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ABSTRACT: Data were obtained in favor of presence of 
two major QTL in chromosome 4 of Rhode Island  hens. 
The SNP2_1 which marked the first QTL was associated 
with egg weight at 60 weeks of age (P=0.002). The allele 
effect of C for T nucleotide substitution was 5 g (SD = 3g, 
P = 0.002). The rs14491030 which marked the second QTL 
was associated with eggshell weight (P = 0.0032) and 
eggshell thickness (P = 0.0064). The allele effect of G for A 
nucleotide substitution was 0.37 g (SD = 0.4, P = 0.001) 
and 25 mic. (SD = 15 mic, P = 0.01) for eggshell weight 
and eggshell thickness, respectively. 
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Introduction 

 
During last ten years microsatellite QTL mapping 

was continuously replaced by GWAS. Nevertheless, there 
are others approaches to reveal a QTL. One of them is 
differently expressed sequences associated with traits under 
investigation. As it follows from GWAS study of chicken 
genome SNP rs14491030 is a marker of a QTL which has 
major effect on egg weight (Wolc et al. (2012)), Another 
QTL was marked by SNP2_1 and it was revealed using 
different expression of ESTs (Barkova and Smaragdov 
(2013)). The objective of this study was to estimate the 
effects of both QTL on egg traits.  

 
Materials and Methods 

 
Data. Data were recorded for 144 hens. The 

following experimental lines of egg laying type chickens 
were used: - the father line UK-72 (n = 51) in the mother 
parental form of white Rhode Island, the mother line UK-73 
(n = 73) in the mother parental form of white Rhode Island, 
and two lines CD hybrid (n = 25) in the parental form of 
cross Lohman Brown.  Two experimental lines were 
selected on egg traits including egg weight, and CD hybrid 
on eggshell strength. The evaluated traits included eggshell 
weight (ESW), egg weight at 30 weeks of age (EW30), egg 
weight at 60 weeks of age (EW60), percentage of the ratio 
of the eggshell weight to the egg weight (PES), eggshell 
thickness (EST), Design of allele specific primers was 
performed with program available at 
http:\\frondo.wi.mit.edu\primer3. Genotyping was carried 
out using PCR amplification. 

 
Statistical analyses. To analyze the obtained data 

ANOVA was used. In the course of multiple testing, 

Bonferroni correction was applied concerning five 
independent traits. 

 
Results and Discussion 

 
As soon as each line of hens has its own ancestry 

and selection history, and therefore different linkage 
disequilibrium between SNP marker and QTL, the lines 
were analyzed separately. 

 
UK-72 line. Association of SNP2_ 1 genotypes with 

all traits was not significant. Vice versa, the allele effect of 
C for T nucleotide substitution was significant for EST (P = 
0.017) and it was equal to 35 mic, slightly over SD = 25 
mic. But, according to Bonferroni correction the significant 
P-value should be equal to 0.01. 

 
UK-73 line. Association of SNP2_1 genotypes with 

all traits was not significant.  
 
Two line hybrid CD. Association of SNP2_ 1 

genotypes with EW60 was significant (P = 0.002) (Table 1) 
and the allele substitution effect was equal to 5g (SD = 3g, 
P = 0.002). It should be noted that CC genotype was not 
found in CD cross hens.  

 
Table 1. Association of SNP2_1 genotypes with the egg 
traits. 

Trait# Genotype& Mean ± SE P 
EW60 CT 69 ± 1 0.002 

CD cross TT 64 ± 1 (0.01) 
# EW60 = egg weight at 60 weeks of age, g 
& The number of genotyped hens in CD cross were 8 (CT) and 17 (TT) 
* p-value in brackets is after Bonferroni correction for α = 0.05  
 

 
Combined samples of lines. In combined sample of 

UK-72, UK-73, and CD cross hens, as well as in combined 
sample of UK-72 and UK-73 hens data were not significant 
Meanwhile, in combined sample of UK-72, UK-73, and CD 
cross hens the effect of C for T nucleotide substitution for 
EST was significant (P = 0.023), but it was not significant 
after Bonferroni correction. This line of evidence implies 
that the linkage disequilibrium affects the significance 
value of a marker – traits association.  

 
The SNP2_1 was revealed at distance 900 b 

upstream to 5| end of transcribed sequence CR523443 
located on GGA4 at 16.7 Mb (Barkova and Smaragdov 
(2013)).  Analysis in silico confirms that this sequence 



belongs to long untranslated RNA (Barkova and 
Smaragdov (2013)). Further research is necessary to 
identify candidate gene or CR523443  itself as a cause of 
QTL effects. To date, nearby QTL with the effect on 
eggshell thickness was mapped around MCW0114 
microsatellite (Wardecka et al. (2003)). 

 
UK-72 line. Association of the genotypes of 

rs14491030 with all traits was not significant, except ESW 
(P = 0.0032) and PES (P = 0.014) (Table 2). The allele 
effects of G for A nucleotide substitution were 0.37 g (SD = 
0.4 g, P = 0.001), and 1% (SD = 0.6%, P = 0.013) for ESW 
and PES, respectively. After Bonferroni correction 
significant result was only for ESW. 

 
Table 2. Association of rs14491030 genotypes with the 
egg traits. 

Trait# Genotype& Mean±SE P* 
ESW AG 5.73±0.06  

UK-72line AA 6.1 ± 0.1 0.0032 
 GG 5.12 (0.01) 

PES AG 8.97±0.09  
UK-72 line AA 10.0 ± 0.1 0.014 

 GG 8.28 (0.01) 
EST AG 381±3  

CD cross AA 405±4 0.0064 
 GG 350 (0.01) 

# ESW = eggshell weight, g; PES = percentage of the 
eggshell weight to the egg weight; EST =  eggshell thickness, mic. 
& The number of genotyped hens in UK-72 line were 43 (AG), 7 (AA), and 
1 (GG); The number of 
genotyped hens in CD cross were 20 (AG), 3 (AA), and 1(GG) 
* p-value in brackets is after Bonferroni correction for α = 0.05 

 
 
UK-73 line. Association of rs14491030 genotypes 

with all traits was not significant. 
 
Two line hybrid CD. Association of rs14491030 

genotypes with all traits was not significant, except EST (P 
= 0.0064) (Table 2) with the allele effect of G for A 
nucleotide substitution equal to 25 mic. (SD = 15 mic,, P = 
0.01). 

 
Combined sample of lines. In combined sample 

of UK-72, UK-73, and CD cross hens the effects for all 
traits were not significant. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Since the marker rs14491030 was located in 
GGA4 at nucleotide position 75486534 b in the eighth exon 
of NCAPG condensing gene (Build 3.1), this gene might 
determine the effects of a QTL. The rs14491030 is 
missense mutation with valine for alanine replacement, so it 
could be considered as a causal SNP. But the fact that 
significant effects were discovered only for UK-72 and CD 
cross hens, testifies against this assumption. The effects of 
this QTL with high probability were the result of chromatin 
(de)condensation. In crosses of White Leghorn and Rhode 
Island Red (Tuiskula-Haavisto et al. (2002); Sasaki et al. 
(2004; Schreiweis et al. (2005)), and in crosses New 
Hampshire and White  

 
Leghorn chicken lines (Goraga et al. (2011), a 

QTL for egg weight was repeatedly discovered in the 
interval between 60 and 83 Mb, where the rs14491030 
(75486534 b) was located. 

 
Conclusion 

 
The research revealed two QTL in GGA4 of Rhode 

Island hens which have major pleiotropic effects on egg 
traits. One of them might be the result of long untranslated 
RNA actions, the other may be the consequence of up and 
down regulation of transcription on chromatin level. 
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