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Article 
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Simple Summary: Polymeric immunoglobulin receptor (pIgR) plays an important role in mediating mucosal 

defenses. However, there are poor studies of pIgR’s polymorphisms and their related functions in poultry. To 

address this issue, we conducted an F2 population generated by reciprocal crossing of chicken lines with 

different growth traits. Interestingly, our results revealed sixteen SNPs in all exons of the pIgR gene in birds. 

Importantly, SNP 12 showed significant associations with body weight and shank lengths in different growth 

periods. Comparative sequencing for six SNPs (3, 9, 15, 16, 19, and 21) also discovered their correlations with 

disease-resistant traits in chickens. Our findings might supplement antibody-mediated defense because pIgR 

polymorphisms may affect disease occurrence by modifying IgA immune selection. 

Abstract: Polymeric immunoglobulin receptor (pIgR) plays an important role in mediating mucosal defenses, 

but the association between its single nucleotide polymorphisms (SNPs) and traits (such as growth and disease-

resistant) in birds is scarcely known. In this research, we aimed to detect the single nucleotide polymorphisms 

of the pIgR gene in the chicken F2 resource population and discern the possible associations between pIgR 

SNPs and chicken growth, disease-resistant, respectively. Six-SNPs (3, 9, 15, 16, 19, and 21) in chicken (Gallus 

gallus) were significantly associated with disease-resistant in the pIgR gene (P < 0.05). The major allele genotype 

with SNP 9 and SNP 19 occurred more frequently with high Newcastle Disease Virus (NDV) antibody rates; 

the major allele genotype with the SNP 3 was predominant in those with significantly lower NDV antibody 

rates (P < 0.05); heterozygous with the SNP 15 and SNP 21 occurred more frequently with high avian leukemia 

virus (ALV) antibody rates; the TT genotypes with the SNP 16 was predominant in those with low infectious 

bursal disease (IBD) antibody rates (P < 0.05). Besides, SNP 12 showed significant associations with body 

weights (BW) and shank lengths (SL) (P < 0.05). Genotyping revealed that the C allele occurred more frequently 

in breeds with high growth rates and the T allele was predominant in those with low growth rates at 8, 10, and 

12w of age (P < 0.05). This polymorphic site may serve as a useful target for the marker assisted selection of 

growth and disease-resistant traits in chicken. 

Keywords: pIgR; polymorphism; disease-resistant; growth; chicken 

 

1. Introdution 

Polymeric immunoglobulin receptor (pIgR), a kind of type Ⅰ trans-membrane glycoprotein, 

also known as an integral membrane protein located at the basolateral surface of secretory epithelial 

cells. As a key component of the mucosal immune system, pIgR is critical for the protective function 

of secretory immunoglobulins (SIgs) and mediates epithelial transcytosis of polymeric 

immunoglobulin A or polymeric immunoglobulin M (IgA or IgM) [3,35]. IgA class forms the first line 
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of antigen-specific immune protection against inhaled, ingested, and sexually transmitted pathogens 

and antigens at mucosal surfaces [12]. 

In past decades, studies on pIgR increased significantly in various vertebrate species, including 

human, mouse, and fish. Single nucleotide polymorphism studies have found that the human pIgR 

gene was significantly associated with IgA nephropathy [23,25], and 4 SNPs in the pIgR gene were 

susceptible cause for nosopharyngeal cancer [10]. Moreover, the pIgR gene had a role in the protection 

of mycobacterial disease which was demonstrated by mice gene-targeting knockout [32]. The possible 

role of pIgR’s associations with body weight and disease efficiency in fish has been widely 

investigated by researchers [20]. Therefore, the analysis of pIgR subunit polymorphisms is beneficial 

for understanding the potential variants which affect disease-resistant. However, there are poor 

studies of pIgR’s polymorphisms and their related functions in poultry. 

The objective of this study is to investigate the pIgR gene’s polymorphisms and elucidate the association 
between single nucleotide polymorphisms and growth in chickens. Furthermore, in order to clearly 

reveal the function of the pIgR gene, we also analyzed the associations of its polymorphisms with 

disease-resistant traits and their significance levels. These polymorphic sites （SNP 3, 9, 12, 15, 16, 

19 and 21） could be used to improve breeding method on body weights, shank lengths, and disease-

resistant in broiler breeders. 

2. Materials and Methods 

2.1. Experimental Animals 

The F2 resource population was built from full-sib intercrosses of two distinct chicken lines with 

different genetic background and varying growth performance, catering to typical Chinese taste 

preferences. The first line is the fast-growing High Quality chicken Line A (HQLA), which has 

undergone selective breeding for a high growth rate for more than ten generations. (Lingnan, 

Guangdong Wiz Agricultural Science & Technology Co. Ltd., Guangzhou, China). The second line is 

the slow-growing Huiyang Beard chicken (HB), which is an unimproved local Chinese meat-type 

breed. The HQLA × HB F2 individuals were generated following previously conducted studies 

[30,34]. After purification from leukemia and diseases, a total of 644 individuals (329 males, 315 

females) from 6 hatches were comprised for the association analysis. We discarded 156 chicks because 

of their incomplete phenotype or genotypic data. Until 5 weeks of age, each hatch was kept in a group 

cage. From 5 to 13 weeks, each chicken was individually housed in a cage with its own feed trough 

under standard farming conditions. The breeding facility provided continuous lighting and had a 

water curtain system in place to regulate the temperature. All birds had access to ample water and 

were fed ad libitum throughout the entire experiment period. 

2.2. Phenotypic Data and Sample Collection 

Venous blood was collected from the wing vein with ethylene diaminetetraacetic acid (EDTA) 

anticoagulant tubes and 1.5 ml centrifuge tubes, respectively. All blood samples were transferred to 

a laboratory. The standard phenol-chloroform method was performed to isolate chicken genomic 

DNA from the blood samples following the manufacturer’s protocols (Solarbio, BeiJing, China). 

Blood samples in 1.5 ml centrifuge tubes were divided into serum samples after being stored at room 

temperature for 12 hours. Then, DNA and serum samples were kept immediately at -80℃until the 

analysis.  

Body weights and shank lengths were measured every 2 weeks beginning at 8 weeks of age and 

continuing until 12 weeks of age. (eg. BW8, BW10, BW12, SL8, SL10, SL12). All animals used in the 

current study were cared for and used according to the requirements of the Institute of Animal 

Science, Guangdong Academy of Agricultural Sciences. 

2.3. Screening of SNPs and Genotyping 

A total of 644 DNA samples were genotyped to determine the allele frequencies. 18 primer pairs 

based on the gallus pIgR gene sequences (GRCg6a, GenBank NO.NC_052557.1) were designed using 
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the NCBI GenBank database (Table 1). PCR amplification was performed in a 25 μl reaction volume 

on a PCR system T100 Thermal Cycler (Bio-rad, CA, USA). The PCR reaction mixture contained 200 

ng of chicken genomic DNA as a template, primers at 10 μM each (Sangon, Guangzhou, China), 

2×PCR Taq Master mix (Accurate Biology, GuangZhou, China). Thermal cycling consisted of initial 

denaturation at 95℃ for 5 min, followed by 32 cycles consisting of denaturation at 95℃ for 30 s, 

annealing temperature for 30s, and extension at 72℃ for 45 s, with a final extension step of 7 min at 

72℃. All amplified products were separated on 1.2% agarose gels, and then sequenced in sanger both 

directions by Sangon Biological Engineering Technology Company. The sequencing results were 

analyzed and aligned the potential polymorphic sites using the UCSC SNP database and DNAstar 

software (DNAstar Inc., Madison, WI, USA) [11,17]. Following the discovery of the candidate SNPs, 

the birds were genotyped utilizing on sequencing data. SNPs genotyping information was gathered 

using the SPSS 23.0 (IBM Corp, USA). 

Table 1. Primers used to study pIgR gene in chicken. 

Primer 

names 

Primer sequences（5′-3′） Binding 

regions 

Annealing 

temperature（

℃） 

Product 

sizes（bp） 

pIgR-1F TCACTTGGGCTTGGATGCTG Exon1 56 293 

pIgR-1R GGCTGTACAAAGCTGCTACT 

pIgR-2F TGGACACATTTCAGGGGGTG Exon2 54 1014 

pIgR-2R TCTCTCCCTTAGGAGTGCGT 

pIgR-3F TTCACGCTCACCACTATGGG Exon3 58 535 

pIgR-3R AGAACGCCCTGAGTTCTTGG 

pIgR-4F GGGAACACACTGACTGCTCT Exon4 58 484 

pIgR-4R GGCCCCTCTGCTAATGAAAGA 

pIgR-5F CCTGGGGGTCAATTCTGACA Exon5 56 502 

pIgR-5R TTGTTTGTATCGAGGGGGTGG 

pIgR-6F CGTTGGGTACCAATCCCACT Exon6 56 472 

pIgR-6R ATTTCTGTTTCGAGGTGCTGC 

pIgR-7F ATTCACACAAAGGGCTGCGT Exon7 56 349 

pIgR-7R ATACATGAGAGAGGGTGGGGA 

pIgR-8F GATTGCATCACACTTGCCCA Exon8-10 58 707 

pIgR-8R CTGCAGGTCAGTGTTCTCTC 

pIgR-11F TCCAAGGAGGATGCTGACCT Exon11 56 627 

pIgR-11R CCGCTGGTGCCTATTTTCTG 

pIgR-12F GGGATTCTTAGCTGGGGTGG Intron1 54 1334 

pIgR-12R GGGTGTCCTAGTTCTTGCCC 

pIgR-13F AGCACCAGAATTTGGCCTGA Intron1 54 848 

pIgR-13R ACTCGGGTTCCTTTGTGCTT 

pIgR-14F GCTCAGAGTGATTCTCCCCC Intron1 54 1098 

pIgR-14R GCTCACCCCCTGAAATGTGT 

pIgR-15F GTGCCTTTTCCAGGGAATGC Intron2-3 54 961 

pIgR-15R TGGACCTGCGAAATCAGAGAG 
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pIgR-16F TCGCAGGTCCAAACATACCC Intron4 54 1119 

pIgR-16R AGATCTGCTCCATTGTGGCG 

pIgR-17F CCACCCCCTCGATACAAACA Intron5 54 1007 

pIgR-17R AGGCTGAACCATTTCAAGCGA 

pIgR-18F CTGGTATTGGTGTGGGGTGA Intron6-7 54 1409 

pIgR-18R TCTGTGCAGGAGAAGCATTCAT 

pIgR-19F TGAAGGAAGCATGCTCGCAG Intron8-

10/3'UTR 

54 1374 

pIgR-19R TTATTGGACATGAGCACCCCC 

pIgR-20F GGTGGAAATGCAGGGCTAGTA 5'UTR 54 1097 

pIgR-20R TACAATGAGCAGAGGCAGCTA 

2.4. The Poultry Diseases Antibody Detection 

On week 13 serum samples were collected from the blood samples of brachial vein in birds. A 

total of 644 serum samples were investigated with an available enzyme linked immunosorbent assay 

(ELISA) test for the detection of 5 poultry disease antibodies (Biochek, CA, USA). There are newcastle 

disease virus (NDV), avian leukemia virus (ALV), avian influenza (AI), infectious bursal disease 

(IBD), and infectious bronchitis virus (IBV). Sera were tested for each group's levels of particular 

antibodies in accordance with the ELISA kit's manufacturer's recommendations. The optical density 

data was read at 405 nm using a microplate reader (BioTek, Vermont, USA). For antibody titers, a 

logarithmic transformation was expressed as log10 and thus used before analysis the homogeneity 

of variance [27]. Afterwards, the mean antibody titers were calculated using the Excel program of 

BioChek (Microsoft Office2019, USA). 

2.5. Statistical Analysis 

2.6.1. Descriptive Statistics 

Descriptive statistics for growth and disease-resistant traits were derived, including arithmetic 

means and standard error of the mean (SEM). Calculations of phenotypic and genotype data were 

made using the Excel application (Microsoft Office2019, USA). Then, The Pearson’s rank coefficient 

correlation was performed between growth and disease-resistant traits by SPSS 23.0 (IBM Corp, 

USA). 

2.6.2. Polymorphism Evaluation 

Starting the analyses of the data, a normal distribution of all data was considered with a 

significance level of 0.05. Each candidate gene's genotypic and allelic frequencies and Hardy-

Weinberg equilibrium (HWE) testing, were assessed and calculated for each SNPs on chicken pIgR 

by Haploview software (Version 4.2; Broad Institute of MIT and Harvard, Cambridge, MA) [2]. 

2.6.3. Association Analysis 

Associations between single SNP in the pIgR gene and traits (BW、SL and antibody titer) were 

analyzed with the GLM procedure in the F2 resource population. A general linear model was as 

below: 

Yijklm = μ+Gm+Si+Hj+Fk+Mkl+eijklm 
where Yij was the phenotypic value of traits; μ was the overall mean; Gm was the fixed effect of SNP 

genotype or haplotype m; Si was the fixed effect of sex i (male or female); Hj was the fixed effect of 

hatch j; Fk was the effect of sire k; Mkl was the effect of dam l within sire k; eijklm was the residual effect. 

Multiple comparisons between genotypes of significant SNP and all traits count were carried out in 
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all chicken populations [18,34]. The single SNP’s a significance level of P < 0.05 were used to compare 

SNP genotyping in F2 chicken using Graph Pad Software Prism5 (San Diego, CA USA). All statistical 

analyses were carried out with the program SPSS 23.0 (IBM Corp, USA). 

3. Results 

3.1. Descriptive Statistics 

According to the descriptive data in this study, the average body weight increased from 8 weeks 

to 12 weeks of age (e.g., 8W, 10W, and 12W BWs = 1232.43 ± 207.11 g , 1655.41 ± 284.49 g, and 2016.96 

± 351.44 g). During the study period, the average shank lengths of F2 chicken increased numerically 

(e.g.,8W, 10W, and 12W SLs = 80.70 ± 6.16 mm , 88.89 ± 8.20 mm, and 92.23 ± 10.30 mm). It is worth 

noting that the sera antibody titers for each chicken disease varied significantly, as shown in Table 2. 

Table 2. Arithmetic means and standard errors for body weight, shank lengths, and disease antibody 

titers in chicken F2 resource population. 

Trait Mean ± SEM Min. Max. 

8W BW (g) 1232.43±207.11 475.50 2005.50 

10W BW (g) 1655.41±284.49 547.50 2719.50 

12W BW (g) 2016.96±351.44 684.50 3250.00 

8W SL (mm) 80.70±6.16 61.64 97.15 

10W SL (mm) 88.89±8.20 68.14 107.08 

12W SL (mm) 92.23±10.30 72.14 115.26 

NDV Titer (log10) 12493.03±5324.01 2202 31888 

AI Titer (log10) 2054.35±1984.61 95 20063 

ALV Titer (log10) 145.25±182.88 0 1394 

IBD Titer (log10) 5587.00±2233.40 122 16362 

IBV Titer (log10) 2328.68±2631.32 17 22140 

3.2. Identification of SNPs in the pIgR Gene 

Eighteen primer pairs were created to find single nucleotide polymorphisms (SNPs) in the 

chicken pIGR, covering 99.43% of the gene. Sixteen SNPs in all exons of the pIgR gene were identified 

by comparative sequencing. They were discovered in sequence analysis of PCR-amplified genomic 

DNA from an F2 resource population of 644 chickens (Figure 1). We found the followings: 535 bp 

PCR product with 7 SNPs in exon 3; 484 bp PCR product with 3 SNPs in exon 4; 707 bp PCR product 

with 3 SNPs in exon 9; and 3 SNPs in exon 10 with pIgR gene of chromosome 26 (GenBank accession 

No.NC_052557.1). Eight SNPs with insignificant P values were discarded in data filtering. Eight 

remaining single nucleotide polymorphisms were candidate SNPs and proceeded with data analysis 

in pIgR gene. 
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Figure 1. Genomic organization of the chicken polymeric immunoglobulin receptor (pIgR) gene at 

chromosome 26 (rectangles exons, horizontal lines introns). 

Genes, numbers, positions, allele frequencies, and genotype frequencies were shown in Table 3. 

According to the data, all identified SNPs were nucleotide substitutions, and located in coding exons. 

Of these, SNP 12 in exon 4, SNP 14, and 15 in exon 3 were observed with results of an amino acid 

change, whereas SNP 3, 9, 16, 19, and 21 were observed with no change at the single SNP locus. 

Additionally, the amino acid SNP 12 turns serine to isoleucine, whereas the missense mutation SNP 

15 transforms glycine into arginine. In chicken F2 resource population, the frequencies of 
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heterozygous ranged from 0.50 to 0.52 were more prevalent than those of homozygous ranged from 

0.18 to 0.30 in SNP 9 and 16. The total SNPs were further investigated as polymorphisms with minor 

allele frequency > 12% and minor genotype frequency > 2% at Hardy-Weinberg equilibrium (P > 0.01). 

Table 3. Single nucleotide polymorphisms identified in the pIgR gene1. 

1Position: Mar.2018 (GRCg6a). 21 = Major allele ;2 = Minor allele; Amino acid symbols: A = alanine, G = glycine, 

I = isoleucine, R = Arginine, S = serine, T = threonine, V = valine. 3MAF = minor allele frequency. 

3.3. Association Analysis Between pIgR SNP and Growth Trait in Chicken 

Strong associations between this SNP and body weight and shank lengths were found. As shown 

in Table 4, association studies observed that the SNP 12 was significantly associated with the BW at 

8, 10, and 12w (P < 0.05), as well as SL at 8, 10, and 12w in F2 (P < 0.01). For BW traits, birds with the 

CC genotype were significantly higher than those with the CT genotype (P < 0.05) at 8 and 10w of 

age, but non-significantly BW at 12w of age. Furthermore, The major allele genotype (CC) were 

significantly higher than TT genotype at 10 and 12 w of age (P < 0.05). For SL traits, birds with the CC 

genotype were significantly higher than those with the CT and TT genotype (P < 0.05) at 8, 10, and 

12w of age. Then, birds with the TT genotype had the significantly lowest SL at 8, 10, and 12 w of age 

among the population (P < 0.05) (Figure 2). 

Table 4. Single marker association effects with selected growth traits. 

SNPs ID 
Association P-value 

8W BW 10W BW 12W BW 8WSL 10W SL 

3 0.357 0.408 0.379 0.228 0.417 

9 0.897 0.754 0.728 0.020* 0.049* 

12 0.014* 0.010* 0.028* 0.002** 0.001** 

14 0.296 0.219 0.307 0.195 0.890 

15 0.173 0.163 0.221 0.147 0.560 

Ex
on 

SNPs 
ID 

Po
sition1 

A
llele 
12 

All
ele 22 

A
mino 
acid 

change 

Genotype 
frequency 

M
AF3 

HW
E P-
value 1

/1 
1

/2 
2

/2 

Exon10 3 2581217 C T T/T 0.79 0.19 0.02 0.12 0.201 

Exon3 
9 2584371 A G A/A 0.30 0.52 0.18 0.44 0.158 

12 2584522 C T V/A 0.63 0.33 0.04 0.21 1.00 

Exon4 

14 2584922 G T I/S 0.65 0.32 0.03 0.19 0.634 

15 2584941 G A R/G 0.61 0.35 0.04 0.21 0.282 

16 2584945 C T G/G 0.30 0.50 0.21 0.46 0.983 

19 2585053 C G G/G 0.71 0.27 0.02 0.15 0.206 

21 2585104 T C S/S 0.54 0.42 0.05 0.26 0.025 
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16 0.250 0.018* 0.050 0.167 0.187 

19 0.487 0.513 0.735 0.815 0.821 

21 0.112 0.130 0.168 0.168 0.180 

* P < 0.05, ** P < 0.01. 

 

Figure 2. Scatter plot analysis comparing the distribution of various growth traits with genotypes of 

pIgR SNPs in F2 chicken strains. A the distribution of BW. B the distribution of SL. (1 = Major allele C, 

2 = Minor allele T). 
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3.4. Correlation between Growth and Disease Resistance Triats 

As shown in Table 5, highly significant and negative correlations between body weight, shank 

length and SE, AI, NDV were found at 8, 10, and 12w of age (r > -0.11011; P < 0.001), but non-

significantly correlated between BW, SL and ALV, ST, IBV (P > 0.05). Correlation coefficients of BW 

and IBD were highly significant and positive (r > 0.09111; P < 0.001). But the same significance pattern 

did not appear to SL (P > 0.05). On the other hand, the correlations between BW and SL were highly 

significant and positive in the whole population of F2 chicken (r > 0.74911; P < 0.001). 

Table 5. Correlation coefficients among SL, BW, and disease resistance traits for chicken. 

Measurement 8W BW 10W BW 12W BW 8W SL 10W SL 12W SL 

ALV 0.076 0.053 0.038 0.05 0.024 0.005 

AI -0.152** -0.179** -0.169** -0.112** -0.177** -0.180** 

NDV -0.200** -0.225** -0.201** -0.140** -0.197** -0.214** 

IBD 0.172** 0.110** 0.091* 0.138** 0.074 0.036 

IBV -0.086* -0.038 -0.03 -0.07 -0.004 0.013 
The Pearson’s rank coefficient correlation was performed; * P < 0.05, ** P < 0.01. 

3.5. Association Analysis of pIgR SNPs with Disease Resistance Traits in Chickens  

As shown in Table 6, three SNPs, such as 3, 9, and 19, were more significantly associated with 

NDV disease resistance traits (P < 0.05). Two SNPs, including SNP 15 and SNP 21, were significantly 

associated with ALV-AB disease resistance traits (P < 0.05). The SNP 16 was significantly associated 

with IBD disease resistance traits (P < 0.05). But IBV and AI disease resistance traits were 

insignificantly associated with SNPs in the pIgR gene (P > 0.05). 

Table 6. Single marker association effects with disease resistance traits. 

SNPs ID 
Association P-value 

NDV AI ALV IBD IBV 

3 0.011* 0.272 0.700 0.532 0.187 

9 0.004** 0.481 0.639 0.366 0.661 

12 0.462 0.766 0.936 0.158 0.334 

14 0.131 0.226 0.740 0.395 0.628 

15 0.070 0.395 0.012* 0.440 0.802 

16 0.147 0.580 0.155 0.031* 0.275 

19 0.040* 0.100 0.606 0.265 0.935 

21 0.670 0.299 0.011* 0.051 0.641 
* P < 0.05, ** P < 0.01. 

In our analysis of significant association between pIgR SNP and disease resistance traits, this 

study we also evaluated the associations between pIgR SNPs and NDV, ALV-AB, and IBD disease-

resistance traits. The major allele genotype (AA/CC) with SNP 9 and SNP 19 occurred more frequently 

in birds with significantly higher NDV antibody rates (P < 0.05). On the other hand, the major allele 

genotype (CC) with SNP 3 was predominant in those with significantly lower NDV antibody rates (P 

< 0.05). The ALV-AB disease resistance traits show the heterosis with SNP 15 and SNP 21. Birds with 

heterozygous (AG/CT) were significantly higher than those with homozygous (P < 0.05). Besides, the 

IBD disease resistance traits for birds with the TT genotypes were significantly lower than those with 

CC and CT (P < 0.05)(Figure 3). 
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Figure 3. Violin plot analysis comparing the distribution of various disease resistance traits with 
genotypes of pIgR SNPs in F2 chicken strains. A the distribution of NDV titers. B the distribution of ALV 
titers. C the distribution of IBD titers. (1 = Major allele, 2 = Minor allele). 

4. Discussion  

Polymeric immunoglobulin receptors play an important role in cellular immunity in chickens. 

It has a critical role in the maintenance of barrier and intestinal homeostasis by transporting 

polymeric IgA antibodies across intestinal epithelial cells (IECs) into gut secretions [13,24]. In this 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 August 2023                   doi:10.20944/preprints202308.1353.v1

https://doi.org/10.20944/preprints202308.1353.v1


 11 

 

study, the association analysis was evaluated between the pIgR SNPs and disease resistance traits 

(NDV, ALV, and IBD) as well as growth traits in chickens. 

Newcastle disease is caused by a single-stranded RNA virus. In this disease, the viral protein is 

translated through the transcription of the negative-sense RNA genome. The viral protein of the 

single-stranded RNA virus known as Newcastle disease. It’s translated by reading the genome of the 

virus's negative-sense RNA [19]. It is a highly contagious and infectious disease which occurs 

frequently in poultry flocks. Historically, the outcome of polymorphisms for chicken has been 

demonstrated in a number of studies. Major histocompatibility complex (MHC) class II genetic 

polymorphisms were found to have substantial effects on NDV titer and body weight for the SNPs 

209 and SNP 254 [21]. Seven genes (TLR7, MX, IFI27L2, SLC5A1, HSPA2, IFRD1, IL1R1) were 

significantly affected after being exposed to a lentogenic strain of NDV [28]. The chicken Myxovirus 

(Mx) gene promoter’s polymorphisms were demonstrated, which illustrated the SNP4 G > A 

mutation was associated with chicken embryos’ susceptibility to the virulent NDV challenge [22]. In 

this study, we detected a significant association between NDV and pIgR SNPs (P < 0.05). Three SNPs, 

such as SNP 3, SNP 9, and SNP 19, were first demonstrated. The combination of those SNPs may 

increase the resistant effect on NDV infected chicken. The pIgR polymorphisms associated with NDV 

resistance may predispose the host of the group (TT/AA/CC) to resist preferentially. Thus, NDV 

resistance related gene has a great potential to affect the immune system and conduct seed selection 

in chickens. 

Avian Leukosis Virus, a single-stranded RNA retrovirus, is composed of six closely related 

envelope subgroups, which are identified as A, B, C, D, E, and J [1,37]. It mostly affects primarily 

chickens and can not only cause tumors but also immunosuppression, decreased productivity, and 

other production issues in infected flocks [8,9]. Previous studies demonstrated significant 

associations between three highly pathogenic receptor genes (NHE1, tva, and tvb) and conferring 

resistance to ALV [4,16]. Here, our results also indicated that the resistance of ALV was significantly 

associated with two SNPs (SNP 15 and 21) in chickens pIGR gene. The heterozygous (AG/CT) SNPs 

mentioned in the previous text have exhibited higher antibody titers in response to the ALV 

challenge. Thus, provided complementary tools of this gene may reveal the potential of two 

genotypes with hybridization dominance resistance to ALV in chickens. 

Infectious bursal disease (IBD) is an immunosuppressive virus of double-stranded RNA, which 

primarily not only infects B-cells in the bursa follicles, but also activates T cells and macrophages in 

peripheral lymphoid organs [29]. After IBD virus exposure, the levels of total serum and spleen IgA, 

IgG, and IgM were not affected by the reduction of B cell in the bursa [26]. From an immunological 

standpoint, previous studies demonstrated that the BF2121 alleles of MHC gene’s exhibition were 

highly associated with the resistance to IBD infection [7]. Knockdown of the ribosomal protein L18 

(RPL18) gene by RNA interference was significantly associated with affecting viral replication [33]. 

However, for the polymeric immunoglobulin receptor gene, our results also indicated its C allele had 

a resistant effect on chicken infected by germs IBD. Its implication will have great potential for 

progressing animal breeding, and can be used as a diagnostic tool for specificity and sensitivity, and 

provides effective protection. 

Growth traits are the most essential and economic trait in poultry breeding, especially body 

weight and shank lengths. Historically, DNA polymorphisms have been widely concerned to affect 

growth traits [6,14,15]. In Amakusa Daioh cross chickens, significant associations were found 

between a CCKAR SNP and growth traits [31]. Recently, the SNPs of growth-related genes, including 

GH, IGF2, and TSHB, were associated with traits that influence body size and were potentially 

involved in bone growth [36]. It is well known that growth traits are microeffect polygene regulated. 

By Genome-wide association studies, 113 quantitative trait nucleotides were discovered with 

significant effects on chicken growth traits, including nucleotides on chromosome 26 [5]. 

Interestingly, another gene that is chosen for this study, SNP 12 in the pIgR gene, was found on 

chromosome 26 too. Although the effect of pIgR on growth in chickens remains unclear, our findings 

discovered new associated SNPs and enriched the information on existing SNPs. Moreover, our 

results indicated pIgR could be used as a genetic marker. By doing that, new polymorphisms could 
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integrate into the breeding program to increase growth performance and the disease-resistance of 

populations. 

This variant may alter the efficiency of pIgR to release IgA complex and consequently increase 

the disease resistance for the chicken population. This might supplement antibody-mediated defense 

because pIgR polymorphisms may affect disease occurrence by modifying IgA immune selection. 

There was a new and valuable discovery about associations of the pIgR gene polymorphisms with 

disease resistance traits in chickens. However, we assessed that there was a statistical correlation 

between inhere five viruses' genetic resistance and other economic growth traits. In further studies, 

the relevant genetic functions of these SNPs are required to confirm by gene editing technology of 

poultry. In addition, the majority need is to verify the mechanism of chicken pIgR genes related to 

disease-resistant and economic traits in large populations with different chicken lines. The trade-off 

issue between disease resistance and growth performance could be resolved with a fuller 

understanding of this inheritance mechanism. Achieving this genetic equilibrium gets us breeds with 

satisfactory commercial traits in both disease resistance and growth. 

5. Conclusions 

In sum, this study revealed the association of the pIgR on disease resistance traits and growth 

traits at different weeks in F2 chicken. The significant associations of pIgR were detected between 

genotype and BW, SL, NDV, ALV, and IBD, respectively. 
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