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A b s t r a c t  
 

Chicken lines with marker genes of sex-linked economically important traits are of a particular 
breeding interest. Here we report on the first results on the creation of an autosex maternal parental form 
of dual purpose Plymouth Rock breed by sequential selection of chickens from experimental Russian 
breeding lines. The paternal and maternal pre-parental Plymouth Rock lines were selected for 
productivity indices and for growth rate of wing feathers. Genotypes with slow (line X4) and fast 
(line X3) feathering rates were maintained via phenotypic evaluation at 1 day of age and culling indi-
viduals with fast and slow feathering rate, respectively; heterozygous males and their progeny were 
also culled. Chicks with slow feathering rate feature poor development of tectrix and remex, the 
tectrix being longer or equal to the remex; chicks with fast feathering rate feature the well-developed 
tectrix which is shorter than the remex. The quantitative PCR technique (real-time polymerase chain 
reaction) was also used to identify individuals with homo- and heterozygous sex-linked K and k al-
leles; the analyses were performed using feather pulp samples. Live bodyweight at 5 weeks of age 
increases significantly (p  0.001) in the selected individuals of generation F5 compared to F1, i.e in 
X3, the index is 13.6 % higher in males and 15.4 % higher in females; and in X4, it is 15.2 and 14.2 % 
higher (р  0.001), respectively. Breast muscle score is improved by 7.3 and 5.0 % in males and by 6.2 
and 5.0 % (р  0.001) in females of X3 and X4 lines, respectively; leg muscle scores is 7.5 and 5.3 % 
higher in males and 10.5 and 2.5 % higher (р  0.001) in females. The progress in the reproductive 
performance also occurs: egg production during 52 weeks of age was improved by 4.1 eggs per hen 
(3.39 %) in X3 line and by 4.7 eggs (3.7 %, p  0.001) in X4 line; percentage of eggs suitable for 
incubation was 0.6 and 1.0 % higher, and hatch was 0.5 and 2.2 % higher in X3 and X4 lines, re-
spectively. These results in better chick output per hen (by 3.9 and 7.0 % in X3 and X4 lines). Thus 
the selection improved the most of the productivity indices in every successive generation; the result-
ing paternal (X3) and maternal (X4) lines differed from the initial purebred chicken in the produc-
tive performance and carried marker genes of slow (X4) and fast (X3) feathering rate. Their crossing 
brings to a maternal form which is autosex for K and k genes with sexing accuracy 99.6 %. 

 

Keywords: Plymouth Rock breed, breeding, chicken lines, feathering type, genotype, marker 
genes, feathering genes, K and k alleles, sexing, productivity 

 

The challenge of planning and identification of chicken sex in commer-
cial egg and meat poultry farming remains acute [1]. Study of sex genes allows 
practitioners to implement breeding programs [2, 3]. Routine sex determination 
methods in poultry are sexing by cloacae and fecal steroids, laparoscopy, and 
karyotyping. However, such procedures are not reliable, expensive, take long time; 
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and some of them are painful and even dangerous for poultry.  
It is known that sex genes in poultry are located in sex chromosomes [4-

6], one Z and one W chromosome in females, and two Z chromosomes in males 
[7, 8]. Recently, DNA technologies for sex identification have been developed 
[9, 10]. Genes marking autosexed 1 day old chicks are successfully used in selec-
tion of egg-laying and meet-type chickens [11, 12]. DNA markers also allow iden-
tification of chromosome regions controlling main properties and critical traits, 
genetic polymorphisms [13-15]. Study of such loci and their functional activity 
[16] attributes to perspectives of more effective targeted breeding for economically 
significant traits [14, 15, 17-19].  

Presence of autosexing markers significantly facilitates separation of 1 
day old chickens of both sexes. Selection by coat color (color sex) and by growth 
of tectrix and remex (feather sex) is possible [17, 20-22]. Feathering is under the 
same genetic control as sexual differentiation. Slow feathering is determined by K 
allele (dominant), fast feathering by k allele (recessive). Crossing of fast feathering 
heterozygous male chickens with slow feathering female chickens give offspring 
with slow feathering males and fast feathering females. When autosexing method is 
used, accuracy of separation of 1 day old resultant broiler hybrids and chickens of 
the female parental line into males and females is significantly increased with dou-
ble reduction of spent time. Besides, sex determination accuracy is not decreased 
with growth of chickens. Evidently, creation of specialized chicken lines which are 
the carriers of marker genes of sex-linked qualitative traits is of special interest.  

Here we report our first results on the creation of an autosex maternal 
parental form of Plymouth Rock breed based on the experimental Russian 
breeding lines accounting for homo- and heterozygous state of sex-linked K and 
k alleles. This form would be further used to create the cross of meat-type chicken 
with autosex maternal parental form. 

Purpose of the research was to assess and to select poultry of paternal 
and maternal lines by the growth rate of wing feathers and by productive capaci-
ty to create cross of meat-type chicken with autosex maternal parental form. 

Techniques. Birds of Plymouth Rock breed (experimental paternal line of 
maternal parental form X3 and experimental maternal line of maternal parental 
form X4) were used in the study under farming conditions (Selection and Ge-
netic Center Smena, Moscow Region, 2014-2018). Birds were kept in floor pens. 
Feeding and keeping conditions were as per recommendations (Methodological 
guidelines for feeding of agricultural poultry. Sergiev Posad, 2015) and technologi-
cal reglament (Methodological guidelines for technical designing of poultry farms 
RD-APK 1.10.0504-13. Moscow, 2013). 

For selection, 10-15 nestles (13 females and one male in each) were 
formed in each line, and at least 364 descendants were assessed in each gneration 
(F1-F5). Selection group of X3 line consisted of kk enhancers homozygous for fast 
feathering gene and neutral individuals accounting for valuable economical traits 
(live body weight, chest and leg weights, feed conversion, egg-laying performance). 
In X4 line, KK individuals homozygous for slow feathering gene, were selected for 
egg-laying, yield of hatching eggs, their weight, hatchability, live body weight of 
poultry, chest and leg muscle scores, and feed conversion).  

Productive capacity in nestles was accounted individually. Live body 
weight, egg-laying capacity, egg weight, puberty, and chest and leg muscle scores 
were determined by commonly accepted methodologies [23]. Individual caps and 
standard wing band set were used to control pedigree origin at incubation. 

Feathering type was visually established in 1 day old chickens separated by 
sex using Japanese method (by the presence and form of sex bump), at slow 
growth rate of wind the tectrix feathers are longer than or the same as remex ones, 
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at fast growth rate the tectrix are shorter than remex and are well developed.  
Molecule typing of homo- and heterozygotes by K and k alleles was 

done in CJSC Sintol (Moscow) with the use of qualitative real-time PCR 
(qPCR), relevant primers and amplifying modes [24]. Feather pulp samples were 
collected to extract DNA [24]. Multiplex qPCR was conducted using an ANK-
32M device (Institute of Analytic Instrument Engineering RAS, Russia) with se-
quencing of amplification products using a genetic analyzer Nanophore 05 (Insti-
tute of Analytic Instrument Engineering RAS, Russia) according to the manufac-
turer’s protocols [24].  

Software Statistica 10.0 (StatSoft, Inc., USA) and Microsoft Excel were 
used for statistical processing. Results were presented as means (М) and standard 
errors of means (±SEM). Statistical significance of the compared indicators was 
determined by t-Student criteria. Statistically significant values were at р  0.05. 
Values mr (standard error of mean correlation coefficient of the analyzed traits 
by line) and tr (significance of correlation significance) were calculated based on 
the following formulae: 

݉௥ = ଵି௥మ

√௡
௥ݐ , = ௥

௠ೝ
= ௥ √௡ 

ଵି௥మ, 

where n is the number of birds in a sample; the values were considered statisti-
cally significant at р  0.05. 

Results. Genotype determining slow feathering was maintained by rigor-
ous selection for phenotype and by exclusion of fast feathering 1 day old chick-
ens. Homozygosity of males in line Х4 for slow feathering was verified by as-
sessment of its manifestation in males, selected to form nestles, by estimation of 
the offspring until reproduction of initial lines. Both heterozygous males and 
their offspring were excluded. Genotypes with fast feathering was similarly main-
tained; homozygosity of males in line Х3 was controlled by assessment of males 
destined for nestles by quality of offspring until reproduction of initial lines, 
without further use of heterozygous males and their offspring.  

1. Dynamics of proportion (%) of low and fast feathering 1 day old Plymouth Rock 
chickens in experimental maternal parental form during selection (F1-F5) (Selec-
tion and Genetic Center Smena, Moscow Region, 2014-2018) 

Generation 
Feathering at age 
of 1 day 

Line Х3 Line Х4 
males females males females 

F1 Slow  88.9 99.1 92.4 81.9 
Fast 11.1 0.9 7.6 18.1 

F2 Slow  77.2 82.7 99.3 84.9 
Fast 22.8 17.3 0.7 15.1 

F3 Slow  66.6 59.2 100 99.5 
Fast 33.4 40.8 0 0.5 

F4 Slow  31.3 26.9 100 99.9 
Fast 68.7 73.1 0 0.1 

F5 Slow  0 0 100 100 
Fast 100 100 0 0 

N o t e . Х3 — paternal line of maternal parental form, Х4 — maternal line of maternal parental form. 
 

For consolidation of the lines Х3 and Х4 population by feathering for a 
number of years, males in nestles were assessed by feathering rate of 1 day old 
offspring chickens (in line Х3 the total number was from 2319 in F1 to 10880 in 
F5; in line Х4 the number was from 2466 to 14916, respectively) (Table 1). 
These results are coherent with other known reports [21, 25-27]. Inside lines Х3 
and Х4, homogeneity by wing feathering rate was reached in different times, but 
finally, in 2018 feathering rate in all poultry of X3 line was fast, and of X4 slow 
(see Table 1). The autosex poultry of maternal parental form (for K and k) with 
sexing accuracy of 99.6 % was produced from their crossing. 

Assessment of productive performance of poultry from the experimental 
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lines had shown (Table 2) that live body weight of 5 week old chickens of ma-
ternal parental form of X3 line was higher than in maternal parental form of X4 
line: in males by 6.21 and 4.79 %, in females by 7.09 and 8.28 % (р  0.001) in 
F1 and F5, respectively. Body weight of F5 chickens aged 5 weeks was higher 
than in F1, in line Х3 by 13.6 and 15.4 % (р  0.001) (for males and females), in 
line Х4 by 15.2 and 14.2 % (р  0.001). Chest muscle score in F5 chickens had 
increased in line Х3 for males by 7.3 %, in line Х4 by 5.0 %, for females by 6.2 
and 5.0 % (р  0.001). The same trend was noted in leg muscle score: increase 
in males by 7.5 and 5.3 %, and in females by 10.5 and 2.5 % (р  0.001) in lines 
Х3 and Х4, respectively. The total number of chickens estimated for body 
weight, leg and chest muscle scores in lines Х3 and Х4 were 2210 and 2370 for 
F1, and 10700 and 14810 for F5 (see Table 2). 

2. Improvement of productive performance of Plymouth Rock experimental lines of 
maternal parental form during selection (F1-F5) (Selection and Genetic Centre 
Smena, Moscow Region, years 2014-2018) 

Trait Sex 
Line Х3 Line Х4 

F1 F5 F1 F5 
Body weight of 5 week old chicks, kg Males 1.54±0.004 1.75±0.004 1.45±0.005 1.67±0.005 

Females 1.36±0.003 1.57±0.004 1.27±0.003 1.45±0.004 
Chest muscle score, points Males 4.10 4.40 4.00 4.2 

Females 4.05 4.30 4.00 4.2 
Leg muscle score, points Males 2.00 2.15 1.90 2.00 

Females 1.90 2.10 2.00 2.05 
Chicken survivability, %  96.8 97.0 97.0 97.1 
Egg-laying performance per initial laying bird, units:     

for 30 weeks  17.10±0.038 19.70±0.375 19.80±0.377 22.00±0.321 
for 52 weeks  121.00±1.750 125.10±1.235 126.40±1.730 131.10±1.234 

Egg weight of 30-week old females, g  56.90±0.171 57.20±0.176 56.50±1.174 56.90±0.177 
Puberty, days  183.40±0.415 184.00±0.396 183.10±0.418 183.70±0.397 
Yield of hatching eggs, %  91.5 92.1 91.8 92.8 
Egg fertility, %  89.8 91.7 91.6 93.0 
Hatching rate, %  74.5 75.0 76.3 78.5 
Chickens per layer  82.5 86.4 88.5 95.5 
Female survivability, %  96.8 97.0 97.0 97.1 

N o t e . Х3 — paternal line of maternal parental form, Х4 — maternal line of maternal parental form. 
 

Reproductive properties have been improved during 5 years of selection 
in lines Х3 and Х4. The egg-laying capacity during 52 weeks of life had in-
creased by 4.1 (3.39 %) and 4.7 eggs (3.7 %) (р  0.001); yield of hatching eggs 
by 0.6 and 1.0 %, hatching rate by 0.5 and 2.2 %, which had increased hatching 
rate per one layer by 3.9 and 7.0 % (the sample size of n = 1040). Annual se-
lection effect in lines Х3 and Х4 for body weight on day 35 comprised 2.7 % 
(42 g) and 3.0 % (44 g) in males, 3.1 % (42 g) and 2.8 % (36 g) in females; for 
chest muscle score 1.46 and 1.0 % (males), 1.23 and 1.00 % (females); for egg-
laying performance 0.68 and 0.74 % (lines Х3 and Х4). Thus, the majority of 
chicken economic traits became better from generation to generation upon in-
tensive selection. Birds of these lines, being carriers of relevant marker genes of 
slow (line Х4) and fast (line Х3) feathering rates, differed from the initial genetic 
material by productive properties and could be used for production of cross lines 
with improved productive properties. Crossing of these lines had resulted in ma-
ternal parental autosexed form for genes of slow (К) and fast (k) feathering rates 

with 99.6 % sexing accuracy. 
Correlation coefficients between the body weight of 35 day old chicken 

and chest muscle score were high, positive and slightly differed both between 
males and females, and between the lines or generations (Table 3). Positive and 
valid correlation was preserved between the live body weight and leg muscle score, 
but its value was slightly lower. High positive and valid relationship was noted be-
tween the live body weight in chickens aged 35 days and width of chest, length of 
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thigh s. These results are in line with regularities described for a relationship of the 
body weight with other indicators at early age [28]. 

3. Correlations between body weight and other meat yield indicators in 35 day aged 
Plymouth Rock chickens in the experimental lines of maternal parental form dur-
ing selection (F1-F5) (Selection and Genetic Centre Smena, Moscow Region, 
years 2014-2018) 

Line Sex 
F1 F5 

r±mr tr r±mr tr 
C h e s t  m u s c l e  s c o r e  

Х3 Males 0.689±0.007 98.37 0.692±0.012 57.67 
Females 0.611±0.008 76.43 0.616±0.011 56.07 

Х4 Males 0.669±0.007 100.53 0.685±0.010 68.50 
Females 0.701±0.007 126.64 0.707±0.009 78.59 

L e g  m u s c l e  s c o r e  
Х3 Males 0.329±0.012 27.65 0.337±0.010 33.70 

Females 0.344±0.011 30.60 0.349±0.010 34.96 
Х4 Males 0.509±0.009 56.99 0.495±0.013 38.08 

Females 0.471±0.009 52.37 0.483±0.007 69.03 
C h e s t  w i d t h  

Х3 Males 0.678±0.014 48.43 0.682±0.012 56.83 
Females 0.692±0.010 69.27 0.699±0.013 53.78 

Х4 Males 0.665±0.016 41.56 0.672±0.015 44.80 
Females 0.659±0.012 54.91 0.656±0.011 59.77 

T h i g h   l e n g t h  
Х3 Males 0.452±0.022 20.55 0.480±0.024 20.00 

Females 0.427±0.029 17.77 0.433±0.025 17.32 
Х4 Males 0.464±0.021 22.09 0.461±0.020 23.05 

Females 0.478±0.029 16.50 0.485±0.027 17.97 
N o t e . Х3 — paternal line of maternal parental form, Х4 — maternal line of maternal parental form. 
 

Thus, we have improved the majority of economic traits due to selec-
tion in paternal (Х3) and maternal (Х4) lines of maternal parental form in 
generations F1-F5, in these, only birds preserving marker alleles of slow (allele 
K, line X4) and fast (allele k, line X3) feathering rates were selected. Their 
crossing resulted in autosex (for alleles K and k) maternal parental form with 
sexing accuracy of 99.6 %. 
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