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ABSTRACT

Cathepsin K (CTSK) which is a member of Lysosorateicye protease gene family was selected as a datadi
gene for fat deposition and it was shown that gesomal proteinase is an obesity marker. The aifitbis study
were to investigate the association of polymorphilsrexon 6 and partial of intron 5 region in the tBapsin K
(CTSK) genes with carcass treats and blood fadtoifsharixBooroola Merino male lambs. In the prasstudy,
97 Afsharix Booroola Merino male lambs of about geme age were used. Blood samples were takendilom
animals for DNA extraction and blood componentshsas triglycerides, cholesterol, HDL, LDL and VL®Blere
measured. Primers for target area were designed; ldngth of target DNA was 500 bp. The target DN&#s w
amplified using polymerase chain reaction (PCR) gmdducts were conducted to single-strand conforomat
polymorphism (SSCP) and sequencing in order totifyepolymorphism in this area of CTSK gene. Twifedint
genotypes namely GA and GG were found accordirtbeidbands on non-denaturing polyacrylamide gel dredr
frequency were 26 and74 percent respectively. Comgparaphs obtained by sequencing each fragmerg wa
identifiedsingle nucleotide polymorphism (SNP).URegevealed the existence of a single nucleqimgmorphism
at nucleotide 150 of target area. It was found ttiedre is an association between this polymorplasih the tail
weight, carcass and blood factors such as cholebtnd VLDL in other hand. The results show tha @TrSK
gene can be used in breeding programs to improsejtiality of the carcass.
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INTRODUCTION

Tenderness is considered to be the most importaedt muality trait from consumers’ point of view [1]
Intramuscular fat content and proteolysis duringutenderization process are the main determirantnderness
[2]. Cathepsin K CTSK is a member of the papain-like cysteine protefaseily. Members of this family are
generally lysosomal enzymes although some, inctu@inSkare also found secreted from the c€ll.SKhas potent
proteolytic activities against several extracellutetrix components such as collagen | and Il,tekes osteonectin
and osteopontin [3CTSKs most highly expressed in osteoclasts and itemagognized function is in the process
of bone remodeling [4]. In the skeletal musclejraanyosin and associated proteins are the magetarof these
peptidases and, therefore, they play a relevaatpadt-mortenin the process of conversion of muscles to meat [5]
Polymorphisms in cathepsins ICTSK have been related to pig performance traits aglaverage daily gain,
feed/weight gain ratio, back fat thickness and Weigf lean cuts [6]. In heart myocytes, cathepsidegrades
cathepsin K CTSK which is responsible for obesity-associated @ardhypertrophy and ischemia-induced
neovascularisation [7, 8CTSKhas also recently been suggested as a new camdjelaé for meat quality and fat
content in pigs, and association betweehSK polymorphisms and back fat thickness has beenrtexpd6].
Increased expression of tE SKgene was observed in adipose tissue of experifhyenteese mice and in human
with obese phenotype [9, 10]. Moreove€ SKdeficient mice displayed significantly lower boagight and lower
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level of fat deposition than wild type animals atgthening the role of this proteinase as a markéuiman obesity
[11]. The human CTSK genemaps on chromosome 1921 (NCBI Human Genome d Bub.3;
ttp://www.ncbi.nlm.nih.gov/projects/genome/quidatimn), a region that is syntenic with porcine chromoedm
(SSC4) [12], where several QTL for fat depositiow @roduction traits have been identified [13].

According to these functions and dafa,SKcan be considered a candidate gene for fatnessarelated traits in
sheep as already shown for other cathepsin gedésHére, we show that a novel single nucleotidigmporphism
(SNP) in the porcin€TSKgene is associated with back fat thickness, btmodponents and other production traits
in AfsharixBooroola Merino cross lambs.

MATERIALS AND METHODS

Breed description: sampling and DNA extraction

Blood samples (approximately 2-3 mL) were obtaifredn 97 unrelated AfsharixBooroola Merino cross bsm
research-educational flock of Zanjan University evased and stored in ethylene diamine tetra aaettc(EDTA)-
coated tubes. Genomic DNA was extracted from 0.2bidod using a Phenol-chlophorm method according to
manufacturer instructions. The quality and quarditgxtracted DNA was measured on 0.8% agarosergelared

in 0.5X TBE buffer (45 mMTris-base, 45 mM boric dcll mM EDTA, pH 8.0), visualized with ethidium lonide
(1.0 pg/mL) under ultraviolet light, and photogragh

PCR amplifications and detection of genetic variations using SSCP

The amplification of the exon 6 and partial of onir5 region of th&€TSKgene was achieved using two primers (5'-
AGACCCTTGGTGGAGACTC-3") and (5'- ACGCTAGGAGACRCTCT®) targeting a fragment of 500bp which
designed in NCBI website. The PCRs were done ima olume of 16 pM of each primer, 100 ng of geno
DNA, 0.8 U Taq polymerase, 0.1 uM Taq PCR bufféQ M of each dNTP, 2 mMMgCI,50 mMKCI. The thermal
cycling profile consisted of an initial denaturatistep of 95°C for 5 min, 35 cycles of denaturatird4°C for
1min; annealing at 53°C for 50 seconds and extersi@2°C for 30 seconds followed by a final extensat 72°C
for 5 min. Products of amplification were recogmiZgy electrophoresis on 2% agarose gel stained etitidium
bromide. PCR products were mixed with 8 pL denatutoading dye [95% (w/v) deionized formamide, Q85
(w/v) xylene cyanol, 0.05% (w/v) bromophenol blaad 0.02 M EDTA] in a total volume of 15 pL. Thextuire
was denatured at 95°C for 5 min and then snapechibn ice [15]. The total volume was electrophalese 8%
polyacrylamide gel, as described by [16]. The etgatioresis was performed in 0.5X TBE buffer at room
temperature (18°C) and a constant 200 V for 3 lyd@oylamide gels were stained using silver niti@teording to
the protocol described by [16]. PCR products framrfdifferent patterns of theTSKgene were subjected to DNA
sequencing.

For comparison of sequences with other sequencesysed the BLAST in the NCBI website and CLC Main
Workbench 5 software.

Statistical analysis

Alleles and genotype's frequency and their accarelaim Hardy-Weinberg equilibrium were calculatednir
POPGENE software (Yehet al., 1997). The observedexpected heterozygosity were calculated using Gepe
software. The allelic and genotypic frequencies ahsgerved and expected Nei’'sheterozygosities (HEZ P2i,
where Piis the frequency of allele i) were estirdaieing PopGene32 version 1.31 [17]. PopGene32algasused
to perform the Hardy-Weinberg equilibrium test. Tssociations of genotypes with body weight anaddlfactors
were investigated using theLM procedure of SAS 9.2 software. The following lineguations were applied to
analysis the genetic affects t6& SKgene:

Equation for Blood factors such as: triglyceridasplesterol, HDL, LDL and VLDL
Vi = pT 6t e

Equation for biometric traits, live weight and boslgight
Vi T H +G;+ K} +D,+B(X,—pu)+ €4l
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Where Y is the trait measured, p is the populati@an, G is the fixed effect the genotypes, D isfitterl effect of
mother age, B is the covariate for birth weighd ap is the random error.

RESULTS AND DISCUSSION

PCR amplification of exon 6 and partial of intron 5 region of CTSK gene and SSCP

Analysis

The exon 6 and partial of intron 5 region@fSKgene (a fragment of 500bp in length) were sucadigsdmplified
in our first attempted by specific primers using BiGvebsite. All extracted DNAs from sheep blood gées
yielded a specific single-band PCR product withany nonspecific bands (Figure 1).

Therefore, the PCR products were directly usedSBCP analysis. The allele variation in tB&@SK gene was
examined using a PCR-SSCP method. The non-dengtgeh electrophoresis allowed visualization of &g
stranded DNA and SSCP band patterns. Two SSCPrmattere observed in the AfsharixBooroola Merinoser
lambs (Figure 2).

The frequencies of the observed genotypes were 2h@®6 % for GG and GA, respectively. Allele freqaies
were 13 % and 87 % for A and G respectively (Tabje Allele frequencies of the CTSK polymorphism in
Hampshire were 12.5 % and 87.5 % for A and G rdspdyg, and also allele frequencies of the CTSK ®allele
more than A allele polymorphism in different pigebds in Italian and Ukrainian [6, 18]. The frequeamf the
observed genotypes were 0.90, 0.05 and 0.05, &f@d 0.35 and 0.05 for AA, AG and GG genotypes foltda
Meat and Myrgorod in Ukrainian pig breeds.

The observed heterozygosity value was 0.26. Theghare test was significant €80.01) in deviation from Hardy-
Weinberg equilibrium for the locus under study lire tAfsharixBooroola Merino cross lambs populatidakle
2).0Observed heterozygosity and expected heteroitygeere 0.25 and 0.26 respectively. Balatsky ef H] was
reported a relatively high level of polymorphismsdTSKfor Myrgorod breed (Obs Het = 0.35, Exp Het = (.34

Fontanesi et al. [6] investigated the polymorphishfCTSKgene in seven pig breed. There are two alleldén t
intron 4 of CTSKgene with the frequencies of 0.944 (allele g.1869 0.056 (allele d.15A), 0.897 (allele g.15G)
and 0.103 (allele d.15A), 0.925 (allele g.15G) &d75 (allele d.15A), 1.000 (allele g.15G) and 0.@allele
d.15A), and 0.708 (allele g.15G) and 0.292(allelE54) in Italian Large White, Italian Durco, Itatid_andrace,
Pietrain, Belgian Landrace and Meishan breeds otispdy. In this study two allele observed simitgriesults of
Fontanesi et al. [6].

Sequence results

Sequence analysis using the Chromas lite and CL@ Markbench 5 software revealed SNPs among athined
CTSKsequences (Figure 3). The results of the sequemalgsis confirmed the SSCP results. The resultshisf
study partially agree with the result of Funtaretsal. [6] who they reported single nucleotide padyphism in the
intron 4 of CTSKgene.

Association of exon 6 and partial of intron 5 region of CTSK gene polymorphism with birth weight and live
weight

According to the association study result, themoisany significant association between genotyy#s live weight
and birth weight in “AfsharixBooroola Merino croksnbs population” (Table 3). Other relationshipsazen the
CTSKgene and back fat thickness lose weight, mearaity deight and Feed Conversion Ratio (FCR) inidtal
Duroc pigs reported by Fontanesi et al. [6]. Thesuit show that there is significant differencenmstn SNPs in the
intron 4 of CTSKgene and the traits (P<0.05). Xiao et al. [10prégd that gain weight affected by t8& SKgene.
Russo et al., (2008) have identified significarffetence between single nucleotide polymorphisnCirSBand
CTSDgene with back fat thickness, lose weight, meadaily weight and Feed Conversion Ratio (FCR) alidn
Large White Pigs.

Association of exon 6 and partial of intron 5 region of CTSK gene polymorphism with biometric traits
The results of GLM show that no association betwienbiometric traits and genotype in exon 6 andigdaof
intron 5 region ofCTSKgene (Table 4)According to the results, in all biometric trait$&s@enotype had a higher
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value that GA genotype. In the previouse studyietlzee not any resarch about association betweenebiic traits
andCTSKgene.

Association of exon 6 and partial of intron 5 region of CTSK gene polymorphism with blood factors

General linear models revealed that the GA genot$@ mmol/l) was compare&G genotype (3.7ghmol/l) was
associated with VLDL. The effect of the GG and G&ngtypes on other blood factors such as cholestdidL,
LDL was non-significant (Table 5 here is not any research about @ESKgene with blood parameters such as
HDL, VLDL in farm animal.

Association of exon 6 and partial of intron 5 region of CTSK gene polymorphism with carcass character
Association analysis of carcass characters revelatd only two characterdajl and total fat had significant
difference between two genotype and there aremong other carcass character (Table 6).

According to the results of analysis, the percerdgrage of tail for GA and GG genotypes were 4.8 &r@l
respectively and the average of total fat for GAl &G genotype were 10.01 and 12.06 respectivelyorfgrall

carcass traits only two traits (percentage ofdail percentage of total fat) have shown significhfference and
there are not any significant difference betwedmeptcarcass traits. The results shown that theageeof GG
genotype had higher value in all traits of carcd$® results of Fontanesi et al. [6] showed thdyrporphisms in
the CTSZgene had a significant difference with the weighteg meat trait (p<0.01). Also they results shibat in

the Italian white pig there is a positive corredatbetween growth rate and back fat thickn€3sSKgene identified
as one of the new markers for fat in adipose tigsieiman, mouse and pig [9]. The effectGIfSKgene on weight
gain was significant [10].

Fontanesi et al. [19] identified single nucleotmE@ymorphisms (SNPs) associated with backfat theskrnin Italian
White pigs using genome wide association study (@)According their results, there are four singleleotide
polymorphisms with the most significant effect dadated in chromosomes 6, 7 and 9.

Results of sequence comparison

The results of percent similarity between the saqaeof CTSK gene in “AfsharixBooroola Merino cross lambs
population” with the sequence of sheep, Cow, Pigmen and Mouse with access number in NCBI databese
shown in the table 7. The similarity with is 99.79%8.7%, 71%, 80% and 80% with sheep, Cow, Pig, &uand
Mouse respectively.

Table 1. Observed allele and genotypic frequenciésr CTSK locus.

Allele Frequency (%)| Genotype frequency (%6)

A G GA GG
13 87 26 74

Table 2. Summary of heterozygosis statistics and getic variation statistics for CTSK locus.

Locus | ObsHet| ExpHe Ne Na  Ng [
INHa 0.26 0.25 024 2| 024 0.66
Na = observed number of alleles; Ne = Effective banof alleles; | = Shannon’s Information index.

Table 3. Effect of the CTSK gene genotype on birtand live weight in “AfsharixBooroola Merino cross lambs population”.

Trait Genotype P-Value
GA GG
Birth Weight (kg | 5.61+0.1° | 5.32+0.1: ns

Live Weight(kg) 54.75+0.14 57.1+1.2p ns

Table 4. Effect of the CTSK gene genotype on bionrét traits in “AfsharixBooroola Merino cross lambs population”.

Trait Genotype P-Value
GA GG

Height at Withers (cm) 69.52+0.70 72+0.40 ns

Chest Girth (cm) 97.73+1.62| 102.51+0.91 ns

Back Length (cm) 49.18+0.87 50+0.52 ns

Legs Distance (cm) 18.57+0.60 19+0.36 ns
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Table 5. Effect of the CTSK gene genotype on bloddctors in “AfsharixBooroola Merino cross lambs population”.

Trait Genotype P-Value
GA GG
Cholesterol (mmol/l)| 49.08+2.6 47+1.62 ns
HDL (mmol/l) | 27.19+0.64| 24.25+0.34 ns
LDL (mmol/l) | 20.26+0.3: 19.5+1.¢ ns
VLDL (mmol/l) | 3.84+0.22 | 3.79+0.13 0.05

Table 6. Effect of the CTSK gene genotype on carcasharacters in “AfsharixBooroola Merino cross lamis population”.

Trait Genotype P-Valug
GA GG

Carcass Weight (%) 43.3740.35| 42.76+0.27 ns
Carcass Fat Thickness (cm) 1.5+0.2 1.8+0.1 ns
Diameter of Carcass Muscle(cm) 2.3+0.1 2.32+0.1 ns
Leg (%) | 31.4+0.64 31+0.51 ns
Shoulder (%)| 17.22+0.53 17+0.3 ns
Neck (%) 8.3+2.3 10+£1.2 ns
Waste (%) 4.6+0.3 3.6+0.23 ns
Tail (%) | 4.8+0.4 6.6+0.4 0.05
Total Fat (%)| 10.01+0.22 | 12.620.72 | 0.05

Table 7. Percent similarity of exon 6 and partial 6intron 5 region of CTSK gene in “AfsharixBooroola Merino cross lambs population”
with other type of spices

Access Number in NCBI Type of Spice Percent Shityla|
ENSOARG00000020869 Sheep (ovisaries 99.7
NM 001075725.1 Cow 78.7
CUB855548.6 Pig 71
AL691515.9 Human 80
AL731703.16 Mouse 80

Figure 1. PCR bands of CTSK gene

Figure 2. SSCP polymorphism of AfsharixBooroola Meino of CTSK gene, two different PCR-SSCP patternsgenotype) were identified
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Figure 3: SNPs profile of CTSK gene in “AfsharixBooroola Merho cross lambs population”
CONCLUSION

This is the first study which investigat€d SKgene polymorphisms in “AfsharixBooroola Merino’oss lambs.
Very little information is currently available witlthich to compare various Iranian or other sheegds. Breeding
programs in most research centers in Iran have based solely on phenotypic characters. The custrty
confirmed the importance of molecular studies imigon to morphological data for the detection angtic
variation among individuals when selecting divepseents with which to construct a new populatiodditional
research is needed to characterize the completghe €TSKgene variation across an extended region of the ge
and in a large variety of sheep breeds from ardhedwvorld. Result of this study confirmed that thene is as a
new maker in adipose tissues in farm animals. Eatudies with numerous markers and genes i€Ti&Kregion
and other breeds will be required in order to ustz@rdCTSKgenetics in sheep and clarify the genetic backgtou
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