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I. Abstract:  
 In mice, protein products of the agouti and agouti-related protein genes interact 
with those of several other genes that affect body composition, appetite, immune system 
vigor, and other traits. If these genes have similar roles in swine, then they are potential 
candidates for "marker-assisted selection" for economic traits such as meat quality and 
feed efficiency. The aim of this study was to develop basic molecular information on the 
swine agouti and agouti-related protein genes that can be used in subsequent research to 
determine if these genes are associated with production and meat quality. Nucleotide and 
amino acid sequence were determined for swine DNA segments that were amplified 
using PCR primers developed from the known sequences of other mammals. A 978-
nucleotide fragment isolated from swine DNA had significant similarity to the published 
sequence of the agouti-related protein gene in human, bovine, and mouse. Comparison 
to human sequence suggests this fragment represents a large portion of the swine 
agouti-related protein gene, and includes the entire coding sequence (i.e., the specific 
part of the gene that encodes for the gene product, agouti-related protein). This sequence 
information should be useful for further research to identify possible polymorphism 
(animal-to-animal variation in DNA sequence) in the gene, and to determine if gene 
variation is associated with differences in animal performance or meat quality.  
II. Introduction:  
 The swine industry is faced with the challenge of improving cost-efficiency while 
at the same time producing pork with desirable consumer qualities.  Elucidation of 
genetic control of fat and lean deposition, and the identification of "major" genes 
affecting carcass composition, meat quality, and other economic traits would be of great 
value.  The use of molecular markers in genetic evaluation programs could be especially 
beneficial for selection on traits that are difficult and expensive to measure, such as pork 
quality and feed efficiency.  
 Studies of mice indicate that agouti protein and agouti-related protein act as 
competitive inhibitors of the peptides that normally bind to melanocortin receptors on the 
cell surfaces of several tissues. As such, the genes controlling these proteins affect 
regulation of basal metabolic rate, energy homeostasis, and appetite. If these genes play 
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a similar role in swine, they have the potential to influence traits such as feed efficiency, 
body composition, and sensory qualities of pork. 
III. Objectives: 
 The ultimate aim of our research is to characterize genes of potential economic 
importance to the swine industry. Specific goals include: 

• Isolate and clone portions of the agouti and agouti-related protein genes, and 
determine their location within the swine genome map. 

• Sequence portions of these genes to identify polymorphism (animal-to-animal 
variation) and develop DNA-based diagnostic tests.   

• Verify gene expression in tissues of interest (e.g., adipose, and muscle). 
IV.  Procedures: 

Oligonucleotide primers (Figure 1) were developed from published sequence of 
related mammals (i.e., human, cow, mouse) to use in the polymerase chain reaction 
(PCR). DNA from a single pig was substituted into PCR protocols to amplify regions of 
target genes. The cycling profile was a) one cycle of 950 C for 3 minutes, b) 30 cycles of 
950 C for 1 minute, 600 C for 30 seconds, and 720 C for 1 minute, and c) one cycle of 
720 C for 10 minutes for a final elongation. Amplified PCR product was isolated from the 
gel following agarose separation and cloned in a pCR II vector (commercial kit from 
Invitrogen, Inc.). The cloned fragment was sent to the DNA Synthesis Facility at Iowa 
State University for nucleotide sequencing. Primer walking was employed and 
sequencing was repeated several times to check accuracy. A computer Blast search 
was conducted with the DNA sequence to determine similarity with sequence reported 
for other species. Exon locations were deduced by comparison to human data 
presented in Shutter et al. (1997).  

Two systems were used to study expression of the putative exon 2 of the swine 
agouti gene. In the first system the putative fragment was incorporated with the fusion 
vector pEGFP to create a fusion protein vector. The fragment was ligated (joined) in-
frame with a green fluorescent pigment protein gene. The plasmid containing the fusion 
protein gene construct (pEGFP-PorAex2) was then used to transfect MARC (eukaryotic) 
tissue culture cells and incubated in tissue culture medium. To further evaluate 
expression of the putative agouti gene exon, we attempted to use a plamid vector  to 
evaluate expression in Escherichia coli.  Briefly, E. coli cells are transfected with the 
plasmid-agouti construct to see if fusion protein is produced in the presence of the 
sugar arabinose. The fusion protein is detected using an antibody to the plasmid protein 
and a chemiluminescent conjugate. Size of the protein produced by the agouti fragment 
can be determined using Southern blotting and subtracting the known size of the 
plasmid protein from the plasmid-agouti fusion protein.  
V.  Results: 

In a previous study (Wang et al., 1998), we presented sequence data for putative 
exon 2 of the swine agouti gene. Expression of this 161-nucleotide fragment was 
evaluated in the present study. Expression was evident in tissue culture medium 
(MARC cells), a cellular system similar to cell that found in a pig. We had hoped to 
verify protein expression in a second system (fusion protein), but were not able to obtain 
positive results.  

Initial goals of the present study included sequencing additional portions of the 
swine agouti gene and mapping of the gene. Consequently, we initiated an attempt to 
screen a yeast artificial chromosome (YAC) library (provided by the USDA Meat Animal 
Research Center) with a clone of putative agouti exon 2. During the course of this work 
another laboratory reported that the porcine agouti gene maps to pig chromosome 17, 
which confirmed the predicted chromosomal location based on syntenic relationships of 
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agouti with markers in other species. Therefore, we did not further pursue mapping of 
the agouti gene, and instead turned our attention toward the agouti-like protein gene.  

The sequence of a 978-nucleotide segment of DNA isolated from swine is shown 
in Figure 1. Comparison to human data (Shutter et al., 1997) suggests that this 
fragment includes the entire region that encodes for agouti-like protein (exons 2, 3, and 
4) plus partial intervening sequence. This sequence is predicted to encode a 132-
amino-acid protein in swine, which is the same length as reported for humans (Shutter 
et al., 1997). In contrast, the predicted protein lengths in mice and cattle, respectively, 
have been reported to be 131 and 134 amino acids (NCBI, GI 2351712 and GI 
2511602). The putative coding region presented in Figure 1 for swine agouti-like 
protein, including primers, has 83 and 89% sequence homology to those of human and 
bovine, respectively.  

To our knowledge, DNA sequence for the agouti-like protein gene has not been 
previously reported for swine. The sequence information provided here should be useful 
to researchers involved in genomic mapping of swine. Suggested future work includes 
identification of possible polymorphism within the agouti and agouti-like protein genes. 
Researchers involved in trait mapping could then use that information to evaluate 
possible associations between genes and economic traits. We plan to characterize 
additional genes in swine at the molecular level that have potential to affect energy 
balance and related traits (e.g., feed efficiency, body composition, and meat quality).  
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Figure 1. Partial Nucleotide Sequence of Putative Swine Agouti-Like Protein Gene 

ATG CTG ACC GCA GTG TTG CTG AGC TGT GCC CTA CTG CTG GCA ATG CCC 

ACC ATG CTG GGG GCC CAG ATA GGC TTG GCC CCC CTG GAG GGT ATC GGA 

AGG CTT GAC CAA GCC TTG TTC CCA GAA CTC CAA G  

gtcagtgcgg gcaggagtgg gttgggtggg gcttggacat cctctggcca caaagtattc 

tgcttgtatg agccctttct tccccttccc aatcccaggc ctgggaggtg ggtgttttgt 

gcatgggtgg ttctgccctc acatcatctg tcccagatct ag 

GC CTG CAG CCC CCA CTG AAG AGG ACA ACT GCA GAA CGG GCA GAA GAG 

GCT CTG CTG CAG CAG GCC GAG GCC AAG GCC TTG GCA GAG gtaacagctc 

agggaaaggg ctgaggccac aagtcttgag tgggtgtgtc aagcatcaac ctctatctgt 

gcttggagtt gccactgtgg tacaacggga ttggcggtgt cttgggagcg ctgggacgtg 

gtttcatccc cggccagcac aagtgggtta aggatctggc cttgccatcc cttcagctta 

ggctgagact gtggcttgga gctgatctct gaccggaagc tccatatgct ctggggtgac 

caaaaatgga aaaacaaaca tacaaaacac ctctacctgc acttcctgac cccctcaccc 

ggggcgacac tgcagaccat cccgttcacg ctccacttcc atcctgcctt gatctggcgc 

attccatgaa tgtgcttttg gaagtccttg tttcccaacc cttgtag 

GTG CTA GAT CCT GAA GGA CGC AAG GCA CGC TCC CCA CGT CGC TGC GTA 

AGG CTG CAC GAA TCC TGT CTG GGA CAC CAG GTA CCA TGC TGC GAC CCA 

TGT GCT ACA TGC TAC TGC CGT TTC TTC AAC GCC TTC TGC TAC TGC CGC 

AAG CTG GGT ACT GCC ACG AAC CCC TGC AGC CGC ACC TAG  

Nucleotide sequence of 978-base pair DNA fragment of putative agouti-like protein gene in 

swine. Upper case letters represent predicted exons. Underlined areas represent PCR primers 

developed from human and cow.  
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