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Objective: The significant genetic diversity of Staphylococcus aureus, a significant
human pathogen, supports its virulence, adaptability, and drug resistance. High-
resolution molecular markers are essential for epidemiological surveillance and
efficient strain classification. Simple sequence repeats (SSRs) are a potent but little-
used class of genetic markers in bacterial systems. Method: An extensive genome-
wide survey of SSRs in Staphylococcus aureus was conducted utilizing the Crate
v1.5.1 platform to identify, categorize, and assess microsatellite sites for possible
primer production. Results: 25,727 accurate SSRs were discovered out of 159,187
genomic sequences totaling 465.4 Mb with a GC level of 34.11%. SSRs have an
average length of 43.94 bp and make up 1.13 Mb, or 0.25% of the genome. 2428.49
bp/Mb and 55.28 loci/Mb were determined to represent the overall density and relative

abundance, respectively. Dinucleotide duplication (54.34%) and mononucleotide
duplication (27.89%) were the most prevalent classes. Repeats of tri-, tetra-, pent-,
and hexanucleotides made up progressively decreasing percentages. AC, AG, and AT
were the most prevalent dinucleotide motifs, and a substantial bias towards A/T-rich
repeats was revealed by motif structure analysis. A trade-off between polymorphism
and stability was suggested by the majority of SSRs, which displayed intermediate
repeat numbers, primarily between 5 and 13 wunits. Nowvelty: The AT-rich
composition of the S. aureus genome is compatible with the reported SSR distribution
patterns, which show selective restrictions on repetitive evolution. Crucially,
dinucleotide repeats' high frequency and beneficial repeat characteristics highlight
how well-suited they are for SSR primer production. These locations are excellent
choices for producing dependable, reasonably priced, and incredibly educational
content..

INTRODUCTION

The bacteria of Staphylococcus aureus is one of the clinically relevant bacterial
diseases, causing simple skin infections to severe systemic diseases such as endocarditis
and pneumonia [1], [2], [3]. The clinical misuse of antibiotics and natural selection of S.
aureus caused the appearing of methicillin-resistant Staphylococcus aureus (MRSA). The
MRSA needs sophisticated molecular studies to understand more of the MRSA genetic
variation [5]. The understanding of population studies of bacteria has significantly
advanced the path to molecular applications, including whole-genome sequencing
(WGS) and multilocus array. Yet these techniques can be expensive, take more time,
and require complex infrastructure, therefore greatly limiting their laboratory practice.
Finding replacement molecular markers that are affordable, especially polymorphic,
and suitable for intensified studies has thus become important [5], [7], [8].

The simple sequence repeats, or microsatellites (SSRs), are the most widely used
molecular markers. SSRs are short, repetitive DNA motifs found abundantly in both
coding and non-coding genes of the genome [9], [10]. The SSRs contain 1 to 6
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nucleotides. SSRs are particularly polymorphic due to their variation; therefore, they
are particularly used for genetic diversity, population studies, and a molecular
approach. SSRs have been confirmed to be important for gene regulation and genome
evolution in bacterial genomes research [11],[12]. The study of SSRs in S. aureus has not
been studied as thoroughly as in eukaryotes. The discovery of SSR loci throughout
entire bacterial genomes has become possible due to advances in NGS technology,
which has made large-scale genome research more accessible [13], [14].

Traditionally, the SSRs are isolated from whole genomic sequences. This method
yields a representation of the microsatellites in the genome. With the revolution in NGS
technology, it has now become feasible to identify microsatellites in organisms [15],
[16]. The methods are extremely successful in molecular marker development for the
purpose of population studies, molecular mapping, etc. However, the selection of SSR
mining criteria and algorithms used for the purpose of checking sequences for
identifying microsatellites therein offers a lot of diversity. The SSR repeats differed in
their stability and quantity. The monorepeats were common but may be less stable due
to sequencing errors, while dinucleotide and trinucleotide SSRs are usually abundant
and stable [8], [17], [18]. In addition, the sequences of the SSR repeat motif are often
affected by nucleotide composition, including the concentration of GC, which can affect
SSR distribution and frequency [8], [17], [18], [13], [19]. Increased polymorphism is
generally associated with longer repeats and larger repeat numbers, making them more
useful for genetic research. On the other hand, repeats that are too long may be less
stable and more prone to mutations. Therefore, it is important to find SSR loci with the
best repeatability characteristics to create reliable molecular markers [10], [20].

The markers can be used to create primers for amplification using the polymerase
chain reaction (PCR), enabling rapid and economical genotyping. Construction of SSR-
based markers. There is much promise in advancing molecular typing techniques for S.
aureus. These marketplaces can improve existing methods by offering more flexibility
and solutions[21], the SSR markers can be used to follow transmission routes,
distinguish between closely related strains and investigate population structure in
environmental and clinical contexts. In addition, SSR based methods are available and
somewhat easier to use, making them suitable for laboratories with low funding[15].

In this study, S. aureus provides an increasing amount of genomic data. The
researchers can use this data to select useful SSR loci to find conserved and variable
regions of the bacterial genome. In addition, the patterns of genetic diversity and
adaptation can be found by studying the SSR patterns. This is necessary to understand
the epidemiology of S. aureus infection. Thus, the current study aimed to identify and
characterize SSR patterns in the S. aureus genome and to assess their potential for
constructing specific SSR primers for use in future genetic studies.
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RESAERCH METHODS
Genome Data Preparing

The high-throughput sequencing of S. aureus (SRX32667246) provided the genomic
dataset used in this study. A total number of sequences, about 159,187, and a genome
length of 465,404,851 bp. FASTA format was used in this study. Before analysis, we
evaluated the sequence of integrity and quality. We also ensured sequence length was
equal to the genome size by confirming that all sequences had only standard nucleotide
bases (A, T, C, and G) and no ambiguous nucleotides (Ns). The total sequence number,
genome size, and GC content were computed.
Simple Sequence Repeats (SSRs) Identification

Krait v1.5.1, a high-performance program for quick and precise microsatellite
detection and primer creation, was used to identify SSRs across the whole genome [22].
Perfect SSRs, which are tandem repetitions with continuous repeat motifs, were the
only subject of the analysis. Minimum repeat limits were established based on motif
length as mononucleotide repeats to guarantee strict detection and prevent bogus
repeats: =12 repeat units, =7 repeat units for dinucleotides, =5 repeat units for
trinucleotides, >4 repeat units for tetranucleotides, 24 repeat units for pentanucleotides,
and >4 repeat units for hexanucleotides [23]. At Level 3, motif standardization was
implemented, which reduces redundancy and permits biologically significant
comparisons by combining complimentary and reverse-complement motifs into a single
representative class. The efficiency of the Krait platform for large-scale genomic
datasets was demonstrated by the SSR mining procedure, which was carried out under
default computational conditions. The overall runtime for analysis was about 52
seconds [24].
Estimating SSR Density and Genome Coverage

Two crucial factors were computed to evaluate the genomic distribution of SSRs:
The number of SSR loci per megabase of genomic sequence is known as relative
abundance (loci/Mb), while the total length of SSRs per megabase is known as relative
density (bp/Mb). These data enable comparison with other bacterial genomes, which
indicates the amount of SSR frequency. SSR-based genome coverage was computed as
[25]:

Total SSR length
Total genome length

SSR coverage (%) = x100

Data Visualization and Statistical

Krait used integrated visualization tools based on Data Tables, jQuery, and
Plotly.js libraries to automatically generate all statistical summaries, tables, and
graphical representations[22].

RESULTS AND DISCUSSION
Results
Overview of SSR Discovery and the Genome Dataset
Numerous SSR loci were found throughout the examined dataset because of the
genome-wide scan of microsatellites in Staphylococcus aureus. Out of 159,187 sequences,
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25,727 perfect SSRs were found, indicating a total genome size of 465.4 Mb. High
confidence in SSR detection was guaranteed by the lack of ambiguous nucleotides,
which also removed any potential bias brought on by sequence ambiguity. The overall
length of SSR sections was 1,130,230 bp, or roughly 0.25% of the entire genome. This
suggests that microsatellites are a minor but important part of genomic architecture.
The existence of large repeat tracts was indicated by the average SSR length of 43.94 bp.
SSRs are prevalent throughout the S. aureus genome, as further evidenced by the
computed relative abundance (55.28 loci/ Mb) and relative density (2428.49 bp/Mb).

Table 1. Summary information of sequences (SRX32667246).

Description Value
Total number of sequences 159187
Sequences' total length 465404851
Total valid length of sequences 465404851
Unkown bases (Ns) in sequences 0
Percentage of unkown bases 0
GC content 34.11
SSR Type Distribution

The dinucleotide SSRs were the most prevalent, about 13,979 loci (54.34%). While
mononucleotide repeats were 7,175 loci (27.89%). Pentanucleotide SSRs with 0.44%
percentage and hexanucleotide repeats (0.14%), trinucleotide repeats (9.14%), and
tetranucleotide repeats (8.05%). This motif frequency decrease is gradual as the length
increases, a pattern seen in bacterial systems. The different repeat units of SSRs can be
classified into many types. According to the length of the SSRs, they are classified into
mono-, di-, tri-, tetra-, penta-, and hexanucleotide SSRs.

Table 2. Show the profile of perfect microsatellites.

Item Value

Total number of perfect SSRs 25727
Perfect SSRs' total length (bp) 1130230

The average length of SSRs(bp) 43.94

SSRs per sequence 0
The sequence covered by SSRs (%) 0.25

Relative abundance(loci/Mb) 55.28

Relative density(bp/Mb) 2428.49

Relative Abundance and Density of SSR

The dinucleotide repeats have high distribution compared to all other repeat types
(30.04 loci/Mb) and relative density (1586.48 bp/Mb). Tri- and tetranucleotide repeats
had lower but similar density, whereas mononucleotide repeats had moderate rates
(15.42 loci/Mb and 477.12 bp/Mb). With relative abundance values less than 0.25
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loci/Mb, pentanucleotide and hexanucleotide repeats made very little contribution to
the total SSR landscape. These results show that the S. aureus genome's SSR composition
is significantly skewed toward shorter repeat units, which are probably the main source
of polymorphic variation.

Table 3. The perfect microsatellite counts and length

Relative Relative
Length Percent Average .
Type Counts (bp) (%) Length (bp) Abundance Density
(loci/Mb) (bp/Mb)
Mono 7175 222056 27.89 30.95 15.42 477.12
Di 13979 738356 54.34 52.82 30.04 1586.48
Tri 2352 56766 9.14 2414 5.05 121.97
Tetra 2070 109356 8.05 52.83 4.45 234.97
Penta 114 2580 0.44 22.63 0.24 5.54
Hexa 37 1116 0.14 30.16 0.08 24

Motif Composition and Sequence Bias

The comparatively low GC content (34.11%) of the genome was reflected in the
strong bias toward A/T-rich repeat motifs seen in detailed motif analysis. Poly-A motifs
made up 25.58% of all SSRs among mononucleotide repeats, but poly-C repeats were
relatively uncommon. The most common motifs within the dinucleotide group were
AC (25.99%), AG (13.03%), AT (10.35%), and CG (4.96%). The comparatively low
frequency of CG repeats is in line with the known underrepresentation of CpG
dinucleotides in bacterial genomes, which could be impacted by processes associated to
methylation and mutational biases. The trinucleotide repeats were the most prevalent
patterns, such as AAT, AAG, and AAC, while the contribution of dinucleotide repeats
was smaller. The motif distribution pattern highlights base composition influences on
SSR generation and stability, such as A/T-rich sequences.

SSR counts distribution for each type SSR length distribution for each type

B Di
B Mono
B Tri
B Tetra
B Penta
B Hexa

0.443%
0.144%

Figure 1. shown distribution of microsatellite account and length.
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Repeat Numbers and Length Distribution

The SSR loci showed variable repeat numbers, predominantly 5-13, with repeats at
7-8, indicating a preference for intermediate lengths; that is, reflecting stability and
polymorphic, informative marker development despite length variability. Due to their
high prevalence and comparatively longer average repeat lengths, dinucleotide and
tetranucleotide repeats constituted the greatest percentage of the total SSR length. On
the other hand, because of shorter repeat arrays, trinucleotide repeats, despite being
present in significant amounts, contributed less to the overall length. The distribution
pattern shows that repeat frequency and motif size have an impact on SSR length, with
shorter motifs typically accumulating longer repeat stretches.
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Discussion

The Staphylococcus aureus genome has a modest density of SSRs (55.28 loci/Mb),
with a substantial prevalence of din- and mono- repeats, according to the current
genome-wide research. Although significant variations in SSR abundance, motif
composition, and repeat structure reflect species-specific genomic characteristics and
evolutionary forces, this pattern seems to be generally constant when compared with
other bacterial species. SSR density in many bacterial genomes varies significantly
based on ecological habitat, GC content, and genome size. It is noted that research on
Escherichia coli has shown comparatively lower SSR density than those found in S.
aureus, with a somewhat higher prevalence of trinucleotide repeats in coding areas but a
similar dominance of short repeat motifs [26]. On the other hand, the genomes of low-
GC Gram-positive bacteria like Bacillus subtilis frequently show SSR patterns like those
of S. aureus, such as a higher frequency of mononucleotide repeats and an enrichment of
A/ T-rich motifs [27], [28].

The bacteria often exhibit a comparatively high frequency of tri and
tetranucleotide repeats, similar to the SSR pattern available in S. aureus, which is also
such as that reported in other pathogenic bacteria, such as Salmonella enterica and
Pseudomonas aeruginosa. This high GC content causes a more complicated genome and
can affect the stability and development of microsatellite markers [29], [30], [31], [32].

The A/T-rich motifs in the S. aureus SSR were significant results. This note is in
line with studies from bacterial species and is consistent with low GC concentration
(34.11%) in the S. aureus genome. Moreover, mono-nucleotide type A/ T repeats were
less widespread, while G/C motifs were common in high-GC bacteria sequences, such
as Streptomyces species and Mycobacterium tuberculosis [33]. Comparison studies
indicated that SSR patterns were significantly affected by the sequences of genomic
bases, and since these sequences are more vulnerable to slippage, A/T-rich genomic
sequences accumulate more in mono and dinucleotide repeats [27], [34], [35]. Our study
found the CG dinucleotide repeats are present in S. aureus and were also in line with
other studies found in the genomes of bacteria. The mechanisms of DNA methylation
and mutation bases lower the frequency of CpG loci over evolutionary time.
Dinucleotide repeats dominate in S. aureus with a percentage of 54.34%, which is similar
to findings in bacterial genomes, where short repeat regions are more prevalent because
of their high rate of mutation. The S. aureus has a low percentage of trinucleotide
repeats when compared to other bacteria [34].

A comprehensive S. aureus adaptation is foundational for facing the challenges
presented by these pathogenic bacteria. Moreover, the phenomenon is widespread,
with diverse human microbiome samples harboring S. aureus with distinct SSR sub-
populations, indicative of niche-specific adaptations. Therefore, SSRs are strong
reservoirs of previously no recognized S. aureus genetic heterogeneity that confer fast
adaptation, including in antigens selected by bygone vaccines. Deeper knowledge of
SSR's evolutionary way has the possibility to make better treatments and to predict S.
aureus responses to new therapies[13],[36]. The SSR patterns found in our work
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indicated a high moderate level of microsatellite variability, though in S. aureus. The
prevalence of SSRs with 5-13 units in S. aureus is consistent with the genomes of other
bacteria. Determine whether the frequencies of SSRs of the given motif length and
repeat number occurred as expected by chance; ten simulated genomes were
constructed by randomly choosing nucleotides at the frequencies characterizing the E.
coli genome [26], [37]. According to comparative studies among bacterial strains, the
widespread occurrence of SSRs does not correlate with genome size. Larger genome
sequences may include high SSR loci, but their relative abundance (loci/Mb) can
change.

The SSR density identification in S. aureus is like other bacteria with genome sizes,
which suggests that evolutionary plasticity and sequence stability have a higher impact
on SSR widespread than genome size. Pseudomonas aeruginosa, for example, SSR
frequency showed high motif complexity but lower relative SSR abundance due to its
bigger and more GC-rich genome. The SSRs of numerous types are found in the
genomes of prokaryotes. These SSRs were presented in functional role and implications
in mutation, giving the organism adaptation to its environment [32], [39], [40], [41].

CONCLUSION

Fundamental Finding : The genome analysis of S. aureus reveals a high
abundance of microsatellites (SSRs), suggesting that these repetitive elements are
systematically distributed and distinct from general nucleotide composition patterns.
Implication : The substantial presence of microsatellites indicates a strong potential for
generating both genomic variability and phenotypic diversity, which may contribute to
the organism’s adaptability and pathogenic characteristics. Limitation: Although
microsatellites are known to play major roles in eukaryotic genome dynamics, their
occurrence in prokaryotic bacteria remains limited and is mostly associated with
pathogenic species, which may restrict broader generalization. Future Research :
Further studies are needed to explore how SSR variability influences bacterial evolution
and pathogenicity, and to investigate their functional roles across different prokaryotic
organisms.

REFERENCES

[1] M. E. Torok and N. P. J. Day, “Staphylococcal and streptococcal infections,” Medicine, vol.
42, no. 1, pp. 1-7, 2014, doi: https:/ /doi.org/10.1016 /j.mpmed.2013.10.016.

[2] M. S. Linz, A. Mattappallil, D. Finkel, and D. Parker, “Clinical Impact of Staphylococcus
aureus Skin and Soft Tissue Infections,” Antibiotics, vol. 12, no. 3, 2023, doi:
10.3390/ antibiotics12030557.

[3] R. Touaitia, A. Mairi, N. A. Ibrahim, N. S. Basher, T. Idres, and A. Touati, “ Staphylococcus
aureus: A Review of the Pathogenesis and Virulence Mechanisms,” Antibiotics, vol. 14, no.
5, 2025, doi: 10.3390/ antibiotics14050470.

[4] M. E. Torok and N. P. J. Day, “Staphylococcal and streptococcal infections,” Medicine, vol.
42, no. 1, pp. 1-7, 2014, doi: https:/ /doi.org/10.1016/j.mpmed.2013.10.016.

[6] A. Briki et al., “Molecular epidemiology of methicillin-resistant Staphylococcus aureus in
Gulf Cooperation Council countries (2010-2025): a scoping review,” Front. Microbiol., vol.
Volume 16-2025, 2025, doi: 10.3389/fmicb.2025.1714252.

Journal of Medical Genetics and Clinical Biology 73



Characterization of SSR Markers for Genome-Wide Staphylococcus aureus

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

“pmc_12775863".

S. J. Hau, S. A. Carlson, G. Li, and T. L. Nicholson, “Genetic and phenotypic
characterization of livestock associated methicillin resistant Staphylococcus aureus sequence
type (ST) 5 in comparison with clinical ST5 isolates from humans.”

S. Khan and J. P. Teixeira, “Genome-Wide Discovery and Characterization of Putative
Antimicrobial Resistance-Associated Small Open Reading Frames (sORFs) in the
Staphylococcus aureus Pan-Genome.” [Online]. Available: https://doi.org/

U. Umang, P. K. Bharti, and A. Husain, “Bibliometric analysis of research aspects of
simple sequence repeats in cultivars,” Int. |. Health Sci. (Qassim)., pp. 7922-7933, Aug. 2022,
doi: 10.53730/ijhs.v6ns4.11756.

R. Siddige and A. Ghosh, “Genome-wide in silico identification and characterization of
Simple Sequence Repeats in diverse completed SARS-CoV-2 genomes,” Gene Rep., vol. 23,
p. 101020, 2021, doi: https:/ /doi.org/10.1016/j.genrep.2021.101020.

F. Mercati and F. Sunseri, “Genetic Diversity Assessment and Marker-Assisted Selection in
Crops.” [Online]. Available: www.mdpi.com/journal/genes

A. R. Cruz, J. A. G. van Strijp, F. Bagnoli, and A. G. O. Manetti, “Virulence Gene
Expression of Staphylococcus aureus in Human Skin,” Front. Microbiol., vol. 12, Jun. 2021,
doi: 10.3389/fmicb.2021.692023.

R. Guérillot et al., “Simple sequence repeats power Staphylococcus aureus adaptation,” Jul.
09, 2025. doi: 10.1101/2025.07.08.663602.

D. J. Lee and Y. J. Choi, “Development and Characterization of New SSR Markers in
Sclerotinia sclerotiorum Using Genomic and Variant Analysis,” Pathogens, vol. 14, no. 7,
Jul. 2025, doi: 10.3390/ pathogens14070610.

S. Geethanjali, P. Kadirvel, M. Anumalla, N. Hemanth Sadhana, A. Annamalai, and J. Ali,
“Streamlining of Simple Sequence Repeat Data Mining Methodologies and Pipelines for
Crop Scanning,” Sep. 01, 2024, Multidisciplinary Digital Publishing Institute (MDZPI). doi:
10.3390/ plants13182619.

F. Nadiya, K. K. Sabu, and R. Rajalakshmi, “Next-Generation Genomics and Omics in
Crop Enhancement and Sustainable Agriculture,” in Handbook of Agricultural Technologies,
J. M. Al-Khayri, A. M. Yatoo, S. M. Jain, and S. Penna, Eds., Singapore: Springer Nature
Singapore, 2025, pp. 1-30. doi: 10.1007/978-981-99-0862-2_72-1.

M. Zhao, G. Shu, Y. Hu, G. Cao, and Y. Wang, “Pattern and variation in simple sequence
repeat (SSR) at different genomic regions and its implications to maize evolution and
breeding,” BMC Genomics, vol. 24, no. 1, Dec. 2023, doi: 10.1186/s12864-023-09156-0.

A. J. Ahmadi and A. Ahmadikhah, “Occurrence of simple sequence repeats in cDNA
sequences of safflower (Carthamus tinctorius) reveals the importance of SSR-containing
genes for cell biology and dynamic response to environmental cues,” Front. Plant Sci., vol.
13, Nov. 2022, doi: 10.3389/ fpls.2022.991107.

W. Huang, H. Wang, M. Yang, C. Ye, Z. Li, and S. Zhong, “Transcriptome-Wide
Identification and Development of SSR Markers for Genetic Diversity Studies in Medicinal
Polygonatum Species,” Int. ]. Mol. Sci., vol. 27, no. 6, Mar. 2026, doi: 10.3390/ijms27062632.
Y. Zhu, T. Ma, Y. Lin, Y. Peng, Y. Huang, and ]. Jiang, “SSR molecular marker
developments and genetic diversity analysis of Zanthoxylum nitidum (Roxb.) DC,” Sci.
Rep., vol. 13, no. 1, Dec. 2023, doi: 10.1038 / s41598-023-48022-7.

P. Heng, J. Liu, Z. Song, C. Wu, X. Yu, and Y. He, “Rapid detection of Staphylococcus aureus
using a novel multienzyme isothermal rapid amplification technique,” Front. Microbiol.,
vol. 13, Oct. 2022, doi: 10.3389/fmicb.2022.1027785.

L. Du, C. Zhang, Q. Liu, X. Zhang, and B. Yue, “Krait: An ultrafast tool for genome-wide
survey of microsatellites and primer design,” Bioinformatics, vol. 34, no. 4, pp. 681-683,
Feb. 2018, doi: 10.1093 /bioinformatics/ btx665.

R. J. McGinty, D. J. Balick, S. M. Mirkin, and S. R. Sunyaev, “Inherent instability of simple
DNA repeats shapes an evolutionarily stable distribution of repeat lengths,” Nature
Communications , vol. 17, no. 1, Dec. 2026, doi: 10.1038 /s41467-025-66725-5.

Journal of Medical Genetics and Clinical Biology 74



Characterization of SSR Markers for Genome-Wide Staphylococcus aureus

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

N. S. M. Talkah, J. H. M. Jasim, F. A. Nordin, and A. S. Othman, “Complete chloroplast
genome of a montane plant Spathoglottis aurea Lindl.: Comparative analyses and
phylogenetic relationships among members of tribe collabieae,” PLoS One, vol. 19, no. 9,
Sep. 2024, doi: 10.1371 /journal.pone.0291888.

H. Zhong et al., “Comparison of the Distribution Patterns of Microsatellites Across the
Genomes of Reptiles,” Ecol. Evol., vol. 14, no. 11, Oct. 2024, doi: 10.1002/ ece3.70458.

R. Gur-Arie, C. ]J. Cohen, Y. Eitan, L. Shelef, E. M. Hallerman, and Y. Kashi, “Simple
Sequence Repeats in Escherichia coli: Abundance, Distribution, Composition, and
Polymorphism.” [Online]. Available: www.genome.org

R. Guérillot et al., “Simple sequence repeats power Staphylococcus aureus adaptation,” Jul.
09, 2025. doi: 10.1101/2025.07.08.663602.

R. Borriss et al., “Bacillus subtilis, the model Gram-positive bacterium: 20 years of
annotation refinement,” Microb. Biotechnol., vol. 11, no. 1, pp. 3-17, Jan. 2018, doi:
10.1111/1751-7915.13043.

“Harmful bacteria, including some types of Salmonella typhi Pseudomonas aeruginosa.”
S. Ammendola et al., “Salmonella typhimurium and pseudomonas aeruginosa respond
differently to the fe chelator deferiprone and to some novel deferiprone derivatives,” Int. |.
Mol. Sci., vol. 22, no. 19, Oct. 2021, doi: 10.3390/ijms221910217.

T. Coenye and P. Vandamme, “Characterization of mononucleotide repeats in sequenced
prokaryotic genomes,” DNA Research, vol. 12, no. 4, pp. 221-233, 2005, doi:
10.1093/ dnares/ dsi009.

S. Thorat and P. Thakare, “Hypothesis Comparison of simple sequence repeats in
Staphylococcus strains using in-silico approach,” 2012.

H. M. Jasim, A. H. Alhamadani, and A. A. Abbas, “Detection of candida albicans in some
enteropathy patients using polymerase chain reaction technique,” International Journal of
Pharmaceutical Quality Assurance, vol. 10, no. 3, pp. 66-68, Sep. 2019, doi:
10.25258 /IJPQA.10.3.23.

H. Liu et al., “Comparative Analysis of the Chloroplast Genomes of Cypripedium:
Assessing the Roles of SSRs and TRs in the Non-Coding Regions of LSC in Shaping
Chloroplast Genome Size,” Int. ]. Mol. Sci., vol. 26, no. 8, Apr. 2025, doi:
10.3390/1jms26083691.

S. Li et al., “Variation in SSRs at different genomic regions and implications for the
evolution and identification of Armillaria gallica,” PLoS One, vol. 19, no. 10, Oct. 2024, doi:
10.1371/journal.pone.0312114.

B. Paul and S. Siddaramappa, “Comparative analysis of the diversity of trinucleotide
repeats in bacterial genomes,” Genome, vol. 67, no. 8, pp. 281-291, 2024, doi: 10.1139/ gen-
2023-0097.

S. Upakut et al., “Prevalence, Virulence Determinants, and Antimicrobial Resistance of
Staphylococcus aureus and Escherichia coli Isolated from Computer Devices Used by Staff
and Students at a Northern Thailand University,” Pathogens, vol. 15, no. 3, Mar. 2026, doi:
10.3390/ pathogens15030274.

D. L. Wilson et al.,, “Genetic diversity in Campylobacter jejuni is associated with
differential colonization of broiler chickens and C57BL/6] IL10-deficient mice,”
Microbiology (N. Y)., vol. 156, no. 7, pp. 2046-2057, Jul. 2010, doi: 10.1099/mic.0.035717-0.

R. Touaitia, A. Mairi, N. A. Ibrahim, N. S. Basher, T. Idres, and A. Touati, “Staphylococcus
aureus: A Review of the Pathogenesis and Virulence Mechanisms,” May 01, 2025,
Multidisciplinary Digital Publishing Institute (MDPI). doi: 10.3390/ antibiotics14050470.

R. H. F. Bashabsheh, O. AL-Fawares, I. Natsheh, R. Bdeir, R. O. Al-Khreshieh, and H. H. F.
Bashabsheh,  “Staphylococcus  aureus  epidemiology, pathophysiology, clinical
manifestations and application of nano-therapeutics as a promising approach to combat
methicillin resistant Staphylococcus aureus,” 2024, Taylor and Francis Ltd. doi:
10.1080/20477724.2023.2285187.

Journal of Medical Genetics and Clinical Biology 75



Characterization of SSR Markers for Genome-Wide Staphylococcus aureus

[41] R. M. Milyani, “Persistence of Helicobacter pylori Coccoid forms in Different
Environments,” | Contemp Med Sci, vol. 10, no. 5, pp. 361-366.

*Shams Kareem Mohammed (Corresponding Author)
Department of Basic Sciences, AL-Muthanna University, Iraq

Email: shamskareem@mu.edu.ig

Journal of Medical Genetics and Clinical Biology 76


mailto:shamskareem@mu.edu.iq

