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ABSTRACT. Quantitative real-time polymerase chain reaction (qRT-
PCR) is an important technology used to analyze gene-expression levels. 
Reference genes, which are assumed to be expressed consistently across 
various developmental stages and in different tissues, were selected for 
expression level analysis. Using digital gene expression technology, 
we selected nine reference genes (18S, EF, CYCOL, SAND, GAPDH, 
ACTIN, BHLH, TIP, and Clathrin) as candidate reference genes 
for further study. Using three different analysis methods (GeNorm, 
NormFinder, and BestKeeper), a total of 144 lily (Lilium x formolongi 
“Raizan 3”) samples were analyzed. The samples were collected 
from four different tissues under various developmental stages. In 
addition, leaves treated with different plant hormones were collected 
and analyzed. The data showed that the stability of the nine reference 
genes differed among samples, but TIP, EF, Clathrin, and BHLH could 
be identified as the most stable genes overall. In addition, the relative 
expression level of LfFT in different lily tissues with the competence 
to flower was also analyzed to verify the selected reference genes. This 
study constitutes an important source for selecting reference genes 
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when analyzing the expression patterns of flowering time and floral 
development regulation genes in lily cultivars.

Key words: Lily; Reference genes; qRT-PCR; GeNorm; NormFinder; 
BestKeeper

INTRODUCTION

Quantitative real-time polymerase chain reaction (qRT-PCR) is a powerful tool for 
measuring gene expression and will be essential for disclosing mysterious plant developmental 
processes. With the increasing importance of gene-expression analysis in biological research, 
qRT-PCR has become a high-throughput method for accurate gene-expression profiling.

Typically, a reference gene is used as internal control. However, if the expression of 
the reference gene is not constant or is altered under different experiment conditions, it will 
not only become impossible to detect small changes in other genes’ expression levels, but 
could also result in biologically incorrect results. As a result, the selection of suitable reference 
genes for specific experimental purposes is highly important. Theoretically, reference genes 
should be essential for the maintenance of cellular function and vitality, and should be stably 
expressed in tissues and cells. However, in practice, their expression levels depend on tissue 
types, developmental stages, organisms, and experimental conditions (Stürzenbaum and Kille, 
2001; Yoo et al., 2009). Furthermore, to avoid genomic DNA amplification, reference genes 
should not be associated with any pseudogene and their stability should be equivalent to that 
of the target gene transcript (Iland et al., 2006).

There have been many reports on reference gene validation in various plants, such 
as rice (Jain et al., 2006), chickpea (Garg et al., 2010), soybean (Jian et al., 2008; Hu et al., 
2009), tomato (Expósito-Rodríguez et al., 2008), chrysanthemum (Gu et al., 2011), and poplar 
(Gutierrez et al., 2008). The results illustrate that candidate reference genes may vary among 
species and even among different cultivars. For sweet potato cultivars, the reference genes 
ACT (b-actin) and TUB were selected as the most stable gene set in the Yulmi cultivar, but 
for cultivars Sinhwangmi, Sinzami, and Whitestar, the gene sets COX/TUB, PLD/RPL, and 
COX/UBI, respectively, were better (Park et al., 2012). These genes also showed differences 
depending of tissue and treatment. The selection of reliable reference genes for gene-expression 
under abiotic stress in Gossypium hirsutum L. showed that the reference gene needed to be 
selected based on the specific condition. For example, under salt stress, UBQ7 (ubiquitin), 
GAPDH (glyceraldehyde-3-phosphate dehydrogenase), and EF-1a8 are better reference genes 
in the leaves, whereas TUA10, UBQ7, CYP1, GAPDH, and EF-1a8 were better in the roots. 
Under drought stress, UBQ7, EF-1a8, TUA10, and GAPDH showed less gene-expression 
variation in both the leaves and the roots (Wang et al., 2013). For Vigna mungo, a high 
stability was obtained for ACT and EF-1a during mungbean yellow mosaic India virus stress; 
H2A, EF-1a, and ACT were found to be most suitable under salinity stress experiments; and 
TUB and 18S (18S rRNA) during drought treatments (Kundu et al., 2013). Commonly known 
housekeeping genes like GAPDH, ACTB, and 18S have been used in many expression studies 
for different tissues (Thellin et al., 1999; Bustin, 2000). Currently, many kinds of endogenous 
reference genes, such as tubulin (alpha- or beta-), ribosomal units (18S or 28S rRNA), and UBQ 
(Ito et al., 2006), are widely used to normalize data in gene-expression analyses. However, there 
were also many recent reports showing that not all well-known and frequently used reference 
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genes are appropriate in qRT-PCR analysis due to their expression variability.
It is essential to evaluate the stability of candidate reference genes and many software 

packages have been developed to this end. Recently, several statistical analysis methods, such 
as GeNorm (Vandesompele et al., 2002), NormFinder (Andersen et al., 2004), and BestKeeper 
(Pfaffl et al., 2004), have been proposed for evaluating the expression stability of reference 
genes and selecting the most suitable reference genes. The GeNorm, NormFinder and BestKeeper 
use different mathematical algorithms to estimate the most suitable reference genes

Many reports state that different plant species have clearly defined reference genes 
for different organs and different environmental conditions. However, no systematic survey 
has determined such reference genes for the lily. As the molecular biological studies, 
especially those involving gene-expression, increases in the lily, qRT-PCR is being applied 
more frequently. Based on previous results in other species, a validation of several candidate 
reference genes in lily cultivars is essential. In the present study, digital gene-expression 
technology was used to analyze the different gene-expression levels in different tissues, 
development stages, and under different plant hormone treatments in the lily. Nine potential 
reference genes were selected as candidate genes, in this study. The performance of all these 
genes was analyzed in various tissues, at different developmental stages, as well as under 
different plant hormone treatments. Furthermore, GeNorm (Vandesompele et al., 2002), 
NormFinder (Andersen et al., 2004), and BestKeeper (Pfaffl et al., 2004) were applied, 
to determine the most suitable reference gene(s). To verify the usefulness of the selected 
reference genes, the expression pattern of LfFT, was analyzed in different tissues when 
the plants were competent to flower. To our knowledge, this study is the first attempt at 
evaluating suitable reference genes for use in qRT-PCR studies, while also quantifying 
transcripts expressed at different developmental stages, in different tissues, as well as under 
different hormone treatments in the lily. The present study will be of great benefit to future 
studies on gene-expression in the lily.

MATERIAL AND METHODS

Plant material and sample collection

In this experiment, the Lilium x formolongi “Raizan 3” cultivar was used. Bulbs were 
planted in a greenhouse under optimal cultivation conditions. During the cold storage time 
of the bulbs, bubs were collected weekly, adding up to a total of six times which noted as 
Bud-0, Bud-1, Bud-2, Bud-3, Bud-4, and Bud-5. From the time the bulbs were planted to the 
appearance of flower buds, we selected samples, including the apical meristems, stems, and 
leaves, every two weeks, totaling six times. Flower buds of lengths 1, 1.5, 2, 2.5, 3, and 4 cm 
were selected for analysis.

The hormone treatments comprised exposure to salicylic acid (SA), methyl 
jasmonate (JA), and ethylene (ET), respectively. Plants were sprayed with a 150 and 200 
mM solution of SA and JA, respectively. For the ET treatments, 1 mL was injected into 
the air of plants kept under a sealed 50-L plexiglas box on a laboratory bench. Leaves of 
treated plants were collected at 2, 6, 12, 24, 36, and 48 h after the chemical treatments 
and a Botrytis inoculation of leaves with visible traces of fungal spore inoculations was 
performed. After collection, all samples were immediately frozen in liquid nitrogen and 
stored at -80°C until further analysis.
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RNA extraction, quality control and cDNA synthesis

A Total RNA Isolation System (Aidlab, Beijing, China) was employed following the 
manufacturer instructions. To investigate the RNA quality, a 1% agarose gel electrophoresis 
was applied. The concentration was ascertained using a NanoDrop ND-1000 spectrophotometer 
(Wilmington, DE, USA) according to the standards, which were 1.8 ≤ OD260/280 ≤ 2.2 and 
OD260/230 ≥ 1.8. All samples were pretreated with an RNase-free DNase I (Promega, Madison, 
WI,USA) at 37°C for 30 min, in order to eliminate any DNA contamination. The first strand 
cDNA was synthesized using the M-MLV reverse transcription system (Promega) following 
the manufacturer protocol (Fu et al., 2014). The cDNA was subsequently stored at -20°C until 
further use.

Selection of reference sequences

In a preliminary study, an Illumina/Solexa library of lily “Sorbonne” was constructed 
(Zhang et al., 2015). In total, 39,636 unigenes were identified, 30,986 of these genes were 
annotated with BLASTX (data not shown). Nine reference genes were selected for gene-
expression normalization among the samples from the different developmental stages, tissues, 
and hormone treatments.

PCR primer design and test of amplification efficiency

Primers were designed using Beacon designer software with melting temperatures 
(Tm) of 54° - 60°C, primer lengths ranging between 17 and 26 bp, and amplicon lengths of 
approximately 200 bp. The specific primer sequences are listed in Table 1. The performance 
of the designed primers was tested by qRT-PCR. A serial dilution of pooled cDNA was used 
to generate a standard curve, which was then used to estimate the reaction efficiency of each 
primer pair. The mean quantification cycle (Cq) values of each ten-fold dilution were plotted 
against the logarithm of the cDNA dilution factor.

Table 1. Reference gene primer sequences and amplicon characteristics in the lily.
Gene 
symbol 

Full name Cellular function 5'-3' sequence (Forward/Reverse) Amplicon 
size (bp) 

Tm 
(°C) 

PCR 
efficiency 

(%) 

Regression 
coefficient 

(R2) 

Mean Cq 
value 

18S 18S ribosomal RNA Ribosome subunit GCAGAATCCCGTGAACCAT 143 54 106.7 0.998 20.09 
   GCCAATCTCCGCATCCAT      
EF EF-1a Eukaryotic elongation factor 1-alpha GGCACTAACTCGCTCCTTCTG 173 55 106.1 0.998 18.94 
   TTGGTAAGATGCTGGTGATTGGAT      
CYCOL Cycolphilin A Serine-threonine phosphatase inhibitor ACCCTTGGGCAAGAACAACAGAA 127 56 99.3 0.997 19.66 
   GCAAAGGAGGTTGAGTTGGAGGAT      
SAND SAND family protein Hypothetical proteins CCAATACCCAGATGAGGAGACAAA 178 54 105.4 0.992 22.73 
   GGATTCGCATTGAGGCTGTTC      
GAPDH Glyceraldehyde-3-phosphate Oxidoreductase in glycolysis and 

gluconeogenesis 
CACGGTCAGTGGAAGCACCATGAGAT 180 60 97.6 0.995 17.33 

   AGCAGCAGCCTTATCCTTGTCAGTGA      
ACTIN Beta actin Cytoskeletal structural protein CCCATTGAGCACGGCATTGTC 128 56 102.8 0.999 20.46 
   GGATTGAGAGGAGCTTCGGTGAGA      
BHLH Basic helix-loop-helix Transcription factor CCAGCAGGTTGTCCTTGTG 142 56 106.3 0.998 21.15 
   TCCGTGATGAGAAGCAGAGG      
TIP TIP41 family protein Tonoplast intrinsic proteins CGAAGCCAGAAACGGAGAAGAAT 192 55 107.9 0.998 20.94 
   GGGTAGGGTGGATTGGGAAGA      
Clathrin Clathrin Clathrin adaptor complex GATGAGATTCTGATTGCTGGTGAG 103 55 93.0 0.999 20.80 
   CCTGCTCTTTGGCTGTTTCC      
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qRT-PCR

The qRT-PCR was performed on an optical 96-well plate with a Mini Opticon Real-
time PCR System (Bio-Rad, Hercules, CA, USA) based on SYBR Premix Ex Taq (TaKaRa, 
Kusatsu, Shiga, Japan). The total reaction volume, 20 mL, contained 2 mL template of each 
amplification primer (10 mM, 0.4 mL), 2X SYBR Premix Ex Taq (10 mL), and 7.2 mL ddH2O. 
The following program was used for all PCRs: reactions: 95°C for 2 min, 40 cycles of 95°C 
for 10 s and 15 s at the respective annealing temperatures, followed by 15 s at 72°C. Melting 
curves were recorded after the 40th cycle by increasing the temperature stepwise by 0.5°C 
every 5 s from 65° to 95°C.

Statistical analysis

The data obtained for each sample was analyzed using the GeNorm (v. 3.4) 
(Vandesompele et al., 2002), NormFinder (v. 0.953) (Andersen et al., 2004), and BestKeeper 
programs, according to their respective protocols. The GeNorm algorithm calculates the 
average pairwise variations (V) between a given gene and all other control genes. It is thus 
able to identify the two most stable reference genes or multiple combinations of various stable 
genes. This tool uses the principle that the expression ratio of two perfect reference genes 
should remain constant across different experimental treatments. GeNorm was also used 
to determine the optimal number of reference genes, to normalize the expression of target 
genes. This estimation is based on the variation between two normalization factors (NF; the 
geometric mean value of the best reference genes), with stepwise inclusions of less stable 
reference genes (Vn/Vn+1) (Nakayama et al., 2014). The NormFinder algorithm is based on an 
analysis of variance model. This algorithm evaluates the total variation in the expression of the 
candidate genes using the sum of variance (Moraes et al., 2015). As for BestKeeper, raw data 
in the form of raw Cq values generated by the RT-PCR platform are input to the BestKeeper 
software are on excel, separately for HKGs and TGs. It determines the “optimal” HKGs by 
employing a pair-wise correlation analysis of all pairs of candidate genes and calculates the 
geometric mean of the “best” suited genes (Pfaffl et al., 2004).

Normalization of LfFT

LfFT was cloned from bulb buds of Lilium x formolongi “Raizan 3” in our laboratory. 
It was used as a target gene to verify the identified candidate reference genes in a qRT-PCR. 
The expression levels of LfFT in bulb buds, apical meristems, stems, and leaves of plants 
with competence to flower were analyzed using either the most stable reference gene, or a 
combination of reference genes as determined by GeNorm.

LfFT primer pairs (forward: 5'-AGCAACAGAGAGTTCACCAATG-3'; reverse: 
5'-GTGTGTAAAGGGTCCTCATGTC-3') were used for qRT-PCR (Tm = 54°C).

RESULTS

Performance of the primers for each reference gene

The stability of the nine candidate reference genes was examined across the different 
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tissues at different developmental stages (Table 1). The results of agarose gel electrophoresis 
and the presence of a single melting curve peak demonstrated that all nine primer pairs amplified 
a single band of expected size from various cDNA templates. The correlation coefficients (R2) 
ranged between 0.9920 and 0.9990, and PCR amplification efficiencies ranging between 93.0 
and 107.9% were obtained from the standard curves generated using the serial cDNA dilution.

Expression levels of the reference genes

The mean expression levels of the nine candidate reference genes presented as Cq 
values are shown in Table 1. The mean values of the reference genes ranged between 17.33 
and 22.70, suggesting that these reference genes were expressed at different levels in the lily. 
As shown in Figure 1, GAPDH showed the highest expression level in all samples and the 
lowest Cq value (15.450). SAND presented the lowest expression level and the highest Cq 
value (29.835). In general, the expression levels of most genes ranged from 17.82 to 23.20. 
This indicates that none of the selected genes were expressed consistently in the different 
lily samples. ACTIN, 18S, and GAPDH, which are the most commonly used reference genes, 
showed great variability. The Cq values in these three genes ranged from 18.11-26.85, 15.98-
24.41, and 15.45-23.69, respectively. Hence, it is necessary to evaluate the reference genes for 
normalization under different experimental conditions.

Figure 1. Expression levels of nine candidate reference genes across all samples of Lilium x formolongi “Raizan 3”. 
The boxes represent mean Cq values, upper bars correspond to the maximum Cq values and lower bars represent 
the minimum Cq values.

The stability of the reference genes

In the present study, three methods were selected to analyze the gene stability data. 
A low value of M generated from GeNorm, indicates more stable gene-expression, whereas a 
high M value indicates a less stable gene-expression (Jin et al., 2013). Stably expressed genes 
have values below 1.5 (Vandesompele et al., 2002). The ranking orders, based on the M value, 
are depicted in Figure 2. The M values of four genes were below 1.5. In all samples, EF and 
BHLH were the most stably expressed genes with an M value of 0.998, followed by TIP and 
Clathrin. 18S and CYCOL were the least stable genes in all samples (Figure 2A). As far as the 
different tissues are concerned, EF and TIP performed well with an M value of 0.53, whereas 
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18S and CYCOL were considered unstable (Figure 2C). For the different development stages, 
GAPDH and TIP were the most highly ranked with an M value of 0.21 and 18S and Clathrin 
were the least stable genes (Figure 2B). Under the different plant hormone treatments, BHLH 
and Clathrin showed the greatest stability, followed closely by TIP. 18S was the least stable 
housekeeping gene (Figure 2D).

Figure 2. Average expression stability values (M) of the candidate reference genes calculated using GeNorm. Note: 
The M values are calculated following stepwise exclusion of the least stable gene across all treatment groups. The 
least stable genes are on the left and the most stable genes are on the right. (A) Total; (B) Developmental stages; 
(C) Different tissues; (D) Plant hormone treatments.

The pairwise variation (Vn/Vn+1) was also calculated, to determine the optimal number 
of genes required for normalization. Overall, the Vn/Vn+1 values were higher than 0.15 under 
all experimental conditions, indicating that no optimal set of reference genes could be found 
(Figure 3). However, a threshold value of 0.15 may be too strict in some cases, considering 
that it is dependent on the number of genes and the type of samples tested (Kuijk et al., 2007; 
Silberberg et al., 2009; Fernandez et al., 2011). In addition, the decision of the number of 
reference genes is always a compromise between accuracy and cost. As a result, four stable 
reference genes were chosen because the inclusion of the fifth gene had no significant 
effect on the V value. In the case of the different tissues, two stable reference genes 
sufficed. In the different developmental stages, three stable reference genes were only just 
sufficient for normalization to analyze the gene-expression levels (with V value which is 
0.169). Finally, for the hormone treatments, three genes were sufficient for normalization 
(with V value, which is 0.140).

The stability of reference genes was re-analyzed using NormFinder (Table 2). Genes 
were then ranked according to their stability under different experimental conditions through 
calculation of the NF. The ranking order generated by this method was slightly different from 
that found by GeNorm (Table 2). TIP was found to be the most stable gene for all samples, 
developmental stages, and tissues. Following TIP, was Clathrin and SAND. For plant hormone 
treatments, Clathrin was the most stable gene. In both the different tissues and the different 



8M.F. Zhang et al.

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15027982

development stages, the best combination of two genes was TIP and Clathrin, however, for the 
plant hormone treatment, the best combination was SAND and GAPDH.

Figure 3. Pairwise variation (V) of the candidate reference genes calculated using GeNorm. Note: The V value 
indicates the optimal number of reference genes required for effective normalization. The V value was analyzed 
between the normalization factors Vn and Vn+1, sing GeNorm.

Table 2. Ranking of reference genes and their expression stability values (NF) calculated using NormFinder.

Ranking order Total Developmental stages Tissues Hormone treatments 
Gene name NF Gene name NF Gene name NF Gene name NF 

1 TIP 0.455 TIP 0.192 TIP 0.417 Clathrin 0.239 
2 Clathrin 0.621 Clathrin 0.260 SAND 0.445 BHLH 0.248 
3 ACTIN 0.679 SAND 0.264 GAPDH 0.548 TIP 0.270 
4 EF 0.742 GAPDH 0.294 ACTIN 0.555 SAND 0.310 
5 BHLH 0.819 ACTIN 0.316 Clathrin 0.577 ACTIN 0.331 
6 GAPDH 0.872 EF 0.398 EF 0.650 GAPDH 0.336 
7 SAND 0.922 BHLH 0.429 18S 0.759 EF 0.364 
8 18S 1.208 CYCOL 0.521 BHLH 0.840 CYCOL 0.494 
9 CYCOL 1.209 18S 0.637 CYCOL 0.882 18S 0.560 

 
The stability of the reference genes was also analyzed using BestKeeper (Table 

3). According to the Cq variation, Clathrin was the most stable gene both overall and for 
the developmental stage analysis. CYCOL was the most suitable HKG for different tissues 
followed by Clathrin. Contrasting with the results from all other analyses, for the plant 
hormone treatment, BHLH was found to be the most stable gene.

As can be seen in Table 3, the results from the three different analysis methods showed 
slight differences. TIP was the most stable gene for the developmental stages and different 
tissues, according to GeNorm and NormFinder. In the case of the plant hormone treatments, the 
results indicated that BHLH was the most suitable reference gene for analysis. The BestKeeper 
revealed that Clathrin was the most stable gene overall as well as for the developmental stage 
samples. There was some variation among the three methods, but in summary, TIP, EF, Clathrin, 
and BHLH were identified as the top four reference genes for future study.

Reference gene validation

The reference gene validation was performed using the four most stable genes 
calculated by GeNorm (TIP, EF, Clathrin, and BHLH) as the internal control. The relative 
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expression levels of the different tissues, including the stem, leaf, meristem, and bud, are 
shown in Figure 4. Similar expression patterns were found. When normalized using the ACTIN 
gene, which is the most commonly used reference gene, the expression pattern was slightly 
altered (Figure 4A-E). The LfFT expression level of Bud-5 was the highest, differing from 
all other reference gene combinations. The expression pattern of LfFT was entirely different 
when normalized with 18S, which was the least stable gene in the ranking order generated 
by three methods (Figure 4E). The expression level values ranged from 0.03-90.12. 
Using 18S as the reference gene, the highest expression levels were found for bud-5 and 
meristem-4, which are quite different.

Table 3. Gene ranking according to the GeNorm, NormFinder, and BestKeeper calculations.

Ranking order GeNorm 
Total Developmental stages Tissues Hormone treatments 

1 EF TIP TIP BHLH 
2 BHLH GAPDH EF Clathrin 
3 Clathrin SAND Clathrin TIP 
4 TIP ACTIN BHLH SAND 
5 ACTIN CYCOL SAND ACTIN 
6 SAND BHLH ACTIN GAPDH 
7 GAPDH EF GAPDH CYCOL 
8 CYCOL Clathrin CYCOL EF 
9 18S 18S 18S 18S 
Ranking order NormFinder 

Total Developmental stages Tissues Hormone treatments 
1 TIP TIP TIP Clathrin 
2 Clathrin Clathrin SAND BHLH 
3 ACTIN SAND GAPDH TIP 
4 EF GAPDH ACTIN SAND 
5 BHLH ACTIN Clathrin ACTIN 
6 GAPDH EF EF GAPDH 
7 SAND BHLH 18S EF 
8 18S CYCOL BHLH CYCOL 
9 CYCOL 18S CYCOL 18S 
Ranking order BestKeeper 

Total Developmental stages Tissues Hormone treatments 
1 Clathrin Clathrin CYCOL BHLH 
2 TIP BHLH Clathrin EF 
3 BHLH EF BHLH SAND 
4 EF TIP ACTIN GAPDH 
5 SAND SAND TIP TIP41 
6 ACTIN ACTIN 18S CYCOL 
7 GAPDH GAPDH GAPDH ACTIN 
8 18S CYCOL SAND Clathrin 
9 CYCOL 18S EF 18S 

 

DISCUSSION

qRT-PCR has emerged as a powerful tool for gene-expression analysis, especially 
with respect to sensitivity and specificity (Artico et al., 2010). The ideal reference genes 
should be stably expressed under all experimental conditions and be independent of organs, 
tissues, developmental stages, and treatments (Huggett et al., 2005). A systematic verification 
of the most suitable reference gene for specific experimental conditions is extremely important 
for gene-expression studies using qRT-PCR.
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Figure 4. Relative quantification of LfFT expression in different plant tissues with competence to flower, using 
validated reference genes for normalization. The reference genes and gene combinations used were A: TIP; 
B: Clathrin; C: EF; D: BHLH; E: ACTIN; F: EF and BHLH; G: EF, BHLH, and Clathrin; H: TIP, EF, BHLH, 
and Clathrin. Bars indicate the standard deviation of three technical replicates. A. Relative quantification of 
LfFT expression in bud tissue; B. Relative quantification of LfFT expression in meristem tissue; C. Relative 
quantification of LfFT expression in leaf tissue; D. Relative quantification of LfFT expression in stem tissue; E. 
Relative quantification of LfFT expression with 18S as reference gene.
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In the present study, the stability of nine reference genes in various tissues during 
different developmental stages and plant hormone treatments were analyzed. This is the first 
systematic study on expression stability of reference genes across such a large number of 
tissue samples from Lilium x formolongi. Based on the results presented here, of the nine 
candidate genes, 18S, CYCOL, and GAPDH performed poorly. These results agree with those 
found in other studies (Bevitori et al., 2014). In contrast, TIP, EF, Clathrin and BHLH were 
good candidates for normalization in Lilium x formolongi across all samples. While for rice 
under salt stress, the results were different that TIP, EF, Clathrin and BHLH were not suitable 
as candidate reference genes (Moraes et al., 2015).

However, traditional reference genes, such as the ACT gene family, which is involved 
in many basic processes, are considered to be reliable reference genes for the purposes of plant 
flowering studies (Hong et al., 2008). According to two studies in soybean, it was revealed 
that ACT11 was the most stably expressed gene under different photoperiodic treatments 
(Jian et al., 2008; Hu et al., 2009). In contrast to the results obtained for soybean, ACTIN 
performed poorly in the present study. 18S is another widely used reference gene. For Lilium 
formosanum, Volvox carteri, and Solanum melongena, 18S displays the most stable expression 
among samples both from different developmental stages and different stress treatments. 
However, in our study, 18S performed poorly, which was similar to the results obtained in 
papaya (Zhu et al., 2012).

Compared with traditional reference genes, new reference genes, such as TIP41 
(encoding TIP41-like family protein) and SAND (encoding SAND family protein) were 
expressed more stably during different developmental stages in tomatoes (Expósito-Rodríguez 
et al., 2008). TIP and Clathrin were identified as the most stable reference genes in five different 
experimental sets tested in Brassica juncea (Chandna et al., 2012) and has similar and stable 
transcription levels across Brassica crops (Chen et al., 2010). Previous studies on the selection 
of reference genes in tomato, Fagopyrum esculentum developmental stages, and soybean 
under varied light regimes (Expósito-Rodríguez et al., 2008; Hu et al., 2009; Demidenko et al., 
2011) also identified TIP as the most stable reference gene for vegetative samples. In previous 
studies, Clathrin has also been identified as the best candidate for normalization (Expósito-
Rodríguez et al., 2008; Obrero et al., 2011).

Another gene, EF, was found to be stably expressed in the present study, which was 
consistent with studies in soybean (Jian et al., 2008; Hu et al., 2009) and rice (Jain et al., 
2006). Compared with EF, Clathrin expressed stably to some extent. It was highly stable 
under the different plant hormone treatments, but was unstable in different tissues and at 
different developmental stages. This result is consistent with the results from the different 
tissues/organs and developmental stages of tomatoes (Expósito-Rodríguez et al., 2008). 
SAND yielded low M values in the different tissues and during the developmental process of 
Lilium x formolongi, consistent with the results in both petunias (Mallona et al., 2010) and 
tomatoes (Expósito-Rodríguez et al., 2008) at different developmental stages. TIP was found 
to be expressed consistently during different developmental stages in tomatoes (Expósito-
Rodríguez et al., 2008) and Arabidopsis (Czechowski et al., 2005), and also yielded high M 
values in all our experiments. Hence, we should choose reference genes that are suitable for 
normalization according to different experimental conditions.

Although qRT-PCR has been widely used over the past few years, normalization of 
reference genes still attracts some criticism. For example, there is no consensus concerning 
which algorithm should be applied to evaluate the stability of gene-expression. Different 
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statistical methods based on different principles yield potentially contradictory results even 
when based on the same data. Among the studies using both GeNorm and NormFinder for 
normalization, some have shown minor differences between these methods, in terms of 
evaluating the best sets of reference genes in perennial ryegrass (Lee et al., 2010) and rice 
(Jain, 2009). Others have reported substantial differences between the two methods in longan 
(Lin and Lai, 2010) and rubber tree (Li et al., 2011). In addition, Andersen et al. (2004) noted 
that GeNorm may be insensitive to co-regulated reference genes. The inconsistencies between 
these two methods are expected because they are based on distinct statistical algorithms. In the 
current study, three methods were used to analyze the data to reduce the risk of inconsistent 
results. Although the gene stability rankings, GeNorm and NormFinder, were not identical, 
the top four candidate reference genes were quite similar. In accordance with previous reports 
(Vandesompele et al., 2002; Garcia-Crespo et al., 2005), as well as the results in the present 
study, we recommend the use of more than one reference gene to compensate for variation in 
tested samples.
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