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Selection of Reference Genes in Transcription Analysis of Gene
Expression of the Mandarin Fish, Siniperca chuasti
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Abstract: At present, transcription analysis of gene expression commonly uses housekeeping genes as control for
normalization. In this study, the expression levels of three housekeeping genes including GAPDH, B-actin, and 18S rRNA
in six tissues and five developmental stages of the Mandarin fish Siniperca chuatsi were assayed with quantitative
real-time PCR (qPCR). Differences in expression levels were analyzed using geNorm program. The results demonstrate
that B-actin is the most stable gene at developmental stages and GAPDH is the most stable in different tissues. While 18S
rRNA expression during development is differentially regulated, which indicates it is suitable as an internal control for
gene expression normalization at the developmental level. Overall, the data suggest that the two most stable housekeeping
genes are enough to accurately calibrate gene expression in S. chuatsi. The significance of this study provided convincing
references and methodology for housekeeping gene selection and normalization in gene expression analysis with regular
PCR or qPCR.
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Real-time PCR (qPCR) technology was first gPCR are to collect fluorescent signals during

introduced by Applied Biosystems in 1996 and it has
been used for quantitative analysis of gene expression
based on regular PCR procedures. The principles of
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polymerase reaction cycles and then to accurately
determine the gene amplification copies and actual
turnout of gene products (Fink et al, 1998; Heid,1996).
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The technology allows sensitive, specific and
reproducible quantification of nuleic acids and it has
revolutionized the field of molecular diagnostics in a
rapidly expanding number of applications (Yu et al,
2003). Nowadays, qPCR has been widely applied for
analyses on mRNA expression in different organisms,
transgenic determination, gene mutation and parasitic
organism identification (Ohdan et al, 2005; Ishimaru et al,
2005; Kanegae et al, 2005; Narayanan et al, 2007). The
technique has also been used in gene expression analysis
of fish. Quantitative data are often normalized to the
expression levels of control or so-called “housekeeping”
genes such as B-acitn and Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). An inherent assumption in the
use of housekeeping genes is that expression of the genes
remains constant in the cells or tissues under
investigation. Although exceptions to this assumption are
well documented, housekeeping genes are of value in
(Barber et al, 2005).

Generally, the variability in the expression levels of

fully characterized systems

commonly used housekeeping genes has meant that there
isno “one-size-fits-all” gene that can be used for the
normalization of gene expression data. Some researchers
suggested that even if a stable internal control gene was
chosen, the gene expression level may be variable as its
expression could be affected by environmental factors
such as nutrition, temperature and oxygen (Liu et al,
2005; Selvey et al, 2001). Therefore, it is crucial to
choose a suitable housekeeping gene and to keep a given
experimental condition for accurate quantification of
gene expression with qPCR.

The Mandarin fish Siniperca chuasti is classified as
part of the Osteichthyes, Perciforms, Serranidae and
Siniperca Gill families, and is the most commercially
important due to their good meat quality (Tang et al,
2007; Fu et al, 2008). Recently, we cloned several
muscle-related genes and investigated their expression
profile in different tissues and developmental stages
(Zhang et al, 2009a,b). From theses studies, we observed
that some variations existed in the gene expression
quantification if only one housekeeping gene was used
for normalization, some controversial conclusions could
also occur. Thus, there is a potential significance for a
selection of stable expressed housekeeping gene in qPCR
application. In this study, three housekeeping genes, 18S
r-RNA, GAPDH and B-actin were used to determine
mRNA expression in S. chuasti in different tissues and
various developmental stages using the qPCR technique.
Our previous work showed that normal levels for the

expression of each gene were defined, and -clear
differences were observed, which adds values to choose
reasonable internal controls on future gene expression
analysis in fish.

1 Materials and Methods

1.1 Fish sample collection

Live S. chuatsi of approximately 300g body weight
were obtained from the culture pond at Hunan
Aquaculture Institute, Hunan, China. Tissues of white
muscle, red muscle, heart, liver, kidney and spleen were
dissected from each fish, with each tissue sample diced
into small pieces after washing with physiological water.
Samples from different development stages were
obtained after artificial fertilization until hatching.
Embryos and larvae were cultured in freshwater aquaria
at approximately 20°C and experimental samples were
collected during ontogeny, as described in our previous
paper (Zhang et al, 2009ab). All of collected samples
were either used immediately for RNA isolation or
stored in liquid nitrogen until use.
1.2 RNA isolation and first strand cDNA synthesis

Total RNAs was extracted from muscle tissues and

embryos. Specifically, 5 g of frozen samples were
homogenized with a hand mortar and then extracted with
TRIzolR Reagent (Invitrogen Life Technologies, China)
following the standard protocol of the manufacturer. The
RNA was then purified on an RNeasy column (Qiagen,
China) and stored at —80°C until use. Synthesis of the
single-standed c¢cDNA was carried out with the
pureExtreme cDNA synthesis kit (Fermentas, USA)
according to manufacturer instructions. The reversal
transcription was performed using oligo-dT perimers:
GGCCACGCGACTAGTAC(T) 6.
1.3 Primer design for qPCR

The primers of the three housekeeping genes,
GAPDH, 18SrRNA and B-actin were designed from the
conserved sequences of each gene in Genbank with
Primer 5.0 software. The obtained primers (Tab. 1) were
synthesized by Shanghai Sangon Biological Engineering
Technology & Service Co. Ltd. The primers were used to
determine each housekeeping gene expression at
different tissues and developmental stages in S. chuatsi.
1.4 Quantitative real-time PCR assay procedures

Real-time PCR was performed using SYBR Green
PCR Mix, containing MgCl,, dNTP, and Hotstar Taq
polymerase with the PCR cycler (Stratagene, Mx3005P).
2 uL cDNA template was added to a total volume of 25
pL containing 12.5 pL SYBR Green mix, and 1 pmol/L
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each of forward and reverse primers. The following
protocol was used: (i) pre-denaturation program (10 s at
95°C); (ii) amplification and quantification program,
repeated 40 cycles (5 s at 95°C and 20 s at 60°C); (iii)

melting curve program (60 — 99°C with heating rate of
0.1C/s and fluorescence measurement). Following
reaction completion, samples were kept under 4°C until
further use.

Tab.1 Primer sequences for internal control genes

Housekeeping gene

Primer sequence

Product size (bp)

S: 5-ATCAAGGAAGCGGTGAAGAAGG-3'

GAPDH A: 5-CGAAGATGGAGGAGTGGGTGTC- 3’ 194
S: 5-GGAATGAGCGTATCCTAAACCC-3'

18SIRNA 180
A:5"-CTCCCGAGATCCAACTACAAGC-3'
S: 5-ATCGTGCGCCCCAGGCACC-3'

B-actin 144

A: 5-CTCCTTAATGTCACGCACGATTTC-3'

1.5 Data analysis

In order to choose a suitable housekeeping gene, the
stability of mRNA expression of each housekeeping gene
was statistically analyzed with geNorm software
(http://medgen.ugent.be/-jvdesomp/geNorm/).Each PCR
experiment consisted of a multiplex reaction in which the
expression levels of GAPDH, 18SrRNA, and [-actin
were assayed and the cycle time (Ct) values were
accessed from the PCR cycler (Stratagene, Mx3005P)
software. The normalized reporter signal for each of the
three internal control genes was <2. The maximum
expression level (the lowest Ct value) of each gene was
used as a control and with an expression amount of 1.
Relative expression levels were then calculated from Ct
values using the formula: 2°“, in which ACt=the
minimum Ct value — each corresponding Ct value. The
obtained data were further analyzed with geNom
software to calculate the average expression levels (M)
and their variable coefficiency (V) of each gene assayed.

Data were analyzed using Excel (Microsoft) and
GraphPad Prism (Prism). Where shown, data correspond
to means £SE. Statistics were performed using one-way
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Fig. 1 Electrophoresis examination of total RNAs
extracted from different tissues
1: White muscle; 2: Red muscle; 3: Heart; 4: Liver; 5: Kidney; 6:
Spleen.

2.2 Real-time PCR amplification and assay
To determine the expression of the three internal

ANOVA with post hoc. Data were deemed significant if
P <0.05.

2 Results

2.1 Determination of RNA concentration and its
quality

RNAs extracted from six tissues and embryos of
different developmental stages were diluted to 100 X and
their OD values (OD,4y/OD,gy) were spectrometrically
determined. Purity of the extracted RNAs was double
assayed by both the ratio of OD260/0D280 values and
1.0% agarose gel electrophoresis. As represented in Fig.
1, each 5 pg of total RNAs from six different tissue types
including white muscle, red muscle, heart, liver, kidney
and spleen were electrophoresed on 1% agarose gel.
Three bands of 5 s, 18 s and 28 s RNA were uniformly
presented. The OD values of the OD260/0D280 ratio of
all total RNAs ranged between 1.8 — 2.1, which indicates
high purity without contamination of other proteins or
organic agents. Similar results were also obtained for the
RNA gels extracted from five different embryonic stages

(Fig.2).
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Fig.2 Electrophoresis examination of total RNAs extracted
from different developmental stage embryos
1: Gastrula stage; 2: Buds; 3: Muscular effect stage; 4: Cardiac stage; 5:
Larval stage.

control genes at mRNA level from different tissues and
different embryonic developing stages, a real-time PCR
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technique was applied and their products were analyzed
by 1% agarose gel electrophoresis. The results in Fig. 3
demonstrated that B-actin was expressed uniformly at all
five development stages, but there were some variations
for the expression level of both GAPDH and 18SrRNA.
Furthermore, expression of the three genes at different
tissues was also assayed (Fig. 4). As presented in Fig. 4,
18SrRNA was consistently expressed at six different
tissues (lane 1 — 6, Fig. 4), B-actin was abundantly
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Fig. 3 Electrophoresis examination of differential

expression of housekeeping genes from

different developmental stage embryos
1 — 5: the B-actin; 6 —10: the GAPDH gene; 11 —15: 18SrRNA gene; M:
DNA Marker. Sample order: Gastrula stage, buds, muscular effect stage,
cardiac and larval stage.
genes was analyzed with geNorm program and the
average expression level (M) and paired variation
coefficient were calculated. As summarized in Fig. 5, the
M value of B-actin from the five different stages was the
lowest (0.233), indicating it is most stable. GAPDH is
in-between with a M value of 0.2. While the M value of
18S rRNA was the highest (0.332), which suggests that
18SrRNA expression is developmentally regulated.
When assayed at tissue-specific level, the M value of
GAPDH of six different tissues was lowest (0.253),
indicating its most stably expressed, followed by
18SrRNA (0.265), while B-actin’s expression appeared
variable with an M value at 0.325 (Fig. 6).

When analyzing with geNorm and a set threshold
value of 0.15, if Vp:1<0.15, it is not necessary to use
>n+1 housekeeping genes as internal control. The
resulting data indicate that the paired variable coefficient
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Fig. 5 Average expression stability values of house-
keeping genes in different developmental stages
analyzed by geNorm

expressed at the tissues of white muscle, red muscle,
liver and kidney, but less expressed in heart and spleen
(lane 7 — 12, Fig. 4), and GAPDH expression appeared
constant without obvious variation (Lane 13 — 18, Fig.
4).
2.3 Analysis of expression stability of the three
genes
The expression stability of three housekeeping

T I L A LT T T

Fig. 4 Electrophoresis examination of differential
expression of housekeeping genes from
different tissues
1 —6: 18 STRNA gene; 7 —12: B-actin; 13 —18: GAPDH gene; M: DNA
Marker. Sample order: White muscle, red muscle, heart, liver, kidney
and spleen.
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Fig. 6 Average expression stability values of housekee-

ping genes in different tissues by the geNorm

(Vo/V;) from different development stages is 0.132,
while its V,/V; value from different tissues is 0.087.
Both of these values are less than 0.15, which suggested
that two housekeeping genes are optimum for the study.

3 Discussion

To quantify the mRNA expression, it is required to
calibrate or normalize the data with suitable housekee-
ping gene. Recent studies have shown that no matter
which housekeeping gene (i.e. B-actin, 18S rRNA, or
APDH) is used, expression level could be affected by
different experimental conditions, development stages,
different tissues or physiological factors, resulting in a
potentially biased conclusion (Vandesompele et al, 2002;
Radollic et al, 2004; Czechowski et al, 2005). Therefore,
it is extremely important to choose one or two suitable
without obvious

housekeeping genes expression
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fluctuation for gene expression quantification with
regular PCR or qPCR technology. Due to relatively
constant expression and multiple functions in maintain-

ing of cellular structure, cellular motility, and cell
division, B-actin has been widely selected as internal
control (Thellin et al, 1999; Ohdan et al, 2005; Suzuki et
al, 2000). However, some studies suggested that 18 S
r-RNA is more stable than [-actin and it is more

applicable as an internal control gene (Selvey et al, 2001).

Our work demonstrated that B-actin expression is the
most stable and it is a good calibration gene for the
studies on gene expression at developmental level in the
S. chuatsi. Two other studies reported that P-actin
expression were varied at different tissues in Atlantic
salmon (Olsvik et al, 2005; Jorgensen et al, 2006). Our
data indicated that B-actin expression displayed apparent
variations from different tissues. Thus, B-actin is not
suitable as an internal control for gene expression
quantification at tissue-specific level, at least in fish.

Generally, 18 S rRNA is quite abundantly expressed
in organisms (Deane et al, 2002). Olsvik et al (2005) and
Tang et al (2007) assayed tissue-specific expression in
Atlantic salmon and Zebrafish (Danio rerio). They
confirmed that 18S rRNA expression was relatively
uniform between tissue types. Similarly, 18SrRNA
expression at different tissues in S. chuats was confirmed
to be quite stable in this study. However, 18S rRNA’s
transcription and expression could be affected by some
environmental, or physiological factors, or cellular or
developmental stages. For example, 28S and 18S RNA
become less expressed, even stopped at the interphase of
mitosis (Solanas et al, 2001; Chen et al, 2005). Our
observation demonstrated that 18S rRNA expression was
developmental differentially regulated. Thus, it is not a
good internal control for gene expression normalization
at developmental level.

Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) is an enzyme that catalyzes the sixth step of
glycolysis and thus serves to break down glucose for
energy and carbon molecules (Campanella et al, 2005).
GAPDH is also one of the most common housekeeping
genes and it is often used to normalize gene expression
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