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Abstract

SATQPCR is a web tool providing statistical analysis of real-time quantitative PCR data including all MIQE rules (gene efficiency,
selection of reference genes and normalization with them).

Our application is a quick tool that provides to the biologist, graphs as well as statistical tables summarizing their results with the
chosen methods (t-test or ANOVA with Tukey test).

The application is available at http://satqpcr.sophia.inra.fr with a demo dataset. Source code can be found at https://framagit.org/.
Supplementary information: Tutorials at http://satqpcr.sophia.inra.fr/cgi/help.cgi
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1 Introduction

Real-Time quantitative PCR (RT-qPCR) has been used in the last two decades by biologists in several fields of
biology. The main application is to quantify relative gene expression [3]. The wide success of this technique can be
attributed to low cost, speed, sensitivity and specificity of the measurements compared to techniques such as northern
blot. It has also benefited from the increase of gene sequences in data banks. RT-qPCR can quantify low gene expression
but also simultaneous multiple gene expressions in a single tube [11] with the use of specific primers. The accuracy of
RT-gPCR techniques has contributed to the development of biomarkers in various fields from medical diagnostic to
bioagressors detection for agricultural crops as well as gene expression knowledge in academic research area.

From the beginning of RT-qPCR development, scientists have proposed rules to design and analyze these biological
data through Minimum Information for Publication of Quantitative Real-Time PCR Experiments (MIQE) guidelines
[3,4]. However, a single gene is often use to normalize expression of gene of interest (GOI) and primers efficiency are
not given or used for this normalization. Student t-test is often misused in RT-qPCR analysis. Tools to implement MIQE
rules exists such as geNorm or RefFinder (review in [7]) to evaluate reference genes and as HTqQPCR for normalization,
quantification and statistics (review in [8]). These tools are either performing only one step of MIQE rules or are
implemented in programming languages such as R that necessitate coding knowledge.

Our web-application aims to facilitate the analytical work of biologists since we provide a ready to use tool to
statistically analyze RT-qPCR data according to the MIQE guidelines. SATQPCR is a website that supports all
quantitative PCR machine data as it uses Cq “parameters” usually provided by the machine. Cq value results from
fluorescence measurement of a sample obtained and collected after each PCR cycle. It represents the accumulation of an
amplicon in a sample. Our application needs a text file associating the basic Cq data and the efficiency calculated for
each gene to quantify. The normalization of the data is based on the search of genes with the lowest gene expression
variability using geNorm method [10]. The statistical analysis of our previous R script was improved [6] by including
one-way and two-ways ANOVA. All graphs and tables resulting from the statistical analysis are visible on the website
and can be downloaded using a single link.

2 Results

3.1 Description of files to provide
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In the two needed files, all decimals must be written with a dot “.” and each file should be saved as a text file with a
tabular separator.

3.2 Expression data file

You should have at least 3 biological replicates and 2 technical replicates for each sample of your experiments. In the text
file you provide for the analysis (see example.txt on our web application and FAQ paragraphs “How to design an
experiment”, “How to enter your data”) you have to give gene names in the first line, gene efficiency in the 2nd line.
Each column corresponds to a gene. Each following line displays Cq values for all genes analyzed. Each cell represents
the value for one technical replicate of one biological replicate. All technical replicates of the same biological sample
have exactly the same name in the first column. The biological replicates are organized in blocks of lines. Each biological
replicate has the same number of row (balanced experimental design). The missing values must be replaced by 'NA'
value.

3.3 Factors file for ANOVA

You should give the ANOVA factors associated to your experimental design in a text file. An example of this is the
“factor.txt” file on the website. The first row describes all samples with one line per sample. The following rows
correspond to the different factor of the ANOVA that will explain the experiments. In each cell the modality
corresponding to this column factor and line sample is given.

3.4 Selection of reference genes (REF)

REFs are the most stably expressed genes across all tested samples and all biological replicates of one data set. Their
identification is based on the stability parameter and coefficient of variation. SATQPCR uses the algorithm described in
[10] to identify the reference genes. SATQPCR will provide a list of reference genes for you by finding the most stables
genes (at least 2). The user can also provide a list of reference genes however it is not recommended. The REFs are
specific to each experiment and should be validated for each data analyzed. These reference genes will be used to
compute normalization factors and to normalize and compute relative quantities for each gene in each sample [6].

3.5 Rescaling normalized expression for each gene of interest (GOI)

By default, for each gene, your data are rescaled using the sample with the lowest expression. Our web-application allows
to rescale your expression data with a sample chosen by the user. User will have to choose the sample name in the box
"Sample name used to rescale".

3.6 Web-application SATQPCR

User should provide two files “sample file”” and “factor file” to the web-application. The “sample file” is mandatory. If an
ANOVA is computed, the web-application is asking to upload the “factor file”. When you upload the files, the
application is automatically checking the consistency of your files and it returns the number of biological and technical
replicates found in the “sample file”. It automatically attributes a unique ID for your “job”. The web-form also gives an
option on the number reference genes to choose as well as if the application or the user should choose them. The form
also asks if a rescaling of the gene expression has to be done using a specific sample condition. By default, the rescaling
will be done with the lowest expressed sample. Finally, the form offers to compute either standard error or standard
deviation. Once these 5 parameters are submitted in the form, all normalization, rescaling and statistical analyses are run

3.7 Visualization

All results are given in a single web-page where a link is given to download a zipped folder containing all files (graphical
files, statistical tables) as well as the two input files (sample and factor) and a parameter file summarizing all options
chosen in the form provided by the application. The graphical files are in jpeg format and all others files are text files.

3  Conclusion

Even if new statistical analysis methods have been proposed for RT-qPCR such as the Unified Censored Normal
Regression Model [9], the procedure using references genes as performed in our web-application SATQPCR is adequate
for small datasets which are the most often used. Our web application is free compare to commercial packages such as
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qBASE+ Biogazelle NV [5] and GenEx (MultiD Analyses AB) and the biologist does not need to learn R language as in
the open source tool DAG Expression [1]. Our web-application is following MIQE rules with normalization steps
including gene efficiency and the use of at least two” reference” genes. The application is very fast and provides graphs
as well as statistical tables summarizing the results of the chosen methods (t-test or ANOVA with Tukey test). Our web-
application will provide a quick tool (few seconds) to the biologists in order to analyze RT-qPCR data for any set of
samples including technical and biological replicates using MIQE rules and statistical tests.
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