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ABSTRACT

In this part of our project we focused on some nwpatlity traits (cholesterol content in blood
plasma and meat colour) and actual candidate genpsrk quality. We investigated the effects of
4 markersI(CAT - lecithin cholesterol acyltransferas¢éMGCR - 3-hydroxy-3-methylglutaryl-CoA
reductaseCTSZ - cathepsin Z andCF7L2 - transcription factor 7-like 2 genes) in commercial
breed population of 83 Czech Large White pigs (3ovikhe blood and tissue samples
(m.longissimus lumborum et thoracis) were obtained from one commercial herd, fed withdame
diet. Animals were slaughtered at average 91.2 kdive weight in the same abattoir. The
measured phenotypes were cholesterol level in bjgedma (mmol/l) and L* (lightness), a*
(redness), b* (yellowness) for meat colour deteatiom. Genotypes of SNPs in candidate genes
LCAT, HMGCR, CTSZ, TCF7L2 were determined by previously reported PCR-RFLSags The
statistical analysis was performed by the genarabl model (GLM) by SAS for Windows 9.1.4.

All analysed polymorphisms were polymorphic in papulation of Czech Large White, but allele
G of LCAT gene was observed in very small rate. Gtudy revealed significant (P<0.05)
association of ¢.266G>C polymorphism b€EAT gene to cholesterol level in blood plasma,
genotypeGC was associated with higher level of cholesterofptiunately no genotyp&G was
observed to verify the effect of alleld on higher cholesterol level in blood plasma, bat n
significant association between polymorphism c¢.88C/Af HMGCR and cholesterol level content,
on the other hand high significant associationsveeh SNP irHMGCR gene and meat colour
characteristic were showed. But we observed ndfgignt association o€TSZ gene and analysed
traits. Our study revealed significant asscociaffx0.05) of SNP ¢.646+154A>G TCF7L2 gene
with cholesterol content in blood plasma (genotevas associated with lower cholesterol level)
and also associations redness and yellowness daf mea

However number of pigs analysed in this part of project is limited further investigation is
required with higher number of pigs to confirm th&sociations and higher number of analysed
traits.
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INTRODUCTION

Pork quality comprises a set of key fresh meatityjadrocessing, and sensory characteristics that
are important for the future profitability and coetitiveness of the swine industry. These include
intramuscular fat content, cholesterol, ultimate, mdlour, water-holding capacity or drip loss,
tenderness, cooking loss, and sensory traits imgltaste. Improving meat quality genetically is
difficult by standard selection methods, but pdssilh the genes responsible for meat quality
variability are identified and mapped (Maletal., 2001). Genetic markers associated with all these
traits are of interest to the pig industry becauwgeen used in combination with performance data,
they may allow faster improvement of the traitseobnomic importance without decline of meat
quality (Ramost al., 2009).

In this part of our project we focused on some ntpatlity traits (cholesterol content in blood
plasma and meat colour) and actual candidate genpsrk quality. We investigated the effects of
4 markers I(CAT, HMGCR, CTSZ and TCF7L2 genes) in commercial breed population of Czech
Large White pigs.

Porcine LCAT (lecithin cholesterol acyltransferagep soluble enzyme that converts cholesterol
and licithins to cholesteryl esters and lysolecishdn the surface of high density lipoprotein (HDL)
and plays an important role in lipoprotein metatmoli especially in the process termed ‘reverse
cholesterol transport’. This enzyme is synthesirediver, but circulates in blood plasma as
a complex with components of HDL and lack of LCAduses accumulation of free cholesterol
tissues and cholesterol level in the blood (Q#eal., 2010). Porciné CAT gene has been mapped
on pig chromosome 6pl3 by Frengeh al. (1997). In this study the single nucleotide
polymorphism G/C in intron 1 at position 266L&AT1 gene was analysed.

The HMGCR (3-hydroxy-3-methylglutaryl-CoA reductpde rate-limiting enzyme in de novo
biosynthesis of cholesterol, this enzyme catalgseg which converts HMG-CoA into mevalonate
(Friesen and Rodwell, 2004). The polymorphisms ba humanHMGCR gene have been
associated with changes in plasma cholesterol aglgceride levels and in piglMGCR gene
displays a relationship with not only lipid seruraits but also with commercionally important pig
meat quality trait (Tongt al., 2004, Canovagt al., 2010). PorcinéIMGCR gene has been mapped
on SSC2 and the single nucleotide polymorphidMGCR:c.807A>C situated in exon 9 was
studied in our study.

Cathepsins are lysosomal proteinases with a brpadtrsim of functions and high cathepsin
activities of porcine skeletal muscle have beemetated to defects with excessive meat softness or
dark colour (Russet al., 2008).CTSZ (cathepsin Z) gene is located in QTL for meat iqyain
SSC17 and impacted on meat colour, with less falargenotype for growth being associated
with darker meat, both visula scoring of meat coland the objective measure of meat colour
(Russoet al., 2008, Ramost al., 2009, Faret al., 2010). The single nucleotide polymorphism
CTSZ:g.557A>G (p.Arg64Lys) in exon 2 was analysed.
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TCF7L2 (transcription factor 7-like 2) has been licgted in glucose homeostasis through the
regulation of pro-glucagon gene expression, whitctodes glucagon-like peptide 1 in intestinal
cells (Shuet al., 2008).The TCF7L2 has been identified as one of the most promisargliclates
associated with type Il diabetes in humans (Getat., 2006). In pigsSTCF7L2 gene is located on
porcine chromosome 14 afi@€F7L2 mutations were associated with backfat or meaiwrdiaits
(Du et al., 2009, Fan et al., 2010). For our analysis we used polymorphism
TCF7L2:c.646+154A>G in intron 10 which may be in linkadesequilibrium with causative
variant with additive effects on backfat traits aatal lip percentage (Det al., 2009).

MATERIALS AND METHODS

Blood and tissue samples

The blood and tissue samples were obtained fro@zZ&&&h Large White purebred pigs (sows) from
one commercial herd, fed with the same diet. Anénvegre slaughtered at average 91.2 kg of live
weight in the same abattoir.

Immediately after slaughter the blood of animals wellected and blood plasma was prepared by
spinning a tube of fresh blood with heparin in atdéuge and was stored at -20°C until cholesterol
level measuring. A portion of blood was stored vEBTA at 8°C until genomic DNA purification.
Automated purification of DNA was realised by QIAMPNA Mini Kit (QIAGEN, Hilden,
Germany) on QIAcube® (QIAGEN, Hilden, Germany). ifed DNA was stored at -20°C until
SNPs genotyping. The tissue samplesndbngissimus lumborum et thoracis were collected from
each individual after slaugther during the cutting.

SNP genotyping

Single nucleotide polymorphisms in candidate gdn@AT, HMGCR, CTSZ, TCF7L2 and their
PCR-RFLP assays were previously reported by @ab (2010), Canovaet al. (2010), Ramost

al. (2009) and Fart al. (2010), respectively. Detailed information abdwese SNPs and respective
PCR-RFLP genotyping approach are listed in Tabl®NA fragments (visualised by ethidium
bromide) after digestion were separated on 2-3%oagagels after the electrophoresis.

Tab. 1 Detailed information about 4 SNPsin 4 candidate genes analysed in this study

T - PCR-
Gene SNP Position Primer sequence 3" m Resriction RFLP Ref.
0 enzyme pa}lt)tz)arn
P,
Intron GCTCCTCAATGTGCTCTTC 535/ Qiaoet
LCAT €.266G>C Ty CATCTAGCGTGGCTTTCC 04 Pl 193+342  al, (2010)
Canovas
Exon  CAAATCCTGTTACTCAGAGAG 650/
HMGCR  c807TA>C g CAGGAGCATAGCGTGTTATG 20 Hhal 450+200 (?oiji))
Exon GGCATTTGGGGCATCTGGG 330/ Ramoset
e 9.557A>G 2 ACTGGGGGATGTGCTGGTT 62 AN 260+70  al. (2009)
TCF7L2 c646+154 Intron  AGAAAGGAAAGGGTGCAGGT Bl 314/ Fanet al.
ASG 10 GCGATAACTTGTCAGCACGA 192+122  (2010)
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Analysed traits and statictical analysis

The measured phenotypes were cholesterol leveloodbplasma (mmol/l) and L* (lightness),
a* (redness), b* (yellowness) for meat colour deieation. Cholesterol level in blood plasma was
determined on Thermo Scientific* Konelab 20XT Giiali Chemistry Analyzer (Thermo Scientific,
Bremen, Germany). Meat colour was determined bgtspghotometry on CM-3500d (KONICA
MINOLTA) according to CIELAB (L*, a*, b*).

The statistical analysis was performed by the gdrigrear model (GLM) by SAS for Windows
9.1.4. The genotypes of relevant genes)(@ere used as fixed effects. The model used tlyama
the data was assumed to bgimy=p + G + G + G+ G + gum, Where Yn is the observation or
the trait,u is the population mean,; Gy 1 is the effect of i, j, k, I-th genotypeum is the random
residue.

RESULTS AND DISCUSSION

Genotypes frequencies

All analysed polymorphisms were polymorphic in papulation of Czech Large White, but allele
G of LCAT gene was observed in very small rate and genoB@eof LCAT gene was not
determined (see Tab. 2). Qiabal. (2010) characterized this SNP in porcib@AT gene and
revealed also very low frequency of ale@ein Yorkshire or Landrace population (alle® in
Yorkshire was not observed) however all€levas in majority in Meishan population used in thei
study. So it is possible analogous tendency of d@aurence of one allele in western breeds but
high rate of the same allele in Chinese breedsn(&tal., 2009, Xuet al., 2010). Faret al. (2010)
published similar results of Yorkshire pigs as dwaguencies in Czech Large White pigs of
TCFL7L2 and CTSZ genes. Russet al. (2008) studied polymorphisms in cathepsins genes
different pig populations — they revealed no allélef CTSZ gene in Meishan, but in western
breeds (Duroc, Pietrain, Hampshire and Italian eanite) they observed the occurence of allele
G and the results of ltalian Large White were simita our investigation. INnHMGCR
polymorphism ¢.807A>C Canovas al. (2010) published intermediate frequency of all8léor
Large White compared to no segregation of allglén other population where either allele
A (Iberian, Duroc lines) or allel& (Mesihan pigs) was fixed. Our results were sinitaresults of
Canovast al. (2010) in Large White.
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Tab. 2 Frequency of genotypes, number of observations and the allele frequency for different
markers used in this study

Gene  Genotype frequency (no. of animal&)lele frequency

AC cc A c
HMGCR
39.76 (33) 51.81 (43) 8.43(7) 0.66 0.34
AA AG GG A G
TCF7L2
12.05 (10) 56.63 (47) 31.33 (26) 0.40  0.60
AA AG GG A G
cTsz
13.25 (11) 68.67 (57) 18.07 (15) 0.48 052
cc GC GG c G
LCAT
91.57 (76) 8.43 (7) 0 0.96 0.04

Associations of genotypes with the traits

Table 3 shows results corresponding to the assaeiatudy between polymorphisms in candidate
genes ILCAT, HMGCR, CTSZ, TCF7L2) and cholesterol content and meat colobaracteristic in
Czech Large White population.

Qiao et al. (2010) studiedLCAT gene and revealed that SNP ¢.266G>C in intron & wa
significantly associated with ratio of lean fatfiéat weight or carcass lenght in Yorshire, Lacéra
and Meishan pigsLCAT gene or lecithin cholesterol acyltransferase iseg &nzym of reverse
cholesterol transport, converts cholestamd lecithins to cholesteryl esters and lysolecgtin the
surface of high density lipoproteins and a lack 6AAT activity would be lead to accumulation of
free cholesterol in the tissudsCAT is a key enzyme in cholesterol homeostasis andatqg its
transport in blood (Qia@t al., 2010). Our study revealed significant (P<0.05%omiation of
€.266G>C polymorphism to cholesterol level in blqddsma, genotyp&C was associated with
higher level of cholesterol, unfortunately no gepetGG was observed to verifying the effect of
alleleG on higher cholesterol level in blood plasma.
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Tab. 3 Association analysis between LCAT, HMGCR, CTSZ, TCF7L2 genes and meat colour and
cholesterol level in blood plasma

Analysed traits (LSM (Least square mean value) ¥s3&ndard error))

Marker Cholesterol content

(mmoll) L ar b
HMGCR
AA (33)1 2.65+0.16 55.52+1.04 2.13+0.85a 11.19+0.62
AC (43) 2.59:0.16 56.58+1.02 4.3+0.83a 12.77+0.61a
CC (7) 2.54+0.25 58.23+1.62 2.76%£1.32 12.68+0.97a
TCF7L2
AA (10) 2.32+0.22b 56.63+1.42 2.95+1.16 12.13+0.85
AG (47) 2.8120.15b 57.23+0.98 4.15:0.80b 12.841.59
GG (26) 2.65+0.17 56.45+1.08 2.10:0.88b 11.66:0.65b
CTSz
AA (11) 2.7240.22 56.86+1.38 2.50+1.13 11.940.83
AG (57) 2.58+0.16 57.51+1.02 3.07+0.83 12.46+0.61
GG (15) 2.48+0.19 55.95+1.19 3.5410.97 12.23:0.71
LCAT
cc (76) 2.3240.12b 57.6410.78 2.31:0.63 12.04£0.47
GC (7) 2.87+0.24b 55.91+1.54 3.83+1.25 12.39+0.96

b - significant difference beetween genotypes (B5)0,a- high significant difference between genotypes (B%)), cholesterol
content in plasma (mmol/l), meat colour charactierls* (lightness), a* (redness), b* (yellowness)
1 — number of animals with mentioned genotype

HMGCR gene is the rate-limiting enzyme in the biosynithe$ cholesterol. Canovas al. (2010)
revealed that alleleA of ¢.807A>C in HMGCR gene showed significant agsgm with
intramuscular fat content or with higher oleic dader linoleic acid level in fat so they supposed
that HMGCR could be shown as an interesting candidate gesisted selection in commercial
important meat quality. Our study revealed no d$igant association between polymorphism
¢.807A>C and cholesterol level content, on the otted high significant associations (P<0.01)
between SNP irHMGCR gene and meat colour characteristic (redness afidwpness) were
showed. HMGCR gene has been intensively studied in human angdtgmorphisms were
associated with changes in plasma or triglycersdels and statits, known &MGCR inhibitors,
are the standard treatment for hypercholesterolgrat@ent (Tonget al., 2004, Osbornet al.,
2004). PorcineHMGCR gene was presented as a source of genetic varifaticiraits related to
serum lipid level levels and fat deposition in pitysphysiological function oHMGCR gene there

is no obvious reason of meat colour influencingeSéhresults suggest there is common pathway or
network regulating fatness of energy balance.
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Cathepsin Z and SNP g.557A>G within it and polyniism c.646+154A>G inTCF7L2 were
associated with both visual meat colour scoring alnjgctive L-value measure of meat colour in
purebred Yorkshire (Fagt al., 2010). In addition Rama al. (2009) revealed impact of g.557GG
of CTSZ on slower growth and darker meat colour. In f&amoset al. (2009) mentioned that
0.557A was associated with faster growth, but ® ¢bntrary to this study Russbal. (2008)
observed opposite tendency in Italian Large White allele g.557G was the preferred allele for
daily gain. It indicated that the effects@TSZ gene may differ between different populations. But
we observed no significant associatiorCdiSZ gene and analysed traits. In addition to associati
with meat coloulTCF7L2 gene has been identified as promising candidatecaged with type I
diabetes in humans (Graetal., 2006). In pigs mutations were associated wittkfzd and meat
colour (Du et al., 2009). Our study revealed significant assoamti(P<0.05) of SNP
€.646+154A>G inTCF7L2 gene with cholesterol content in blood plasma ¢tge AA was
associated with lower cholesterol level) and alssoaiations redness and yellowness of meat.
Interestingly the LSM of heterozygot@&& was always higher than those of homozygotes fsr th
SNP.

CONCLUSION

In summary, for the present study, we analysedipusly reported polymorphisms afCAT,
HMGCR, CTSZ, TCF7L2 actual candidate genes in population of Czech d akthite pigs. We
revealed significant associations betwddgDAT and TCF7L2 genes and cholesterol level and
associations betweddMGCR andTCF7L2 and redness and yellowness of meat. These reselts
very interesting because they suggest possiblehMen@nt of HMGCR gene in physiological
pathway influenced with meat colour. However numioérpigs analysed is limited further
investigation is required among other populatiohgigs to confirm the associations between
HMGCR polymorphism and meat colour and the others puslioreported associations.

The authors would thank to Z. Vyslouzilova for me#sg of cholesterol level in plasma. This
project was supported by Internal Grant Agency a€uity of Agronomy, Mendel University in
Brno, project no. TP9/2010.
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