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Figure 5 (above). Bioinformatics pipeline: The following figure shows the general overview of the steps 
taken to genomically analyze and characterize S. epidermidis KSC-Kde 

Results: Focusing on the Biology

Abstract

Background and Introduction: Staphylococcus epidermidis

Figure 1. 
Colored 
scanning 
electron 
micrograph 
(SEM) of  
Staphylococcus 
aureus (yellow) 
on human nasal 
epithelial cells. 
These gram-
positive cocci are 
adhering to 
mucus (blue) on 
the cilia [5.]

• I successfully isolated Staphylococcus epidermidis from my nasal cavity which I 
labeled KSC-Kde for ease of identification in this study.  The taxonomy of KSC-Kde 
was confirmed by analysis of whole genome sequence 

• Antibiotic conclusion – susceptible to all tested: penicillin, ampicillin, streptomycin, 
tetracycline, chloramphenicol. 

• Antibiotic resistance genes were identified during genomic analysis 

Conclusions
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I am a healthcare professional and have spent the majority of my career working in a 
hospital. Ultimately, this means I am at risk of exposure to a variety of pathogenic 
species possibly including methicillin-resistant Staphylococcus aureus, Clostridium 
difficile, vancomycin resistant enterococci, and more. Studies of healthcare workers 
suggest that there is a reasonable chance that I am colonized with any one of those 
microbial species. The purpose of my project was to isolate a microbe from my nasal 
cavities, extract its DNA, and perform various relevant microbiological tests. Genomic 
characterization and annotation techniques were used to further characterize this 
staphylococcus species. Focus was taken to determine this microbe's antibiotic 
resistant status through both wet lab and bioinformatics techniques. Through Gram 
staining, colony morphology, and genomic data analysis I conclude that I have 
isolated a strain of Staphylococcus epidermidis. Subsequently, I have named this 
specific isolate S. epidermidis KSC-Kde.

Acknowledgements

The aim of my project was to annotate and genomically characterize this specific  
Staphylococcus species from my nasal passage and study its’ antibiotic susceptibility/
resistance and associated clinical risk factors.

The National Center for Biotechnology Information (NCBI) staff manually select and categorize 
reference and representative genomes, which they consider to be of high quality and importance to 
the research community. PATRIC provides the reference and representative genomes, and 
includes them in the phylogenetic analysis that is part of the Comprehensive Genome Analysis 
report. The closest reference and representative genomes to were identied by Mash/MinHash. 
PATRIC global protein families (PGFams) were selected from these genomes to determine the 
phylogenetic placement of this genome. The protein sequences from these families were aligned 
with MUSCLE, and the nucleotides for each of those sequences were mapped to the protein 
alignment. The joint set of amino acid and nucleotide alignments were concatenated into a data 
matrix, and RaxML was used to analyze this matrix (with fast bootstrapping) and subsequently 
used to generate the support values in the tree Figure 10 (Below). 

Figure 3. Antibiotic resistance plate three days 
after initial plating.

• Staphylococcus is a common type of Gram positive bacteria found worldwide and 
there are over 40 species.  

• Only two genera are significant in their interactions with humans: S. epidermidis 
and S. aureus.  

• Staphylococcus microbes are spherical cocci, with circular colonies, approximately 
one micrometer in diameter. 

• S. epidermidis, which is typically non-pathogenic and is part of the normal human 
flora, typically the skin flora, and less commonly, the mucosal flora. 

• It is a facultative anaerobic bacterium. 
• It is often a contaminant of specimens sent to diagnostic laboratory. 
• Research has indicated that the Esp enzyme from S. epidermidis can play a 

significant role in the destruction of the biofilm that is produced by the pathogenic 
bacterium S. aureus [4.]. 

• S. aureus produces a biofilm that transforms the bacteria from a planktonic state 
to an immobile extracellular polysaccharide matrix [4.]. 

• The esp enzyme could possibly produce a treatment with target specificity for 
MRSA, or any other S. aureus infections by starting with the degradation of its 
food source and protection which would make it difficult for the pesky bacterium 
often known as staph infection, difficult to survive 

Group Antibiotic Abbreviation
Generally accepted 

antibiotic disc 
concentration (ug)

Inhibition 
Zone (mm)

Beta-lactam Penicillin P 10 15

Beta-lactam Ampicillin Amp 10 19

Aminoglycosides Streptomycin S 10 14

Tetracycline Tetracycline Te 30 23

Chloramphenicol Chloramphenicol C 30 17

N/A Control Blank N/A N/A

Housekeeping 
Genes Identity Identity score E Value Coverage

16S rRNA Staphylococcus epidermidis MS5-17 100% 0 98%

rpoB Staphylococcus epidermidis Strain 
FDAARGOS_153 100% 0 100%

gyrase Staphylococcus epidermidis DAR1907 100% 0 100%

Antibiotic Resistance Test

Figure 6 (below). GC-content (or guanine-
cytosine content) is the percentage of 
nitrogenous bases on a DNA or RNA 
molecule that are either guanine or cytosine. 
S. epidermidis KSC-Kde  as compared to the 
reference gene S. epidermidis 1457. Graph 
produced through QUAST. 

Figure 7 (below). Cumulative contig length 
as generated by QUAST, an assembly 
program. S. epidermidis KSC-Kde as 
compared to the reference gene S. 
epidermidis 1457. Graph produced through 
QUAST.

Figure 2.  
Anterior third 
of the nasal 
passage is the 
site of bacterial 
binding 
(keratinized 
epithelium) [1.]

Figure 4. Antibiotic resistance plate six days after 
initial plating with relevant measurements.

Table 1. Antibiotic resistance classifications and zone of inhibition measurements.

An important task of clinical microbiology includes the performance of antimicrobial 
susceptibility testing of significant bacterial isolates. The goals of testing are to detect 
possible drug resistance in common pathogens and to assure susceptibility to drugs of 
choice for particular infections. 

Table 2. Housekeeping genes and clinically relevant genes. 

Serine proteases (or serine endopeptidases) are enzymes that cleave peptide bonds 
in proteins, in which serine serves as the nucleophilic amino acid at the enzyme’s 
active site. They are found ubiquitously in both eukaryotes and prokaryotes. In S. 
epidermidis, serine proteases play an important role in regulating virulence factors 
[2].

Genome Assembly and Annotation 

Results: Focusing on Bioinformatics 

Table 1. Genome Assembly Metrics Comparison Table

Genomic Data Staphylococcus epidermidis 
KSC-Kde

Staphylococcus epidermidis 
ATCC 12228

Staphylococcus epidermidis 
1457

Genome size (Mbp) 3,012,149 2,570,371 2,454,929
%GC 32% 32.08% 32.3%

Coding sequences (CDS) 
(number of genes) 2,458 2,462 2,260

tRNA genes 59 60 60

rRNA GENES 11 19 16

Table 7. Comparison of genomic data for Staphylococcus epidermidis KSC-Kde vs. 
Known reference strains

Staphylococcus epidermidis KSC-Kde was assembled using SPAdes. There were 48 contigs, an 
estimated genome length of 2,454,387 bp, and an average G+C content of 32.04%. The N50 length, 
which is defined as the shortest sequence length at 50% of the genome, is 132,434 bp. The L50 count, 
which is defined as the smallest number of contigs whose length sum produces N50, is 4. 

Contigs 48

GC Content 32.04%

Plasmids 0

Contig L50 4

Genome Length 2,454,387 bp

Contig N50 132,434

Chromosomes 0

The Staphylococcus epidermidis KSC-Kde genome was annotated using RAST tool kit (RASTtk) and 
assigned a unique genome identifier of 1282.3183. This genome is in the superkingdom and was 
annotated using genetic code 11. The taxonomy of this genome is:  

cellular organisms > Bacteria > Terrabacteria group > Firmicutes > Bacilli > Bacillales > 
Staphylococcaceae > Staphylococcus > Staphylococcus epidermidis 

CDS 2,355

tRNA 59

rRNA 11

Partial CDS 0

Miscellaneous RNA 0

Repeat Regions 0

Table 3. Assembly Details

A circular graphical display of the distribution of the genome annotations is provided in Figure 
8 (above). This includes, from outer to inner rings, the contigs, CDS on the forward strand, 
CDS on the reverse strand, RNA genes, CDS with homology to known antimicrobial 
resistance genes, CDS with homology to know virulence factors, GC content and GC skew. 
The colors of the CDS on the forward and reverse strand indicate the subsystem that these 
genes belong to (see Subsystems for more information).

Table 4. Annotated Genome Features 

A subsystem is a set of proteins that implement a specific biological process or structural complex. 
PATRIC annotation provided an analysis of the subsystems unique to S. epidermidis KSC-Kde. An 
overview of the subsystems is provided in (Figure 9). 

Specialty Genes and Antimicrobial Resistance Genes

Source Genes

Antibiotic Resistance CARD 13

Antibiotic Resistance NDARO 6

Antibiotic Resistance PATRIC 39

Drug Target DrugBank 25

Drug Target TTD 12

Transporter TCDB 34

Virulence Factor Victors 19

AMR Mechanism Genes

Antibiotic inactivation enzyme BlaZ family, FosB

Antibiotic resistance gene cluster, 
cassette, or operon TcaA, TcaB, TcaB2, TcaR

Antibiotic target in susceptible 
species

Alr, Ddl, EF-G, EF-Tu, folA, 
Dfr, folP, gyrA, gyrB, inhA, 
fabl, iso-tRNA, kasA, MurA, 
rho, rpoB, rpoC, S10p, S12p

Antibiotic target modifying enzyme Erm(C)

Efflux pump conferring antibiotic 
resistance BceA, BceB, NorA, YkkCD

Gene conferring resistance via 
absence gidB

Protein altering cell wall charge 
conferring antibiotic resistance GdpD, MprF, PgsA

Regulator modulating expression 
of antibiotic resistance genes BceR, BceS, LiaF, LiaR, LiaS

Table 5. Specialty Genes Table 6. Antimicrobial Resistance Genes 

Many of the genes annotated have homology to known transporters, virulence factors, drug 
targets, and antibiotic resistance genes. The number of genes and the specific source database 
where homology was indicated is provided (Table 5). 

The Genome Annotation Service in PATRIC uses k-mer-based AMR genes detection method, which 
utilizes PATRIC’s curated collection of representative AMR gene sequence variants and assigns to each 
AMR gene functional annotation, broad mechanism of antibiotic resistance, drug class, and in some 
cases, specific antibiotic it confers resistance to. Please note, that the presence of AMR- related genes 
(even full length) in a given genome does not directly imply antibiotic resistant phenotype. It is important 
to consider specific AMR mechanisms and especially the absence/presence of SNP mutations conveying 
resistance. A summary of the AMR genes annotated in this genome and corresponding AMR mechanism 
is provided in (Table 6). 

Subsystem and Phylogenetic Analysis

Figure 8. Graphical distribution of S. epidermidis KSC-Kde genome annotation

Figure 9. Subsystem of S. epidermidis KSC-Kde

Figure 10 (above). Staphylococcus epidermidis KSC-Kde phylogenetic tree generated by PATRIC’s 
comprehensive genome analysis tools. 

Genome Assembly and Annotation 


