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Abstract

the primer pairs for the selected reference genes.

Gene expression through RT-gPCR can be performed by the relative quantification method, which requires

the expression normalization through reference genes. Therefore, it is essential to validate, experimentally, the
candidate reference genes. Thus, although there are several studies that are performed to identify the most stable
reference genes, most them validate genes for very specific conditions, not exploring the whole potential of the
research since not all possible combinations of treatments and/or conditions of the study are explored. For this
reason, new experiments must be conducted by researchers that have interest in analyzing gene expression of
treatments and/or conditions present, but not explored, in these studies. Here, we present the RGeasy tool, which
aims to facilitate the selection of reference genes, allowing the user to choose genes for a greater number of
combinations of treatments/conditions, compared to the ones present in the original articles, through just a few
clicks. RGeasy was validated with RT-gPCR data from gene expression studies performed in two coffee species,
Coffea arabica and Coffea canephora, and it can be used for any animal, plant or microorganism species. In addition
to displaying a rank of the most stable reference genes for each condition or treatment, the user also has access to
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Background

The Reverse Transcription-quantitative Polymerase
Chain Reaction (RT-qPCR) has been considered the
gold standard technique for gene expression analysis for
the last ten years or more, mainly due to its sensitivity
and precision [1, 2]. Quantification of gene expression
through this technique can be performed through the
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absolute or relative methods [3]. Absolute quantification
is carried out through a standard curve, usually generated
with plasmid DNA or in vitro transcribed RNA, which
enables to determine the exact quantity of target-DNA
molecules present in the samples [4—6]. On the other
hand, in the relative quantification method, gene expres-
sion is determined by order of magnitude, obtained
through the comparison of the given sample to a refer-
ence one. This method of quantification is preferred to
expression analysis of samples submitted to different
types of treatments, since it permits to control different
sources of variations through the use of reference genes
[6].

Different factors can affect the reliability of the data
generated from relative expression assays, such as RNA
integrity and purity, cDNA quality, primer efficiency, and
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the proper selection of the reference genes, since they are
used in the normalization process [2]. Reference genes
enable data normalization due to their relative constant
expression levels, thus acting as internal controls [5-7].
However, it is essential that the chosen reference genes
are experimentally validated, in order to prove their sta-
bility and thus avoid imprecise data normalization of RT-
qPCR studies [8].

RT-qPCR data normalization is performed by using the
Cycle of Quantification (Cq) values, which is defined as
the cycle where the fluorescence level reaches a thresh-
old that can be manually or automatically established
[6]. Currently, the different tools that aid in choosing
the most stable genes use Cq values to calculate the rela-
tive expression of the genes, such as the RefFinder tool,
which classifies reference genes through the integra-
tion of different algorithms: GeNorm [9], NormFinder
[10], BestKeeper [11], and delta-Ct [12]. Thus, consider-
ing the classification from each algorithm, an appropri-
ated weight is assigned for each individual gene and the
geometric mean of their weights is calculated for the
final overall classification, resulting in a ranking [13, 14].
However, a drawback comes from this process consider-
ing that this type of information is not always available
in scientific papers. Therefore, here we present the tool
REFERENCE GENE EASY (RGeasy) (http://rgeasy.com.
br), a free tool which targets two different audiences. The
first group is composed by researchers that have devel-
oped or are developing reference gene validation studies.
Researchers are able to deposit their data from published
studies on the RGeasy database, thus providing the
required information to enable the classification of ref-
erence genes for all possible combinations of treatments
and/or conditions of the study (Fig. 1A). The second
group is composed by researchers planning to develop
gene expression studies, with RGeasy enabling them to
skip the reference gene validation step (Fig. 1B).

Results and discussion

Graphic interface

The initial graphic interface of RGeasy provides informa-
tion about its developers, as well as the features it has to
offer.

When using RGeasy, users have access to the species
registered on the tool by clicking on “Species” in the navi-
gation bar located in the upper part of the initial inter-
face. Species deposited on RGeasy are separated into
three categories: Animals, Plants, and Microorganisms.
Currently, RGeasy’s database has five, five, and three reg-
istered species of animals, plants, and microorganisms,
respectively (Fig. 2). By clicking on the species of interest,
it is automatically shown all the reference gene validation
studies registered on RGeasy for that species (Fig. 3). In
this interface, users have access to each study by clicking
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on its title. Under the title from each study, it is displayed
the types of samples analyzed on them.

In order to define the desired combination of treat-
ments or conditions, users must select the samples of
interest by clicking on the icon beside them (Fig. 3). The
result is instantly shown by clicking on “Run RefFinder”.
Since RGeasy uses the RefFinder tool [13, 14] to analyze
the stability of the reference genes, a table is generated
on the results page with a gene ranking according to the
following algorithms: RefFinder, Delta CT, Bestkeeper,
Normfinder and Genorm.

In addition, on the results page, RGeasy provides a
table with some additional information for each reference
gene, according to the stability ranking from RefFinder
[13, 14]. For each reference gene, the primer pair, the
correlation coefficient (R?), the amplification efficiency,
the accession number, and the database from which the
sequence was obtained, are made available to the user. All
this information is provided during species registration
by the researchers that conducted the study of reference
gene validation.

Tests (data sets)

RGeasy validation was performed using gene expression
data from two coffee species. Searches for coffee refer-
ence gene validation studies on the Web of Science and
Scopus databases resulted in nine studies, similarly to
what was found by Fernandes-Brum et al. [15]. A thor-
ough analysis of these papers allowed the observation
that five of them did not include all the possible combina-
tions of treatments or conditions, being indicated on the
“Treatment combination” column from Table 1 as “not
analyzed”

The absence of Cqgs values in most RT-qPCR papers
(supplementary material) makes it impossible to define
the reference genes for the combination not explored
in the original articles. This scenario implies that new
experiments are necessary for analyzing combinations of
treatments or conditions not included by the research-
ers in their original work, resulting in a greater demand
of time and other resources that, with RGeasy, this can
now be avoided. In general, it could be found that in the
studies that did not include all possible combinations, an
average of 10 new combinations of treatments and con-
ditions could be found (Supplementary material). For
instance, Barsalobres-Cavallari et al. [16] have analyzed
the effects of biotic stress in different coffee (Coffea ara-
bica) tissues (roots, stem, leaves, flowers, fruits, and all
of these tissues together) and identified the best reference
genes for each tissue. However, this study has not evalu-
ated paired combinations among the tissues, such as
roots and leaves, or leaves and fruits and so on (Table 1).


http://rgeasy.com.br
http://rgeasy.com.br

Souza de et al. BMC Genomics (2024) 25:907

Page 3 of 12

@

Researcher

Publishing data on RGeasy

Data checking by the

administrator

!
A
|

RGeasy

Register New Species

Online form filling

Choose group

E Add image

Add article information

Add cq values

. @ -

Researcher RGeasy

Sets of primers for the

selected genes

Ranking of the most
stable genes
[

Species

®) &

Plants

|

Acess to the combination of

Animals Microorganisms

different conditions or
treatments

ReFfinder

Fig. 1 Registration process of a new dataset on Rgeasy. Steps of data deposition (A). Steps of RGeasy use flow (B)

Case study

In order to confirm if RGeasy was properly working, after
adding the data of the Freitas et al. [23] and Fernandes-
Brum et al. [15] studies, it was verified if the results gen-
erated by the tool were in accordance with results from
the combinations of treatments and conditions previ-
ously described in the two articles. This analysis allowed
us to prove RGeasy'’s efficiency, since the same results

were obtained, as demonstrated in Figs. 4 and 5 for the
data from C. canephora.

When compared to the combinations of treatments
and conditions explored in the original study conducted
by Freitas et al. [23], 16 new combinations were identi-
fied by RGeasy. The two most stable reference genes were
identified to each new combination (Tables 2, 3 and 4),
considering that normalization against a single refer-
ence gene is not acceptable, unless investigators present
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Fig. 3 Reference gene validation studies registered on RGeasy for coffee species and the samples analyzed in each study

clear evidence that the gene is stably expressed under the
experimental conditions of the study [24].

From the 12 tested genes by Freitas et al. [23], eight
were among the most stable genes for the new combi-
nations, with 24 S and PP2A being the most stable ones
for combinations including somatic embryos, and UBQ
being the most stable gene in only one of the new com-
binations (Table 2). The other combinations displayed
specific pairs of reference genes (Table 2), not previously
observed in the original research, indicating the impor-
tance of validating the candidate reference genes for each
treatment/condition.

In relation to the study conducted by Fernandes-
Brum et al. [15], 27 and 21 new treatment and condition
combinations could be evaluated for C. arabica and C.

canephora, respectively (Tables 3 and 4). For C. arabica,
considering the two conditions analyzed (water-defi-
cit / well-watered), the two new combinations of tis-
sues showed that AP47 and RPL39 were the most stable
genes, similar to previous combinations of the original
study. Under water-deficit conditions, three new com-
binations could be analyzed, in which four of the 12
reference genes evaluated were shown to be the most
stable genes (Table 3). Among these genes, three of them
(AP47/ UBQ/ RPL39) had been identified as stable refer-
ence genes in previous combinations of the original arti-
cle [15] but for the new combination “Roots and Stem’,
the gene 24 §, one of the most stable genes in this case,
had not been indicated as a stable gene for any combina-
tion of the study. Under well-watered conditions, 22 new
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Table 1 Description of the coffee reference gene validation studies found on the web of Science and Scopus databases and their
status towards the possible combinations of treatments or conditions analyzed in the study. When all possible combinations were
evaluated in the study, it was categorized as "Analyzed’, otherwise it was categorized as “‘not analyzed”

Article  Species Organ/Tissue Experimental condition N°of  Recommended genes  Treat-
tested ment
genes combi-

nations

[16] C.arabica Roots, stem, leaves, Non-inoculated (control) and inoculated with 8 GAPDH, 14-3-3,and RPL7 ~ Not

flowers, fruits, and ~ Hemileia vastatrix. analyzed
their combination

[17] C. arabica Roots and leaves Control versus drought-stressed leaves and control 8 AP47,24 'S, UBI9, GAPDH, Not

versus drought-stressed roots and UBQ10 analyzed
Leaves Different cultivars AP47 and GAPDH Analyzed
Leaves, stem, roots, Tissue combination UBQ10, 24 S, and UBI9 Not
and cherry fruits analyzed
[18] C. arabica Leaves In vitro samples and in planta with Hemileia vastatrix/ 7 40S_Rib, GADPH, Analyzed
Control samples in ungerminated Hemileia vastatrix and Hv00099
[19] C. arabica Leaves Cold stress 10 UBQ10, GAPDH, ACT,and  Analyzed
EFla
Drought stress GAPDH, ACT, EF1a, and
Apt
Multiple stresses UBQ10, GAPDH, ACT, and
elfF-4a
Different cultivars/Control (not subjected to stress) GAPDH, UBQ10, AP47, and
EFla
Stress and cultivar combination GAPHD, Cycl, and UBQ10
[20] C. arabica Hypocotyls Biotic stress (Colletotrichum kahawae) in differ- 10 B-Tub9 and IDE Analyzed
ent genotypes (susceptible and resistant)/Control
(non-inoculated)
[21] C. arabica Leaves and roots Nitrogen deficiency/Control (non-stressed) 10 MDH, EF1, GAPDH, and Not
EFla analyzed
Leaves Salt stress/Control (non-stressed) EF1,EF1aand UBQIT0
Temperature stress/Control (non-stressed) MDH, GAPDH, and Ef1a

[22] C. arabica Leaves Genotype, [CO,], temperature, multiple stress interac- 10 MDH, ACT, and S15 Analyzed

tion and total stress interaction

[23] C. arabica Somatic embryos,  Different tissues of somatic embryogenesis-related/ 12 24 S and PP2A Not

suspension cells, Control (non-embryogenic calli) analyzed
embryogenic and
non-embryogenic
calli, and plantlets
[15] C. arabica Roots, stem, leaves, ~Well-watered and water-deficit 12 AP47,UBQ, RPL39, and Not
flowers and fruits EFla analyzed
C. canephora Well-watered 8 ADH2, ACT,

GAPDH, and UBQ

C. canephora ww All tissues grouped ADH2/ACT/GAPDH/UBQ
C. canephora ww Root ACT/ADH2

C. canephora ww Stem ADH2/UBQ

C. canephora ww Leaf ADH2/RPL7

C. canephora ww Flower RPL7/PSAB

C. canephora ww Fruit UBQ/PSAB

Fig. 4 Most stable reference genes obtained from the study conducted by Fernandes-Brum et al. [15] for all tissues grouped, roots, stem, leaves, flowers

and fruits from C. canephora plants

combinations could be analyzed through RGeasy and
nine, out of the 12 reference genes analyzed, were identi-
fied in at least one of these combinations (Table 3). Inter-
estingly, the gene 14.3.3, previously shown to be among

the most stable genes only for leaves, was not present
among the most appropriate genes for the new combina-
tions involving leaves, with the same occurring for CYCL
in the case for new combinations comprising flowers.
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Fig. 5 Reference gene ranking generated by RGeasy for all tissues grouped (A), roots (B), stem (C), leaves (D), flowers (E) and fruits (F) from C. canephora

plants analyzed by Fernandes-Brum et al. [15]

These two genes were also found to be among the most
stable reference genes for combinations involving other
tissues, such as roots, stem, and fruits, as observed for
the “Root and Flower” and “Stem and Fruit” combina-
tions. In addition, RGeasy showed that APTI, previously
considered as a stable gene only for C. arabica fruits
[15] was among the most stable genes for combinations
comprising different tissues, some of them not including
fruits (Table 3).

According to Fernandes-Brum et al. [15], from the
eight tested reference genes in C. canephora tissues,
five (ADH2, ACT, UBQ, RPL7and PSAB) were identi-
fied as stably expressed genes when tissues were indi-
vidually analyzed. However, for the new combinations
analyzed by RGeasy, RPL7 was not reported among the
stable reference genes. In addition, the analysis revealed
that ADH?2 is not present as one of the two most stable
reference genes in only four of the new 21 combinations
(Table 4).

As previously mentioned, in addition to the classifi-
cation of the reference genes, RGeasy also provides the
primer pairs for each reference gene analyzed (Fig. 6),
thus minimizing one more factor that can potentially
affect the reliability of RT-qPCR data.

Conclusions

In conclusion, RGeasy’s database allows the selection of
reference genes for a greater number of treatment and
condition combinations that is usually present in the
original published articles with just a few clicks, revolu-
tionizing the research related to reference gene selection
for gene expression studies through RT-qPCR. The tool
can thus prevent new experiments from being carried
out by exploring RT-qPCR data on its total, thus reducing
cost and time that would otherwise be spent to analyze
combinations that are of interest for other researchers
but were not evaluated in the original articles. In addi-
tion, RGeasy provides a greater dissemination of pub-
lished articles, since the selection of reference genes
through the tool requires that the researchers cite the
original paper used to generate the new treatment com-
binations, as described at the bottom part of RGeasy’s
results page.

Methods

System architecture

The RGeasy website is implemented in HTML, CSS, and
Javascript for the user interface and Laravel Framework
with the Mysql database for the backend infrastructure
code. The Web Server architecture of RGeasy follows the
Model-View-Controller (MVC) pattern.
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Table 2 Comparison between the treatment or treatment
combinations and their best reference genes, ranked by the
RefFinder tool [13, 14], identified by RGeasy (first two columns)
and the original study conducted by Freitas et al. [23] (two last
columns)

Combinations of treat-  Genes Combinations of Genes
ments and conditions treatments and condi-

not analyzed in the origi- tions analyzed in the

nal study original study

Somatic embryo and PP2A/  All samples 245/
embryogenic calli 24S PP2A
Somatic embryo and non- 245/ embryogenic cell APRT/
embryogenic calli PP2A suspensions, EFla
Somatic embryo and PP2A/  non-embryogenic calli  UBQ/
plantlets EFla ACT
Somatic embryo, embryo-  PP2A/  embryogenic call ACT/
genic calli, and non-em- 24S 24S
bryogenic calli

Somatic embryo, embryo- 245/ combined embryogenic RPL39
genic cell suspensions, PP2A and non-embryogenic /24 S
embryogenic calli, and calli samples

non-embryogenic calli

Somatic embryo, embryo- 245/ somatic embryos PP2A/
genic cell suspensions, PP2A RPL39
embryogenic calli, and

plantlets

Somatic embryo, embryo- 245/ plantlets PP2A/
genic calli, non-embryo-  PP2A AP47
genic calli, and plantlets

Embryogenic cell suspen-  ACT/ - -
sions e embryogenic calli ~ APRT

Embryogenic cell suspen-  APRT/ - -
sions and non-embryo- EFla

genic calli

Embryogenic cell suspen-  TUB/ - -
sions and plantlets ACT

Embryogenic cell suspen-  EFla/ -

sions, embryogenic calli, APRT

and non-embryogenic calli

Embryogenic cell suspen-  ACT/ -

sions, embryogenic calli, TUB

and plantlets

Embryogenic cell suspen-  TUB/ -
sions, embryogenic calli, EFla
non-embryogenic calli,

and plantlets

Embryogenic calli and RPL39/ -
plantlets 245
Non-embryogenic calli uBQ/ -
and plantlets PP2A
Embryogenic calli, non- RPL39/ -
embryogenic calli, and 24S

plantlets

The tool works from the input of a dataset, which it is
structured and stored on its database [25]. The relational
database contains tables of several pieces of informa-
tion, such as species, stability data and information about
primer composition (Correlation coefficient - R?, acces-
sion, gene name, forward and reverse primers).

Page 7 of 12

In order to generate specific’s user treatment combina-
tions, RGeasy uses Laravels’ Object Relational Mapping
(ORM) to create a dynamic table with the samples of bio-
logical repetitions from all genes of a study Then, it runs
the Reffinder application to return the results, and finally
shows them alongside each primer’s data, ordered from
the best to the worst candidate reference gene.

Use case diagram

In addition to the layered architecture used in the basic
infrastructure of RGeasy, the Unified Modeling Language
(UML) was used for the creation of use case and class
diagrams. UML is a graphical representation of software
modeling that assists in visualizing and documenting the
system through various types of diagrams [26].

The use case diagram (Fig. 7) is a document where it is
specified the requirements, allowing to observe how the
end user interacts with the system in a determined con-
text. This context can be represented by a text or a list of
tasks that define the flow of operations [26].

On the other hand, the class diagram displays the static
structure of a system, based on its classes (Fig. 8).

Based on the previously mentioned diagrams, Entity-
Relationship diagrams were designed (Fig. 9). These dia-
grams are responsible for representing the general logical
structure of the database [27]. The Entity-Relationship
diagram of the RGeasy is divided into three groups:
framework information tables, information tables related
to the registered species and the system permission
tables.

The framework provides a code infrastructure and
applies conventions to reduce the code and learning
curve of the tool [28]. For RGeasy, the Laravel framework
was used.

Management of access control and data collections
were performed through the MySQL Database Manage-
ment System [27], which employs the Structured Query
Language (SQL).

Tests (Data sets).

RGeasy validation was performed with a dataset from
two coffee species, Coffea arabica and Coffea canephora,
originated from two papers that analyzed the best refer-
ence genes in different plant developmental stages and
conditions: (1) Validation of reference genes for RT-
qPCR analysis of Coffea arabica L. somatic embryogen-
esis-related tissues [23]; (2) A panel of the most suitable
reference genes for RT-qPCR expression studies of cof-
fee: screening their stability under different conditions
[15]. Data from each article were separately inserted on
RGeasy, according to the species under study (C. arabica
and C. canephora). In the case of the study conducted by
Fernandes-Brum et al. [15] a different set of reference
genes were tested for each species, the study was thus
registered twice.
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Table 3 Comparison between the treatment or treatment combinations and their best reference genes, ranked by the RefFinder tool
[13, 14], identified by RGeasy (first two columns) and the original study conducted by Fernandes-Brum et al. [15] (two last columns) for

C. Arabica

Combinations of treatments and conditions not Genes Combinations of treatments and conditions  Genes

analyzed in the original study analyzed in the original study

Roots and stem (water-deficit / well-watered) AP47/RPL39 All tissues grouped AP47/UBQ/RPL39/ EF1a
(water-deficit / well-watered)

Leaves and stem (water-deficit /well-watered) AP47/RPL39 Root (water-deficit / well-watered) APT1/AP47/RPL39/EF1a

Roots and stem (water-deficit) AP47/24 S Stem (water-deficit / well-watered) ACT/AP47/PP2A

Roots and leaves (water-deficit) UBQ/RPL39 Leaf (water-deficit / well-watered) AP47/RPL39

Stem and leaves (water-deficit) RPL39/AP47 Root/Leaf (water-deficit / well-watered) AP47/RPL39

Roots and stem (well-watered) RPL39/ACT All tissues grouped AP47/UBQ
(water-deficit)

Roots and leaves (well-watered) AP47/RPL39 Root (water-deficit) AP47/UBQ

Roots and flowers (well-watered) 14.3.3/RPL39 Stem (water-deficit) ACT/RPL39

Roots and fruits (well-watered) APT1/RPL39 Leaf (water-deficit) PP2A/14.3.3

Roots, stem, and leaves (well-watered) RPL39/AP47 All tissues grouped (well-watered) AP47/RPL39

Roots, Stem, and flowers (well-watered) APT1/ACT Root (well-watered) 24 S/PP2A

Roots, stem, and fruits (well-watered) APT1/AP47 Stem (well-watered) ACT/UBQ

Roots, leaves and flowers (well-watered) 24S/RPL39 Leaf (well-watered) RPL39/14.3.3

Roots, leaves, and fruits (well-watered) RPL39/AP47 Flower (well-watered) RPL39/CYCL

Roots, flowers, and fruits (well-watered) APT1/RPL39 Fruit (well-watered) APTI1/TUB-b/CYCL

Roots, stem, leaves, and flowers (well-watered) AP47/UBQ - -

Roots, stem, leaves, and fruits (well-watered) AP47/RPL39 - -

Roots, flowers, and fruits (well-watered) APT1/AP47 - -

Roots, leaves, flowers, and fruits (well-watered) AP47/RPL39 - -

Stem and leaves (well-watered) RPL39/PP2A - -

Stem and flowers (well-watered) APT1/AP47 - -

Stem and fruits (well-watered) APT1/CYCL - -

Stem, flowers, and fruits (well-watered) APT1/AP47 - -

Leaves and flowers (well-watered) AP47/PP2A - -

Leaves and fruits (well-watered) AP47/RPL39 - -

Leaves, flowers, and fruits (well-watered) AP47/UBQ - -

Flowers and fruits (well-watered) AP47/APT1 - -

The study conducted by Freitas et al. [23] comprised
five different coffee tissues (embryogenic and non-
embryogenic calli, two cell lines of embryogenic cell
suspensions with different culture times and six culture
times, somatic embryos, and plantlets), and 12 candi-
date reference genes, resulting in total of 1,728 samples
(including the biological and technical replicates). On the
other hand, Fernandes-Brum et al. [15] analyzed five dif-
ferent tissues (roots, stem, leaves, flowers, and fruits) for
two coffee species (C. arabica and C. canephora) under
well-watered conditions, with roots, stem, and leaves
from C. arabica being also analyzed under water stress
conditions. The stability of 12 candidate reference genes
were analyzed on C. arabica tissues, resulting in a total of
864 samples. For C. canephora, eight candidate reference
genes were analyzed, resulting in a total of 360 samples
(including the biological and technical replicates).

In addition to these two studies, it was performed a
search on the Web of Science and Scopus databases, using
the keywords “reference gene”, “housekeeping gene’,

“endogenous gene’, “RT-qPCR’ and “Coffea’; for studies
of reference gene validation for gene expression analysis
in coffee species.
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Table 4 Comparison between the treatment or treatment combinations and their best reference genes, ranked by the RefFinder tool
[13, 14], identified by RGeasy (first two columns) and the original study conducted by Fernandes-Brum et al. [15] (two last columns) for

C. Canephora

Combinations of treatments and conditions Genes

not analyzed in the original study

Combinations of treatments and Genes
conditions analyzed in the original

study
Roots and Stem ADH2 /ACT All tissues grouped ADH2/ACT/GAPDH/UBQ
Roots and leaves ACT/ADH2 Root ACT/ADH?2
Roots and flowers ADH2 / ACT Stem ADH2/UBQ
Roots and fruits ACT/ADH?2 Leaf ADH2/RPL7
Roots, stem, and leaves ADH2 /ACT Flower RPL7/PSAB
Roots, stem, and flowers ADH2 /ACT Fruit UBQ/PSAB
Roots, stem, and fruits ACT/ADH?2 - -
Roots, leaves, and flowers ADH2/ACT - -
Roots, leaves and fruits ACT/ADH?2 - -
Roots, stem, leaves and flowers ADH2 /ACT - -
Roots, stem, leaves, and fruits ADH2 /ACT - -
Stem and leaves PSAB/ADH?2 - -
Stem and flowers PSAB/ADH?2 - -
Stem and fruits UBQ/ACT - -
Stem, leaves, and flowers PSAB/ADH?2 - -
Stem, leaves, and fruits UBQ/ACT - -
Stem, leaves, flowers, and fruits UBQ/ADH2 - -
Leaves and flowers ADH?2 / PSAB - -
Leaves and fruits UBQ/ADH2 - -
Leaves, flowers, fruits UBQ/PSAB - -
Flowers and fruits UBQ/PSAB - -

General Information About the Genes:

Gene: UBQ

Primer Sequence (Forward)

Primer Sequence (Reverse)

Gene: PSAB

Primer Sequence (Forward)

TTTCCTGGCGTGGGTATTG CGGGTTTATCTCTCCAACGAAT TTTCCTGGCGTGGGTATTG CGGGTTTATCTCTCCAACGAAT
R2 e* Accession n R2 e* Accession n

0.99276 95.0 DV686961.1 0.9923 92.0 GT648763.1

Bank Bank

Primer Sequence (Reverse)

GenBank National Center for Biotechnology Information (NCBI)

GenBank National Center for Biotechnology Information (NCBI)

Fig. 6 Additional information, including primer sequence, correlation coefficient (R%), amplification efficiency, accession number, and database where
the sequence is deposited, provided by RGeasy for the reference genes deposited on its database
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Fig. 7 Use case diagram illustrating the registration process and the management of species
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Fig. 8 Class diagram showing the list of the most important classes (Sample, Article, Gene, and Species) of the RGeasy system. For each article that is
registered on RGeasy's database there is a sample group and a specific group of genes analyzed for a given species
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Fig. 9 Entity-Relationship diagrams of RGeasy’s database showing its tables. Each table from this diagram displays the specific information of each at-

tribute, such as s maximum word length, metadata and relationships
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