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Abstract As a prerequisite for gene expression analyses in cell cultures of the ornamental crop 
Cyclamen persicum basic parameters for quantitative real-time polymerase chain reaction (qRT-PCR) 
have been established including the selection of reference genes using the software tools ‘geNorm’ 
and ‘NormFinder’. Five potential reference genes have been tested (elongation factor tu (Ef-Tu), 
putative ABC transporter ATPase, putative conserved oligomeric Golgi (COG) complex component, V-
ATPase G subunit 1 and Histone H3-K9 methyltransferase 4 (H3-K9-HMTase 4)). ‘NormFinder’ as well 
as ‘geNorm’ identified Ef-Tu to be the least stable reference gene while the ranking of the most stable 
genes differed depending on the algorithm. According to ‘NormFinder’ COG complex component 
displayed the most stable expression whereas ‘geNorm’ indicated V-ATPase G subunit 1 and a 
putative ABC transporter ATPase to be the most reliable reference genes. Hence, we concluded to use 
a normalization factor calculated from the four reference genes V-ATPase G subunit 1, ABC 
transporter ATPase, Histone H3-K9 methyltransferase 4 (H3-K9-HMTase 4) and COG complex 
component for normalization of qRT-PCR in cell cultures of Cyclamen persicum. 
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INTRODUCTION 

Quantitative real-time polymerase chain reaction (qRT-PCR) has become a very powerful technique to 
determine steady-state transcription levels of selected genes of interest (GOI) (Bustin, 2002; Ginzinger, 
2002). The technique of qRT-PCR has first been documented in 1993 (Higuchi et al. 1993). Since then 
it has been continually improved and refined so that it serves as a routine tool in molecular biology 
today with a wide range of applications (Bustin, 2002). Parallel to the technical improvements and the 
drastically rising applications, requirements for methodological standardization and quality control have 
evolved (Bustin et al. 2009). The accuracy of qRT-PCR depends on several specific features of this 
novel technique, but it also suffers from the problems inherent in reverse transcription (RT) and PCR in 
general (Pfaffl, 2004). Two major concerns in this context are primer design and concentration as well 
as the selection of an appropriate normalization strategy. 

Assays using SYBR Green may suffer from unspecific amplification (since SYBR Green is staining any 
double stranded DNA) and from the formation of primer-dimers, i.e. primer molecules that have 
hybridized to each other resulting in amplification of primer sequences instead of the target transcript 
(Morrison et al. 1998). To differentiate primer-dimers from the specific amplicon a melting curve 
analysis should be performed. After amplification the temperature is continuously increased resulting in 
denaturing of the DNA double strands which releases the SYBR Green dye so that the fluorescence 
decreases. The melting temperature is highly specific for different PCR products. Pure and 
homogeneous products produce a single, sharply defined melting curve with a narrow peak, while - in 
contrast - primer-dimers melt at relatively low temperatures and generate broader peaks (Ririe et al. 
1997). 
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With regard to calculation of quantities, relative quantification evolved as the method of choice for most 
applications, i.e. to compare the transcript abundance (commonly referred to as the ‘gene expression 
level’) of the gene of interest with that of reference genes whose expression levels do not change 
under various experimental conditions. Many studies make use of potential constitutively expressed 
control genes without proper validation of their stability of expression (Vandesompele et al. 2002). 
However, the use of reference genes without prior verification of the stability of their transcript 
abundance might generate incorrect results (Vandesompele et al. 2002; Brunner et al. 2004; Pfaffl et 
al. 2004). 

In this study, the basic steps (RNA isolation, cDNA synthesis, primer design and concentration 
determination) of establishing qRT-PCR in Cyclamen persicum are presented including the evaluation 
of five potential reference genes. C. persicum has evolved as a model plant for studying the effect of in 
vitro culture procedures on the process of somatic embryogenesis on the molecular level (Rensing et 
al. 2005; Winkelmann et al. 2006; Lyngved et al. 2008; Bian et al. 2010). For the horticultural industry 
vegetative propagation via somatic embryogenesis would be highly desirable in this crop. However, the 
protocol (Schwenkel and Winkelmann, 1998) is not reproducible and robust enough for use in routine 
propagation (Seyring and Hohe, 2005). Gene expression studies have been initiated in order to better 
understand the underlying physiological processes (Rensing et al. 2005; Hoenemann et al. 2010). 

MATERIALS AND METHODS  

Plant material 

Embryogenic cell cultures of Cyclamen persicum have been established and maintained according to 
Schwenkel and Winkelmann (1998), Winkelmann et al. (1998) and Hoenemann et al. (2010). Five 
different tissues (specified in Table 1) have been selected for the current analysis. 

Isolation of RNA and cDNA synthesis 

RNA was isolated using the RNeasy Plant Mini Kit (Qiagen) according to the manufacturer’s 
instructions and modifications as described by Dhanaraj et al. (2004). The protocol was conducted 
using the original buffers and modified ‘RLT’ lysis buffer (Dhanaraj et al. 2004) which were 
supplemented with 0.5% (v/v) beta-mercaptoethanol, 1.25% (w/v) polyvenylpyrrolidone-3000 (PVP 
3000) and 2% (w/v) sodiumsarcosyl. For eliminating genomic DNA contamination the on-column 
DNase digestion was performed according to the manufacturer’s instructions. RNA was quantified 
using the Qubit fluorimeter (Invitrogen). First strand cDNA was synthesised from up to 1 µg of total 
RNA using the QuantiTect Reverse transcription Kit (Qiagen). 

Selection of potential reference genes 

Five putative reference genes (elongation factor thermo unstable (Ef-Tu) (CYC16T7_A05), putative 
ABC transporter ATPase (CYC09T7_H06), V-ATPase G subunit 1 (CYC21T7_D01), conserved 

 

Table 1. Plant and in vitro culture material of Cyclamen persicum. 

Cell Line Culture Developmental Stage Embryogeneity 

F1 out of 3-2-
0503 

zygotic embryo 84-85 days after pollination yes 

3-43-0503 callus 0 h before transfer to standard media 
without hormones 

no longer 

3-76-0503 suspension 4 hrs after transfer to U media without 
hormones 

yes, torpedo-
shaped s.e. 

3-76-0503 somatic embryo out of 
suspension 

20-22 days - torpedo-shaped somatic 
embryo 

yes, torpedo-
shaped s.e. 

3738-12G callus 0 h before transfer to standard media 
without hormones 

never 
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oligomeric Golgi (COG) complex component (CYC34T7_F01) and H3-K9 methyltransferase 4(H3-K9-
HMTase 4) (CYC02F2_C10); sequences available from http://www.cyclamen-est.de) have been 
selected on the basis of preceding comprehensive microarray data including a wide range of tissues 
under various conditions (Hoenemann et al. 2010). Genes which are known to have a housekeeping 
function and which displayed stable transcript abundances in all microarray experiments have been 
selected for analysis (Table 2). 

Primer design and primer concentration determination 

PCR primer sequences were designed using Primer3 (Rozen and Skaletsky, 2000, available from the 
internet: http://biotools.umassmed.edu/bioapps/primer3_www.cgi). The optimal primer concentrations 
were analyzed in ranges of 100 to 500 nM of each primer. Primer sequences and conditions for 
amplification are given in Table 2. 

qRT-PCR methodology 

The transcript abundances of five selected putative reference genes were quantitatively measured by 
qRT-PCR in five different tissues each. PCR amplification was performed in a Stratagene Mx3000P 
qRT-PCR System (Stratagene, La Jolla, CA, USA) using ABsolute QPCR SYBR Green ROX Mix 
(ABgene, Epsom, Surrey KT19 9AP, UK). PCR reactions were carried out in a total volume of 25 µl, 
consisting of 1 ng cDNA, 100 to 500 nM forward primer, 100 to 500 nM reverse primer and 12.5 µl 
ABsolute QPCR SYBR Green ROX Mix. The qRT-PCR program consisted of an initial denaturation 
step at 95ºC for 15 min, 40 cycles of amplification with denaturation at 95ºC for 15 sec, primer 
annealing for 1 min at 59ºC and elongation at 72ºC for 1 min. The amplification steps were ensued by 
a melting range analysis with one cycle at 95ºC for 1 min, 59ºC for 1 min and 95ºC for 30 sec with 
continuously measured fluorescence. All experiments were performed for a set of three biological 
replicates in triplicate. For evaluating amplification efficiencies standard curves were calculated 
according to common methods (Livak and Schmittken, 2001; Pfaffl, 2004). 

Table 2. Primer sequences, primer concentrations, product sizes and annealing temperatures. 

Abbreviated 
Gene 

Designation 

Putative Gene 
Product Genbank 

Forward Primer (F) 
Reverse Primer (R) 

5’  3’ 

Product 
Size (Bp) 

Annealing 
Temp (°C) 

Primer 
Concentration 

(Nm) 

Ef-Tu Elongation factor tu AJ886626 F: TATCCAGAGGGGGATGGTT 
R: TGCCTACCTCCCTCTTCCT 102 59 200 

ABC 
transporter 

ATPase 

ABC transporter 
ATPase AJ886326 F:TGGCGAAACGTATTGAGAA 

R:AGTTGCTGGGGTTAGCATTT 98 59 100 

V-ATPase G 
subunit 1 

V-ATPase G 
subunit 1 

AJ887447 F: AGATCGGGTGCTAATGTGA 
R: AATCCCAGCATCGTTTTTCT 79 59 400 

COG complex 
component 

putative conserved 
oligomeric Golgi 
(COG) complex 

component 

AJ887962 F:TATCCAACGCCGACAAAATA 
R:GGAATGCTTCGATTTTTGCT 105 59 200 

H3-K9-HMTase 
4 

Histone H3-K9 
methyltransferase 4 AJ885940 F: GGTGTGAGATCTTGGGATT 

R: GTCAAGCCCCTTCATTGTTT 148 59 200 

PRK putative receptor 
kinase 

 

AJ886123 
 

F: GTGGTGAGAGAAGAATGGA 
R: GCATTTTAGGCCTCTTTTCG 107 59 400 

 

http://www.cyclamen-est.de/�
http://biotools.umassmed.edu/bioapps/primer3_www.cgi�
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Data analysis 

For each of the five reference genes (in each of the five tissues) the cycle threshold (Ct) was 
determined, i.e. the number of PCR cycles after which the fluorescence from a sample crosses the 
threshold (automatically amplification based). These Ct values have been transformed to relative 
quantities by subtraction of the lowest Ct value, i.e. the Ct value from the tissue with the highest 
transcript abundance from the Ct values of all tissues for each transcript measured, resulting in five 
delta Ct values for each transcript (according to the five different tissues). Subsequently each data 
point was transformed according to the formula 2(-delta Ct) resulting in raw reference gene quantities 
which are the required input data for ‘geNorm’ (Vandesompele et al. 2002) and ‘NormFinder’ 
(Andersen et al. 2004). ‘geNorm’ is an application tool for Microsoft Excel (Vandesompele et al. 2002). 
Data was loaded to the ‘geNorm’ macro file (geNorm.xls, available from internet: 
http://medgen.ugent.be/~jvdesomp/genorm/). ‘NormFinder.xla’ is an Add-In for Microsoft Excel which 
adds the ‘NormFinder’ (Andersen et al. 2004) functionality directly to the Microsoft Excel software 
package (available from internet: http://www.mdl.dk/publicationsnormfinder.htm). 

RESULTS AND DISCUSSION  

Primer concentration determination 

In SYBR Green-based qRT-PCR the sensitivity of the assay should be maximized in order to minimize 
the formation of non-specific amplification products. Therefore, it is necessary to use the lowest 
concentration of primers possible without compromising the efficiency. Thus, the primer concentrations 
that yielded the lowest Ct values, i.e. resulted in the highest target amplification, were identified. For Ef-
Tu (CYC16T7_A05), COG complex component (CYC34T7_F01) and Histone H3-K9-HMTase 4 
(CYC02F2_C10) the optimal primer concentration proved to be 200 nM, while 100 nM was optimal for 
ABC transporter ATPase (CYC09T7_H06) and 400 nM for V-ATPase G subunit 1 (CYC21T7_D01). All 
primers passed efficiency evaluation calculated by standard curves. Besides, it was ensured that the 
primer concentrations chosen also minimized the presence of non-specific amplification products by 
dissociation curve analysis. Efficiencies were calculated with the Mx3000P Software (MxPro). 
Investigated transcripts showed high efficiency rates of 99% (ABC transporter ATPase and V-ATPase 
G subunit 1) and 101% (COG complex component and Histone H3-K9-HMTase 4) for the investigation 
range from 2.0 to 0.125 ng cDNA input with high linearity for the optimal primer concentration reported. 

Validation of reference genes 

The average expression stability M of the tested genes was calculated using the software ‘geNorm’ 
(Vandesompele et al. 2002), which is based on the "pairwise comparison strategy". The M value is 
defined as the average pairwise variation of a particular gene with all other reference genes within a 
given group of cDNA samples. The average M values of the examined reference genes are plotted in 
Figure 1. The gene with the lowest M value is considered to have the most stable expression, while 
that one with the highest M value has the least stable expression. As shown in Figure 1a, the average 
expression stability value (M) of V-ATPase G subunit 1 (CYC21T7_D01) and ABC transporter ATPase 
(CYC09T7_H06) ranked lowest whereas that of Ef-Tu (CYC16T7_A05) turned out to be the highest. 
These results indicate that V-ATPase G subunit 1 (CYC21T7_D01) and ABC transporter ATPase 
(CYC09T7_H06) displayed the most stable transcript abundance while that of Ef-Tu (CYC16T7_A05) 
was most variable. 

Expression levels of ideal reference genes should not be affected by different developmental or 
environmental conditions. However, already numerous studies have described that also the expression 
level of housekeeping genes can vary considerably with experimental conditions (Jain et al. 2006; 
Hong et al. 2008; Cruz et al. 2009; Silveira et al. 2009). This is also supported by our data showing that 
the expression levels of all analyzed reference genes were not totally stable. 

Consequently, normalization of gene expression with a single reference gene can trigger erroneous 
data and therefore would cause misinterpretation of experiment results. Thus, normalization with 
multiple reference genes has recently evolved as new standard in the analyses of quantitative PCR 
data as already reported by various studies in other biological systems (Tong et al. 2009; Artico et al. 
2010; Lee et al. 2010; Maroufi et al. 2010). 

http://medgen.ugent.be/~jvdesomp/genorm/�
http://www.mdl.dk/publicationsnormfinder.htm�
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The minimum number of reference genes included in the normalization factor has been determined by 
calculation of the pairwaise variation of two sequential normalization factors (Vn/n+1) containing an 
increasing number of genes using the ‘geNorm’ software (Vandesompele et al. 2002). Here, the 
inclusion of a fourth gene (V 3/4) resulted in the lowest pairwise variation V of 0.22, while there was an 
increase in instability with the addition of a fifth gene (V 4/5). Although Vandesompele et al. (2002) 
recommended 0.15 as a cut-off value, other studies (Kuijk et al. 2007; Silveira et al. 2009) also resulted 
in higher pairwise variations. Therefore we suggest to calculate a normalization factor in our case using 
the four least variable reference genes V-ATPase G subunit 1 (CYC21T7_D01), ABC transporter 
ATPase (CYC09T7_H06), Histone H3-K9-HMTase 4 (CYC02F2_C10) and COG complex component 
(CYC34T7_F01).  

In addition to the analysis by ‘geNorm’ the data were also evaluated with the ‘NormFinder’ algorithm 
(Andersen et al. 2004). While ‘geNorm’ selects two genes with a low intra-group variation and 
approximately the same non-vanishing inter-group variation, ‘NormFinder’ takes into account the best 
two genes with minimal combined intra- and intergroup expression variation for normalization factor 
(NF) calculations (Andersen et al. 2004). Results generated by the ‘NormFinder’ calculation are 
presented in Figure 1b. This result differed from the ranking generated by ‘geNorm’, which could be 

 

 

Fig. 1 Comparison of ‘geNorm’ and ‘NormFinder’ outcome: (a) ‘geNorm’ (Average expression stability value M 
of reference genes starting from the least stable gene at the left and ending with the most stable genes at the right). 
(b) NormFinder (Stability values for each gene starting from the least stable gene at the left and ending with the 
most stable gene at the right). 
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expected since both software tools are based on distinct statistical algorithms. However, Ef-Tu 
(CYC16T7_A05) ranked poorest in both algorithms and should be avoided as internal control when 
doing gene expression studies in embryogenic cell cultures of C. persicum.  

The evaluation of different algorithms for reference gene selection allows a better validation of the most 
reliable controls and has thus become a routine tool for selection of reference genes in a wide range of 
organisms in the recent years (Tong et al. 2009; Artico et al. 2010; Lee et al. 2010). If different 
algorithms generate differing results the decision should depend on the application. An advantage of 
‘geNorm’ is to identify the appropriate number of reference genes while ‘NormFinder’ is less sensitive 
towards co-regulation, because it examines the stability of each single reference gene independently 
(Lee et al. 2010). 

The four identified reference genes were used for normalization of the gene expression level of a gene 
of interest (putative receptor kinase (PRK), CYC04T7_G0, Table 2). Exemplarily the expression levels 
of this gene were compared in zygotic and somatic embryos. It was shown that the transcript 
abundance was 3.2-fold increased in somatic embryos compared to zygotic embryos. Receptor protein 
kinases play an important role in several signal transduction pathways that elicit a developmental 
response to exogenous input (Becraft, 2002). Thus our result might be interpreted as a hint on the 
special impact of this gene in the process of somatic embryogenesis that is strongly dependent on 
exogenous triggers (Hoenemann et al. 2010). 

Hence for our studies in the experimental system of cell cultures of C. persicum, we concluded to use a 
normalization factor calculated as the geometric mean of the four reference genes V-ATPase G subunit 
1 (CYC21T7_D01), ABC transporter ATPase (CYC09T7_H06), Histone H3-K9-HMTase 4 
(CYC02F2_C10) and COG complex component (CYC34T7_F01) for normalization of qRT-PCR. 
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Abstract As a prerequisite for gene expression analyses in cell cultures of the ornamental crop Cyclamen persicum basic parameters for quantitative real-time polymerase chain reaction (qRT-PCR) have been established including the selection of reference genes using the software tools ‘geNorm’ and ‘NormFinder’. Five potential reference genes have been tested (elongation factor tu (Ef-Tu), putative ABC transporter ATPase, putative conserved oligomeric Golgi (COG) complex component, V-ATPase G subunit 1 and Histone H3-K9 methyltransferase 4 (H3-K9-HMTase 4)). ‘NormFinder’ as well as ‘geNorm’ identified Ef-Tu to be the least stable reference gene while the ranking of the most stable genes differed depending on the algorithm. According to ‘NormFinder’ COG complex component displayed the most stable expression whereas ‘geNorm’ indicated V-ATPase G subunit 1 and a putative ABC transporter ATPase to be the most reliable reference genes. Hence, we concluded to use a normalization factor calculated from the four reference genes V-ATPase G subunit 1, ABC transporter ATPase, Histone H3-K9 methyltransferase 4 (H3-K9-HMTase 4) and COG complex component for normalization of qRT-PCR in cell cultures of Cyclamen persicum.
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INTRODUCTION

Quantitative real-time polymerase chain reaction (qRT-PCR) has become a very powerful technique to determine steady-state transcription levels of selected genes of interest (GOI) (Bustin, 2002; Ginzinger, 2002). The technique of qRT-PCR has first been documented in 1993 (Higuchi et al. 1993). Since then it has been continually improved and refined so that it serves as a routine tool in molecular biology today with a wide range of applications (Bustin, 2002). Parallel to the technical improvements and the drastically rising applications, requirements for methodological standardization and quality control have evolved (Bustin et al. 2009). The accuracy of qRT-PCR depends on several specific features of this novel technique, but it also suffers from the problems inherent in reverse transcription (RT) and PCR in general (Pfaffl, 2004). Two major concerns in this context are primer design and concentration as well as the selection of an appropriate normalization strategy.

Assays using SYBR Green may suffer from unspecific amplification (since SYBR Green is staining any double stranded DNA) and from the formation of primer-dimers, i.e. primer molecules that have hybridized to each other resulting in amplification of primer sequences instead of the target transcript (Morrison et al. 1998). To differentiate primer-dimers from the specific amplicon a melting curve analysis should be performed. After amplification the temperature is continuously increased resulting in denaturing of the DNA double strands which releases the SYBR Green dye so that the fluorescence decreases. The melting temperature is highly specific for different PCR products. Pure and homogeneous products produce a single, sharply defined melting curve with a narrow peak, while - in contrast - primer-dimers melt at relatively low temperatures and generate broader peaks (Ririe et al. 1997).

With regard to calculation of quantities, relative quantification evolved as the method of choice for most applications, i.e. to compare the transcript abundance (commonly referred to as the ‘gene expression level’) of the gene of interest with that of reference genes whose expression levels do not change under various experimental conditions. Many studies make use of potential constitutively expressed control genes without proper validation of their stability of expression (Vandesompele et al. 2002). However, the use of reference genes without prior verification of the stability of their transcript abundance might generate incorrect results (Vandesompele et al. 2002; Brunner et al. 2004; Pfaffl et al. 2004).

In this study, the basic steps (RNA isolation, cDNA synthesis, primer design and concentration determination) of establishing qRT-PCR in Cyclamen persicum are presented including the evaluation of five potential reference genes. C. persicum has evolved as a model plant for studying the effect of in vitro culture procedures on the process of somatic embryogenesis on the molecular level (Rensing et al. 2005; Winkelmann et al. 2006; Lyngved et al. 2008; Bian et al. 2010). For the horticultural industry vegetative propagation via somatic embryogenesis would be highly desirable in this crop. However, the protocol (Schwenkel and Winkelmann, 1998) is not reproducible and robust enough for use in routine propagation (Seyring and Hohe, 2005). Gene expression studies have been initiated in order to better understand the underlying physiological processes (Rensing et al. 2005; Hoenemann et al. 2010).

MATERIALS AND METHODS 

Plant material

Embryogenic cell cultures of Cyclamen persicum have been established and maintained according to Schwenkel and Winkelmann (1998), Winkelmann et al. (1998) and Hoenemann et al. (2010). Five different tissues (specified in Table 1) have been selected for the current analysis.

Isolation of RNA and cDNA synthesis

RNA was isolated using the RNeasy Plant Mini Kit (Qiagen) according to the manufacturer’s instructions and modifications as described by Dhanaraj et al. (2004). The protocol was conducted using the original buffers and modified ‘RLT’ lysis buffer (Dhanaraj et al. 2004) which were supplemented with 0.5% (v/v) beta-mercaptoethanol, 1.25% (w/v) polyvenylpyrrolidone-3000 (PVP 3000) and 2% (w/v) sodiumsarcosyl. For eliminating genomic DNA contamination the on-column DNase digestion was performed according to the manufacturer’s instructions. RNA was quantified using the Qubit fluorimeter (Invitrogen). First strand cDNA was synthesised from up to 1 µg of total RNA using the QuantiTect Reverse transcription Kit (Qiagen).

Selection of potential reference genes

 (
Table 1. Plant and in vitro culture material of 
Cyclamen persicum.
Cell Line
Culture
Developmental Stage
Embryogeneity
F1 out of 3-2-0503
zygotic embryo
84-85 days after pollination
yes
3-43-0503
callus
0 h before transfer to standard media without hormones
no longer
3-76-0503
suspension
4 hrs after transfer to U media without hormones
yes, torpedo-shaped s.e.
3-76-0503
somatic embryo out of suspension
20-22 days - torpedo-shaped somatic embryo
yes, torpedo-shaped s.e.
3738-12G
callus
0 h before transfer to standard media without hormones
never
)Five putative reference genes (elongation factor thermo unstable (Ef-Tu) (CYC16T7_A05), putative ABC transporter ATPase (CYC09T7_H06), V-ATPase G subunit 1 (CYC21T7_D01), conserved oligomeric Golgi (COG) complex component (CYC34T7_F01) and H3-K9 methyltransferase 4(H3-K9-HMTase 4) (CYC02F2_C10); sequences available from http://www.cyclamen-est.de) have been selected on the basis of preceding comprehensive microarray data including a wide range of tissues under various conditions (Hoenemann et al. 2010). Genes which are known to have a housekeeping function and which displayed stable transcript abundances in all microarray experiments have been selected for analysis (Table 2).

Primer design and primer concentration determination

PCR primer sequences were designed using Primer3 (Rozen and Skaletsky, 2000, available from the internet: http://biotools.umassmed.edu/bioapps/primer3_www.cgi). The optimal primer concentrations were analyzed in ranges of 100 to 500 nM of each primer. Primer sequences and conditions for amplification are given in Table 2.

qRT-PCR methodology

 (
Table 2. Primer sequences, primer concentrations, product sizes and annealing temperatures.
Abbreviated Gene Designation
Putative Gene Product
Genbank
Forward Primer (F)
Reverse Primer (R)
5’ 
 3’
Product Size (Bp)
Annealing Temp (°C)
Primer
Concentration (Nm)
Ef-Tu
Elongation factor tu
AJ886626
F: TATCCAGAGGGGGATGGTT
R: TGCCTACCTCCCTCTTCCT
102
59
200
ABC transporter ATPase
ABC transporter ATPase
AJ886326
F:TGGCGAAACGTATTGAGAA
R:AGTTGCTGGGGTTAGCATTT
98
59
100
V-ATPase G
subunit 1
V-ATPase G
subunit 1
AJ887447
F: AGATCGGGTGCTAATGTGA
R: AATCCCAGCATCGTTTTTCT
79
59
400
COG complex component
putative conserved oligomeric Golgi (COG) complex component
AJ887962
F:TATCCAACGCCGACAAAATA
R:GGAATGCTTCGATTTTTGCT
105
59
200
H3-K9-HMTase 4
Histone H3-K9 methyltransferase 4
AJ885940
F: GGTGTGAGATCTTGGGATT
R: GTCAAGCCCCTTCATTGTTT
148
59
200
PRK
putative receptor kinase
AJ886123
F: GTGGTGAGAGAAGAATGGA
R: GCATTTTAGGCCTCTTTTCG
107
59
400
)The transcript abundances of five selected putative reference genes were quantitatively measured by qRT-PCR in five different tissues each. PCR amplification was performed in a Stratagene Mx3000P qRT-PCR System (Stratagene, La Jolla, CA, USA) using ABsolute QPCR SYBR Green ROX Mix (ABgene, Epsom, Surrey KT19 9AP, UK). PCR reactions were carried out in a total volume of 25 µl, consisting of 1 ng cDNA, 100 to 500 nM forward primer, 100 to 500 nM reverse primer and 12.5 µl ABsolute QPCR SYBR Green ROX Mix. The qRT-PCR program consisted of an initial denaturation step at 95ºC for 15 min, 40 cycles of amplification with denaturation at 95ºC for 15 sec, primer annealing for 1 min at 59ºC and elongation at 72ºC for 1 min. The amplification steps were ensued by a melting range analysis with one cycle at 95ºC for 1 min, 59ºC for 1 min and 95ºC for 30 sec with continuously measured fluorescence. All experiments were performed for a set of three biological replicates in triplicate. For evaluating amplification efficiencies standard curves were calculated according to common methods (Livak and Schmittken, 2001; Pfaffl, 2004).

Data analysis

For each of the five reference genes (in each of the five tissues) the cycle threshold (Ct) was determined, i.e. the number of PCR cycles after which the fluorescence from a sample crosses the threshold (automatically amplification based). These Ct values have been transformed to relative quantities by subtraction of the lowest Ct value, i.e. the Ct value from the tissue with the highest transcript abundance from the Ct values of all tissues for each transcript measured, resulting in five delta Ct values for each transcript (according to the five different tissues). Subsequently each data point was transformed according to the formula 2(-delta Ct) resulting in raw reference gene quantities which are the required input data for ‘geNorm’ (Vandesompele et al. 2002) and ‘NormFinder’ (Andersen et al. 2004). ‘geNorm’ is an application tool for Microsoft Excel (Vandesompele et al. 2002). Data was loaded to the ‘geNorm’ macro file (geNorm.xls, available from internet: http://medgen.ugent.be/~jvdesomp/genorm/). ‘NormFinder.xla’ is an Add-In for Microsoft Excel which adds the ‘NormFinder’ (Andersen et al. 2004) functionality directly to the Microsoft Excel software package (available from internet: http://www.mdl.dk/publicationsnormfinder.htm).

RESULTS AND DISCUSSION 

Primer concentration determination

In SYBR Green-based qRT-PCR the sensitivity of the assay should be maximized in order to minimize the formation of non-specific amplification products. Therefore, it is necessary to use the lowest concentration of primers possible without compromising the efficiency. Thus, the primer concentrations that yielded the lowest Ct values, i.e. resulted in the highest target amplification, were identified. For Ef-Tu (CYC16T7_A05), COG complex component (CYC34T7_F01) and Histone H3-K9-HMTase 4 (CYC02F2_C10) the optimal primer concentration proved to be 200 nM, while 100 nM was optimal for ABC transporter ATPase (CYC09T7_H06) and 400 nM for V-ATPase G subunit 1 (CYC21T7_D01). All primers passed efficiency evaluation calculated by standard curves. Besides, it was ensured that the primer concentrations chosen also minimized the presence of non-specific amplification products by dissociation curve analysis. Efficiencies were calculated with the Mx3000P Software (MxPro). Investigated transcripts showed high efficiency rates of 99% (ABC transporter ATPase and V-ATPase G subunit 1) and 101% (COG complex component and Histone H3-K9-HMTase 4) for the investigation range from 2.0 to 0.125 ng cDNA input with high linearity for the optimal primer concentration reported.

Validation of reference genes

The average expression stability M of the tested genes was calculated using the software ‘geNorm’ (Vandesompele et al. 2002), which is based on the "pairwise comparison strategy". The M value is defined as the average pairwise variation of a particular gene with all other reference genes within a given group of cDNA samples. The average M values of the examined reference genes are plotted in Figure 1. The gene with the lowest M value is considered to have the most stable expression, while that one with the highest M value has the least stable expression. As shown in Figure 1a, the average expression stability value (M) of V-ATPase G subunit 1 (CYC21T7_D01) and ABC transporter ATPase (CYC09T7_H06) ranked lowest whereas that of Ef-Tu (CYC16T7_A05) turned out to be the highest. These results indicate that V-ATPase G subunit 1 (CYC21T7_D01) and ABC transporter ATPase (CYC09T7_H06) displayed the most stable transcript abundance while that of Ef-Tu (CYC16T7_A05) was most variable.

Expression levels of ideal reference genes should not be affected by different developmental or environmental conditions. However, already numerous studies have described that also the expression level of housekeeping genes can vary considerably with experimental conditions (Jain et al. 2006; Hong et al. 2008; Cruz et al. 2009; Silveira et al. 2009). This is also supported by our data showing that the expression levels of all analyzed reference genes were not totally stable.

Consequently, normalization of gene expression with a single reference gene can trigger erroneous data and therefore would cause misinterpretation of experiment results. Thus, normalization with multiple reference genes has recently evolved as new standard in the analyses of quantitative PCR data as already reported by various studies in other biological systems (Tong et al. 2009; Artico et al. 2010; Lee et al. 2010; Maroufi et al. 2010).

The minimum number of reference genes included in the normalization factor has been determined by calculation of the pairwaise variation of two sequential normalization factors (Vn/n+1) containing an increasing number of genes using the ‘geNorm’ software (Vandesompele et al. 2002). Here, the inclusion of a fourth gene (V 3/4) resulted in the lowest pairwise variation V of 0.22, while there was an increase in instability with the addition of a fifth gene (V 4/5). Although Vandesompele et al. (2002) recommended 0.15 as a cut-off value, other studies (Kuijk et al. 2007; Silveira et al. 2009) also resulted in higher pairwise variations. Therefore we suggest to calculate a normalization factor in our case using the four least variable reference genes V-ATPase G subunit 1 (CYC21T7_D01), ABC transporter ATPase (CYC09T7_H06), Histone H3-K9-HMTase 4 (CYC02F2_C10) and COG complex component (CYC34T7_F01). 

 (
Fig. 1 Comparison of ‘geNorm’ and ‘NormFinder’ outcome: 
(a) ‘geNorm’ (Average expression stability value M of reference genes starting from the least stable gene at the left and ending with the most stable genes at the right). (b) NormFinder (Stability values for each gene starting from the least stable gene at the left and ending with the most stable gene at the right).
)In addition to the analysis by ‘geNorm’ the data were also evaluated with the ‘NormFinder’ algorithm (Andersen et al. 2004). While ‘geNorm’ selects two genes with a low intra-group variation and approximately the same non-vanishing inter-group variation, ‘NormFinder’ takes into account the best two genes with minimal combined intra- and intergroup expression variation for normalization factor (NF) calculations (Andersen et al. 2004). Results generated by the ‘NormFinder’ calculation are presented in Figure 1b. This result differed from the ranking generated by ‘geNorm’, which could be expected since both software tools are based on distinct statistical algorithms. However, Ef-Tu (CYC16T7_A05) ranked poorest in both algorithms and should be avoided as internal control when doing gene expression studies in embryogenic cell cultures of C. persicum. 

The evaluation of different algorithms for reference gene selection allows a better validation of the most reliable controls and has thus become a routine tool for selection of reference genes in a wide range of organisms in the recent years (Tong et al. 2009; Artico et al. 2010; Lee et al. 2010). If different algorithms generate differing results the decision should depend on the application. An advantage of ‘geNorm’ is to identify the appropriate number of reference genes while ‘NormFinder’ is less sensitive towards co-regulation, because it examines the stability of each single reference gene independently (Lee et al. 2010).

The four identified reference genes were used for normalization of the gene expression level of a gene of interest (putative receptor kinase (PRK), CYC04T7_G0, Table 2). Exemplarily the expression levels of this gene were compared in zygotic and somatic embryos. It was shown that the transcript abundance was 3.2-fold increased in somatic embryos compared to zygotic embryos. Receptor protein kinases play an important role in several signal transduction pathways that elicit a developmental response to exogenous input (Becraft, 2002). Thus our result might be interpreted as a hint on the special impact of this gene in the process of somatic embryogenesis that is strongly dependent on exogenous triggers (Hoenemann et al. 2010).

Hence for our studies in the experimental system of cell cultures of C. persicum, we concluded to use a normalization factor calculated as the geometric mean of the four reference genes V-ATPase G subunit 1 (CYC21T7_D01), ABC transporter ATPase (CYC09T7_H06), Histone H3-K9-HMTase 4 (CYC02F2_C10) and COG complex component (CYC34T7_F01) for normalization of qRT-PCR.
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