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The SCD gene is a significant component of the leptin signaling pathway. The SCD gene has also 

been suggested as a candidate essential gene that can change the ratio of saturated to unsaturated 

fatty acids in milk and increase the amount of conjugated linoleic fatty acid, which is thought to 

have anti-cancer properties. The current research was carried out on Holstein cows to determine the 

association between SCD (Stearoyl-Coenzyme A Desaturase) gene polymorphism and total milk 

yield at 305 days (TMY305) and daily milk yield (DMY). The polymorphism in the SCD gene was 

identified using the PCR-RFLP technique and the SatI restriction enzyme for genotyping at SNP 

c.878T>C in the exon 5. The TT, TC, and CC genotype frequencies were 0.21, 0.50, and 0.29 

respectively. While the allele frequencies of T and C were 0.46 and 0.54, respectively. According 

to the Chi-square test results, the SCD/c.878T>C distribution was in Hardy-Weinberg 

disequilibrium (P<0.05). Statistical analysis indicated a significant association between the SCD 

gene polymorphism and TMY305 (P<0.05). The TC genotypes showed a higher mean TMY305 

compared to the TT and CC genotypes. 
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Introduction 

The economics of dairy farms are heavily influenced by 

milk yield and composition. In addition to fat and protein 

percentages and microbiological quality, the technical 

features of milk are critical for milk manufacture since 

cheese has become an essential product in the dairy 

business, and the enzymatic coagulation of milk is a critical 

stage in the cheesemaking process. The effect of nutrition 

on the cheesemaking characteristics of milk is often 

studied. Other effects on technical features, such as the 

housing system or lactation stage, have also been studied 

(Čítek et al., 2021; García-Gómez et al., 2019; Migliorati 

et al., 2017).  

Unsaturated fatty acids (UFA) are considered 

advantageous for human health; therefore, increasing their 

concentration in milk would improve its nutritional value. 

However, in the recent decade, the amount of UFA in milk 

has declined in the Netherlands, possibly because of 

changes in the dietary habits of dairy cattle. The level of 

biohydrogenation of UFA in the rumen, the amount of 

UFA in the food, and the activity of the stearoyl-CoA 

desaturase (SCD) enzyme in the mammary gland all play a 

role in determining the amount of UFA in milk (Heck et 

al., 2009; Ntambi and Miyazaki 2004; Paton and Ntambi 

2009).  

Stearoyl-CoA desaturase (SCD), also known as alpha-

9-desaturase, is an enzyme found in the endoplasmic 

reticulum. It is the rate-limiting step in making 

monounsaturated fatty acids (MUFAs), especially oleate 

and palmitoleate from stearoyl-CoA and palmitoyl-CoA. 

The main components of phospholipid membranes, 

cholesterol esters, and alkyl-diacylglycerol are oleate and 

palmitoleate in large amounts (Wang et al., 2005; Zhang et 

al., 1999). The SCD gene is the one that's responsible for 

encoding the enzyme in humans. Stearoyl-CoA desaturase-

1 is an enzyme that plays a vital role in the metabolic 

process of fatty acids. It is in charge of creating a double 

bond in Stearoyl-CoA and is accountable for doing so. 

From the saturated fatty acid known as stearic acid, the 

monounsaturated fatty acid known as oleic acid may be 

created using this method (Bartoň et al., 2010; Kgwatalala 

et al., 2009; Mele et al., 2007; Moioli et al., 2007). 

During a chain of redox reactions, two electrons flow 

from NADH to flavoprotein cytochrome b5, then to 

electron acceptor cytochrome b5 and molecular oxygen. 

This creates a double bond in a row of methylene fatty 
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acyl-CoA substrates. These substrates are used as building 

blocks for other molecules. The complex enzyme forms a 

single, double bond between the C9 and C10 of long-chain 

acyl-CoAs synthesized from scratch (Griinari et al., 2000; 

Keating et al., 2006; Milannesi et al., 2008). This enzyme 

is a member of the oxidoreductase family, which includes 

those that work on paired donors and use oxygen dioxide 

(O2) as the oxidant. These enzymes may either incorporate 

or reduce oxygen. The integrated oxygen does not 

necessarily have to be generated from O2. Instead, the 

oxygen may be reduced to two molecules of water by the 

oxidation of a pair of donors. This particular enzyme class 

is referred to by its scientific name: stearoyl-CoA, 

ferrocytochrome-b5: oxygen oxidoreductase (9,10-

dehydrogenating). Other names in frequent usage include 

Delta9-desaturase, acyl-CoA desaturase, fatty acid desaturase, 

and stearoyl-CoA, hydrogen donor: oxygen oxidoreductase. 

This enzyme is responsible for the production of 

polyunsaturated fatty acids as well as the PPAR signaling 

pathway. Iron is the only cofactor used (Dujková et al., 2015; 

Kaplanova et al., 2013; Oh et al., 2013). 

SCD is an enzyme that contains iron and speeds up the 

rate-limiting step in making unsaturated fatty acids. Stearic 

acid is broken down to make oleic acid, which is the main 

product of SCD. Researchers think that the ratio of stearic 

acid to oleic acid affects how cells grow and change by 

affecting how fluid their membranes are and how they send 

signals. Mice have been found to have four different types 

of SCD, called Scd1 through Scd4. On the other hand, only 

SCD1 and SCD5 have been found in humans. About 85% 

of the amino acids in SCD1 are the same as those in all four 

mouse SCD isoforms and rat Scd1 and Scd2. SCD5, also 

called hSCD2, has less in common with rodent SCDs and 

seems unique to primates. SCD-1 is an important control 

point for metabolism. Stopping its expression may make it 

easier to treat several metabolic diseases (Gu et al., 2019; 

Li et al., 2020). The bovine SCD gene is located on the 26th 

chromosome. The length of the SCD gene is 15210 base 

pairs (bp), containing six exon and five intron regions. 

Also, the SCD gene includes a protein with 359 amino 

acids and an open reading frame consisting of 1,080 

nucleotides, while the 3’ untranslated region comprises 

3,884 nucleotides (Alim et al., 2012; Nergis et al., 2019). 

The SCD gene is a candidate gene associated with meat, 

milk, and fatty acid composition. This study aims to 

determine the association between SCD gene polymorphism 

and daily milk yield in the Holstein cattle breed. 

Materials and Methods 

 

Material 

Eighty cows were taken from the Çukurova University 

Research and Application Farm in Adana, Turkey. The 

cows were fed concentrated feed, forage, and ad libitum. 

The ages of the cows ranged from three to four. The total 

milk yield at 305 and daily milk yield were considered for 

periods 1. and 2. lactations. DNA was isolated from jugular 

vein blood samples and kept at 20°C using the salting-out 

process with minor modifications (Miller et al., 1988). A 

spectrophotometer was used to determine the DNA 

content. DNA samples were kept at 20°C until further 

examination. 

 

Methods 

Table 1 shows the SCD locus PCR conditions and 

primer sequences. The PCR reaction was carried out in a 

20 µL volume using 5 µL (50 ng) DNA, 5 µL of PCR 

Master Mix (Thermo Scientific, USA), 0.5 µL for each 

primer (forward and reverse), and 9 µL of distilled water. 

SatI FastDigest Restriction Enzymes were used to digest 

the PCR products at 37°C for 5-15 minutes (Thermo 

Scientific, USA). The following ingredients were used in 

the reaction: PCR products (8 µL), distilled water (4 µL), 

10X buffer (2 µL), and restriction enzymes (1 µL). The 

digested product was separated and stained with ethidium 

bromide on 5% agarose gel. An imaging system was used 

to determine the fragment length. 

 

Statistical Analysis 

POPGENE software was used to calculate the allele 

and genotype frequencies of the SCD gene locus and the 

gene distribution based on the Hardy-Weinberg 

equilibrium. 

 

Analysis of Associations 

The general linear model (GLM) was performed to 

investigate the relationships between gene polymorphism 

with TMY305 and DMY. The following linear 

mathematical model was used: 

 

Yij = μ + αi + βj + Єij 

 

Yijk: phenotypic value, μ: overall means; αi: effect of 

genotypes; βj: effect of parity (one and two); Єij: random 

errors. 

 

 

Table 1. The primer sequence and PCR conditions for the SCD locus. 

Gene 

locus 
The sequencing of primers PCR length 

Restriction 

enzyme 
Location 

Condition of 

PCR 
Reference 

SCD 
5'-ACCTGGCTGGTGAATAGTGCT-3' 

5'-TCTGGCACGTAACCTAATACCCT-3' 
170 bp SatI 

5th exon 

c.878T>C 

95°C 5m, 

94°C 20s, 

62°C 30s, 

72°C 40s, 

30 cycles 

72°C 10m 

(Inostroza 

et al., 

2013) 
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Results and Discussion 

SatI was used to digest the 170 bp PCR products, and 

three genotypes (TT, TC, and CC) were found (Figure 1). 

The length of the fragment was TT 122, 28 and 20 bp; TC 

122, 75, 47, 28 and 20 bp; and CC 75, 47, 28 and 20 bp, 

respectively (Table 2). χ² tests were statistically significant 

(P<0.05). The genotype was 0.21 (TT), 0.50 (TC), and 0.29 

(CC), and the allele frequency was 0.46 (T) and 0.54 (C) 

(Table 2). The analysis results show that the common 

heterozygote genotype is TC, with a frequency of 0.50 

occurrence. Meanwhile, the other two homozygote 

genotypes, TT and CC, have relatively low frequencies, 

with 0.21 and 0.29 levels, respectively. This significant 

result contributes to the analysis of the influence of the 

SCD/SatI genotype on CLA (c9, t11) content in cow's milk. 

χ² shows that the SCD/SatI genotype frequency is not in 

equilibrium according to Hardy-Weinberg (P<0.05). In 

other words, the SCD/SatI genotype frequency will change 

for many generations. This study's results show that the 

SCD genotype and the T and C allele frequencies are 

similar to some other studies (Čítek et al., 2021; Inostroza 

et al., 2013; Kaplanova et al., 2013). The association results 

demonstrated a significant association between TMY305 

and SCD gene polymorphism. SCD was shown to be 

associated with TMY305 (P<0.05) but did not show any 

association with DMY (Table 3). The genotype means for 

TMY305 and DMY were TT (7046±457), TC (8139±300), 

and CC (7021±405); TT (20.10±0.86), TC (22.55±0.48) 

and CC (19.63±0.68) respectively. Compared to the TT 

and CC genotypes, the TC genotypes showed a 

significantly higher TMY305. Also, homozygous TT 

genotypes showed the lowest TMY305 than other 

genotypes. Similar results have been found in other studies. 

Citek et al. (2021) found that the TT genotype was 

associated with the lowest milk, fat yields, protein, and the 

highest milk protein percent (P<0.01), and except for the 

fat percentage, the T allele showed higher values than the 

C allele (P<0.05) in Czech Simmental and Holstein cows. 

Jaleta (2012) determined no association between the SCD 

gene polymorphism and milk yield at 305 days in 

Hungarian Holstein Friesian cows. Alim et al., (2012) 

identified two SNP in introns 3 and 4, and three SNP in 

exon 5, and showed significant associations between all 

SNP with milk yield at 305 days, protein and fat, and yields 

and protein rate in Chinese dairy cattle. Many studies in 

this field have investigated the effect of SCD gene 

polymorphism on fatty acids. Taniguchi et al. (2004) 

showed the valine-to-alanine substitution in the third 

histidine-rich region. This amino acid substitution may 

have a crucial impact on the action of enzymes. Thus, 

genetic differences in SCD may explain differences in fatty 

acid content in Japanese black steers. 

 

Conclusion 
 

Genetic markers have quickly become essential tools 

for improving animals because they enable us to choose the 

best ones quickly. This study determined the association of 

SCD gene polymorphism at 5th exon c.878T>C locus with 

TMY305 in Holstein cows. Individuals with TC genotypes 

showed the highest TMY305 than individuals with TT and 

CC genotypes. At the same time, individuals with the TT 

genotype showed the lowest rate of TMY305 than the other 

individuals. SCD gene polymorphism can be considered a 

valuable candidate gene for milk production. 

 

 
Figure 1. PCR-RFLP results of SCD gene locus 

c.878T>C, TT (122, 28 and 20 bp); TC (122, 75, 47, 28 

and 20 bp); CC (75, 47, 28 and 20 bp) 

 

 

Table 2. Allele and genotype frequency of the SCD gene locus 

Gene locus Genotype frequency Allele frequency χ² (HWE) 

SCD 

TT(0.21) 

TC(0.50) 

CC(0.29) 

T(0.46) 

C(0.54) 
0.003* 

χ², Chi-square; HWE, Hardy–Weinberg equilibrium; * P<0.05 

 

Table 3. Association of SCD gene polymorphism with TMY305 and DMY 

Traits 
Genotypes 

P value 
TT TC CC 

TMY305 7046±457 8139±300 7121±405 0.038* 

DMY 20.10±0.86 22.55±0.48 19.63±0.68 0.630 
* P<0.05 
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