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ABSTRACT

One of the most considered functions of MHC molecules is utilized to bind to peptide
fragments originated from pathogens and display them on the cell surface for later
recognition by the appropriate T-cells. The olfactory system also called sense of smell is the
part of the sensory system used for smelling (olfaction). Many reports revealed that olfactory
receptors (ORs) are encoded by the largest multigene family in mammals. Moreover, several
researches suggested that the activation of ORs also have the links to reproductive and
immune systems. Understanding the operation mechanism of OR system could lead to the
understanding about the activation mechanisms of the immune system to later apply to
improve the life quality as well as to develop some better strategies in the livestock industry.
Although, the results from this report show the linkage which is not strong between Olfactory
receptor clusters and Major Histocompatibility Complex region, they still have large number
of OR genes located on the same chromosome with MHC regions, such as 77 and 253 OR

genes on MHC chromosomes of cattle and porcine, respectively.



INTRODUCTION

The immune system could be divided into two including innate and acquired immune
system, and the major histocompatibility complex (MHC) belongs to the acquired immune
system with a set of proteins on their cell surfaces needed to recognize foreign molecules
in vertebrates. So, it turns out that this system will determine the histocompatibility. Several
studies carried out on inbred mice and rats proved that products from MHC genes influence
individual-specific odors which could play an essential role in the process of mating choice
(YYamazaki et al., 1979, Brown et al., 1987, Singh et al., 1987) (YYamazaki et al., 1976, Brown
et al., 1989, Potts et al., 1991, Penn and Potts, 1998a, b, Penn and Potts, 1998c). Several
researches had been confirmed that OR proteins are encoded by the largest gene superfamily
in the mammalian genome, and with the emerging of sequencing technologies and the
availability of genome sequences, many studies have been performed to decode the
complexity of Olfactory receptor gene family in several species such as humans (Glusman et
al., 2001, Zozulya et al., 2001, Niimura and Nei, 2003, Malnic et al., 2004), Bovine (Lee et
al., 2013), Pigs (Nguyen et al., 2012), dogs and rats (Olender et al., 2004, Quignon et al.,
2005, Niimura and Nei, 2007), mice (Young et al., 2002, Zhang and Firestein, 2002, Godfrey
et al., 2004, Zhang et al., 2004), other vertebrates (Freitag et al., 1995, Freitag et al., 1998,
Niimura and Nei, 2005, 2007), and fish species (Ngai et al., 1993, Barth et al., 1997, Cao et
al., 1998, Freitag et al., 1999, Sun et al., 1999, Dugas and Ngai, 2001, Kondo et al., 2002,
Alioto and Ngai, 2005). Basically, there are two classes of OR gene families including the
fish-like Class I ORs consisting of 17 families and the tetrapod-specific Class Il ORs
consisting of 14 families (Freitag et al., 1995). In this study, we try to perform the
relationship between OR clusters and MHC region within six species.

PROCESS TO RETRIEVE OLFACTORY RECEPTOR GENES

The process with three steps as described below is the common procedure that has been
widely used by several scientists previously to measure the physical distance among loci.
(Nguyen et al., 2012, Lee et al., 2013).



* Identify the Chromosome which contains the MHC region.

* Using Genome Map Viewer function from NCBI to identify
the ORs located on the same Chromosome with MHC region.

* Measure the physical distance between OR genes and the
MHC region among six species.

Figure 1. The process to measure physical distance between OR genes and the MHC region.
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Figure 2. The physical distance between OR clusters and the MHC region. SLA, Swine
Leukocyte Antigen; HLA, Human Leukocyte Antigen; MLA, Mouse Leukocyte Antigen;
RLA, Rat Leukocyte Antigen; DLA and Dog Leukocyte Antigen. OR, Olfactory receptors.
Data were from Niimura and Nei (Niimura and Nei, 2006), Nguyen et al. (Nguyen et al.,
2012), (Olender et al., 2004, Quignon et al., 2005, Niimura and Nei, 2007), (Glusman et al.,
2001, Zozulya et al., 2001, Niimura and Nei, 2003, Malnic et al., 2004) and Lee et al. (Lee et
al., 2013).



DISCUSSION

MHC haplotypes and olfaction have been suspected to be related (Younger et al., 2001,
Santos et al., 2010). Therefore, we determined the number of OR genes that were located on
the same chromosome as the MHC region in humans, dogs, mice, rats, pigs and cows.
Although, the number of OR genes on chromosome 23, which contains the MHC region in
cows (Lee et al., 2013), was 77 much lower than in pigs (n=253) (Nguyen et al., 2012), their
distribution was still higher than other species with the MHC containing chromosomes (data
not shown). Moreover, we found that the distribution of OR genes on the chromosome 23 and
BoLA (bovine leukocyte antigen) regions are nearby together. Further evaluation of the
physical distance between OR genes and the MHC region among six species also showed that
these clusters were not always physically proximal to each other, showing that the physical
linkage between OR clusters and MHC regions is not strong.

However, recently, Jahromi suggested that a single nucleotide polymorphism (SNP) in
the olfactory receptor family 14, subfamily J, member 1 (OR14J1) gene, rs9257691, in the
MHC telomeric region might become a signal to identify the role of OR gene in the
pathogenesis of T1D (Type 1 diabetes) in patients who are prone to diabetic complications
(Jahromi, 2012).

CONCLUSIONS

Our report provides the preliminary observation about the physical linkage between OR
genes and MHC regions. Although in theory there is no strong linkage among them, some
practical experiments should be further carried out to confirm the significant effects of OR
gene variations on MHC activity.

COMPETING INTERESTS
The authors declare that they have no competing interests.

REFERENCES

Alioto TS, Ngai J (The odorant receptor repertoire of teleost fish. BMC Genomics
6:173.2005).

Barth AL, Dugas JC, Ngai J (Noncoordinate expression of odorant receptor genes tightly
linked in the zebrafish genome. Neuron 19:359-369.1997).

Brown RE, Roser B, Singh PB (Class | and class Il regions of the major histocompatibility
complex both contribute to individual odors in congenic inbred strains of rats. Behav
Genet 19:659-674.1989).

5



Brown RE, Singh PB, Roser B (The major histocompatibility complex and the chemosensory
recognition of individuality in rats. Physiol Behav 40:65-73.1987).

Cao Y, Oh BC, Stryer L (Cloning and localization of two multigene receptor families in
goldfish olfactory epithelium. Proc Natl Acad Sci U S A 95:11987-11992.1998).

Dugas JC, Ngai J (Analysis and characterization of an odorant receptor gene cluster in the
zebrafish genome. Genomics 71:53-65.2001).

Freitag J, Beck A, Ludwig G, von Buchholtz L, Breer H (On the origin of the olfactory
receptor family: receptor genes of the jawless fish (Lampetra fluviatilis). Gene
226:165-174.1999).

Freitag J, Krieger J, Strotmann J, Breer H (Two classes of olfactory receptors in Xenopus
laevis. Neuron 15:1383-1392.1995).

Freitag J, Ludwig G, Andreini I, Rossler P, Breer H (Olfactory receptors in aquatic and
terrestrial vertebrates. J Comp Physiol A 183:635-650.1998).

Glusman G, Yanai I, Rubin I, Lancet D (The complete human olfactory subgenome. Genome
Res 11:685-702.2001).

Godfrey PA, Malnic B, Buck LB (The mouse olfactory receptor gene family. Proc Natl Acad
Sci U SA101:2156-2161.2004).

Jahromi MM (Haplotype specific alteration of diabetes MHC risk by olfactory receptor gene
polymorphism. Autoimmun Rev 12:270-274.2012).

Kondo R, Kaneko S, Sun H, Sakaizumi M, Chigusa SI (Diversification of olfactory receptor
genes in the Japanese medaka fish, Oryzias latipes. Gene 282:113-120.2002).

Lee K, Nguyen DT, Choi M, Cha SY, Kim JH, Dadi H, Seo HG, Seo K, Chun T, Park C
(Analysis of cattle olfactory subgenome: the first detail study on the characteristics of
the complete olfactory receptor repertoire of a ruminant. BMC Genomics
14:596.2013).

Malnic B, Godfrey PA, Buck LB (The human olfactory receptor gene family. Proc Natl Acad
Sci U S A 101:2584-2589.2004).

Ngai J, Dowling MM, Buck L, Axel R, Chess A (The family of genes encoding odorant
receptors in the channel catfish. Cell 72:657-666.1993).

Nguyen DT, Lee K, Choi H, Choi MK, Le MT, Song N, Kim JH, Seo HG, Oh JW, Kim TH,
Park C (The complete swine olfactory subgenome: expansion of the olfactory gene
repertoire in the pig genome. BMC Genomics 13:584.2012).

Niimura Y, Nei M (Evolution of olfactory receptor genes in the human genome. Proc Natl
Acad Sci U S A 100:12235-12240.2003).

Niimura Y, Nei M (Evolutionary dynamics of olfactory receptor genes in fishes and tetrapods.
Proc Natl Acad Sci U S A 102:6039-6044.2005).

Niimura Y, Nei M (Evolutionary dynamics of olfactory and other chemosensory receptor
genes in vertebrates. J Hum Genet 51:505-517.2006).

Niimura Y, Nei M (Extensive gains and losses of olfactory receptor genes in mammalian
evolution. PLoS One 2:¢708.2007).

Olender T, Fuchs T, Linhart C, Shamir R, Adams M, Kalush F, Khen M, Lancet D (The
canine olfactory subgenome. Genomics 83:361-372.2004).

Penn D, Potts W (How do major histocompatibility complex genes influence odor and mating
preferences? Adv Immunol 69:411-436.1998a).

Penn D, Potts W (MHC-disassortative mating preferences reversed by cross-fostering. Proc
Biol Sci 265:1299-1306.1998b).

Penn D, Potts WK (Untrained mice discriminate MHC-determined odors. Physiol Behav
64:235-243.1998c).

Potts WK, Manning CJ, Wakeland EK (Mating patterns in seminatural populations of mice

6



influenced by MHC genotype. Nature 352:619-621.1991).

Quignon P, Giraud M, Rimbault M, Lavigne P, Tacher S, Morin E, Retout E, Valin AS,
Lindblad-Toh K, Nicolas J, Galibert F (The dog and rat olfactory receptor repertoires.
Genome Biol 6:R83.2005).

Santos PSC, Uehara CJS, Ziegler A, Uchanska-Ziegler B, Bicalho MD (Variation and linkage
disequilibrium within odorant receptor gene clusters linked to the human major
histocompatibility complex. Hum Immunol 71:843-850.2010).

Singh PB, Brown RE, Roser B (MHC antigens in urine as olfactory recognition cues. Nature
327:161-164.1987).

Sun H, Kondo R, Shima A, Naruse K, Hori H, Chigusa Sl (Evolutionary analysis of putative
olfactory receptor genes of medaka fish, Oryzias latipes. Gene 231:137-145.1999).

Yamazaki K, Boyse EA, Mike V, Thaler HT, Mathieson BJ, Abbott J, Boyse J, Zayas ZA,
Thomas L (Control of mating preferences in mice by genes in the major
histocompatibility complex. J Exp Med 144:1324-1335.1976).

Yamazaki K, Yamaguchi M, Baranoski L, Bard J, Boyse EA, Thomas L (Recognition among
mice. Evidence from the use of a Y-maze differentially scented by congenic mice of
different major histocompatibility types. J Exp Med 150:755-760.1979).

Young JM, Friedman C, Williams EM, Ross JA, Tonnes-Priddy L, Trask BJ (Different
evolutionary processes shaped the mouse and human olfactory receptor gene families.
Hum Mol Genet 11:535-546.2002).

Younger RM, Amadou C, Bethel G, Ehlers A, Lindahl KF, Forbes S, Horton R, Milne S,
Mungall AJ, Trowsdale J, Volz A, Ziegler A, Beck S (Characterization of clustered
MHC-linked olfactory receptor genes in human and mouse. Genome Res 11:519-
530.2001).

Zhang X, Firestein S (The olfactory receptor gene superfamily of the mouse. Nat Neurosci
5:124-133.2002).

Zhang X, Rodriguez I, Mombaerts P, Firestein S (Odorant and vomeronasal receptor genes in
two mouse genome assemblies. Genomics 83:802-811.2004).

Zozulya S, Echeverri F, Nguyen T (The human olfactory receptor repertoire. Genome Biol
2:RESEARCHO0018.2001).



