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DEAr — tool for differential expression gene analysis
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Motivation and Aim: Differential gene expression is a standard way to study and to
describe cells and tissues. Directed studies or clinical tests often use real-time PCR with
limited number of measured genes. For individual samples, we can’t be sure about
quantity and quality of analyzed RNA. An important stage in the proceeding is a
normalization. Normalization methods can be generalized to the idea of establishing a
baseline from a subset of stable genes, and then representing gene expressions as
differences from this baseline. If we compare different cells under different
circumstances, some genes are considered to establish a baseline could be unstable in
particular samples or conditions. In case of collecting clinical data for years or from
multiple centers, datasets could include different subsets for normalization, forming that
way a mosaic data. This leads to natural difficulties in data processing. There are no
automated solutions or the strict protocol, especially for inconsistent real-time PCR data.
Therefore, | decided to create an automated differential expression calculation tool that
could handle mosaic data and be resistant to individual outliers.

Methods and Algorithms: Instead of selecting preferable for normalization genes, the
original algorithm identifies common expression pattern for genes in analysis. Pattern
identification is based on expanded data of pairwise comparisons between genes of a
sample. It negates system shift in data from RNA quantity, but increases data
complexity. Through several cycles of adjusting and convolution, cohesive data for the
whole dataset is formed. In each cycle, the algorithm identifies how to adjust each
expression value in samples to reach a common pattern. As the algorithm changes all
values simultaneously, recursive calculations are required to reach a stable result. Due
to multiple outliers in data, high robustness is required from the algorithm. | used
statweight to make the necessary distinction between noise and reproducible patterns. A
statweight is a measure of how reproducible a particular element of the data, and is
interpreted as an effective number of measurements. Applied statweights are formed as
an exponential penalty for deviations from the common pattern. An additional penalty is
applied according to the inaccuracy of a measurement, implemented in such a way that
each value is considered as a range. This allows both accurate and inaccurate values to
be used in the same calculation, while distinguishing their influence. While the statistical
weights are based on the reproducibility of the data, | have also applied predictive
weights based on external knowledge of the stability and instability of genes. This allows
the algorithm to operate on a combination of information from external and internal data.
This means that the algorithm can work on unknown gene profiles, but additional
information can be used to improve performance. Alike outliers and uncertain values,
missing values don’t contribute to a common pattern and that way provide no obstacles
for analysis. This follow general theme of making tools for problematic data with ranged

BGRS/SB-2024 283



and missing values [1]. In summary, the DEAr (Differential Expression Analyzer) tool
uses a highly recursive algorithm developed in Python v.3.7, packaged in an executable
file. 1 presented algorithm on previous BGRS2022 [2]. The extended algorithm
presentation is available in a preprint [3].

Results: | present ready to use software available within the preprint version of the study
[3]. Analysis of the real data from another study [4] showed that genes considered as
stable were unstable for certain tissues. On the data from the experiment with mosaic
deletion, DEAr performed calculations as for initial data. Standard protocols don’t
provide a ready to use solution and require manual data preparation to compensate for
missing data by inputting or discarding of whole gene for all samples. In the testing data,
the single value for the gene of interest was manually shifted as it was contaminated with
PCR product. DEAr recognized it as an outlier from three technical replicates due to its
highly robust core algorithms using statweight, while standard geometric mean
demonstrated shift in the resulting evaluation. DEAr allows aggregation of data or
knowledge not only from same experiments but also from external sources, evaluated as
how we are certain for a value in sample or for a gene expression stability in general.
The program can be used as a single executable file that gets and returns data in Excel
format. No additional programming skills are required.

Conclusion: | present the original tool DEAr for differential expression analysis and the
original implementation of the robust computations. The tool utilizes information of
different origin to provide a conclusion. The applied approach uses information of each
measurement accuracy. DEAr works in the Microsoft Windows OS using data in Excel
format. As no additional programming skills are required, DEAr will be a handy tool for
classical biologists or medical scientists. The program is available to any independent
researcher who wishes to use it for non-commercial purposes, provided that the name of
the program and the article [3] are correctly cited. Use by non-academics requires a
license.
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