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Abstract 

Aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor best known for 

mediating xenobiotic-induced toxicity. AhR requires aryl hydrocarbon receptor nuclear 

translocator (ARNT) to form active transcription complex and promote the activation of genes 

which have dioxin responsive element in their regulatory regions. The present study was 

performed to determine the complete cDNA sequences of porcine AhR and ARNT genes and 

their chromosomal localization. Total RNA from porcine livers were used to obtain the 

sequence of the entire porcine transcriptome by next-generation sequencing (NGS; lllumina 

HiSeq2500). In addition, both, in silico analysis and FISH were used to determine 

chromosomal localization of porcine AhR and ARNT genes. In silico analysis of nucleotide 

sequences showed that there are two transcript variants of AhR and ARNT genes in the pig. In 

addition, computer analysis revealed that AhR gene in the pig is located on chromosome 9 and 

ARNT on chromosome 4. The results of FISH experiment confirmed the localization of 

porcine AhR and ARNT genes. In the present study, for the first time the full cDNAs of AhR 

and ARNT were demonstrated in the pig. In the future, it would be interesting to determine the 

tissue distribution of AhR and ARNT transcript variants in the pig and to test whether these 

variants are associated with different biological functions and/or different activation 

pathways. 
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Introduction 

Aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor best known 

for mediating xenobiotic-induced toxicity. In a cytosol, unliganded AhR forms a multiprotein 

inactive complex including heat shock protein 90 (hsp90), immunophilin-like protein XAP2 

and co-chaperone protein p23. Binding of the ligand is followed by translocation of the 

ligand-AhR complex to the nucleus, dissociation from the chaperone proteins and 

dimerization with aryl hydrocarbon receptor nuclear translocator (ARNT). The ligand-AhR-

ARNT complex binds to the specific DNA sequence called dioxin response element (DRE) 

and induces an expression of a variety of genes, including phase I and II drug metabolizing 

enzymes (e.g., CYP1A1, CYP1A2, CYP1B1, polypeptide A1, glutathione S-transferase and 

NADPH-quinone-oxidoreductase) (Barouki et al. 2007). Both AhR and ARNT are members 

of the bHLH-PAS (basic helix-loop-helix/PER-ARNT-SIM) protein family (reviewed in 

Hahn 1998; Whitlock 1999; Gu et al. 2000). The two proteins are composed of bHLH domain 

involved in DNA binding, PAS-A domain mediating both heterodimerization with the AhR 

nuclear translocator (ARNT) and receptor binding to DNA, PAS-B domain responsible for 

binding the ligand and co-chaperone proteins and glutamine-rich (Q-rich) domain essential for 

the recruitment of co-activators and transactivation (Denison et al. 2002; Pocar et al. 2005). 

For decades, AhR was known as a mediator of toxic effects caused by a variety of 

environmental chemicals such as polychlorinated dibenzo-p-dioxins, polychlorinated 

dibenzofurans and polychlorinated biphenyls (Burbach et al. 1992; Ema et al. 1992). The 

most studied AhR ligand is 2,3,7,8,-tetrachlorodibenzo-p-dioxin (TCDD). Because of its lipid 

solubility and chemical stability, TCDD easily accumulates in human and animal tissues (fat). 

In humans, the half-life of TCDD is estimated to be 7-10 years (Nicolopoulou-Stamati and 

Pistos 2001; Larsen 2006). Exposure to TCDD may result in numerous pathophysiological 

abnormalities such as chloracne, thymic atrophy and immune dysfunction, hepatic damage 

and steatosis, gastric epithelial hyperplasia and cancer (Larsen 2006). TCDD also may affect 

male and female reproduction as well as endocrinology (Nicolopoulou-Stamti and Pitsos 
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2001; Petroff et al. 2001; Moran et al. 2003; Piasecka-Srader et al. 2014). It is of interest that 

sensitivity to TCDD considerably differs between animal species, genders and strains (Poland 

and Knutson 1982; Kleeman et al. 1988; Pohjanvirta et al. 1993; Pohjanvirta and Tuomisto 

1994; Unkila et al. 1994; Enan et al. 1996; Bello et al. 2001; Ovando et al. 2006; Silkworth et 

al. 2008). It was suggested that these differences in sensitivity to TCDD may be partially 

related to variations in DNA sequence of AhR (Nebert et al. 1972; Poland and Knutson 1982; 

Thomas et al. 1972; Poland et al. 1987; Whitlock 1990).  

Recent studies revealed that AhR may also be activated also by endogenous ligands, 

which suggests its physiological role (for review see Hernandez-Ochoa et al. 2009; Abel and 

Haarmann-Stemmann 2010). The physiological importance of AhR and ARNT was supported 

by the results of genetic studies. In Drosophila melanogaster, for example, mutations in AhR 

led to an increased dendritic branching and overgrowth, while in Caenorhabditis elegans 

caused defects in neuronal development and disturbed feeding behavior. AhR knock-out 

(AhRKO) mice showed many physiological abnormalities including hepatic fibrosis, reduced 

liver size and disturbed female reproduction processes (reviewed by Barouki et al. 2007). 

Moreover, it was shown that mice lacking ARNT exhibited embryonic lethal phenotype 

resulted from defects in angiogenesis and placental development (Kozak et al. 1997; Maltepe 

et al. 1997). 

Until now, AhR and ARNT genes were broadly characterized only in few invertebrates 

(Drosophila melanogaster, Caenorhabditis elegans) and vertebrates (e.g., Mus musculus, 

Rattus norvegicus, Oryctolagus cuniculus, Ovis aries, Bos taurus, Macaca mulatta, Homo 

sapiens) (National Center for Biotechnology Information: NCBI; 

http://www.ncbi.nlm.nih.gov). Since the differences in sensitivity to TCDD between species 

may be associated with variations in AhR and/or ARNT gene structure, the results cannot be 

easily extrapolated from one species to another. Taking into account dioxin accumulation in 

fat tissue and the important role of pork in human nutrition as well as the fact that AhR and 

ARNT genes in the pig are not fully described, the pig may be considered an attractive 

research model. Therefore, the objectives of the current study were: 1/ to determine the 

complete cDNA sequences of porcine AhR and ARNT; 2/ to compare the AhR and ARNT 

cDNA sequences with homologous sequences in other species; 3/ to construct gene trees for 

AhR and ARNT to analyze the phylogenetic relationship between the pig and other species; 

and 4/ to evaluate the AhR and ARNT chromosomal localization using both in silico and 

experimental methods. 
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Material and Methods 

Animals and liver tissue collection 

The study was approved by the Local Ethical Commission for Animal Experiments of the 

University of Warmia and Mazury in Olsztyn. Porcine livers were collected from two cyclic 

gilts in a small local slaughterhouse. The liver samples were collected directly after slaughter, 

immediately frozen in liquid nitrogen and stored at −80°C until RNA isolation. 

 

Total RNA isolation and RNA integrity evaluation 

Total RNA was isolated from a 20 mg of a fragmented liver sample using RNeasy Mini Kit 

(Qiagen, USA). RNA concentration and quality were determined spectrophotometrically and 

RNA integrity was evaluated by microfluidic electrophoresis using a 2100 Bioanalyzer with 

RNA 6000 Nano Labchips according to manufacturer’s protocol (Agilent Technologies, 

USA). Only samples with RNA integrity number (RIN; 28 S/18 S ratio) above 7.8 were used 

for NGS. 

 

Construction and sequencing of RNA-seq Illumina libraries 

Depleted RNA obtained from 400 ng of total RNA was used to construct cDNA libraries 

(TruSeq RNA Sample Preparation Kit; Illumina, USA). Following RNA purification and 

fragmentation, first and second cDNA strands were synthesized. Next steps included 3` ends 

adenylation, adapters ligation and library amplification (polymerase chain reaction; PCR). 

Quantification of the DNA library templates was performed using KAPA Library 

Quantification Kit (KapaBiosystem, USA). Library profiles were estimated using the DNA 

High Sensitivity LabChip kit on the Agilent Bioanalyzer. Afterwards, libraries were 

sequenced on an Illumina HiSeq2500 high throughput sequencing instrument (OpenExome, 

Poland) with 100 paired-end (PE) sequencing.  
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Obtaining the porcine AhR and ARNT transcript sequences 

The quality of cDNA fragments obtained after sequencing (raw reads) was first evaluated 

using FastQC program (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). The 

reads were trimmed to remove any remaining Illumina adapter sequences and reads shorter 

than 50 bp from the dataset. Alignment of the received reads to the Bos taurus AhR transcript 

(NM_001206026) and predicted Sus scrofa ARNT transcript (XM_005663493) was carried 

out using the Geneious 7.1.7 software with sensitivity parameter set as medium-low. 

Assembling and mapping of the obtained contigs was performed with following sensitivity 

parameters: minimum overlap - 50 and minimum overlap identity - 95%. The blastx tool was 

used to verify the obtained AhR and ARNT transcript sequences. 

 

Characterization of the AhR and ARNT transcript sequences 

To recognize single nucleotide variations (SNVs) in the porcine AhR and ARNT transcripts, 

short reads obtained from sequencing were mapped to the AhR and ARNT cDNA sequences. 

This analysis was performed using Geneious 7.1.7 software with following sensitivity 

parameters: minimum overlap - 50 and minimum overlap identity - 95%. Finally, the AhR and 

ARNT sequences were compared to homologous sequences in other species using blast 

software available on NCBI web server. For this analysis, in addition to humans, other species 

were selected that are related to the pig and are known to have sensitivity to TCDD (LD50).  

Each of the two porcine AhR variants were compared with: 1/ transcript variant 1 and 2 of the 

mouse 2/ transcript variant 1, 2 and 3 of the rat and 3 / the one known transcript sequence of 

the other selected species. To compare ARNT sequences, variant 1 of porcine ARNT and 

variant 1 (if more than one variant was deposited in GenBank) of ARNT of other species were 

analyzed.  

 Additionally, SNVs identified by NGS in exon 10 (the longest exon) of AhR transcript 

were validated by Sanger sequencing (Genomed, Poland). For this purpose set of appropriate 

primers were designed: forward 5’ ATGAAGAAGGAAAAGAACATCTACG 3’ and reverse 

5’ TGTTGAAAAAGGCCTGTGGG 3’. 

 

Phylogenetic analysis 
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Phylogenetic analysis was carried out on mammalian AhR and ARNT nucleotide sequences. 

To compare the collected sequences, the alignments were built using MAFFT (Multiple 

Alignment using Fast Fourier Transform) 7.017 (Katoh et al. 2002). Phylogenetic analysis 

was performed using MEGA (Molecular Evolutionary Genetics Analysis) 5.10 software 

(Tamura et al. 2011) based on the GTR+I+G nucleotide substitution model with four 

substitution rate categories using the maximum-likelihood (ML) and Bayes methods. ML and 

Bayes analyses were conducted using RaXML ver. 8.0.26 (Stamatakis 2014) and BEAST ver. 

1.8.1 (Drummond et al. 2012), respectively. The ML and Bayes trees were evaluated using 

the bootstrap test based on 1,000 replications. Additionally, a posterior probability (PP) value 

was generated for Bayes trees. 

 

Cytogenetic analysis 

Chromosomal localization of porcine AhR and ARNT genes was determined in silico using 

Ensemble database (http://www.ensembl.org/) containing porcine sequenced genome divided 

into chromosomes. The cDNA sequences of AhR and ARNT genes were input into database 

and assigned to certain locations on chromosomes. The aligned fragments were transferred to 

Maff tool and compared with the whole porcine genome to identify the particular exons. In 

addition, FISH was performed to confirm the results of in silico analysis. Short-term cultures 

of porcine lymphocytes served as a source of metaphase spreads. FISH was carried out 

according to a previously published protocol (Durkin et al. 2012). Bacterial artificial 

chromosome (BAC) probes for detection of AhR and ARNT genes were selected based on an 

in silico analysis of the gene chromosomal localization. Two BAC clones for AhR (CH242-

240M19 and CH242-32M4) covering the region of interest on porcine chromosome 9 (SSC9: 

95,509,942-95,542,785) and two BAC clones for ARNT (CH242-418A22 and CH242-

217B6) covering the region of interest on porcine chromosome 4 (SSC4:107,586,820-

107,636,206) were obtained from porcine library - the CHORI-242 Porcine BAC Library 

(http://bacpac.chori.org/labraries.php). The BAC probes were verified by PCR using specific 

primers (AhR: forward 5’ CAGAACTGACTTTCCTGGTGA 3’ and reverse 5’ 

GGGCTGGTTCAAAATTCCCT 3’; ARNT: forward 5’ GGGATCCTTTGAGGCTGCAT 3’ 

and reverse 5’ AGGTGAGAGCACCAAAAGCA 3’). DNA from BAC clones was isolated 

using an alkaline lysis, and labeled by random-priming with biotin-16-dUTP. The labelled 
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probes with an excess of porcine genomic competitor (cotDNA; used for blocking the 

hybridization of the repetitive DNA in the BAC clones) and salmon sperm DNA (used for 

blocking the nonspecific binding) were denaturated and applied on denaturated chromosome 

slides. Hybridization was carried out overnight at 37ºC. After slide-washing, biotin-labeled 

probes were incubated with streptavidin-Cy3 (1:200, 1 h, room temperature; Amersham, UK). 

Slides were mounted in Vectashield containing DAPI (Vector Laboratories, USA). Then, 

slides were examined with an epifluorescence Nikon E600 Eclipse microscope (Nikon, Japan) 

equipped with a cooled digital CCD camera and Lucia software (Laboratory Imaging, Czech 

Republic).  

 

Results 

The RNA-seq analysis of porcine transcriptome included 180 million reads, size of which 

ranged from 50 to 100 bp. Approximately, an average of 90 million of short-sequence reads 

were obtained for each of the two liver samples. After rejecting low quality reads 

(PHRED33<20; reads length<50 bp), the remaining reads were assembled and mapped to the 

annotated NCBI porcine whole-genome. 

 

Characterization of the porcine AhR transcript sequence 

Based on the computer analysis of nucleotide sequence of the full-length of porcine cDNA, 

two variants of AhR transcript were identified. The variants differed by nucleotide 

substitutions within the coding region of the gene and the length of 3’-UTR sequence: a/ 

variant 1 – 5,070 bp with a 2,550 bp ORF flanked by a 111 bp 5’-UTR and 2,409 bp 3’-UTR 

(GenBank accession No. KM379096.1) and b/ variant 2 – 5,072 bp with a 2,550 bp ORF 

flanked by a 111 bp 5’-UTR and 2,411 bp 3’-UTR (GenBank accession No. KM817031.1). 

The porcine AhR variants were determined based on 13 single nucleotide substitutions within 

the coding region of the gene. Seven of them were missense variations, two of which were 

found in exon 6, four in exon 10 and one in exon 11 (Tab. 1). NGS data for exon 10 of AhR 

transcript were confirmed by Sanger sequencing. Analysis of the noncoding region of AhR 

revealed that 3’-UTR of variant 1 is shorter than that of variant 2. In addition, 15 single 

nucleotide substitutions in the 3’-UTR and no variations in the 5’-UTR were found. A 
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detailed localization of the substitutions is presented in supplementary Fig. S1. Based on the 

homology with porcine genomic DNA, 11 exons were identified in the porcine AhR transcript 

sequence. The lengths of consecutive exons in both variants were as follows: 65, 188, 104, 90, 

124, 128, 203, 110, 142, 1261 and 135 bp.  

The identity of the porcine AhR nucleotide sequence and homologous sequences of 

other species was found to be very high and ranged from 74 to 84% (Tab. 2). The porcine 

AhR gene was predicted to encode a polypeptide of 849 amino acids. The identity of the 

porcine AhR protein sequence and homologous proteins of other species was also found to be 

high and ranged from 66 to 84% (Tab. 3). 

 

Characterization of the porcine ARNT transcript sequence 

Based on the computer analysis of nucleotide sequence of the full-length of porcine cDNA 

two variants of ARNT transcript were identified: a/ variant 1 – 3,902 bp with a 2373 bp ORF 

flanked by a 136 bp 5’-UTR and 1,529 bp 3’-UTR (GenBank accession No. KP735786.1) and 

b/ variant 2 – 3,857 bp with a 2,328 bp ORF flanked by a 136 bp 5’-UTR and 1,393 bp 3’-

UTR (GenBank accession No. KP735780.1). Based on the homology with porcine genomic 

DNA, 22 exons for variant 1 and 21 exons for variant 2 were identified in the porcine ARNT 

transcript sequence. The lengths of consecutive exons were as follows: 25, 112, 45, 45, 45 

(only for variant 1), 214, 214, 103, 66, 86, 77, 135, 75, 152, 111, 73, 124, 103, 148, 163, 167, 

90 bp. The lacking exon of variant 2 (Fig. 1) encoded the following amino acids: A, R, S, D, 

D, E, Q, S, S, A, D, K, E, R and L. No SNVs were found in the ARNT transcript sequence 

(Fig. S2). The identity of porcine ARNT nucleotide sequence and the homologous sequences 

of other species was found to be very high and ranged from 73 to 95% (Tab. 4). The porcine 

ARNT gene was predicted to encode a polypeptide of 791 (for variant 1) or 776 (for variant 2) 

amino acids. The identity of porcine ARNT protein sequence and the homologous proteins of 

other species was found to be very high and ranged from 78 to 97% (Tab. 5). 

 

Phylogenetic trees of AhR and ARNT 

To examine the relationship between the AhR or ARNT transcripts of the pig and those of the 

other species, the phylogenetic trees (AhR – Fig. 2; ARNT – Fig. 3) were generated using 81 

of AhR and 87 of ARNT mammalian nucleotide sequences. Selected sequences were grouped 
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into seven clades according to mammalian taxonomy - Rodenta, Perissodactyla, Chiroptera, 

Cetartiodactyla, Artiodactyla, Carnivora and Primates. The analyzed porcine AhR and 

ARNT sequences were found to belong to Artiodactyla clade, and within this clade they form 

a single, external branch.  

 

Chromosomal localization of AhR and ARNT in the pig 

In silico analysis revealed that in the pig, AhR gene is located on chromosome 9 (9: 

95,509,942-95,542,785) and ARNT gene on chromosome 4 (4:107,586,820-107,636,206). The 

results of FISH experiment confirmed the localization of porcine AhR (9q14; Fig. 4) and 

ARNT gene (4q21-22; Fig. 5) demonstrated by in silico analysis. The hybridization signals for 

each BAC clone were observed in at least 30 cell spreads. 

 

Discussion 

In the current study, two variants of cDNA encoding AhR in the pig were found. The 

alignment of the two AhR cDNAs showed 13 single nucleotide substitutions, with seven 

substitutions identified in exon 10. Moreover, seven out of the 13 substitutions appeared to be 

non-synonymous alterations that affect the amino acid sequence. A point mutation at 

exon/intron-10 boundary (nt. 2,454 in the glutamine-rich domain) was demonstrated in 

dioxin-resistant Han/Wistar rat strain (Pohjanvirta et al. 1998; Pohjanvirta 2009). This 

mutation resulted in altered splicing of AhR mRNA, generating three variants of AhR, i.e. 

AhR suffixes deletion variant (AhRdv), AhR shorter insertion variant (AhRsiv) and AhR 

longer insertion variant (AhRliv). These three variants produced two AhR proteins devoid of 

43 (AhRdv) or 38 (AhRsiv and AhRliv) amino acid residues (Pohjanvirta et al. 1998; 

Pohjanvirta 2009). The AhR gene sequence was shown to be highly variable also among 

different mouse strains, since 501 polymorphisms located in exonic regions were determined 

in 12 mouse strains (Thomas et al. 2002). Two hundred seven of these variations were 

detected in the coding region. One hundred eleven appeared to be non-synonymous nucleotide 

substitutions. The obtained results confirmed that the greatest number of nucleotide changes 

in the AhR sequence in most mouse strains occurred in exon 10 (Thomas et al. 2002). Several 

genetic polymorphisms have also been reported in human AhR gene. Eighteen single 
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nucleotide polymorphisms (SNPs) were detected in the coding region of the gene, including 

13 SNPs in exon 10. Nine of the latter SNPs led to amino acid changes in the AhR protein 

(Kawajiri et al. 1995; Smart and Daly 2000; Wong et al. 2001; Fukushima-Uesaka et al. 

2004; Rowlands et al. 2010). Fukushima-Uesaka et al. (2004) reported that some of the SNPs 

were observed in patients with cancer. Apparently even a single nucleotide variation may be 

associated with a noticeable phenotypic change. It is of interest, that in the present study as 

well as in other studies performed on rats, mice and humans, the greatest number of 

nucleotide variations was observed in exon 10. Exon 10 encodes the AhR region comprising a 

glutamine rich domain (Q-rich) essential for the co-activator recruitment and transactivation. 

This observation is consistent with the fact that the Q-rich domain is less conserved than 

bHLH and PAS domains in the bHLH-PAS proteins.  

In addition, two variants of cDNA encoding porcine ARNT, i.e., ARNT1 and ARNT2 

were identified in the current study. Alignment of the two sequences revealed a presence of 

15 amino acid deletion in ARNT2. This deletion contains the entire exon 5 and it may result 

from alternative mRNA splicing. The exon 5 deletion occurs frequently in ARNT gene of 

animals, including rats, mice and humans (Hoffman et al. 1991; Drutel et al. 1996; Jana et al. 

1998; Wang et al. 1998). It was reported that the two variants of ARNT are differentially 

expressed in mammalian tissues. ARNT1 gene was shown to be expressed ubiquitously both 

during fetal development and throughout adulthood (Aitola and Pelto-Huikko 2003; Jain et al. 

1998; Korkalainen et al. 2003; Dougherty and Pollenz 2008), while the expression of ARNT2 

was limited to the central nervous system and peripheral organs, including liver, kidneys and 

spleen (Jana et al. 1998; Maltepe et al. 2000; Korkalainen et al. 2003). These results are in 

agreement with data presented in the current study reporting the presence of both ARNT 

variants in the porcine liver.  

Except for exon 5 deletion, no other changes in porcine ARNT cDNA sequence were 

identified in the current study. Two variants of ARNT were also identified in rats, i.e., ARNT 

and ARNT2, but in contrast to the pig, the rat ARNT displayed much higher variability. 

Several different forms were identified in the rat ARNT variant, including deletion at 3’ end of 

exon 6 (nt. 354 to 494), deletion at 5’ end of exon 11 (nt. 964-978), small insertion (CAG) at 

5’ end of exon 20 and interindividual changes found at the 5’ end of exon 16 (Korkalainen et 

al. 2003). As for the rat ARNT2 variant, an insertion of 31 nucleotides was detected in exon 

19, which resulted in formation of a truncated ARNT2 protein (Korkalainen et al. 2003). 

Moreover, a splice variant of ARNT2 with insertions in exons 2 and 3 was determined in the 
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mouse. These insertions produced two premature stop codons resulting in the formation of 

shorter proteins (Hosoya et al. 2001). In humans, 24 point mutations were detected in ARNT 

gene sequence, including 15 non-synonymous nucleotide substitutions (single mutations in 

exon 6, 7, 10, 12, 13, 17, 18, 19, 20 and 21, two mutations in exon 16 and three in exon 14; 

Anttila et al. 2000; Cao and Hegele 2000; Scheel et al. 2002; Urban et al. 2011). Since the 

two ARNT cDNA variants were found in mammals and their expression pattern differed 

between tissues/organs, it is possible that these variants are responsible for various biological 

functions of ARNT. 

The phylogenetic tree analysis of AhR and ARNT indicated an evolutionary pattern 

similar to that of phylogenesis of the pig (Spaulding et al. 2009). The selected mammalian 

sequences, used to build the gene trees, were grouped into seven clades - Rodenta, 

Perissodactyla, Chiroptera, Cetartiodactyla, Artiodactyla, Carnivora and Primates. Such 

distribution of the clades with high values of bootstrap and posterior probability suggests that 

both genes were present in common mammalian ancestor. This is consistent with the notion 

that AhR and ARNT are well-conserved proteins. The high degree of conservation, in turn, 

strongly implies that in addition to toxicological significance, the AhR-ARNT pathway plays 

important physiological functions.  

In addition to characterization of the porcine AhR and ARNT transcripts, both, in silico 

analysis and FISH were used to determine chromosomal localization of porcine AhR and 

ARNT genes. The obtained results were consistent and indicated a specific localization of AhR 

and ARNT in chromosome 9 and chromosome 4, respectively. Depending on the species, the 

AhR and ARNT genes were found to be located on different chromosomes (AhR: Oryzias 

latipes and Gallus gallus – 2; Mus musculus – 12; Rattus norvegicus – 6; Bos taurus 4; 

Macaca mulatta – 3; Homo sapiens – 7; ARNT: Rattus norvegicus - 2, Gallus gallus - 25, Bos 

taurus - 3, Ovis aries - 1 and Oryctolagus cuniculus - 13). 

To summarize, in the present study, for the first time, the full cDNAs of AhR and 

ARNT were demonstrated in the pig. Moreover, two transcript variants of both genes were 

identified in the examined species. Finally, two different experimental approaches were used 

to localize porcine AhR and ARNT genes in chromosomes 9 and 4. In the future, it would be 

interesting to determine tissue distribution of the AhR and ARNT transcripts variants in the pig 

and to test whether these variants are associated with different biological functions and/or 

different activation patterns. 
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Figure captions 

Figure 1. Sequence alignment between the two variants of porcine ARNT transcript (variant 1 and 
variant 2). Both variants were aligned to the whole genome (consensus). An enlargement of the region 
containing exon 5 was presented in a box. CDS - coding DNA sequence. 
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Figure 2. The phylogenetic tree for porcine and other species aryl hydrocarbon receptor (AhR) 
obtained by means of phylogenetic analysis using the maximum-likelihood and Bayes methods. 
Numbers at branch nodes present confidence levels of bootstrap (over the branch) and posterior 
probability (under the branch).  
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Figure 3. The phylogenetic tree for porcine and other species aryl hydrocarbon receptor nuclear 
translocator (ARNT) obtained by means of phylogenetic analysis using the maximum-likelihood and 
Bayes methods. Numbers at branch nodes present confidence levels of bootstrap (over the branch) and 
posterior probability (under the branch).  
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Figure 4. Chromosomal localization of AhR gene in the pig. FISH analysis performed with the use of 
BAC clone 240M19 (A) and BAC clone 32M24 (B) resulted in establishing the localization of porcine 
AhR gene in chromosome 9 (white arrows). Images a) and b) represent Q-banded chromosomes 
corresponding to BAC-labeled metaphase spreads (A and B). C) An ideogram of porcine chromosome 
9 showing the mapped position of AhR gene (blue arrow). 

 

 

 

 

 

 

Figure 5. Chromosomal localization of ARNT gene in the pig. FISH analysis performed with the use 
of BAC clone 418A22 (A) and BAC clone 217B6 (B) resulted in establishing the localization of 
porcine ARNT gene in chromosome 4 (white arrows). Images a) and b) represent Q-banded 
chromosomes corresponding to BAC-labeled metaphase spreads (A and B). C) An ideogram of 
porcine chromosome 4 showing the mapped position of ARNT gene (blue arrow). 
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Table 1. Substitutions identified within the coding region of variant 1 and 2 of the porcine AhR 
transcript 

No. 
Variant 1 Variant 2 Frequency of 

Variant 2 
Exon / nt 

Codon Amino acid Codon Amino acid 

1 GUG Val GUA Val 33.3% 5 / 582 

2 CAA Gln CAG Gln 53.1% 5 / 627 

3 GAU Asp GAA Glu 60.7% 6 / 726 

4 ACU Thr AAU Asn 50.0% 6 / 743 

5 CGC Arg CGA Arg 40.0% 10 / 1299 

6 ACU Thr CCU Pro 37.9% 10 / 1366 

7 ACA Thr ACC Thr 35.0% 10 / 1431 

8 GUC Val GUU Val 25.5% 10 / 1620 

9 ACA Thr ACC Thr 38.6% 10 / 1665 

10 AAG Lys CAG Gln 64.0% 10 / 1957 

11 UGU Cys GGU Gly 50.7% 10 / 2260 

12 CUC Leu UUC Phe 41.9% 10 / 2518 

13 CCU Pro ACU Thr 49.4% 11 / 2626 
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Table 2. Comparison of porcine AhR transcript sequences (variant 1 and variant 2)  
with homologous sequences of other species  

Species Query 
coverage* 

Identity of the 
sequences** (%) 

Cattle 
(Bos taurus) 
NM 001206026.1 

V1: 59 V1: 84 

V2: 59 V2: 84 

Mouse 
(Mus musculus) 
Variant 1 NM 013464.4 

V 1: 83 V1: 76 

V 2: 83 V2: 76 

Mouse 
(Mus musculus) 
Variant 2 NM_001314027.1 

V 1: 81 V1: 74 

V 2: 81 V2: 74 

Rat*** 
(Rattus norvegicus) 
Variant 1 NM_013149.3 

V 1: 85 V1: 76 

V 2: 85 V2: 76 

Rat*** 
(Rattus norvegicus) 
Variant 2 NM_001308254.1 

V 1: 85 V1: 77 

V 2: 85 V2: 77 

Rat*** 
(Rattus norvegicus) 
Variant 3 NM_001308255.1 

V 1: 82 V1: 77 

V 2: 83 V2: 77 

Human 
(Homo sapiense) 
NM 001621.4 

V1: 99 V1: 80 

V2: 99 V2: 80 

Pigtail macaque 
(Macaca nemestrina) 
XM 011731063.1 

V1: 80 V1: 81 

V2: 81 V2: 81 

Guinea pig 
(Cavia porcellus) 
NM 001173054.1 

V1: 54 V1: 80 

V2: 55 V2: 80 

Syrian hamster 
(Mesocricetus auratus) 
NM 001281658.1 

V1: 51 V1: 78 

V2: 51 V2: 78 

Rabbit 
(Oryctolagus cuniculus) 
NM 001082205.1 

V1: 62 V1: 77 

V2: 63 V2: 78 

Dog 
(Canis lupus) 
XM 532485.4 

V1: 98 V1: 82 

V2: 98 V2: 82 

Chicken 
(Gallus gallus) 
NM 204118.2 

V1: 48 V1: 74 

V2: 48 V2: 74 

V 1 – transcript variant 1 of the porcine AhR gene  
V 2 – transcript variant 2 of the porcine AhR gene  
*Query coverage – percent of query sequence that overlaps the subject sequence 
**Identity of the sequences – the number of nucleotides which match exactly between two different sequences 
***In spite of the fact that sensitivity of rats to TCDD depends on the strain, the strain name was not provided in 
the GenBank database 
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Table 3. Comparison of porcine AhR protein sequences (variant 1 and variant 2) 
 with homologous sequences of other species  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V 1 – variant 1 of the porcine AhR protein 
V 2 – variant 2 of the porcine AhR protein 
Query coverage – percent of query sequence that overlaps the subject sequence 
Identity of the sequences – the number of amino acids which match exactly between two different sequences 

Species 
Query coverage 

(%) 
Identity of the 
sequences (%) 

Cattle 
(Bos taurus) 
NP_001192955.1 

V1: 100 V1: 83 

V2: 100 V2: 84 

Mouse 
(Mus musculus) 
Variant 1   
NP_038492.1 

V1: 95 V1: 71 

V2: 95 V2: 71 

Mouse 
(Mus musculus) 
Variant 2  
NP_001300956.1 

V1: 82 V1: 69 

V2: 82 V2: 69 

Rat 
(Rattus norvegicus) 
Variant 1 
NP_037281.3 

V1: 99 V1: 71 

V2: 99 V2: 71 

Rat 
(Rattus norvegicus) 
Variant 2 
NP_001295183.1 

V1: 94 V1: 72 

V2: 94 V2: 72 

Rat 
(Rattus norvegicus) 
Variant 1 
NP_001295184.1 

V1: 99 V1: 68 

V2: 99 V2: 68 

Human 
(Homo sapiense) 
NP_001612.1 

V1: 100 V1: 81 

V2: 100 V2: 81 

Pigtail macaque 
(Macaca nemestrina) 
XP_011729365.1 

V1: 100 V1: 81 

V2: 100 V2: 81 
Guinea pig 
(Cavia porcellus) 
NP_001166525.1 

V1: 100 V1: 76 

V2: 100 V2: 76 
Syrian hamster 
(Mesocricetus auratus) 
NP_001268587.1 

V1: 99 V1: 78 

V2: 99 V2: 67 
Rabbit 
(Oryctolagus cuniculus) 
NP_001075674.1 

V1: 100 V1: 77 

V2: 100 V2: 77 

Dog 
(Canis lupus) 
XP_532485.2 

V1: 100 V1: 84 

V2: 100 V2: 84 

Chicken 
(Gallus gallus) 
NP_989449.2 

V1: 99 V1: 66 

V2: 99 V2: 66 
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Table 4. Comparison of the porcine ARNT transcript sequence (variant 1)  
of the pig with homologous sequences of other species  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Query coverage – percent of query sequence that overlaps the subject sequence 
Identity of the sequences – the number of nucleotides which match exactly between two different sequences 
 

 
 

 

Table 5. Comparison of porcine ARNT protein sequence (variant 1)  
of the pig with homologous sequences of other species  

Species Query coverage 
(%) 

Identity of the 
sequences (%) 

Cattle 
(Bos taurus) 
NM_173993.1 

61 95 

Mouse 
(Mus musculus) 
NM_001037737.2 

99 82 

Rat 
(Rattus norvegicus) 
AY264361 

61 88 

Human 
(Homo sapiens) 
NM_001668.3 

99 89 

Pigtail macaque 
(Macaca nemestrina) 
XM_011770254.1 

87 93 

Guinea pig 
(Cavia porcellus) 
AB263100.1 

61 92 

Syrian hamster 
(Mesocricetus auratus) 
NM_001281417.1 

60 87 

Rabbit 
(Oryctolagus cuniculus) 
D45239.1 

63 92 

Dog 
(Canis lupus) 
XM_540303.4 

99 90 

Chicken 
(Gallus gallus) 
NM_204200.1 

61 73 

Species Query coverage 
(%) 

Identity of the 
sequences (%) 
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Query coverage – percent of query sequence that overlaps the subject sequence 
Identity of the sequences – the number of amino acids which match exactly between two different sequences 
 

 

Supplementary figure S1. Sequence alignment between the two variants of porcine AhR transcript 
(variant 1 and variant 2). 

Supplementary figure S2. Sequence alignment between the two variants of porcine ARNT transcript 
(variant 1 and variant 2). 

 

 

 

 

 

Cattle 
(Bos taurus) 
NP_776418.1 

100 97 

Mouse 
(Mus musculus) 
NP_001032826.1 

100 92 

Rat 
(Rattus norvegicus) 
AAO89090.1 

100 91 

Human 
(Homo sapiense) 
NP_001659.1 

100 97 

Pigtail macaque 
(Macaca nemestrina) 
XP_011768556.1 

86 94 

Guinea pig 
(Cavia porcellus) 
BAF02596.1 

100 95 

Syrian hamster 
(Mesocricetus auratus) 
NP_001268346.1 

100 90 

Rabbit 
(Oryctolagus cuniculus) 
BAA19931.1 

100 94 

Dog 
(Canis lupus) 
XP_540303.2 

100 96 

Chicken 
(Gallus gallus) 
NP_989531.1 

100 78 


