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ABSTRACT 
The aim of recent study was to analyse the genetic structure of local 

line of Rhode Island Red chicken breed on prolactin and insulin genes and 
estimate associations between productivity traits of studied chickens and 
genotypes. Four specific markers studied in this work were 24 indel and 
C−2402T, located in prolactin gene, and T+3737C and A+3971G located in 
insulin locus. All markers, except 24 indel, were studied using Polymerase 
Chain Reaction – Restriction Fragment Length Polymorphism. 24 indel of 
prolactin gene was studied by amplification fragment length 
polymorphism. Investigated population was polymorphic on all chosen 
markers and in the Hardy-Weinberg equilibrium. Alleles frequencies on 
different polymorphisms were for prolactin 24 indel: I – 0.06, D – 0.94; for 
prolactin C−2402T: C – 0.14, T – 0.86; for insulin T+3737C: C – 0.635, T – 
0.365; for insulin A+3971G: A – 0.245, G – 0.755. It was revealed that the 
egg number in 40 weeks for the chickens with I/D and C/T genotypes of the 
prolactin 24 indel and C−2402T, respectively, exceeded that for those with 
D/D and T/T and amounted to 227.6±7.12 and 212.1±2.57 for 24 indel, 
221.7±4.37 and 210.6±3.03 for C−2402T, respectively (p<0.05). Egg weight 
on the 52nd week of life was significantly (p<0.05) higher for individuals 
with D/D of prolactin 24 indel (62.4±0.61) and T/T of prolactin C−2402T 
(62.8±0.64) than for chickens with I/D (59.2±1.21 g) and C/T (59.8±1.08 g) 
genotypes of the same markers. The marker A+3971G of insulin gene are 
associated with breast muscle weight of chicken: heterozygotes A/G had 
higher (98.8±2.72 g) weight than G/G (91.7±2.26 g) on reliable level 
(p<0.05). Received data can be used in breeding and selection programs for 
improving productivity traits of studied line of chickens. 

Keywords: Rhode Island Red chicken breed, prolactin gene, insulin 
gene, polymerase chain reaction – restriction fragment length 
polymorphism, meat and egg productivity traits, marker-assisted selection.  
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INTRODUCTION 
The development of molecular genetics methods had given for 

scientists the possibility to study the influence of separate genes on 
phenotypic traits of organisms (Dodgson, 1997). Eventually, these 
approaches have become utilized for supplementing of the classical 
selection and breeding of animals (Fulton, 2008). Among such methods 
there are genotype selection and marker-assisted selection (MAS) 
(OECD/FAO, 2013). MAS is based on the studies of genes which are 
involved in the management of traits of interest (productivity level, 
production quality, disease resistance etc.) and can result desired or 
undesired variation in the phenotype of the organism (De Koning, Hocking, 
2007). Such genes are named candidate or target genes and more often 
they include genes encoding hormones or other regulatory proteins. To 
utilize the target gene with the aim of MAS, the researcher has to study its 
polymorphism using molecular markers and analyse marker-trait 
associations in the selectable population. In result, individuals that have 
desired genotypes and alleles are used then for breeding (Kulibaba, 2015). 

In poultry, egg and meat productivity traits are more interesting and 
important (De Koning, Hocking, 2007). It is known that many genes are 
involved in the management chickens egg productivity, and prolactin gene 
(PRL) is the most crucial of them. It regulates reproduction, processes of 
egg-laying and incubation behaviour of chicken females (Jiang et al, 2005, 
Ciu et al, 2006). It was revealed several mutations in the promoter region 
of PRL which are positively associated with chicken egg-laying intensity. 
One of them is 24bp-insertion (24 indel) and another one is transition of 
cytosine into thymine at the position −2402 (C−2402T) (Jiang et al, 2006, 
Bagheri Sarvestani et al, 2013). Insulin gene (INS) concerns to the genes 
which affect meat productivity and quality because it is involved in 
processes of growth and development of birds. (Nie et al, 2005, Lei el al, 
2007). Investigations revealed associations of its polymorphisms, such as 
transitions T+3737C and A+3971G, with body composition traits in chicken 
(Qui et al, 2006, Khoa et al, 2013). 

Therefore, the purpose of the current research was to analyse genetic 
structure of local line of Rhode Island chicken breed on polymorphisms of 
prolactin and insulin genes and estimate associations between productivity 
traits of studied chickens and genotypes of each marker. 
 
 

MATERIAL AND METHODS 
The investigation was conducted in the Laboratory of Poultry Disease 

Prevention and Molecular Diagnostics of the State Poultry Experimental 
Station NAAS of Ukraine (SPES) and in the Laboratory of Molecular, 
Genetic, Physiological and Biochemical Studies in Animal Husbandry of the 
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Institute of Animal Science of NAAS. Line 38 of Rhode Island Red chicken 
breed, selected in Ukraine for both egg and meat production, were used for 
study. Experimental group consisted of 100 female chickens of the same 
age, that were kept at the experimental poultry farm “Preservation of State 
Genetic Pool of Poultry” under the same feed conditions and management 
system applied by the SPES. Samples of blood from the crown were taken 
from each chicken using scarificators and sterile filter paper. Pieces of filter 
paper with blood were carefully dried, marked and individually packed to 
avoid cross-contamination between samples. DNA was extracted using the 
commercial kit “ДНК-Сорб-Б” (“AmpliSens”, RF) and the efficiency of the 
DNA isolation was determined by electrophoresis in 0,7% agarose gel for 5 
min at 200V. 

For DNA polymorphism detection PCR-RFLP method was used. At first, 
specific fragments of DNA were amplified using four pairs of primers 
(Table 1). Amplifications were performed using DreamTaq PCR Master Mix 
(ThermoScientific, USA). Twenty microliters of PCR reaction final volume 
contained 0.2 μM of primers mixture. The PCR conditions were 5 min at 
94°C, followed by 35 cycles of 1 min at 94°C, 1 min at the annealing 
temperature (specific for each primer pair), 1 min at 72°C, a final extension 
10 min at 72°C in the thermocycler “Терцик” (“ДНК-технология”, RF). 

 
Table 1. Information about primers used for the detection of DNA polymorphism. 

Gene, 
location 

Primer sequence (5'-3') 
Fragment 

length 
Ta, °C Polymorphism Reference 

PRL, 
Promotor 
region 

tttaatattggtgggtgaagagaca 
atgccactgatcctcgaaaactc 

154 
/130 

54 24 indel 
Cui et al, 

2006 agaggcagcccaggcattttac 
cctgggtctggtttggaaattg 

439 62 C−2402T 

INS, 
Intron 2 

ctccatgtggcttccctgta 
ggcttcttggctagttgcagt 

370 58 T+3737C 
Qiu et al, 

2006 INS, 
3'UTR 

ggtatctgaaaagcgggtctc 
aatgctttgaaggtgcgatag 

280 58 A+3971G 

 
The amplified fragments were digested at 37°C with appropriate 

restriction endonucleases (AluI for prolactin locus, C-2404T, MspI for 
insulin locus, both T+3737C and A+3971G). After restriction (for PRL 24 
indel – after amplification) received fragments were separated by 
electrophoresis during 30 min at 200V in a 1.5% to 3% agarose gel stained 
with ethidium bromide. Restriction patterns were visualized using 
transilluminator with the wave length equal 312 nm. The size of fragments 
was determined using the marker of molecular mass M-100 (Isogen, RF). 

For analysis of genetic structure of investigated population genotypes 
and alleles frequencies, the correspondence to Hardy-Weinberg 
equilibrium (HWE) by using χ2, obtained (Ho) and expected (He) 
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heterozygosity, Wright’s fixation index (Fis) and effective number of alleles 
(ne) were calculated using Popgene 1.32 software. The following egg and 
meat productivity traits were considered to evaluate their relations with 
the above-mentioned DNA polymorphisms: the egg number in 12 and 40 
weeks of productivity period (En12 and En40, respectively); the egg weight 
on the 30th and 52nd weeks of life (Ew30 and Ew52, respectively); body 
weight (BW); eviscerated weight (EW); breast muscle weight (BMW); thigh 
weight (TW); shin weight (SW); muscle stomach weight (MSW). Marker-
trait linkage analysis was performed by t-test of Student using Statistica 8.0 
software (StatSoft Inc). 

 
 

RESULTS AND DISCUSSION 
To determine genotypes they were matched with the appropriate 

observed restriction patterns. For T+3737C of insulin gene the following 
patterns were detected: 234+137 bp, 370 bp and 370+234+137 bp, which 
corresponded to C/C, T/T and C/T genotypes, respectively. In the case of 
A+3971G of the same gene it was revealed such combinations of restriction 
fragments as 281 bp, 232+49 bp and 281+232+49 bp, which matched with 
A/A, G/G and A/G genotypes, respectively. As for C-2404T of prolactin 
locus three versions of patterns were detected: 160+144+81+54 bp 
(corresponded to C/C genotype), 304+81+54 bp (indicated to T/T), 
304+160+144+81+54 bp (C/T genotype). 

For 24 indel of prolactin gene it was observed either the amplified 
fragment 130 bp that matched with genotype D/D (deletion) or the 
combination of fragments 154+130 bp (heterozygote genotype I/D). There 
were no samples only with the amplified fragment 154 bp itself, which 
matched with genotype I/I. Thus, from all of investigated polymorphisms 
24 indel was the single for which not all possible genotypes were detected. 
It should be noted that the lengths of the detected amplified and restriction 
fragments of the studied genes were fully corresponded to those previously 
described by Cui et al (2006) and Qiu et al (2006). 

Basic genetic features of the studied population are presented in the 
table 2. The lowest observed genotype frequency was shown for I/I of PRL 
24 indel (0), C/C of PRL C-2404T (0.02), A/A of INS A+3971G (0.07), and 
the highest – for D/D of PRL 24 indel (0.89), T/T of PRL C-2404T (0.74), 
G/G of INS A+3971G (0.58). In all cases there was the expressed 
predominance of one of two allele in the population: D on PRL 24 indel, T 
on PRL C-2404T, C on INS T+3737C and G on INS A+3971G. In the same 
time it was shown that the investigated population is in the Hardy-
Weinberg equilibrium on all studied polymorphisms relying on χ2 low 
values. In general, the population has higher values of heterozygosity and 
effective allele number for each of the mutations in prolactin than in insulin 
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gene. The mean value of ne on all four polymorphisms was in summary 
1,41. As for Wright’s fixation index, its values were low and pointed to 
insignificant deficiency of heterozygotes in the case of T+3737C and 
A+3971G mutations of the insulin gene. 

 
Table 2. Basic genetic parameters of the investigated population (in 2015). 

Marker 
Genotypes 

Alleles 
HWE 
(χ2) 

Ho He Fis ne 
 О Е 

PRL 
24 Indel 

I/I 0 0.36 I 0.06 

0.372 0.11 0.11 0.00 1.13 I/D 11 11.28 

D 0.94 D/D 89 88.36 

PRL 
C−2402T 

C/C 2 1.96 C 0.14 

0.001 0.24 0.24 0.00 1.32 C/T 24 24.08 

T 0.86 T/T 74 73.96 

INS 
T+3737C 

C/C 42 40.32 C 0.635 

0.524 0.43 0.46 0.07 1.86 C/T 43 46.36 

T 0.365 T/T 15 13.32 

INS 
A+3971G 

A/A 7 6.00 A 0.245 

0.291 0.35 0.37 0.05 1.59 A/G 35 37.00 

G 0.755 G/G 58 57.00 

O – observed and E – expected number of individuals with appropriate genotypes, HWE – 
correspondence to Hardy-Weinberg equilibrium by using χ2, Ho – obtained and He – 
expected heterozygosity, Fis – Wright’s fixation index, ne – effective number of alleles.  

 
Frequencies of alleles in the investigated population on PRL 24 indel 

and PRL C-2404T were very similar to those in the population of Yangshan 
chicken breed, studied by Cui et al (2006). In the same time, line 38 of 
Rhode Island Red breed differed very much from White Leghorn, because 
prolactin locus had monomorphic character in this breed with presented 
alleles I and C (Cui et al, 2006), which, on the contrary, had low frequencies 
in line 38. Also the investigated line differed from Iranian native chicken 
population, in which frequencies of D and T alleles of PRL were lower than 
alternative alleles (Bagheri Sarvestani et al, 2013). Differences were also 
observed from population of Poltava Clay chicken (Ukrainian native breed), 
where allele D frequency was 1.00 and T – 0.628 (Kulibaba, 2015), 
although both breed are dual-purpose (egg-and-meat chicken). 
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Concerning insulin gene, on both mutations (T+3737C and A+3971G) 
genetic structure of studied population was different from that of Vietnam 
native chicken breeds (Tau Vang and Noi), investigated by Khoa et al 
(2013). For example, Tau Vang and Noi breeds were characterized by 
prevalence of T and A alleles (Khoa et al, 2013), unlike Rhode Island Red 
chicken. 

It has become possible to analyse marker-trait associations within the 
population after genetic features estimation of studied population. Despite 
on all investigated markers were polymorphic, low observed distribution 
or even absence of several genotypes in the experimental population made 
impossible to study effects of them on the egg and meat productivity. Due 
to this situation, only those genotype effects were estimated which were 
found for a sufficient number of individuals. Thus, it was decided to 
evaluate marker-traits linkage for I/D and D/D genotypes of PRL 24 indel, 
C/T and T/T of PRL C−2402T, all three genotypes (C/C, C/T and T/T) of INS 
T+3737C, A/G and G/G of INS A+3971G. Analysis was performed for single 
markers. 

 
Table 3. Association of individual polymorphisms with egg productivity traits of 
line 38 of Rhode Island Red chicken breed. 

Marker 
Geno-
type 

Egg productivity traits 
En12. pcs En40. pcs Ew30. g Ew52. g 

PRL 
24 indel 

I/D 73.3±2.92a 227.6±7.12a 56.9±0.95a 59.2±1.21a 
D/D 72.7±0.81a 212.1±2.57b 56.7±0.47a 62.4±0.61b 

PRL 
C−2402T 

C/T 74.8±1.54a 221.7±4.37a 56.2±0.86a 59.8±1.08a 
T/T 73.1±0.75a 210.6±3.03b 56.9±0.51a 62.8±0.64b 

INS 
T+3737C 

C/C 74.8±0.85a 218.5±3.24a 55.9±0.67a 61.6±0.86a 
C/T 73.8±0.98a 214.6±3.44a 57.3±0.67a 62.3±0.97a 
T/T 74.8±1.27a 219.5±5.43a 56.8±1.11a 62.6±1.06a 

INS 
A+3971G 

A/G 74.5±1.06a 215.7±3.73a 57.5±0.75a 63.1±1.03a 
G/G 74.6±0.73a 218.6±2.85a 55.8±0.55a 61.1±0.71a 

a, b: differences are reliable between different letters on the level of p<0.05 within 
polymorphism. En12 – egg number in 12 weeks and En40 – egg number in 40 weeks of 
productivity period, Ew30 – egg weight on the 30th week and Ew52 – egg weight on the 52nd 
week of life. 

 
Table 3 contains the information about association of investigated 

polymorphisms with the main egg productivity traits. The reliable 
differences (p<0,05) for genotypes of prolactin locus were detected for 
both polymorphisms (24 indel and C−2402T) but only with two of studied 
egg productivity traits: egg number in 40 weeks of productivity period and 
egg weight on the 52nd weeks of life. It needs to note that heterozygotes I/D 
and C/T was associated with greater egg number, but D/D and T/T 
genotypes, in contrast with them, were linked with higher egg weight. 
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There was no significant difference between any of studied egg 
productivity trait and polymorphisms on insulin gene. But it is interesting 
to note that for INS A+3971G it was observed that individuals with A/G 
genotype laid more heavy egg on the 30th weeks of life than such with G/G 
genotype (p<0.06, t=1.89) and then this trend has kept, but its value 
decreased on the 52nd weeks of life (p<0.11, t=1.64). These given values of t 
are still unreliable, although they are very close to them. 

 
Table 4. Association of individual polymorphisms with meat productivity traits of 
line 38 of Rhode Island Red chicken breed. 

Geno-
type 

Meat productivity traits 
BW, kg EW, kg BMW, g TW, g SW, g MSW, g 

PRL 24 indel 

I/D 
1.74± 
0.044a 

1.27± 
0.034a 

94.4± 
2.82a 

63.7± 
2.19a 

54.7± 
2.06a 

31.7± 
1.84a 

D/D 
1.80± 
0.027a 

1.30± 
0.016a 

95.4± 
1.79a 

65.4± 
1.05a 

55.8± 
0.80a 

34.1± 
0.69a 

PRL C−2402T 

C/T 
1.74± 
0.051a 

1.27± 
0.023a 

93.4± 
2.35a 

64.2± 
1.41a 

54.3± 
1.40a 

34.2± 
1.29a 

T/T 
1.81± 
0.029a 

1.30± 
0.019a 

95.9± 
2.07a 

65.9± 
1.23a 

56.1± 
0.89a 

33.7± 
0.78a 

INS T+3737C 

C/C 
1.74± 
0.029a 

1.27± 
0.020a 

91.6± 
2.69a 

63.7± 
1.43a 

54.7± 
1.03a 

32.2± 
0.93a 

C/T 
1.74± 
0.032a 

1.28± 
0.022a 

96.3± 
2.51a 

64.8± 
1.65a 

55.6± 
1.35a 

33.9± 
1.05a 

T/T 
1.76± 
0.053a 

1.26± 
0.030a 

97.3± 
3.73a 

64.5± 
1.71a 

53.7± 
2.03a 

33.5± 
2.16a 

INS A+3971G 

A/G 
1.77± 
0.034a 

1.29± 
0.024a 

98.8± 
2.72a 

66.2± 
1.69a 

56.7± 
1.30a 

33.9± 
1.16a 

G/G 
1.73± 
0.025a 

1.26± 
0.017a 

91.7± 
2.26b 

63.2± 
1.22a 

54.2± 
0.96a 

32.4± 
0.85a 

a, b: differences are reliable between different letters on the level of p<0.05 within 
polymorphism. BW – body weight; EW – eviscerated weight; BMW – breast muscle weight; 
TW – thigh weight; SW – shin weight; MSW – muscle stomach weight. 

As for marker and locus effects on meat productivity traits, results of 
the analysis are performed in Table 4. Neither 24 indel, nor C−2402T 
mutation of prolactin gene had significant associations with any meat 
productivity traits. The similar situation was observed for INS T+3737C, 
which also did not have any reliable relations with studied traits. The single 
significant effect (p<0.05) was only revealed for INS A+3971G, which 
influenced on breast muscle weight of chicken. The heterozygotes A/G had 
higher breast muscle weight than G/G. 
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Discussing marker-trait associations of studied mutation it should be 
noted that positive effect of alleles I and C of prolactin locus on egg 
productivity of chickens was observed previously in earlier investigations. 
So, Cui et al (2006) described that ID heterozygotes had higher egg 
production than hens with DD genotype on the average on 14.5 eggs from 
17 to 42 weeks of age and on 32.0 eggs from 17 to 72 weeks of age. Bagheri 
Sarvestani et al (2013) noted that group of hens with DD and TT genotypes 
had lower egg number and laying rate on reliable level (p<0,01), than those 
with other genotypes on PRL 24 indel and PRL C−2402T mutations. In 
Poltava Clay chicken, which were studied previously by Kulibaba (2015), 
homozygotes CC were significantly better by En12 and Ew30 traits, thus, 
Rhode Island Red chickens were differed from Poltava Clay breed by 
influence of genotypes of PRL C−2402T mutations, especially concerning 
egg weight. As for insulin gene, our study is corresponded with 
observations of Qiu et al (2006), who also demonstrated that mutation INS 
A+3971G had associations with breast muscle weight of chickens. 

 
 

CONCLUSIONS 
Based on the results, it is recommended to use individuals with 

corresponding genotypes on prolactin and insulin loci in breeding for 
increasing of egg number, egg weight or breast muscle weight, according to 
the purpose of the selection program.  
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