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Background
Calpastatin (CAST) is a specific inhibitor of calpains, a Ca™ -activated protease family, considered to be the primary cause of initi:
myofibrillar protein degradation in living muscle (Goll ef al., 1992). Calpains seem to play an important role in postmortem tenderization 0

tion of
¢

skeletal muscle due to the degradation of key myofibrillar and associated proteins (Koohmaraie, 1992). Using a Berkshire x Yorkshire ( B\\"T)'
pig family (Malek et al., 2001), a suggestive QTL for average Instron shear force was revealed on chromosome 2 in the region where C AS

maps.

Objectives
Study polymorphisms of the CAST gene as a candidate for the QTL on chromosome 2., and its relationships with pork quality characteristic>:

Methods

Linkage mapping. Mapping of the CAST gene to the BxXY family linkage map (Malek et al., 2001) was performed using a CAST Msp!
substitution (Ernst et al., 1998), and was accomplished using CRI-MAP (Green et al., 1990).

PCR. RT-PCR and polymorphism discovery. Based on CAST pig cDNA sequence available in GenBank (M20160), we designed primers
amplify the entire coding region of type III CAST skeletal muscle isoform. Reverse transcription of total RNA was performed by nmdmﬂ‘
hexanucleotide priming and Superscript II (Gibco BRL) according to the manufacturer’s protocol. The amplicons were sequenced using L].‘“‘
terminators (PE Applied Biosystems) on an ABI 377 automated sequencer. Sequencer software (Gene Codes) was used to assemble the

to

sequences and to identify polymorphisms.
Genotyping and PCR-RFLP analysis. The region flanking each newly discovered missense mutation was amplified and then digestec
Apall, Hpy188I and Pvull. The non-cutting allele was designated allele 1. The Apall substitution was not used in these association stuc
as it is in almost complete linkage disequilibrium (LD) with Hpy188I and does not add information after Hpy 1881 genotypes are included-
Phenotypic _trait measurement. Meat quality measures for the BxY family were made on the Longissimus dorsi using typical imlll»\’“}‘
techniques and included several sensory traits and average Instron shear force. Longissimus dorsi % drip loss data were determined at
packing plant on samples from two commercial pig lines: Duroc Sy nthetic and Synthetic.

Statistical Analysis. Associations between the CAST Hpy188I and CAST Pvull substitutions and meat quality traits in the BxY

{ with
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were tested using the general linear models procedure (SAS) with a model that included dam as random, and slaughter date, sex and Hh\ll\l ‘
~ . ~ - . ~ v S . . > Lo . 1 1C

genotype as fixed effects. Least squares (LS) means for all genotypes were obtained for the CAST substitutions. In the BxY family and in !

asts betwW eel

commercial lines. the combined effects of the two substitutions were estimated as haplotype substitution effects. Contr o6
variabi

haplotypes in the BXY animals were estimated from a mixed model (SAS) including dam (random), and slaughter date, sex and one
for each haplotype as fixed. For the commercial lines, sex was not included (the trait was measured in females only), and sire (1‘;\mloﬂ"
replaced dam in the model. The haplotype substitution effects are presented as deviations from the effect of haplotype 3.

Potential phosphorylation sites for c-AMP dependent protein kinase (PKA) were identified using NetPhos2.0 prediction server (Blom éf al-
1999).

Results and discussion

. . . - . . 5 o S . ~ted O
Linkage mapping and marker development. Using the BxXY intercross family a suggestive QTL for average Instron force was detected

SSC2 (Malek ef al., 2001) and located at 72 ¢cM (F = 3.97). We mapped CAST at 73.1 cM on the BXY map. By sequencing the entire L‘“fi“:_‘:’
region of the CAST gene in BxY F; individuals with extreme values for meat quality, we identified three new missense mutations: _('Ij]\
Apall (Ser — Asn) located in domain L, CAST Hpy188I (Arg — Lys) in domain 1 and CAST Pvull (Arg — Ser) in domain 4. In the BxY fam1b

CAST Apall is in complete LD with Hpy1881. Both CAST Hpy188I and Pvull are located in subdomain C of their respective domains- !_I”‘:
subdomain potentiates CAST inhibitory activity (Takano and Maki, 1999). Single mutations in any of the subdomains (A, B and C) *‘“CL‘]
CAST activity (Ma et al., 1994). The role of the domain L was found recently to be involved in reactivation of the L-type Ca®" chan™
activity (Hao et al., 2000).

Association study. An association analysis on the BxY F, animals, revealed significant effects for both polymorphisms tested ¢
Instron force and in some traits associated with it, like firmness and juiciness (data shown only for CAST Hpy188I - Table )
Hpy188I -11 genotype is favorable in terms of meat quality being associated with lower firmness, chew score and Instron force

n LI\CN%L‘.
The CAS”
and high®’

tenderness and juiciness.

Table 1. Association results between genotypes of CAST Hpy1881 and meat quality traits in BxY F, animals™ ", S
Traits Genotype P-value
11 12 22 B
Firmness 391 €€ 344 F 343d 0.001
Juiciness 6.23 4 6.05 576b 0.05
Tenderness 801 @ 774 b 7575 Qs
Chew score 2.32 2.51 2.54 0.11
Instron shear force (kg) 4.39 4.454 463b (),(15//

=136 (11), 228-233 (12) and 129-130 (22).
B Significant differences: a-b p<.05; ¢c-d p<.005; e-f p<.0005.

)
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Differences between genotype LS means were statistically significant except for chew score. Haplotype analysis was performed in OT¢ el
- s x y : S o it e P y : oV
dissect the possible effect of each polymorphism. In the BxY family just three haplotypes were observed (Table 2). The analys1s sh
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"Mportant differences between the effects of haplotypes 1 and 3 for juiciness (p < .01), average Instron force (p < .01) and chew score (p
05). 1
effe

aplotype 3 and haplotype 1 differ at both polymorphic sites. Some significant differences were revealed for firmness between the
2

Cts of haplotype | and 2 (p <.01) and also between 2 and 3 (p < .05). This analysis showed haplotype 3 as unfavorable, being associated
Wi R . - : i -
Vith lower juiciness and tenderness, higher chew score and average Instron force.

lable . Haplotype substitution effects for meat quality traits in BxY F, animals®.

Trait Huplol\pcH effect
1 2 5
~|l|iCiI]c>,\ 022 ¢ 0.06 od
Tenderness 0.14 0.10 0
‘hew score -0.12Q -0.02 ob
Avg Instron force (kg) _0.14¢ -0.21 0d
Firmnegs ~0.06 © 0.18 d-a ob

y
l)h“PIOI} pe 1: Hpy188l —1 and Pvull — 1 (frequency = 0.50); haplotype 2: Hpy1881 -2 and Pvull — 1 (0.07); haplotype 3: Hpy1881 -2 and
s UL -2 (0.43); n=448 — 482.

Slgnificant differences: a-b p<.05; c-d p<.01

ll:ll;;l‘_dcr to ev uluzuc.thc potential roles ovl‘(ﬂ IST l/_/{\'l 881 and {)\'ull. their effects for “ufl‘rip loss were estimated in tw 0 commcruivul‘ lin_cx. This

LIS correlated with average Instron force and in general with tenderness measures. The same haplotypes revealed in the BxY family were

“tected in both lines (Table 3). Significant differences were discovered between the effects of haplotype 1 and 3 in the Duroc Synthetic (p <

: D) and in an across line analysis (p < .001). Significant differences were also revealed between haplotype 2 and 3 in the Duroc Synthetic

;":](]) i]n the combined ;lu?:.llysis (p <.05). As U\pgclcd !‘mn‘nilhc B§Y study, h;xp]m_\qzc 3 li.‘\"uguin unl‘;l\m';?hlai :and is uﬁxnciulcd with highg %

\\illh ‘o\s_ ‘!‘\r1odc1“ulvc (!}HL.‘I'CI]CC.\ between the estimated effects of haplotype 2 and 3 (different only at CAST Pvull site) could be associated
an effect of CAST Pvull.

able 3. Haplotype substitution effects for % drip loss in two commercial pig lines i

-ine n Haplotype* frequency Haplotype effect
1 2 3 1 2 3
DL“'“C Synthetic (DS) 154 0.61 0.19 0.20 _0.55¢ _0.46 2 o0 d.b
'[S)-\\“]}Iiclic (S) 93 0.62 0.28 0.10 -0.47 0.24 0
= 297 0.61 0.22 0.17 -0.58 ¢ -0.404 0 f.b

&'L\’nilicunl differences: a-b p<.05; c-d p<.01; e-f p<.001.
D
%Miop sites prgdiglign. PKA ph.()sph()l'_\‘lillk.‘s ('AS'I?. which influences iFs ;1‘g;:1'cguliml. ch:m\giug its illll'il?.‘t]lll]:l[' location (;\} erna et
Dh;\;;(” )- x\p increase in ( a level activates ‘1hvc [?rolcol)llc system but also (:»\STA as a 1'951111 of disaggregation lhm»ugh lh%‘ action o_l a
in l]’]lc ]t“‘]_‘l’olcm ]7]10\.\‘[7{!1;‘111150..1 hgt proportion of CAST aggregation may be one of the mcclmm.\’m:\' that [.nodu]ulcT the activity of l.hc cuvipzm.b
oo st steps of Ca™ activation process (Averna et al., 2001). Using NetPhos 2.0 we predicted six potential phosphorylation sites in
71/:[&\1,:”( 'AST . I/n/LI and Pvull affect the consensus sequence of two of them. I.Iup]ul._\ pe 3 ]1;15 a CAST Pvull —2 unllc].c -lh;ll cm.'odcs a pgplidc
carlio | pulcnlmll_\\ n.ol\ be plI]«)sl|)]1<>l‘>'lallctl by PI\/\.» We can speculate thz.n lh.li\‘ \;,mum will be alw ays rgt'fl-d'\)lo inhibit c:l?puynﬁ even in the
i m\|1. momcnls»nl (_u” activation. Further slu_d)' will be |‘1’cicdcd to cslnl?ll.\'h 1‘I.PI\u\ phosphory Iill‘L‘f CAST 7 \'1//( zmd or CAST Apal.l sites.

atter case it will be interesting to determine the CAST phosporylation effect on the L-type Ca™ channel activation.

&
~9nclugjong
den Newly discovered CAST genetic markers have significant effect on tenderness and related pork quality traits. It remains to be
{ ONstrated if the revealed effects are caused by these substitutions alone, or due to linkage disequilibrium. Combined use of these
Dro, Morphisms could have the potential to improve overall meat quality and hence the economic value for the pork supply chain and quality
ducte )
Ucts for consumers.
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