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ABSTRACT: The aim of this study was to investigate the single nucleotide polymorphisms (SNPs) present in
intron 2 region of leptin (LEP) and 5 untranslated region of thyroglobulin (TG5) genes in Lai Sind
and Lai Brahman cattle populations raised in the Central Vietnam. For each cattle group, fifty hair root
samples were collected and extracted genomic DNA. The LEP/Sau3Al and TG5/Psul gene polymorphisms
were analyzed using PCR-RFLP technique. The results showed that the SNPs of LEP/Sau3Al and TG5/Psul
were found in the both cattle groups. Three LEP/Sau3Al genotypes were detected, including LEPAA, LEPAB and
LEPBB, All of the investigated cattle carried TG5CT genotype. The Hardy-Weinberg equilibrium was reached in
the both cattle populations for LEP/Sau3Al, but not for TG5/Psul. The polymorphisms at these two loci were
moderate in the both cattle populations. It can be concluded that the SNPs LEP/Sau3Al and TG5/Psul can be
used as genetic markers for molecular selection in these cattle groups. A selection program is needed to
increase the frequency of TG5T allele in Lai Sind and Lai Brahman cattle groups to improve beef marbling
score.

20zC ‘OT Ae :pardadoy
¥20¢ ‘ST Ae\ :pasinay
¥20¢ ‘0T [1dy :pandday

¥T-02000vZT0..822ZS :lid
3701014V HOYV3IS3Y

Keywords: Cattle, Lai Brahman, Lai Sind, Leptin gene, Polymorphism, Thyroglobulin gene.

INTRODUCTION

Beef has been the third most consumed meat worldwide after poultry and pork. The beef consumption per person in
Vietham amounted to about 8.73 kilograms in 2023, and was forecast to increase to 9.6 kilograms per capita annually
(Statista Research Department, 2023). The Vietnamese yellow cattle is an indigenous breed well adapted to tropical
condition and poor nutrition. However, the disadvantages of this cattle breed were small size, low carcass and milk yield.
In Vietham, from the 1960s to 1970s, with the implementation of the program of “Red-Sindhization” and afterward of
“Zebuization”, the ratio of crossbred cattle was increased. Today, the two cattle groups of Lai Sind (a crossbred
breed between Red Sindhi bulls and local cows) and Lai Brahman (a crossbred breed between Brahman bulls and local
cows) have been used as dam lines for crossing with beef cattle to improve growth performance and carcass yield in
many provinces in Vietham (Bang et al., 2022).

Breeding values predicted by Best Linear Unbiased Prediction for selection economic indices have become widely
applied in animal breeding over the last few decades. The discovery of genetic markers related to the phenotypic
expression of particular traits -has raised hopes for successful animal breeding based on candidate genes. Advancements
in genotyping technologies for single nucleotide polymorphisms (SNPs) at different loci in the genome to estimate the
breeding values are the strong basis for marker-assisted selection (Binh, 2019). Most of the economically important traits
in cattle are quantitative traits and environmental factors (Getaneh and Alemayehu, 2022). Until now, many scholars have
identified great quantities of candidate genes associated with economically important traits in cattle, such as LEP, TG5,
CAST-T1, Calpain 316-T2, Calpain 4751-T3 (De Carvalho et al., 2012; Sedykh et al., 2016; Coria et al., 2018).

The leptin (LEP) gene is located on chromosome 4 in cattle (Pomp et al., 1997). It consists of three exons separated
by two introns. The exon 1 and four nucleotides of exon 2 are not translated. The remaining part of exons 2 and 3 are
translated into the functional 16kDa leptin protein of 146 amino acids (Haruna et al., 2020). Leptin hormone is produced
by adipose tissue and the small intestine, plays an important role in lipid accumulation, and regulates the energy balance
by suppressing hunger, resulting in the reduction of fat in adipocytes (Al-hussaniy et al., 2021). Many study results also
found leptin roles in regulating body mass, reproductive and immune functions (Santos-Alvarez et al., 1999; Kadokawa et
al., 2000; Block et al., 2001).

The SNP LEP/Sau3Al (g.1926C>T) in intron 2 region was changed the amino acid at position 2059 of the chain
protein from arginine to cysteine (Moravéikova et al., 2012; Trakovicka et al., 2013; Putra et al., 2019). This SNP has been
used as molecular marker for selection many economically traits in cattle, such as milk yield (Moravéikova et al., 2012;
Trakovicka et al., 2013), reproductive performance (Moussavi et al., 2006; Oner et al., 2017; Ferchichi et al., 2018), body
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weight (Almeida et al., 2003; Nobari et al., 2010; Hussain et al., 2017), fat percentage (Sedykh et al., 2016) and feed
intake (Liefers et al., 2002).

Thyroglobulin is a glycoprotein hormone synthesized in thyroid follicular cells. It is a precursor of triiodothyronine (T3)
and thyroxine (T4) hormones, playing an important role in metabolic regulation and can influence adipocyte development,
differentiation and adipose tissue homeostasis (Ailhaud et al., 1992; Casas et al.,, 2005). Also, Mears et al. (2001)
demonstrated that both T3 and T4 are involved in fat marbling in Japanese black cattle. Findings of Barendse et al.
(2004) indicated that the SNP TG5/Psul (8.422C>T) had been associated with marbling in cattle. The SNP TG5/Psul has
been used for genetic markers for selection marbling index (Barendse, 1999; Barendse et al., 2004; Casas et al., 2005),
fat percentage (Sedykh et al., 2016) and backfat thickness (Gan et al., 2008; Mears et al., 2001; Moore et al., 2003) in
some beef cattle breeds.

The aim of this study was to identify the LEP/Sau3Al and TG5/Psul gene polymorphism of Lai Sind and Lai Brahman
cattle. The study result could aid in the marker-assisted selection program to improve productivity and beef quality.

MATERIALS AND METHODS

Sample collection and genomic DNA extraction

A total of 100 hair follicle samples was collected from Lai Sind and Lai Brahman cattle (n=50) raised in Quang Ngai
province, Vietnam (Latitude: 14°32'-15°25’ North, Longitude: 108°06’- 109°04’ East). The samples were kept
separately in a plastic bag and transported to the Laboratory of Molecular Biology, College of Agriculture and Forestry,
Hue University. For increasing DNA extraction efficiency, the hair follicles were homogenized in the lysis buffer within 5
minutes using Bullet blender (Next Advance, USA). The further steps were followed the kit manufacturer’s instruction.
Nanodrop system (Thermo Scientific, USA) was used for DNA quantity and quality measurement. The research protocol
was approved by the Scientific Committee of Hue University dated 30t September 2021, Decision No: 1472/Qb-DHH.

Leptin and Thyroglobulin gene polymorphism analysis

The intron 2 fragment of LEP gene and the TG5 gene were amplified by polymerase chain reaction (PCR) technique.
Following specific primers described by Barendse (1999) and Liefers et al. (2022) were used in this study, including: LEPF:
5’-TGGAGTGGCTTGTTATTTTCTTCT-3’; LEPR: 5’-GTCCCCGCTTCTGGCTACCTAACT-3’; TG5F: 5’-GGGGATGACTACGAGTATGACTG-
3’; TG5R: 5-GTGAAAATCTTGTGGAGGCTGTA-3'. The PCR reaction was performed in PCR thermal cycler
(Axygen® MaxyGene™) in a total volume of 20uL containing 50ng genomic DNA, 1.25uM of each primer, 2001M dNTP,
1x PCR buffer, and 0.75 unit Taq polymerase (Solgent, Korea). The optimized cycling conditions consisted of an initial
denaturation at 95°C for 5 min, followed by 35 cycles of denaturation at 95°C for 40 sec, 40 sec for primer annealing at
62°C (for LEP gene) or 55°C (for TG5 gene), extension at 72°C for 40 sec, and a final extension at 72°C of 7 min (for LEP
gene) or 10 min (for TG5 gene). About 8L of PCR products were electrophoresed on a 2.0% agarose gel with 6x GelRed
(ABT, Vietnam) and then was analyzed using Gel DocTM XR+ (Bio Rad, USA). The LEP or TG5 gene amplification was
restricted by Sau3Al or Psul endonucleases, respectively. The restriction reaction mixture of 12 pL containing 10 pL of
PCR product, 1x buffer and 3 units of restriction enzyme was digested at 37 °C overnight. The number and lengths of the
restriction fragments were determined by 2%-agarose gel electrophoresis, 6x GelRed staining and UV-visualization, then
analyzed by gel-documentation.

Statistical analysis

Genotypic frequency, allele frequency, expected heterozygosity (He), observed heterozygote (Ho) were calculated
based on Nei and Kumar (2000). Polymorphic informative content (PIC) was calculated as Roychoudhury and Nei (1988).
Chi-squared (x2) was used to test for Hardy-Weinberg equilibrium.

RESULTS AND DISCUSSION

Polymorphism of LEP/Sau3Al gene in cattle

The 422bp fragment of LEP gene was amplified from genomic DNA of the two cattle populations and digested with
restriction enzyme Sau3Al. Three genotypes of LEP/Sau3Al gene were detected in Lai Sind and Lai Brahman cattle,
included LEPA** (390 and 32 bp), LEPAE (390, 303, 88 and 32 bp), and LEP®E8 (303, 88 and 32 bp) (Figure 1). The observed
allelic frequencies of LEPA ranged from 0.64 to 0.67, higher than those of LEPB allele (0.33-0.36) (Table 1). This result
agrees with the previous reports in various cattle populations (Sharifzadeh and Doosti, 2010; Jecminkova et al., 2016;
Hussain et al., 2017). In the Lai Sind cattle population, the observed frequency of LEPA* genotype was highest, followed by
LEPAB and LEPBE genotypes. Meanwhile, the observed genotypic frequencies of LEPA* and LEP”B were similar in Lai
Brahman cattle group. Only 7/50 investigated Lai Brahman cattle had LEPBB genotype. Some study results on LEP gene
polymorphisms in other cattle breeds also indicated that LEPA* and LEPAB were two main genotypes (Nassiry et al., 2008;

166



Chau et al., 2024

Hussain et al., 2017). According to Trakovicka et al. (2013), the SNP LEP/Sau3Al had a significant impact on milk yield
and first calving age. The highest milk yield, protein and fat content in milk and the lowest age at first calving associated
with LEPAA genotype cows. The authors also indicated that the highest age at first calving was found in the LEPAB genotype
cattle (Trakovicka et al., 2013), but the lowest milk production was observed in the LEPB® genotype cows. However, the
cattle carrying LEPBB genotype had superior growth ability (Yang et al., 2007).

The expected genotypic frequencies of three genotypes in the both cattle populations were also calculated based on
the Hardy-Weinberg formulas. The expected genotypic frequencies of LEPA* and LEPBE were similar in Lai Sind cattle group
(Table 1). Meanwhile, the expected genotypic frequency of LEPA8 was higher than those of LEPA* and LEPBE. The expected
frequency for LEPBB genotype was lowest in the both investigated cattle populations. The calculated Chi-squared test
values in Table 1 indicated that LEP/Sau3Al gene polymorphism in the both cattle populations were in Hardy-Weinberg
equilibrium (x2<3.84). The polymorphism of the LEP/Sau3Al gene was moderate (0.25<PIC<0.50) in the both cattle
populations. Therefore, LEP/Sau3Al polymorphism can be used as molecular selection in these cattle groups.

Polymorphism of TG5/Psul gene in cattle

The genotypes of TG5/Psul gene consisted of TG5¢C (295, 178 and 72 bp), TG5¢T (473, 295, 178 and 72 bp), and
TG5™ (473 and 72 bp; Anwar et al., 2017). All surveyed cattle carried TG5°T genotype (Table 2). Therefore, the allelic
frequencies of TG5¢ and TG5T were equal. The representative result of PCR-RFLP analysis TG5/Psul was shown in Figure
2. On the basis of the Hardy-Weinberg equation, the expected frequency of TG5CT genotype in both crossbred cattle groups
were 0.5. The expected heterozygosity coefficient (He) was lower than the observed heterozygosity coefficient (Ho) in the
both cattle groups. The x2 value in Table 2 indicated that Hardy-Weinberg equilibrium was not reached in these two cattle
populations for this investigated locus (x2 > 3.84). The PIC value of the TG5/Psul gene in both cattle groups was 0.38,
indicating that the level polymorphism in genetic marker was moderate. Therefore, TG5/Psul gene polymorphism can be
used as molecular selection to improve the productivity and meat quality in Lai Sind and Lai Brahman cattle.

In Hereford and Limousine breeds, Sedykh et al. (2016) indicated that the cattle had significant potential for
increased beef taste and nutritional qualities associated with a high proportion of desirable TG5™ genotype. Also, Casas et
al. (2005) reported the increase in fat yield in cattle carried TG5™ genotype. Meanwhile, some authors reported that TG5¢C
genotype cattle had tendency increase pre-slaughter live weight, hot carcass yield, carcass output, dressing weight and
slaughter yield (De Carvalho et al., 2012; Sedykh et al., 2016).

Dolmatova et al. (2020) indicated a clear tendency of an effect of the TG5 genotype on milk productivity in dairy
cattle. Cows with the TG5™ genotype had the highest milk yield and fat content in milk (Dolmatova et al., 2020), and had
significantly higher lipid content in the loin muscle (Thaller et al., 2003) than the TG5CT or TG5¢C genotypes. The TG5™
genotype was the only genotype that showed differences in the distribution of marbling, increasing marbling in beef
(Burrell et al., 2004).

e

Figure 2 - Result of PCR-RFLP analysis TG5/Psul in
cattle

Figure 1 - LEP/Sau3Al genotypes in cattle
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Table 1 - Genotypic and allelic frequency of LEP/Sau3Al gene in Lai Sind and Lai Brahman cattle (n=50)

Observed genotypic OZTIZ ?i':d Expected genotypic H H PIC HWE
0 e
Cattle population frequency frequency frequency (Vo)
AA AB BB A B AA AB BB
Lai Sind 0.50 0.34 0.16 0.67 0.33 045 044 0.11 0.34 044 034 267
Lai Brahman 0.42 0.44 0.14 0.64 0.36 041 046 0.13 0.44 046 035 0.10*

Ho: observe heterozygosity; He: expected heterozygosity; PIC: polymorphic informative content; HWE: Hardy-Weinberg Equilibrium; x2: Chi-
square value; *genetic equilibrium (x2 < 3.84), P < 0.05.

Table 2 - Genotypic and allelic frequency of TG5/Psul gene in Lai Sind and Lai Brahman cattle (n=50)

Observed

Observed genotypic . Expected genotypic HWE
Cattle frequency allelic frequency Ho He PIC 0
population frequency
cc CcT T Cc T CcC CT T
Lai Sind 0 1.00 0 0.50 0.50 0.25 0.50 0.25 1.00 0.50 0.38 50.00
Lai Brahman 0 1.00 0 0.50 0.50 0.25 0.50 0.25 1.00 0.50 0.38 50.00

Ho: observe heterozygosity; He: expected heterozygosity; PIC: polymorphic informative content; HWE: Hardy-Weinberg Equilibrium; x2: Chi-

square value. P < 0.05.

CONCLUSION

It can be concluded that the polymorphisms in LEP/Sau3Al and TG5/Psul genes were observed in Lai Sind and Lai
Brahman cattle populations. The allelic frequency of LEPA was higher than LEPE in both cattle populations. All of
investigated cattle had TG5CT genotype. The Hardy-Weinberg equilibrium was reached in the both cattle populations for
LEP/Sau3Al, but not for TG5/Psul. The SNPs LEP/Sau3Al and TG5/Psul can be used as candidate genes for molecular
selection in these cattle groups. A selection program is needed to increase the frequency of TG5T allele in Lai Sind and Lai
Brahman cattle groups to improve beef marbling score.

DECLARATIONS

Corresponding author
Correspondence and requests for materials should be addressed to Ho Le Quynh Chau; E-mail:
hochauhuaf@hueuni.edu.vn; ORCID: https://orcid.org/0009-0000-9930-5776

Authors’ contribution

Ho Le Quynh Chau wrote the manuscript, designed the experiment, collected and analyzed data. Duong Thi Huong,
Than Thi Thanh Tra and Le Thi Thu Hang collected sample, performed the experiment. Dinh Van Dung designed the
experiment, revised the draft of the manuscript. All authors read and approved the final manuscript.

Ethical consideration

The research was approved by the Scientific Committee of Hue University dated 30th September 2021, Decision No:
1472/QDb-DHH. The experiment was conducted in accordance with ARRIVE guidelines (https://arriveguidelines.org). All
methods were performed in accordance with the relevant guidelines and regulations.

Acknowledgements
This work was financially supported by Hue University - level research project, Code DHH2022-02-164. The authors
also acknowledge the partial support of Hue University under the Core Research Program, Grant No. NCM. DHH.2018.04.

Competing interests
The authors have not declared any conflict of interests.

168



Chau et al., 2024

REFERENCES

Ailhaud G, Grimaldi P and Négrel R (1992). Cellular and molecular aspects of adipose tissue development. Annual Review of Nutrition, 12:
207-233. https://doi.org/10.1146/annurev.nu.12.070192.001231

Al-hussaniy HA, Alburghaif AH and Naji MA (2021). Leptin hormone and its effectiveness in reproduction, metabolism, immunity,
diabetes, hopes and ambitions. Journal of Medicine and Life, 14(5): 600-605. https://doi.org/10.25122%2FjmI-2021-0153

Almeida SEM, Almeida EA, Moraes JFC and Weimer TA (2003). Molecular markers in LEP gene and reproductive performance of beef
cattle. Journal of Animal Breeding and Genetics, 120: 106-113. https://doi.org/10.1046/j.1439-0388.2003.00377.x

Anwar S, Putra AC, Wulandari AS, Agung PP, Putra WPB and Said S (2017). Genetic polymorphism analysis of 5' untranslated region of
thyroglobulin gene in Bali cattle (Bos javanicus) from three different regions of Indonesia. Journal of the Indonesian Tropical Animal
Agriculture, 42(3): 175-184. https://doi.org/10.14710/jitaa.42.3.175-184

Bang NN, Hayes BJ, Lyons RE, Randhawa IA, Gaughan JB and McNeill DM (2022). Genomic diversity and breed composition of
Vietnamese smallholder dairy cows. Journal of Animal Breeding and Genetics, 139(2): 145-160. https://doi.org/10.1111/jbg.12651

Barendse W, Bunch R, Thomas M, Armitage S, Baud S and Donaldson N (2004). The TG5 thyroglobulin gene test for a marbling
quantitative trait loci evaluated in feedlot cattle. Australian Journal of Experimental agriculture, 44(7): 669-674.
https://doi.org/10.1071/EA02156

Barendse WJ (1999). Assessing lipid metabolism. International Patent Application W09923248 US6383751 (PCT/AU98/00882).
https://patentimages.storage.googleapis.com/b3/e5/55/16c9b8b49f15ee/US6383751.pdf

Binh DV (2019). Genome selection - a new era of animal breeding. Journal of Animal Husbandry Science and Technics, 241: 2-9.
http://116.97.88.11:86/Xem-Online/chon-giong-vat-nuoi-theo-bo-gen-%E2%80%93-ky-nguyen-moi-cua-khoa-hoc-chon-giong-vat-
nuoi-958.html

Block SS, Butler WR, Ehrhardt RA, Bell AW, van Amburgh ME and Boisclair YR (2001). Decreased concentration of plasma leptin in
periparturient dairy cows is caused by negative energy balance. Journal of Endocrinology, 171 (2):339-348.
https://doi.org/10.1677/joe.0.1710339

Burrell D, Moser G, Hetzel J, Mizoguchi Y, Hirano T, Sugimoto Y and Mengersen K (2004). Meta analysis confirms associations of the TG5
thyroglobulin polymorphism with marbling in beef cattle. Proceedings of the 29th International Conference on Animal Genetics, 117
https://gyosekil.mind.meiji.ac.jp/mjuhp/KgApp?detlld=28&detIUid=ymimgooiggy&detISeq=55&Language=2

Casas E, White SN, Riley DG, Smith TP, Brenneman RA, Olson TA, Johnson DD, Coleman SW, Bennett GL and Chase CCJr (2005).
Assessment of single nucleotide polymorphisms in genes residing on chromosomes 14 and 29 for association with carcass
composition traits in Bos indicus cattle. Journal of Animal Science, 83(1): 13-19. https://doi.org/10.2527/2005.83113x

Coria MS, Carranza PG and Palma GA (2018). Calpain system in meat tenderization: A molecular approach. Revista Mvz Cérdob, 25(1):
6523-6534. http://hdl.handle.net/11336/81758

De Carvalho TD, Siqueira F, de Almeida Torres Jinior RA, de Medeiros SR, Feijo GLD, de Souza Junior MD, Blecha IMZ and Soares CO
(2012). Association of polymorphisms in the leptin and thyroglobulin genes with meat quality and carcass traits in beef cattle.
Revista Brasileira de Zootecnia, 41(10): 2162-2168. https://doi.org/10.1590/51516-35982012001000004

Dolmatova I, Sedykh T, Valitov F, Gizatullin R, Khaziev D and Kharlamov A (2020). Effect of the bovine TG5 gene polymorphism on milk-
and meat-producing ability. Veterinary World, 13(10): 2046-2052. https://doi.org/10.14202/vetworld.2020.2046-2052

Ferchichi MA, Jemmali B, Amiri S, Gara SB and Rekik B (2018). Effect of leptin genetic polymorphism on lameness prevalence in Tunisian
Holstein cows. Archives Animal Breeding, 61: 305-310. https://doi.org/10.5194/aab-61-305-2018

Gan QF, Zhang LP, Li JY, Hou GY, Li HD, Gao X, Ren HY, Chen JB and Xu SZ (2008). Association analysis of thyroglobulin gene variants with
carcass and meat quality traits in beef cattle. Journal of Applied Genetics, 49(3): 251-255. https://doi.org/10.1007/BF03195621

Getaneh M and Alemayehu K (2022). Candidate genes associated with economically important traits in dairy goats. Cogent Food &
Agriculture, 8(1): 2149131. https://doi.org/10.1080/23311932.2022.2149131

Haruna IL, Hadebe SA, Oladosu 0J, Mahmoud G, Zhou H and Hickford JGH (2020). Identification of novel nucleotide sequence variations in
an extended region of the bovine leptin gene (LEP) across a variety of cattle breeds from New Zealand and Nigeria. Archives Animal
Breeding, 63(2): 241-248. https://aab.copernicus.org/articles/63/241/2020/aab-63-241-2020.pdf

Hussain DA, Abboud ZH and Abdulameer TA (2017). Genetic structure analysis of leptin gene/Sau3Al and its relationship with body weigh
in Iraqi and Holstein Frisian cows population (Comparative study). IOSR Journal of Pharmacy and Biological Sciences, 12(3): 10-13.
https://doi.org/10.9790/3008-1203041013

Jecminkova K, Kyselova J, Said Ahmed A, Zavadilov L, Matlova V and Majzlik |1 (2016). Leptin promoter region genotype frequencies and
its variability in the Czech Fleckvieh cattle. Scientia Agriculturae Bohemica, 47(2): 54-59. https://doi.org/10.1515/sab-2016-0009

Kadokawa H, Blache D, Yamada Y and Martin GB (2000). Relationships between changes in plasma concentrations of leptin before and
after parturition and the timing of first postpartum ovulation in high-producing Holstein dairy cows. Reproduction, Fertility and
Development, 12(7-8): 405-411. https://doi.org/10.1071/rd01001

Liefers SC, te Pas MFW, Veerkamp RF and van der Lende T (2002). Associations between Leptin gene polymorphisms and production, live
weight, energy balance, feed intake, and fertility in Holstein heifers. Journal of Dairy Science, 85: 1633-1638.
https://doi.org/10.3168/jds.S0022-0302(02)74235-5

Mears GJ, Mir PS, Bailey DRC and Jones SDM (2001). Effect of Wagyu genetics on marbling, back fat and circulating hormones in cattle.
Canadian Journal of Animal Science, 81: 65-73. https://doi.org/10.4141/A99-128

Moore SS, Li C, Basarab J, Snelling WM, Kneeland J, Murdoch B, Hansen C and Benkel B (2003). Fine mapping of quantitative trait loci
and assessment of positional candidate genes for backfat on bovine chromosome 14 in a commercial line of Bos taurus. Journal of

Animal Science, 81: 1919-1925. https://doi.org/10.2527/2003.8181919x

Moravcikova N, Trakovicka A and Kasarda R (2012). Polymorphism within the intron region of the bovine leptin gene in Slovak Pinzgau
cattle. Scientific Papers: Animal Science and Biotechnologies, 45(1): 211-214.
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20123253568

Moussavi AH, Ahouei M, Nassiry MR and Javadmanesh A (2006). Association of leptin polymorphism with production, reproduction and

169


https://doi.org/10.1146/annurev.nu.12.070192.001231
https://doi.org/10.25122%2Fjml-2021-0153
https://doi.org/10.1046/j.1439-0388.2003.00377.x
https://doi.org/10.14710/jitaa.42.3.175-184
https://doi.org/10.1111/jbg.12651
https://doi.org/10.1071/EA02156
https://patentimages.storage.googleapis.com/b3/e5/55/16c9b8b49f15ee/US6383751.pdf
http://116.97.88.11:86/Xem-Online/chon-giong-vat-nuoi-theo-bo-gen-%E2%80%93-ky-nguyen-moi-cua-khoa-hoc-chon-giong-vat-nuoi-958.html
http://116.97.88.11:86/Xem-Online/chon-giong-vat-nuoi-theo-bo-gen-%E2%80%93-ky-nguyen-moi-cua-khoa-hoc-chon-giong-vat-nuoi-958.html
https://doi.org/10.1677/joe.0.1710339
https://gyoseki1.mind.meiji.ac.jp/mjuhp/KgApp?detlId=28&detlUid=ymimgooiggy&detlSeq=55&Language=2
https://doi.org/10.2527/2005.83113x
http://hdl.handle.net/11336/81758
https://doi.org/10.1590/S1516-35982012001000004
https://doi.org/10.14202/vetworld.2020.2046-2052
https://doi.org/10.5194/aab-61-305-2018
https://doi.org/10.1007/BF03195621
https://doi.org/10.1080/23311932.2022.2149131
https://aab.copernicus.org/articles/63/241/2020/aab-63-241-2020.pdf
https://doi.org/10.9790/3008-1203041013
https://doi.org/10.1515/sab-2016-0009
https://doi.org/10.1071/rd01001
https://doi.org/10.3168/jds.S0022-0302(02)74235-5
https://doi.org/10.4141/A99-128
https://doi.org/10.2527/2003.8181919x
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20123253568

Online J. Anim. Feed Res., 14(3): 165-170.

plasma glucose level in Iranian Holstein cattle. Asian-Australasian Journal of Animal Sciences, 19: 627-631.
https://doi.org/10.5713/ajas.2006.627

Nassiry MR, Shahroudi FE, Moussavi AH, Sadeghi B and Javadmanesh A (2008). The diversity of leptin gene in Iranian native, Holstein and
Brown Swiss cattle. African Journal of Biotechnology, 7(15): 2685-2687. https://www.ajol.info/index.php/ajb/article/view/59122

Nei M and Kumar S (2000). Molecular evolution and phylogenetics. Oxford University Press, New York.
https://global.oup.com/academic/product/molecular-evolution-and-phylogenetics-9780195135855?cc=vn&lang=en&

Nobari K, Ghazanfari S, Nassiri MR, Tahmoorespur M and Jorjani E (2010). Relationship between leptin gene polymorphism with
economical traits in Iranian Sistani and Brown Swiss cows. Journal of Animal and Veterinary Advances, 9(22): 2807-2810.
https://profdoc.um.ac.ir/articles/a/1019041.pdf

Oner Y, Yilmaz 0, Okut H, Ata N, Yilmazbas-Mecitoglu G and Keskin A (2017). Associations between GH, PRL, STAT5A, OPN, Pit-1, LEP and
FGF2 genes polymorphisms and fertility in Holstein Friesian heifers. Kafkas Universitesi Veteriner Fakultesi Dergisi, 23: 527-534.
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2080.pdf

Pomp D, Zou T, Clutter AC and Barendse W (1997). Rapid communication: mapping of leptin to bovine chromosome 4 by linkage analysis
of a PCR-based polymorphism. Journal of Animal Science, 75(5): 14-27. https://doi.org/10.2527/1997.7551427x

Putra WPB, Anwar S, Said S, Indarto SAA and Wulandari P (2019). Genetic characterization of thyroglobulin and leptin genes in Pasundan
cattle at West Java. Buletin Peternakan, 43(1): 1-7. https://doi.org/10.21059/buletinpeternak.v43i1.38227

Roychoudhury AK and Nei M (1988). Human polymorphic genes world distributions. New York: Oxford University Press.
https://doi.org/10.1002/ajpa.1330790412

Santos-Alvarez J, Goberna R and Sanchez-Margalet V (1999). Human leptin stimulates proliferation and activation of human circulating
monocytes. Cellular Immunology, 194(1): 6-11. https://doi.org/10.1006/cimm.1999.1490

Sedykh TA, Kalashnikova LA, Gusev IV, Pavlova 1Y, Gizatullin RS and Dolmatova IY (2016). Influence of TG5 and LEP gene polymorphism
on quantitative and qualitative meat composition in beef calves. Iraqi Journal of Veterinary Sciences, 30(2): 41-48.
https://doi.org/10.33899/ijvs.2016.121382

Sharifzadeh A and Doosti A (2010). Genetic polymorphism at the leptin gene in Iranian Holstein cattle by PCR-RFLP. African Journal of
Microbiology Research, 4(12): 1343-1345.
https://academicjournals.org/article/article1380279572_Sharifzadeh%20and%20Doosti.pdf

Statista Research Department (2023). Per capita beef consumption in Vietnam 2017-2029.
https://www.statista.com/statistics/757614/vietnam-beef-consumption-per-capita/

Thaller G, Kuhn C, Winter A, Ewald G, Bellmann O, Wegner J, Ziihlke H and Fries R (2003). DGAT41, a new positional and functional
candidate gene for intramuscular fat deposition in cattle. Animal Genetics, 34: 354-357. https://doi.org/10.1046/j.1365-
2052.2003.01011.x

Trakovicka A, Moravcikova N and Kasarda R (2013). Genetic polymorphism of leptin and leptin receptor genes in relation with production
and reproduction traits in cattle. Acta Biochimica Polonica, 60: 783-787. https://pubmed.ncbi.nim.nih.gov/24432332

Yang D, Chen H, Wang X, Tian Z, Tang L, Zhang Z, Lei C, Zhang L and Wang Y (2007). Association of polymorphisms of leptin gene with
body weight and body sizes indexes in Chinese indigenous cattle. Journal of Genetics and Genomics, 34: 400-
405. https://doi.org/10.1016/S1673-8527(07)60043-5

Publisher's note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which

= permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

170


https://doi.org/10.5713/ajas.2006.627
https://www.ajol.info/index.php/ajb/article/view/59122
https://global.oup.com/academic/product/molecular-evolution-and-phylogenetics-9780195135855?cc=vn&lang=en&
https://profdoc.um.ac.ir/articles/a/1019041.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2080.pdf
https://doi.org/10.2527/1997.7551427x
https://doi.org/10.21059/buletinpeternak.v43i1.38227
https://doi.org/10.1002/ajpa.1330790412
https://doi.org/10.1006/cimm.1999.1490
https://doi.org/10.33899/ijvs.2016.121382
https://academicjournals.org/article/article1380279572_Sharifzadeh%20and%20Doosti.pdf
https://www.statista.com/aboutus/our-research-commitment
https://www.statista.com/statistics/757614/vietnam-beef-consumption-per-capita/
https://doi.org/10.1046/j.1365-2052.2003.01011.x
https://doi.org/10.1046/j.1365-2052.2003.01011.x
https://pubmed.ncbi.nlm.nih.gov/24432332/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/24432332/
https://doi.org/10.1016/S1673-8527(07)60043-5
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

	ABSTRACT:
	INTRODUCTION 
	MATERIALS AND METHODS 
	RESULTS AND DISCUSSION 
	CONCLUSION
	DECLARATIONS 
	REFERENCES 

