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ABSTRACT: The micromolar calcium-activated neutral protease 1 (CAPN1) gene encodes
the u-calpain enzyme, which plays a crucial role in meat tenderisation. Genetic diversity within
the CAPNL1 gene, specifically a nucleotide substitution from G to C in exon nine resulting in a
change from glycine to alanine at position 316 (CAPN1-316 marker), is known to significantly
affect meat tenderness. This study aimed to assess the polymorphism of the CAPN1-316 locus
in Bali and Sumbawa cattle. A total of 293 blood samples, 193 from Bali cattle and 100 from
Sumbawa cattle were extracted and genotyped using PCR-RFLP with Btgl restriction enzyme
(recognition sequence: 5'-C*CRYGG-3') applied to 706 bp PCR products. The results showed
the presence of only one genotype (GG genotype) and one allele (G allele) in all DNA samples
obtained from the Bali and Sumbawa cattle populations studied. In conclusion, the CAPN1-
316 genetic marker showed a lack of diversity or monomorphism in Bali and Sumbawa cattle,
making it unsuitable for further association studies in these breeds. Consequently, the CG/AG
haplotype identified in Sumbawa cattle warrants further investigation and could serve as an
alternative genetic marker, especially due to its monomorphism at the CAPN1-316 locus.
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INTRODUCTION

Various factors, including meat
production capacity, fat composition, age,
and diet, influence the quality of beef cattle.
Equally important is the quality of the meat
they produce. Meat quality is a crucial
determinant of overall palatability. Its
intrinsic characteristics, ranging from color
and aroma to marbling, flavor, juiciness,
tenderness, and texture, profoundly impact
consumer perception (Miller et al., 1995).
Among these attributes, tenderness,
juiciness, and flavor are vital requirements
that  significantly = shape  consumer
preferences when selecting meat (Pethick et
al., 2011). Beyond sensory satisfaction, it is
intriguing to observe that the peak of meat
tenderness often encourages consumers to
accept a higher price (Nowak, 2011). Hence,
meat tenderness becomes a crucial aspect to
investigate.

Meat tenderness, in particular, is
determined by two primary determinants:
antemortem and postmortem factors.
Antemortem factors include genetics (breed
and species), physiological variables, age,
husbandry practices, sex, and stress levels.
Postmortem factors include meat handling
techniques, chilling and freezing methods,
storage duration and temperature, and meat
processing procedures, including cooking
and meat tenderizers (Hou et al., 2011;
Maltin et al., 2003). When studied, it is
essential to recognize that genetic factors
reveal a unique set of genes that contribute
to the variability in meat tenderness for each
breed or species.

Among the most extensively studied
genes involved in meat tenderness is the
micromolar  calcium-activated  neutral
protease 1 (CAPN1) gene. This gene has
been precisely mapped to chromosome 29
and encodes the enzyme calpain (Smith et
al., 2000). Calpain, an endogenous
proteolytic enzyme, plays a central role in
the degradation of muscle cell proteins
(myofibrils) immediately after the death of
an animal (postmortem), thereby facilitating
meat tenderization (Bhat et al., 2018).
Variations within the CAPN1 gene
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determine its activity in regulating meat
tenderisation (Page et al., 2002, 2004).

Numerous studies have highlighted
the significant effect of variations in the G/C
nucleotides within exon 9 of the CAPN1
gene on meat tenderness in different cattle
breeds (Bonilla et al., 2010; Corva et al.,
2007; Soria et al., 2010). This non-
synonymous nucleotide substitution
converts the amino acid glycine to alanine
(CAPN1-316), with the C allele proving
advantageous due to its significant favorable
influence on meat tenderness. However, it is
worth noting that the frequency of the C
allele in Bos indicus cattle is significantly
lower (ranging from 0.00 to 0.19) than in
Bos taurus cattle (ranging from 0.09 to 0.27)
(Allais et al., 2011; Soria et al., 2010). This
genetic difference contributes to the
observed difference in meat tenderness
between B. indicus and B. taurus cattle
(Bressan et al., 2011; White et al., 2005).
Consequently, genetic variation is emerging
as a critical factor in beef cattle selection for
improved tenderness.

The genetic diversity of CAPN1 with
SNP 316 (CAPN1-316 marker) in
Indonesian local cattle has not been
reported. Bali and Sumbawa cattle represent
B. javanicus and B. indicus cattle,
respectively, in Indonesia. Therefore, this
study aims to elucidate the polymorphism of
CAPN1-316 in Bali and Sumbawa cattle. his
study will give preliminary information on
genetic diversity in efforts to select cattle
with desirable tender meat traits.

MATERIALS AND METHODS
Cattle and DNA Samples

Blood samples were obtained from a
total of 293 cattle, comprising 193 Bali
cattle (Bos javanicus) from 104 individuals
in the Enrekang district and 73 from the
Barru district in South Sulawesi province.
Additionally, 16 Bali cattle raised by the
Faculty of Animal Science, Hasanuddin
University were used in this study.
Furthermore, 100 Sumbawa cattle (Bos
indicus) were collected from the Sumbawa
regency in Nusa Tenggara Barat province.
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For each animal, 3 mL of blood was
collected from the jugular vein and placed
in Vacutainer tubes containing K3EDTA as
an anticoagulant. DNA extraction was
performed using the Genomic DNA Mini
Kit provided by Geneaid Biotech Ltd.
(Taiwan). The resulting DNA samples were
subsequently stored at -20°C until they
underwent PCR analysis. This research was
conducted following ethical guidelines and
received approval from both the Research
Ethics Clearance Committee at the
Indonesian Institute of Sciences (LIPI)
(approval number: 36/klirens/111/2021) and
the Animal Care and Use Ethics Committee
at the National Research and Innovation

Agency (BRIN) (approval numbers:
035/KE.02/SK/8/2022 and
055/KE.02/SK/04/2023).
PCR Amplification

A specific 709 bp fragment

containing the CAPN1-316 locus of the
CAPNL1 gene was amplified. This fragment
was obtained using a pair of primers
designed by Corva et al., (2007), based on
the  GenBank  accession number
AF252504.1. However, However, upon
verification on the NCBI website, it was
determined that the accession number had
been updated to AH009246.3. Detailed
information about the designed primer pair
is presented in Table 1.

Table 1. A pair of primers is used to amplify a specific fragment of the CAPN1-316 locus

Genetic

Amplicon  Annealing

* 1 s 10
Marker GenBank Primer Sequence (5°-3”) (bp) °C) References
CAPN1- 0092463 F=CCAGGGCCAGATGGTGAA 06 . Corva et
316 "~ R=CGTCGGGTGTCAGGTTGC al. (2007)

Note: *The GenBank accession number AF252504.1, which was used as a reference by Corva et al., (2007),
has been updated to the new accession number AH009246.3.

Amplification was performed using
the  Mastercycler Gradient machine
(Eppendorf, Germany). Each amplification
reaction consisted of a total volume of 10
uL containing 1.0 uL bovine DNA (at a
concentration of 10-12 ng/uL), 4.0 uL
MyTag HS Red Mix, 2x (Bioline, USA),
0.2 uL primer F, 0.2 L primer R and 4.6
uL nuclease-free water (Promega, USA).
The PCR program started with an initial
denaturation step at 94°C for 5 minutes,
followed by 35 cycles of denaturation at
94°C for 25 seconds, annealing at 62°C for
25 seconds, and extension at 72°C for 25
seconds.

The amplification was completed
with a final extension step at 72°C for 5
minutes. The PCR products were then
verified by electrophoresis on a 1% agarose
gel, followed by staining with GelRed dye
(Biotium, USA) and incubation for 30-60
minutes. The resulting bands were
visualized wusing a gel documentation
system (Syngene, UK).
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Genotyping

The genotyping method used in this
study was restriction fragment length
polymorphism (RFLP) using the Btgl
restriction enzyme (NEB, USA), which
recognizes the specific site 5-C*CRYGG-
3'. Each RFLP reaction mixture consisted of
2.0 uL PCR product, 0.2 uL restriction
enzyme, 1.0 uL. NE buffer, and 6.8 uL
nuclease-free water (Promega, USA),
giving a total volume of 10 xL per reaction.
The reaction mixture was then incubated in
a water bath at 60°C for 60 minutes,
followed by inactivation at 80°C for 20
minutes. Genotype identification was
achieved by electrophoresis of the RFLP
products on a 3% agarose gel, and the
resulting bands were visualized using a gel
documentation system (Syngene, UK).
Data analysis

PCR-RFLP data were analyzed by
calculating allele and genotype frequencies
(Nei and Kumar, 2000). Genotype
frequency, determined by the calculation of

338



J. llmu-1lmu Peternakan, December 2023, 33(3): 336-346

the ratio of a specific genotype in each
population, was calculated by the following
formula:

Xii= Nii/N

Allele frequency was calculated as
the ratio of a certain allele to the overall
alleles at a certain locus in a population (Nei
& Kumar, 2000). Allele frequency of
CAPNL1 gene|Btgl was calculated by the
following formula:

Xi = (2nii + Y njj)/2N

Where x;i is the frequency of
genotype Aii, Xi is the frequency of allele A,
nii is the number of genotype Aii, njj is the
number of genotype Ajj, and N is the total
samples. A representative sample was
sequenced in both the forward and reverse
directions to characterize each pattern
identified in this study comprehensively.

1 2 3 4 5

The resulting sequences were then aligned
to GenBank AH009246.3 using the Bioedit
sequence alignment editor software (Hall,
1999). Sequence analysis determined the
mutation positions and the specific Btgl
enzyme restriction sites.

RESULTS AND DISCUSSION
CAPN1-316 Locus Amplification

This study successfully amplified the
target CAPN1 gene fragment to a size of 709
base pairs (bp) (Figure 1). This was
consistent with the results of Corva et al.,
(2007) using the same primer design. The
gene fragment contained the SNP316 locus
identified in Bali and Sumbawa cattle. The
positions of the fragment and SNP316,
based on GenBank AH009246.3, were
shown in Figure 2. The forward primer (F)
is designed to amplify part of exon 8, while
the reverse primer (R) initiates from a
segment of exon 10, resulting in a fragment
size of 709 bp (Figure 3).

6 M

709 bp

Figure 1. Visualization of the PCR product of the CAPN1-316 gene on a 1%
(w/v) agarose gel. Lanes: 1-6 (PCR products of the CAPN1-316

gene), M: 100 bp DNA ladder.

The CAPNL1 gene is a genetic factor
influencing post-mortem meat tenderisation
in cattle (Ardicli et al., 2017). The targeted
SNP in this study was located in exon 9 at
base 5709 (g.5709G>C), that has been
deposited as rs17872000 in doSNP of NCBI
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database, where the G allele encodes the
amino acid glycine (GGC). The C allele
encodes alanine (GCC) (p.Gly316Ala). This
amino acid change occurs at position 316
and is therefore called CAPN1-316. It is also
known as SNP316 or CAPN316, or G316A.
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|5252 Forward (F)>>> 5269]|

ccagggcca
caggagcctg
tcttcagtgce
gaacagaggg
tgtgcgtgca
ataagataac
ggccagggaa

ggcagtgccg
gcagctccgg
agtgggcacc
tgcctcgact
cttcatgcgt

gatggtgaac
gagtgacggg
cactggcatt
gcccatctgce
ggcggctgtg
ccctgggact
ggacaggccc

ttttcctaca
gtcaagatgg
ccagctcceca
gggcatcctg
gaattcaccc

Intron 9

ctgatccgga tgcggaaccc ctggggcgag gtggagtgga

tgagggtclca tggaggctgg ccggggaggc ctgggaagac

tctgctgggg
gtgtgactgg
cccacctacc
ggggtctctg
cagggataga

gctcctcgga
aggatgggga
accccacccce
gttcactctc
gcctggagat

tctctgccat
gtctggggac
agcatcctcg
gacttgccct

ggctgggcag
G/C

gtggaacgC|c gtggaccctt acatgcggga

cccacagtgg
tgccctggceca
gggcgtctga
tgtggaggcc
gtcagtggcc

actcaggctt
aagctcaggc
gctggccctc
tcctgacctg
gccagcccct

gttctggtga gcagccccct cctcagtctg
cctgaaaacc agctgtgcca tgtctcttga
acctcgaccc cccaggatgt ccttccgaga
ctgcaacctg acacccgacg

==
——t—t—i-

—t—
LI Bl ===

Ebmlg

15943 <<<Reverse (R) 5960|

Figure 2. Schematic representation of the CAPN1 gene fragment and the position of the
target SNP 316 (CAPN1-316 marker) based on GenBank AH009246.3. The bold
letters at the beginning and end are primer sequences; primer F amplifies from
base position 5252, while primer R starts from base position 5960; the yellow-
shaded sequences consecutively represent exon 8 (partial), exon 9, and exon 10
(partial); the bold red letter "C" and “G/C” marks the position of SNP316 (G>C)
at base 5709; the red bold letters sequence "c|catgg" and “c|cgtgg” represents the
Btgl restriction enzyme recognition site.

PCR-RFLP

The Btgl restriction enzyme was
utilized in the PCR-RFLP procedure for
genotyping. This enzyme recognizes the
restriction site at 5'- C*CRYGG -3'. The
genotyping results showed two banding
patterns. The first pattern identified
consisted of bands of 622 and 87 bp (GG
genotype) and the second pattern observed
shows a distinct banding profile of 709, 622,
and 87 base pairs (bp) fragments (CG/AG
haplotype). According to the alignment with
GenBank AH009246.3, the first pattern
occurred because the Btgl enzyme
recognized its restriction site in intron 8, and
a transition mutation from cytosine (C) to
guanine (G) at base 5709 (in exon 9)
prevented the Btgl enzyme from recognizing
the restriction site, resulting in the two bands
of 622 and 87 bp.

The identification results showed that
all Bali and Sumbawa cattle samples had the
GG genotype (100%) or only the presence
of the G allele. The second pattern is called
the CG/AG haplotype and denotes a
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combination of the CA genotype at SNP
g.5340A>C (rs718259317) and the GG
genotype at SNP ¢.5709G>C (rs17872000).
The origin of this pattern can be traced to a
specific adenine (A) to cytosine (C)
mutation at base 5340, located within intron
8. This mutation, present in one allele,
disrupts the recognition site for the Btgl
enzyme, resulting in the formation of bands
of 709, 622, and 87 bp.

This second pattern was identified in
11  Sumbawa cattle, representing
approximately 11% of the studied
population, whereas it was notably absent in
Bali cattle. It has also been noted that Soria
et al., (2010) had previously reported this
particular haplotype pattern, which was also
found in Brangus cattle. The figure
illustrating the different banding patterns
observed in this study is shown in Figure 3.
The CG/AG haplotype in Sumbawa cattle
warrants further investigation and could
serve as an alternative genetic marker,
especially due to its monomorphism at the
CAPN1-316 locus.
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Figure 3. Visualization of two genetic variations from PCR-RFLP: green square, the GG
genotype of SNP 316, and dark blue square the CG/AG haplotype resulting from
a mutation at SNP g.5340A>C in Sumbawa cattle. The presence of a restriction
site marked by red squares is identified using Btgl (5'- C*CRYGG -3') enzyme
restriction. This visualization was achieved using a 3% (w/v) agarose gel. The
rows in the figure correspond to different samples: GG (GG genotype), CG/AG
(CG/AG haplotype), PCR (PCR product as a control), and M (100 bp DNA

ladder).

The presence of the GG genotype in
all observed Bali and Sumbawa cattle
indicates that only the G allele, which is
fixed in both populations. Therefore, there is
no genetic variation in the CAPN1-316
marker in these two cattle populations, and
it is considered monomorphic. Several
previous studies showed that the G allele
was common both in B. indicus and B.
taurus populations (Table 2).

Several studies have shown that the C
allele of the CAPN1-316 SNP is considered
favorable as it is associated with tenderness.
Corva et al., (2007) reported that cattle with
the CC genotype had 17% higher meat
tenderness scores than cattle with the GG
genotype. Similar results were reported by
Curietal., (2010). Although they only found
the CG and GG genotypes, they found that
cattle with the CG genotype had a shear
force value 0.36 kg lower than cattle with
the GG genotype. This advantage was also
confirmed by Avilés et al., (2013) and Gill
et al, (2009) using both mechanical
measurements (shear force) and sensory
panel tests. This means the C allele carries a
higher tenderness trait than the G allele.
According to (Page et al., 2002), the
nucleotide change from G to C at SNP
CAPN1-316 is predicted to alter the protein
sequence in domain Il as a proteolytic
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domain, thus triggering a change in the
function of u-calpain activity in the post-
mortem myofibril degradation process,
resulting in tenderer meat. Unfortunately,
the C allele was rare in B. indicus cattle and
was even absent in Sumbawa and Bali cattle
in this study. This may be one of the genetic
factors causing meat from B. indicus cattle
to be less tender than that from B. taurus
cattle (O’Connor et al., 1997; Rodrigues et
al., 2017). One alternative approach to
improving meat tenderness is to implement
crossbreeding  or  composite  cattle
production. Consequently, although results
may still demonstrate some variability, this
method offers a potential solution. Page et
al., (2002) found significant improvements
in tenderness when crossbreeding B. taurus
cattle, with the CC allele had better
tenderness results than the GG allele. Gill et
al., (2009) also reported similar results in
crossbred cattle of the Aberdeen Angus,
Aberdeen Angus cross, Simmental, and
Limousin breeds. They reported that cattle
with the CC genotype had better meat
tenderness scores, with differences of 2.93
kPa in the tenderometer test and 0.37 units
in the sensory panel test. Mazzucco et al.,
(2010) also reported the superiority of the C
allele in producing tenderer meat compared
to the G allele in Brangus cattle (P<0.05).
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Table 2. Genotype and allele frequency of CAPN1-316 locus in several cattle breed

. Genotype frequency Allele frequency
Species Breed n %CC ()  %CG () %GG () C G References
Aberdeen .
AngUS 440 50(20) 350(152) 61,0(268) 0,220 0,780 Gill et al., 2009
Angus 43 110 (5) 49.0(21) 40,0 (17) 0,360 0,640 Lietal. 2013
Hereford 233 0,0 (0) 2,0 (4) 98,0(229) 0,010 0,990 Iglesias etal., 2011
Hereford 3 00(0) 60(2) 940 (33) 0029 0,971 Lietal. 2013
Charolais 1.084 04 (4) 16,4(178) 83,2(902) 0,086 0,914 Allaisetal., 2011
Charolais 109 4,0 (4) 210(23) 750 (82) 0,142 0,856 Lietal. 2013
Limousin 1.213 7,2 (87) 40,6(492) 52,3(634) 0,275 0,725 Allaisetal., 2011
Bos taurus  Limousin 35 00 (0) 31,0(11) 69,0 (24) 0,157 0,843 Lietal. 2013
Blonde .
& Aquitaine 967 03 (3) 80(77) 91,7(887) 0,043 0,957 Allaisetal., 2011
Simmental 21 00 (0) 330(7) 670 (14) 0167 0,833 Lietal. 2013
Simmental 81 0,0 (0) 14,8(12) 85,2 (69) 0,074 0,926 Ardiclietal., 2017
Holstein 400  65(26) 42,3(169) 51,2(205) 0,276 0,724 Ardicli et al., 2017
H;:g;‘f;?} 296  6,1(18) 46,3(137) 47,6(141) 0,290 0,710 Ardiclietal., 2019
Retinta 89 584(52) 11,3(10) 30,3 (27) 0,640 0,360 Avilés etal., 2013
Brahman 470 0,0 (0) 2,6(12) 97,4(458) 0,013 0,987 Casas etal., 2005
Brahman 647 00 (0) 40(27) 96,0(647) 0,020 0,980 ;/Ianzggge””aam et
Bos indicus Brahman 91 0,0 (0) 19,0(17) 81,0 (74) 0,095 0,905 lIglesias etal., 2011
Nellore 114 00 (0) 18 (2) 982(112) 0,009 0,991 Curietal., 2010
Nellore 638 00 (0) 1,6(10) 984(628) 0,008 0,992 Pinto etal., 2010
Sumbawa 100 0,0 (0) 00 (0) 100,0(100) 0,000 1,000 This study
AX 174 180(31) 56,0(98) 250 (45) 0,460 0,540 Corvaetal., 2007
HA 35 140 (5) 54,0(19) 31,0 (11) 0414 0,586 Corva et al. 2007
HX 68 30 (2) 49,0(33) 49,0 (33) 0,272 0,728 Corva et al. 2007
LX 36 80 (3) 420(15) 500 (18) 0,292 0,708 Corva et al. 2007
Brangus 219 29,0 (63) 51,0(112) 20,0 (44) 0,545 0,455 ;’IagOE;?”e””aam et
Brangus 247 7,0(18) 39,0(97) 530(132) 0,269 0,731 Mazucco et al. 2010
Angus X .
Crossbreed  Nellore 67 00 (0) 254(17) 746 (50) 0,126 0,874 Curietal. 2010
Rubla Callega 44 000 00 (0) 1000 (44) 0000 1,000 Curietal. 2010
Chancim 41 00 (0) 17,1 (7) 82,9 (34) 0,085 0,915 Curietal. 2010
Bra”%;‘gsi'way 19 00 (0) 421 (8) 57,9 (11) 0210 0,790 Curietal. 2010
Braunvieh 3- 15 00 (0) 133 (2) 86,6 (13) 0,067 0,933 Curietal. 2010
way Cross
Braford 194 10 (3 420(82 57,0(111) 0,220 0,780 Iglesias et al. 2011
_ Bos Bali 193 00 (0) 00 (0) 100,0(193) 0,000 1,000 This study
javanicus

Description: n = number of samples; AX: > 75% Angus - <25% Hereford; AH: 50% Angus - 50% Hereford;
HX: >75% Hereford - <25% Angus; LX: Limousin x Hereford-Angus.

In contrast, White et al., (2005) did not
find the CAPN1-316 marker informative in
Brahman X Hereford crossbred cattle. These
results suggest that the use of the CAPN1-
316 marker is only applicable to crossbred
cattle with dominant B taurus genetics. Page
et al., (2002) suggested using the CAPN1-
316 SNP as a genetic marker in cattle
selection to reduce the number of cattle
producing tougher meat. However, this
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marker was only helpful for B. taurus cattle
such as Angus and Belmont Red (Kostusiak
et al., 2023). Although the C allele is found
in some cases, the CC genotype was not
found in Hereford, Limousin, and
Simmental cattle (Li et al., 2013). In
general, the CAPN1-316 marker cannot be
used in B. indicus cattle (Allais et al., 2011;
Barendse et al., 2007), because the C allele
was found at low frequencies, as seen in
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Brahman cattle (0.01-0.03) (Casas et al.,
2005; Johnston and Graser, 2010) and
Nellore cattle (0.008-0.009) (Curi et al.,
2010; Pinto et al., 2010). Although the C
allele frequency in Brahman cattle studied
by (Iglesias et al., 2011) was higher than in
other studies (0.095), the G allele was fixed
with a Minor Allele Frequency (MAF)
standard of >0.05. In this study, Sumbawa
cattle (B. indicus) showed a similar allele
distribution pattern with other B. indicus
cattle. Therefore, this study supported the
previous findings that SNP CAPN1-316 in
B. indicus cattle was not informative and
cannot be used for association analysis. This
study also provides new information on Bali
cattle (B. javanicus), which have the same
allele distribution pattern as B. indicus
cattle.

While many studies have
demonstrated the superiority of the C allele
for beef tenderness in cattle, using the
CAPN1-316 marker in cattle breeding must
consider the desired breeding objectives.
Some studies have shown conflicting effects
on different traits between the G and C
alleles. Ardicli et al., (2017) mentioned that
the G allele had a favored effect (p<0.001)
than the C allele on live weight, carcass
weight, and longissimus et lumborum area
in Friesian-Holstein cattle. Miquel et al.,
(2009) reported that Angus and Brangus
cattle with the CC genotype had tenderer
meat but lower body weight and final weight
gain than cattle with the GG genotype.
Pintos and Corva, (2011) reported that in
Angus-Argentine cattle, cattle with the CC
genotype had a lower average birth weight
(0.227 kg) and calf weight (1.767 kg) than
cattle with the GG genotype. This may not
always be due to the CAPN1-316 marker
alone but may involve two or more other
genes contributing to variations in specific
traits (Pintos and Corva, 2011).

CONCLUSION

In this study, the CAPN1-316 gene
was monomorphic or lacking diversity in
Bali and Sumbawa cattle populations. The
G allele and GG genotype were the only
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ones detected in this study. Consequently,
the study results suggest that using the
CAPN1-316 genetic marker for selection
purposes is not feasible in the Bali and
Sumbawa cattle populations due to the fixed
presence of the G allele. Therefore, it is
unsuitable for further association studies
within these cattle breeds. In addition, the
CG/AG haplotype found in Sumbawa cattle
deserves further study and consideration as
a potential alternative genetic marker due to
its monomorphic at the CAPN1-316 locus.
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