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1. Introduction

Studying and understanding Simple Sequence Repeats 
(SSRs) requires analysing enormous amounts of genomic data 
(Ellegren, 2004). This is one of the many challenges that come 
with the task of searching genomes data for SSRs, which is 
both interesting and difficult (Ellegren, 2004). These simple 
sequence repeats, which are also known as microsatellites, 
are hiding in different regions of the complex genome 

(Moxon et al., 2006; Kashi and King 2006). They are repeating 
sequences and may be anywhere in genome sequence from 
one to six base pairs in length, and they are found all across 
the genomes of a wide range of living organisms (Moxon et al., 
2006). As a result, they are progressively getting attention 
as they are involved in many functions in living organism 
(Moxon et al., 2006). The SSRs perform a wide variety of tasks 
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data and DNA sequences quickly. To accomplish this aim, 
Python, a flexible and easy programming language was our 
tool of choice (Van Rossum and Drake 2009; Harris et al., 
2020) as it has ready libraries such as Biopython which 
has ready codes for DNA sequences (Cock et al., 2009).

2.2. Python key libraries utilized

Python is a powerhouse of a language with a variety 
of libraries that were used for developing GenoSSRFinder 
(Harris et al., 2020). The programming codes uses some 
important known key libraries like Pandas (McKinney, 
2010), NumPy (Harris et al., 2020), and Biopython 
(Cock et al., 2009). High-performing data analysis was 
made available by the open-source data analysis Pandas 
(McKinney, 2010). Mathematical operations were calculated 
using NumPy library which made them easier to perform on 
arrays and matrices containing numeric data (Harris et al., 
2020) . Genomic data files were often decoded using 
Biopython, a python programming language with a suite 
of tools for biological computing and molecular biology 
(Cock et al., 2009).

2.3. File reading and processing in GenoSSRFinder

The first step of GenoSSRFinder was to open and read 
the Fasta file that is the most common genomic file format 
used. We have included a method that can read and process 
Fasta files to guarantee proper accepting this file format. 
This project was greatly aided by the SeqIO module in 
Biopython (Cock et al., 2009).

2.4. Developing a user-friendly interface for SSR 
Identification

This was done by creating input fields where users could 
provide the file path of the genomic data by downloading 
the Fasta file of genome sequence or gene sequence 
(Figure 1). The detail of the repeat unit of interest is easily 
filled by user. The user select a certain SSR to search for 
by filling repeat unit, and then minimum and maximum 
repetitions (Figure 1).

2.5. SSR search and recording: a detailed process

Upon completion of the input stage, the software 
starts searching for the specified SSR selected by users. 
This operation is undertaken by a function and examines 
the genome sequence, recording every occurrence of the 
SSR based on input information provided by user. Each 
occurrence of selected SSR is followed by the recording 
of important details including the SSR start and SSR end 
within the genomic sequence or DNA sequences, the length 
of the repeat sequence, and the frequency of repetition.

2.6. Presentation of results: fast and user-friendly

We take the Accuracy in our approach to deal with as an 
important factor. Therefore, we integrated error-checking 
procedure to deal with any error when inputting data by 
users. Once the search is done, the results of GenoSSRFinder 
are presented for users on a box on screen that is generated 
by a Pandas DataFrame (McKinney, 2010). The results are 
then shown to users in seconds, and they are shown in easy 

throughout the biology and evolution of these living organisms 
(Moxon et al., 2006), including playing an important role in 
the genetic diversity of living organism and they are used 
as genetic markers. In addition to this, they are implicated 
in the manifestation of some diseases and play a vital part 
in the process of gene transcription (Pearson et al., 2005; 
Gymrek et al., 2016). The study of SSRs has the potential 
to provide important insights into a variety of biological 
processes (Kashi and King, 2006). Dinucleotide repeats 
like (AT)n, which are present in yeast, are linked to DNA 
bending and Z-DNA synthesis, whereas key mononucleotide 
repeats like (A)n and (C)n in humans play a crucial role in 
the regulation of transcription (Li et al., 2002). The physical 
structure and function of DNA are therefore profoundly 
affected by these dinucleotide repeats (Li et al., 2002). Another 
well-known class of SSRs is trinucleotide repeats. (CAG)n, 
(CGG)n, and (CTG)n repeats have been linked to many human 
genetic diseases (Pearson et al., 2005). Myotonic dystrophy, 
Fragile X syndrome, and Huntington’s disease are only a 
few examples (Pearson et al., 2005). The need for studying 
SSRs to the understanding many of functions that they play 
has increased a demand for efficient tools that can be used 
to analyse them quickly and precisely. GenoSSRFinder is a 
python-based software was developed to satisfy this need. 
It is a simple software that was developed particularly for 
the purpose of enhancing SSR research. The main goal of 
GenoSSRFinder is to make this essential part of genomic 
research easier to understand, which may be accomplished by 
giving a targeted and efficient tool for SSR studies. Therefore, 
it is designed to rapidly and accurately identify particular 
SSRs that are present within genomic data.

GenoSSRFinder is a new tool (GenoSSRFinder download 
for PC) (GenoSSRFinder, 2023) in genomic research that 
aims to improve the speed and accuracy of the search for 
SSRs within genomic data. This program is an add forward 
in the field of bioinformatics concerning SSRs studies when 
taking into account the essential part that SSRs play in gaining 
an understanding of the genetic diversity of organisms 
(Kashi and King, 2006; Buschiazzo and Gemmell, 2006). 
Therefore, this a new tool will be of extremely beneficial 
in this field. GenoSSRFinder has the ability of finding and 
searching a particular SSR in genomic data, in addition to 
giving information about it. Therefore, it is a significant tool 
for academics since it provides an approach to the analysis 
of SSRs that is both simple and quick to utilize.

The hypothesis of this study is that the introduction 
of GenoSSRFinder, and an examination of its potential 
involvement in the field of genomics . This study aims to 
show its potential uses through three cases as studies to 
examine the function that SSRs play in genetic diversity, 
genetic illnesses, and even in criminal investigations.

2. Methodology

2.1. Introduction to GenoSSRFinder: an innovative 
approach

The development of GenoSSRFinder requires the use 
of a specific approach to develop a software capable of 
precisely targeting a particular SSR within big genomic 

https://drive.google.com/file/d/1Eg2gohLz6VIzx6kApX2Ng8hv4WopZa3i/view?usp=drive_link
https://drive.google.com/file/d/1Eg2gohLz6VIzx6kApX2Ng8hv4WopZa3i/view?usp=drive_link
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format, so that, researchers are able then to understand 
and analyse the data. This, reducing the time needed to 
study SSRs and making genomic research faster. To do 
this, we used the effective library NumPy (Harris et al., 
2020) in the programming codes to make the process 
faster and takes less time. As a result, GenoSSRFinder is 
both accurate and precise (McKinney, 2010). It uses also 
simple interface and easy to use by researchers (Figure 1).

The development process also involved testing process to 
confirm the software’s robustness by running this software 
on genomic data may times. It has an approach that has an 
advantage over the traditional programs for SSRs analysis 
that take hours to days for analysing genomic data against 
particular SSR. By concentrating on particular SSRs, it 

allows for a focused and precise examination of genomic 
data. The technique behind GenoSSRFinder underscores 
its potential as a tool in genomic research to search for a 
certain SSR in genomic data.

3. Results

The results generated using GenoSSRFinder are 
of value and remarkable (Figure 2-5). Once initiated, 
GenoSSRFinder rapidly scan across the entire genome 
sequence. The software then generates an in-depth 
account, outlining all the occurrences of the specified SSR. 
This account comprises crucial details, such as the SSR’s 

Figure 1. Displays the GenoSSRFinder user interface for searching a specific SSR.

Figure 2. Application of GenoSSRFinder unveils significant trinucleotide SSR (CGG)n expansion in the FMR1 gene linked to Fragile X 
Syndrome.
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start and end, length, and the frequency of its repetition. 
The results are presented on screen.

The user-friendly nature of the results simplifies 
interpretation, making the research process more 
streamlined. The findings generated through GenoSSRFinder 
have consistently shown a high degree of accuracy, a 
testament to the software’s efficiency. The dependable 
precision of the tool assures researchers that they are 
dealing with reliable data.

Moreover, GenoSSRFinder considerably reduces the 
time typically needed for SSR analysis. The software has 
demonstrated its ability to deliver results more promptly 
than traditional SSR analysis tools. This is attributable to its 
focus on particular SSRs, which facilitates a more specific 
search. The speed at which the software operates is one 

of its most defining features. By saving precious time, 
GenoSSRFinder enables researchers to engage in more 
detailed investigations.

These efficient and precise outcomes can significantly 
accelerate the pace of genomic research. The outputs 
created by the software are not only fast and accurate but 
also comprehensive. Consequently, GenoSSRFinder offers 
a complete view of the specified SSR within the genome, 
ensuring that no potential SSR instance goes unnoticed.

Thus, GenoSSRFinder grants researchers a more 
profound comprehension of the genome. Coupled with 
the software’s user-easy design, these findings position 
GenoSSRFinder as the optimal solution for SSR analysis. 
In essence, the outcomes derived from GenoSSRFinder 
underpin its potential to control SSR analysis. The software 

Figure 3. Comparative analysis of GenoSSRFinder’s detection of SSR(AG)n repeats in Rhizoctonia Solani unveils notable genetic diversity.

Figure 4. Comparative analysis of GenoSSRFinder’s detection of SSR(AG)n repeats in Aspergillus Flavus unveils notable genetic diversity.



Brazilian Journal of Biology, 2023, vol. 83, e276380 5/7

GenoSSRFinder: SSR detection tool

has proven to be a beneficial resource for researchers for 
analysing certain SSR within genomic data looking for 
genetic illnesses, the biodiversity and genetic studies, or 
even in criminal investigations.

3.1. Case Study 1: GenoSSRFinder as an instrument for 
genetic disorder investigation

To deepen our grasp of genetic diseases, it’s crucial 
to identify and explore specific SSRs associated with 
genetic disorders (Andrew et al., 1993; Brook et al., 1992). 
GenoSSRFinder has the potential to be expanded so that 
it may search for SSRs related with a variety of additional 
genetic conditions. For instance, Huntington’s disease has 
been connected to the Huntingtin gene, which contains 
the trinucleotide repeat (CAG)n. It has been determined 
that the FMR1 gene, which includes the trinucleotide 
repeat (CGG)n, is connected with the fragile X syndrome 
(Verkerk et al., 1991). In addition, there is a link between 
myotonic dystrophy and the DMPK gene, which has the 
trinucleotide repeat (CTG)n mutation (Andrew et al., 1993; 
Brook et al., 1992).

Therefore, SSRs were studying an extremely rare genetic 
condition tied to a unique repeat, for example, expansion 
of trinucleotide SSRs are linked with several neurological 
diseases, such as fragile X syndrome particularly when the 
SSR (CGG)n has an expansion to be more than 200 times 
in fragile X syndrome compared with 40 times in normal 
(Jin and Warren, 2000) . GenoSSRFinder was employed to 
identify this SSR, significantly accelerating the research 
by identifying the SSR’s location and repetition frequency 
(Figure 2). We used GenoSSRFinder to search for the 
SSR(CGG) in (GenBank #(L29074.1, Homo sapiens fragile 
X mental retardation syndrome protein (FMR1)), the 
sequence was retrieved from the GenBank database (NCBI, 
2023). Based on results from Figure 2, GenoSSRFinder 
revealed that the total occurrence of SSR(CGG)n =453 in 
FMR1 gene which is connected to fragile X syndrome (Jin 
and Warren, 2000).

3.2. Case Study 2: GenoSSRFinder, as a tool on genetic 
diversity

Simple sequence repeats, or SSRs, has a considerable 
influence on genetic variety, which is essential for the 
continued existence of a species. Because it is able to 
locate and examine these SSRs in a wide variety of living 
organism(Moxon et al., 2006). GenoSSRFinder has become 
an indispensable tool for the study of biodiversity and 
conservation biology. Research on genetic diversity often 
makes use of the SSR gene, which has the repeat pattern (AG)
n and is found in a great variety of fungal species (Nybom, 
2004). The capability of GenoSSRFinder to quickly discover 
and study individual SSRs has the potential to improve our 
knowledge of genetic diversity. We used GenoSSRFinder 
to search for the SSR pattern (AG)n in Rhizoctonia solani 
chromosome 1 (GenBank #(NC_057370.1) and Aspergillus 
flavus chromosome 1 (GenBank #(NC_054691.1). 
The sequences were retrieved from the GenBank database 
(NBCI, 2023). Based on results from Figures 3 and 4. 
GenoSSRFinder results revealed that the total occurrence 
of SSR(AG)n= 29099 in Rhizoctonia solani compared with 
Aspergillus flavus that has SSR(AG)n= 35333

3.3. Case Study 3: GenoSSRFinder as a tool in forensic 
science practices

DNA profiling, an integral part of forensic science utilized 
for identification purposes, requires accurate detection of 
SSRs to yield successful results. (Butler, 2006).

Identification in forensics often on loci sequences like 
vWA and D8S1179, both possessing the repeat pattern 
(TCTA)n, alongside D18S51, characterized by the repeat 
pattern (AGAA)n (Butler, 2006). The quick detection 
capabilities and detailed SSR information provided by 
GenoSSRFinder could simplify the procedures involved in 
forensic inquiries, possibly enabling faster case resolutions 
We used GenoSSRFinder to search for the SSR pattern 
(TCTA)n in the D18S51 locus chromosome (GenBank 

Figure 5. GenoSSRFinder identifies SSR Pattern (TCTA)n in the D18S51 locus, forensic genetic analysis.
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#(MH105190.1). The sequence was retrieved from the 
GenBank database (NCBI, 2023) (Figure 5).

The results of GenoSSRFinder for searching (TCTA)n in 
the human D18S51 locus indicated that D18S51 locus has a 
total occurrence = 11 (Figure 5). This result is of important 
in forensic science for certain SSR numbers comparing 
between individuals examined (Butler, 2006).

4. Discussion

It is observed from obtained results of analysis of case 
study 1, 2, and 3 by GenoSSRFinder that the methodology 
is associated with the tool have profound implications as 
GenoSSRFinder has an efficient and precise approach to SSR 
searching. Therefore, GenoSSRFinder holds the potential 
to speed genomic research of SSRs. This simple program 
is of great importance in such as genomics to study SSRs 
concerning biodiversity, genetic diseases and even a 
forensic science . This program is designed to improve the 
SSRs studies as many scientists interested in studying the 
function and importance of such SSR in living organisms 
will start soon using it.

GenoSSRFinder is a tool used to study genetic patterns 
of SSRs, and it is useful and accurate and time saving 
in SSRs research compared with other tools available. 
It uses Python programming and the best of its libraries 
in making to search certain important genetic markers 
SSRs in short time and is quicker than most other tools 
available. (Harris et al., 2020; McKinney, 2010; Cock et al., 
2009), which is of importance in many fields related to 
gene studies including genetic diseases, the biodiversity 
and genetic studies, and even in criminal investigations 
(Verkerk et al. 1991; Jin and Warren, 2000).

In the first study case (Figure 2), we used GenoSSRFinder 
to look at genetic diseases. We focused on special genetic 
markers related to diseases like fragile X syndrome 
(Verkerk et al. 1991). This way, GenoSSRFinder was able 
to get a lot of important data. The tool was great at finding 
SSR(CGG)n in a sequence retrieved from GenBank and 
counting this certain SSR, showing us how useful it can 
be for studying genetic diseases(Verkerk et al. 1991; Jin 
and Warren, 2000; Nybom, 2004; Butler, 2006) 

In addition to genetic disease, GenoSSRFinder may be 
used in many fields such as genetic diversity (Nybom, 
2004) . We used GenoSSRFinder in the second study case 
to study genetic diversity by searching a certain repeat 
(AG) which is important for genetic diversity in different 
types of fungi (Figures 3 and 4). The retrieved sequences 
of Rhizoctonia solani and Aspergillus flavus were searched 
by GenoSSRFinder for certain repeat (AG). GenoSSRFinder 
was really good at finding and studying the SSR(AG) we 
were interested in; this makes our work faster and simpler. 
This shows that GenoSSRFinder can be used for studies 
about biodiversity (Nybom, 2004).

On application that is interesting we used GenoSSRFinder 
for forensic science, helping us with DNA profiling. 
GenoSSRFinder was used for searching for the SSR pattern 
(TCTA)n of the D18S51 locus chromosome which is an 
important in forensic science investigation and giving 
us a valuable information (Butler, 2006). The results of 

GenoSSRFinder (Figure 5) indicated that it may be of 
importance in the forensic science for certain SSR studies 
between individuals examined (Butler, 2006). This could 
make it as a tool to be used by forensic science researchers 
as it makes analysing certain SSRs easier and quicker. 
The easy design of GenoSSRFinder also enhances the idea 
that many people interested in studying SSRs will soon use 
it as the user interface and the results of GenoSSRFinder 
are easy to understand. Therefore, many researchers 
are more likely to use it. Thus, GenoSSRFinder not only 
improves research of SSRs but also will help solving many 
problems concerning SSRs analysis. By allowing researchers 
to target a specific SSR in seconds that plays important 
function within genome. Therefore, GenoSSRFinder is 
more than simply a program; it accelerates research for 
comparison of targeted regions of different organisms’ 
genomes. For instance, by it we can compare certain SSRs 
between different genomes in short time. GenoSSRFinder 
is aimed to become an integral part of genomics research 
for targeting particular SSRs that play important functions 
in living organisms because of its ease of use with high 
quality output in fast time comparing with traditional 
SSR analysis tools.

5. Conclusion

GenoSSRFinder has emerged as a new method 
tool for SSR examination. It places emphasis on a 
researcher-oriented approach, which is characterized 
by effectiveness and precision, distinguishing it from 
other similar platforms. Concentrating on particular SSRs, 
GenoSSRFinder enables a more focused examination, a 
precision that is immensely advantageous in the many 
fields of genomic studies.

By lessening the duration time needed by researchers 
for analysis, GenoSSRFinder facilitates more frequent and 
research efforts. Moreover, the software’s high degree of 
precision guarantees that the investigations are grounded in 
trustworthy data. Consequently, GenoSSRFinder augments 
both the volume and quality of genomic investigations. 
It is clear that GenoSSRFinder is really good at studying 
these special genetic markers. Its design focuses on being 
fast and accurate, and it’s great at giving us detailed and 
correct information in all kinds of research regarding 
SSRs. The hypothesis regarding the introduction of 
GenoSSRFinder, and it is potential uses in the field of 
genomics was supported by it is effective uses in the three 
cases studies that were performed in this study showing 
it is potential uses in genetic diseases, biodiversity, or 
forensic science.
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