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The single and combined effects of polymorphism in the intron 12 of the bovine calpastatin (CAST)
gene on quality traits of meat were examined in seventy-one young bulls of four beef breeds
(Charolaise, Limousine, Aberdeen Angus, Hereford) and one dual purpose breed (Simmental).
Three single nucleotide polymorphisms (SNP) were considered. The analysed meat traits were
pH, fat content, water-holding capacity, thermal drip loss, and results of instrumental and sensory
evaluation, all measured in longissimus dorsi (LD) muscle 48 or 72 h post mortem. The genetic
variants at the intron 12 of the bovine CAST gene showed a marked effect on beef quality. Analyses
of meat revealed differences between animals of different genotypes. Genotypes TC/TA at locus
CAST/Alul-BseY1 and GG at locus CAST/Ndel showed lower thermal drip loss than two remaining
genotypes at each of these loci. Moreover, allele G at the polymorphic Ndel site appeared favourable
for the tenderness of beef as evaluated by penetration force. In addition, significant relations were
shown between combined CAST genotypes and tenderness, juiciness and flavour of meat.
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Tenderness is one of the most important factors leading to consumer satisfaction
when eating beef. In skeletal muscle cytoplasm there are enzymes that are responsible
for post mortem proteolysis during cold storage of meat. This process is mostly
influenced by the p- calpain (CAPN1) and m-calpain (CAPN2), encoded by the
CAPNI and CAPN?2 genes, respectively. Calpastatin (CAST) is an endogenous calpain-
specific inhibitor, encoded by the CAST gene, inhibiting the calpain activity in tissues
post mortem, and thus regulating the rate and extent of tenderization [Koohmaraie
1996]. Increased post mortem CAST activity has been correlated with reduced meat
tenderness [Pringle ef al. 1997]. The bovine CAST gene has been mapped to BTA7,
with relative position of 117.8 ¢cM [Kappes et al. 1997]. Sequencing the bovine
calpastatin gene has shown that the gene contains 35 exons in 130 kb of sequence,
including 5 exons upstream from exon 2.

Calpastatin exists in several isoforms, the predominant skeletal muscle form,
however, consists of four repetitive calpain-inhibiting domains in series with an
N-terminal leading region [Raynaud et al. 2005]. The variation in the CAST locus
of cattle has been studied by numerous authors. Bishop et al. [1993] found RFLP
polymorphism of the bovine CAST locus using Tagl, BamHI and EcoRI endonucleases.
This DNA polymorphism was detected in the region encoding domains 2 through 4
plus 3'UTR. Chung et al. [1999] noticed genetic variation in the coding for region
of domains L and I. They identified three different SSCP patterns in the 1C/1D
region of the bovine CAST gene. However, Killefer and Koohmaraie [1994] did not
detect the polymorphism using as a probe generated fragment from cDNA coding
for domains L and I of bovine CAST. Lonergan et al. [1995] reported of BamHI and
EcoRI PCR-RFLP using a 2.2 kb ¢cDNA probe coding for domains 2, 3, 4 and 3"
UTR of CAST gene. The amplified regions of the CAST gene were not analyzed by
sequencing and these authors did not show the exact location and the kind of these
mutations. Nonneman et al. [1999] found polymorphism in the microsatellite (CA),
within promoter region of the CAST located 1.4 kb upstream of the transcription start
site. Chung at al. [2001] found DNA polymorphism in the intron 6 using PCR-RFLP
technique and Xmnl as the restriction enzyme. Two other SNPs being a transversion
G/C in intron 5 (RFLP/Rsal) and transition A/G in the 3°’UTR region of the gene
were identified by Barendse [2002]. These SNPs are currently used as the IGENITY
TenderGene marker and Gene-STAR tests, respectively, as they have been shown to
be associated with meat tenderness in beef cattle (Schenkel et al. 2006). In the earlier
authors’ study [Juszczuk-Kubiak et al. 2007] using the PCR-SSCP method four SNPs
in intron 12 were identified, what was confirmed by the RFLP for three SNPs.

The objective of this study was to examine the effect of polymorphism in the
intron 12 of the bovine CAST gene on the traits related to meat quality. Three different
single nucleotide polymorphisms (SNPs) were analysed. For that, the effects of the
combined CAST genotypes were estimated. The traits analysed were physico-chemical
parameters of beef and its sensory evaluation score.
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Material and methods
Animals

The study was performed on 71 bulls of five breeds — Charolaise, Limousine,
Aberdeen Angus, Hereford and Simmental (n=18, 16, 10, 16, 11, respectively). The
bulls of each breed were the randomly chosen progeny of 5-7 sires. At the age of 6-7
months, the bulls were transferred to the Institute farm, Jastrzebiec. After reaching
the age of 9 months the bulls were fed ad libitum until the 15th month of life with
total mixed ration (TMR), consisted of corn silage (65% of dry matter), hay (5% DM)
and concentrate (30% DM). One kilogram of TMR dry matter contained 106 g crude
protein, 71 g microbial protein supplied from rumen-degraded protein (PDIN), 93 g
microbial protein supplied from rumen-fermented organic matter (PDIE) and 90 Feed
Unit for maintenance and meat production (UFV). PDIN consisted of protein digested
in the small intestine, which is not digestible in rumen forage protein (PDIA) and
protein digested in the small intestine (PDI) [Jarrige 1989]. The bulls were weighed
monthly, then weighed at the age of 15 months and slaughtered in the local abattoir.
All procedures involving animals were approved by a Local Ethics Commission for
Experimentation on Animals (permission No. 67/2001).

Analytical

Fromright carcass-sides samples of Longissimus dorsi (LD) muscle (approximately
900 g) were excised one hour post slaughter, covered with comminuted ice and brought
to the Department of Meat Technology, Warsaw Agricultural University. Analyses of
meat samples were performed after storage in cold room at 4+2sC, for 48 hours.

The tenderness of meat was determined by penetration force (PF ;) and shear force
(SF4,,) test. The slice of meat of about 150 g and 3 cm thick heated for 2 h at 78°C in
1% solution of table salt and then chilled for 24h at 4°C. The penetration force (PF )
meat was measured using ZWICK type 1120 (Zwick, Ulm, Germany), crosswise the
muscle fibres of meat sample (20x40x15 mm) with a plunger of 13 mm diameter. The
velocity of the plunger was 50 mm/min. The force of penetration (PF,,) was measured
after the gauge plunger, which was moved up to 10 mm depth after the initial tension
of the fibres appeared. The measurement of the shear force was conducted with a use
of shear element of Warner Bratzler type (model 4201, Inston Corporation, USA). The
maximum shear force was read by move of 50 mm/min. The meat probes 20x40x20
mm large were investigated. The shear force was tested against muscle fibres.

The drip loss (DL,) was estimated on 30 g of minced meat placed in a glass
beaker for 30 minutes of heating at 70+2°C in water bath. After heating, the sample
of meat was chilled at room temperature for 30 min. The liquid fraction was removed
(outflow) and the beaker was weighted. The loss of weight was estimated as per cent,
according to equation:

W = [(a-b/(a-c)] x 100%
where:
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W, — the outflow after thermal treatment (%);
a— the weight of meat and the beaker;
b — the weight of beaker with meat after thermal outflow;

c — the weight of empty beaker.

Water-holding capacity (WHC,,) was determined with a filter paper method
according to Grau and Hamm [1952].

Fat content (Soxhlet method) was determined according to Polish Standard PN-
73/A-82111.

In LD muscle homogenates, the pH,, was measured 48 h post-slaughter using
the CP-315 pH-meter with a combined glass-calomel electrode, according to Polish
Standard PN-77/A-82058.

Sensory evaluation

Sensory evaluation was carried out according to a 5-point scale. Colour, taste,
flavour and juiciness of meat were evaluated as prescribed by Barytko-Pikielna et al.
[1964] and Polish Standard PN-ISO6564. In brief, the 150 g sample of meat was kept
firstly at 4°C for 72 h and next for four days in a 1% table salt solution. The meat was
then fried for 8 min on each side at 180°C. Scoring was performed by a panel of five
experienced people.

Determination of CAST polymorphism

DNA was isolated from the blood according to Kanai et al. [1994]. Two linked
mutations RFLP — A/ul T/C (3893+155%*)/BseYl T/A (3893+223%*) — and the third one
—RFLP/Ndel A/G (3893+428%*) within intron 12 of the CAST gene were identified
according to Juszczuk-Kubiak et al. [2007].

Statistical

The effects of single and combined genotypes on the traits studied were analysed
using the least-squares method as applied in the general linear model (GLM) procedure
of SAS, according to the following model:

yfjklm: o+ Ri + G/+ Sk+ Ol+ B( X[fklm _i) + eijklm
where:
Y~ trait studied;

o — overall mean;

*Position of the mutation in intron was marked with consideration of a position of the last suitable
nucleotide exon in the mRNA sequence.
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R, — fixed effect of breed (i=1, ..., 5);

G,— fixed effect of j-th genotype of CAST gene (j=1,..., 3) or combined
genotype (i=1,..., 9);

S,— random effect of k-th season at the start of fattening (k = 1, 2;
November-April, May-October);

O,— random effect of /-th sire;

B(x ., -x)— fixed regression of the analysed trait on carcass weight;
ijkim
e, — random error.
ijkim

Data for all animals were analysed jointly and the effect of a breed has been
included in the statistical model. The significance of differences was verified with
the Duncan test. The model includes nine combined genotypes that were found in the
animal sample. However, only the estimated combined genotypes, found in three or
more bulls, are presented.

Results and discussion
Genotype and allele frequencies

Genotype and allele/haplotype frequencies for each SNP or combined genotypes
are summarized in Tables 1 and 2.

Table 1. The genotype and haplotype/allele frequencies at A/ul/BseYl/Ndel site in the bovine CAST gene

Genotype/ - Breed - - -
allele Aberdeen-Angus Charolaise Hereford Limousine Simmental
(n=10) (n=18) (n=16) (n=16) (n=11)
RFLP-Alul/BseY1
TT/TT - 5 2 2 2
TC/TA 6 9 8 11 8
CC/AA 4 4 6 3 1
Haplotype
TT 0.300 0.528 0.375 0.469 0.545
CA 0.700 0.472 0.625 0.531 0.455
RFLP-Ndel
AA 3 5 3 3 1
AG 5 11 10 8 8
GG 2 2 3 5 2
Allele
A 0.550 0.583 0.500 0.438 0.455
G 0.450 0.417 0.500 0.563 0.545

The overall genotypic frequencies for RFLP Alul/BseY1 and RFLP/Ndel mutations
were in accordance with Hardy-Weinberg equilibrium. The nine combined genotypes
were observed, what is in agreement with theoretically possible combinations of three
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Table 2. The combined genotype/ haplotype frequencies at A/u/BseYl/Ndel site in the bovine CAST gene

Breed
(;;nm(z;fj Aberdeen- Angus Charolaise Hereford Limousine Simmental
(n=10) (n=18) (n=16) (n=16) (n=11)
CAA/CAA - 1(0.055) N N ;
CAA/CAG - 1(0.055) - - 1(0.091)
CAG/CAG . 1(0.055) - 1(0.063) 1(0.091)
TTA/CAA 1(0.100) 2(0.111) 3(0.188) 2(0.125) 2(0.182)
TTA/CAG 3(0.300) 5(0.277) 4(0.250) 5(0.312) 4(0.363)
TTG/CAG - 1(0.055) 2(0.125) 1(0.063) 1(0.091)
TTA/TTA 2(0.200) 2(0.111) 3(0.187) 3(0.187) )
TTA/TTG 2(0.200) 3(0.170) 3(0.187) 3(0.187) 2(0.182)
TTG/TTG 2(0.200) 2(0.111) 1(0.063) 1(0.063) ;
Combined haplotype

TTA 0.500 0.380 0.500 0.500 0.364

CAG 0.100 0.250 0.375 0.250 0.364

CAA 0.050 0.138 0.003 0.063 0.136

TTG 0.350 0.232 0.122 0.187 0.136

individual genotypes (3%). The genotypes frequency showed a great predominance of
the TTA/CAG genotype in bulls of all examined breeds, however CAA/CAA genotype
frequency was found out exclusively in Charolaises (only one animal).

Effect of single genotypes on meat parameters

The individual CAST genotype (SNP-Alul/BseYl or SNP/Ndel) effects on the
meat quality parameters are shown in Table 3. The differences were found in meat
quality between examined breeds.

The significant influences of SNP-A/ul/BseY] polymorphisms were observed on
WHC,,, DL, and fat content (%). The meat of bulls of TC/TA genotype showed
higher (lower value) WHC,, (P<0.05) and contained less fat (P<0.01) compared to
animals of TT/TT genotype. DL, was significantly higher in the meat of animals with
the CC/AA genotype compared to the meat of TC/TA animals (P<0.05).

A significant association was observed of SNP/Ndel polymorphism with meat
tenderness determined by PF .. The beef of bulls of a genotype GG was more tender
than the meat of bulls of AA (P<0.01) and AG (P<0.05) genotype. Moreover, the meat
of bulls of genotype GG showed lower DL, (P<0.05) than of bulls with AG variant
of CAST. The CAST genotype had significant effect neither on the LD pH , nor on the

score given by sensory evaluation panel (colour,,, flavor,, taste , and juiciness. ).

72° 72°

Effect of combined genotypes on meat parameters

Some of the combined genotypes appeared to have significant effects on the
measured traits. The meat from animals carrying the CAG/CAG combined genotype
was more tender (P<0.05) than that of animals of remaining combined genotypes

(Tab. 4). The meat of the combined bulls’ genotype TTA/CAA showed the lowest DL ¢
(P<0.05) as compared to the meat of animals with CAA/CAG genotype. The more
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Table 4. The influence of combined genotypes RFLP/Alul/BseYl/Ndel in intron 12 of CAST gene on some evaluated
traits of meat of bulls

Genotype WI-ZIC DL PF SF 2 Flavour Juiciness
SNPs (n) (cm®/g) (%) N) (N/em®)
LSM+SE LSM=SE  LSM+SE  LSM+SE LSM+SE _LSM=SE
CAA/CAA S ns ns ns S
1) n n Ns
CA%?AG ns 11.48™%+2.6  82.62"°+6.71 34'895 £3.6 ns Ns
b,
TTG(gAG ns 5.43%41.49 ns 30'590 32 4 00%+0.15 Ns
) TTA/CAA . B
intron 12 (10) ns 494160 81587468 ns 434°:0.17  3.80"+0.26
RFLP- TTG/TTG
Alul/BseYl/ ) ns ns ns ns ns Ns
Ndel CAG/CAG 48.077%46,
ns ns ns ns Ns
3) 8
TTA/TTG
(13) ns ns 66.48+6.0  24.62°2.6 4.46*+0.12  4.31°+0.19
TTA/TTA
(10) ns ns ns ns ns 4.35°+0.21
TTA/CAG
(21) ns ns 66.15°+4.8 ns ns ns

*A--Within columns means bearing the same superscripts differ significantly at: small letters — P&.05, ¢ apitals —
P8.01;

WHC — water holding capacity, DL — drip loss, PF — penetration force, CF — shear force; LSM — least squares
means, SE — standard errors, ns- not significant, n — number of animals.

intense flavour (P<0.05) was found out of the meat of bulls with TTA/TTG genotype
as compared to the meat of TTG/CAG bulls; also the more desirable juiciness was
found out in the meat of TTA/TTA genotype bulls (P<0.05) as compared to those of
the TTA/CAA genotype.

Right now, molecular markers such as the DNA polymorphism, play the key role in
the animal genetics. Recently, a number of potential candidate genes for meat quality
have been recognized. Allelic variation in the regulatory and structural regions of
these genes may affect their expression (what can be seen in the amino acid sequence
of a protein) and finally influence the quality traits of beef. Also the variation in the
introns or flanking sequences cannot be ignored as the synonymous SNPs in these
regions may influence mRNA stability and translation thereby resulting in altered
function [Gibbs 2003, Duan et al. 2003]. Additionally, the SNP may be in linkage
disequilibrium with variation in other regions of the gene with functional or structural
significance.

One of such markers, which can be recognized as a good meat quantity determinant,
is calpastatin, the endogenous inhibitor of calpains. A number of studies have shown
that calpastatin plays a central role in regulation of the calpains activity in the cell
and is considered to be one of major modulators of the post mortem protein turnover.
Therefore, CAST may affect proteolysis of myofibrils due to regulation of activity of
calpains, and is responsible for initiation of post mortem degradation of myofibrillar
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protein [Goll et al. 2003]. However, the role of this inhibitor in the degradation model
of protein is still elucidated. It is known that Calpastatin and calpain activities decline
with increasing age of animals. Veiseth et al. [2004] showed, that in longissimus muscle
from lamb ranging 2 to 10 months of age, calpastatin activity decreased, what affected
the increase of post mortem proteolysis and meat tenderization in older animals.

Starting with Koohmaraie [1994], several associations in sequence variation of
calpastatin gene as source of genetic markers, what may influence meat tenderness,
have been investigated. The author reported that the genetic correlation coefficient
between post rigor calpastatin activity and shear force exceeded 0.5. This finding
demonstrated that selection against calpastatin activity would correlate with the
improvement of meat tenderness. Furthermore, Lonergan et al. [1995] using RFLP at
the bovine calpastatin locus found relationship between calpastatin activity and meat
tenderness. Wulf ef al. [1996] found the residual correlation (0.42) between WBSF
(Warner Bratzler shear force) and calpastatin activity in beef breeds, but noticed no
correlation between calpastatin activity and meat marbling,

Some ecarlier data presented and patented by Barendse et al. [2002] suggested
that genetic variation at the CAST locus contributes to variation in meat tenderness
traits. Casas et al. [2006] reported that SPN located in the 3°UTR region of the CAST
gene was associated with meat tenderness, juiciness and flavour in Bos taurus and
Bos taurus x Bos indicus crossbreds. No such significant association was found in a
purebred Bos indicus population. The data presented by Casas et al. [2006] were the
first report on the association of CAST SNP with meat tenderness. They proved the
potential genetic interaction between markers for two loci (CAPNI1 and CAST) that
are currently being used as the basis of commercial DNA tests for meat tenderness in
beef cattle.

Schenkel et al. [2006] have shown an association between the polymorphism at
the Rsal site in the intron 5 of the CAST gene and meat tenderness in beef cattle.
Recently Eenennaam et al. [2007] have confirmed that meat tenderness could
markedly be improved by selection for the favourable CAST genotypes of these two
mutations [Casas et al. 2006, Schenkel et al. 2006] that have been included in the
GeneSTARTenderness and IGENITY 7enderGENE marker panels.

Although some suggestive associations between the polymorphism in CAST gene
and meat tenderness were reported in cattle, none of these studies found any amino-
acid sequence variation in the calpastatin protein to be connected with the changes
in the potential regulatory regions that could explain phenotypic differences in meat
quality. Ciobanu et al. [2004] described three mutations located in the region of the
CAST gene and encoding Domain L, 1 and 4 calpastatin in pigs The newly identified
CAST variations had significant effects on tenderness and other important pork quality
traits.

In the present study, all three polymorphisms studied were SNPs, but two
mutations — at position 3893+155* (T/C) and 3893+223* (T/A) — were linked and
inherited were as haplotypes. The associations were shown of polymorphism, within
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intron 12 of the bovine CAST gene at three sites, with traits related to beef quality.
The examined CAST gene polymorphisms were identified in the non-coding sequence
and had no impact on calpastatin structure or function. However, they should not be
ignored. Jiang and Gibson [1999] postulated the necessity of estimating the value of
mutation of this type for mRNA stability. Additionally, these SNPs may be in linkage
disequilibrium with variation in other regions of the gene with functional or structural
significance. For example, Kuryt ef al. [2003] reported the influence of CAST gene
polymorphism in intron 6 on growth and carcass traits in pigs. In the authors’ earlier
study on Polish Black-and-White cattle and beef bulls similar to these used in the
present work, the associations were identified of meat quality with CAST genotypes.
The polymorphism investigated in exon 1 of CAST locus was related to DL, and meat
colour, but not to meat tenderness [Juszczuk-Kubiak et al. 2004].

In this study, cattle population was used with no family structure. Thus, there was
no possibility of studying the segregation of alleles and their effects on traits within a
family. For the same reason, identification of true haplotypes was not possible. Instead,
the combined genotypes were used to estimate associations with meat production
traits. As the analysed variations are in intron, it is rather difficult to conclude about
a direct effect of the CAST genotypes typed here on meat quality traits involved.
Suggested rather may be a linkage to another mutation being a causal mutation in
the coding or regulatory regions of the gene. Therefore, the presented results can be
interpreted only as a correlation between marker and production, at this time and in
this population.

The results of the study presented here can be summarized as follows:

1. The heterozygous genotypes at the polymorphic Alul/BseYl sites appear
superior for water-holding capacity and drip loss of beef, both measured 48
h post mortem. This suggests the occurrence of molecular positive heterosis,
occurring when subjects heterozygous for a specific genetic polymorphism
show a significantly greater effect for a quantitative trait than subjects
homozygous for either allele.

2. The allele G at the polymorphic Ndel site is favourably and significantly
associated with better meat tenderness (lower PF ) and significantly lower
percentage of drip loss (DL ;). This result might suggest a favourable influence
of the G allele on the traits investigated.

3. The combined genotype TTA/TTG had significant effects on commercially
important beef quality traits such as tenderness and subjective flavour.

REFERENCES

1. BARENDSE W.G., 2002 — DNA markers for meat tenderness. International patent application No.
PCTA/AU02/00122. World Intellectual Property Org. Int. Publication No. WO 02/064820 A1.

2. BARYLKO-PIKIELNA N., KOSSAKOWSKI T., BALDWIN Z., 1964 — Wybor optymalnej metody
przygotowania migsa woltowego i wieprzowego do oceny sensorycznej. In Polish, Summary in
English Roczniki Instytutu Przemystu Migsnego 1, 132-139.

290



Polymorphism in the intron 12 of CAST vs. meat quality in young bulls

20.

21.

22.

BISHOP M.D., KOOHMARAIE M., KILLEFER J., KAPPES S., 1993 — Rapid communication:
Restriction fragment length polymorphism in the bovine calpastatin gene. Journal of Animal
Science 71, 2277.

CASAS E., WHITE T.L., WHEELER S.N, SHACKELFORD S.D., KOOHMARAIE M., RILEY
D.G., CHASE C.C. Jr., JOHNSON D.D., SMITH T.P.L., 2006 — Effect of calpastatin and p-calpain
markers in beef cattle on tenderness traits. Journal of Animal Science 84, 520-525.

CHUNG H.Y., DAVIS M.E., HINES H.C., 1999 — A DNA polymorphism of the bovine calpastatin
gene detected by SSCP analysis. Animal Genetics 30, 80.

DUAN J., WAINWRIGHT M.S., COMERON J.M., SAITOU N., SANDER A.R., GELERNTER J.,
GEJMAN P.V,, 2003 — Synonymous mutations in the human dopamine receptor D2 (DRB?2) aftfect
mRNA stability and synthesis of the receptor. Human Molecular Genetics 12, 205-216.
EENENNAAM A.L., LI J, THALLMAN R.M., QUAAS R.L., DIKEMAN M.E, GILL C.A.,
FRANKE D.E., THOMAS M.G., 2007 — Validation of commercial DNA tests for quantitative beef
quality traits. Journal of Animal Science 85, 891-900.

GIBBS W.W., 2003 — Genomowe klejnoty i $mieci. In Polish. Swiat Nauki 12, 35-41.
GOLLETD.E.,, THOMPSON V.F.,LIH., WEIW., CONG ., 2003 — The calpain system. Physiological
Review 83, 731-801.

. GRAU R., HAMM E., 1952 — Eine einfache Methode zur Bestimmung der Wasserbindung im

Fleisch. Fleischwirtschaft 4, 295-297.

. JARRIGE R., 1989 — Ruminat Nutrition, Recommended Allowances & Feed Tables. INRA, John

Libbey Eurotext, London-Paris, 214 pp.

. JIANG Z.H., GIBSON J.P., 1999 — Genetic polymorphisms in leptin gene and their association with

fatness in four pig breeds. Mammalian Genome 10, 191-193.

. JUSZCZUK-KUBIAK E., ROSOCHACKI S.J., WICINSKA K., SZREDER T., SAKOWSKI T.,

2004. — A novel RFLP/Alul polymorphism of the bovine calpastatin (CAST) gene and its association
with selected traits of beef. Animal Science Papers and Reports 22, 195-204.

. JUSZCZUK-KUBIAK E, WYSZYNSKA-KOKO J., WICINSKA K., ROSOCHACKI S.J., 2007 — A

novel polymorphisms in intron 12 of the bovine calpastatin gene. Molecular Biology Reports 35 (1),
29-35.

. KANAI, N., FUIIL, T., SAITO, K., YOKOYAMA T., 1994 — Rapid and simple method for preparation

of genomic DNA from easily obtainable clotted blood. Journal of Clinical Pathology 47, 1043-1044.

. KAPPES S.,KEELE R.T., STONE R.A., MCGRAW T., SONSTEGARD T.P., SMITH N.L., LOPEZ-

CORRALES BEATTIE C., 1997 — A second-generation linkage map of the bovine genome. Genome
Research 7,235-249.

. KILLEFER J., KOOHMARAIE M., 1994 — Bovine skeletal muscle calpastatin: Cloning, sequence

analysis and steady-state mRNA expression. Journal of Animal Science 72, 606-614.

. KOOHMARAIE M., 1994 — Muscle proteinases and meat aging. Meat Science 36, 93-98.
. KOOHMARAIE M., 1996 — Biochemical factors regulating the toughening and tenderization process

of meat. Meat Science 43, 193-201.

KOOHMARAIE M., SHACKELFORDS D., WHEELER T.L., SHACKELFORDS D., WHEELER
T.L., DOUMIT M.E., 1995 — A muscle hypertrophy condition in lamb (callipyge): characterization of
effects on muscle growth and meat quality traits. Journal of Animal Science 73, 3596-3607.
KURYL J. KAPELANSKI W., PIERZCHALA M., GRAJEWSKA S., BOCIAN M., 2003 —
Preliminary observations on the effect of calpastatin gene (CAST) polymorphisms on carcass traits in
pigs. Animal Science Papers and Reports 21, 87-95.

LONERGAN S.M., ERNST C.W., BISHOP M.D., CALKINS C.R., KOOHMARAIE M., 1995 —
Relationship of restriction fragment length polymorphisms (RFLP) at the bovine calpastatin locus to
calpastatin activity and meat tenderness. Journal of Animal Science 73, 3608-3612.

291



E. Juszczuk-Kubiak et al.

23. NONNEMAN D., KAPPES S.M., KOOHMARAIE M., 1999 — Rapid communication: a polymorphic
microsatellite in the promoter region of the bovine calpastatin gene. Journal of Animal Science 77,
3114-3115.

24. PRINGLE T.D., WILLIAMS S.E., LAMB B.S., JONSON D.D., WEST R.A., 1997 — Carcass
characteristics the calpain proteinase system and ageing tenderness of Angus and Brahman crossbred
steers. Journal of Animal Science 75,2955-2961.

25. RAYNAUD P, GILLARD M., PARR T., BARDSLEY R., AMARGER V., LEVEZIEL H., 2005
— Correlation between bovine calpastatin mRNA transcripts and protein isoforms. Archives of
Biochemistry and Biophysics 440, 46-53.

26. SCHENKEL F.S., MILLER S.P., JIANG Z., MANDELL B.L., YE X., LI H., WILTON W.J., 2006
— Association of single nucleotide polymorphisms in the calpastatin gene with carcass and meat traits
of beef cattle. Journal of Animal Science 84,291-299.

27. VEISETH E., SHACKELFORD S.D., WHEELER T.L., KOOHMORAIE M., 2004 — Factors
regulating lamb Jongissimus tenderness are affected by age at slaughter. Meat Science 68, 635-640.

28. WULF D.M., TATUM J.D., GREEN R.D., MORGAN J.B., GOLDEN B.L., SMITH G.C., 1996
— Genetic influences on beef longissimus palatability in Charolaise and Limousin steers and heifers.
Journal of Animal Science 74, 2394-2405.

Edyta Juszczuk-Kubiak, Krzysztof Stoniewski, Jolanta Oprzadek, Krystyna
Wicinska, Jarostaw Potoszynowicz, Stanistaw Rosochacki

Wptyw polimorfizmu w intronie 12 genu CAST
na jako$¢ migsa buhajkow

Streszczenie

W przeprowadzonej analizie statystycznej zwiazku polimorfizmu w intronie 12 genu CAST z jako$cia
kulinarng i przydatnoscia technologiczna migsa wykazano wplyw poszczegdlnych mutacji na warto$é
niektorych sposrod 10 mierzonych cech jakosci wolowiny buhajkow czterech ras migsnych i jednej
ogolnouzytkowej. Polimorfizm RFLP-A/ul/BseYl w locus CAST warunkowat istotnie mniejszy (P<0.05)
wyciek termiczny (DL ), wyzsza zdolno$¢ utrzymywania wody wiasnej (WHC, ) oraz mniejsza zawarto$¢
thuszczu (%) w migéniu najdtuzszym grzbietu buhajkéw heterozygotycznych wzglgdem analizowanych
mutacji. Zaleznosci te obrazuja zjawisko wplywu pozytywnej heterozji, a nie wptywu obecnosci ktoregos
z alleli. Nie stwierdzono istotnych zaleznosci migdzy polimorfizmem RFLP-A/ul/BseYl, a kruchoscia i
walorami sensorycznymi migsa. Porownujac srednie wartosci analizowanych cech zwierzat zréznicowanych
genotypem w locus CAST/Ndel, najkorzystniejsze z punktu widzenia jako$ci migsa wartosci sily penetracji
(PF,,) i wycieku termicznego (DL ) odnotowano w mig$niu zwierzat o genotypie GG.

Przeanalizowano rowniez wptyw genotypu wzgledem wszystkich trzech mutacji tacznie u zwierzat
o poszczegdlnych genotypach kombinowanych, odnotowujac zalezno$ci o tendencji podobnej, jak w
przypadku analiz dla obu miejsc polimorficznych ocenianych oddzielnie. Najkorzystniejsza warto$¢
DL, stwierdzono w mig$niu buhajkow o genotypie TTA/CAA, natomiast zwierzgta o genotypie
TTA/TTG wykazywaly najnizsze parametry sily cigcia (SF,,), w porownaniu ze zwierzgtami o innych
genotypach. Stwierdzono takze istotny wptyw polimorfizmu w intronie 12 w locus CAST na parametry
oceny sensorycznej migsa dokonywanej organoleptycznie — zapachu i soczysto$ci. Migso osobnikow o
genotypie TTA/CAA w zakresie soczystosci odznaczato sig¢ najmniej korzystna warto$cig w porownaniu
z migsem zwierzat o genotypie TTA/TTA.
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