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Background: This study aimed to explore genetic polymorphisms of the CCKAR gene and their relation-
ship with the growth and development of Qinchuan cattle which could be used as molecular markers
for the improvement of the breeding of Qinchuan cattle.
Results: Here, we have identified seven single nucleotide polymorphisms (SNPs) at loci g. 1463 C>G; g.
1532 T>A; g. 1570 G>A; g. 1594 C>A; g. 1640 T>C; g. 1677 G>C; and g. 1735 C>T in the coding region
of the bovine CCKAR gene. The frequencies identified on allelic and genotypic characteristics have shown
that all seven SNPs diverged from the Hardy-Weinberg-Equilibrium. The SNP2, SNP3, SNP6 and SNP7 had
the lowest polymorphism information content values, and remaining SNPs were found to be moderate
(0.25 < PIC < 0.50). The genotype CG in SNP1 at loci g.1463 C>G had the greatest association with
WH, HW, CD and CCF, while the genotype TA at the very same loci was associated with BFT, ULA and
IMF content in Qinchuan cattle. The CCKAR gene expression level in adipose tissue, small intestine, liver
and skeleton muscle was found to be higher, whereas, the expression level of mRNA in organs of other
digestive system including reticulum, abomasum and omasum was moderate. Some expression of
CCKAR mRNA was found in the large intestine, kidney and rumen.
Conclusions: In summary, our finding suggested that the CCKAR gene could be used as a potential candi-
date for the improvement of carcass quality and body measurements of Qinchuan cattle.
How to cite: Nurgulsim K, Raza SHA, Khan R, et al. Identification of genetic variants the CCKAR gene and
based on body measurement and carcass quality characteristics in Qinchuan beef cattle (Bos taurus).
Electron J Biotechnol 2021;51. https://doi.org/10.1016/j.ejbt.2021.02.001
� 2021 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In China, the Qinchuan is a popular breed for beef due to its high
body weight, genetic stability and its environmental adaptability.
However, compared to exotic cattle breeds, Qinchuan cattle have
low economic benefits due to low IMF [1,2,3,4,5,6,7]. Generally, it
has been considered that the percentage of IMF has a positive
effect on the sensory quality such as the juiciness and the tender-
ness of the meat [8,9,10].
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Traditional breeding schemes for genetic gain have substantial
lag periods before benefits are seen. Thus, advanced molecular
technologies have been widely used in cattle breeding and genetic
mapping to achieve effective and sustainable genetic gains for eco-
nomically important traits. Characterization of quantitative trait
loci is a provenmethod which can identify markers for use in selec-
tive breeding to provide a faster genetic gain through selection of
proper candidate genes. In this regard, much work has been con-
ducted on marker genes including (FASN, KLF3, KLF6, KLF15,
ELOVL6, ABHD5, SIRT1, SIRT2, MTNR1A, SIX1, SIX4, MC4R, STAT3,
and FTO), which have been identified with proven roles in adipoge-
nesis, in cattle, pigs and other livestock [2,11,12,13,14,15,16,17,
18,19,20,21].

Cholecystokinin (CCK) performs a key role in the storage of
triglycerides in adipose tissue [22]. Moreover, the CCK is important
for secretion of gastrointestinal peptide hormone from the I cells of
the jejunum and duodenum [23]. This secretory function is stimu-
lated by digesta flowing into the duodenum [24]. Recent findings
have suggested that CCK is also involved in the brain-gut axis (va-
gus nerve, the hypothalamus, stomach and intestine) and is consid-
ered to regulate eating behaviors [25]. The main function of CCK is
to regulate contraction of gallbladder and pancreatic secretions
[26]. The physiology of CCK depends on cholecystokinin receptor
(CCKR). The CCKR has two subtypes: CCKAR cholecystokinin A
receptor (CCKAR) and CCKAR cholecystokinin B receptor (CCKBR).
The CCKAR is primarily found in peripheral tissues, which regu-
lates the gastrointestinal function and plays a key role in the regu-
lation of the digestive system. [27]. The peripheral CCKAR regulates
the CCK pathway through stimulation of vagus nerve, which in
turn stimulates central nervous system (CNS) and regulates feed-
ing behavior [28]. The CCKAR expression levels in the CNS is inver-
sely proportional to the growth rate as it is a negative regulator of
feeding behavior [29]. Therefore, it is an important regulator of
feed intake and growth of animals. Moreover, previously it was
found that polymorphism of CCKAR gene promoter affects fat
deposition in humans [30]. Characterization of the CCKAR gene
and its association with the growth and development of Qinchuan
cattle has not yet been investigated. Thus, in the present study, the
genetic polymorphism of the CCKAR gene was considered as a
potential molecular marker for the improvement of the breeding
of Qinchuan cattle.
2. Materials and methods

2.1. Ethical statement

All experiments were conducted in accordance with the guide-
lines of the China Animal Care Council and Northwest Agriculture
and Forestry University, Yangling, China.
2.2. DNA sampling for phenotypic analysis

Totally, 228 female Qinchuan cattle (18–24 months old) were
randomly selected for experiments from the farm of National Beef
Cattle Improvement Center (NBCIC). The experimental animals
were reared at the required environmental condition as per NBCIC
standards [31]. Carcass quality characteristics were measured
according to those described in the standard protocol of Gilbert
and Gui [32,33] using a Sono-grader ultrasound machine (Renco,
USA). The carcass quality traits including ULA and IMF % were
recorded using ultrasound probe placing between the 12th and
13th ribs. The blood sample (5 ml) from the animals were carried
out from jugular vein in anticoagulant tubes and immediately
transferred to laboratory for DNA extraction. The extraction of
2

DNA from blood samples were conducted as described previously
[34,35,36,37].

2.3. Polymerase chain reaction (PCR) amplification and genotyping

For the amplification of the 613 bp and 534 bp in the CDS (cod-
ing sequence) region of CCKAR (NC_037333.1) and Primer Premier
5 software (PREMIER Bio-soft International, CA, USA) was utilized
for two pairs (reverse and forward) of primers were designed using
(Table 1). This gene has 6 exons, the CDS region has a length of
2171 bp and the protein sequence has 427 amino acids (Fig. 1).
The two target fragments were amplified using the KOD plus Neo
Enzyme Kit (TOYOBA, Japan) as instructed by the manufacturer.
Totally, 228 Qinchuan cattle were utilized for Genomic DNA as a
PCR amplification template. PCR was conducted as; pre-
denaturation at 94.0�C for 5 min, denaturation of 34 cycles of at
97.0�C for 30 s, annealing Tm x�C for 30 s (Table 1) and final exten-
sion at 72.0�C for 45 s. The polymorphisms were screened from
PCR products using Sangon sequencing (Shanghai, China). The
identification of SNPs were carried out using Seq Man (DNASTAR,
Inc., USA) software.

2.4. Collection of tissue sample

The tissue samples in triplicates were collected from 7-day-old
calves of Qinchuan cattle. Firstly, animals were dressed in a local
slaughterhouse following the standard protocol i.e., animal stun-
ning, exsanguinating, and skinning procedures. Secondly, to mea-
sure the relative expression of the CCKAR gene from tissues, 8
different tissues including (dorsal muscle, fat, heart, kidney, lung,
liver, rumen and small intestine) were collected from Qinchuan
calves. Finally, tissue samples were preserved immediately in liq-
uid nitrogen and transferred to the laboratory for total RNA.

2.5. RNA extraction and cDNA synthesis

Total RNA was extracted separately from each tissue using TRI-
zolTM reagent (Invitrogen, Thermo-Fisher Scientific, Inc. USA). The
NanoDrop ND-1000 spectrophotometer (peQLab, Erlangen, Ger-
many) was utilized for the quality and concentrations of total
RNA following the method as described by Raza et al. [12]. The
Prime-ScriptTM RT Reagent Kit with gDNA eraser (Perfect Real Time,
Takara) was utilized for cDNA and stored at �20�C for further
analysis.

2.6. real-time PCR

The Sybr Premix EX Taq Kit (Takara, Dalian, China) was used to
perform Quantitative RT-PCR. The prepared cDNA was used as a
template for each tissue, and the gene-specific primers were used
in a 20 lL reaction mix. Bovid GAPDH and b-actin were used as
endogenous control. The SDS V 1.4.0 thermocycler 7500 system
(Applied Biosystems, USA) was utilized for PCR. The cyclic
conditions were followed as; preheating at 95�C for 5 min,
denaturation of 34 cycles at 95�C for 30 s, annealing at 60�C for
30 s and 72�C for 30 s. Each reaction was performed in tripli-
cate from each sample, and 2�DDCT method was applied for the
relative expression levels of mRNA calculation as described
previously [38].

2.7. Data analyses

The SPSS 20.0 version (Chicago, USA) with the general linear
model (GLM) was used for the analysis of associations between
SNPs and selected carcass quality traits as previously described
in published articles [39,40].



Table 1
Genotypic and allelic frequency of the CCKAR gene in Qinchuan beef cattle.

SNPs Number Genotype frequency Allelic frequency X2 PIC Ne

g. 1463 C>G 228 CC
0.83 (172)

CG
0.16 (33)

GG
0.01 (22)

C
0.91

G
0.09

0.0876 0.1495 1.1944

g. 1532 T>A 228 TT0.89
(196)

TA0.11
(32)

AA0.00
(1)

T
0.94

A
0.06

0.7124 0.0990 1.1166

g. 1570 G>A 228 GG
0.92 (202)

GA
0.08 (25)

AA
0.00 (0)

G
0.96

A
0.04

0.3328 0.0712 1.0799

g. 1594 C>A 228 CC
0.86 (188)

CA
0.13 (39)

AA
0.01 (1)

C
0.93

A
0.07

0.7217 0.1284 1.1600

g. 1640 T>C 228 TT
0.34 (85)

TC
0.57 (102)

CC
0.14 (40)

T
0.62

C
0.38

8.6731 0.3601 1.8907

g. 1677 G>C 228 GG
0.89 (193)

GC
0.1 (33)

CC
0.01 (1)

G
0.94

C
0.06

0.9073 0.1070 1.1280

g. 1735 C>T 228 CC
0.89 (195)

CT
0.11 (33)

TT
0.00 (1)

C
0.94

T
0.06

0.0542 0.1028 1.1220
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Fig. 1. Structure of the bovine CCKAR gene.
GLM Yijkm ¼ uþ Gi ¼ Ajþ Akþ Smþ Eijkmð Þ
GLM was calculated as described in the equation, where ‘‘Yijkm

represents the measurement of traits on each animal; u = overall
mean for each trait; Gi = fixed effect associated with the jth geno-
type; Aj = fixed effect of the jth age; Ak = fixed effect due to the dam
age; Sm = random effect with the mth sire; and Eijkm = standard
error”.
2.8. SNP calculation of allelic and genotypic frequencies

For all three SNPs the allelic and genotypic frequencies were
calculated using the HWE through the chi square test in version
3.2 of Pop Gene software [41]. Fr genetic indicators of populations,
such as PIC and gene heterozygosity (He) were measured as
described previously [42]. Haploview (http:/analysis.bio.cn/myA-
nalysis.php) [43] determined the haplotypes and the D0 and r2 link-
age disequilibrium (LD). The 22�DDCT was utilized for the
calculation of relative expression levels of CCKAR mRNA as
described previously [38]. The results are presented as mean and
standard error, whereas p < 0.05 was considered statistically signif-
icant .
3

3. Results

3.1. SNP identification

Seven SNPs were identified at loci g. 1463 C>G; g. 1532 T>A; g.
1570 G>A; g. 1594 C>A; g. 1640 T>C; g. 1677 G>C; and g. 1735 C>T
in the coding region of the bovine CCKAR gene. The genotypes gen-
erated by SNP1 was CC, CG and GG; SNP2 comprised TT and TA;
SNP3 produced GG, and GA; SNP4 CC, CA and AA; SNP5 TT, TC
and CC; SNP6 GG, GC and CC; SNP7 CC and CT (Table 1). The anal-
ysis of allelic and genotypic frequencies showed that all seven SNPs
deviated from the HWE (Table 1 and Fig. 2, p < 0.05). SNP3, SNP2,
SNP6 and SNP7 exhibited lowest PIC values, while reset of the SNPs
showed moderate polymorphism (0.25 < PIC < 0.50) [44].

3.2. Linkage disequilibrium and CCKAR gene haplotype identification

As shown in Table 2 and Fig. 3, the high LD (D0/c2) was between
the SNP2 and SNP3 (1.000/0.001); SNP3 and SNP6 (1.000/0.002);
SNP3 and SNP7 (1.000/0.002); and SNP3 and SNP5 (0.994/0.020).
Moreover, a total of 21 haplotypes were found, however, the hap-
lotypes with the frequency less than 3% were excluded and the



Fig. 2. SNPs in the coding sequence of the CCKAR gene in Qinchuan beef cattle.

Table 2
Linkage Disequilibrium tests among seven SNPs.

D’/c2 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7

SNP1 0.428/0.070 0.780/0.002 0.948/0.746 0.929/0.037 0.870/0.503 0.786/0.448
SNP2 1.000/0.001 0.448/0.093 0.134/0.001 0.456/0.120 0.462/0.107
SNP3 0.564/0.001 0.994/0.020 1.000/0.002 1.000/0.002
SNP4 0.946/0.032 0.809/0.524 0.731/0.466
SNP5 0.252/0.005 0.262/0.006
SNP6 0.882/0.683

Fig. 3. Linkage disequilibrium between the seven SNPs in Qinchuan beef cattle. (A) Represents D0 and (B) represents r2.

Table 3
Haplotypes frequency of the bovine CCKAR gene in Qinchuan beef cattle.

S. No SNP1 SNP2 SNP3 SNP4 SNP5 SNP6 SNP7 Frequency

1 C T A C T G C 0.310
2 C T G C T G C 0.540
3 C T G C C G C 0.327

K. Nurgulsim, Sayed Haidar Abbas Raza, R. Khan et al. Electronic Journal of Biotechnology 51 (2021) 1–7
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remaining three haplotypes with their respective frequencies are
shown in Table 3.

3.3. Association of genotype with body measurement and carcass
quality traits

Based on SNPs, the coding sequence of the bovine CCKAR gene
association with carcass quality and body measurement traits of
Qinchuan cattle is shown in Table 4. The genotype CG in SNP1 at
loci g.1463 C>G showed highest association with WH, HW, CD
and CCF, while the genotype TA at the very same loci was associ-
ated with BFT, ULA and IMF content in Qinchuan cattle. The cattle
with genotype AA at loci g.1594 C>A in SNP4 exhibited highest
body length (BL), wither height WH, HH, HW, CCF, and IMF. The
cattle with genotype CC at loci g. 1677 G>C in SNP6 were associ-
ated with larger BL, HW, CCF, and BFT.

3.4. CCKAR gene expression profile in different tissues of Qinchuan beef
cattle

The results of CCKA relative mRNA expression levels in different
tissues are shown in Fig. 4. The bovine CCKAR gene has a wide tis-
sue distribution in Qinchuan cattle, with the highest expression in
small intestine, adipose tissue, muscle and liver. The mRNA expres-
sion level in the other digestive system organs including reticulum,
abomasum and omasumwas moderate. A slight expression level of
CCKAR mRNA was found in the large intestine, kidney and rumen.
4. Discussion

Body measures and carcass characteristics of cattle are affected
by various factors which include animals age, environmental fac-
tors, conditions of management, nutrition, and genetics
[3,18,45,46,47,48]. Selective breeding is an effective strategy for
achieving sustainable improvement in these economically impor-
tant traits, but it is time consuming to achieve genetic gain due
to the longer generation interval. Genomic selection can help to
increase the rate of improvement of traits and reduces progeny
testing costs [49,50]. Assessments based on SNP genotypes can
be calculated as soon as DNA can be obtained which allows early
life selection in both sexes [51,52]. In the present study, a total
Fig. 4. Expression profile of the CCKAR gene in different tissues of Qinchuan beef
cattle.
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of seven SNPs were identified in the coding sequence region of the
CCKAR gene. LD was analyzed between these SNPs. The results
showed that the greatest LD (D0/c2) was between the SNP2 and
SNP3 (1.000/0.001); SNP3 and SNP6 (1.000/0.002); SNP3 and
SNP7 (1.000/0.002); and SNP3 and SNP5 (0.994/0.020). The D0

and r2 are two most commonly used indicators for the prediction
of LD. The D0 is a normalized LD coefficient, which is more specific
and useful for the prediction of LD [53,54,55]. Researchers agree
that the latter indicator is most commonly used to measure the
LD in pairs and is therefore considered less sensitive than D0 for
the measurement of allele frequencies [43,56]. When r2 > 0.33,
the LD is considered strong enough to be used for mapping [43].
Therefore, based upon these two indicators, there is a strong link-
age between SNP2 and SNP3, and SNP3 and SNP6.

According to a previous research, polymorphism of the CCKAR
gene in the promoter region significantly affected fat deposition
in humans [30]. Moreover, previously, the role of CCKAR gene
was only explored in peripheral tissues and in the regulation of
gastrointestinal function [29]. The CCKAR gene SNPs identified in
this study are causal variants that could be used for genomic selec-
tion of economically important traits [57]. Here in the present
study, expression level of the CCKAR gene in small intestine, adi-
pose tissue, muscle and liver was found to be higher. Thus, the
CCKAR gene is considered an important regulator of feeding behav-
ior, feed intake and growth in animals [28].

Ethics Statement

The China Council on Animal Care guidelines was used during
while dealing with animals in all steps of experiments. Approval
was further granted for all the experimentals protocols by the
Experimental Animal Management Committee (EAMC) of North-
west agriculture and Forestry University, Yangling China.

Conflicts of Interest

The authors declare no conflict of interest.

Financial support

This research was funded by National 863 Program of China
[grant number 2013AA102505]; National Key Technology Support
Program [grant number 2015BAD03B04]; National Beef and Yak
Industrial Technology System [grant number CARS-38]; and Tech-
nical Innovation Engineering Project of Shaanxi Province [grant
number 2014KTZB02-02-01].

Acknowledgements

All the authors acknowledge and thank their respective Insti-
tutes and Universities.

References

[1] Mei C, Wang H, Liao Q, et al. Genome-wide analysis reveals the effects of
artificial selection on production and meat quality traits in Qinchuan cattle.
Genomics 2019;111:1201–8. https://doi.org/10.1016/j.ygeno.2018.09.021.
PMid: 30300672.

[2] Guo H, Raza SHA, Schreurs NM, et al. Genetic variants in the promoter
region of the KLF3 gene associated with fat deposition in Qinchuan cattle.
Gene 2018;672:50–5. https://doi.org/10.1016/j.gene.2018.06.022. PMid:
29890309.

[3] Raza SHA, Gui L, Khan R, et al. Association between FASN gene
polymorphisms ultrasound carcass traits and intramuscular fat in
Qinchuan cattle. Gene 2018;645:55–9. https://doi.org/10.1016/
j.gene.2017.12.034. PMid: 29273553.

[4] Wei D, Raza SHA, Zhang J, et al. Polymorphism in promoter of SIX4 gene shows
association with its transcription and body measurement traits in Qinchuan
6

cattle. Gene 2018;656:9–16. https://doi.org/10.1016/j.gene.2018.02.059. PMid:
29496553.

[5] Chen N, Huang J, Zulfiqar A, et al. Population structure and ancestry of
Qinchuan cattle. Anim Genet 2018;49:246–8. https://doi.org/10.1111/
age.12658. PMid: 29624707.

[6] Khan R, Raza SHA, Junjvlieke Z, et al. Function and transcriptional regulation of
bovine TORC2 gene in adipocytes: roles of C/EBPc, XBP1, INSM1 and ZNF263.
Int J Mol Sci 2019;20:4338. https://doi.org/10.3390/ijms20184338. PMid:
31487963.

[7] Han R-H, Zan L-S, Yang D-P, et al. SNPs detection of IGF2 gene and its
relationship with carcass and meat quality traits in Qinchuan cattle. Yi Chuan
2008;30:1579–84. PMid: 19073573.

[8] Valsta LM, Tapanainen H, Männistö S. Meat fats in nutrition. Meat Sci
2005;70:525–30. https://doi.org/10.1016/j.meatsci.2004.12.016. PMid:
22063750.

[9] Gui L, Raza SHA, Jia J. Analysis of the oxidized low density lipoprotein receptor
1 gene as a potential marker for carcass quality traits in Qinchuan cattle. Asian-
Australasian J Anim Sci 2019;32:58. https://doi.org/10.5713/ajas.18.0079.
PMid: 30056655.

[10] Gui L, Wu H, Raza SHA, et al. The effect of haplotypes in the promoter region of
SIRT4 gene on the ultrasound traits in Qinchuan cattle. Trop Anim Health Prod
2019;51:1877–82. https://doi.org/10.1007/s11250-019-01881-7. PMid:
30963403.

[11] Gui L, Hao R, Zhang Y, et al. Haplotype distribution in the class I sirtuin genes
and their associations with ultrasound carcass traits in Qinchuan cattle (Bos
taurus). Mol Cell Probes 2015;29:167–71. https://doi.org/10.1016/j.
mcp.2015.03.007. PMid: 25839883.

[12] Raza SHA, Khan R, Gui L, et al. Bioinformatics analysis and genetic
polymorphisms in genomic region of the bovine SH2B2 gene and their
associations with molecular breeding for body size traits in Qinchuan beef
cattle. Biosci Rep 2020;40:1–13. https://doi.org/10.1042/BSR20192113. PMid:
32110807.

[13] Yang W, Wang Y, Fu C, et al. Association study and expression analysis of
MTNR1A as a candidate gene for body measurement and meat quality traits in
Qinchuan cattle. Gene 2015;570:199–204. https://doi.org/10.1016/
j.gene.2015.06.012. PMid: 26067916.

[14] Wang G, Zhang S, Wei S, et al. Novel polymorphisms of SIX4 gene and their
association with body measurement traits in Qinchuan cattle. Gene
2014;539:107–10. https://doi.org/10.1016/j.gene.2014.01.042.

[15] Liu H, Tian W, Zan L, et al. Mutations of MC4R gene and its association with
economic traits in Qinchuan cattle. Mol Biol Rep 2010;37:535–40. https://doi.
org/10.1007/s11033-009-9706-0. PMid: 19714485.

[16] Fontanesi L, Scotti E, Buttazzoni L, et al. Confirmed association between a
single nucleotide polymorphism in the FTO gene and obesity-related traits in
heavy pigs. Mol Biol Rep 2010;37:461–6. https://doi.org/10.1007/s11033-009-
9638-8. PMid: 19649729.

[17] Wang X, Khan R, Raza SHA, et al. Molecular characterization of ABHD5 gene
promoter in intramuscular preadipocytes of Qinchuan cattle: Roles of Evi1 and
C/EBPa. Gene 2019;690:38–47. https://doi.org/10.1016/j.gene.2018.12.030.
PMid: 30583026.

[18] Raza SHA, Khan R, Schreurs NM, et al. Expression of the bovine KLF6 gene
polymorphisms and their association with carcass and body measures in
Qinchuan cattle (Bos Taurus). Genomics 2020;112:423–31. https://doi.org/
10.1016/j.ygeno.2019.03.005. PMid: 30880114.

[19] Raza SHA, Khan R, Abdelnour SA, et al. Advances of molecular markers and
their application for body variables and carcass traits in Qinchuan cattle.
Genes (Basel) 2019;10:717. https://doi.org/10.3390/genes10090717. PMid:
31533236.

[20] Raza SHA, Shijun L, Khan R, et al. Polymorphism of the PLI1 gene and its
association with body measures and ultrasound carcass traits in Qinchuan
beef cattle. Genome 2020:63. https://doi.org/10.1139/gen-2019-0184. PMid:
32615043.

[21] Junjvlieke Z, Mei C, Khan R, et al. Transcriptional regulation of bovine
elongation of very long chain fatty acids protein 6 in lipid metabolism and
adipocyte proliferation. J Cell Biochem 2019;120:13932–43. https://doi.org/
10.1002/jcb.28667. PMid: 30945346.

[22] Plaza A, Merino B, Sánchez-Pernaute A, et al. Expression analysis of a
cholecystokinin system in human and rat white adipose tissue. Life Sci
2018;206:98–105. https://doi.org/10.1016/j.lfs.2018.05.036. PMid: 29800537.

[23] Buchan AM, Polak JM, Solcia E, et al. Electron immunohistochemical evidence
for the human intestinal I cell as the source of CCK. Gut 1978;19:403–7.
https://doi.org/10.1136/gut.19.5.403. PMid: 350727.

[24] Sankaran H, Goldfine ID, Deveney CW, et al. Binding of cholecystokinin to high
affinity receptors on isolated rat pancreatic acini. J Biol Chem
1980;255:1849–53. https://doi.org/10.1016/S0021-9258(19)85959-8.

[25] Cummings DE, Overduin J. Gastrointestinal regulation of food intake. J Clin
Invest 2007;117:13–23. https://doi.org/10.1172/JCI30227. PMid: 17200702.

[26] Hieble JP. International union of pharmacology. X. Recommendation for
nomenclature of a_1-adrenoceptors: consensus update. Pharmacol Rev
1995;47:267–70.

[27] Crawley JN, Fiske SM, Durieux C, et al. Centrally administered cholecystokinin
suppresses feeding through a peripheral-type receptor mechanism. J
Pharmacol Exp Ther 1991;257:1076–80.

[28] Moran TH, Kinzig KP. Gastrointestinal satiety signals II. Cholecystokinin. Am J
Physiol Liver Physiol 2004;286:G183–8. https://doi.org/10.1152/
ajpgi.00434.2003. PMid: 14715515.

https://doi.org/10.1016/j.ygeno.2018.09.021
https://doi.org/10.1016/j.gene.2018.06.022
https://doi.org/10.1016/j.gene.2017.12.034
https://doi.org/10.1016/j.gene.2017.12.034
https://doi.org/10.1016/j.gene.2018.02.059
https://doi.org/10.1111/age.12658
https://doi.org/10.1111/age.12658
https://doi.org/10.3390/ijms20184338
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0035
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0035
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0035
https://doi.org/10.1016/j.meatsci.2004.12.016
https://doi.org/10.5713/ajas.18.0079
https://doi.org/10.1007/s11250-019-01881-7
https://doi.org/10.1016/j.mcp.2015.03.007
https://doi.org/10.1016/j.mcp.2015.03.007
https://doi.org/10.1042/BSR20192113
https://doi.org/10.1016/j.gene.2015.06.012
https://doi.org/10.1016/j.gene.2015.06.012
https://doi.org/10.1016/j.gene.2014.01.042
https://doi.org/10.1007/s11033-009-9706-0
https://doi.org/10.1007/s11033-009-9706-0
https://doi.org/10.1007/s11033-009-9638-8
https://doi.org/10.1007/s11033-009-9638-8
https://doi.org/10.1016/j.gene.2018.12.030
https://doi.org/10.1016/j.ygeno.2019.03.005
https://doi.org/10.1016/j.ygeno.2019.03.005
https://doi.org/10.3390/genes10090717
https://doi.org/10.1139/gen-2019-0184
https://doi.org/10.1002/jcb.28667
https://doi.org/10.1002/jcb.28667
https://doi.org/10.1016/j.lfs.2018.05.036
https://doi.org/10.1136/gut.19.5.403
https://doi.org/10.1016/S0021-9258(19)85959-8
https://doi.org/10.1172/JCI30227
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0130
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0130
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0130
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0135
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0135
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0135
https://doi.org/10.1152/ajpgi.00434.2003
https://doi.org/10.1152/ajpgi.00434.2003


K. Nurgulsim, Sayed Haidar Abbas Raza, R. Khan et al. Electronic Journal of Biotechnology 51 (2021) 1–7
[29] Dunn IC, Meddle SL, Wilson PW, et al. Decreased expression of the satiety
signal receptor CCKAR is responsible for increased growth and body weight
during the domestication of chickens. Am J Physiol Metab 2013;304:E909–21.
https://doi.org/10.1152/ajpendo.00580.2012. PMid: 23443924.

[30] Funakoshi A, Miyasaka K, Matsumoto H, et al. Gene structure of human
cholecystokinin (CCK) type-A receptor: body fat content is related to CCK type-
A receptor gene promoter polymorphism. FEBS Lett 2000;466:264–6. https://
doi.org/10.1016/S0014-5793(00)01080-2.

[31] National Academies of Sciences and Medicine E. Nutrient requirements of beef
cattle. National Academies Press; 2016.

[32] Gilbert RP, Bailey DR, Shannon NH. Linear body measurements of cattle
before and after 20 years of selection for postweaning gain when fed two
different diets. J Anim Sci 1993;71:1712–20. https://doi.org/10.2527/
1993.7171712x.

[33] Gui L, Hong J, Raza SHA, et al. Genetic variants in SIRT3 transcriptional
regulatory region affect promoter activity and fat deposition in three cattle
breeds. Mol Cell Probes 2017;32:40–5. https://doi.org/10.1016/j.
mcp.2016.12.002. PMid: 27979739.

[34] Khan R, Raza SHA, Junjvlieke Z, et al. RNA-seq reveal role of bovine TORC2 in
the regulation of adipogenesis. Arch Biochem Biophys 2020;680:. https://doi.
org/10.1016/j.abb.2019.108236. PMid: 31893525108236.

[35] Shijun L, Khan R, Raza SHA, et al. Function and characterization of the
promoter region of perilipin 1 (PLIN1): Roles of E2F1, PLAG1, C/EBPb, and
SMAD3 in bovine adipocytes. Genomics 2020;112:2400–9. https://doi.org/
10.1016/j.ygeno.2020.01.012. PMid: 31981700.

[36] Khan R, Raza SHA, Schreurs N, et al. Bioinformatics analysis and transcriptional
regulation of TORC1 gene through transcription factors NRF1 and Smad3 in
bovine preadipocytes. Genomics 2020;112:1575–87. https://doi.org/10.1016/
j.ygeno.2019.09.007. PMid: 31521712.

[37] Zhao C, Raza SHA, Khan R, et al. Genetic variants in MYF5 affected growth
traits and beef quality traits in Chinese Qinchuan cattle. Genomics
2020;112:2804–12. https://doi.org/10.1016/j.ygeno.2020.03.018. PMid:
32220486.

[38] Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-
time quantitative PCR and the 2� DDCT method. Methods 2001;25:402–8.
https://doi.org/10.1006/meth.2001.1262. PMid: 11846609.

[39] Wu S, Wang Y, Ning Y, et al. Genetic variants in STAT3 promoter regions and
their application in molecular breeding for body size traits in Qinchuan cattle.
Int J Mol Sci 2018;19:1035. https://doi.org/10.3390/ijms19041035. PMid:
29596388.

[40] Gui L-S, Zhang Y-R, Liu G-Y, et al. Expression of the SIRT2 gene and its
relationship with body size traits in Qinchuan cattle (Bos taurus). Int J Mol Sci
2015;16:2458–71. https://doi.org/10.3390/ijms16022458. PMid: 25622258.

[41] Yeh FC, Yang R-C, Boyle T. POPGENE version1. 32, Microsoft window-base
software for population genetic analysis: a quick user’s
guide. Canada: University of Alberta. Cent Int For Res Alberta; 1999.

[42] Nei M, Roychoudhury AK. Sampling variances of heterozygosity and genetic
distance. Genetics 1974;76:379–90. https://doi.org/10.1093/genetics/
76.2.379. PMid: 4822472.

[43] Sun P, Zhang R, Jiang Y, et al. Assessing the patterns of linkage disequilibrium
in genic regions of the human genome. FEBS J 2011;278:3748–55. https://doi.
org/10.1111/j.1742-4658.2011.08293.x. PMid: 21824289.
7

[44] Khan R, Raza SHA, Guo H, et al. Genetic variants in the TORC2 gene promoter
and their association with body measurement and carcass quality traits in
Qinchuan cattle. PLoS ONE 2020;15:. https://doi.org/10.1371/journal.
pone.0227254. PMid: 32059009e0227254.

[45] Wang S, Raza SHA, Mei C, et al. Transcriptome profiling reveals differential
expression of genes potentially involved in muscle and adipose tissue
development of cattle. Electron J Biotechnol 2020:48. https://doi.org/
10.1016/j.ejbt.2020.09.004.

[46] Raza SHA, Khan S, Amjadi M, et al. Genome-wide association studies reveal
novel loci associated with carcass and body measures in beef cattle. Arch
Biochem Biophys 2020;694:. https://doi.org/10.1016/j.abb.2020.108543.
PMid: 32798459108543.

[47] Zhao Z, Raza SHA, Luo Y, et al. Characterization of the promoter region of
bovine ATP5B: roles of MyoD and GATA1 in the regulation of basal
transcription. Anim Biotechnol 2020:1–8. https://doi.org/10.1080/
10495398.2020.1837848. PMid: 33124493.

[48] Zhao Z, Abbas Raza SH, Tian H, et al. Effects of overexpression of ACSL1 gene on
the synthesis of unsaturated fatty acids in adipocytes of bovine. Arch Biochem
Biophys 2020;695:. https://doi.org/10.1016/j.abb.2020.108648. PMid:
33098867108648.

[49] Hayes BJ, Goddard ME. Prediction of total genetic value using genome-wide
dense marker maps. Genetics 2001;157:1819–29. PMid: 11290733.

[50] Schaeffer LR. Strategy for applying genome-wide selection in dairy cattle. J
Anim Breed Genet 2006;123:218–23. https://doi.org/10.1111/j.1439-
0388.2006.00595.x. PMid: 16882088.

[51] De Roos APW, Schrooten C, Mullaart E, et al. Breeding value estimation for fat
percentage using dense markers on Bos taurus autosome 14. J Dairy Sci
2007;90:4821–9. https://doi.org/10.3168/jds.2007-0158. PMid: 17881705.

[52] Guillaume F, Fritz S, Boichard D, et al. Estimation by simulation of the
efficiency of the French marker-assisted selection program in dairy cattle.
Genet Sel Evol 2008;40:91–102. https://doi.org/10.1051/gse:2007036. PMid:
18096117.

[53] Zhao H, Nettleton D, Dekkers JCM. Evaluation of linkage disequilibrium
measures between multi-allelic markers as predictors of linkage
disequilibrium between single nucleotide polymorphisms. Genet Res (Camb)
2007;89:1–6. https://doi.org/10.1017/S0016672307008634. PMid: 17517154.

[54] Zapata C. The D’ measure of overall gametic disequilibrium between pairs of
multiallelic loci. Evolution 2000;54:1809–12. https://doi.org/10.1111/j.0014-
3820.2000.tb00724.x. PMid: 11108607.

[55] Hedrick PW. Gametic disequilibrium measures: proceed with caution.
Genetics 1987;117:331–41. https://doi.org/10.1093/genetics/117.2.331.
PMid: 3666445.

[56] Marty A, Amigues Y, Servin B, et al. Genetic variability and linkage
disequilibrium patterns in the bovine DNAJA1 gene. Mol Biotechnol
2010;44:190–7. https://doi.org/10.1007/s12033-009-9228-y. PMid:
20012712.

[57] Fragomeni BO, Lourenco DAL, Legarra A, et al. Alternative SNP weighting for
single-step genomic best linear unbiased predictor evaluation of stature in US
Holsteins in the presence of selected sequence variants. J Dairy Sci
2019;102:10012–9. https://doi.org/10.3168/jds.2019-16262. PMid:
31495612.

https://doi.org/10.1152/ajpendo.00580.2012
https://doi.org/10.1016/S0014-5793(00)01080-2
https://doi.org/10.1016/S0014-5793(00)01080-2
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0155
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0155
https://doi.org/10.2527/1993.7171712x
https://doi.org/10.2527/1993.7171712x
https://doi.org/10.1016/j.mcp.2016.12.002
https://doi.org/10.1016/j.mcp.2016.12.002
https://doi.org/10.1016/j.abb.2019.108236
https://doi.org/10.1016/j.abb.2019.108236
https://doi.org/10.1016/j.ygeno.2020.01.012
https://doi.org/10.1016/j.ygeno.2020.01.012
https://doi.org/10.1016/j.ygeno.2019.09.007
https://doi.org/10.1016/j.ygeno.2019.09.007
https://doi.org/10.1016/j.ygeno.2020.03.018
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.3390/ijms19041035
https://doi.org/10.3390/ijms16022458
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0205
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0205
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0205
https://doi.org/10.1093/genetics/76.2.379
https://doi.org/10.1093/genetics/76.2.379
https://doi.org/10.1111/j.1742-4658.2011.08293.x
https://doi.org/10.1111/j.1742-4658.2011.08293.x
https://doi.org/10.1371/journal.pone.0227254
https://doi.org/10.1371/journal.pone.0227254
https://doi.org/10.1016/j.ejbt.2020.09.004
https://doi.org/10.1016/j.ejbt.2020.09.004
https://doi.org/10.1016/j.abb.2020.108543
https://doi.org/10.1080/10495398.2020.1837848
https://doi.org/10.1080/10495398.2020.1837848
https://doi.org/10.1016/j.abb.2020.108648
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0245
http://refhub.elsevier.com/S0717-3458(21)00005-1/h0245
https://doi.org/10.1111/j.1439-0388.2006.00595.x
https://doi.org/10.1111/j.1439-0388.2006.00595.x
https://doi.org/10.3168/jds.2007-0158
https://doi.org/10.1051/gse:2007036
https://doi.org/10.1017/S0016672307008634
https://doi.org/10.1111/j.0014-3820.2000.tb00724.x
https://doi.org/10.1111/j.0014-3820.2000.tb00724.x
https://doi.org/10.1093/genetics/117.2.331
https://doi.org/10.1007/s12033-009-9228-y
https://doi.org/10.3168/jds.2019-16262

	Identification of genetic variants the CCKAR gene and based on body measurement and carcass quality characteristics in Qinchuan beef cattle (Bos taurus)
	1 Introduction
	2 Materials and methods
	2.1 Ethical statement
	2.2 DNA sampling for phenotypic analysis
	2.3 Polymerase chain reaction (PCR) amplification and genotyping
	2.4 Collection of tissue sample
	2.5 RNA extraction and cDNA synthesis
	2.6 real-time PCR
	2.7 Data analyses
	2.8 SNP calculation of allelic and genotypic frequencies

	3 Results
	3.1 SNP identification
	3.2 Linkage disequilibrium and CCKAR gene haplotype identification
	3.3 Association of genotype with body measurement and carcass quality traits
	3.4 CCKAR gene expression profile in different tissues of Qinchuan beef cattle

	4 Discussion
	Ethics Statement
	Conflicts of Interest
	Financial support
	Acknowledgements
	References


