering the genetic differences be-
tween two-breed hybrids, it was found that according to
this criterion, Brahma Light x Sussex Light and Uzbek
Game x Amrock were the most different (D = 0.070),
and the hybrids Uzbek Game x Amrock and Sussex
Light x Amrock, as well as Tsarskoye Selo X Sussex
Light and Sussex Light x Amrock turned out to be rela-
tively close (D = 0.030).

3. Two-breed hybrids of chickens Sussex Light X
Amrock had the highest heterozygosity (0.66 and 0.65
in two experiments), the lowest — in Uzbek Game x
Amrock hybrids.

4. A specific DNA fragment No. 10 was detected
with a frequency of 0.87 in hybrids of chickens Brahma
Light x Sussex Light, and in hybrids of chickens Uzbek
Game x Amrock and Sussex Light x Amrock its fre-
quency was only 0.27.
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