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Abstract. Stearoyl-CoA desaturase 1 (SCD1) is a critical enzyme that catalyzes the synthesis of monounsatu-

rated fatty acids and is involved in several signaling pathways related to lipid metabolism. The objective of the

present study was to estimate the expression of the SCD1 gene in three different ovine tissues strongly associated

with lipid homeostasis. The SCD1 gene expression measurement was performed on three tissues (liver, subcuta-

neous fat, perirenal fat) originated from 15 old-type Polish Merino sheep. The SCD1 transcript abundance was

evaluated based on the two most stable endogenous controls (RPS2 – ribosomal protein S2; ATP5G2 – H(+)-

transporting ATP synthase). The highest expression of the SCD1 gene was observed in ovine subcutaneous fat

compared to perirenal fat and liver. Furthermore, the present research indicated the significant correlation be-

tween ovine SCD1 transcript abundance and several important production traits. The expression of the SCD1

gene in liver and perirenal fat highly positively correlated with the feed : gain ratio, test of daily gain and age of

the animals at slaughter. Moreover, in both tissues, the SCD1mRNA level positively correlated with weight and

content of perirenal fat and subcutaneous fat (R = 0.64, 0.8, 0.6, respectively) and negatively with assessment

of external fat content with the use of the EUROP scale (R =−0.64). The SCD1 expression in subcutaneous fat

also corresponds with back fat of blade chop and thickness of longissimus dorsi muscles evaluated using USG

(ultrasonography) (R =−0.6 and 0.62, respectively). The significant correlation between SCD1 transcript abun-

dance and fattening and slaughtering traits indicate the ability to improve important production traits in sheep

via modification of expression of the SCD1 gene.

1 Introduction

The main factors determining quality and health-promoting

properties of meat are fat content and fatty acid composition

(Wood et al., 2004). The most desirable is a low content of

saturated fatty acid in the meat while also maintaining the

proper ratio of polyunsaturated fatty acids (PUFAs) to sat-

urated fatty acids (SFAs) (P/S). Stearoyl-CoA desaturase

1 (SCD1) is a critical enzyme that catalyzes the synthesis

of monounsaturated fatty acids (MUFAs; palmitoleyl-CoA

and oleyl-CoA), which are the key components of triglyc-

erides and membrane phospholipids. By modifying the ra-

tio of MUFAs to SFAs, SCD1 enzyme effects membrane

fluidity, the composition of cholesterol esters and triglyc-

erides which can affect lipoprotein metabolism and adiposity

(Ntambi et al., 2002).

The expression of the SCD1 gene is regulated by several

hormones, including leptin (Mauvoisin et al., 2010; Mau-

voisin and Mounier, 2011), insulin (Mounier and Posner,

2006), ghrelin (Ambati et al., 2009), GH hormone and dif-

ferent growth factors (PDGF, EGF, KGF, FGF) (Mason et al.,

2003). Through involvement in many signaling pathways re-
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lated to lipid metabolism, the SCD1 gene is considered a po-

tential factor influencing body weight and obesity (Dobrzyn

et al., 2005; Biddinger et al., 2006).

In cattle, the SCD1 gene was significantly associated with

MUFA content of marbling fat (Taniguchi et al., 2004) and

milk production traits (fat and protein content, milk yield)

(Macciotta et al., 2008). In sheep, polymorphisms in SCD1

locus were related to milk fatty acid composition: lactose,

stearic, polyunsaturated, and conjugated linoleic fatty acid

contents (Zidi et al., 2010). In pigs, polymorphism within

the 3′ untranslated region of the SCD1 gene was significantly

associated with PUFA, n− 6 : n− 3 FA ratio, intramuscular

fat content and expression level of the stearoyl-CoA desat-

urase gene (Lim et al., 2015). Furthermore, the ability of nu-

trient factors to regulate SCD1 gene expression in farm ani-

mals introduced gene encoding SCD1 as one of the candidate

genes affecting fatness traits (Costa et al., 2013a; Zhang et

al., 2015). The objective of the present study was to estimate

the transcript abundance of the SCD1 gene in three differ-

ent ovine tissues strongly associated with lipid homeostasis.

The obtained results showed how to improve important pro-

duction traits in sheep via modification of expression of the

SCD1 gene.

2 Material and method

2.1 Animals and tissues

The analysis was performed in total on 15 samples from

each tissue – liver and fat (subcutaneous fat, perirenal fat)

– obtained from old-type Polish Merino sheep. The Pol-

ish Merino is a dual-purpose type of sheep, producing both

meat and wool. All animals (male) were maintained un-

der the same feeding and housing conditions in the Exper-

imental Station of the National Research Institute of Animal

Production in Pawłowice. Sheep were fed ad libitum with

complete pelleted fodder with the following nutritive val-

ues per kilogram of fodder (according to the INRA system):

UFV – 0.81 g; PDIN – 119 g; PDIE – 106 g. To balance di-

etary fiber, animals received meadow hay as a supplement

(100 g head−1 day−1). Animals were fattened to a final body

weight of 40–42 kg, slaughter and dissected. The carcasses

were split into half-carcasses and cuts, and the cuts were

subjected to detailed dissection according to updated NRIAP

procedures at the Experimental Station of the National Re-

search Institute of Animal Production (2009). The parame-

ters measured on individual sheep during the test were the

feed : gain ratio (g kg−1), test of daily gain (g day−1), num-

ber of days on test (day) and age at slaughter. USG (ultra-

sonography) measurements were made on living animals on

the right side, perpendicular to the spine, just under the last

thoracic vertebra.

2.2 RNA isolation and reverse transcription

The tissue samples were collected immediately after slaugh-

ter into tubes with RNAlater® solution (Ambion, Life Tech-

nology) and stored at −20 ◦C. Isolation of total RNA was

carried out using a PureLink™ RNA Mini Kit (Ambion,

Life Technology) according to the protocol. Quantitative and

qualitative analysis of the isolated ribonucleic acid was per-

formed using a NanoDrop 2000 spectrophotometer (Thermo

Scientific, Wilmington, USA) and on 2 % agarose gel (Ta-

ble S1 in the Supplement). A total of 250 ng of total RNA was

used to obtain cDNA in 50 ◦C using a Maxima First Strand

cDNA Synthesis Kit for RT-qPCR (Thermo Scientific) ac-

cording to the attached protocol.

2.3 Selection of the stable housekeeping genes

The normalization of stability of candidate reference genes

was performed on eight samples from each tissue – liver

and fat (subcutaneous fat, perirenal fat). Eight candidate

reference genes were tested – GAPDH, 18s ribosomal

RNA, ATP5G2, B2M, RPS2, ACTB, RPL19, and RPS26

(geNorm reference gene selection kit, sheep; PrimerDesign,

Southampton, UK). Relative quantification of the mRNA

abundance of genes studied was performed with a 7500 Real-

Time PCR system (Applied Biosystems, Life Technologies).

The reaction for each sample was performed in three repli-

cates and in accordance with AmpliQ 5x HOT EvaGreen

qPCR Mix protocol (Novazym, Poland). The efficiency of

real-time PCR reactions was defined by using the standard

curve method (E = efficiency (10− 1 slope−1); slope – the

directional factor of the curve) (Table S2). The standard

curve contained three serial dilutions of cDNA (1/10; 1/100;

1/1000) and non-diluted cDNA. The cDNA used to standard

curve preparation was obtained by pooling of cDNA samples

from three investigated tissues (for three samples from each

tissue).

The standard curve was prepared for each analyzed gene.

The relative transcript abundance was calculated by using the

11Ct method according to the 1/E(Ct) formula, where the

Ct value was a cycle determined by the threshold applied to

the maximum amplification of the standard curve. In order

to identify the most stable reference genes and normalization

factor (NF), the geNorm software was used (Vandesompele

et al., 2002).

2.4 Quantification of the SCD1 expression

The SCD1 transcript abundance was estimated for 15 ani-

mals. Primers and probes for the SCD1 gene were designed

using Primer Express 3.0 software and synthesized commer-

cially (Applied Biosystems), while the two most stable en-

dogenous controls (RPS2 – ribosomal protein S2; ATP5G2

– H(+)-transporting ATP synthase) were synthetized by

PrimerDesign (custom-designed real-time PCR assay with

double-dye probe, primer-limited concentration) (Table 1).
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Table 1. Sequences of primers, probes, and PCR efficiencies of the investigated genes and endogenous controls.

Gene

symbol

Gene name GenBank

Accession no.

Primer sequence Probe sequence

(MGB)

Label Amplicon

length (bp)

PCR

efficiency

SCD1 Stearoyl- FJ513370.1 FTTCCAGATCTCTAGCT CACCATCACAGCACCT FAM 86 1.92

Coenzyme CCTACACAAC

Adesaturaze 1 R CAATTTGCCCCCTCCATTCT

ATP5G2 H(+)- NM_001009468 Custom real-time PCR assays with VIC equivalent labeled VIC 141 2.00

transporting double-dye probe (Taqman style) – PrimerDesign Ltd.

ATP synthase F ACCACCTCACTGACTCCTAG

R CCCAAACACGGTCCCAATT

RPS2 Rybosomal DQ520732 Custom real-time PCR assays with VIC equivalent labeled VIC 87 1.97

protein S2 double-dye probe (Taqman style) – PrimerDesign Ltd.

mRNA F CAGGTTCAAGGCGTTTGTTG

R ATGGCAGTGGCTACTTCCT

Figure 1. Box plots of qPCR results of all investigated reference genes. The normalized expression levels are displayed on the y axis.

Reaction (in a total volume of 25 µL) was performed in three

repeats, in the multiplex for SCD1 and RPS2, separately for

ATP5G2 and in accordance with the TaqMan® Gene Expres-

sion Master Mix protocol (Applied Biosystems). The relative

quantity of SCD1 transcript abundance was calculated using

the 11Ct method and according to Pfaffl (2001). Due to the

use of two reference genes the normalization factors (NF)

were obtained based on the geometric mean of the normal-

ized quantity of both control genes.

2.5 Statistical analysis

The normality of the distribution of analyzed gene expression

data was assessed by using Kolmogorov–Smirnov test (SAS

v. 8.02). The differences in SCD1 expression levels between

tissues were analyzed using Kruskal–Wallis test. The corre-

lation coefficients for fattening and slaughter traits were cal-

culated by using Pearson’s correlation and for carcass evalu-

ation traits by Spearman’s rank correlation (SAS v. 8.02).

3 Results

3.1 Selection of endogenous control

The stability of all analyzed reference genes was determined

by calculating the geNorm M value for each gene (M – the

average expression stability value). According to the geNorm

software, the most stable endogenous genes across analyzed

tissues were the RPS2 (average gene expression stability

M = 0.08) and ATP5G2 (M = 0.5) genes. The highest M

was obtained for RPL19 (M = 1.64) and ACTB (M = 1.82)

(Table S2). qPCR results are presented in Fig. 1. The V value

(pairwise variations) for two the most stable genes (RPS2

and ATP5G2) was 0.027 across all three tissues. The anal-

ysis conducted separately for each tissue confirmed that the

most stable gene was RPS2 in all tissues.

3.2 Expression of the ovine SCD1 gene and its

correlation with carcass traits

In the present study, the highest expression of the SCD1

gene was observed in subcutaneous fat compared to perirenal

fat and liver (P ≤ 0.01). The differences between transcript
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Table 2. Characteristic of the important fattening and slaughter traits in old-type Polish Merino sheep.

Trait Mean SD Min Max CV (%)

age at slaughter 158 13.9 127 173 8.92

feed : gain ratio (g kg−1) 4.44 0.5 3.31 5.21 10.16

test of daily gain (g day−1) 356.1 36.2 279.2 406.3 11.26

weight of fat in the half-carcass (kg) 1.34 0.38 0.92 1.86 28.35

fat content in half-carcasses (%) 14.42 2.35 9.89 19.18 16.29

weight of perirenal fat (kg) 0.105 0.031 0.06 0.16 29.52

back fat of blade chop (kg) 0.03 0.01 0.02 0.05 33.33

back fat of shoulder (kg) 0.238 0.044 0.135 0.305 18.48

fat of breast (kg) 0.25 0.078 0.13 0.43 31.2

thickness of longissimus dorsi muscle mea-

sured using USG (cm)

2.71 0.17 2.4 3.06 6.27

thickness of external fat measured using

USG (cm)

0.26 0.03 0.21 0.32 11.54

Carcasses evaluation

subcutaneous fat (1–9 point scale) 6.36 0.49 6 7

perirenal fat (1–9 point scale) 6.45 0.74 5 8

assessment of external fat on

a EUROP scale (1–5 point) 4.76 0.44 4 5

SD – standard deviation; CV – coefficient of variation (%).

Figure 2. The relative quantity (RQ) of the ovine SCD1 gene in

three tissues evaluated based on two endogenous controls (RPS2

and ATP5G2 genes). Data are presented as means± standard error

(* – P ≤ 0.05; ** – P ≤ 0.01).

abundance obtained in perirenal fat and liver were also sig-

nificant (P ≤ 0.05) (Fig. 2).

The highest CV values for evaluated production traits were

obtained for fatness traits: weight of fat in the half-carcass,

weight of perirenal fat, back fat of blade chop (CV values

28.35; 29.52; 33.33 %, respectively). This indicated a pos-

sibility to improve the level of carcass and individual cuts’

fatness by selection. The basic statistical characteristic of im-

portant analyzed production traits are shown in Table 2.

The significant correlation coefficient between SCD1 ex-

pression level and fattening and carcasses features was ob-

tained for several traits (Table 3). The amount of SCD1 tran-

script in liver and perirenal fat positively correlated with feed

gain ratio, age at slaughter and test of daily gain (P ≤ 0.05).

For subcutaneous fat the opposite trend was indicated, sig-

nificant only for test of daily gain. Furthermore, according to

Spearman’s rank correlation, expression of the SCD1 gene in

subcutaneous fat was negatively correlated with external fat-

ness of carcass and perirenal fat content (both evaluated on a

1–9 point scale) (P ≤ 0.05). Conversely, positive correlation

of these parameters was confirmed for SCD1 mRNA level

in liver and perirenal fat (Table 3). The SCD1 expression in

subcutaneous fat also corresponds to back fat of blade chop

and thickness of longissimus dorsi muscles evaluated using

USG (R =−0.6 and 0.62, respectively).

4 Discussion

Health-promoting properties of lamb meat can be adjusted,

among other things, by modifying fatty acid profile, in partic-

ular by maintaining the proper ratio of PUFAs to SFAs and by

increasing the content of omega-3 fatty acids and conjugated

linoleic acid (CLA). Generally, the most important goals in

this regard are to reduce the amount of medium-chain SFAs

and to increase the content of PUFAs and oleic acid (cis-9

C-18 : 1) in the diet so as to reduce the risk of cardiovascular

diseases (Kritchevsky et al., 2000; Steinhart et al., 2003).

One of the most essential enzymes which participates in

the biosynthesis of MUFA from SFA is SCD1. The SCD1

protein plays a key role in lipid metabolism, and due to
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Table 3. Correlation coefficient between SCD1 transcript abundance and sheep production traits.

Transcript abundance of SCD1 gene

Trait liver subcutaneous fat perirenal fat

Fattening traits

age at slaughter 0.66 * −0.47 0.63 *

feed : gain ratio (g kg−1) 0.7 * −0.39 0.59 *

test of daily gain (g day−1) 0.68 * −0.63 * 0.55 *

Slaughter traits

weight of fat in the half-carcass (kg) 0.35 −0.35 0.14

fat content in half-carcasses (%) 0.41 −0.35 0.2

weight of perirenal fat (kg) 0.64 * −0.42 0.31

back fat of blade chop (kg) 0.39 −0.6 * 0.41

back fat of shoulder (kg) 0.18 −0.33 0.01

fat of breast (kg) 0.32 −0.44 0.15

thickness of longissimus dorsi muscle

measured using USG (cm) −0.2 0.62 * −0.1

thickness of external fat measured using USG (cm) 0.44 0.2 0.34

Carcass evaluation

subcutaneous fat (1–9 point scale) 0.6 * −0.57 * 0.75 **

perirenal fat (1–9 point scale) 0.8 ** −0.47 * 0.61 *

assessment of external fat on a EUROP scale (1–5 point) −0.64 * 0.24 −0.45

* – P ≤ 0.05; ** – P ≤ 0.01.

its function, gene encoding SCD1 has been investigated in

humans, mice and farm animals. The highest expression of

this gene was observed in adipose tissue (external fat), liver,

heart, kidney, lungs and the mammary gland. In most of these

tissues/organs, the transcript level for the SCD1 gene rapidly

increases in response to a high-carbohydrate diet (Miyazaki

et al., 2001, 2002). The present research showed the highest

expression of the SCD1 gene in ovine subcutaneous fat com-

pared to perirenal fat and liver. Adipose tissue is considered

a critical endocrine organ which acts on the hypothalamus

to regulate food intake and energy expenditure via synthesis

and secretion of numerous proteins (Henry and Clark, 2008).

The high expression of the SCD1 gene in subcutaneous fat

obtained in the present study may indicate high secretory ac-

tivity of white adipocyte tissues and confirm its important

role in lipid metabolism. The research performed on SCD1

knockout mice showed that SCD1 may be a global regula-

tor of energy metabolism (Cohen et al., 2002). However, the

exact mechanism by which SCD1 affects lipid and energy

metabolisms is not well known. According to the fact that ex-

pression of the SCD1 gene and protein activity is suppressed

by leptin, it is suggested that SCD1 mediates many of leptin’s

functions (Biddinger et al., 2006). Furthermore, SCD1 regu-

lates the transcriptional activity of several genes involved in

fatty acid oxidation (FIAF, FAS, ACO, VLCAD, CPT-1 and

GPAT) (Ntambi et al., 2002).

Recent research has shown that SCD1 gene expression can

be regulated nutrigenomically. Ntambi (1999) and Ntambi et

al. (2004) showed that a diet rich in polyunsaturated fatty

acids and cholesterol has a significant effect on the SCD1

gene expression in mice. In addition, the amount of SCD1

mRNA depends on factors such as age and concentration of

insulin (Daniel et al., 2004), glucose (Jones et al., 1998) or

CLA (Choi et al., 2000). In our research, significant correla-

tion between ovine SCD1 transcript abundance and several

important production traits was observed. Interesting results

have been obtained for fattening traits, where expression of

gene encoding SCD1 in liver and perirenal fat highly sig-

nificantly correlated with feed : gain ratio, test of daily gain

and age of the animals at slaughter. Moreover, in both tissues,

SCD1 transcript abundance positively correlated with weight

of perirenal fat, with two parameters describing external fat-

ness and content of perirenal fat (R = 0.64, 0.6, 0.8, respec-

tively) and negatively with assessment of external fat content

by using EUROP scale (R =−0.64). On the other hand, the

opposite trend for subcutaneous fat, negative correlation with

external fatness and perirenal fat content, was observed. In

cattle, Costa et al. (2013b) showed positive correlation be-

tween transcript abundance of SCD and the ratios of 18 : 1c9

and c9, t11-CLA in subcutaneous adipose tissue. Some au-

thors have also obtained negative correlation between SCD

expression and 16 : 0 content as well as SFA level. Likewise,

in pigs, Bessa et al. (2013) confirmed positive association be-
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tween SCD protein level in muscle tissue and MUFA and to-

tal muscle fatty acid content. In liver and fat tissues, SCD1 is

the main enzyme which indicates the conversion of the SFAs

to MUFAs. The above results confirm an important role of

liver and fat in the regulation of food intake, fat metabolism

and homeostasis. The opposite correlation coefficients, be-

tween SCD1 expression and fatness traits, obtained for sub-

cutaneous and perirenal fat may indicate differences in func-

tion and metabolic activity of both tissues. The obtained re-

sults may be related to differences in saturated and unsatu-

rated fatty acid ratio in these fat tissues. It has also been re-

ported that, in sheep during fetal development, perirenal fat

contains brown adipocytes with numerous mitochondria and

plays a critical role in lipid metabolism (Bernard et al., 1999).

Furthermore, Doran et al. (2006) showed that the modifica-

tion of diet affects SCD1 transcript level in muscle and fat

tissues in a different way. The authors suggested that tissue-

specific expression of SCD1 resulted from different regula-

tory mechanism occur in both tissues, which may partially

explain the results obtained in the present study. Recent stud-

ies performed on cattle tissues (liver, lung, muscle) by Reza-

mand et al. (2014) confirmed that correlation between gene

expression and SCD1 protein level is also tissue-specific.

The results obtained in the present research suggested

that the modification of SCD1 expression (e.g., by nutrige-

nomic modification) would affect important production traits

in sheep such as feed conversion efficiency or carcass fat-

ness. Jiang et al. (2008) showed that activity of stearoyl-CoA

desaturase and SNPs within the cattle SCD1 gene were pos-

itively correlated with marbling score and amount of MUFA

and CLA but negatively with amount of SFA. Moreover,

studies with cattle showed that polymorphisms within the

SCD1 gene and the level of its expression are associated with

the deposition of fatty acids in the muscles and milk (Castillo

et al., 2010). In pigs, Estany et al. (2014) indicated that poly-

morphism located in the promoter region enhanced fat de-

saturation, but without affecting fat content in muscle. In the

present study, high coefficient of variation values obtained

for several fatness traits indicated a possibility to improve

these characteristics by selection. The above results indicate

the need to search for the causative mutation which would

affect the expression of the SCD1 gene.

5 Conclusion

Our study provides two novel housekeeping genes for nor-

malization of the expression experiments in different ovine

tissues. We show that the most stable reference genes in liver

and fat tissues were RPS2 and ATP5G2. Our research con-

firms that expression of the SCD1 gene is strongly related to

the tissue type, and the highest mRNA level was observed in

subcutaneous fat. The significant correlation between SCD1

transcript abundance and several ovine fattening and slaugh-

tering traits indicates the ability to improve important pro-

duction traits in sheep via modification of expression of the

SCD1 gene. The opposite correlation coefficients obtained

between expression of SCD1 in subcutaneous and perirenal

fat and production features may confirm different functions

and metabolic activity of both fat tissues.

The Supplement related to this article is available online

at doi:10.5194/aab-2-37-2016-supplement.
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