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Introduction

Egg production in chicken is the result of many genes and 
gene interaction. Rapid understanding of genes and genome 
of chicken with various molecular markers have opened the 
opportunity to select for genes that are directly related to egg 
production traits. Candidate gene approach is one such method 
to genotype the layer stock for such genes which have significant 
contribution in genetic variability for egg production. Out of the 
many identified candidate genes polymorphism in layer chicken, 
only few have been reported to be significantly associated with 
egg production or, rate of lay. Most of the genotyping studies for 
reported SNPs or polymorphisms have largely been carried out 
with Polymerase Chain Reaction and Restriction Fragment Length 
Polymorphism (PCR- RFLP) type markers. The Growth Hormone, 
Growth Hormone Receptor and Insulin Like Growth Factor system 
(GH-GHR-IGFs) controls the number of follicles in the avian ovary 
that are recruited to the rapid growth phase [1] and a natural GHR 
mutation alters the ovulation rate [2]. It is also known that the GH-
GHR-IGF-1 system has been modified as a result of selection for 
improved growth rate and egg production. Polymorphism studies 
have shown the association between GHR (growth hormone 
receptor) gene and egg production [3].

The chicken IGF-1(insulin like growth factor) polymorphism 
in the 5’ region [4] is associated with egg production. [5] reported 
positive association of ‘A’ allele of IGF-1 genotype with egg 
production in KNOCK chicken. Chicken prolactin hormone (PRL), 
a polypeptide, secreted by anterior pituitary is a physiological 
candidate gene for egg production. [6] reported the polymorphism 
in chicken prolactin promoter region, which was associated with 
egg production in different Chinese breeds. Presence of 24 bp 
indel in the same region was highly associated with egg production 
and a C/T 2402 SNP was involved in PRL transcriptional output. 
However, both sites showed monomorphic pattern in WL (white 
leghorn) chicken. Although, literature supports the association of 
egg production traits with reported polymorphisms of candidate 
genes, however, reports are unavailable on significant association 
of candidate genes with egg number in a long-term selected WL 
population.

In view of above, screening of existing breeding population 
for presence/absence of polymorphic variant genotypes for above 
genes and their association with layer traits is important to study 
the genetic variability at gene level. The IWH strain of WL has 
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been developed through long term selection programme with 
major emphasis on annual egg production. However, these stocks 
have not been analysed for the polymorphic status of reported 
candidate genes. The present investigation was initiated with the 
objective to genotype the IWH strain of WL population for GHR, 
IGF-1 and PRL genes and to analyse their association with egg 
production.

Material and Method

Blood collection and DNA isolation
Pedigreed WLH pullets (n=90) were randomly taken from 

the IWH strain of pure line layers. The strain has undergone 29 
generations of family selection [7] for part period and annual 
egg production in a closed flock at experimental layer farm of 
CARI, Izatnagar, UP. Performance of pullets for various economic 
layer traits was recorded up to 40 weeks of age under standard 

conditions of management. About 0.5-1ml of blood was collected 
from the jugular vein of each pullet at the age of 10 week by a sterile 
disposable heparinized syringe. The samples were transported in 
ice and subsequently stored at -20°C. Genomic DNA was isolated 
from the blood samples by Phenol: Chloroform extraction method. 
Quality and quantity of DNA was checked using Nano-Drop 
Spectrophotometer. The quality of genomic DNA was further 
checked by submarine agarose gel electrophoresis. Only intact 
DNA samples, devoid of smearing were utilized for present work.

Polymerase chain reaction amplification of candidate 
genes

PCR primers: One set of reverse and forward primers specific 
to the gene of interest were used to amplify a region of chicken 
GHR and IGF-1genes while two sets were used for PRL. The set of 
primers were synthesized as per the published primer sequences 
(Table 1). 

Table1: Primers Used for Amplification of Candidate Genes along with Size of PCR Product.

Sl. No. Genes Product size Primer (5’-3’) Reference

1 GHR     Intron II 730 bp (forward)GGCTCTCCATGGGTATTAGGA
(reverse) GCTGGTGAACCAATCTCGGTT [8]

2
PRLC-2402T 439 bp

PRLI
(forward)AGAGGCAGCCCAGGCATTTTAC
(reverse) CCTGGGTCTGGTTTGGAAATTG

[6]

24 bp indel at-358 154 bp
PRLII

(forward)TTTAATATTGGTGGGTGAAGAGACA
(reverse) ATGCCACTGATCCTCGAAAACTC

[6]

3 IGF-15’-UTR 621 bp (forward)GACTATACAGAAAGAACCCAC
(reverse) TATCACTCAAGTGGCTCAAGT [4]

Setting up of PCR reaction: A total of 25μl reaction mixture 
was prepared by adding autoclaved triple distilled water 19.7l,  
10 X PCR assay buffer (15 mM Mg++) 2.5l (1.5mM), forward  and 
reverse Primer 0.5l (100 ng) each, dNTP mix 0.5l (0.5 mM), Taq 
DNA polymerase (3U /l ) 0.3 l(1.0 U) and Genomic DNA 1.0l 
(80-100 ng). The optimized reaction mixture that finally used 
for amplification for all the three genes was kept same except, 
the forward and reverse primers. All the above procedures were 
carried out on ice at 4ºC. Master mixture was mixed properly by 
vortexing followed by spinning. Finally, 24.0µl of master mixture 
was added to each PCR tube, containing 1.0µl of genomic DNA, 
followed by gentle mixing and spinning at 3000 rpm for 5-10 
seconds. A negative control labelled ‘C’ containing all reaction 
components except template DNA was also used to check any 
contamination of DNA in the reaction components. Finally, the 
PCR tubes were kept in a pre-programmed thermo cycler (Bio-Rad 
make) for amplification of desired gene segments as per optimized 
reaction conditions. PCR products thus obtained were kept at 4ºC 
for further analysis.

Agarose gel electrophoresis: Horizontal submarine 
electrophoresis was performed on 2 % agarose gel (7.5µl of PCR 
product mixed with 1µl of gel loading dye) to check the amplified 
PCR products. Electrophoresis was conducted at constant voltage 

of 80 volt for 45 minutes at 37˚C using 1X TBE buffer. The mass 
ruler DNA ladder (100 bp) was used for size estimation of the DNA 
bands. The DNA fragments were stained with ethidium bromide 
and photographed using an ultraviolet (UV) trans-illuminator 
(BioRad, Gel Doc system) to visualize the bands.

Restriction Enzyme digestion: To identify the Restriction 
Fragment Length Polymorphism (RFLP), Hind III [8], Pst I [4] 
and Alu I [6] Restriction Enzymes (RE) were used to detect the 
polymorphism in GHR, IGF-1 and PRL genes respectively. A 
154 bp PCR product was amplified from PRL gene, which was 
directly observed on 3 % agarose gel for presence or absence of 
24 bp indel by horizontal submarine agarose gel electrophoresis. 
Therefore, restriction enzyme digestion was not needed for this 
gene. RE digested PCR products were analyzed on 6% PAGE (Poly 
Acrylamide Gel Electrophoresis) and visualized by silver staining. 

Statistical Analysis
Genotypic frequencies of different PCR-RFLP patterns were 

estimated from the combination of various RFLP alleles generated 
based on presence or absence of one or more restriction sites. 
Different genotypes were identified based on different patterns. 
Gene frequencies were calculated from genotypic frequencies. The 
allele frequencies were calculated using standard methods [9]. 
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The Chi-square (χ2) test for goodness of fit was used to find out 
difference among various genotypes.

Association of allelic variation with egg production 
traits in WLH

The effects of IGF-1 and GHR genotypes on least squares 
means of layer traits were analysed using the GLM procedure 
(SAS, 6.12). The following model was used:

Yijkl = µ + Gi + Fj + Hk + eijkl

where Yijkl  is an observation on the traits, µ is the overall 
sample population mean, Gi is the fixed effect associated with the 
ith  genotype, Fj is the fixed effect associated with the jth dam , Hk 
is the fixed effect associated with kth hatch and eijkl is the random 
error.

Result 
In the present investigation PCR-RFLP studies were carried 

out on some of the candidate genes to study the effects of 

polymorphism on layer traits in WLH birds. The restriction 
enzyme digestion of 730-bp product from the intron II of GHR 
gene revealed GHR-Hind III polymorphism with two types of 
restriction fragment pattern i.e., 410bp / 320bp for the HindIII 
(+ / +) genotype and 250bp / 160bp / 320 bp for the HindIII (- 
/ -) genotype respectively (Figure 1). The HindIII++ genotype 
was at significantly higher frequency (0.966) as compared to 
HindIII- - (0.033) genotype, which was also true for the HindIII+ 
and HindIII- alleles in the population studied (Table 2). The 621-
bp fragment from 5’-UTR (5’-untranslated region) of IGF-1 gene 
was restriction digested with PstI enzyme. Single polymorphism 
at PstI cutting site revealed two different restriction patterns i.e., 
257bp and 364 bp for the PstI (+ /+) genotype and 257, 364 and 
621 bp for the PstI (+ / -) genotype respectively (Figure 2). The 
PstI ++ genotype was at significantly higher frequency (0.944) 
than PstI+ - genotype (0.055). Similarly, frequency of PstI+ allele 
was significantly higher (0.972) than the frequency of PstI- allele 
(0.027).

Figure 1: Hind III Digested GHR Fragments on 1.5% Agarose (Metaphor) Gel,
M: 50 bp DNA Ladder, Lane 1 Hind III -/- (320, 250 & 160bp) Lane 2: Hind III +/+ (410, 320b).

Figure 2: Pst I Digested IGF I Fragment on 6% PAGE
M: Marker (100 bp); C: Negative Control Lane 1, 2, 4 & 5: Pst I +/+ (364 & 257bp).
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Figure 3: C-2402T Alu I Digested PRL Fragments on 6% PAGE
M: 100 bp DNA ladder, Lane 1: PRL primer I amplified PCR product, Lane 2, 3, 4, 5, 6 	 & 7: CC genotype (160, 144, 81 & 54 bp).

Table 2: Reaction Time, Temperature and Number of Cycles Used for Amplification of Different Genes.

Steps Genes Temperature Time No. of

(°C) cycles

Initial Denaturation

GHR 95 4 min

1
IGF-1 94 5 min

PRL 94 5 min

PRL 24 bp 94 5 min

Denaturation

GHR 92 30 sec

35

IGF-1 94 60 sec

PRL 94 30 sec

PRL 24 bp 94 30 sec

Annealing

GHR 59 80 sec

IGF-1 58 60 sec

PRL 62 30 sec

PRL 24 bp 54 30 sec

Extension

GHR 72 90 sec

IGF-1 72 90 sec

PRL 72 30 sec

PRL 24 bp 72 30 sec

Final Extension

GHR 72 10 min

IGF-1 72 10 min

1PRL 72 10 min

PRL 24 bp 72 5 min

Hold - 4 ∞ -

The 439 bp fragment at the promoter region of chicken 
prolactin gene was amplified by using PRL I primer set. Restriction 
enzyme digestion of amplified product revealed monomorphic 
pattern at C- 2402 T site for Alu I enzyme (Figure 3). The fragments 
observed were of 160 bp, 144 bp, 81bp and 54bp in size. The PCR-

RFLP pattern revealed presence of CC genotype in the present 
population, which was like the results of [6] for WLH chickens. 
The results confirmed the transition of C to T at 2402 bp position 
as has been reported by [6]. Similarly, insertion of 24 bp at the 
promoter site -358 of chicken prolactin gene was observed in all 
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the hens with the second set of primer PRL II. As a result, the PCR 
product revealed 154 bp fragments on 3 % agarose gel.

Genotype trait association
Associations between genotypes of GHR and IGF-1 genes 

with layer traits were initially analysed using a linear model 
that included effects for the GHR genotype, the IGF-genotype, 
interaction between genotypes of the genes, the effects of dam, 
effects of sire and hatch. However, the interaction and sire effects 
were not found significant (P >0.05) on all the traits and were 

therefore, removed from the model. The effects of polymorphism 
on layer traits and the least squares means from the two different 
genotypes of GHR and IGF-1 genes have been presented in (Table 
3,4) respectively. The mean values of different layer traits revealed 
differences among genotypes for both the genes, however no 
significant associations with genotypes were observed. However, 
few traits (BW 40, EW 40, EW 28, ASM, MOT 15, MOI 40 and ACL) 
showed the trend of association with IGF-1 and GHR genotypes at 
probability value greater than 05 percent but less than 20 percent 
level of significance.

Table 3: Frequency of Different Restriction Fragment Patterns of Digested Genes Amplicon.

Restriction enzyme Fragment patterns Genotype No. of Hen (N = 90)

Hind III
320 bp + 150 bp +160 bp HindIII (+ / +) 87

410 bp + 320 bp HindIII  (- / -) 03

Pst I
364 bp + 257 bp Pst I (+ /+) 85

364 bp + 257 bp + 621 bp Pst I (+ / -) 05

Alu I
160 bp + 144 bp + 81 bp

CC 90
+ 54 bp

24-bp indel 154 bp II 90

Table 4: Genotypic Frequency and Allelic Frequency in WL (N = 90).

Genes Genotype Genotypic Frequency Allele Allelic Frequency z2

GHR
HindIII (+ / +) 0.966 HindIII + 0.966

78.40
HindIII  (- / -) 0.033 HindIII - 0.033

IGF-1
Pst I (+ /+) 0.944 Pst I + 0.972

71.11
Pst I (+ / -) 0.055 Pst I - 0.027

PRL 1 CC 1.000 C 1.000 -

PRL 2 II 1.000 I 1.000 -

Discussion
Table 5: Effects (P- values) of Polymorphism of IGF-1 and GHR Gene on Selected Layer Traits.

Traits IGF-1 GHR Dam Hatch

BW 16 0.9302 0.5206 0.116 0.0002

BW 40 0.1102 0.6067 0.0041 0.0112

EW 40 0.0666 0.2098 0.6814 0.6663

EW 28 0.0895 0.4519 0.9016 0.6918

ASM 0.7014 0.1109 0.5109 0.7434

EN-1 0.7608 0.4421 0.0377 0.496

EN-2 0.6393 0.3205 0.0503 0.3927

EN-3 0.8329 0.5096 0.0253 0.2811

EN-4 0.6008 0.423 0.4244 0.1364

EN-5 0.3564 0.5997 0.6925 0.4229

MOT 40 0.4275 0.3874 0.1324 0.4083

MOT 15 0.2526 0.1335 0.0134 0.6065

MOI 40 0.5407 0.1953 0.0356 0.478

MOI 15 0.9299 0.7317 0.0127 0.877

ACL 0.3045 0.0976 0.0031 0.9981

MCL 0.2654 0.4634 0.0018 0.9718
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Genotyping studies for the reported polymorphisms in GHR 
gene have also been conducted by some earlier workers [3,8,10] in 
different exotic layer populations with the aim to find association 
of different genotypes with egg production and reproduction 
traits. The genotypes observed in present investigation for GHR 
gene were like the findings of [8,10]. GHR Hind III+ genotype was 
significantly associated with higher juvenile body weight [8] and 
a trend of association was found with age at first egg (P ≤ 0.14) 
and housing body weight (P ≤ 0.058). However, no significant 
association with other layer traits was reported by him. In the 
present study, similar trend of association with ASM (P≤ 0.11), 
ACL (P≤ 0.09), MOT 15 (P≤ 0.13) and MOI 40 (P ≤ 0.1935) were 
observed (Table 3), however the associations were not statistically 
significant at 5 % or at 1 %. The gene and genotype frequencies 
reported in present study were comparable to the results of [10] 
but the frequency of Hind III -/- was lower than the results of 

[10]. Both have reported comparatively higher frequencies for 
HindIII + allele as compared to HindIII – allele in their respective 
population, which has also been observed in the present study. 
[8] had observed that, there was a tendency for an increase in 
the frequency of Hind III + allele due to influence of selection 
(Table 5). Few other reports are available in literature [11,12] for 
identification of SNP in GHR gene but these SNPs belong to other 
regions of the gene than the present study.

IGF-1 gene has been reported to be associated with egg 
production [12] through regulating the growth and differentiation 
of follicles [13] in layer chickens. Genotyping for associated 
polymorphism at PstI site have been reported by some workers 
[4,5] in different exotic layer birds. The observed restriction 
fragment pattern for PstI + and PstI – allele was similar to the 
reported literature [4,5,10]. 

Table 6: Least Square Mean ± Standard Error of Selected Layer Traits by Genotypes of IGF-1 and GHR Genes in a WL Population (N = 90).

Traits
IGF GHR

+ +(n = 85) + -(n = 05) + +(n = 87) (n = 03)

BW 16 839.27 ± 38.86 833.49 ± 80.58 862.47 ± 31.47 810.30 ± 90.10

BW 40 1441.28 ± 59.20a 1602 ± 122.75b 1490.29 ± 47.95 1553.95 ± 137.26

EW 28 54.05 ± 0.93a 56.70 ± 1.89b 54.66 ± 0.73a 56.09 ± 2.11b

EW 40 47.22 ± 0.97a 50.30 ± 2.03b 47.47 ± 0.79 50.05 ± 2.27

ASM 147.08 ± 3.88 144.55 ± 8.05 139.31 ± 3.14a 152.33 ± 9.00b

EN-1 104.68 ± 8.13 108.89 ± 16.86 113.32 ± 6.58 100.25 ± 18.85

EN-2 63.83 ± 9.87 55.97 ± 20.46 70.16 ± 7.99 49.63 ± 22.88

EN-3 82.59 ± 9.15 79.31 ± 18.98 87.26 ± 7.41 74.64 ± 21.23

EN-4 29.01 ± 5.19 33.63 ± 10.77 26.97 ± 4.21 35.68 ± 12.05

EN-5 40.17 ± 7.11 51.34 ± 14.74 41.85 ± 5.76 49.65 ± 16.49

MOT 40 11.24 ± 0.29 11.63 ± 0.60 11.17 ± 0.23 11.70 ± 0.67

MOT 15 11.44 ± 0.48 12.38 ± 1.00 11.14 ± 0.39a 12.67 ± 1.12b

MOI 40 24.93 ± 0.13 24.97 ± 0.54 24.59 ± 0.21a 25.31 ± 0.61b

MOI 15 24.36 ± 0.13 24.50 ± 0.28 24.48 ± 0.11 24.38 ± 0.32

ACL 13.38 ± 2.07 9.75 ± 4.30 7.95 ± 1.68a 15.19 ± 4.81b

MCL 44.19 ± 7.75 29.46 ± 16.08 30.88 ± 6.28 42.77 ± 17.98

However, PstI - - genotype was not found in present 
investigation (Table 6). The observed frequency (0.972) for PstI 
+ allele was higher than the frequency (0.83) reported by [4,5] 
(0.30) in two different layer chickens. [5] reported maximum 
frequency for PstI - allele in Korean native chicken contrary to 
the minimum frequency reported by [4] in WLH chickens. In the 
present study similar trend as reported by [4] was observed for 
PstI + allele. The allelic and genotypic frequencies for PRL gene at 
two different promoter sites were 1.00 in the population studied. 
The results were like the reports of [6] for WLH chicken. Due 
to monomorphic pattern, association analysis with production 
traits was not performed for these two genotypes. Presently 

reported higher frequency of Hind III ++ genotype indicated 
that direction of selection has supported the favourable allele, 
however, statistically significant differences were not observed in 
the least square means of two genotypes. This could have been 
due to some environmental effects or the background genome 
would have masked effects of genotypes. Further studies with 
larger sample size are suggested for the future. Higher frequency 
of PstI + allele of IGF-1 gene in WLH population has been reported 
to be significantly associated with egg weight [4]. The average 
egg weights were higher for the PstI ++ genotype than for PstI 
- - genotype [4], however; for the same trait, non- significant 
association was observed by [15]. 
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The results of present investigation were comparable to the 
results of [4], however no significant association with egg weight 
was observed. Like the results of [4], a trend of association was 
observed for EW 28 (P≤ 0.06), EW 40 (P≤ 0.08) and BW 40 (P≤ 
0.11) at higher levels of probabilities. [5] reported that Pst I ++ 
genotype was associated with higher egg production at the age of 
50 week than PstI - -   genotype. [10] have reported similar results 
for the association of IGF-1 polymorphism with 300- and 400-days 
egg production. The results of present investigation differed from 
the findings of [5,10] regarding absence of PstI - -   genotype in the 
population studied. PstI - - genotype was reported to be associated 
with low egg production [5,10] and its frequency was reported to 
be higher in native chickens [5,10] than the WLH chickens. Higher 
frequency of PstI ++ genotype and the absence of PstI - - genotype 
in the population studied, indicate that the direction of selection 
for increased egg production has supported the favourable allele. 
Further studies with larger sample size, therefore, are suggested 
for the future.

The monomorphic patterns of PRL gene with both the primers 
sets confirm the loss of broodiness in the present layer population. 
The insertion of 24 bp (with primer pair PRL II) indel has been 
reported to be associated with lack of broodiness. [11] reported 
that insertion of 24 bp nucleotide sequence in the promoter region 
may inhibit a transcriptional factor-binding site for PRL and, 
therefore, decreases the expression of PRL, which contributes to 
non-broodiness in + / + hens. [6] reported that the frequency for 
II genotype in WL layers was 1.00 and the marker trait association 
analysis indicated that the 24 bp indel was associated with egg 
production (P < 0.01). Similarly, the C-2402 T AluI polymorphism 
has also been reported to show a frequency of 1.00 in WL 
population as compared to other native layers [6]. 

The present result with 1.00 frequencies for both the 24 bp 
indel and C-2402 T confirms the reports of previous workers 
[6,11] that WL population under selection for egg production has 
lost the broodiness character. From the present study, it may be 
conferred that direction of selection has stabilized the favourable 
alleles of selected gene candidates due to longer generations of 
selection [16]. The selected gene candidates would be of more use 
to explore the genetic variability in egg production traits of short-
term selected layer population or, native chicken. 
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