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Abstract The selection of most appropriate reference gene(s) is a crucial step in studies quantifying
gene expression by quantitative real-time PCR (qPCR). As a need reference gene(s) should be unaffected
at transcription level by experimental conditions and/or tissue types. In this study, 11 candidate reference
genes were tested in Clarias batrachus for their expression stability using the geNorm, NormFinder and
BestKeeper statistical algorithms, and were compared in different tissues (brain, heart, liver, muscle,
spleen and head kidney) and treatments (before and after hypoxia exposure). The results indicated that in
brain, heart, liver, muscle, spleen and head kidney, respectively, 28S rRNA/TUB, 28S rRNA/TUB, RPL30/
28S rRNA, RPL30/TUB, ELF-1A/28S rRNA and ELF-1A/TUB gene pairs were highly stable and were
suitable as reference genes to study oxidative stress, while ACTB and B2M were the least stable genes in
examined tissues under normoxic and/or hypoxic conditions. The observations suggested the consideration
of tissue types and use of at least two reference genes, instead of one in accurate normalization of qPCR
data.
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TUB Alpha tubulin

RPL30 Ribosomal protein 130
ELF-1A Elongation factor 1 alpha
285 rRNA 28 S ribosomal RNA

RGs Reference genes
gPCR Quantitative real-time PCR
DO Dissolved oxygen
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PH Progressive hypoxia
Cq Quantification cycle
Background

Quantitative real-time PCR (qPCR) is presently the most popular method for the mRNA gene expression
analysis, because of its high specificity, sensitivity and reproducibility (Wong and Medrano 2005; Bustin et al.
2009). However, the qPCR results require accurate normalization using internal reference genes (RGs) to
avoid the quantification errors caused by experimental variations, as several factors, including variations in
amount of starting material, enzymatic efficiency and presence of inhibitors, may cause such varying results
(Mehta et al. 2010). As a requirement, the RGs should be consistently expressed in all the tissues/cells, in
which the target gene is examined and must be unaffected at transcription level by the experimental conditions
(Xing et al. 2009). Traditionally, highly expressed genes such as beta actin (ACTB), beta-2 microglobulin
(B2M), elongation factor-1 alpha (ELF-1A) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were
among some of the most commonly used RGs (Thellin et al. 1999; Catalan et al. 2007). However, various
studies had shown that expression of these common RGs varies with species, tissue type, physiological state
and/or type of treatment (Thellin et al. 1999; Zheng and Sun 2011). Thus, the suitability of particular RGs
depends on the system being investigated and the inherent experimental conditions (Suzuki et al. 2000). Apart
from these factors, the evaluation of potential RGs stability also depends on the method used for analysis (Cao
et al. 2012). The most commonly used normalization algorithms to derive the more appropriate set of RGs are
NormFinder (Andersen et al. 2004), geNorm (Vandesompele et al. 2002) and BestKeeper (Pfaffl et al. 2004).
These algorithms employ different approaches that allow evaluation of the suitability of gene or set of genes as
a normalization factor (Piehler et al. 2010). Hence, the selection of the most stable gene or set of genes under
the particular experimental conditions as well as analytical approach is crucial to accurate profiling of gene
expression.

The Indian catfish, Clarias batrachus (present name Clarias magur (Hamilton-Buchanan 1822), Ng and
Kottelat (2008)), is an air-breathing teleost, endemic to Indian subcontinent (Chonder 1999). Usually the fish
inhabits various habitats (fresh and brackish water bodies, muddy marshes, swamps and wet lands), where it
frequently encounters low dissolved oxygen (hypoxia) and tolerates temporary water deprivation during
summer periods (Saha and Ratha 2007). These features make C. batrachus a useful model for studying gene
modulation responses, which may provide insights to better understand its adaptation mechanisms to survive
under these adverse conditions. As hypoxia is a strong stress factor, genes from different functional categories
are expected to be transcriptionally regulated in the course of hypoxic insult (Rytkonen et al. 2010) and the
same is also true for potential RGs. Based on the literature, to shortlist recommendable RGs candidates for
hypoxia studies are challenging. To date, there are no reports of established suitable RG or set of genes for
expression studies in C. batrachus for any physiological conditions.

Thus, the present study was aimed to assess the appropriateness of the commonly used RGs and to develop
a set of genes that can be used for normalization of qPCR gene expression data in the profiling of gene
expression in C. batrachus under control and experimental (hypoxic) conditions. The study had tested 11
potential RGs, in 6 tissues, which are involved in the maintenance of basic cellular functions and thus are
assumed to be constitutively expressed at constant levels.

Methods

Animals and hypoxic conditions

Live fish of size 16-20 cm (30-80 g) were collected from commercial catches and brought to laboratory for
acclimatization for at least for a month, at 5.00 & 0.1 mg/l dissolved oxygen (DO), with access to air at

22 £ 3 °C. The details of experimental treatments to induce oxidative stress are given in Tripathi et al. (2013).
Briefly, fish were divided into 12 batches (six control and six experimental) of three fish each. All the
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experimental groups (without access to air) were brought to 0.98 £ 0.1 mg/l DO, by fish own respiration after
which one group was sacrificed immediately (referred as progressive hypoxia; PH) and the others were
incubated for 1, 2, 3, 6 and 12 h before sacrifice. The corresponding control batches were kept under normoxia
(5.00 = 0.1 mg/l DO) for same time periods as that of experimental once in similar manner. Before each
sacrifice, fish were weighed and euthanized in 300 mg/l concentration of tricaine methanesulfonate (MS-222,
Sigma) to ameliorate suffering. Tissue samples of brain, muscle, liver, spleen, heart and head kidney were
collected and snap frozen in liquid N, until further analysis. The protocols followed were approved by
Institutional Animal Ethics Committee (IAEC).

RNA extraction and cDNA synthesis

Homogenization of frozen samples was carried out under liquid nitrogen. Total RNA was isolated from 30 mg
tissue samples using the Nucleospin RNA II kit (Macherey—Nagel, Germany) as per manufacturer’s
instructions and was treated with DNase I provided within the kit. The quantity of RNA was measured with
PICOPETO1 spectrophotometer (Picodrop Ltd., Cambridge, UK), while its quality (for possible degradation)
was evaluated with denatured gel electrophoresis. One microgram of total RNA was used for cDNA synthesis
with the Superscript III first-strand synthesis supermix for qPCR kit (Invitrogen, Carlsbad, CA, USA)
according to manufacturer’s recommendations.

Primer design, amplification and efficiency

The selected genes for testing of RGs are given in Table 1. Oligonucleotide primers specific to selected RGs
were designed with the PrimerQuest®™ tool (Integrated DNA technologies; http://eu.idtdna.com) and were
examined for the potential to serve as qPCR references in the study of gene expression in C. batrachus before
and after hypoxia exposure (Table 1). The PCR products were examined by gel electrophoresis, where
MHCII, eELF4IIT and 18S rRNA were not amplified. Primer efficiencies (E) for each RG were calculated from
tenfold dilution series that were used to make standard curves for each gene. The E value was calculated
according to the formula E = 10™"1°P® and the specificities of the PCR amplifications were confirmed by
melting curve analysis.

Quantitative real-time PCR and data analysis

All qPCR reactions were performed in 20 pl total reaction volume (18 pl master mix and 2 pl undiluted
cDNA made from 1 pg RNA). The master mix contained 7.2 pl H,O, 0.8 pl of each primer (0.4 uM final
concentration) and 10.0 pl of the SYBR Green Mix (Roche Applied Science, Laval, PQ, Canada). The
following cycling conditions were used: (1) denaturation, 5 min at 95 °C; (2) amplification repeated 40 times,
10 s at 95 °C, 10 s at 55 °C, and 15 s at 72 °C with ramp rate of 4.4, 2.2, and 4.4 °C/s, respectively; (3)
melting curve analysis, 5 s at 95 °C and 1 min at 65 °C with ramp rate of 4.4 and 2.2 °C/s, respectively, then
up to 95 °C at a rate of 0.1 °C/s; (4) cooling, 10 s at 40 °C with ramp rate of 2.2 °C/s, in a Light Cycler 480
(Roche Applied Science) system. Quantification cycle values (Cq; Bustin et al. 2009) were obtained by
employing the second-derivative maximum method, while absolute quantification was used to derive the
concentration values in Light cycler 480 software (version 1.5).

To determine the expression stability of the selected RGs, the transcript level of each gene was measured
in six tissues (brain, heart, liver, muscle, spleen and head kidney) of C. batrachus from hypoxia treated and
their respective control groups. For all gene, each tissue was tested with 36 biological replicates (fish), i.e.,
18 each for before and after hypoxic treatments. There were a total of six hypoxia treatment time intervals
and each had six biological replicates. Thus, a total of 37 reactions were studied per reference gene per
tissue, including one negative control (template control without cDNA). The tenfold dilution series were set
up for ten measuring points for each gene. The Cq values were directly used to compare RNA transcript
levels of different genes, while absolute concentration values were used for intra- and inter-group variability
analysis using one-way ANOVA. In all cases, a level of 5 % (p < 0.05) was selected to signify statistically
significant differences. All statistical tests were performed with SPSS v 12.01 (SPSS, 2003). To select the
most stable RG across different samples and experimental conditions, the transcript level of the candidate
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Fig. 1 Expression level of candidate reference genes. A (Normoxia)
Quantification cycle values in different tissue (brain,
heart, liver, muscle, spleen and head kidney) samples of 40

Clarias batrachus. Expression levels of selected genes
under (a) normoxic and (b) hypoxic conditions are shown
as medians (lines), 5th/95th percentile (box) and range
(whiskers) n = 72 reaction samples cumulative in each
tissue. RPL30 ribosomal protein L.30, ACTB [-actin,
ELF1A elongation factor 1 alpha, 28S rRNA 28S
ribosomal RNA, TUB tubulin, B2M 2-microglobulin
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RGs were used to analyze with the NormFinder (v0.953) (Andersen et al. 2004) and geNorm (v3.5)
(Vandesompele et al. 2002) software packages, while the raw Cq values were used with BestKeeper
programme (Pfaffl et al. 2004).

Results
Amplification efficiency of potential reference genes

Out of 11 potential RGs tested, 8, i.e., 28S rRNA, TUB, ACTB, B2M, ELF-1A, GAPDH, RPL41 and RPL30,
were successfully amplified by qPCR from the brain, heart, muscle, liver, spleen and head kidney tissues of C.
batrachus, in control and experimental samples (after hypoxic treatments). The melting curve analysis showed
single peak for all above genes (except RPL41), while products from each of the amplifications appeared as a
single band of the expected size on agarose gels. Further, for GAPDH, inconsistent expression among the
tissues and hypoxic time periods was observed. The Cq range in the expression of GAPDH was 5-40 (in brain
and heart), 5-35 (in liver), 5-39.96 (in muscle), 5-39.08 (in spleen) and 5-37.14 (in head kidney). Hence,
GAPDH was not included in analysis. So, six genes (28S rRNA, TUB, ACTB, B2M, ELF-1A and RPL30) were
included in further study. The E values of these genes were ranged from 1.93 to 1.99 (Table 1).

@ Springer
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Table 2 Crossing point (Cq) values of candidate reference genes in Clarias batrachus tissues before and after hypoxia

Gene name  Treatment  Brain Heart Liver Muscle Spleen Head kidney
RPL30 BHYP 1757 £ 041 1734 +£0.74 1701 £040 1613 £1.13 1712+ 137 16.24 +0.35
AHYP 1759 £ 0.12  18.05+ 1.37 1674 £0.52 1597 £ 0.88 16.69 £ 026  16.25 + 0.43
EF1A BHYP 17.86 £ 032 1725+ 086 1654 £ 041 1884 £2.07 1720+ 125 1576 +0.18
AHYP 1796 £ 035 1796 £ 140 1677 £ 049 18.68 £ 1.52 16.57 £ 0.60 16.33 + 0.60
28S rRNA  BHYP 10.35 £ 0.84  10.28 £ 0.61 9.68 £ 041 11.01 £ 135 10.62 &+ 0.94 9.33 £ 0.40
AHYP 9.79 £ 026 1042 + 1.29 975 £0.32 1148+ 143 10.09 & 0.60 10.20 £ 1.32
TUB BHYP 1689 £ 1.02 2150+ 1.07 22194+ 065 19.10+ 1.47 2098 £1.19 1874 £ 0.34
AHYP 16.55 £ 024 2176 £ 139 2159 +0.75 1884 £ 141 2088 £0.62 19.60 + 0.61
B2M BHYP 21.16 £ 1.19  20.05+1.63 2190 £093 20.63 £2.27 2030+ 1.64 19.96 + 0.61
AHYP 21.05 £ 1.19 2048 £1.78 21.80 £ 047 20.09 £ 1.07 19.84 £ 1.06 20.51 + 1.57
ACTB BHYP 32.84 £226 3413 +£156 3142 +1.82 31.04 +£2.01 3126+ 1.66 30.36 + 1.89
AHYP 3315+ 1.63 3321 £1.72 3059 £ 054 3043 £0.62 3042 £ 0.64 30.12 + 0.39

BHYP before hypoxia treatment, AHYP after hypoxia treatment

Expression levels of the reference genes in different tissues
Before hypoxia treatment

Before hypoxic treatment, the Cq values of the six genes ranged between 9.33 £ 0.98 and 34.13 £ 2.02
(Fig. 1a). 285 rRNA was the most highly expressed gene with Cq values ranging between 9.33 £ 0.40 and
11.01 £ 1.35, followed by RPL30 (16.13 £ 1.13-17.57 4+ 0.41), ELF-1A (15.76 4+ 0.18-18.84 & 2.07),
TUB (16.89 £ 1.02-22.19 + 0.65) and B2M (19.96 £+ 0.61-21.90 £ 0.93), while the lowest expression
(highest Cq >30) was exhibited by ACTB (30.36 £ 1.89-34.13 £ 1.56) in all the examined tissues (Table 2).
In comparison, expression of TUB was most affected by tissue type and had a significant (p < 0.05) Cq
variation of 5.30 between liver and brain. Similarly, ACTB and ELF-IA expression level also exhibited
relatively high tissue specificity, with Cq variation of 3.77 (p < 0.05) between heart and head kidney and 3.08
(p < 0.05) between muscle and head kidney, respectively (Table 2). RPL30, 28S rRNA and B2M were the
genes that showed the least Cq variation (1.44, 1.68 and 1.94, respectively); however, these inter-group
variations were also significantly (p < 0.05) different among tissues.

After hypoxia treatment

Following hypoxic treatments, the Cq values of all the six genes were of similar expression patterns as in
control groups (Fig. 1b); however, tissue-specific change in transcript level was observed in all the genes
(Table 2). In head kidney, muscle and brain tissues, least changes (Cq variation range from 0.01 to 0.16,
p > 0.05) were observed in RPL30; in liver and heart, 28S rRNA exhibited least Cq variation (0.07 and 0.14,
p > 0.05), while ACTB was highly affected (Cq variation of 0.92, p > 0.05). In spleen, TUB was the only gene
that showed least Cq variation (0.10, p > 0.05), while all other genes showed higher variation (0.43-0.84,
p > 0.05). The observed intra-group Cq variations were significantly (p > 0.05) not different from each other.

Expressional stability of the reference genes in C. batrachus tissues

Before hypoxic treatment

The expressional stability analysis of six candidate RGs revealed that the gene-stability measure (M) (range
0.141-0.395) values of all the genes in the six examined tissues were lower than the threshold of 1.5, accepted

by geNorm (Fig. 2). geNorm ranked 28S rRNA/TUB as the most stable genes in brain, heart and spleen
(Fig. 2a—c). In liver, head kidney and muscle, respectively, ELF-1A/TUB, ELF-1A/28S rRNA, RPL30/TUB
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Fig. 2 Expression stability of candidate reference genes before hypoxia. Expression stability of candidate reference genes in
brain (a), heart (b), spleen (c), liver (d), head kidney (e) and muscle (f) tissues of Clarias batrachus, before hypoxic treatment.
The expressions of the reference gene(s) were determined by qPCR and data were analyzed with geNorm to calculate the
expression stability (M) of each gene. A lower M value indicates more stable expression

gene pairs were found to be most stable (Fig. 2d—f). The pairwise variation (V) analysis showed that
except for muscle, V,/3 values in brain, heart, liver and head kidney were less than the proposed geNorm cut-
off of 0.15, whereas in spleen, the required M value resulted only after the addition of fifth gene (V45 value)
(Table 3). The ranking of stability values from NormFinder analysis showed that in brain, heart and spleen,
TUB and 28S rRNA were the best ranked genes, whereas in liver, muscle and head kidney, respectively,
RPL30, 28S rRNA/RPL30, TUB and ELF-1A, RPL30 (Table 4) were among the two best ranked genes. The
correlation analysis of Cq values performed by BestKeeper showed that 28§ rRNA and TUB were two best RG
pairs in brain and heart tissues, while 28S rRNA, B2M/RPL30, ELF-1A/B2M, TUB and ELF-1A, B2M in liver,
muscle, spleen and head kidney, respectively, were ranked as best stable RGs (Table 5).

In relation to hypoxic treatment

The M values of all the genes in the six examined tissues varied between 0.178 and 0.379 (Fig. 3). Based
on the least M value the most stable genes in brain, heart, liver, muscle, spleen and head kidney were
RPL30/28S rRNA, 28S rRNA/TUB, 28S rRNA/B2M, ELF-1A/TUB, ELF-1A/285 rRNA and ELF-1A/28S
rRNA, respectively (Fig. 3a—f). For expression in brain, heart, spleen and head kidney, the V,;; values were

@ Springer
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Table 3 Pairwise variation values of potential candidate reference genes before and after hypoxic treatments as determined by
geNorm

Pair wise variation/tissue Before hypoxia treatment After hypoxia treatment

V2/3 V3/4 V4/5 V5/6 V2/3 V3/4 V4/5 V5/6
Brain 0.150 0.130 0.148 0.471 0.081 0.060 0.076 0.365
Heart 0.143 0.113 0.097 0.235 0.114 0.123 0.093 0.262
Liver 0.132 0.129 0.106 0.292 0.189 0.137 0.125 0.119
Muscle 0.211 0.223 0.244 0.310 0.214 0.201 0.223 0.220
Spleen 0.190 0.185 0.136 0.250 0.137 0.116 0.093 0.105
Head kidney 0.133 0.104 0.094 0.102 0.080 0.097 0.085 0.221

Table 4 Stability ranking of potential candidate reference genes, before and after hypoxic treatments as determined by
NormFinder

Ranking Treatment Brain Heart Liver Muscle Spleen Head kidney

order

1 BHYP 28S rRNA TUB (0.047) RPL30 (0.036) RPL30 (0.095) TUB (0.142) ELF1A (0.146)

(0.124)
AHYP TUB (0.080) 28S rRNA 28S rRNA RPL30 (0.183) ELFI1A (0.179) ELFI1A (0.082)
(0.104) (0.226)
2 BHYP TUB (0.133) 28S rRNA 28S rRNA TUB (0.095) 28S rRNA RPL30 (0.185)
(0.102) (0.165) (0.226)
AHYP 28S rRNA ELF1A (0.268) B2M (0.247) TUB (0.257) TUB (0.179) 28S rRNA
(0.080) (0.089)
3 BHYP RPL30 (0.133) RPL30 (0.232) TUB (0.316) 28S rRNA B2M (0.229) 28S rRNA
(0.372) (0.187)
AHYP ELF1A (0.098) TUB (0.271) ELF1A (0.253) B2M (0.429) 28S rRNA B2M (0.150)
(0.227)

4 BHYP ELF1A (0.453) B2M (0.307) B2M (0.334) B2M (0.520) ELF1A (0.424) TUB (0.212)
AHYP B2M (0.237) RPL30 (0.290) RPL30 (0.328) ELFIA (0.599) RPL30 (0.256) TUB (0.189)

5 BHYP B2M (0.772) ELF1A (0.352) ELFIA (0.334) ELFIA (0.915) RPL30 (0.486) ACTB (0.366)
AHYP RPL30 (0.306) B2M (0.300) TUB (0.403) ACTB (0.764) ACTB (0.324) RPL30 (0.405)

6 BHYP ACTB (1.953) ACTB (0.989) ACTB (1.235) ACTB (1.257) ACTB (1.049) B2M (0.418)
AHYP ACTB (1.518) ACTB (1.108) ACTB (0.455) 28S rRNA B2M (0.416)  ACTB (0.914)

(0.791)

The numbers in brackets indicate stability values
BHYP before hypoxia treatment, AHYP after hypoxia treatment

<0.15, while in liver and muscle V,,; values were more than 0.15 (Table 3). However, in liver the addition
of third RG lowered the V3, value to less than the proposed cut-off (Table 3), but in muscle even after
addition of up to sixth RG, the V value was not found below the proposed cut-off. The results of Norm-
Finder analysis were consistent with that of geNorm, where in brain, heart and liver 28S rRNA was among
the highly stable RGs, while in spleen and head kidney, ELF-1A was ranked among stable genes (Table 4).
However, in muscle, results of NormFinder were different from geNorm, where ELF-IA was best ranked.
The results of BestKeeper analysis showed that in brain, heart and head kidney, 28S rRNA was ranked as
highly stable RGs, while in liver, muscle and spleen, respectively, RPL30, TUB and ELF-1A were the most
stable genes (Table 5).
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Table 5 Stability ranking of potential candidate reference genes before and after hypoxic treatments as determined by
BestKeeper

Ranking Treatment Brain Heart Liver Muscle Spleen Head kidney
order
1 BHYP 28S rRNA TUB (0.989)  28S rRNA RPL30 (0.999) B2M (0.971)  ELFIA
(0.990) (0.863) (0.880)
AHYP 28S rRNA 28S rRNA RPL30 (0.934) TUB (0.960)  ELF1A 28S rRNA
(0.986) (0.977) (0.961) (0.957)
2 BHYP TUB (0.940)  28S rRNA B2M (0.696)  ELF1A TUB (0.963)  B2M (0.276)
(0.973) (0.989)
AHYP TUB (0.980)  B2M (0.930) TUB (0.761)  ELF1A B2M (0.913)  ELF1A
(0.949) (0.949)
3 BHYP ELF1A B2M (0.961)  TUB (0.188)  TUB (0.973)  RPL30 (0.956) TUB (0.237)
(0.856)
AHYP RPL30 (0.858) ELFIA B2M (0.606)  RPL30 (0.935) 28S rRNA TUB (0.882)
(0.917) (0.892)
4 BHYP B2M (0.828)  RPL30 (0.913) RPL30 (0.168) 28S rRNA ELF1A 28S rRNA
(0.910) (0.929) (0.154)
AHYP ELFIA TUB (0.824)  28S rRNA ACTB (0.889) TUB (0.874)  B2M (0.813)
(0.821) (—0.249)
5 BHYP ACTB (0.787) ELFIA ELFI1A B2M (0.867)  28S rRNA RPL30
(0.880) (0.039) (0.928) (=0.313)
AHYP B2M (0.813)  RPL30 (0.818) ELF1A 28S rRNA RPL30 (0.675) RPL30 (0.435)
(—0.447) (0.800)
6 BHYP RPL30 (0.079) ACTB (0.737) ACTB ACTB (0.423) ACTB (0.822) ACTB
(—0.772) (—0.550)
AHYP ACTB (0.771) ACTB (0.183) ACTB B2M (0.783)  ACTB ACTB
(—0.501) (—0.963) (—0.475)

The numbers in brackets indicate coeff. of corr. [r] values

BHYP before hypoxia treatment, AHYP after hypoxia treatment

Discussion

The major aim of this study was to determine a set of stable candidate RGs for catfish, C. batrachus, which can
be used for normalizing the gPCR data. As a prerequisite, RGs used not co-regulated or present on the same
pathway and would therefore have stable expression in the experiment under consideration (Bower and
Johnston 2009). The levels of expression of the RGs have also been suggested for consideration in the process
of RG selection (Zhang et al. 2005). In the present study, the candidate RGs selected were involved in a
number of different biological processes; TUB and ACTB are both parts of the cytoskeleton (McCurley and
Callard 2008), RPL30, RPL41, ELF-1A, 18S and 28S rRNA are all involved in protein synthesis (Martin-
Marcos et al. 2007; Nijhof et al. 2009; Thellin et al. 1999), whereas GAPDH, B2M and MHCII are involved in
metabolic and immune-related functions (Thellin et al. 1999; Frawley et al. 2011). The expression pattern of
the these RGs, under normoxic and hypoxic conditions in different tissues of C. batrachus, showed different
levels of expression, as high (28S rRNA, RPL30, ELF-1A), intermediate (TUB and B2M) and low (ACTB).
Hence, 28S rRNA, RPL30 and ELF-IA can be suitable candidate for data normalization of high-abundance,
TUB and B2M for medium-abundance and ACTB for low-abundance mRNA in expression studies in different
tissues. In addition, the least inter- and intra-group variations were observed for RPL30 and 28S rRNA,
suggesting that these genes are least affected by tissue types. The ACTB was the least expressed gene and its
higher inter- and intra-group variation makes it unsuitable for normalization studies in C. batrachus tissues for
experiments involving hypoxic treatments.

Apart from the expression level considerations, stability analysis based on the M values obtained in
geNorm, the stability index from NormFinder and descriptive statistics produced by Bestkeeper suggested that
all the six genes used in this study would be suitable for normalization of gene expression data in tissue-
dependent manner. This was evident from the slight changes in the order of gene stability obtained from each
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Fig. 3 Expression stability of candidate reference genes after hypoxia. Expression stability of candidate reference genes in brain
(a), spleen (b), head kidney (c), heart (d), liver (e) and muscle (f) tissues of Clarias batrachus, after hypoxic treatment. The
expressions of the reference genes were determined by qPCR and data were analyzed with geNorm to calculate the expression
stability (M) of each gene. A lower M value indicates more stable expression

of the three software packages in respect to tissues and hypoxic treatment. However, for C. batrachus, ACTB
and B2M, widely used RG internal controls (Lupberger et al. 2002) were the least stable genes identified by all
three analysis methods in examined tissues under normoxic and/or hypoxic conditions. These results were
consistent with the earlier reports, which found ACTB to be highly regulated by treatments and have unstable
expression in hypoxia-cultured human chondrocytes and lipopolysaccharide-stimulated human THP-1 and
K562 cells (Cao et al. 2012; Foldager et al. 2009), whereas B2M was the least stable gene in human
reticulocytes (Silver et al. 2006).

The present study on C. batrachus revealed novel candidate RGs (RPL30, TUB, 28S rRNA and ELF-1A)
with a more stable expression in experimental contexts, in comparison to frequently used RGs (e.g. ACTB,
GAPDH and 18S). In catfish, Ictalurus punctatus, 18S gene was found to be the best for normalization under
different physiological conditions (LHRH injection, fasting, and low water stress response) (Small et al.
2008). However, there were concerns for the use of 18S gene as a reference, as its much greater level of
expression relative to target mRNA (Tang et al. 2007). Moreover, the outcome of the gene stability evaluation
differed between the programmes used, as they employ different algorithms (Nijhof et al. 2009). Therefore, in
the present study, according to geNorm, NormFinder and BestKeeper, RPL30, TUB, 28S rRNA and ELF-1A
were among the three most stable RG candidates in the control as well as in hypoxic treatment group in the six
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Table 6 The cumulative ranking of candidate reference genes obtained by geNorm, Normfinder and/or BestKeeper programmes

Ranking order Brain Heart Liver Muscle Spleen Head kidney
Best gene pair 28S/TUB 28S/TUB RPL30/28S RPL30/TUB ELF1A/28S ELFI1A/TUB
2nd RPL30 ELFIA ELFI1A ELFI1A RPL30 RPL30

3rd ELFI1A RPL30 B2M B2M ACTB 28S

4th B2M B2M TUB ACTB TUB B2M

5th ACTB ACTB ACTB 28S B2M ACTB

Ranking order is deduced from interpretation of ranking of reference genes in normoxic and hypoxic conditions and best gene pair
was ranked accordingly when at least two algorithms were showing the similar results

tissues examined. It was also evident that in brain, heart and head kidney tissues, the identified two best ranked
RGs would suffice as normalization factors. However, inclusion of second ranked genes, i.e., ELF-IA in liver
and muscle, and RPL30 in spleen would be a valid normalization strategy with more accurate and reliable
results for the treatments under consideration. The outcome of the present study also emphasizes the con-
sideration of tissue types as an important factor during the selection of the RGs under experimental conditions
(Cinar et al. 2012), as the best ranked genes differed across the tissue types. The ranking results produced by
three programmes revealed that in brain, heart, liver, muscle, spleen and head kidney, respectively, 28S rRNA/
TUB, 28S rRNA/TUB, RPL30/28S rRNA/ELF-1A, RPL30/TUB/ELF-1A, ELF-1A/28S rRNA/RPL30 and ELF-
IA/TUB gene pairs were highly stable and may suffice the requirements of RGs (Table 6).

Conclusions

The present study clearly demonstrated the importance of employing multiple approaches to select the reliable
and stable RGs in conditions, such as normoxia and hypoxia. Using this approach, multiple RG candidates in
combination were identified for normalization factors in the tissue-specific manner, under normoxic and
hypoxic conditions.

Acknowledgments The authors are thankful to Director, NBFGR for providing facilities for this research work. This work was
carried out under National Agricultural Innovation Project “Bio-prospecting of Genes and Allele Mining for Abiotic Stress
Tolerance” and financial support provided by NAIP-ICAR is duly acknowledged.

Conlflict of interest The authors declare that they have no competing interests.

Authors’ contributions VM conceived the idea, participated in the study design and coordination. RKT and AS conducted the
experimental work and acquisition. RKT and RKS carried out data analysis. VM and KKL interpreted the results and written the
manuscript. All authors read and approved the final manuscript.

Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use,
distribution, and reproduction in any medium, provided the original author(s) and the source are credited.

References

Andersen CL, Jensen JL, Orntoft TF (2004) Normalisation of real-time quantitative reverse transcription-PCR data: a model-
based variance estimation approach to identify genes suited for normalisation, applied to bladder and colon cancer data sets.
Cancer Res 64:5245-5250

Bower NI, Johnston IA (2009) Selection of reference genes for expression studies with fish myogenic cell cultures. BMC Mol Biol
10:80

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, Mueller R, Nolan T, Pfaffl MW, Shipley GL, Vandesompele
J, Wittwer CT (2009) The MIQE guidelines: minimum information for publication of quantitative real-time PCR
experiments. Clin Chem 55(4):611-622

Cao X, Luo X, Liang J, Zhang C, Meng X, Guo D (2012) Critical selection of internal control genes for quantitative real-time RT-
PCR studies in lipopolysaccharide-stimulated human THP-1 and K562 cells. Biochem Biophys Res Commun 427:366-372

e
ﬁ @ Springer



61 Page 12 of 12 Int Aquat Res (2014) 6:61

Catalan V, Gomez-Ambrosi J, Rotellar F, Silva C, Rodriguez A, Salvador J, Gil MJ, Cienfuegos JA, Fruhbeck G (2007)
Validation of endogenous control genes in human adipose tissue: relevance to obesity and obesity-associated type 2 diabetes
mellitus. Horm Metab Res 39:495-500

Chonder SL (1999) Biology of fin fishes and shellfishes. SCSC Publishers, Howrah

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

Foldager CB, Munir S, Ulrik-Vinther M, Soballe K, Bunger C, Lind M (2009) Validation of suitable house keeping genes for
hypoxia-cultured human chondrocytes. BMC Mol Biol 10:94

Frawley R, White K Jr, Brown R, Musgrove D, Walker N, Germolec D (2011) Gene expression alterations in immune system
pathways in the thymus after exposure to immunosuppressive chemicals. Environ Health Perspect 119:371-376

Hamilton-Buchanan F (1822) An account of the fishes of river Ganges and its branches. George Ramsay and Co., London

Lupberger J, Kreuzer KA, Baskaynak G, Peters UR, Coutre PL, Schmidt CA (2002) Quantitative analysis of beta-actin, beta-2-
microglobulin and porphobilinogen deaminase mRNA and their comparison as control transcripts for RT-PCR. Mol Cell
Probes 16:25-30

Martin-Marcos P, Hinnebusch AG, Tamame M (2007) Ribosomal protein L33 is required for ribosome biogenesis, subunit
joining, and repression of GCN4 translation. Mol Cell Biol 27:5968-5985

McCurley AT, Callard GV (2008) Characterization of housekeeping genes in zebrafish: male-female differences and effects of
tissue type, developmental stage and chemical treatment. BMC Mol Biol 9:102

Mehta R, Birerdinc A, Hossain N, Afendy A, Chandhoke V, Younossi Z, Baranova A (2010) Validation of endogenous reference
genes for qRT-PCR analysis of human visceral adipose samples. BMC Mol Biol 11:39

Ng HH, Kottelat M (2008) The identity of Clarias batrachus (Linnaeus, 1758), with the designation of a neotype (Teleostei:
Clariidae). Zool Linn Soc 153:725

Nijhof AM, Balk JA, Postigo M, Jongejan F (2009) Selection of reference genes for quantitative RT-PCR studies in Rhipicephalus
(Boophilus) microplus and Rhipicephalus appendiculatus ticks and determination of the expression profile of Bm86. BMC
Mol Biol 10:112

Pfaffl MW, Tichopad A, Prgomet C, Neuvians TP (2004) Determination of stable housekeeping genes, differentially regulated
target genes and sample integrity: BestKeeper-excel-based tool using pairwise correlations. Biotechnol Lett 26:509-515

Piehler AP, Grimholt RM, Ovstebo R, Berg JP (2010) Gene expression results in lipopolysaccharide-stimulated monocytes
depend significantly on the choice of reference genes. BMC Immunol 11:21

Rytkonen KT, Renshaw GMC, Ashton KJ, Williams-Pritchard G, Leder EH, Nikinmaa M (2010) Elasmobranch qPCR reference
genes: a case study of hypoxia preconditioned epaulette sharks. BMC Mol Biol 11:27

Saha N, Ratha BK (2007) Functional ureogenesis and adaptation to ammonia metabolism in Indian freshwater air-breathing
catfishes. Fish Physiol Biochem 33:283-295

Silver N, Best S, Jiang J, Thein SL (2006) Selection of housekeeping genes for gene expression studies in human reticulocytes
using real-time PCR. BMC Mol Biol 7:33

Small BC, Murdock CA, Bilodeau-Bourgeois AL, Peterson BC, Waldbieser GC (2008) Stability of reference genes for real-time
PCR analyses in channel catfish (Ictalurus punctatus) tissues under varying physiological conditions. Comp Biochem Physiol
B 151:296-304

SPSS (2003) Statistical analysis package SPSS version 12.01. SPSS Inc. Chicago, Illinois

Suzuki T, Higgins PJ, Crawford DR (2000) Control selection for RNA quantitation. Biotechniques 29:332-337

Tang R, Dodd A, Lai D, McNabb W, Love D (2007) Validation of zebrafish (Danio rerio) reference genes for quantitative real-
time RT-PCR normalization. Acta Biochim Biophys Sinica 39:384-390

Thellin O, Zorzi W, Lakaye B, Borman BD, Coumans B, Hennen G, Grisar T, Igout A, Heinen E (1999) Housekeeping genes as
internal standards: use and limits. J Biotechnol 75:291-295

Tripathi RK, Mohindra V, Singh A, Kumar R, Mishra RM, Jena JK (2013) Physiological responses to acute experimental hypoxia
in the airbreathing Indian catfish, Clarias batrachus (Linnaeus, 1758). J Biosci 38:373-383

Vandesompele J, Preter KD, Pattyn F, Poppe B, Roy NV, Paepe AD, Speleman F (2002) Accurate normalization of real-time
quantitative RT-PCR data by geometric averaging of multiple internal control genes. Genome Biol 3:1-11

Wong ML, Medrano JF (2005) Real-time PCR for mRNA quantitation. Biotechniques 39:75-85

Xing W, Deng M, Zhang J, Huang H, Dirsch O, Dahmen U (2009) Quantitative evaluation and selection of reference genes in a rat
model of extended liver resection. J Biomol Tech 20:109-115

Zhang X, Ding L, Sandford AJ (2005) Selection of reference genes for gene expression studies in human neutrophils by real-time
PCR. BMC Mol Biol 6:4

Zheng W, Sun L (2011) Evaluation of housekeeping genes as references for quantitative real time RT-PCR analysis of gene
expression in Japanese flounder (Paralichthys olivaceus). Fish Shellfish Immunol 30:638-645

@ Springer



	Identification of candidate reference genes for quantitative expression analysis by real-time PCR for hypoxic stress in Indian catfish, Clarias batrachus (Linnaeus, 1758)
	Abstract
	Background
	Methods
	Animals and hypoxic conditions
	RNA extraction and cDNA synthesis
	Primer design, amplification and efficiency
	Quantitative real-time PCR and data analysis

	Results
	Amplification efficiency of potential reference genes
	Expression levels of the reference genes in different tissues
	Before hypoxia treatment
	After hypoxia treatment

	Expressional stability of the reference genes in C. batrachus tissues
	Before hypoxic treatment
	In relation to hypoxic treatment


	Discussion
	Conclusions
	Acknowledgments
	References


