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Abstract

Calpastatin is an endogenous inhibitor of calpain (cal-
cium-dependent cysteine protease). Calpastatin activ-
ity is highly related to the rate of protein turnover and
rate of meat tenderization. In order to characterize the
structure of calpastatin in Iranian Afshari breed of
sheep, intron 6 and partial exon 7 of the L domain were
amplified and sequenced. A fragment of approximate-
ly 1.5 kb was identified. In this study, an Afshari calpas-
tatin gene fragment that encoded L Domain amino
acids was detected. Hence by detection of such con-
served mutations, it is possible to use these polymor-
phisms in Marker-Assisted Selection (MAS).
Keywords: Calpastatin; Sequence analysis; Iran;
Afshari sheep

Rate of muscle protein degradation has a very impor-
tant role in the rate of extent muscle mass. Differences
in the rate of muscle growth in domestic animals are
often due to differences in the rate of muscle protein
degradation, but with little or no change in the rate of
protein synthesis (Amanda et al., 2004). It was origi-
nally proposed that the calpain system was responsible
for initiating metabolic turnover of the myofibrillar
proteins and that it affected muscle protein degradation
(Goll et al., 1998).

Presently, the calpain system is known to be consti-
tuted of three well-characterized proteins which
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include the two Ca2*-dependent proteolytic enzymes,
namely p-calpain and m-calpain. Calpastatin is the
third member of the calpain family, a multi-headed
inhibitor capable of inhibiting more than one calpain
molecule (Reynaud et al., 2005). Calpastatin is the
variable component of the calpain system and skeletal
muscle. Calpastatin activity is highly related to the rate
of muscle protein turnover and rate of postmortem ten-
derization (Goll et al., 2003; Amanda et al., 2004).
Calpastatin has a peculiar molecular structure consist-
ing of one N-terminal region (L-domain) and four
repetitive inhibitory units each containing three highly
conserved regions called A, B, and C (Melloni ef al.,
2006). In Iran, approximately 25 populations of sheep
have been identified so far based on their morphologi-
cal characters and meat production. Afshari sheep rep-
resent one of the largest populations within Iranian
sheep.

The main objective of this study was to identify the
L-domain of the calpastatin gene structure as a poly-
morphic region which could be used for correlating the
genetic variation with meat production and tenderness.
Sequencing of an amplified fragment of the calpastatin
gene revealed a high similarity with the reported
bovine sequences of this gene.

Five Afshari sheep breeds were selected from an
education farm at the Department of Animal Sciences,
University of Zanjan, Zanjan, Iran. Genomic DNA was
extracted from 1 ml anticoagulated blood, collected
from jugular vein by a slight modification of the salt-
ing out method (Boom ef al., 1990). Two primers des-
ignated Cast 1F (Forward 5" AGCAGCCACCATCAGA-
GAAA 3'); and Cast 1R (Reverse 5° TCAGCTG-
GTTCGGCAGAT 3°) which have been designed based
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on the bovine calpastatin gene (GenBank accession
No: AY834770) were used to amplify a fragment of
approximately 1500 bp. PCR mixture (25 pnl) was con-
sisted of 50-100 ng sheep genomic DNA, 10 pmol of
each primer, 200 uM dNTPs (Roche, Germanty), 1.5
mM MgCl,, PCR buffer 1X, and | unit 7ag poly-
merase (Sinagene, Iran).

The temperature cycling (initial denaturation 10
min at 95°C, 35 cycles; detaturation 1 min at 94°C,
annealing 1 min at 62°C and extension 1.5 min at 72°C
and final extension 10 min at 72°C) was performed in
a DNA thermal cycler (Bio Rad, PDS-Hel000,
U.S.A). PCR amplified products were electrophoresed
in a 1% agarose gel and fragments were subsequently
visualized by a UV transilluminator (Uvidoc, UK)
(Fig. 1).

Selected PCR products from 17AZI sample were
re-amplified in a total volume of 125 pl followed by
purification from the gel using a gel extraction kit
(Core-one TM, Seoul, South Korea), according to the
manufacturer’s instructions. Sequencing was per-
formed on both sides of fragment with forward and
reverse primers using an ABI sequencing machine
(Kowsar Biotech, Tehran, Iran).

Sequence data were checked by FASTA program
(www.ebi.ac.uk/fasta33) and comparison and blast

Figure 1. Electrophoresis analysis of PCR products amplified for
Cast1 in sheep 17AZIl. -ve and L are representing negative control
and one kb (SMO311) marker.
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analysis were performed with other sequence of
Calpastatin gene at Genbank
(www.ncbi.nlm.nih.gov/genbank). Gene runner ver-
sion 3.05 (www.generunner.net), ClustalW
(www.ebi.ac.uk/clustalw), ClustalX (www.clustal.org)
programs were employed for determination of nucleic
acids, deduced amino acid sequences and alignments.

A 1457 bp fragment was amplified in all the exam-
ined specimens of the Afshari breed. Now it is avail-
able in GenBank at National Center for Biotechnology
Information (NCBI) with the accession number
EF539858. Based on the purity of the DNA extracted
from the 17AZI specimen, followed by successful
PCR amplification, this sample was selected for fur-
ther analysis. The respective fragment (Fig. 1) was
excised from the gel was then purified, and sequenced
with both primers. The resulting sequence correspond-
ed to position 51 to 1478 of the Bos Taurus (Bos
Taurus is scientific name of cattle), which was submit-
ted to GenBank under accession number AF321530.
An alignment of the identified calpastatin sequence from
the Afshari sheep with the sequences deposited in
GenBank revealed similarity with the bovine calpastatin
genes (AY834770 and AF321530) (Fig. 2). The
Percentage of identity between the two sequences and the
Afshari sequence was 89% (Table 1) and Homology was
42% at the amino acid sequence.

In comparison to the bovine calpastatin gene, four
insertions at positions 443-447, 573-586, 976-979,
1223-1236, and two deletions at positions 17-18 and
147-148 were detected in AF321530. The partial
sequence of exon 7 was also determined at position
1420 to 1457, which comprises the QVT-
GRDSGGGKS amino acid sequence (amino acid
sequence that is coded by the exon 7). The restriction
maps constructed based on the sequence of the calpas-
tatin gene in both Afshari sheep and bovine indicate
differences in the restriction sites of the two species
(Fig. 3). These two restriction maps demonstrate the
possible application of this fragment in designing a
PCR-RFLP for species and sub-species differentiation
of sheep or other related groups of animals.

Table 1. Total number of nucleotide substitutions, based
on a 1457bp fragment of the calpastatin gene in Afshari
sheep in comparision with similar sequences in GenBank.

AY834770 Afshari
AF321530 24 165
AY834770 0 162
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AF321530
AYBI4TTO ACETLARALALALRALLA 2 LLALLLTHRERT T T AT L TATE CAA LT I TTTGARAL FT CAT GETT PT L PL AL AL PT TA T LALL TTI T TETETECAT 6791
Afshari EX N BEENSTEN 5L A —— TRAAFTCTETCALTE G TETT fAAT I TTTRALAR CLCAT CETT CECCr AGG2A TG CRAAG TTI L TETETICAr 92
LR R LR RELERIERTRE L) IR EELIERIEERLEIE R BEEEEEEINERIE NIRRT SRS IR LIRS I NIRRT N IR ORI NLIEELIELY]
AF321530 CL2ATTTIC CAGEE ARLA CTLARLaT TR RATTC CATTTE CTTCTE AL Fh bAT CTTT C0FAL CLAL FhALRT HRAL D CACRTITIC TRIATTCIALLIE 246
AYSB34770 tLEATTTIC CAGEE &RhA CTLALLAT TERET TR CATTTC CTTCTE Cak bG AT CTTC OO GAL CIAL AT HEALL CACETITIC TRIATICIALGIE 6891
Afshari CLARTTTIC CAGGE AALA CTCLAL AL TEERT TR LATTTE CTTITE AL bE5AT -- - L CLGRL CLAL GEATTRAAL CLACGTITLC TELATICTALLL: 189
FAEEAARAEEAARG A ARAEIALARE AAE EALAAERGAESAREIARAREIAALSS EEAEKGRAEEA LA RAAAAREIANEALAARERAASR SAAER
AF321530 CATETTTTA AL L GLA TAAT G GAAELD & CTALTETE S [OTA [ FhAS TALES PALA GATE C TCTA PO TAL A0TLATET P TETAL CTRA ITOTTICR: 346
AYS83477T0 GATETTTTE CLAGR T G TAAT GG hRAAA 0 & CTALTETE A [ITA [ i TALLE FALA GATE CTETA P TAL A0TE ATCT FTRTALLTRA ITOTTE R 6991
Afshari EATGETTTAL TALLT FRATAGATE GHGALATAD TAAT CTOAL PTAGG FEATAALAT ALAL ATT FTLTRD DTATA PTGAT GTET GRAGLTCAL TETTORR: 289
TRELX REETELEZEE EXZEREIXEIRE ARLE EIXEAALIRALIBEE X XXETL XRLLXEIX LS LXEE REXLEXXLT L X XREZEELIELTIIRLR
AF321530 CCTATGOCAALT CTATTTAGTATALTE AAGAT TR TRCTL TLACTTC O TEGT R TIL L ARATA CRl T TRALL LLAC CTREGALTAT CTAA GRICTLARL 446
AY834770 tCTATLCCAATGTAITT ARTATALTE ARRATTTC R TRCTG TCACTTC L TR eT R TTGT 25TA CRl T TRA R FLAL [ TG bALTAT CTAR CRICTEARE 7091
Afshari LTI TG OLARRT GT AT G eTRTACTE BARATTTC R TRTTA TLACTTICE T TR TTL L ARATA GO T Tha b FLAT [ TRG R AL TAT CTAR PRI T LA 389
FAL FARILEAAAAS FEAA AAALGALAAALALAZALAL & AAAAAY KAAARIAERALEIALAA AR AAEAGFANALERAALKAAAAALAALAALLZALA
AF321530 ALGELATAGALGEETIT GELGGAT T T LT CAL G EE PTG TRAIT RO IT AGPA- - - RTACTT AGTT GTRAL L - - AGLLACLALGITEC AETETITT2 539
AY834770 ALGLLATEA GALGEETIT GElG rATETTI CGE CAL G CP PTG TCAIT RECL AL LA - - - FTACTT ARTT GTHAL TG ALFGS fAGG DT GETRTETT:  T187
Afshari & GEGEATCAL AT R TOTHAG Frs THTT CLATT AL CUTEE LACTGEE TA GLAAG CALT GO C CALTTE Thal D TTha kG bah LA EE TOTE CTRTE TT: 489
Tkttt £ KX ik R FREXRETEEE tt% kit x kiR biEEr i EEd tt & REExEdExEREL S R+ S S B85 58 5+ S S8 54
AF321530 racarabha sl TEEGAS TTRA RO TEL DT CTRCA LR O R T LTI T IO T Fo AR T TTA R TR L AT PRI GT R TRA L GETT Gl - e c e e mm e - ™ 626
AYB347T0 rarara R s TEERAL TTRA RO TEHL DT CTRCA CE ER T LTI DT TO T Fo AT TTAR TTEN [ AT PFT GT L TRAL GETT Gl mn e m e m mme e ™ 7274
Afshari [ 2GR I8 G kU 625 TTHE fECTHE CTL O TRCA CECET TR CT LATE FT T TTARTTRE [ ARGT TRTGTETGAT GLTT GRARAI LD ATGRRETET 589
LR LR R LRI R LIRS LIE R IR RIS IERLIEERLIELE R L BEY LL ] EE R TE RIS L IR SIS LN LI N TSN 1] L]
AF321530 AGCCCACCAGECTE CTOT CTL CATCREATTUT (LA L CAL GULAC TG AT L TEAL CATTT CCTT LT TALLCLATI TT CLCAA CCLAGRLAT T AS 726
AYS834770 ACCCrACCARECTE CICT CTLCATCREATTUT CLAR G CAL GILACTE A LT ELETEAL CATTT COTT [T TALLCLATI TT CLCAR CCAGLLATT A 7374
Afshari  &GEUCALCAL CTTLETOTETE -- - GRGATTCTT CALG U LARRATAL TRLAG T TCAL T ATTTE LTI TTTAL FLEATITIC CICA CLCAL CRATE A 686
FAELAAEIL K A LA AL TR E TR R TR TS E ] REAREZ IALILE LA L LRSI R LR LS KX AAERLEEAALE LS L R ALIRELRLL RS
AF321530 TrC- -GGET T CTACAT TTLARETARATEATTTAL CEALT GALCTAT 5& 0 bad GO CE T TR 0 TEAT GhGCTETRL FEATT -FAGATRI L CTCERTCET 8§23
AYS834770 TCC- - GEET PTTCTALAT TTT AL LTALATRATTTAL [ALL T GALCTAT GA LG EAA GO T LTI TEC TTAT bHG T T GG GAATT -LALATGIC ITEEETCAT 7471
Afshari ACPTEGGET PTCCE APAT TRE G E T ACAT AT TTAL LAl T AL CTAT kA [G ka2 GEC LT TE O TTAT (AT FTEG FAATTTIAATRI T CTCERTRAT 786
L34 tEx bt bkt tEiEk R % £ R REiEEAEEE Li A EEAREAELRRREIEERELEREZIR R R LS KX dREEELEEIEE E FREXEEIEEL A RLER
AF321530 CTGETCCTTAR CTRELES TCTTARAGTTTTAT G60T CTTALD THES GACAT AN TTAC R GAGE [ 2022 A2 8T AGARLTATFTTRTE TATT TR CARREPT 923
AYS834770 UTGETCCTTALCTERALE T CTTARATE-TTTAT FEIT PTTAL TEEARATAT L ALITTA N GAGL [ 20228 B ATT AGARLTATA -- FTE TATTTELAREALT 7569
Afshari  CTROTCCTTACCTORAGET I TTERAATT TTRTS GOTE TTACT FhAGA AT A5 ITT ALAG A L0 FALALA ALTTA GRAEA ATATTI TRTATTT [ FAGLALT 886
LR R LRI IR ELINELIE RIS RS ) (XX R R I EERIELIER SIS IR SIS NIEE RIS ENE LN LRI E N LT Y] EERELIERIER LR N BN ]
AF321530 ZACALCART CATATATAR MAALEATARS-AT CTAT RALAL AL TTTTTT CTTAT bAGC T TTE GARG AL CGT FTATCTTLTATALAADA- --TRO LTI 1019
AY834770 2RCARGALT CATAT ATAR hifbsATaR- AT D TEAT AL AT TT TTTT CTTET fAGCTLCTE Gakt &L [GT FIAT L TTLTATALA AL -- TR CTIC 7664
Afshari BACALTALT [ATATATAR LARGAATAL LT ATE ETEAGALE AALT TITTE ATTAT GAGL TOTTE GRAL AL LATATAT CTL CTALALARLAATATAL LTTE 986
dAEE G KAEEIERGAEARBERALAALR &k REAEEIR KA AL AE: EEIEEIAE LS ARAEAR KRR & AAAEE AL L EAAARLS & AAAER
AF321530 T2TCACGATTEE CETGTE GO0 CALTRAL TROA GL 0& CTTET GTAT & CTAT TTTE G PTTA PTHE2 ATTA A4 T AATT T -2 T TR TEETA A0 2ATTAL2 1118
AY834770 TATrALGRTTED CETRTG (R CAET R TREA bF [& CTTHT GCTAT F TTATTT - I G CTTA DThhA ATTA 25T 2ATT TT2ATTA D TEETA AL 22TTAE 7764
Afshari  TATrALGRTTECTETRTG GLECAR CALT TALS BT [A CTTET CTETT U TATTT - [ G TTA L ATAATE A 2AATEAATT TEACTTARL T CEr A AT ARTrArE: 1085
TEREIIREIL LR X XEXE B EXEL TE® rEEXREEIEIREE R EEX 2R LRk EEE REXEEIIRERL X R EXLXIEREL REXE X RER
AF321530 CTCRGAATAGTTCATATA 2RAT R A TTTIT AR TTR T T T AR 2R T FGART PRI T GRCAG LART RGO LL AT GLEAALAL T TR TREELTCET 1218
AYS834770 oTCARAETAEGTTCATETE ALAT G LA TITITARCTTETE T Thaah 2R PT FOLAT CROT GLIA0 CART GRGIE LD CAT GECALLAN D TRAD TRCEETICT 7864
Afshari FTCAlASTS FTTrA L ATA ALAT L LA TETI T AR T TETE T ThAR FAA T LhART PRI T GLLAL PALT GLGET [T AT GLrARIAI TTRA TRCERTC T 1185
SEMpA A AR ARy HAR SRR LSS S RA R AR AREAS R ESE AR RS AR RS R ERS SRR R AR AR R AR R Rk Rk RS R ERAE A
AF321530 TACALCCTGRTCTRARICTCLCELCE CACLT CACE TR - - - —— - —— - —— -CETGEECT CTETAGRLT CTRRE FICC AGLTCTRTLTRCCC CECCTTCr: 1305
AYS834770 TATALICTEETETRARICTCLCEFLEL CACLT CACCTh-- - - -~ - -~ - ~CGT GEE [T CTGTA GRLT CTLRE FICC ARL T TR TGOCC CRCCT TR 7951
Afshari TRCRGCCTR FTCTRARL CTCOL C RECE CALTE CAC CTRDRT GTTTTAC UL AL FTh 6L T CTRTAAR T CTREAFI LA R TCTRIFT CECC CRCATTEI: 1285
d AAAALALAEAAAS FAAAALRALIALAAAL LAAAL A ALILEEARAERASA LA LIAL ARAMALAAAEIARA LKAAE A A AALR
AF321530 TrATETCLAGEARRARTT ARTRAL AT TTED P TALAALLTE PTEAL TAGE FhAa4 GG E TR TRET 24T TT (AL ATETTIRAT [TTE A255TECTE 1405
AYS834770 TCATETCEAGEARRARTTAFTRAL LATTTEL CTALAARSTE DTE AL T2 Gl Fhidd LG PTER D TRET 2ATAT TT e ATETTTRAT [TTE 2225TRCTE - 8051
Afshari TLATFTCLA GEAGAAGLT A FThAR LATTT T D TA LA AT TEL AL [& - Fhidd CEG G CTCL O TRET 2A0AT TT s 2TOTATRAT [TT 222:THCRE 1385
TEIRL LRI R REEELEEEI I RES L EREE LS TR EEXE R RE ET XX EIRIEEEIEELIELIIREIREIELEIEIEOELESY ERXEEX X EEIRERIELEL K
AF321530 ATTrasabTTAAr TTARTTOTHT I RA TETTT TARA T LAARTIATALEAL ARLATITEL LOTRRTROALAGART 1478
AYS834770 ATTCaRRCTTART TTAGTTCTHT RS TETTTTAGL I AR TI AL GEALD AGETITEN LOTRRTROALRGEET 8124
Afshari ATT CR2 FTTAAD TTAGTTI TR FA TETTT L AGE L LA T APA GEAD FALET-TCL FETEFTREALRGRGT 1457

ERE LSRR R R R AN R R R AR R RN SRR AR S AR R R ARR AR AN RR RS

Figure 2. ClustalW alignment of the Cast1 sequence in Afshari sheep and the two highly similar sequences of the bovine calpastatin gene

(AF321530 and AY834770) that are available in GeneBank.

Comparison of sequences showed multiple nucleotide
substitutions. The number of nucleotide substitutions
in calpastatin gene of the three sequences is shown in
Table 2. It has previously been revealed that the bind-
ing of the calpains to calpastatin required CaZ*, cal-
pains proteolytic activity has inverse relation with cal-

pastatin activity and Ca?* concentration (Goll et al.,
2003). Tt is generally accepted that the Ca2* dependent
interaction of calpain with calpastatin is the most rele-
vant mechanism involved in the regulation of Ca2*
induced proteolysis. The calpastatin binding region is
localized in the non-inhibiroty L-domain containing
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Figure 3. Comparison of the restriction maps of the calpastatin gene in A: sheep and B: bovine species. Selected restriction enzymes are
shown on both fragments. The numbers show the sites cut by restriction enzymes.

Table 2. Pairwise percentage of similarity between sequences of Cast1 (Afshari) and the two sequence of the

bovine calpastatin gene (AF321530 and AY834770).

Seq A Name Len (nt) Seq B Name Len (nt) Score
1 AF321530 1522 2 AY834770 13252 98
1 AF321530 1522 3 Afshari 1457 89
2 AY834770 13252 3 Afshari 1457 89

the amino acid sequences encoded by exons 2-8
(Melloni et al., 2006). The L-domain function is
unknown (Reynaud et al., 2005) but it has been sug-
gested that calpastatin L-domain has central role to
regulate CaZ* channel (Hao et al., 2000).

In the present study, the partial sequences of intron 6
and exon 7 were determined. These sites encoded L-
domain amino acids; hence by detection of the con-
served mutations in these regions, especially in exon,
it is possible to use such polymorphisms in marker-
assisted selection (MAS).

Marker-assisted selection uses polymorphism-relat-
ed information in livestock selection programs (Davis
and DeNise, 1998). However, some studies have
reported no association between the calpastatin alleles
and meat tenderness in cattle (Barendse 2002; Chung
et al., 2002; 1999) and pigs (Kocwin-Podsiadla et al.,
2003).

Recently it has been reported that calpastatin can be a
candidate gene for meat quality and rate of muscle exten-
sion in livestock (Schenkel et al., 2006). Recent studies
have reported the association between calpastatin poly-
morphism and meat quality in beef (Casas et al., 2006;
Ciobanu ef al., 2004). An experiment which has been car-
ried out by Chung and Davis (2001) has shown that the
different alleles of calpastatin have affected the growth
traits in Angus bulls.

Calpastatin plays a major role in postmortem meat ten-

148

derization. Attention to this function and detecting poly-
morphisms in the calpastatin gene, may help to find the
sheep alleles effective in meet production, especially in
areas such as Iran that the genetic composition of their
sheep breeds have not been studied properly. On the other
hand, the 89% identity in the nucleotide sequence of the
calpastatin gene L-domain as observed between the
bovine species and sheep indicates that they have homol-
ogy thus providing a comparative genome-based data for
further related studies. Besides, this also proves that in the
absence of a published sequence data in databases, regard-
ing the target animal (in this study, sheep), using the coun-
terpart sequences in related taxa (bovine, porcine, etc.), is
applicable for detection of those genes, whereby the con-
served nature of the desired sequence can play a major
role in the successful amplification of the target genome.
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