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Transcriptome analysis to identify differential gene expression
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Summary Suppressive subtractive hybridization (SSH) was used to analyse the muscle transcriptome
and identify genes affecting meat quality within an Italian pig population of Large White
and Landrace purebred individuals. Seven phenotypes were recorded at slaughter: dorsal fat
thickness, ham fat thickness, ham fat coverage, muscle compactness, marbling, meat colour
and colour uniformity. Two subtractive libraries were created from longissimus dorsi tissue
of selected pigs with extreme phenotypes for meat quality. Eighty-four differentially
expressed ESTs were identified, which showed homology to expressed pig sequences and/or
to genomic pig sequences produced within the pig genome project. Sixty-eight sequences
were mapped on the pig genome, and most of these sequences co-localized with the same
chromosomal positions as QTLs that have been previously identified for meat quality. Thirty
sequences, including eight matching known genes previously related to muscle metabolic
pathways, were selected to statistically validate their differential expression. Association
analysis and t-test results indicated that 28 ESTs of the 30 analysed were associated with
phenotypes investigated here and have significant differential expression levels (P < 0.05)
between the two tails of the phenotypic distribution.
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As the industry requires heavy cuts and mature meat for

Introduction ) . .
the production of processed meat, pigs for this sector are

Pig breeding is an important resource for most European
Countries, and genetic selection of pigs for economically
important traits is an integral part of the survival and
success of commercial pig production. Commercial breeds
and their hybrids used to produce ham and fresh meat are
usually referred to ‘heavy pigs’ and ‘lighter pigs’, respec-
tively. Eight per cent of the European pigs are reared in Italy
(DEFRA, 2006), and around 90% of meat is transformed
into different types of ham, most of which are in the Italian
traditional products list (http://www.prodotti-tipici-italiani.
com).
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selected to maximize production and meat quality traits
such as lean cut weight, ham fat thickness and curing loss
after salting (Russo 1986). Meat quality traits can either be
measured through objective procedures for carcass compo-
sition (backfat, loin muscle area or depth) and quality (pH,
lipid content, texture, water holding capacity) or they can
also be classified by trained staff following subjective
(marbling, tenderness, texture, colour).
Carcass and meat quality traits are complex traits usually
affected by many genes, and their heritability is often
moderate to low (Sellier et al. 1998).

However, research focused on genetic improvement of
pork quality demonstrates the potential importance of allelic
variation of single genes (Davoli & Braglia 2008), such as
G to A transition at intron 3-3072 of IGF2 (insulin-like
growth factor 2), a gene for muscle growth (Van Laere et al.
2003), and the Arg200GIn substitution in the PRKAG3
(protein kinase adenosine monophosphate-activated gamma(3)-
subunit) gene that affects glycogen content in skeletal
muscle (Milan et al. 2000b).

observations
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Despite the increasing economic importance of meat
quality and the number of QTLs and positional candidate
genes already known (Rothschild et al. 2007), the exploi-
tation of the opportunities for using a marker-assisted
selection plan is limited by the lack of knowledge of the
number and interaction of genes affecting the meat quali-
tative characteristics (Dekkers 2004).

Recently, the focus of research has moved to the analysis
of the skeletal muscle transcriptome and comparing the
gene expression profile in the muscles of different quality,
using expression microarrays (Bai et al. 2003; Lobjois et al.
2008; Ponsuksili et al. 2008) and c¢cDNA libraries (Davoli
et al. 2002; Yao et al. 2002; Kim et al. 2006b). These tools
provide information on networks of expressed genes in
muscle tissue and increase the knowledge of the biological
pathways controlling meat quality traits.

The aim of this study was to investigate the skeletal
muscle transcriptome in heavy pigs (Large White and
Landrace) used for ham production to identify transcrip-
tion profiles that may lead to information that can be used
in animal selection. Here, we report the results of the
differentially expressed loci, their genome mapping and
association between their expression and meat quality
traits.

Materials and methods

Animals

One hundred purebred pigs of Large White (70 animals)
and Landrace (30 animals) were sampled at the abattoir;
these animals were selected to minimize the genetic rela-
tionships within the population. In this population, 23
females and 47 castrated males were of the Large White
breed and 7 females and 23 castrated males were of the
Landrace breed. Animals had been reared in the same
conditions and butchered in the same slaughterhouse at
the age of 10 months and at an average weight of
170 kg.

Samples of the skeletal muscle tissue (longissimus dorsi)
were taken from animals and cut into pieces not exceeding
5 mm in thickness. These were stored in RNAlater® (SIG-
MA) according to the manufacturer’s instructions.

Phenotypic data

Phenotypic data were collected for each pig at slaughter for
the following seven linear traits: dorsal fat thickness, ham
fat thickness, ham fat coverage, muscle compactness, mar-
bling, meat colour and colour uniformity. Dorsal fat thick-
ness (DFT) and ham fat thickness (HFT) were objectively
scored (mm), while ham fat coverage, muscle compactness,
marbling, meat colour uniformity and meat colour were
subjective and visually scored by trained staff as linear
points with values between 1 and 5 (Table 1).

Table 1 Summary statistics of the phenotypic traits measured.

Trait Abbreviation Mean' SD  Min? Max®

Dorsal fat thickness DFT 4566 950 20 65

Ham fat thickness HFT 3264 978 10 60
Fat coverage® FC 3.09 075 1 5
Muscle compactness®  MC 1.86 0.95 1 4
Marbling® MARB 145 062 1 3
Colour uniformity” COLOUR-U 166 074 1 4
Colour® COLOUR 2.7 046 1 3

"Average value of phenotypic score in the population.

2Minimum value of phenotypic score in the population.

3Maximum value of phenotypic score in the population.

“Subjective fat coverage score, with 1 = devoid of fat, 2 = practically
devoid, 3 = excellent, 4 = slightly abundant, 5 = overly abundant.
5Subjective muscle compactness score, with 1 = excellent, 2 = good,
3 = medium, 4 = poor, 5 = bad.

6Subjective marbling score, with 1 = excellent (not visible),

2 = low visible, 3 = moderately visible, 4 = visible, 5 = extremely
visible.

“Subjective colour uniformity score, with 1 = excellent (uniform),

2 = slightly not uniform, 3 = moderately not uniform, 4 = not uniform,
5 = highly not uniform.

8Subjective colour score, with 1 = pale, 2 = slightly pale, 3 = normal,
4 = slightly dark, 5 = dark.

Statistical analysis

Statistical analyses were performed using the SAS/STAT
software (SAS Institute Inc.). First, a principal component
analysis (PCA) was performed on the seven previously de-
fined phenotypes, and then multivariate analysis was per-
formed on the first two principal components to adjust for
sex effect and sampling day. A new ‘meat quality’ index was
calculated for each individual, combining the residuals for
the first and the second principal component genetic index.
Finally, 32 animals picked from the extreme tails (named
‘negative’ and ‘positive’) of the distribution, as calculated
from the seven adjusted phenotypes, were selected for
molecular and association analyses.

RNA extraction and suppression subtractive
hybridization

mRNA of the animals in the tails of the trait distribution
described elsewhere was extracted from the skeletal
muscle tissue samples using a Poly(A) Pure Kit (Ambion),
and both quality and quantity were evaluated using the
2100 BioAnalyzer (Agilent). Two mRNA pools were
created from the 16 animals at the extreme tails of
the phenotypic distribution to normalize for individual
differences. Suppression subtractive hybridization (SSH,
Diatchenko et al. 1996) was performed using a PCR
Select ¢cDNA Subtraction kit (Clontech) and Advantage
c¢DNA polymerase mix (Clontech) as described by the
manufacturer.
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Forward and reverse subtractions were carried out
using 2 pug of the pooled mRNA samples. A control
experiment was included following the manufacturer’s
instructions.

Libraries analysis

The two SSH cDNA populations were cloned into the pGEM-
T Easy vector and transformed into E. coli JM109
(Promega). Following overnight growth on selective media,
colonies were picked and incubated at 37 °C in 5 ml LB
medium. DNA was extracted, and plasmids containing
inserts were amplified by PCR using T7 and SP6 primers
under the following conditions: 95 °C for 3 min followed by
35 cycles at 94 °C for 30 s, 56 °C for 30 s, 72 °C for 1 min
and a final cycle at 72 °C for 10 min. PCR products were
analysed on 2% agarose gels and sequenced.

Sequences were analysed using the MAP algorithm
(Huang 1994) to evaluate redundancy and background of
the libraries, by identifying the presence of multiple-copy
inserts or inserts present in both libraries, respectively. The
Basic Local Alignment Search Tool (BLast; Altschul et al.
1990) was used to identify sequence homology of each
differentially expressed template with publicly available pig
genome data in different partially overlapping databases:
GenBank (EST and Nucleotide nr/nt), Genbank Genome Pig
(SScrofa5, release July 2008), ensemsL (SScrofa9, release
September 2009), DFGI Pig gene index release 13.0 (7
March 2008; http://compbio.dfci.harvard.edu/tgi/tgipage.
html) and genomic sequences from the Pig Genome survey
sequences available at NARGP (http://www.animalgenome.
org/blast/).

The sequence homology was considered ‘true’ only if: (i)
e-value was higher than —10, (ii) more than 80% of the
sequence length was homologous to the target and (iii) the
homology percentage was higher than 90% for pig
sequences and higher than 75% for non-pig sequences.

In-silico comparative and physical mapping

To identify the chromosomal position of the ESTs identified
in this study, the following analyses were performed:

1. The Ensembl (SScrofa9, release September 2009; http://
www.ensembl.org/Sus_scrofa/Info/Index) database was
searched to identify sequences already integrated in the
genome assembly.

2. Available localizations were retrieved from pig syntenic
maps available at INRA (https://www.lgc.toulouse.inra.fr/
pig/compare/SSC.htm) and from pre-existing comparative
mapping data (Rogatcheva et al. 2008 and references
therein).

3. If the porcine localization was not known, an in-silico
pig-human comparative mapping approach was applied.
Sequences homologous to human sequences were mapped
to the human genome at Ensembl (http://www.ensembl.

Transcriptome analysis to identify differential gene expression

org/Homo_sapiens/index.html). The data obtained were
integrated into comparative maps available at PigQTL
database (Hu & Reecy 2007; http://www.animal
genome.org/QTLdb/pig.html) to predict the putative se-
quence localization on pig genome.

4. In addition, ESTs selected for association analysis were
physically mapped using the INRA-University of Minnesota
7000rad porcine radiation hybrid panel (IMpRH, Yerle et al.
1998). Primer sets corresponding to the target sequences
were designed (Table S2) and tested against mouse, hamster
and pig DNA in 20-pl reactions containing 20 ng of geno-
mic DNA, 1.5 mm MgCl,, 200 pm of each dNTP, 50 ng each
primer, 1 U Taq polymerase and 1x reaction buffer (Applied
Biosystems). DNA was amplified under the following PCR
thermal profile: 95 °C for 3 min followed by 40 cycles at
94 °C for 30 s, 60 °C for 30 s, 72 °C for 1 min and a final
cycle at 72 °C for 10 min. Amplification products were
visualized after electrophoresis through ethidium bromide—
stained 2% agarose gels. Primers that did not amplify a
pig-specific fragment were redesigned and retested. Primers
that generated pig-specific PCR products were used to type,
in duplicate, the IMpRH panel. The IMpRH database (Milan
et al. 2000a; http://imprh.toulouse.inra.fr/) was used to
assess map positions.

Real-time PCR

Differential expression of selected ESTs was verified by
quantitative RT-PCR (RT-qPCR) on the 32 animals previ-
ously selected. Transcripts from each individual pig were
amplified in triplicate and detected using the EXPRESS SYBR
GreenER qPCR Supermix with ROX (Invitrogen), and the
primer pairs were described in Table S2. RT-qPCR was
performed using an 7500 Fast Real-Time PCR System
(Applied Biosystems) in a 10-pl reaction volume with
200 pum of each primer set. The PCR conditions were as
follows: 52 °C 2 min., 94 °C 3 min, then 45 cycles of 94 °C
15 s, 60 °C 1 min. Dissociation curve analysis was run to
ensure the absence of non-specific PCR products. Samples
that did not include reverse transcriptase were included as
negative controls to monitor DNA contamination, and four
blank samples were added as qPCR negative controls.
geNorm algorithm (Vandesompele et al. 2002) was used
to determine the most stable reference genes from a set of six
candidate reference genes (ACTB, GAPDH, AKI1, PPIA,
HPRT, B2M) tested on 32 pig samples analysed.
RT-qPCR data were analysed using osase™™"®
(Biogazelle). PCR efficiency E can be calculated from the
slope of a serial dilution of representative templates (stan-
dard curve), and inter-run calibration was used to detect
and correct inter-run variation. ‘Target-specific amplifica-

software

tion efficiency’ and ‘scale to minimum’ parameters were
used to obtain a calibrated normalized relative quantity of
expression (Hellemans et al. 2007) for each EST in each
sample.
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Association analysis

Associations between the normalized expression values and
the phenotypic traits were tested using the general linear
model procedure (SAS procedure GLM; SAS Institute Inc.),
including the fixed effects of sex and slaughter day and the
random effect of litter.

Differences in gene expression average between the two
groups (16 animals each) were evaluated using a t-test and
were considered statistically significant at P < 0.05.

Results

Suppression subtractive hybridization and sequence
homology

SSH was used to characterize differential gene expression
between two groups of 16 pigs (11 castrated males and 5
females) each, selected from the extreme tails of the distri-
bution of seven adjusted meat quality—related phenotypes
(see Materials and methods).

Following SSH, the forward and reverse subtracted cDNA
populations were cloned and two subtracted libraries rep-
resenting differentially expressed genes were created. The
first library was identified as ‘positive’, because inserts are
specific for individuals in the positive tail of the distribution,
while the second library was named ‘negative’ because the
inserts are specific for individuals in the negative tail of the
distribution.

A total of 200 clones (100 for each library) were ran-
domly picked, and DNA sequence was determined. Among
the 200 clones, 43 were false positive (no insert), 16 were
artefacts (Rsal restriction site within the sequence), 27 gave
low-quality sequence (contained long adenine stretches),
26 were replicates (library redundancy) and 4 were present
in both libraries (library background). In summary, library
screening identified 84 inserts represented in only one of
the two libraries, 52 inserts from the positive and 32 from
the negative library (Table S1). Average length of library
inserts was 483 nucleotides, ranging from 92 to 793 base
pairs.

The 84 cDNA sequences were submitted to the Genbank
EST database (accession numbers from EV825881 to
EV825966). Sixty-eight of the ESTs identified were homol-
ogous to the pig genome assembly (SScrofa9/SScrofa5),
while sixteen match to unassembled sequences produced by
the pig genome project (http://www.sanger.ac.uk/Projects/
S_scrofa/, http://www.ncbi.nlm.nih.gov/Traces) (Table S1).
Of the 68 ESTs homologous to the pig genome assembly,
eight match with known genes (Table 2).

ESTs functional annotation

The eight ESTs showing homology to known genes
(Table 2) are involved in different metabolic pathways, and

GO analysis (Kanehisa & Goto 2000) placed these ESTs into
important molecular/biological functional groups, including
cytochrome-c oxidase activity (GO:004129), motor activity
(G0O:0003774), ATP binding (GO:0005524) and intracel-
lular signalling cascade (GO:0007242). Among the ESTs
identified, Cytochrome oxidase II and III (COXII, COXIII) and
Myosin heavy polypeptide 1 skeletal muscle 2x (MYH1) are
involved in oxidative metabolism and muscle composition
(Toniolo et al. 2004; Fernandez et al. 2008). ATPase H*
transporting lysosomal accessory protein 1 (ATP6AP1, Jansen
et al. 1998), Kalirin Rho GEF kinase (KALRN, Mains et al.
1999), Sorting nexin 13 (SNX1 3, Worby & Dixon 2002) and
Arginine and glutamate rich 1 (ARGLU1, Olsen et al. 2006)
code for proteins playing an important role in intracellular
trafficking and signalling, whereas Myosin regulatory light
chain 2 (MYL2) is involved in muscular ATPase activity
(Katoch & Soni 1999) and contractile properties of skeletal
muscle fibres (Bozzo et al. 2005).

These eight ESTs, plus 22 additional sequences selected
across chromosomes, were physically mapped using a
radiation hybrid panel, and their expression was investi-
gated by quantitative real-time PCR.

ESTs physical and in-silico mapping

The 84 ESTs were mapped to chromosomes by radiation
hybrid mapping using the IMpRH panel or using compar-
ative map information and alignment with the Ensembl
genome. Using this approach, 68 SSH sequences could be
localized on the pig genome. Two sequences (EV825888,
EV825927) were homologous to mitochondrial DNA genes,
whereas the remaining 66 were distributed across pig
chromosomes (Fig. S1). Screening the PigQTL database and
bibliography for previously identified QTLs showed that
most of the ESTs were located within or close to previously
identified QTL
(Table S1).

regions affecting meat quality traits

RT-gPCR and association analysis

Thirty SSH sequences matching genes (8 sequences), ESTs
(10 sequences) or pig genome assembly sequences (12
sequences) were selected to perform RT-qPCR for the vali-
dation of their differential expression. The expression level
of ESTs analysed was quantified based on the Ct values
obtained for the cDNA of the animals in the positive and
negative tails of the trait distribution. geNorm analysis
indicated that Cyclophilin A (PPIA) and beta-2-microglobulin
(B2M) were the optimal reference genes to normalize
expression results.

After data normalization, the animals in the two groups
of the population distribution tails were classified according
to the seven different phenotypes. Association analysis and
t-test results indicated that 28 of the 30 ESTs investigated
were associated with the phenotypes investigated and were
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& differentially expressed (P < 0.05) between the two groups
Q & of pigs (Table 2; Figs 1 and S2).
] g In detail, six ESTs (EV825952, EV825951, EV825953,
- <
. = EV825965, EV825917, EV825936) were associated with
o ‘o [T
5 § T ham fat thickness, six ESTs (EV825935, EV825931,
C
§ a §° EV825912, EV825922, EV825934, EV825944) with dor-
g ;} § sal fat thickness, four ESTs (EV825927, EV825956,
g o S EV825948, EV825939) with ham fat coverage, three ESTs
& é = (EV825892, EV825930, EV825903) with marbling, and
8 & £ five ESTs with meat colour (EV825925, EV825913,
.. N o =
§ ~ 5 o EV825932) or meat colour uniformity (EV825960,
g % E E EV825904). EV825947 and EV825942 were associated
g g = o f with muscle compactness, EV825962 was associated with
“‘:f: 3 -% = ) both dorsal fat thickness and ham fat thickness, and
o — w § [}
2 EV825938 was associated with both ham fat thickness and
> 5 ham fat coverage. Two ESTs (EV825888 and EV825950
[ e
32 = were associated with any of the seven phenotypes analysed.
¢ 3 = Differential expression was confirmed for all 28 ESTs asso-
s & =
g ‘g EEa2a < ciated with the phenotypes. In particular, the expression of
2 |@m @ ) ESTs that match SNXI3 (EV825953), ARGLU1
bO ’
. | *g (EV825965), MYHI (EV825939) and KALRN (EV825903)
8 'a g § £ was high (3-fold, 6-fold, 3-fold, 4-fold up-regulated,
i’l E S S ; respectively) in the positive tail of the phenotypic distribu-
(=}
SEIEEE 2 tions. Conversely, COXIII (EV825927), ATP6AP1
o | gL & < (EV825934) and MYL2 (EV825942) were up-regulated
o I i 3
£ = E ¢ u T (3-fold, 3-fold, 6-fold, respectively) in the negative pheno-
68 Ao O 23 typic groups. The expression level of COXIT (EV825888
o0 5
g s appeared to be very similar between the two groups of
5 < § B g animals analysed for all phenotypes considered.
2% £ g 2 o
O & 1 < 5 =9
£ %9 Discussion
- D = t =
w o £ ° L . X .
s < gl& é ® Transcriptome analysis and sequence homology
o 3 &R =8
S g . > @ R To investigate variations in the pig transcriptome involved
E 3 S| £ - E
23 NS el in meat quality and muscle metabolic pathways, different
Y -‘6 ~ < 8 4 w ]
g R < g S| = e 8 % tissues and individuals coming from different breeds and
<+ @ — N c R
€235 © § g é é -% S E crosses are often analysed (Bai et al. 2003; Xu et al. 2003;
. m el
2 oS|I ¥ g S 2| L 3255 Kim et al. 2005a,b; Cagnazzo et al. 2006; Lobjois et al.
A e 5B =8O
g a g g 9 2 %" 25 % 2 2008). In this study, a different approach was used. Seven
(SERNTI =l
£ a2 8 f phenotypes related to meat quality were recorded from a
3 5 g ‘g ° 538 slaughtered commercial population. To minimize the
. o = _
c § g g < ] _“é_ S f E number of animals to be analysed, these phenotypes were
2 &3 8 g -r": o £ _§ : combined to create an aggregated ‘meat index’, and 32
38 (=) o) R~
g § I R g S5 b animals belonging to the extreme tails (16 animals in the
Q. - N N = o = TTs m © epe . . . . .
§ % % % ] 9 E 2 = g posm‘{e tall. ar.1d 1.6 animals in the 'negatlve tail) of the
Y ¢ 23 8 Gaussian distribution of the population were selected to
hel 2 2% 3 2
9o o S 5 8 0o g identify ESTs differentially expressed between the two
7| - < o © &< 2 € . .
S S0 0 R ¢ groups using the SSH experiment.
zZ = 255 g
- S 2 ¢ g LT 8 3 The majority of ESTs identified by SSH were neither
o} = == -
2 < f_“ ° % % 23832 annotated nor identified in previous microarray studies,
=] I 0 > A 45 . .
5 S a a N - s 9L é demonstrating the complementary nature of the techniques
(@] ~ O '~ < c %2 5 Lo s . . .. .
~ S Qq Py s&8 < 5 8 33 S g (Bai et al. 2003; Lobjois et al. 2008). Although genome-wide
2 % § § § % g g £ ‘% E TG z % gene profiling studies using microarrays provide direct
S Slaa & SrerTozPOLs information on the relative levels of gene expression, the
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Figure 1 Plots of the RT-qPCR expression data (y-axis) of 4 representative ETSs versus phenotypic values (x-axis) of the associated traits. Messenger
RNA (mRNA) levels are represented as calibrated normalized relative quantity of expression.

SSH technique approach is able to discover differentially
expressed genes that have not been previously annotated
(Cao et al. 2004). This study reported that only 9.5% of the
identified ESTs showed homology with annotated genes.

Mapping and QTLs for meat quality

Physical and in-silico mapping, using the IMpH and SScrofa9
or SScrofa5 pig genome assembly, located two sequences
(EV825888 and EV825927) on the pig mitochondrial
genome and 66 ESTs on the pig genome. As shown in
Fig. S1, these ESTs are not randomly distributed across
chromosomes, and no sequences were mapped on SSc5 or
SSc17. Conversely, 11 ESTs mapped to SScl, and interest-
ingly, this chromosome has previously been reported to
harbour genes that play an important role in pig meat
quality (Liu et al. 2007).

Preliminary analysis demonstrated that the use of
aggregate ‘meat index’ was not optimal to validate the dif-
ferentially expressed ESTs (data not shown). In fact, the
‘meat index’ was calculated by combining the first two
principal components of the variability of each phenotype,
and it is not directly related to any of the original biological
traits. For this reason, the animals in the two groups of the
population distribution tails were re-classified according to
the original seven phenotypes prior to association analysis
between EST expression and phenotypes, and validation of
the relative expression by RT-qPCR. Based on this analysis,
a differential expression confirmation rate of 90% was
obtained, and 28 ESTs were indicated as potential candidate
genes for the QTLs. In addition, for all confirmed ESTSs
except EV825927 that were mapped on mtDNA, QTLs for
the same phenotypic traits considered in this study, or for

related traits (e.g. fatness), have been previously indentified
(Table 2). As an example, we reported that differential
expression of EV825962 affects both dorsal fat thickness
and ham fat thickness traits. In the same chromosome
region on SScl, SW2185-SW2432, a QTL for backfat
thickness was identified (de Koning et al. 2003; Kim et al.
2006a). The differential expression of EV825930 confirms
the presence of a QTL for marbling in SSc6 SW1059—
S0031, as reported by van Wijk et al. (2006). EV825938
was mapped to the same region where Harmegnies et al.
(2006) reported a QTL for ham fat thickness. This EST was
here associated with ham fat thickness phenotype and was
differentially expressed in the two groups of pig analysed.

Variation expression results of the 28 ESTs associated
with the seven phenotypic traits were compared to the SSH
original library data to identify the specific library (positive
or negative) where the ESTs have been picked up. This
analysis confirmed that 14 ESTs isolated from the negative
library (Table 2) were over-expressed in the negative tail of
the phenotypic distributions, while the remaining 14 ESTs
isolated from the positive library were up-regulated in the
positive tail of the phenotypic distributions. This evidence
indicates that the SSH approach used to analyse our pig
population is robust for identifying differentially expressed
genes affecting meat quality phenotypes.

EST functional annotation and differential expression

A large number of the sequences identified in this study did
not match annotated ESTs; only eight of the 84 ESTs dif-
ferentially represented between the two libraries were able
to be linked to known biological mechanisms, pathways and
functions in which they might be involved.
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Gene Ontology (GO) annotation, not available for
ARGLUI1, indicates that seven sequences (ATP6AP1, COXII,
COXIII, KALRN, MYL2, MYHI1) are involved in ATP and
NADH binding, oxidative phosphorylation, intracellular
signal trafficking and cytoskeleton activity. The same
physiological pathways were also reported in microarray
studies for meat tenderness (Lobjois et al. 2008) and water
holding capacity of pig muscle (Ponsuksili et al. 2008). In
addition, RT-qPCR analysis indicated that the ESTs homol-
ogous to SNX13, MYHI1, KALRN were up-regulated in
animals within the positive tail of the phenotypic distribu-
tions.

Sorting Nexin 13 (SNX1 3) encodes a protein in the family
of peripheral membrane proteins that are involved in
vesicular trafficking. The protein PX domain has been
shown to bind to phosphatidylinositol 3-monophosphate
(PtdIns3P), which has a regulatory function in a variety of
sorting processes and regulates endocytic trafficking and
degradation of the epidermal growth factor receptor (Zheng
et al. 2006). Nevertheless, the relationship between this
gene or protein and meat quality traits was not previously
investigated. The role of the Kalirin gene in muscle tissue is
not yet clear, but it is associated with the cytoskeleton and
intracellular signalling mechanisms; this association sug-
gests that this gene may be involved in post-mortem cell
modifications.

The protein coded by the myosin heavy polypeptide IIx gene
(MYH1) is one of the isoforms of the muscle myosin heavy
chain (MyHC) and is an intermediate between oxidative
type I and glycolytic type IIb fibres (Chang et al. 2003). The
data presented here indicated the presence of a positive
correlation between MYHI1 over-expression and ham fat
coverage. The same positive correlations between MYH1
expression and meat colour, pH value, marbling and backfat
were previously reported by Hu et al. (2008). The data here
presented indicated that ESTs homologous to COXIII,
ATP6AP1 and MYL2 were up-regulated in animals classi-
fied in the negative tail of the phenotypic distributions.

The role of mitochondrion metabolism in meat quality
was first reported (Eikelenboom & van den Bergh 1973), but
recent studies have indicated that mitochondrial gene
variations (Fernandez et al. 2008), rather than mitochon-
drial gene expression (Luo et al. 2008; Wyllie et al. 2008),
can affect meat quality traits. In this study, we reported a
negative correlation between over-expression of COXIII and
phenotypes affecting meat quality. This negative correlation
was also reported by Ponsuksili et al. (2008). Increased
oxidative phosphorylation in post-mortem muscle tissues
could promote the production of lactic acid and pH decline,
thus influencing water holding capacity (Rosenvold &
Andersen 2003). The negative correlation between high
expression levels of the ATP6AP1 and meat quality can be
related to its function in proton (H') and calcium (Ca*")
transport. Control of ion transport is important to prevent
cellular acidification and decrease in pH (Kiichenmeister

et al. 1999), which is related to post-mortem maturation of
meat. The third gene, MYL2, encodes the myosin regulatory
light chain associated with myosin slow heavy chain.
Expression microarray studies by Shmueli et al. (2003) and
Yanai et al. (2005) indicated that this gene is highly ex-
pressed in heart and muscle tissues; however, its role in
adult skeletal muscle has not been investigated. The
involvement of MYL2 in cardiac hypertrophy (Ramirez &
Padron 2004) and calcium-binding capacity suggests that
this gene may be involved in meat-related traits.

Conclusions

SSH was used to identify differentially expressed sequences
in a commercial population of purebred pigs selected for
meat quality traits. Comparative mapping analysis showed
that these ESTs co-localize with chromosomal regions where
QTLs for meat quality traits have been previously identified.
Thirty of the 84 ESTs identified by the SSH experiment were
physically mapped, and their differential expression vali-
dated for the meat quality phenotypes was investigated.
Interestingly, differential expression was confirmed for 90%
of the ESTs considered, and ESTs were associated with
phenotypic traits for which QTLs were previously identified
at the same chromosomal positions. In addition, eight of the
30 ESTs analysed matched to known genes, while the
remaining 22 sequences are previously identified pig ESTs
(2 sequences) or novel pig ESTs (20 sequences).

Further investigation of the functions of the novel differ-
entially expressed sequences identified in this study will add
fundamental information to allow a better understanding of
muscle metabolism and control of variation in porcine meat
quality.
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