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Abstract. The quantitative trait loci associated with the immune properties of chickens are of interest from the 
point of view of obtaining animals resistant to infectious agents using marker-assisted selection. In the process 
of selecting markers for genomic selection in broiler-type chickens, a non-standard genotype frequency of the 
RACK1 gene allele (SNP Gga_rs15788101) in the B5 line of broiler-type chicken cross Smena 8 was identified and 
it was suggested that this gene was involved in selection. Therefore, it was decided to investigate the available 
polymorphisms in the three genes responsible for the IgY titer (DMA, RACK1 and CD1B). Molecular typing of single 
nucleotide polymorphisms of three loci revealed an approach to fixation of the unfavorable allele of the DMA gene 
(SNP Gga_rs15788237), an approach to fixation of the unfavorable allele of the RACK1 gene and the prevalence of 
the favorable CD1B gene allele (SNP Gga_rs16057130). Analysis of the haplotypes revealed a strong linkage disequi-
librium of these genes. This suggests that these genes experience selection pressure. Analysis of the protein-coding 
sequences of the CD1B and DMA genes of various breeds of chickens revealed a negative selection of these genes. 
In order to understand whether the fixation of the studied alleles is the result of artificial selection of the B5 line of 
the cross Smena 8, an analysis of similar loci in layer chickens Hisex White was carried out. The frequencies of the 
alleles at the loci of the CD1B gene (Gga_rs16057130) and the RACK1 gene (Gga_rs15788101) in the Hisex White 
chicken genome differ from the frequencies of the alleles obtained for chickens of the B5 line of the cross Smena 8. 
It can be assumed that the fixation of the allele in the DMA gene (SNP Gga_rs15723) is associated with artificial or 
natural selection, consistent in broilers and layers. Changes in the loci Gga_rs16057130 and Gga_rs15788101 in the 
B5 line of the Smena 8 chickens are most likely associated with artificial selection of broiler productivity traits, which 
can subsequently lead to fixation of alleles at these loci. Artificial breeding of chickens leads to degradation of the 
variability of genes encoding elements of the immune system, which can cause a decrease in resistance to various 
diseases. The study of the negative impact of selection of economic traits on immunity should provide means to 
mitigate negative consequences and help find ways to obtain disease-resistant animals.
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Аннотация. Локусы количественных признаков, связанные с иммунными свойствами кур, представляют 
интерес с точки зрения получения устойчивых к инфекционным агентам животных при помощи маркер-
опосредованной (геномной) селекции. В процессе подбора маркеров для геномной селекции у кур брой-
лерного типа выявлена нестандартная частота аллеля гена RACK1 (SNP Gga_rs15788101) у кур линии Б5 
мясного кросса селекции СГЦ «Смена» и возникло предположение о том, что этот ген вовлечен в селекцию. 
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Поэтому было решено исследовать доступные полиморфизмы в трех генах, ответственных за титр IgY (DMA, 
RACK1 и CD1B). Молекулярное типирование однонуклеотидных полиморфизмов трех локусов показало при-
ближение к фиксации неблагоприятных аллелей генов DMA (SNP Gga_rs15788237) и RACK1 и преобладание 
благоприятного аллеля гена  CD1B (SNP  Gga_rs16057130). При анализе гаплотипов выявлено сильное не-
равновесное сцепление этих генов. Это свидетельствует о том, что данные гены испытывают селекционное 
давление. Исследование белок-кодирующих последовательностей генов CD1B и DMA различных пород кур 
продемонстрировало негативную селекцию этих генов. Для того чтобы понять, является ли фиксация изу-
ченных аллелей результатом направленной селекции кур линии Б5 мясного кросса СГЦ «Смена», проведен 
анализ аналогичных локусов у кур яичной селекции «Хайсекс белый». Частоты аллелей в локусах гена CD1B 
(Gga_rs16057130) и гена RACK1 (Gga_rs15788101) в геноме кур « Хайсекс белый» отличаются от частот аллелей, 
полученных для кур линии Б5 мясного кросса селекции СГЦ «Смена». Можно предположить, что фиксация 
аллеля в гене DMA (SNP Gga_rs15788237) связана с искусственным или естественным отбором, единым для 
кур мясной и яичной селекции. Изменения в локусах Gga_rs16057130 и Gga_rs15788101 у кур линии Б5 мяс-
ного кросса селекции СГЦ «Смена», скорее всего, связаны с искусственной селекцией признаков продуктив-
ности бройлеров, которая в дальнейшем может привести к фиксации аллелей в этих локусах. Искусственная 
селекция кур ведет к деградации вариабельности генов, кодирующих элементы иммунной системы и, как 
следствие, уменьшению резистентности к различным заболеваниям. Изучение негативного влияния селек-
ции хозяйственных признаков на иммунитет должно способствовать снижению отрицательных последствий 
и поиску способов получения резистентных к заболеваниям животных. 
Ключевые слова: гены иммунной системы кур; фиксация аллелей; негативная селекция.

Introduction
Selecting production traits in the broiler chicken has a negative 
effect on the breed’s resistance to infectious diseases (Zekarias 
et al., 2002) and harms their immune competence. On the other 
hand, resistant chickens are poor producers, e.g. high leucosis 
resistance in layers reduces egg yield. The only exclusion to 
this rule has been known so far is resistance to Marek’s disease 
that stimulates egg laying (Zekarias et al., 2002). One of the 
studies has demonstrated that broilers produce a short-term 
humoral response, while layers – a long-term humoral and 
strong cell-mediated response (Koenen et al., 2002). Another 
study claims genetic selection to improve the broiler’s grow-
ing trait reduces the humoral and increases the cell-mediated 
and inflammatory responses (Cheema et al., 2003). There 
are studies proving intensive selection has no negative effect 
on poultry immune competence (Emam et al., 2014). At the 
same time, there is a theory saying the resources necessary 
for physiologically normal immunity are taken to provide the 
productivity trait in chicken (Zekarias et al., 2002).

After it was found out that antibody titers are genetically 
inherited, the certain genes affecting this process were detected 
(Yonash et al., 2001; Kaiser et al., 2002). The quantitative 
trait loci associated with the immune properties in Gallus 
gallus belong to different chromosomes (Slawinska, Siwek, 
2013; Zhang et al., 2015). A genome-wide search for associa-
tions allowed one to detect in chromosomes 1, 3, 5, 12 and 
16 nine single-nucleotide polymorphisms (SNPs) in the loci 
associated with total immunoglobulin Y (IgY) concentration 
in sera. The most significant five of them are located within 
a narrow region covering 0.26 Mb of chromosome 16 in the 
MHC-B locus that determines resistance to viral, bacterial and 
parasitic infections in chickens. Locus’s variability determines 
a breed’s resistance to different pathogens (Iglesias et al., 
2019). Keeping in mind that the number of haplotypes in the 
locus is almost one order lower in broilers than in their wild 
ancestors, it partially may explain the difference in resistance 
(Nguyen-Phuc et al., 2016). The genes of this region may play 
a crucial role in immune response modulation (Zhang et al., 
2015), so chickens produce IgY to provide their offsprings 
with an effective humoral response to the most wide-spread 

pathogens before their own immune system matures (Dias da 
Silva, Tambourgi, 2010). While choosing genomic selection 
markers in the parental lines of the B5 line / Smena 8 cross 
broilers, a nonstandard allele genotype of the RACK1 gene 
was identified and a suggestion was made that it might be 
involved in the selection process. For that reason, a decision 
was made to study the polymorphisms of all the three genes 
responsible for the IgY titer. 

Materials and methods
To isolate the DNA, feather samples from the 100 broilers 
belonging to the 79th generation of the B5 line / Smena 8 cross 
(Cornish breed) bred at Breeding and Genetic Center “Smena” 
were collected. To isolate the DNA of layer chickens, the 
feather samples of 48 the Hisex White layer chickens bred at 
the Zagorskoe Experimental Farm of Federal Scientific Center 
”All-Russian Research and Technological Poultry Institute” 
of the Russian Academy of Sciences were used. The DNA 
was isolated from the animals’ quill of 0.3–0.5 cm in length 
as it is required by the investigation protocol for the M-sorb 
kit (No. HG-501, Syntol LLC, Russia). The PCR required 
1.5 µl of isolated DNA and was performed in real time using 
an АNК-М device (Institute for Analytical Instrumentation 
of the Russian Academy of Sciences, Russia). The SNPs 
were typed in two different ways: with the primers contain-
ing a modified LNA nucleoside on their 3′ end (Latorra et 
al., 2003); and introducing two different LNA nucleosides 
into the 5′ end of a probe in a position compliment to an SNP 
being studied. While the probe/target mismatch destabilized 
the interaction, the proper positioning facilitated it. This was 
due to the presence of LNA modification that significantly 
changed the thermodynamic characteristics of the samples 
(You et al., 2006). Using two different channels to detect a 
fluorescent signal enabled us to detect an SNP in a single test 
tube, increasing the assay’s effectiveness and simplifying data 
interpretation. The primer/probe sequences for SNP detection 
can be seen in Table 1. 

Such dyes as 6-carboxyfluorescein (6FAM) and 5-carboxy-
rhodamine 6G (5R6G) were used as fluorescent markers, 
and the BHQ1 dye – as a quencher. The accumulated data 
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Table 1. Studied SNPs and their positions in chromosome 16, genes responsible for IgY titers,  
probes and primers used for the analysis 

SNP Gene Index Primer/probe sequences (5’→3’)

Gga_rs16057130
G > A

CD1B CF GGATCTGTCCTCCCTTCC 

CR CTTCCCAAACTACATCCTCA 

CDA (6FAM)TGCT(A-LNA)CACGAGG(BHQ1) 

CDG (5R6G)TGCT(G-LNA)CACGAGG(BHQ1) 

Gga_rs15788237
T > C

DMA DMF GGGACACATCAGTGAGGA

DMR AATGGACATCCCAACTGA 

DMA (6FAM)CCCC(A-LNA)ACGATGT(BHQ1)

DMG (5R6G)CCCC(G-LNA)ACGATGT(BHQ1) 

Gga_rs15788101
A > G

RACK1 RNF GCAGCAGCCTCAGCTCCAA

RNR GAGATAAAGCCCGGTGAGGA

RT (6FAM)CTCA(T-LNA)ATTCCCGTC(BHQ1)

RC (5R6G)CTCA(C-LNA)ATTCCCGTC(BHQ1) 

Note. Here and also in Table 2, 4 the nucleolytic sequence enhancing the IgY titer is marked in bold.

were put through the Ensamble genome browser at https:// 
www.ensembl.org/index.html (Zerbino et al., 2018). The 
linkage disequilibrium was analyzed using the CubeX web-
tool (Gaunt et al., 2007) and the DNASp v.6 software (Ro-
zas et al., 2017). The positive and negative selection was 
ana lyzed in the HyPhy software (Kosakovsky Pond, Frost, 
2005) from the Datamonkey web server (http://datamonkey. 
org) using the following sequences from GenBank:  
AB268588.1, AY849318.1, NM_001024582.1, AB204802.1, 
AY375530.1 for the CD1B gene; AB268588.1, FJ770458.1,  
NM_001099353.2, HM545127.1, AB426148.1 for the 
DMA gene; and AY393848.1, M24193.1, NM_001004378.2, 
CR386189.1, AY694127.1 for the RACK1 gene. Protein se-
condary structure errors due to mutations were analyzed on 
the Dim-Pred (Disorder inducing mutation prediction) server 
at http://www.iitm.ac.in/bioinfo/DIM_Pred/ (Anoosha et al., 
2015). The protein 3D structures of corresponding genes were 
modeled on the SWISS-MODEL web server at http://www.
expasy.ch/swissmod/SWISS-MODEL.html (Waterhouse et 
al., 2018).

Results and discussion
SNP typing of the three loci responsible for enhanced IgY 
titer in the B5 line / Smena 8 cross broilers was carried out. 
All the three SNPs were localized within their corresponding 
genes. Fixation of the allele Gga_rs15788237 determining the 
lowest IgY titer in the locus was revealed, as well as that of an 
unfavorable allele Gga_rs15788101 and the predominance of 
a favorable allele Gga_rs16057130. The results of SNP typing 
can be seen in Table 2. 

CD1B gene. The CD1 proteins are a family that is similar 
to MHC class I glycoproteins that expose alien and native 
antigens, so they can be recognized by T-cells (Barral, Brenner, 
2007). The ratio of synonymous (dS) and nonsynonymous 
(dN) mutations in the 5′ coding sequences of the CD1B gene in 
the chickens of different origin demonstrated a negative selec-
tion to present in two regions. The analysis performed using 
the HyPhy software showed the gene has two codon- altera-
tion regions that result in amino acid replacement (Table 3). 

However, while replacing nonpolar valine by alanine may not 
affect the protein’s structure and functions, a replacement of 
polar serine by nonpolar glycine may significantly alter both 
the structure and the way the protein interacts with ligands. 
Analyzing the two mutations on the DIM-Pred server dem-
onstrated their destructive effect on the protein’s secondary 
structure in which the coding glycine occurred to bind the 
favorable SNP Gga_rs16057130 allele. 3D modeling of the 
protein’s structure revealed no visible changes in case of 
mutual replacements.  

DMA gene. The DMA gene encodes the alpha-chain of 
glycoprotein being the receptor to expose alien antigens with 
specialized T-cells (Chazara et al., 2011). The gene’s dN/dS 
ratio suggests there is one negative selection site in this gene 
(see Table 3). The Ser27Leu replacement does not disrupt the 
protein’s secondary structure but can probably affect the way 
it interacts with its surrounding and ligands. However, if the 
site really presents in the DMA gene, a question rises why the 
unfavorable allele prevails for the IgY titer. A possible expla-
nation can be a balancing selection when a positive selection is 
substituted by a negative one if the allele frequency becomes 
high. In this case allele fixation never occurs, so they cannot 
be regarded either as favorable or unfavorable (Hurst, 2009). 
In essence, the issue remains open.  

RACK1 gene. The gene encodes C1, an activated kinase 
receptor subunit. Analysis of the gene’s dN/dS ratio reveals 
no signs of the selection determined by the encoding part of 
the gene, which is hardly a surprise, for this protein is very 
conservative and 100% match of that in humans. Thus, the 
hypothetic reason of RACK1 selection remains unidenti-
fied and can be predetermined as by the encoding as by the 
regulation sites in both encoding and non-encoding domains 
(Chen, Blanchette, 2007; Koonin, Wolf, 2010). Since struc-
tural conservation can not be a strong selection factor of its 
own (Drake et al., 2006; Katzman et al., 2007), several such 
factors may probably exist. 

The allele fixation effect that produces extended runs of 
homozygosity as a response to environmental and artificial 
selection factors has recently been found in chickens (Rubin 
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Table 2. Genotypes and alleles distribution  
in the B5 line/Smena 8 cross broilers (n = 100)

SNP Gene Genotype Allele 
frequency

Gga_rs16057130
G > A(1)

CD1B GG = 0.09, AA = 0.47, 
GA = 0.44

G = 0.31, 
A = 0.69

Gga_rs15788237
T > C

DMA TT = 0.92, CC = 0.00, 
TC = 0.08

T = 0.96, 
C = 0.04

Gga_rs15788101
A > G

RACK1 AA = 0.87, GG = 0.00, 
AG = 0.13

A = 0.935, 
G = 0.065

Table 3. Nucleotide changes in the CD1B and DMA genes,  
leading to amino acid replacements 

Gene Nucleotide 
change

Codon Amino acid 
replacement

CD1B T > C GTG > GCG Val202Ala

CD1B G > A GGC > AGC Gly283Ser

DMA CA > TG TCA > TTG Ser27Leu

Table 4. Allele and genotype frequencies distribution  
in the genome region containing immune system genes  
in the Hisex White chickens  (n = 48)

SNP Gene Genotype Allele 
frequency

Gga_rs16057130
G > A

CD1B GG = 0.21, AA = 0.35, 
GA = 0.44

G = 0.43, 
A = 0.57

Gga_rs15788237
T > C

DMA TT = 0.92, CC = 0.00, 
TC = 0.08

T = 0.96, 
C = 0.04

Gga_rs15788101
A > G

RACK1 AA = 0.25, GG = 0.06, 
AG = 0.69

A = 0.59, 
G = 0.41

et al., 2010; Fleming et al., 2016). The runs are 3 million 
base pairs on average and contain a certain number of linked 
homozygous SNPs (McQuillan et al., 2008; Keller et al., 
2011; Hedrick, Garcia Dorado, 2016). Finding such runs al-
lows one to detect the genome regions and genes involved 
in both natural and artificial selections. In tropical climate, 
adaptation of chickens to traditional poultry production leads 
to natural selection of birds with favorable genotypes, so the 
frequency of corresponding alleles increases in the next gene-
rations, affecting the homeostasis and immune system genes 
(Marchesi et al., 2018). For us to understand if the fixation 
of studied alleles was the result of artificial selection in the 
B5 line / Smena 8 cross broilers, analysis of similar loci in the 
Hisex White layer chickens was carried out (Table 4). 

Similar to the results obtained from the B5 line / Smena 8 
chickens, the Hisex White layers had an allele Gga_rs15788237 
fixation in the locus. However, the allele frequencies Gga_
rs16057130 and Gga_rs15788101 in the Hisex White ge-
nome are different from the frequencies obtained for the B5 / 
Smena 8 chickens. 

Based on the data obtained, an assumption can be made that 
the allele fixation in DMA gene is related to either artificial or 
natural selection that is similar for both layer and broiler chi-
ckens. The changes in Gga_rs16057130 and Gga_rs15788101 
loci observed in the B5 line / Smena 8 cross chickens are most 
likely related to artificial selection of the productivity traits 
typical for broilers, which in the future may result in complete 
allele fixation in these loci. While the fixation, the so-called 
genetic hitchhiking can take place when an allele changes its 
frequency not because it is being selected but because it is 
located next to a gene being selected (Smith, Haigh, 1974; 
Futuyma, 2013). This phenomenon may involve both favor-
able and unfavorable alleles of the neighboring gene. 

Thus, the presented experiment has confirmed that artifi-
cial selection for productivity traits may possibly affect the 

immune system of chickens, the effect that was first studied 
by J.J. Li et al. (2017). Typing of the IFIH1 and IFIT5 innate 
immunity genes has demonstrated an interaction between 
the production traits and the immune system. It can also be 
assumed that artificial selection of commercial traits may 
result in passive selection for immune traits. A study to iden-
tify artificial selection regions in chickens (Ma et al., 2018) 
detected two immunity genes: BCL2L14 (apoptosis mediator) 
and CDH13 (encoding protein enhancing immune resistivity 
to Campylobacter jejuni). Resequencing of the cockfighting 
chicken genome (Guo et al., 2016) detected multiple immunity 
genes involved in the selection process. 

All the authors mentioned above reported about the genes 
being involved in selection but not directly related to produc-
tivity traits. However, they did not mention whether favorable 
or unfavorable alleles were selected. The fact that unfavorable 
alleles can be selected as well has long been known since 
both artificial and natural selection increases the frequency 
of the rare recessive alleles having a negative effect on vi-
ability (Hocking, 2014). This can be exemplified by skeleton 
and muscle diseases in growing chickens and by multiple 
ovulations in broilers’ adult parents (Hocking, 2014) mean-
ing the corresponding diseased genes are a part of the parent 
lines. Other negative manifestations of artificial selections 
include reduced resistance to infectious disease, pulmonary 
hypertension and osteoporosis that can be promoted by nega-
tive pleiotropic effect or genetic hitchhiking (Elferink et al., 
2012). A stark example of such unexpected selection results 
can be a 22% body mass increase in the chickens bred from 
crossing the Livorno White lines, which were selected for a 
long term to produce two-yolk eggs (Abplanalp et al., 1977). 
All these data prove that selection affects multiple genes. In 
our study, selection of two unfavorable and one favorable 
alleles of a single trait was observed, which is important 
because unfavorable alleles can be beneficial for artificial 
selection. Forecasting of the unfavourability is based on the 
variants that greatly affect the phenotype but often turn out to 
be unstable in nature. However, in artificial conditions, these 
variants may be quite viable (Hedrick, Garcia Dorado, 2016; 
Bosse et al., 2018).

Conclusion
Artificial selection in chickens leads to degradation of the vari-
ability of the genes encoding the immune system elements that 
may worsen the birds’ resistance to certain diseases. Studying 
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the negative effect productive trait selection has on the im-
munity may give us a tool not only to mitigate the effect but 
also to breed disease-resistant animals. 
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