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Abstract Lactobacillus casei Zhang, a potential probiotic

strain isolated from homemade koumiss in Inner Mongolia

of China, has been sequenced and deposited in GenBank.

Real-time quantitative PCR is one of the most widely used

methods to study related gene expression levels of Lacto-

bacillus casei Zhang. For accurate and reliable gene

expression analysis, normalization of gene expression data

using one or more appropriate reference genes is essential.

We used three statistical methods (geNorm, NormFinder,

and BestKeeper) to evaluate the expression levels of five

candidate reference genes (GAPD, gyrB, LDH, 16s rRNA,

and recA) under different culture conditions and different

growth phases to find a suitable housekeeping gene which

can be used as internal standard. The results showed that

the best reference gene was GAPD, and a set of two genes,

GAPD and gyrB (which were the most stable reference

genes), is recommended for normalization of real-time

quantitative PCR experiments under all the different

experimental conditions tested. The systematic validation

of candidate reference genes is important for obtaining

reliable analysis results of real-time quantitative PCR

studies in gene expression levels of Lactobacillus casei

Zhang.
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Introduction

Probiotics are defined as ‘live microorganisms that, when

administered in adequate amounts, confer a health benefit

on the host’ (Food and Agriculture Organization of United

Nations; World Health Organization FAO/WHO, 2001).

Probiotic products usually incorporate lactic acid bacteria

(LAB) because many strains of LAB are capable of

exerting their beneficial effect by balancing the intestinal

flora and eventually competing with pathogens for gut

colonization [23].

Understanding the expression pattern of genes which are

involved in LAB metabolism and response to environ-

mental stresses should provide useful information about

gene function and regulatory networks. The development

of biological technology provided new tools for the

research of LAB; for example, real-time quantitative PCR

has been used as a powerful tool for gene expression

analysis in LAB [17, 22, 31]. For accurate real-time

quantitative PCR analysis, a good internal standard is very

important to eliminate the sample-to-sample and run-to-run

variation of RNA isolation and reverse transcription [4, 6,

28]. However, it is well documented that the expression

levels of rRNA and reference genes in bacterial cells are

highly variable under most experimental conditions [4, 27,

30]. Therefore, it is crucial to determine a suitable
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reference gene which is sufficient for interpretation of

expression data in different conditions.

Lactobacillus casei Zhang is a potential probiotic strain

isolated from homemade kumiss in Inner Mongolia of

China. This strain has been sequenced and deposited in

GenBank (CP001084) [32, 33]. Understanding the gene

expression pattern of this organism will be useful in

investigating its adaptation to different culture conditions,

such as lactic acid stress, and is likely to provide target

genes for improving the probiotic characteristics of L. casei

Zhang through genetic engineering. However, little is

known concerning the appropriate reference gene which

could be used for normalization in the study of gene

expression of L. casei. To date, a number of statistical

methods have been proposed to evaluate the stability of

gene expression and to select the best reference genes in a

given experimental condition.

In the present work, we evaluated the capability of five

previously used reference genes (GAPD, gyrB, LDH, 16s

rRNA, and recA) for real-time quantitative PCR experi-

ments under different culture conditions and in different

growth phases. Three different statistical tools, geNorm

[29], NormFinder [1], and BestKeeper [19], were used to

analyze the candidate reference genes.

Materials and methods

Bacterial strain and medium

L. casei Zhang was obtained from the Key Laboratory of

Dairy Biotechnology and Bioengineering, Ministry of Edu-

cation of China. A semisynthetic medium was used in all the

experiments which contains 80 g/l glucose, 10.4 g/l yeast

extract, 10.4 g/l soy peptone, 3.6 g/l K2HPO4, 15 g/l sodium

acetate, 2.4 g/l sodium citrate, 1.0 g/l MgSO4�7H2O,

0.054 g/l MnSO4�5H2O, and 1.0 g/l Tween 80.

Fermentor and culture conditions

Bacteria were precultivated (9 h) in a sterile culture med-

ium, and then 300 ml of this culture was inoculated into a

fermentor (3 l working volume, BIOF-2000, GaoJi Bio-

technology, China) filled with 2,700 ml of sterilized cul-

ture medium. Temperature was controlled at 37�C, with

stirring speed of 300 rpm, and the pH value was controlled

at 5.9 by the automatic addition of 17.5% aqueous

ammonia. Anaerobic fermentation was maintained by

supplying nitrogen gas periodically.

On the basis on the above culture conditions, the pH

values and aeration conditions were changed to investigate

the gene expression in different growth conditions.

The influence of lactic acid production during fermentation

on the gene expression level was tested by adding lactate to

the medium in different concentration before the inocula-

tion. In addition, gene expression levels at different growth

phases with and without pH control were tested. All

experimental groups were designed as described in

Table 1. Each test was repeated at least three times.

RNA isolation and quality evaluation

The samples were first treated with rifampicin to eliminate

the effects of centrifugation on bacterial transcriptome.

Samples were then centrifuged at 5,000g for 5 min at 4�C

to harvest L. casei Zhang cells. The cell pellets were

quickly frozen by using liquid nitrogen, and ground to

powder in a mortar filled with liquid nitrogen. The bacterial

powder was suspended in 1 ml Trizol reagent (Invitrogen,

USA) and then manipulated according to the manufac-

turer’s instructions. To avoid residual genomic DNA

contamination, RNA samples were treated with DNase I

(Takara Biotechnology, Japan) and the PCR amplification

was conducted to confirm the elimination of DNA. The

integrity of the total RNA was determined by electropho-

resis on 2% (w/v) agarose gels and the RNA concentrations

were quantified by using the Nanodrop ND-1000 (Nano-

drop Technologies, Wilmington, DE, USA).

Table 1 Experimental groups and different experimental culture

conditions of L. casei Zhang

Experimental groups Culture conditions

Different pH (Dif pH)a Culture pH was kept at 5.3, 5.9,

or 6.5

Different aeration (Dif

Aera)a
Aerated with air (0.02 and

0.1 vvm) or nitrogenb

Different lactate

concentration (Dif

LacC)a

With 0, 30, or 60 g/l lactate in

the medium before

inoculation

Different growth phase

with pH free (Dif GP

pH free)

Cultured without pH control

and sampled at initial and late

exponential stage and

stationary stage (OD600

nm = 0.2, 1.4, and 1.6,

detected after 5 times

dilution)

Different growth phase

with pH 5.9 (Dif GP

pH5.9)

Cultured with pH keeping at

5.9 and sampled at initial and

late exponential stage and

stationary stage

(OD600 nm = 0.2, 1.8, and

2.1, detected after 10 times

dilution)

a In these experimental groups, samples were sampled at exponential

stage with OD600 = 1.2 ± 0.1 (detected after 10 times dilution)
b Aerated with nitrogen means injecting nitrogen gas periodically
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Reverse transcription

The reverse transcriptions (RT) were performed by using

the PrimerScriptTM RT reagent kit (Takara Biotechnology

Japan) according to the manufacturer’s instructions. One

microgram RNA template from each sample was converted

into cDNA in 50 ll volume. The reverse transcription

products were quantified by using Nanodrop ND-1000

(Nanodrop Technologies, Wilmington, DE, USA) and

subsequently used to assess the various reference gene

transcription levels in gene-specific real-time quantitative

PCR assays.

Primers design and amplification efficiency evaluation

Five candidate reference genes (GAPD, gyrB, recA, 16s

rRNA, and LDH) were selected from the genes previously

used in real-time quantitative PCR assay of Lactobacillus

or other bacteria (Table 2) [3, 13, 14, 22, 25, 26]. The

primers were designed by using Primer 5 software based on

the available DNA sequences of Lactobacillus casei

ATCC334 (GenBank accession number CP000423). A

standard curve was constructed to calculate the gene-spe-

cific PCR efficiency from a 5-fold series dilution of cDNA

template for each primer pair. The correlation coefficients

(R2) and slope values can be obtained from the standard

curve, and the efficiency (E) of PCR was calculated

according to the equation E = (10-1/slope - 1) 9 100

[12].

Real-time quantitative PCR

The real-time quantitative PCR reactions were performed

in the LineGene K instrument (Bioer Technology Hangz-

hou China) in a total reaction volume of 20 ll. The reac-

tion mixture contained 10 ll 2 9 SYBR Premix Ex Taq

(Takara SYBR PrimeScriptTM RT–PCR reagent kit), 1 ll

of a cDNA template (previously diluted), 1 ll of each

primer (final concentration 0.5 lM), and 7 ll DNase-free

water. The PCR program consisted of an initial denatur-

ation step at 95�C for 2 min to activate the Taq DNA

polymerase, followed by 40 cycles of denaturation at 95�C

for 30 s, at the specific annealing temperature (59�C) for

30 s and at 72�C for 1 min during which fluorescence was

measured. A melt curve was produced to confirm a single

gene-specific peak and to detect primer dimer formation by

heating the samples from 70 to 95�C in 0.5�C increments

with a dwell time at each temperature of 1 s while con-

tinuously monitoring the fluorescence. In addition, all the

reaction products were further subject to electrophoresis on

2.0% agarose gels stained with ethidium bromide to

confirm the accuracy of the amplified products.

Analyses of candidate reference genes

The reactions for each gene were performed three times per

sample. Data on the expression level of the candidate ref-

erence genes were obtained in the form of Ct values (cycle

threshold) based on the ‘second derivative maximum’

method by the LineGene K software (Bioer Technology

Hangzhou China). The Ct values could be transformed into

the starting quantities by using the formula obtained from

the standard curve.

The distribution of the expression levels (Ct values) for

each reference gene under the five experimental conditions

was displayed as box and whiskers plots. The stability and

suitability of reference genes were validated by geNorm,

NormFinder, and BestKeeper programs.

Results and discussion

RNA quantity and quality

It is well known that RNA quality and quantity are critical

for successful gene expression analysis. The input RNA for

the reverse transcription step should be identical if various

groups of samples are compared [8]. This requires quan-

tification of the isolated RNA as well as assessment of the

RNA integrity. In this study, RNA from different experi-

mental conditions were quantified by Nanodrop ND-1000

and intact rRNA subunits of 23S and 16S were observed on

Table 2 Primers of the candidate reference genes of L. casei Zhang

Gene

symbol

Gene name Accession

number

Primers 50–30 (forward, reverse)

16s rRNA Ribosomal gene LSEI_r0258 ATCCAACCAGAAAGCCACGTCTAATCCTGTTCGCTACCC

recA Recombinase A LSEI_0923 TGCGACTGTTCGGTTAGACAGCGTGGTTGTCAAGATA

GAPD Glyceraldehyde-3-phosphate

dehydrogenase

LSEI_0967 CTTTCCCTGGTGAAGTTAGGTTCAGGAAGTAAGCCATT

gyrB DNA gyrase B LSEI_0005 GACAAGACAAAGGCATCACGTGCTTCACGGAAACAACC

LDH Lactate dehydrogenase LSEI_2549 TATCGCTCAGGAAATCGGTGGGACCATACAGGGAAT
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the gel electrophoresis, indicating that the degradation of

the RNA was minimal.

Another critical factor for real-time qPCR is the pre-

vention of amplification of contaminating genomic DNA

which would result in an overestimation of the amount of

RNA present. After the DNase treatment and before cDNA

synthesis, each isolated RNA sample was subjected to real-

time qPCR to test whether the contaminated genomic DNA

is removed completely, and the results showed that all

RNA samples were sufficient to use in real-time qPCR

reactions.

Standard curve, PCR efficiency, and product specificity

analyses

Using 5-fold serial dilutions of pooled cDNA, we determined

the PCR reaction efficiency of each gene assay, as listed in

Table 3, from the respective cDNA versus Ct efficiency

plots. The efficiency plots for each of the candidate genes

were found to have linear correlation coefficient (R2)

C0.996. All gene assays were found to have efficiencies

C96%, with several being 100.5–106.8%, which met the

experimental requirements of the real-time quantitative

PCR. Meanwhile, the efficiencies higher than 100% may

result from the calculation method, which is an overestimate

of the ‘‘real efficiency’’ [10]. Electrophoresis analysis of all

the amplified products from real-time qPCR showed a spe-

cific band with the expected sizes, and no primer dimer was

observed. The melt curve analysis also indicated that all

primer pairs produced only a single PCR product.

Transcription profiling of the candidate reference genes

The Ct values of all the five genes in all the samples were

covered by the range of the standard curves within

7.2–23.6 cycles. The transcriptional levels of the five

candidate reference genes are presented as box and whis-

kers plots in Fig. 1. Ct values for the different candidate

reference genes were in highly variable quantity ranges,

depending on the gene or the culture condition groups

examined (Table 1). 16s rRNA showed the highest

expression with Ct values around 7.67, followed by GAPD

and LDH with Ct values about 16.24, and recA and gyrB

showed lower expression levels with Ct values at 21.47.

For each gene, the fluctuations of Ct values varied among

different experimental groups. In different growth phases,

the genes with the smallest Ct variance were 16s rRNA for

different growth phases (Dif GP) at pH 5.9 and GAPD for

Dif GP pH free. For different aeration conditions (Dif Aer),

different pH (Dif pH), and different lactate concentration

(Dif LacC), the genes with the smallest Ct variance were

LDH, GAPD, and 16 s rRNA, respectively.

Among all condition factors, the Ct values of 16S rRNA

were the lowest because of the many copy numbers in the

genome. Sometimes it is unsuitable to use rRNA as an

internal control for quantification of genes with relatively

low expression levels [21]. Meanwhile, we found that the

expression levels of the five reference genes were more

variable in the Dif LacC group than in the other experiment

groups. With increasing lactate concentration, both the

growth rate and the expression level (Ct) of candidate

reference genes decreased (data not show). Pieterse et al.

reported that the combined lactic acid and a lower growth

rate resulted in suppressing the expression of genes

involved in metabolic processes [20]. Similarly, with a

growth-inhibiting concentration, acetate inhibited expo-

nential growth of Escherichia coli cells and caused

expression decline of many genes involved in transcription

and translation [2]. Thus, we thought that lactate may play

a greater role in regulating gene expression.

Table 3 Different parameters derived from real-time quantitative

PCR analysis of the candidate reference genes of L. casei Zhang

Gene

symbol

Amplicon length

(bp)

Slope Correlation

(R2)

PCR efficiency

(%)

16s rRNA 306 -3.17 -0.996 106.8

recA 287 -3.31 -0.999 97.6

GAPD 335 -3.38 -0.998 101.8

gyrB 247 -3.28 -0.999 96.5

LDH 477 -3.41 -0.998 100.5

Fig. 1 Transcriptional levels

of candidate reference genes

(Ct values) among different

conditions. Boxes indicate the

25th/75th percentiles, the line
marks the median, and whiskers
indicate the ranges. Samples

were normalized to the total

amount of RNA
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Expression stability of the candidate reference genes

Because the approach of analyzing the distribution of Ct

values does not consider real-time qPCR efficiencies and is

not dependent on the experimental conditions [8], it does

not provide satisfactory resolution for statistical evaluation

of small differences between experimental groups.

Several statistical tools have been developed to identify

stably expressed genes [5, 9, 11, 24]. These tools include

qBasePlus [7], REST (Relative Expression Software Tool)

[18], and Q-Gene [16]. In this work, we evaluated the

expression stability of the analyzed genes according to

three different statistical approaches (geNorm, NormFind-

er, and Bestkeeper).

The geNorm program relies on the principle that the

expression ratio of two perfect reference genes should be

identical in all samples, regardless of the experimental

conditions or cell type. Increasing variation in this ratio

corresponds to decreasing expression stability. The pro-

gram calculates the gene stability measure M by deter-

mining the average pairwise variation between a particular

reference gene and all the other control genes. Genes with

lower values of M correspond to the most stable genes and

hence are the most appropriate ones for normalization. For

each gene, Ct values of samples were transformed into the

starting quantities with the formula obtained from the

standard curve, thereby taking into account the efficiency

of the real-time qPCR reaction. The starting quantities

were analyzed with geNorm to determine gene expression

stability over the different culture conditions and growth

phases by measuring the M value for each gene. In this

case, the M values of the five candidate reference genes

were less than 1 over all the different experimental con-

ditions (the stability cutoff value defined in the program is

1.5). Thereby, these genes are stable enough in expression

[29], which means they were capable of acting as reference

genes in the mentioned conditions.

Interestingly, the most stable reference gene (with the

lowest M) varied for each experiment group. By stepwise

exclusion of unstable genes and subsequent recalculation

of the average M values, the stability of genes was ranked

based on their M values as described in Fig. 2. Starting

from the least stable gene at the left, the genes are ranked

according to increases in expression stability, with the two

most stable genes at the right. In different aeration condi-

tions, 16s rRNA and LDH were the most stable genes, but

they were least stable in different growth phases with pH

5.9. These results indicated that a different reference gene

corresponds to different conditions and the most suitable

reference gene is required to test for new experimental

conditions.

Additionally, these results demonstrated that measuring

expression levels by using multiple reference genes was

more accurate than just using one [29]. Consequently, a

normalization factor based on the expression levels of the

best-performing reference genes must be calculated. An

accurate normalization should not include the unstable

genes. If all candidate reference genes are relatively stable,

the calculation of geNorm algorithm was recommended to

start with two most stable reference genes (normalization

factor, NFn, n = 2). The stepwise inclusion of an extra, less

stable reference gene until the (n ? 1)th gene has no sig-

nificant contribution to the newly calculated normalization

factor (NFn ? 1) (pairwise variation Vn/Vn ? 1 less than

0.15). The normalization factor should be achieved with as

few genes as possible. Figure 3 shows that the pairwise

variation Vn/Vn ? 1 between two sequential normalization

factors NFn and NFn ? 1. Since the inclusion of a third

gene has no significant effect (low V2/3 value) on the NF,

the two most stable genes were required for calculating the

NF (NF2) for each experimental group and combination.

For the Dif LacC group, it is remarkable that the pairwise

variation of V4/V5 [ 0.15, which means that the fifth gene

(recA) has a significant effect on the calculation of NF.

Fig. 2 Candidate reference genes ranked according to geNorm among different experimental conditions and combined
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We thought that this result may be attributed to the obvious

expression fluctuation in response to the different lactate

concentration in the medium during fermentation (Fig. 1).

The NormFinder program is a model-based variance

estimation approach applied to evaluate the expression

stabilities of candidate reference genes for all samples, and

it automatically calculates the stability value for all can-

didate reference genes tested on a sample set containing

any number of samples organized in any given number of

groups [1]. It allows comparison of intra- and intergroup

variation and calculation of expression stability. For each

gene, the average Ct value of each duplicate reaction was

converted to quantities by using the standard curve, and the

stability value was calculated with NormFinder [15].

The lower average expression stability values indicated the

more stably expressed genes.

The results of analysis are shown in Table 4. The results

showed that the ranking of the stability of reference gene

was slightly different from that obtained by using geNorm.

The best gene was GAPD, followed by gyrB, LDH, recA,

and 16S rRNA. Meanwhile, we found that when we

combined all the experimental conditions, the best gene

was GAPD whose stability value was 0.111, and the best

combination of two genes was GAPD and gyrB whose

stability value was 0.112; this conclusion was consistent

with the result obtained by using geNorm.

The BestKeeper program is another Excel-based soft-

ware tool. The average Ct value of each duplicate reaction

is used (without conversion to quantity) to analyze the

stability of candidate reference gene. BestKeeper evaluates

the stabilities of candidate reference genes based on the

coefficient of correlation to the BestKeeper index. This

index is the geometric mean of the Ct values of all

candidate reference genes. BestKeeper also calculates the

standard deviation (SD) of the Ct values between the whole

data set. All the Ct values were analyzed as total data.

Table 4 Stability values of candidate reference genes for L. casei Zhang according to NormFinder

GAPD recA gyrB 16S rRNA LDH Best gene (best combination)

Combined all experimental conditions 0.111 0.260 0.180 0.288 0.232 GAPD (GAPD and gyrB)

Table 5 Descriptive statistics of the five candidate reference genes

based on their cycle threshold values

Factor GAPD recA gyrB 16S rRNA LDH

N 15 15 15 15 15

GM (CP) 15.25 22.30 20.61 7.67 17.21

AM (CP) 15.25 22.33 20.62 7.67 17.22

Min (CP) 14.08 19.79 19.00 7.25 16.23

Max (CP) 15.86 23.58 21.32 8.48 18.48

SD (± CP) 0.39 0.73 0.50 0.23 0.58

CV (% CP) 2.58 3.26 2.43 2.95 3.37

Min (x-fold) -2.22 -5.80 -3.09 -1.35 -1.93

Max (x-fold) 1.52 2.44 1.65 1.80 2.35

SD (± x-fold) 1.31 1.65 1.41 1.17 1.49

Table 6 Repeated pairwise correlation analysis HKG vs. BestKeeper index

BestKeeper vs. HKG1-GAPD HKG2-recA HKG3-gyrB HKG4-16SrRNA HKG5-LDH

Coeff. of corr. (r) 0.946 0.930 0.870 0.682 0.842

P value 0.001 0.001 0.001 0.005 0.001

Fig. 3 Optimal number of

control genes for normalization

as determined by geNorm for

different experimental

conditions and combined

analysis. The recommended

upper limit of the pairwise

variation value V is set at 0.15
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Descriptive statistics of the average cycle threshold were

computed for each candidate reference gene, and the results

are listed in Table 5. The parameters computed included the

geometric mean (GM), arithmetic mean (AM), minimal

(Min) and maximal (Max) value, standard deviation (SD),

coefficient of variance (CV), and the multiple factor of their

minimal and maximal values expressed as the x-fold ratio

and its standard deviation are presented. Bestkeeper anal-

ysis revealed that 16S rRNA was the gene with the lowest

overall variation, and recA was the highest from the list of

selected genes with an SD of 0.23 and 0.73, respectively.

The gene with the highest coefficient of correlation with

the BestKeeper index indicates the highest stability. The

five candidate reference genes evaluated in our analysis

correlated well between genes and gene with the Best-

keeper index (Table 6). The best correlation between one

housekeeping gene and the Bestkeeper index was obtained

for GAPD (r = 0.946) with a P value of 0.001, followed by

recA, gyrB, LDH, and 16S rRNA. The statistically signifi-

cant correlation shown by GAPD with the Bestkeeper

index was consistent with the analysis results of this gene

obtained by geNorm and NormFinder.

GAPD has been commonly selected as a reference gene

when evaluating mRNA expression. Nevertheless, some

studies showed that the gene expression of GAPD was

variable in certain experimental conditions [5, 9, 24].

Therefore, it is necessary to validate the stability of the

reference gene in each experimental condition. In our

study, GAPD was proved to be the best reference gene.

Furthermore, we showed that a set of two genes, GAPD

and gyrB (which were the most stable reference genes in

our study), is recommended for the normalization of real-

time quantitative PCR experiments under all the different

experimental conditions tested.

Acknowledgments This work was supported by National Nature

Science Foundation of China (Grant No.30760156, 30860219),

Hi-Tech Research and Development Program of China (863 Plan-

ning) (Grant 2010AA10Z302), National Key Technology R&D

Program (No.2009BADC1B01), and Earmarked Fund for Modern

Agro-industry Technology Research System of China.

References

1. Andersen CL, Jensen JL, Orntoft TF (2004) Normalization of

real-time quantitative reverse transcription-PCR data: a model-

based variance estimation approach to identify genes suited for

normalization, applied to bladder and colon cancer data sets.

Cancer Res 64:5245–5250

2. Arnold CN, McElhanon J, Lee A, Leonhart R, Siegele DA (2001)

Global analysis of Escherichia coli gene expression during the

acetate-induced acid tolerance response. J Bacteriol

183:2178–2186

3. Bron PA, Marco M, Hoffer SM, Mullekom EV, de Vos WM,

Kleerebezem M (2004) Genetic characterization of the bile salt

response in Lactobacillus plantarum and analysis of responsive

promoters in vitro and in situ in the gastrointestinal tract. J Bac-

teriol 186:7829–7835

4. Bustin SA (2000) Absolute quantification of mRNA using real-

time reverse transcription polymerase chain reaction assays.

J Mol Endocrinol 25:169–193

5. Cappelli K, Felicetti M, Capomaccio S, Spinsanti G, Silvestrelli

M, Supplizi AV (2008) Exercise induced stress in horses:

selection of the most stable reference genes for quantitative

RT-PCR normalization. BMC Mol Biol 9:16–49

6. Dheda K, Huggett JF, Chang JS, Kim LU, Bustin SA, Johnson

MA, Rook GA, Zumla A (2005) The implications of using an

inappropriate reference gene for real-time reverse transcription

PCR data normalization. Anal Biochem 344:141–143

7. Hellemans J, Mortier G, De Paepe A, Speleman F, Vandesompele

J (2007) qBase relative quantification framework and software for

management and automated analysis of real-time quantitative

PCR data. Genome Biol 8:R19

8. Huggett J, Dheda K, Bustin S, Zumla A (2005) Real-time

RT-PCR normalization: strategies and considerations. Genes

Immun 6:279–284

9. Infante C, Matsuoka MP, Asensio E, Canavate JP, Reith M,

Manchado M (2008) Selection of housekeeping genes for gene

expression studies in larvae from flatfish using real-time PCR.

BMC Mol Biol 9:28–39

10. Langnaese K, John R, Schweizer H, Ebmeyer U, Keilhoff G

(2008) Selection of reference genes for quantitative real-time

PCR in a rat asphyxial cardiac arrest model. BMC Mol Biol

9:53–67

11. Lyng MB, Lænkholm AV, Pallisgaard N, Ditzel HJ (2008)

Identification of genes for normalization of real-time RT-PCR

data in breast carcinomas. BMC Cancer 8:20–30

12. Mamo S, Gal AB, Bodo S, Dinnyes A (2007) Quantitative

evaluation and selection of reference genes in mouse oocytes and

embryos cultured in vivo and in vitro. BMC Dev Biol 7:14–

26

13. Marco ML, Kleerebezem M (2008) Assessment of real-time

RT-PCR for quantification of Lactobacillus plantarum gene

expression during stationary phase and nutrient starvation. J Appl

Microbiol 104:587–594

14. Marco ML, Bongers RS, de Vos WM, Kleerebezem M (2007)

Spatial and temporal expression of Lactobacillus plantarum
genes in the gastrointestinal tracts of mice. Appl Environ

Microbiol 73:124–132

15. Maroufi A, Bockstaele EV, Loose MD (2010) Validation of

reference genes for gene expression analysis in chicory (Cicho-
rium intybus) using quantitative real-time PCR. BMC Mol Biol

11–15

16. Muller PY, Janovjak H, Miserez R, Dobbie Z (2002) Processing

of gene expression data generated by quantitative real-time

RT-PCR. BioTechniques 32:1372–1374 1376, 1378–1379

17. Penaud S, Fernandez A, Boudebbouze S, Ehrlich SD, Maguin E,

van de Guchte M (2006) Induction of heavy-metal-transporting

CPX-Type ATPases during acid adaptation in Lactobacillus
bulgaricus. Appl Environ Microbiol 72:7445–7454

18. Pfaffl MW, Horgan GW, Dempfle L (2002) Relative Expression

Software Tool (REST�) for group wise comparison and statistical

analysis of relative expression results in real-time PCR. Nucl

Acids Res 30:e36

19. Pfaffl MW, Tichopad A, Prgomet C, Neuvians TP (2004)

Determination of stable housekeeping genes, differentially regu-

lated target genes and sample integrity: BestKeeper—Excel-

based tool using pair-wise correlations. Biotechnol Lett

26:509–515

20. Pieterse B, Leer RJ, Schuren FHJ, Van der Werf MJ (2005)

Unravelling the multiple effects of lactic acid stress on

J Ind Microbiol Biotechnol (2011) 38:1279–1286 1285

123



Lactobacillus plantarum by transcription profiling. Microbiology

151:3881–3894

21. Radonic A, Thulke S, Mackay IM, Landt O, Siegert W, Nitsche A

(2004) Guideline to reference gene selection for quantitative real

time PCR. Biochem Biophys Res Commun 313:856–862

22. Ramiah K, van Reenen CA, Dicks LMT (2007) Expression of the

mucus adhesion genes Mub and MapA, adhesion-like factor EF-Tu

and bacteriocin gene plaA of Lactobacillus plantarum 423, mon-

itored with real-time PCR. Int J Food Microbiol 116:405–409

23. Scheinbach S (1998) Probiotics: functionality and commercial

status. Biotechnol Adv 16:581–608

24. Suarez MP, Calaza M, Reino JJG, Gonzalez A (2008) Reference

genes for normalization of gene expression studies in human

osteoarthritic articular cartilage. BMC Mol Biol 9:17–23

25. Takle GW, Toth IK, Brurberg MB (2007) Evaluation of reference

genes for real-time RT-PCR expression studies in the plant patho-

gen Pectobacterium atrosepticum. BMC Plant Biol 7:50–58

26. Tasara T, Stephan R (2007) Evaluation of housekeeping genes in

Listeria monocytogenes as potential internal control references

for normalizing mRNA expression levels in stress adaptation

models using real-time PCR. FEMS Microbiol Lett 269:265–272

27. Thellin O, Zorzi W, Lakaye B, De Borman B, Coumans B,

Hennen G, Grisar T, Igout A, Heinen E (1999) Housekeeping

genes as internal standards: use and limits. J Biotechnol

75:291–295

28. Tricarico C, Pinzani P, Bianchi S, Paglierani M, Distante V,

Pazzagli M, Bustin SA, Orlando C (2002) Quantitative real-time

reverse transcription polymerase chain reaction: normalization to

rRNA or single housekeeping genes is inappropriate for human

tissue biopsies. Anal Biochem 309:293–300

29. Vandesompele J, De Preter K, Pattyn F, Poppe B, Van Roy N,

De Paepe A, Speleman F (2002) Accurate normalization of real-

time quantitative RT-PCR data by geometric averaging of multiple

internal control genes. Genome Biol 3: research 0034

30. Vandecasteele SJ, Peetermans WE, Merckx R, van Eldere J

(2001) Quantification of expression of Staphylococcus epide-
rmidis housekeeping genes with Taqman quantitative PCR during

in vitro growth and under different conditions. J Bacteriol

183:7094–7101

31. Vermeulen N, Pavlovic M, Ehrmann MA, Ganzle MG, Vogel RF

(2005) Functional characterization of the proteolytic system of

Lactobacillus sanfranciscensis DSM 20451T during growth in

sourdough. Appl Environ Microbiol 71:6260–6266

32. Zhang H, Menghebilige Wang J, Sun T, Xu J, Wang L, Yun Y, Wu

R (2006) Assessment of potential probiotic properties of L. casei

Zhang strain isolated from traditionally home-made koumiss in

Inner Mongolia of China. China Dairy Industry 34:4–9

33. Zhang W, Yu D, Sun Z, Chen X, Bao Q, Hu S, Meng H, Zhang H

(2008) Complete nucleotide sequence of plasmid plca36 isolated

from Lactobacillus casei Zhang. Plasmid 60:131–135

1286 J Ind Microbiol Biotechnol (2011) 38:1279–1286

123


	Validation of reference genes for real-time quantitative PCR studies in gene expression levels of Lactobacillus casei Zhang
	Abstract
	Introduction
	Materials and methods
	Bacterial strain and medium
	Fermentor and culture conditions
	RNA isolation and quality evaluation
	Reverse transcription
	Primers design and amplification efficiency evaluation
	Real-time quantitative PCR
	Analyses of candidate reference genes

	Results and discussion
	RNA quantity and quality
	Standard curve, PCR efficiency, and product specificity analyses
	Transcription profiling of the candidate reference genes
	Expression stability of the candidate reference genes

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


