
INTRODUCTION

Pigs (sus scrofa) are the most important animals in the 

field of livestock industry, toxicology, preclinical study, 

and biotechnology in Korea (Choi et al., 2020; Han et 

al., 2020; Kim et al., 2021). In normal and non-pregnant 

condition, the estrus cycle in pubertal female pigs repeats 

every 21 days with morphological changes in the ovaries 
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ABSTRACT    The ovary undergoes substantial physiological changes along with 
estrus phase to mediate negative/positive feedback to the upstream reproductive 
tissues and to play a role in producing a fertilizable oocyte in the developing follicles. 
However, the disorder of estrus cycle in female can lead to diseases, such as cystic 
ovary which is directly associated with decline of overall reproductive performance. 
In gene expression studies of ovaries, quantitative reverse transcription polymerase 
chain reaction (qPCR) assay has been widely applied. During this assay, although 
normalization of target genes against reference genes (RGs) has been indispensably 
conducted, the expression of RGs is also variable in each experimental condition 
which can result in false conclusion. Because the understanding for stable RG in 
porcine ovaries was still limited, we attempted to assess the stability of RGs from 
the pool of ten commonly used RGs (18S, B2M, PPIA, RPL4, SDHA, ACTB, GAPDH, 
HPRT1, YWHAZ, and TBP) in the porcine ovaries under different estrus phase (follicular 
and luteal phase) and cystic condition, using stable RG-finding programs (geNorm, 
Normfinder, and BestKeeper). The significant (p < 0.01) differences in Ct values of 
RGs in the porcine ovaries under different conditions were identified. In assessing the 
stability of RGs, three programs comprehensively agreed that TBP and YWHAZ were 
suitable RGs to study porcine ovaries under different conditions but ACTB and GAPDH 
were inappropriate RGs in this experimental condition. We hope that these results 
contribute to plan the experiment design in the field of reproductive physiology in pigs 
as reference data.
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such as developing follicles to ovulation with luteolysis 

during the follicular phase (proestrus and estrus period 

for approximately 6 days) and small follicle waves with 

mature corpus luteum (CL) in the luteal phase (metes-

trus and diestrus period for approximately 15 days) by 

a complex regulatory network of excitatory and inhibi-

tory hormones from the hypothalamic–pituitary–gonadal 

axis (Yang et al., 2018). Of note, the healthy and normal 

ovaries complicatedly mediate negative and positive feed-

back to the upstream reproductive tissues, using several 

steroidal hormones (estrogen and progesterone). How-

ever, the disorder of estrus cycle in female can lead to 

diseases, such as cystic ovary. According to the previous 

articles, the cystic ovary was derived from non-ovulatory 

but continually growing follicles until it exceeded a diam-

eter of 11 mm, and its incidence in the female pigs was 

found to be 2.4-40.0%; high occurrence of cystic ovary in 

pig herds was directly associated with decline of overall 

reproductive performance due to anestrus, anovulation, 

lesser conception rates, irregular/prolonged estrus cycles, 

and metabolic disorders (Castagna et al., 2004; Cech and 

Dolezel, 2007). Therefore, the understandings for mor-

phological and functional changes of ovaries under nor-

mal estrus cycle or abnormal condition including cystic 

ovary are essential to achieve better reproductive perfor-

mance, resolve reproductive problems such as infertility, 

and help to develop effective husbandry plans (Cech and 

Dolezel, 2007; Kim et al., 2018; Hwangbo et al., 2019). 

Several reports have addressed that the ovary undergoes 

substantial physiological changes along with inherent 

condition related with estrus cycle (e.g. follicle growth, 

follicle atresia during follicular wave, ovulation, forma-

tion of CL, luteolysis, and pregnancy) and other external 

factors. When global gene expressions in the porcine ova-

ries between proestrus and estrus stages or granulosa cells 

between normal and atretic stages were analyzed using 

a microarray, a number of differentially expressed genes 

(DEGs) were found at 2,167 or 1,684 genes, respectively 

(Terenina et al., 2017; Yang et al., 2018). In addition, in 

response to fluctuation of follicle-stimulating hormones 

(FSH) and lutenizing hormone (LH) to ovarian follicles, in-

creased production of estradiol in the steroid-producing 

cells, elevated expression of receptors for LH and prolac-

tin in the granulosa cells, up-regulated leptin in the ma-

ture follicles, and increased cytochrome P450 1A2 (CY-

P1A2) expression in the atretic follicles during follicular 

wave could be observable (Archanco et al., 2003; Picazo 

et al., 2004; De los Reyes et al., 2017; Toms et al., 2018; 

Hwang et al., 2020). And it has been known that pregnant 

ovaries turn hormonal production from estradiol at heat 

to progesterone from CL during gestation (Martínez-Giner 

et al., 2013). As external factors, immobilization stress 

could alter CYP1A2 expression in the ovaries and supple-

mentation of reagent (butyric acid) to the granulosa cells 

or hormones (LH, oxytocin, and noradrenaline) to the lu-

teal cells induced the changed pattern of hormonal secre-

tion and receptors in the ovary-related tissues (Rekawiecki 

and Kotwica, 2007; Lu et al., 2017; Hwang et al., 2021). 

Therefore, it can be concluded that the morphology and 

function of the ovary are directly influenced by several 

inherent and external factors.

In particular, during these findings, quantitative reverse 

transcription polymerase chain reaction (qPCR) assay has 

been widely applied to reveal fluctuation of target gene 

expression in the ovary (Picazo et al., 2004; Rekawiecki 

and Kotwica, 2007; De los Reyes et al., 2017; Lu et al., 

2017). Since qPCR assay has advantage of convenience, 

accuracy, sensitivity, reproducibility, and reliability, it 

has been widely applied in gene expression studies in 

the current days (Lee et al., 2017). However, because the 

results from qPCR can be influenced by sample quality, 

poor reverse transcription, mRNA quality, cDNA concen-

tration, and others, the normalization step of target genes 

against reference genes (RGs) is indispensably conducted 

to adjust for these variations and to correct sample-to-

sample or run-to-run variations; the RGs are believed as 

constant expression regardless of experimental conditions 

(Li et al., 2009; Lee et al., 2017; Hassanpour et al., 2019). 

Unfortunately, it has been identified that the expression 

of RGs is also variable depending on each experimental 

condition including various types of tissues, cells, phases 

of disease, and treatment (Lee et al., 2015; Katarzyńska-

Banasik et al., 2017; Hassanpour et al., 2019). Of note, 

the application of unstable RGs to normalization step re-

sulted to false conclusions (Lee et al., 2017). Therefore, a 

number of previous studies have paid attention to discov-

er the most stable RGs, optimized for each experimental 

condition, as a prerequisite to obtain reliable results at 

the further study (Kolkova et al., 2013; Lee et al., 2015; 

Katarzyńska-Banasik et al., 2017; Lee et al., 2017; Has-

sanpour et al., 2019).

In human, the most stable RGs in the normal/diseased 
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ovaries or ovary-derived tissues with different treatments 

have been identified (Li et al., 2009; Kolkova et al., 2013; 

Lv et al., 2017). In pigs, although several studies evaluated 

the most stable RGs from several combinations of differ-

ent tissues, the ovary was unfortunately excluded from 

these pools of tissues (Nygard et al., 2007; Svobodová et 

al., 2008; Li et al., 2011; Martínez-Giner et al., 2013). Be-

cause the normal ovary undergoes substantial physiologi-

cal changes along with estrus cycle and the cystic ovary 

presents the hormonal imbalance, evaluation of the most 

stable RGs that can encompass porcine ovaries under dif-

ferent conditions is believed as a prerequisite step for ob-

taining the reliable results from qPCR assay in the further 

study. Therefore, we attempted to assess the most stable 

RGs in the normal ovaries under the follicular and luteal 

phases, and cystic ovaries from pigs, using stable RG-

finding programs (geNorm, Normfinder, and BestKeeper).

MATERIALS AND METHODS

Ethics statement
All procedures were approved by the Institutional Ani-

mal Care Use Committee at Kyungpook National Univer-

sity (approval number: 2021-0098).

Chemicals and media 
Unless otherwise specified, the chemicals and reagents 

were obtained from Thermo Fisher Scientific (Waltham, 

MA, USA).

Sampling from pigs
The samples were collected from healthy sows who were 

raised in pig farms located near Daegu-si, republic of Ko-

rea (latitude: 128.63°E; longitude: 35.87°N), approximate-

ly two-year-old (pubertal), three way crossbred [(Landrace 

× Yorkshire) × Duroc sows], weighed approximately 200 

kg, and non-pregnant after slaughtering at the local ab-

attoir. After slaughtering, normal ovaries under the fol-

licular phase (n = 10) and luteal phase (n = 10) as well as 

cystic ovaries (n = 5) showing abnormally enlarged (> 1.5 

cm), fluid-filled, and non-ovulatory follicles than normal 

follicles were collected; from both ovaries per a pig, one 

was snap-frozen for RNA extraction and the other was 

fixed with 4% paraformaldehyde (Duksan Chemical, Ko-

rea) for determination of the estrus phase (follicular or lu-

teal phase). And during slaughtering process, fresh whole 

bloods from the sows for normal ovary groups were col-

lected in the plain tubes and allowed to clot at room tem-

perature (RT) to further confirm the estrus phases of each 

ovary by enzyme-linked immunoabsorbent assay (ELISA); 

the bloods from pigs with cystic ovary were not obtained 

because assessing hormonal imbalance in diseased ova-

ries was not the main purpose in the present study. Then, 

sera were isolated by centrifugation at 4,000 rpm for 15 

min in 4℃. The isolated sera were immediately transferred 

into new tubes and stored at a deep freezer at -80℃ until 

further analysis. 

Enzyme-linked immunoabsorbent assay (ELISA) to 

confirm estrus phase
To further confirm the estrus phase of sampled normal 

ovaries between the follicular and luteal phase, the estra-

diol and progesterone concentration in the corresponding 

serum were evaluated by ELISA (Cayman Chemical Com-

pany, MI, USA). In brief, thawed serum sample, enzyme-

immunoassay buffer, tracer, and antiserum (estradiol or 

progesterone) were co-incubated for 60-90 min in RT, 

which was followed by reacting with development re-

agents (Ellman’s Reagent) for 60 min in the incubator. 

Then the reacted 96-well plate was read at a wavelength 

in 414 nm using a microplate reader (Epoch, Biotek, VT, 

USA). The concentrations of each hormone in the serum 

were calculated by a 4-parameter logistic fit using free 

software (www.myassay.com).

Candidate of reference genes (RGs)
Given that the candidates of RGs in the present study 

were necessary to be selected on the basis of commonly 

used ones in the previous researches with different intra-

cellular biological pathways, the total number of ten RGs 

(18S, B2M, PPIA, RPL4, SDHA, ACTB, GAPDH, HPRT1, 

YWHAZ, and TBP) was selected to further analyze their 

stability in porcine ovaries under different conditions (Lee 

et al., 2015; Lee et al., 2017). The detailed information of 

each gene with respect to full name, symbol, sequence, 

and accession number were described in Table 1.

RNA extraction, cDNA preparation, and qPCR running
The ovaries were evenly cut with blades (1 × 1 cm) and 

minced with a homogenizer in the ice box. The total RNA 

was then extracted from homogenized ovaries using a QIA 

shredder column and RNeasy mini Kit (Qiagen, CA, USA) 
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in accordance with manufacturer’s instruction. The quan-

tified RNAs within 2 ± 0.2 range at the optical density ra-

tio A260/A280 using an UV-Vis spectrophotometer (Nabi, 

MicroDigital Co., Ltd., Korea) were only collected. The 

cDNA was synthesized with 0.5 μg total RNA using Max-

ime RT PreMix Kit (iNtRON Biotechnology, Korea) at 45℃ 

for 60 min in a thermal cycler (Qiagen), which was fol-

lowed by obtaining 20 μL cDNA. To obtain cycle threshold 

(Ct) values of each RG in porcine ovaries, the qPCR was 

conducted using a Step One Plus qPCR machine (Applied 

Biosystem, MA, USA) with 1 μL cDNA per reaction, 0.5 

mM forward and reverse primers of RGs, and AccuPower® 

2× GreenStarTM qPCR Master Mix (BIONEER, Korea) by 

means of predenaturation (95℃ for 10 min) and 45 PCR 

cycles (95℃ for 10 s and 60℃ for 10 s). Upon completing 

amplification by qPCR, the presence of gene-specific peaks 

and absence of nonspecific amplification were verified by 

melting curve analysis (60℃ to 95℃ at 1℃/s). 

Assessment of stability of RGs in the porcine ovaries 

under different conditions
The stability of the raw Ct values of each RG in the nor-

mal and cystic ovaries of pigs was assessed by means of 

well-known and excel-based algorithms, geNorm, Norm-

finder, and BestKeeper (Kolkova et al., 2013; Martínez-

Giner et al., 2013; Lee et al., 2017; Hassanpour et al., 

2019). The geNorm suggests the stability ranking from the 

pool of RGs as M value, indicated that lower value is more 

stable than others and 1.5 of M value is considered as the 

cut-off value for further analysis. Similar with geNorm, 

the lower value in Normfinder is also considered as more 

stable. BestKeeper creates the stability ranking by stan-

dard deviation (SD) and coeffcient of variance (CV) of Ct 

values in the pool of RGs; lower value of SD is regarded as 

more stability and > 1 of SD value is considered as unac-

ceptable RGs (Lee et al., 2017).

Statistical analysis
Student’s t-test or one-way ANOVA with Tukey’s post 

hoc was applied using SPSS 12.0 (SPSS Inc. Chicago, IL, 

USA) to analyze ELISA data or Ct values of each RG in 

porcine ovaries under different conditions, respectively. 

Significant differences were considered at p < 0.01.

RESULTS

Confirmation of estrus phases in the normal ovaries 

and morphology of cystic ovaries
First, the estrus phases of the normal ovaries were clas-

sified as the follicular and luteal phases by means of 

Table 1. Information on primers used in the present study

Gene name Gene symbol Primer sequences Accession number

18S ribosomal RNA 18S F: cgcggaaggatttaaagtg NR_046261.1

R: aaacggctaccacatccaag

Beta-2-microglobulin B2M F: tccgccccagattgaaattg NM_213978.1

R: tccttgctgaaagacaggtctg

Peptidylprolyl isomerase A PPIA F: aaaacttccgtgctctgagc NM_214353.1

R: ttatggcgtgtgaagtcacc

Ribosomal protein 4 RPL4 F: caagagtaactacaaccttc XM_005659862.3

R: gaactctacgatgaatcttc

Succinate dehydrogenase complex, subunit A SDHA F: cacacgctttcctatgtcgatg XM_021076931.1

R: tggcacagtcagcttcattc

Beta actin ACTB F: tcaacaccccagccatgtac XM_003124280.5

R: agtccatcacgatgccagtg

Glyceraldehyde-3-phosphate dehydrogenase GAPDH F: acactcactcttctacctttg NM_001206359.1

R: caaattcattgtcgtaccag

Hypoxanthine phosphoribosyltrasnfrase1 HPRT1 F: aagcttgctggtgaaaagga NM_001032376.2

R: gtcaagggcatagcctacca

Tyrosine 3-monooxygenase/tryptophan 

5-monooxygenase activation protein, zeta polypeptide

YWHAZ F: tgcttcctttgcttgcatcc XM_001927228.7

R: tcagggtaggcagggtttatag

TATA box binding protein TBP F: aacagttcagtagttatgagccaga DQ845178

R: agatgttctcaaacgcttcg
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morphologically observing for growing follicles and/or 

presence of CL in the sectioned surface of ovaries. The 

ovaries in the follicular (Fig. 1A) or luteal phase (Fig. 1B) 

presented developing follicles with luteolysis or small fol-

licle waves with mature CL, respectively. In the further 

analysis by ELISA to confirm their estrus phases, the sig-

nificantly (p < 0.01) higher estradiol (Fig. 1D) and lower 

progesterone (Fig. 1E) concentrations in the correspond-

ing serum were identified in the follicular phase than lu-

teal phase; the luteal phase showed the opposite pattern. 

The cystic ovaries in the present study morphologically 

had non-ovulatory, abnormally enlarged (> 1.5 cm), and 

fluid-filled follicles (Fig. 1C).

Specificity of RGs in qPCR
The melting curve analysis was performed at the end of 

the qPCR amplification program to evaluate the speci-

ficity of the ten RGs in the present study (Fig. 2). All RGs 

could amplify their PCR products with a high peak and 

without any nonspecific amplification, indicated that 

the primers of RGs in the present study were regarded as 

valid for the quantification of transcripts in porcine ovary 

samples.

Ct values of each RG in porcine ovaries under different 

conditions
As shown in Table 2, the majority of Ct values of RGs 

(ACTB, B2M, YWHAZ, GAPDH, RPL4, PPIA, and SDHA) 

were in the range of 20 to 24. While 18S showed a lower 

Ct value of about 18 (most abundant transcripts in the 

porcine ovaries), Ct values in TBP and HPRT1 were higher 

than 26 (less abundant transcripts). In addition, several 

RGs exhibited significantly (p < 0.01) different transcripts 

level among samples. Transcripts of 18S, B2M, and GAP-

DH were significantly (p < 0.01) abundant in the luteal 

phase and cystic ovaries than follicular ones. In addition, 

the mRNA levels of RPL4 and HPRT1 were significantly (p 

< 0.01) higher in the cystic ovaries than others. Because 

an equal amount of total RNA was used in qPCR proce-

dure, these results implied that the transcript levels of RGs 

in the porcine ovaries were directly influenced by estrus 

phase and abnormal condition.

Assessment of stability of each RG in porcine ovaries
The raw Ct values of each RG in porcine ovaries under 

different conditions were assessed by geNorm, Normfind-

er, and BestKeeper. Both geNorm (Fig. 3A) and Normfind-

er (Fig. 3B) suggested that TBP, YWHAZ, and PPIA were 

the three most stable RGs in the porcine ovaries under 

different conditions and traditional RGs including ACTB, 

18S, and GAPDH were interestingly the least stable ones. 

TBP, RPL4, and YWHAZ were the three most stable RGs 

but ACTB and GAPDH were unstable ones in accordance 

with BestKeeper analysis (Fig. 3C). In case of cut-off value 

in geNorm and BestKeeper, although all M values were 

lower than 1.5 in geNorm, indicated that the expressions 

were considered as valid as RG, three RGs (ACTB, GAPDH, 

and B2M) were determined as unsuitable for RGs (> 1 of 

SD) in porcine ovaries under different conditions in Best-

Keeper analysis. Although detailed rankings from three 

different programs showed slightly different results, they 

comprehensively agreed that TBP and YWHAZ were suit-

able RGs to study porcine ovaries under different condi-

tions but ACTB and GAPDH did not.
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Fig. 1. Confirmation of estrus phases in the normal ovaries 
and morphology of cystic ovaries. Representative images were 
displayed for the follicular phase (A) developing follicles with 
luteolysis, luteal phase (B) with small follicle waves with mature 
corpus luteum, and cystic ovary with non-ovulatory, abnormally 
enlarged (> 1.5 cm), and fluid-filled follicle. While the follicular 
phase exhibited significantly (p < 0.01) higher estradiol and 
lower progesterone level, the luteal phase presented the oppo-
site results.
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DISCUSSION

In the normal condition, the ovary-relevant tissues such 

as the granulosa cells, follicular cells, theca cells, and 

luteal cells play a pivotal role in producing a fertilizable 

oocyte in the developing follicles, appearing estrus signs, 

and signaling to prepare for pregnancy by complex net-

work of reproductive hormones (Toms et al., 2018; Yang 

et al., 2018). Meanwhile, etiopathogenesis of cystic ova-

ries in pigs remains elusive but it may involve hormonal 

imbalances during the follicular development in terms of 

high level of stress-related hormone (adrenocorticotrophic 

hormone), reduction of LH, increased intraovarian andro-

gens, and circulating anti-Müllerian hormone levels; with-
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Fig. 2. Specificity of RGs in qPCR. The melting curve analysis showed that all RGs amplified their PCR products with a high peak and 
without any nonspecific amplification in the porcine ovaries.
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Table 2. Ct values of each gene in different ovary condition

Gene Follicular phase Luteal phase Cystic ovary

18S 18.55 ± 0.23 17.25 ± 0.25* 17.46 ± 0.28*

ACTB 23.59 ± 0.51 22.70 ± 0.16* 24.12 ± 1.16*

B2M 22.36 ± 0.38 20.43 ± 0.11* 20.37 ± 0.24*

YWHAZ 22.84 ± 0.40 21.96 ± 0.16* 21.78 ± 0.20*

GAPDH 22.76 ± 0.49 20.85 ± 0.18* 20.41 ± 0.20*

RPL4 22.64 ± 0.26 21.96 ± 0.21* 21.17 ± 0.12*

TBP 28.24 ± 0.32 27.76 ± 0.15* 27.54 ± 0.27*

HPRT1 27.58 ± 0.40 26.39 ± 0.23* 25.70 ± 0.42*

PPIA 22.05 ± 0.49 20.97 ± 0.18* 20.61 ± 0.29*

SDHA 24.54 ± 0.39 23.04 ± 0.24* 23.09 ± 0.36*

The values are presented as mean ± SEM. The asterisks indicate the significant (p < 0.01) differences from follicular phase to other groups (luteal 
phase or cystic ovary) of each gene.
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out proper treatment, favorable results in insemination 

rate and conception rate could not be expected in the 

sows with cystic ovaries (Cech and Dolezel, 2007; Lv et al., 

2017). Likewise, because the changes of gene expression 

profile including RGs in the ovary is highly associated 

with their different conditions such as estrus phase and 

disease, a specific evaluation of suitable RGs in the por-

cine ovaries under different conditions is considered as a 

prerequisite step to make sure to obtain the reliable con-

clusion and to develop effective husbandry plan (Castagna 

et al., 2004; Cech and Dolezel, 2007; Terenina et al., 2017; 

Yang et al., 2018). Therefore, we attempted to identify the 

suitable RGs in porcine ovaries under several conditions 

during qPCR. As expected, the significant (p < 0.01) dif-

ferences in Ct values of RGs in the ovaries obtained from 

different conditions were identified (Table 2). Thereafter, 

the Ct values were assessed for their stability by three dif-

ferent programs (geNorm, Normfinder, and BestKeeper) 

to evaluate the stability ranking from the pool of ten RGs 

(Fig. 3); because there has been no standard consensus 

method for the assessment of stability of RGs, we derived 

a conclusion for the suitable RGs in porcine ovaries under 

different conditions by intersection results obtained from 

each program. As a result, three programs comprehen-

sively agreed that TBP and YWHAZ were suitable RGs to 

study porcine ovaries under different conditions but ACTB 

and GAPDH were inappropriate RGs in this experimental 

condition; the slightly different rankings among programs 

might be derived due to their different algorithms (Mar-

tínez-Giner et al., 2013; Lee et al., 2017). As far as we are 

aware, there is still no published research in the suitable 

RGs for porcine ovaries under different estrus phases and 

diseased condition.

In the previous study, it has been addressed that most 

molecular studies by qPCR use the traditional RGs includ-

ing GAPDH, ACTB, and 18S for normalization (Lee et al., 

2015). However, the expressions of these traditional RGs 

are also variable along with each experimental condition. 

The expression of GAPDH was changed in accordance 

with cell types and advanced stages of various kinds of 

solid tumors (Kolkova et al., 2013). The expression of 

ACTB gene, encoding a cellular structure for cytoskeleton, 

was fluctuated following cell migration and cell division. 

In case of stable RGs (TBP and YWHAZ) in the present 

study, their expressions are also variable depending on 

the experimental conditions. The expression of TBP was 

also affected depending on cell types such as normal and 

tumor tissues. YWHAZ was highly expressed in multiple 

types of cancers as well as can act as an oncogene (Gan 

et al., 2020). These findings suggest that identification of 

stable RGs in their experimental condition is important 

prior to qPCR assay because the expressions of RGs in-

cluding traditional ones can be changed depending on 

internal and external factors.

Consistent with the present results, TBP and YWHAZ 

were suitable RGs for qPCR in other porcine specimens. 

TBP was determined as the most suitable RG in the pool 

of 17 kinds of porcine tissues (Nygard et al., 2007), por-

cine peripheral blood mononuclear cells (PBMC) with 

polyinosinic:polycytidylic acid (poly I:C) stimulation 

(Wang et al., 2014), and heat-stressed porcine PBMC 

(Xiang-Hong et al., 2011). Expression of YWHAZ was the 

most stable in porcine alveolar macrophages (AM) in re-

sponse to lipopolysaccharide (LPS) and lipoteichoic acid 

(LTA) (Cinar et al., 2012), porcine PBMCs in response to 

LPS or LTA (Cinar et al., 2013), the pool of 13 kinds of 

tissues from newborn and adult pigs (Uddin et al., 2011), 

and the set of different fats and muscles (Gu et al., 2011). 

In addition, similar with the present results, traditional 

RGs (GAPDH and ACTB) were demonstrated to be the least 

stable in several studies. GAPDH was the least stable RG 

in the pool of 17 kinds of pig tissues (Nygard et al., 2007), 

in the pool of 13 kinds of tissues from newborn and adult 

pigs (Uddin et al., 2011), porcine AM treated with LPS and 

LTA (Cinar et al., 2012), and porcine PBMCs with LPS and 

LTA stimulations (Cinar et al., 2013). ACTB was also un-

stable in poly I:C-stimulated porcine PBMC (Wang et al., 

2014).

In pig, only an article demonstrates the stable RGs in 

the ovary; the TBP was one of stable RG in the pregnant 

ovary during different physiological time points (heat, 

and 15, 30, 45, and 60 days of pregnancy) (Martínez-Giner 

et al., 2013). Likewise, although limited information is 

available for the stable RG in case of porcine ovaries, sev-

eral articles with normal and/or diseased ovaries in other 

species have investigated the stability of RGs. Consistent 

with the present results, the expression of TBP in the 

human ovary-related tissue was determined as the most 

stable RG, with respect to the set of serous ovarian can-

cer and normal ovarian epithelial tissue (Li et al., 2009), 

the pool of benign, borderline, and malignant ovarian 

tumors (Kolkova et al., 2013) as well as GAPDH in hu-
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man ovary was the most unstable RG in the set of serous 

ovarian cancer and normal ovarian epithelial tissue from 

human (Li et al., 2009), and in the pool of several types of 

ovarian tumors (Kolkova et al., 2013). In case of chicken, 

TBP or YWHAZ was stably expressed in the ovarian tis-

sues treated with silver nanoparticles in geNorm analysis 

(Katarzyńska-Banasik et al., 2017) or in the set of heat-

stress ovary and uterine, respectively (Hassanpour et al., 

2019).

CONCLUSION

Despite RGs are believed as constantly stable regardless 

of each experimental condition, their expressions are 

also affected by inherent and/or external stimuli. There-

fore, evaluation for specific RG in each experiment is re-

quired as an essential prerequisite step for further study. 

Here, we suggest that TBP and YWHAZ are stable RGs in 

porcine ovaries under different estrus phase and cystic 

condition, but GAPDH and ACTB are regarded as unsuit-

able RGs in this experimental design. We hope that these 

results contribute to plan the experiment design in the 

field of reproductive physiology in pigs as reference data.

Author Contributions: Conceptualization, H-D.K., H-J.

J.; data curation, H-D.K., H-J.J.; formal analysis, H-D.

K., H-J.J., M.J.; funding acquisition, W-J.L.; investigation, 

H-D.K., H-J.J., J-E.H.; methodology, H-D.K., H-J.J., J-E.

H.; project administration, W-J.L.; resources, H-D.K., H-J.

J.; software, S-G.B., S-H.Y.; supervision, S.J.K.; validation, 

S-J.K.; visualization, H-D.K., H-J.J.; writing original draft, 

H-D.K., H-J.J.; review & editing, S-J.K., W-J.L.

Funding: This work was supported by a grant from the 

National Research Foundation (NRF) of Korea, funded 

by the government of the Republic of Korea (NRF- 

2020R1F1A1076723).

Ethical Approval: Not applicable.

Consent to Participate: Not applicable.

Consent to Publish: Not applicable.

Availability of Data and Materials: The data used to sup-

port the findings of this study are available from the cor-

responding author upon request.

Acknowledgements: None.

Conflicts of Interest: No potential conflict of interest rel-

evant to this article was reported. 

REFERENCES

Archanco M, Muruzábal FJ, Llopiz D, Garayoa M, Gómez-
Ambrosi J, Frühbeck G, Burrell MA 2003. Leptin expression 
in the rat ovary depends on estrous cycle. J. Histochem. Cy-
tochem. 51:1269-1277.

Castagna CD, Peixoto CH, Bortolozzo FP, Wentz I, Neto GB, 
Ruschel F. 2004. Ovarian cysts and their consequences on 
the reproductive performance of swine herds. Anim. Re-
prod. Sci. 81:115-123.

Cech S and Dolezel R. 2007. Treatment of ovarian cysts in sows – 
a field trial. Vet. Med. (Praha) 52:413-418.

Choi KH, Lee DK, Oh JN, Kim SH, Lee M, Jeong J, Choe GC, 
Lee CK. 2020. Generation of neural progenitor cells from pig 
embryonic germ cells. J. Anim. Reprod. Biotechnol. 35:42-
49.

Cinar MU, Islam MA, Pröll M, Kocamis H, Tholen E, Tesfaye D, 
Looft C, Schellander K, Uddin MJ. 2013. Evaluation of suit-
able reference genes for gene expression studies in porcine 
PBMCs in response to LPS and LTA. BMC Res. Notes 6:56.

Cinar MU, Islam MA, Uddin MJ, Tholen E, Tesfaye D, Looft C, 
Schellander K. 2012. Evaluation of suitable reference genes 
for gene expression studies in porcine alveolar macrophages 
in response to LPS and LTA. BMC Res. Notes 5:107.

De los Reyes M, Palomino J, Parraguez VH, Ramirez F. 2017. 
Analysis of LH receptor in canine ovarian follicles through-
out the estrous cycle. Theriogenology 93:71-77.

Gan Y, Ye F, He XX. 2020. The role of YWHAZ in cancer: a maze 
of opportunities and challenges. J. Cancer 11:2252-2264.

Gu YR, Li MZ, Zhang K, Chen L, Jiang AA, Wang JY, Li XW. 2011. 
Evaluation of endogenous control genes for gene expression 
studies across multiple tissues and in the specific sets of fat- 
and muscle-type samples of the pig. J. Anim. Breed. Genet. 
128:319-325.

Han NR, Baek S, Lee Y, Lee J, Yun JI, Lee E, Lee ST. 2020. Effects 
of in vitro culture period of reconstructed embryos and ge-
netic background of feeder cells on establishment of embry-
onic stem cells derived from somatic cell nuclear transfer 
blastocysts in pigs. J. Anim. Reprod. Biotechnol. 35:86-93.

Hassanpour H, Aghajani Z, Bahadoran S, Farhadi N, Nazari H, 
Kaewduangta W. 2019. Identification of reliable reference 
genes for quantitative real-time PCR in ovary and uterus of 
laying hens under heat stress. Stress 22:387-394.

Hwangbo Y, Cheong HT, Park CK. 2019. Changes of plasmino-
gen activator activity under heat stress condition in porcine 
endometrium. J. Anim. Reprod. Biotechnol. 34:240-246. 



Kim et al. Suitable reference gene in the porcine ovaries

105

Hwang JC, Kim HD, Park BJ, Jeon RH, Baek SM, Lee SW, Jang 
M, Bae SG, Yun SH, Park JK, Kwon YS, Kim SJ, Lee WJ. 2021. 
Immobilization stress increased cytochrome P450 1A2 
(CYP1A2) expression in the ovary of rat. J. Anim. Reprod. 
Biotechnol. 36:9-16.

Hwang JC, Park BJ, Kim HD, Baek SM, Lee SW, Jeon RH, Jang 
M, Bae SG, Yun SH, Park JK, Kwon YS, Kim SJ, Lee WJ. 2020. 
Immunohistological expression of cytochrome P450 1A2 
(CYP1A2) in the ovarian follicles of prepubertal and puber-
tal rat. J. Anim. Reprod. Biotechnol. 35:329-337.

Katarzyńska-Banasik D, Grzesiak M, Sechman A. 2017. Selec-
tion of reference genes for quantitative real-time PCR analy-
sis in chicken ovary following silver nanoparticle treatment. 
Environ. Toxicol. Pharmacol. 56:186-190.

Kim D, Kim HD, Son Y, Kim S, Jang M, Bae SG, Yun SH, Kim SJ, 
Lee WJ. 2021. Establishment of normal reference intervals in 
serum biochemical parameters of domestic sows in Korea. J. 
Anim. Reprod. Biotechnol. 36:261-269.

Kim JM, Park JE, Yoo I, Han J, Kim N, Lim WJ, Cho ES, Choi B, 
Choi S, Kim TH, te Pas MFW, Ka H, Lee KT. 2018. Integrated 
transcriptomes throughout swine oestrous cycle reveal dy-
namic changes in reproductive tissues interacting networks. 
Sci. Rep. 8:5436.

Kolkova Z, Arakelyan A, Casslén B, Hansson S, Kriegova E. 
2013. Normalizing to GADPH jeopardises correct quantifica-
tion of gene expression in ovarian tumours - IPO8 and RPL4 
are reliable reference genes. J. Ovarian Res. 6:60.

Lee WJ, Jang SJ, Lee SC, Park JS, Jeon RH, Subbarao RB, Bharti D, 
Shin JK, Park BW, Rho GJ. 2017. Selection of reference genes 
for quantitative real-time polymerase chain reaction in por-
cine embryos. Reprod. Fertil. Dev. 29:357-367.

Lee WJ, Jeon RH, Jang SJ, Park JS, Lee SC, Subbarao RB, Lee 
SL, Park BW, King WA, Rho GJ. 2015. Selection of reference 
genes for quantitative gene expression in porcine mesenchy-
mal stem cells derived from various sources along with dif-
ferentiation into multilineages. Stem Cells Int. 2015:235192.

Li Q, Domig KJ, Ettle T, Windisch W, Mair C, Schedle K. 2011. 
Evaluation of potential reference genes for relative quantifi-
cation by RT-qPCR in different porcine tissues derived from 
feeding studies. Int. J. Mol. Sci. 12:1727-1734.

Li YL, Ye F, Hu Y, Lu WG, Xie X. 2009. Identification of suitable 
reference genes for gene expression studies of human se-
rous ovarian cancer by real-time polymerase chain reaction. 
Anal. Biochem. 394:110-116.

Lu N, Li M, Lei H, Jiang X, Tu W, Lu Y, Xia D. 2017. Butyric acid 
regulates progesterone and estradiol secretion via cAMP 
signaling pathway in porcine granulosa cells. J. Steroid Bio-
chem. Mol. Biol. 172:89-97.

Lv Y, Zhao SG, Lu G, Leung CK, Xiong ZQ, Su XW, Ma JL, Chan 

WY, Liu HB. 2017. Identification of reference genes for qRT-
PCR in granulosa cells of healthy women and polycystic 
ovarian syndrome patients. Sci. Rep. 7:6961.

Martínez-Giner M, Noguera JL, Balcells I, Fernández-Rodrí-
guez A, Pena RN. 2013. Selection of internal control genes 
for real-time quantitative PCR in ovary and uterus of sows 
across pregnancy. PLoS One 8:e66023.

Nygard AB, Jørgensen CB, Cirera S, Fredholm M. 2007. Selec-
tion of reference genes for gene expression studies in pig tis-
sues using SYBR green qPCR. BMC Mol. Biol. 8:67.

Picazo RA, García Ruiz JP, Santiago Moreno J, González de 
Bulnes A, Muñoz J, Silván G, Lorenzo PL, Illera JC. 2004. 
Cellular localization and changes in expression of prolactin 
receptor isoforms in sheep ovary throughout the estrous 
cycle. Reproduction 128:545-553.

Rekawiecki R and Kotwica J. 2007. Molecular regulation of pro-
gesterone synthesis in the bovine corpus luteum. Vet. Med. 
(Praha) 52:405-412.

Svobodová K, Bílek K, Knoll A. 2008. Verification of reference 
genes for relative quantification of gene expression by real-
time reverse transcription PCR in the pig. J. Appl. Genet. 49: 
263-265.

Terenina E, Fabre S, Bonnet A, Monniaux D, Robert-Granié C, 
SanCristobal M, Sarry J, Vignoles F, Gondret F, Monget P, 
Tosser-Klopp G. 2017. Differentially expressed genes and 
gene networks involved in pig ovarian follicular atresia. 
Physiol. Genomics 49:67-80.

Toms D, Pan B, Li J. 2018. Endocrine regulation in the ovary by 
microRNA during the estrous cycle. Front. Endocrinol. (Lau-
sanne) 8:378.

Uddin MJ, Cinar MU, Tesfaye D, Looft C, Tholen E, Schellander 
K. 2011. Age-related changes in relative expression stability 
of commonly used housekeeping genes in selected porcine 
tissues. BMC Res. Notes 4:441.

Wang J, Wang Y, Wang H, Hao X, Wu Y, Guo J. 2014. Selection 
of reference genes for gene expression studies in porcine 
whole blood and peripheral blood mononuclear cells under 
polyinosinic:polycytidylic acid stimulation. Asian-Australas. 
J. Anim. Sci. 27:471-478.

Xiang-Hong J, Yan-Hong Y, Han-Jin X, Li-long A, Ying-Mei X, 
Pei-Rong J, Ming L. 2011. Selection of reference genes for 
gene expression studies in PBMC from Bama miniature pig 
under heat stress. Vet. Immunol. Immunopathol. 144:160-
166.

Yang S, Zhou X, Pei Y, Wang H, He K, Zhao A. 2018. Identifi-
cation of differentially expressed genes in porcine ovaries 
at proestrus and estrus stages using RNA-Seq technique. 
Biomed Res. Int. 2018:9150723.




