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A growing number of mutations within genes potentially associated with pork production and quality
are neither classified nor described in a way facilitating the design and interpretation of experiments
with the use of high throughput screening techniques. The aim of the paper presented here was
to process and catalogue the publicly available information on single nucleotide polymorphisms
(SNPs) located within genes that are directly, indirectly or potentially associated with pig muscle
growth and metabolism affecting yield and quality of pork.

A constructed database is presented containing 153 SNPs within 113 genes. Among the 153
SNPs, 152 were found to be single nucleotide substitutions (117 transitions and 35 transversions).
Additionally, one indel was included. All collected SNPs are described in a way enabling the
automatic downloading of GenBank records to specialized software and simultaneous designing of
PCR primers and allele-specific probes to be used in microarray technology.

It is believed that collection of SNPs presented in this paper will serve as a reliable resource for SNP
interaction studies, clarifying the genetic determination of pig muscle growth and metabolism, and
— after validation in different breeds — also for parentage control, traceability tests and evolutionary
studies in pig breeding.
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Genetic determinants of pig muscle growth and metabolism are poorly understood.
So far, only a few genetic markers associated with pork production traits have been
identified: RYR! (ryanodine receptor) gene [Fujii et al. 1991] affecting meat quality

*Financed by the Polish Ministry of Scientific Research and Information Technology, grant PBZ-KBN-
113/P06/2005.
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(PSE meat), RN mutation (“Napole” technological yield) [Milan et al. 2000] and
other mutations in the protein kinase AMP-activated gamma-3 subunit gene affecting
meat quality [Ciobanu et al. 2001], insulin-like growth factor 2 gene, associated with
muscle growth [Van Laere ef al. 2003] and melanocortin-4 receptor gene probably
influencing fatness, growth and feed intake in pigs [Kim et al. 2000].

As muscle growth and consequently pork yield and quality are certainly polygenic
traits determined by hundreds of genes, probably many of SNPs remain undiscovered.
Such mutations may be detected through a fine mapping, physical mapping and
comparative sequencing strategy or by typing candidate gene polymorphisms.
“Candidate” status of a gene means that it is involved in biochemical and physiological
processes characteristic for the tissue or trait of interest. Such mutations can not only
be located in coding sequences and sometimes substitute amino acids, but also in
regulatory elements of the gene, thus affecting gene transcription.

It is thought that the simultaneous genotyping of many informative SNPs will
lead to a better understanding of the genetic background of pork traits. The functional
effects of polymorphisms are mostly evaluated for single SNPs. In near future, gene
interaction studies should give better insight into the genetic basis of different traits,
mostly involving production and quality of pork. Interaction studies, including many
SNPs require a database of SNPs arranged and described in a way which facilitate the
design and interpretation of results of experiments with the use of high throughput
screening techniques. Currently the best method for typing SNPs determining
complex traits is DNA microarray [reviewed by Syvédnen 2001, and Kaminski 2002].
This technology, however, requires precise DNA sequence information, particularly
upon SNPs type and location.

The general aim of this work was to construct a database of publicly available
polymorphic sequences that are directly, indirectly or potentially associated with pig
muscle growth, yield and metabolism.

SNP definition, database structure

SNPs (single nucleotide polymorphisms) are single base pair positions in genomic
DNA at which different sequence alternatives (alleles) exist in normal individuals
in some population(s), wherein the least frequent allele has an abundance of 1% or
greater [Brookes 1999]. In practice, the term SNP is typically used more loosely and
encompasses many different types of subtle sequence variations (including small
deletions and insertions) with the frequency of a rare allele being less than 1%. To
maintain the clarity of this paper, the latter SNP definition has been employed.

All records of the database were arranged in a table (Tab. 1) consisting of the
following columns: Sus scrofa chromosome, locus symbol, gene name (definition),
SNP position (within GenBank sequence), significance, type and position of mutation in
the gene stucture, (e.g. exon, intron, 5’flanking, 5’UTR, efc), restriction site potentially
useful in PCR-RFLP analysis, GenBank accession number, and reference.
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The primary source of records was the GenBank database (NCBI, www.ncbi.
nlm.nih.gov) in which 1559 records (genes or nucleotide sequences) were found by
searching for “Sus scrofa and variation”. The following additional resources were
also used: (i) the world-wide bibliographic databases (Medline, CAB, BIOSIS), (ii)
pig mapping genome databases (NAGRP Pig Genome Coordination Program http://
www.animalgenome.org/pigs/ and (iii) ARKdb http://iowa.thearkdb.org). Column
“Reference” contains references mostly to the documented functional effects of SNP as
well as allele frequency data. All of these resources were first previewed and evaluated
to ensure they contained at least three elements: GenBank acc. no, position of SNP
and minimum length of sequence 25-30 bp of DNA from both flanking sides of the
SNP. For many records, individual analysis was necessary to establish position of the
SNP which differed between GenBank and respective reference. In some cases, SNPs
marked in the GenBank sequence were translated at the protein level or annotated by
additional information gained from papers.

Database content and its potential applications

A database was constructed containing 153 SNPs within 113 genes (Tab. 1).
Among the 153 SNPs, 152 were single nucleotide substitutions, (117 transitions and
35 transversions). Additionally, one indel was included. Most SNPs were found to be
located in the coding regions of the genome (64 missense mutations) and could had
direct impact on the phenotype of an individual. Moreover 25 SNPs in 5 flanking
regions (promoters) and UTRs were included. These SNPs may affect the yield of
a gene expression. All presented SNPs can also be used as markers for unknown
adjacent genomic regions.

The most important feature of the SNP database is the precise information on
the nature and location of a given SNP. Each SNP is described in the same way, for
example, the first SNP in Table 1 (472 Y) means that in the sequence recorded under
GenBank acc. no. AF034974, at position 472, mutation can occur with two alleles:
T or C. This uniform method of SNP description enables the automatic downloading
of GenBank records to specialized software and simultaneous design of PCR primers
and allele specific probes used in microarray technology.

Ordering different data in the same way revealed that some papers or GenBank
records contain insufficient, conflicting, or even error-prone sequence information.
SNPs were also supplemented with some important information on their function
or significance. Most of these annotations indicate the type of mutation: missense,
silent or frame shift (if missense — an amino acid substitution is described) and a SNP
location in the gene structure: intron, exon, 5’flanking, promoter or UTR. For several
SNPs no information is available in which part of the gene they are located. Some
SNPs were located within putative (computational) or experimentally confirmed
binding sites of transcription factors.
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Database of SNPs in selected candidate genes of pigs

Information on allele frequency is also useful in planning population experiments.
Ifan allele is very rare or specific for uncommon breed it should be eliminated because
of the low probability of finding a genotype group of animals for associated studies.
Therefore, alleles occurring in rare (endangered) pig breeds were excluded from
the database. SNPs were catalogued mostly of major pig breeds (e.g. Large White,
Landrace, Pietrain, Duroc) because of their economic importance.

The reason for the current vital interest in SNPs is the hope that they could be used
as markers to identify genes associated with multifactoral disorders or quantitative
trait loci (QTLs) — Coronini et al. [2003]. It is assumed that SNP alleles are inherited
together with QTLs over generations because they are physically close to each other.
In contrast to microsatellite markers, SNPs are frequently dispersed throughout the
genome and therefore can be used for QTL fine mapping. The rationale would be
to genotype a collection of SNPs that occur at regular intervals and cover the whole
genome to detect genomic regions in which the frequencies of the SNP allele differ
between experimental populations. The genome-wide SNP genotyping is theoretically
possible for the human genome for which over 2 million SNPs are available in the
public database (SNPdb, National Center of Biotechnological Information, USA).
The throughput required for genotyping even some of the thousands of SNPs and the
current cost of genotyping makes such projects impractical. A more feasible alternative
to random whole-genome SNP mapping is to use SNP markers in candidate genes
which are thought to be associated with certain QTLs. This is the only choice for
genomes for which no dense SNP database has been published, but have numerous
detected SNPs dispersed in many publicly available sources.

In pig genome, more than 1500 SNPs were recently identified and deposited in
the public domain [Fahrenkrug et al. 2002]. In this case the SNPs were obtained
from ESTs collections based on Western and Chinese breeds without description of
functional significance of a SNP.

Our database is focused specifically on a narrow set of SNPs with known function.
Surely, the information on polymorphism will be steadily growing and therefore should
be arranged and formatted to better design and interpret future experiments with the
use of high throughput screening techniques. In case of pig SNPs there is an evident
lack of uniform information on the topic. In papers, SNPs are described mostly at the
protein level as an amino-acid change with or without relevant nucleic acid sequence
information. In contrast, in the GenBank database, sequences are not annotated
sufficiently (location and type of SNP) or dispersed within different records. Before
using these sequences for multi-/oci genotyping they must be “manually” analysed.
To avoid this limitation, in the present paper selected available sequence and research
information have been gathered to create well-organized database of SNPs described
in the same format.

Our general strategy was to collect SNPs potentially involved in pork traits
formation, but other polymorphisms were included as they are involved in basic
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biochemical processes in the muscle tissue or play a fundamental role in the functioning
of the whole organism.

Whether all known SNPs within one gene should be included in the database
is open to criticism. The more SNPs within a locus, the more options are available
to design effective primers or probes. However, too many synonymous SNPs or
repeats within one locus, which are indirectly or only potentially associated with a
phenotype seem useless and, in the authors’ opinion, should be ignored. On the other
hand, the reduction of a number of SNPs may lead to missing an interesting genetic
phenomenon — interacting phenotype effects of co-existing variants located within
the 5°- and 3’- flanking regions of a single gene [Schwerin et al. 2002]. Therefore, a
pre-selection was made from the /oci containing many SNPs. Only non-synonymous
mutations, mutations involved in gene expression events or variants most frequently
occurring in breeding populations were included. Because very short stretches of
DNA are inconvenient or even useless in primer design, all sequences shorter than 25
bp were excluded from the database.

The database contains SNPs determining four major genes (or QTLs) — RYR/,
PRKAG3, CAST and IGF2.

A separate group of gene polymorphisms associated with production and quality
of pork occurs within the microsatellite markers [Geldermann et al. 2003]. These QTL
markers were excluded from the database presented here for three reasons: (i) the
nature of their polymorphism is often unclear (the type of repetitive motif, its location
and number of repeats), (ii) repetitive sequences are difficult to genotype by primer
extension reaction (which is the most often used method in high throughput genotype
screening on a chip), and (iii) the most microsatellite markers share approximately 10
alleles, that makes genotyping more expensive.

A way to include these genomic regions into a DNA chip is sequencing the
regions located around a QTL and then comparing these sequences from a population
of animals to find new biallelic SNPs. The probability of finding a SNP could be lower
than in humans (1/1250 bp) because of the higher homogeneity of commercial lines of
pigs. Such SNPs may substitute microsatellite markers to enable their implementation
in high throughput genotyping.

The database should be continuously updated by new data, and a potential source
of new SNPs are pig muscle expressed sequence tags (ESTs).

The primary application of this SNP database is designing a chip for the
simultaneous genotyping of many SNPs present in candidate genes to reveal the
genetic background of production and quality of pork. Particularly, meat quality is
one of the most important criterions in pig selection, and will soon be reflected in
pork pricing. It is believed that a combination of SNPs will be found acting as very
effective set of genetic markers in selection for productive performance in pigs.

In several genes, mutations were catalogued which create intragenic haplotypes
(many SNPs within one gene), e.g. CAST, HFABP, PRKAG3, GH.
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The collected SNPs represent all of the 18 pig chromosomes. Most of these SNPs
may play a role as markers of certain chromosome regions, while others should be
treated as functional mutations affecting different traits. Because genes affecting
certain traits are sometimes organized in groups and located close together due to
co-expression, the SNPs described in the catalogue may turned to be more efficient
genetic markers and may shorten the way to find neighbouring mutations influencing
both production performance traits in pigs and quality of pork.

Another possible application of the SNP database is pig identification and parental
control. Compared with the most popular DNA markers (microsatellites), SNPs are
attractive because of their abundance, genetic stability and amenableness to high-
throughput automated technology [Vignal 2002]. They are considered as a realistic
alternative in livestock identification and kinship analysis [Fries and Durstewitz
2001, Heaton et al. 2002]. Before it, however, a wide population screening must be
conducted to validate the frequency of SNPs in major commercial pig breeds. The
SNPs database can also be used to develop a genetic traceability tests [Goffaux et al.
2005], as well as for evolutionary studies, evaluation of genetic distances between
wild and domestic pig breeds (lines) and domestication history of Sus species.

Although the SNPs database contains only a part of all existing variation associated
with pork yield and quality, its originality, as well as current and future applicability
make it a valuable resource for designing various experiments, especially for studying
SNPs interactions with the use of microarray technology.

An MySQL version of presented database is under construction and development
and will be soon publicly available from the University of Warmia and Mazury
server.
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Baza polimorficznych sekwencji nukleotydowych
w obrebie genow kandydujacych, potencjalnie
zwiazanych z produkcja i jakos$cia wieprzowiny

Streszczenie

Rosnaca liczba mutacji w obrgbie genéow zwiazanych z produkcja i jakoscia wieprzowiny nie
zostata dotad sklasyfikowana i opisana w sposob umozliwiajacy projektowanie eksperymentow i ich
interpretacj¢ metoda multiplex PCR lub wysokowydajnymi technikami przesiewowymi. Celem podjgtej
pracy byla obrobka i skatalogowanie publicznie dostgpnych informacji o polimorficznych sekwencjach
nukleotydowych (single nucleotide polymorphisms — SNPs) potozonych w genach bezposrednio, posrednio
lub potencjalnie zwigzanych z produkcja wieprzowiny i jej jakoscia.

Skonstruowano bazg zawierajaca 153 sekwencje (SNPs) w obrgbie 113 genow. Wszystkie
polimorfizmy opisano w sposob, ktéry umozliwia automatyczne pobieranie sekwencji w formatach
dostgpnych w GenBank do specjalistycznego oprogramowania stuzacego jednoczesnemu projektowaniu
wielu starterow PCR oraz allelo-specyficznych sond uzywanych w technologii mikroptytek (microarray
technology).

Przedstawiony zbior sekwencji SNPs moze stuzy¢ jako wiarygodne zrodlto do studidow nad
interakcjami migdzy wybranymi SNPs, prowadzacymi do wyjasnienia genetycznego podtoza zmiennosci
umigénienia §win, a po przeprowadzeniu szerokich badan populacyjnych takze do kontroli pochodzenia i
badan filogenetycznych trzody chlewne;j.
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