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Genetic diversity in livestock is required in breeding studies, to meet requirements of current
production as well as adapt to rapidly changing environmental conditions. Identification of genetic
diversity within species, breeds or lines is important for the development of conservation strategies.
This study was aimed at identifying genetic diversity, population structure and conservation
priorities in five white layer pure lines (Blue, Brown, D-229, Black, Maroon). In this study a total
number of 150 samples (30 samples from each line) were genotyped using 19 microsatellite loci to
identify genetic diversity. All loci were found to be polymorphic, with the mean number of alleles
per locus ranging from 3.95 (Blue) to 4.84 (D-229). The highest average observed heterozygosity was
recorded in the D-229 line (0.52), while it was lowest in the Blue line (0.41). The inbreeding coefficient
ranged from 0.26 (Black) to 0.39 (Maroon). In the analyses conducted to identify conservation
priorities, the chicken line with the highest contribution to total genetic diversity was found to be
D-229 (1.34). Genetic differentiation coefficients (pairwise F ) ranged between 0.07 (Brown and
D-229) and 0.20 (Blue and Black) among the chicken lines used in the study. Research findings
indicate that pure chicken lines have low levels of genetic diversity, but high levels of inbreeding and
genetic differentiation. Selection applied for various purposes over extensive periods of time to the
chicken lines with the same genetic origin has resulted in genetic differentiation. For the sustainable
use of these populations, inbreeding in lines should be reduced and genetic diversity, particularly in
the D-229 line, should be conserved.

*This research was financially supported by the Scientific Research Projects Coordination Unit of the
Akdeniz University under project number FYL-2017-2912.
*Corresponding author: takikarsli@akdeniz.edu.tr
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Genetic diversity in livestock is required in breeding studies, to meet current
production levels and to promote adaptation to environmental conditions that will
possibly change in the future. Genetic diversity is also an important part of conservation
genetics. Genetic diversity of livestock species or breeds has significantly been
reduced in the last century due to intensive selection processes applied to increase
some economically important yield traits, producers’ preference of some high
yielding breeds over local breeds and geographical barriers being overcome by easier
intercontinental transportation. Today, the decrease of genetic diversity in livestock
leads to significant concerns [Mahmoudi ez al. 2010, FAO 2011, Ramadan et al. 2012].

The reduction in genetic diversity of livestock has become more obvious in
commercial chicken production. Because of breeding systems employed in commercial
chicken production, the numbers of chicken breeds in use have significantly decreased.
Currently, layer chickens have three and broiler chickens four dominant genotypes
worldwide. Today White Leghorn (WL) is the dominant breed used to produce white
layer chickens [Hillel et al. 2003].

In the case of the Turkish commercial poultry sector, studies on breeding material
production are performed only by the Ankara Poultry Research Institute. There are
six brown layer pure chicken lines, i.e. Rhode Island Red-(RIRI and RIRII), Barred
Rock — (BARI and BARII), Colombian Rock-(COL) and Line 54-(L-54), as well
as five white layer pure chicken lines (Black Line, Brown Line, Blue Line, Maroon
Line and D-229) tested at the above-mentioned Institute. Brown layers and Black,
Brown, Blue, Maroon lines were imported from Canada in 1995 and the D-229 line
was imported in 2010 from the Czech Republic. Studies undertaken on pure lines
resulted in the development of three hybrid materials, i.e. two brown lines (ATAK,
ATAK-S) and one white line (ATABEY) of layers [Goger et al. 2017].

The Black, Brown, Maroon and Blue lines are used as sire lines, while D-229
is used as a dam line to obtain the white layer hybrid. At the Institute studies are
carried out in order to obtain higher levels of egg production traits in pure lines, which
constitute the basis for breeding studies by selection. Hens are selected according
to individual phenotypic values, while cocks are selected according to their family
values. Firstly experiments are carried out in order to increase egg production traits of
pure lines with inline selection. In the second step, grandparents from pure lines and
parents from grandparents are obtained. In the last step, the sire and dam parent lines
are crossed to produce hybrid materials. Between 30 and 50 families (consisting of 9
hens and 1 cocks) are established on each pure line and chicks are produced each year
to form a next generation [Goger ef al. 2017].

Microsatellite or Simple Sequence Repeat (SSR) markers are used in indicating
genetic diversity, because they demonstrate co-dominant inheritance, are distributed
throughout the genome and feature a high rate of polymorphism and repeatability
[Hillel et al. 2003, Tadano et al. 2007, Rajmukar et al. 2007]. SSR markers are used
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to identify genetic variation in livestock as well as determine conservation priorities
in breeds, eco-types or lines [Ramadan et al. 2012, Tadano et al. 2013].

In the present study, in five different white layer pure chicken lines produced
from the White Leghorn were analysed in terms of their genetic diversity, population
structure and conservation priorities using 19 microsatellite loci. With the findings of
this research it is aimed to make contributions to the sustainable use and conservation
of these lines that have been reared as closed flocks for a long period of time and have
been subjected to selection.

Material and methods
Sample collection and DNA extraction

Blood samples (approximately 1 ml) were collected into tubes with K3 EDTA
from a total number of 150 samples, including 30 samples from each white layer pure
chicken line at the Ankara Poultry Research Institute. Genomic DNA extraction was
conducted in line with the protocol reported by Miller et al. [1988] applying minor
optimisation at our laboratory conditions.

PCR and microsatellite genotyping

The present study used 19 microsatellite loci (ADL0112, ADL0268, LEI0094,
LEIO166, LEIO192, LEI0234, MCW0020, MCWO0034, MCW0037, MCW0067,
MCW0069, MCW0078, MCW0081, MCWO0111, MCWO0123, MCW0183, MCW0248,
MCWO0301, MCWO0330) recommended by FAO [2011] for the identification of the
genetic structure among white layer pure chicken lines. The PCR reaction mixture
consisted of 3 pl genomic DNA (50 ng/ul), 3 pl 10X PCR buffer (75 mM Tris-HCI,
pH 9.0), 0.3 pl of each primer (10 pmol/ul), 0.1 ul Tag DNA polymerase (Thermo,
Cat. No. EP0402) (5U/ul), 2.5 pl MgCl, (2.5 mM/ul) and 3 pl dNTPs (2.5mM/ul),
with the volume of the mixtures made up to 25uL with distilled deionized water. PCR
amplification was performed as follows: initial denaturation at 94°C for 10 minutes,
followed by 30 cycles of denaturation at 94°C for 45 seconds, annealing (at 50-60°C)
for 30 seconds, extension at 72°C for 45 seconds and final extension at 72°C for 10 min.

In the present study, 96 automated capillary electrophoresis systems (Advanced
Analytical Technologies-AATI, Ames, lowa, USA) were used to determine the size
of PCR products. The gel, inlet buffer, capillary conditioning solution and 35-500 bp
marker were prepared according to the manufacturer’s instructions using a dsDNA 900
Reagent Kit (35bp/500 bp). After capillary electrophoresis separation, the data was
recorded and band sizes calculated using PROSize® 2.0 version 1.3.1.1 (Advanced
Analytical Technologies, Inc., Ames, 1A, USA).

Data analyses

The Convert version 1.31 [Glaubitz 2004] programme was used in order to
determine private allele, allele range and frequency. The presence of null alleles in
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all lines for each locus was tested using the MI-Nullfreq programme [Kalinowski
and Taper 2006]. Genetic variation parameters (observed heterozygosity, expected
heterozygosity, number of allele and number of effective alleles), genetic identity and
genetic distance were calculated using the Popgene version 1.31 [Yeh et al. 1997].
PIC values were established with a Microsatellite Toolkit [Park 2001], while the
inbreeding coeficient (F ) per line was calculated using Fstat v.1.2 [Goudet 1995].
Genetic differentiation values (pairwise F, ) between each pair of pure lines was
calculated using the Arlequin software [Excoffier ef al. 2006].

Conservation priorities of chicken lines were evaluated according to the method
described by Petit ef al. [1998] and Caballero and Toro [2002] using the MolKin
program [Gutierrez et al. 2005]. According to Caballero and Toro [2002], the
contribution of each subpopulation to total genetic diversity may be determined
when each of the subpopulations is removed from the overall data set. When each
subpopulation is removed from the data set, the negative value (-) that is found in
the overall data set is the contribution of that population to total genetic diversity.
In summary, the subpopulation with the highest negative value contributes the most
to the total genetic diversity. In contrast, Petit et al. [1998] reported that the highest
positive value contributes the most to the total genetic diversity.

Factorial Correspondence Analysis (FCA), the Unweighted Pair Group Method
with Arithmetic Mean Analysis (UPGMA) dendrogram and STRUCTURE clustering
analysis were conducted to identify the relationship between lines and individuals.
FCA analysis using Genetix v. 4.05 [Belkhir ef al. 2004] and Bayesian model-based
clustering using Structure software [Pritchard ez al. 2000] were constructed. First the
programme was run to assume the number of distinct populations defined as K. The
analysis involved an admixture model with correlated allele frequencies. One hundred
independent runs with 500,000 Markov Chain Monte Carlo iterations and a burn-in
of 100,000 steps were performed for 2<K<5 (where K is the number of clusters to be
tested) to estimate the most likely number of clusters present in the data set. The most
probable K was determined using Structure Harvester [Earl and van Hold 2012] by
calculating the distribution of the AK statistic as described by Evanno et al. [2005].
The Structure Plot [Ramasamy et al. 2014] was used to visualise the Structure output.

Results and discussion
Genetic diversity parameters within lines

Genetic diversity parameters obtained in each chicken line, PIC values and
inbreeding coefficients are summarised in Table 1. The number of alleles per locus
ranged between 3.95 (Blue) and 4.84 (D-229), while the number of effective alleles was
between 3.02 (Blue) and 3.73 (D-229). The lowest average observed heterozygosity
was observed in the Blue and Maroon lines (0.41), while the highest Ho value was
recorded in the D-229 line (0.52). The lowest PIC value (0.56) was found in the
Blue population, whereas the highest PIC value (0.65) was determined in the D-229
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population. Inbreeding coefficients in the Blue,
Brown, D-229, Black and Maroon populations
were identified as 0.36, 0.33, 0.28, 0.26 and 0.39,
respectively.

The mean numbers of Na (3.95-4.84) and
Ne (3.02-3.73) per locus obtained in this study
were higher than the values reported by Hillel
et al. [2003] (2.70-3.70 in two commercial WL
populations), by Granevitze et al. [2007] (2.96
in a white layer pure line), and by Tadano et al.
[2007] (2.47, 2.90 and 3.05 in the WL-A, WL-B
and WL-C lines). In contrast, they are lower than
the Na value (5.33) given by Rajkumar et al.
[2007] in one WL pure line (WLH-IWD).

The observed heterozygosity values (between
0.41 and 0.52) calculated for five different white
layer pure chicken lines are higher than the Ho
values (0.33 and 0.31) reported by Muchadeyi et
al. [2007] in the white layer LS-S and WL-A pure
lines, while they were lower than the observed
Ho values (0.61, 0.92) reported by Rajkumar et
al. [2007] in the WL pure lines (WLH-IWD and
WLH-IWF). Contrary to those studies, Ho values
in this study are similar to Ho values (0.48, 0.43
and 0.49) reported by Tadano et al. [2007] and
the Ho value (0.42) reported by Ramadan et al.
[2012] in the WL lines.

Inbreeding coefficients obtained in pure
chicken lines (between 0.26 and 0.39) were
higher than the Fis values presented by Tadano et
al.[2007] (-0.050, -0032, -0.020 in WR-A, WR-B
and WR-C lines, respectively), those reported by
Muchadeyi et al. [2007] (0.067 and 0.086 in the
white layer LS-S and WL-A lines), or Rajkumar
et al. [2007] (-0.053 and -0.11 in the WLH-IWD

Table 1. Genetic diversity parameters within five white layer pure lines

PA Fis

PIC
SD

mean

SD

He
mean

SD

Ho
mean

MNe
SD

mean

MNa
SD

mean

n

Item

—

*p<0.05; **p<0.01.

MNa — mean number of alleles per locus. MNe — mean number of effective alleles per locus. Ho — average observed
heterozygosity per locus. He — average expected heterozygosity per locus. PIC — Polymorphism Information Content. PA —

number of private alleles (frequency >0.01). Fis — inbreeding coefficient.

and WLH-IWF lines) and Granevitze et al. [2007] in the white layer pure line (0.086).

Although the genetic diversity parameters in five different pure chicken lines
derived from the WL breed were generally low, they are found to be at medium levels
compared to the values reported in literature for the WL lines. The F ¢ values obtained
in the populations indicate a fairly high level of inbreeding. Deviation from the
Hardy-Weinberg equilibrium is caused by the lack of heterozygotes due to increased
inbreeding in all lines. These results are not surprising, given the methods, with which
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the populations are raised. When populations have been raised as closed flocks and
subjected to selection, it is expected to reduce genetic diversity and lead to an increase
of inbreeding. In addition, it should not be forgotten that in small populations,
random chance factors may cause a significant change in the gene pool. Simon and
Buchenauer [1993] reported that if the F ( value is above 0.40 conservation studies
have to be started in the population. The F ¢ values we calculated for five different
chicken lines are between 0.26 and 0.39. These values indicate that actions should
be taken to reduce the level of inbreeding in populations. It may be recommended to
increase the population size and to use molecular methods for mating plans in order to
reduce the level of inbreeding.

Another reason for excessive homozygosity in populations may be related with
the null alleles. In this study null allele frequencies in the LEI0192 (Blue, Brown,
D-229, Maroon), MCWO0034 (Blue, D-229, Maroon), MCWO0111 (Blue, Brown,
D-229, Black) and MCWO0301 (Blue, Black) loci were over 0.20, while they were
below 0.20 in the other 15 loci. If the null allele frequencies are below 0.20, the
effect of null alleles may be acceptable as non-significant [Mahammi et al. 2016]. It
is therefore assumed that the high homozygosity in populations is caused by small
population sizes rather than null alleles.

The low levels of genetic diversity in this study may be caused by the fact that these
populations have been raised as closed flocks and subjected to selection. As mentioned
above, Blue, Brown, Black and Maroon pure lines were imported in 1995 from Canada,
have been bred as closed flocks since then and subjected to selection in order to improve
several yield traits. Also, before being imported to Turkey, these pure lines were known
to have been derived from White Leghorns by improvement through selection for a
period of 50 years with regard to several yield traits. That is, these lines have been
subjected to selection for about 70 years and bred in closed flocks.

When the studied pure lines were compared within their populations, genetic
diversity was found to be the highest in the D-229 line. In contrast to the other chicken
lines in the study, the D-229 line was imported to Turkey in 2010 from the Czech
Republic. Breeding studies in the D-229 line started later than in the four other lines.
Consequently, the D-229 line is considered to have higher genetic diversity parameters
and a lower level of inbreeding than the other lines.

Genetic differentiation among populations

Genetic differentiation (pairwise F ) values among populations are given in Table
2. In the study, the lowest pairwise F_ value (0.07) was recorded between the D-229
and Brown populations, while the highest pairwise F_ value (0.20) between the Black
and Blue populations. All pairwise F values identified in the study were found to be
significantly different from 0 (p<0.05). These values indicate that all lines have been
genetically differentiated.

Pairwise F values between pure lines were similar to values previously reported
by Tadano et al. [2011] in seven WL lines (between 0.071-0.259). However, pairwise
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Table 2. Genetic differentiation (pairwise Fst) values among white layer pure lines

Item Blue Brown D-229 Black Maroon
Blue 0.000
Brown 0.13* 0.000
D-229 0.15* 0.07* 0.000
Black 0.20* 0.14* 0.13* 0.000
Maroon 0.17* 0.13* 0.12* 0.13* 0.000

All pairwise Fsr are significantly different from 0; *p<0.05; mean = 0.14.

F, values were lower than those reported by Tadano et al. [2013] in seven Plymouth
Rock lines (0.201-0.422) and by Karsli and Balcioglu [2019] in six brown pure layer
lines (0.115-0.352). Although all pure lines in the study came from the same genetic
origin, it is considered that the selection applied to these lines may have resulted
in the genetic differentiation of all lines. Contrary to other evolutionary forces such
as mutation, selection may very rapidly change gene and genotype frequencies
depending on its intensity. This condition is thought to be the main source of genetic
differentiation among populations. It is thought that selection started later in the
D-229 and Brown populations than the other lines, because of the lowest pairwise
F, values obtained D-229 and Brown populations. The high genetic differentiation
obtained by Tadano ef al. [2013] in seven Plymouth Rock lines may have resulted
from the selection performed in different directions (PR1, PR4 and PR6 for meat
production traits; PR5 for egg production traits). It is natural that in a study by Karsh
and Balcioglu [2019] genetic differentiation was higher in brown layers than in white
layers, because while white layers originated from a single breed (WL), brown layers
originated from three different breeds (Rhode Island Red, Colombian Rock, Barred
Plymouth Rock).

Actotal of 41 private alleles were identified for 19 microsatellite loci in five chicken
lines. The population with the lowest number of private alleles is Black (4), while the
one with the highest number is D-229 (11). The private allele percentage calculated
in this study (26.7) is higher than the percentage (10%) obtained by Granevitze et
al. [2007] in 64 different populations. Individuals migrating between populations
reduce genetic differences and consequently the number of private alleles. If there is
no transition between populations, that is if populations are bred in closed flocks as it
is in this study, genetic differentiation and the number of private alleles increase. In
that sense, it is natural for the number of private alleles in this study to be high.

The pairwise F values obtained in the study and the number of private alleles all
support each other. The chicken lines, despite having the same genetic origin, have
been genetically differentiated because of breeding systems and the selection applied
in order to obtain different yield traits.

Clustering analyses

The values of Nei’s genetic distance and similarity obtained between the
populations are shownin Table 3. In the study, the lowest genetic distance values
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Table 3. Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)

Ttem Blue Brown D-229 Black Maroon
Blue oo 0.75 0.67 0.59 0.61
Brown 0.28 HoAkk 0.80 0.68 0.63
D-229 0.40 0.22 Hokokk 0.67 0.69
Black 0.53 0.39 0.40 HoAkk 0.74
Maroon 0.49 0.46 0.40 0.31 Hokokok

were obtained between the D-229 and Brown populations (0.22), whereas the highest
genetic distance values were found between the Black and Blue populations (0.53).

Rajkumar ez al. [2007] reported the genetic distance between two WL populations
as 0.06. In turn, Tadano et al. [2011] reported that genetic distance values in seven
different WL lines ranged between 0.07 (WL4-WL5) and 0.26 (WL1-WL7). Ramadan
et al. [2012] reported that the genetic distance was 0.33 between the RIR and WL
populations. The genetic distance values calculated in our study were within the range
of 0.22-0.53. In turn, Karsli and Balcioglu [2019] reported that the genetic distance
values in six different brown layer pure chicken lines ranged between 0.28 (BARI
and BARII) and 1.44 (L-54-COL). It was found in the study that the genetic distance
values between five populations are higher than the populations having the same
origin. This may be caused by the fact that selection procedure started earlier in the
pure chicken lines used in our study.

13732
4,000 W BLUE
8557
[ B BROWMN
¥
5175 | — A
12.187 B 4
| 12187 *
6.478 L ¥ MAROON

Fig. 1. UPGMA dendrogram among the white layer pure lines based on genetic distance.

The UPGMA dendrogram based on Nei’s genetic distance to identify the
phylogenic relation between the pure chicken lines is shown in Figure 1. The results of
the FCA analysis, where the phylogenic relation was presented on a three dimensional
plane, are given in Figure 2. Similarly to the UPGMA dendrogram, the D-229, Brown
and Blue populations were clustered closer to each other, whereas the Black and
Maroon populations were located closer to each other in a different region. According
to the FCA results based on individuals, although there are differences between the
populations, they are not yet separated with clear boundaries and there are transitions
between populations. This seems rather likely, given that the five pure chicken lines
have the same genetic origin (White Leghorn).
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Fig. 2. Factorial Correspondence Analysis of the studied white layer pure lines for 19 microsatellite loci.

EsS

K=4

EK=3

k=2

Fla: Ll L L) Nl .

Fig. 3. Bayesian cluster analyses of the studied individuals from five white layer pure lines Each individual
was represented by a vertical bar. The highest AK value was obtained for K = 3 of the studied layer pure
chicken individuals.

According to the Structure analysis results, when the K value is 2, meaning the
five pure chicken populations are divided into two clusters, the first cluster includes
the Blue, Brown and D-229 populations, while the other includes the Black and
Maroon populations, similarly to the UPGMA dendrogram. In the case with the best K
value (K=3), the first cluster comprises the Blue, the second consists of the Brown and
D-229 populations, while the third -the Black and Maroon populations, respectively.
There are transitions especially between the Blue population in the first cluster and
the Brown and D-229 in the second, and between the Brown and D-229 populations
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in the second cluster and the Black and Maroon in the third. This condition once
again reflects the fact that populations that are bred as closed flocks are genetically
differentiated by selection and that the populations have the same genetic origins.

Conservation priority

Table 4 shows the contribution of each line to the genetic diversity based on the
methods defined by Caballero and Toro [2002] and Petit ez al. [1998].

Table 4. Contributions of the chicken lines to genetic diversity according to Caballero and Toro [2002]
and Petit ef al. [1998]

Item Caballero and Toro [2002] Petit et al. [1998]
total (%) within line (%) between line (%) total (%) within line (%) between line (%)
Blue -0.42 0.72 -1.14 3.73 0.25 3.48
Brown -0.21 -0.23 0.02 0.51 0.41 0.10
D-229 -1.34 -1.43 0.09 4.10 2.95 1.15
Black -0.38 0.60 -0.98 -1.32 -1.97 0.65
Maroon -0.50 0.34 -0.84 0.49 -1.65 2.14

In the study, according to the method by Caballero and Toro [2002], the Black
line provided the lowest contribution to the genetic diversity between populations.
The greatest contribution to the total genetic diversity comes from the D-229 line.
Similarly, according to the method developed by Petit et al. [1998], the highest
contribution to the total genetic diversity was obtained from the D-229 line. The D-229
line is followed by the Blue line with 3.739. According to both methods, the D-229
line makes the highest contribution to genetic diversity and this population should be
the starting point for conservation studies. Also among the studied five pure chicken
lines, the highest Na (4.842), Ne (3.732), Ho (0.515) and He (0.706) values per locus
were obtained in the D-229 line. These values support the above given results.

In conclusion, in this study where 19 microsatellite loci were used in five different
white layer pure lines, they determined low levels of genetic diversity and high levels
of inbreeding in chicken lines. It was observed that the breeding system and selection
cause a significant genetic differentiation even in populations of the same genetic
background (White Leghorn). The analysis of microsatellite data revealed that the
D-229 line among all lines provided the highest contribution to genetic diversity and
therefore this population should be given priority in conservation of existing genetic
diversity. For a sustainable use of these populations, inbreeding in lines should be
reduced and genetic diversity, particularly in the D-229 line, should be conserved.

Acknowledgments. The authors are grateful to the Ankara Poultry Research
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