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ABSTRACT
Multiple bacterial species including Escherichia coli, Bacillus spp., Streptococcus spp., Proteus 
spp., Pseudomonas aeruginosa, Serratia spp., Staphylococcus aureus, Enteroccus faecalis and 
Klebsiella spp. were collected and isolated from multiple geographical niches of Ado-Ekiti, Ekiti 
state in Nigeria. 16S ribosomal RNA (rRNA) gene sequencing analysis was applied using two 
universal primers. The bacterial isolates had similarity scores ≥ 96% when compared with the 
sequence-based bacterial type isolates in the GenBank of the National Center for Biotechnology 
Information (NCBI). The similarity score values were subsequently used to identify the bacterial 
isolates to genus and species levels. Thus, the inter-specific polymorphisms of the universal 
primer of the16S rRNA gene among different genera were found to be suitable for this study. 
Comparison of bacterial 16S rRNA gene sequences has emerged as a preferred genetic technique 
compared to the phenotypic identification of bacteria based on cell morphology, gram's reaction, 
colony morphology, catalase test, sporulation tests, gas production from glucose, e.t.c, and its 
validity in identifying bacterial species from different environments is verified in this study.

Keywords: Bacterial species identification, 16S rRNA, Universal primers, Similarity score values, 
Polymorphisms, Gene sequences.

INTRODUCTION

The bacteria identification and classification threshold standards 
used for microbiome analysis have been replaced and updated  
with the widespread adoption of 16S rRNA sequencing 
techniques since the 1970s.1,2 These techniques allow for the 
robust identification of prokaryotes to the species level much 
more expediently than via the usage of bacterial genome 
sequencing methods. In addition, 16S rRNA sequencing methods 
have revolutionized bacterial taxonomy studies, allowing 
bacteriologists to classify prokaryotes based on their phylogenetic 
similarities. Previously, polymerase chain reaction (PCR) analysis 
of genomic DNA was used to detect and classify pathogens, with 
multiple individual primers developed to detect species-specific 
genes.3 However, real time PCR (RT-PCR) of genomic sequences 
suffers from problems that include the unexpected absence of 
expected amplification product(s), non-specificity of amplified 
products, damage to the amplified products hampering 
identification, and mixtures of primer-dimer bands in the 

agarose gel electrophoresis which can hamper the visualization 
of product bands.4

The 16S rRNA gene sequencing method, commonly used for 
bacterial identification, classification and quantization, involves 
hybridization of small ribosomal subunit genetic marker 
sequences universally across all bacteria. These sequences also 
have hyper-variable regions that have region-specific sites in the 
variable domains or conserved regions in the sequencing units 
which allow for differentiation between bacterial species. These 
incremental differences between 16S rRNA sequences have 
enhanced our understanding of the bacterial evolution. Thus, 16S 
rRNA gene sequencing are a versatile tool for bacterial phylogeny, 
ecology, and taxonomy studies.4,5 This molecular approach has 
been used to identify and classify environmental and clinical 
bacterial isolates.6 Cronobacter spp. are highly diverse and share 
many phenotypic traits with other Enterobacteriaceae members, 
highlighting the need to use multiple methods to confirm the 
identity of pathogens of this genus. None of the biochemical, 
chromogenic or PCR primers are reliable for confirmation of 
the identity of Cronobacter spp. isolates as they either give false 
positives or false negative results. Therefore, 16S rRNA sequencing 
is a valuable tool used to confirm the identity of bacterial isolates.7

It is now common practice to use 16S rRNA gene molecular 
testing as a means of rapidly identifying specific pathogens 
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present in clinical isolates and clinical specimens. The 16S rRNA 
gene sequencing technique also provides a means for rapidly 
identifying pathogens directly from clinical samples without to 
the need to employ time-consuming culturing methods.8-10 Thus, 
these approaches have been increasingly used for the identification 
of pathogenic bacteria species, including methicillin-resistant 
Staphylococcus aureus (MRSA) and Clostridium difficile, for 
which rapid identification is paramount for improving patient 
health outcomes.11

The development of 16S rRNA gene molecular testing techniques 
has resulted in several molecular markers that are useful for 
identifying specific microbial taxa and their phylogenetic 
classifications.6,12-16 The 16SrRNA gene is the most common 
housekeeping genetic marker because the small ribosomal subunit 
is present universally amongst bacteria. Whilst it contains some 
highly conserved regions, it also contains hypervariable regions 
containing species-specific variability with sequences that have 
diverged during evolution.4,5 The use of 16S rRNA sequencing 
is now widely recognized as the ‘gold standard’ for bacterial 
identification. Indeed, 16S rRNA gene sequencing has been used 
in several studies for universal PCR primers and partial 16S gene 
amplicons, which have been amplified and then used to confer 
taxonomic identifications based upon bioinformatic alignments 
against sequence databases.17-20 Moreover, the use of PCR 
techniques has enabled the analysis of small amounts of genetic 
material to analyze genetic variations in specific genomic regions. 
PCR is a relatively rapid, highly sensitive and highly specific 
method to examine bacteria genetic coding sequences.21,22 In 
contrast, genomic sequencing technologies provide the most 
detailed, unbiased information of all nucleic acid-based methods 
and can accurately differentiate and identify unknown organisms. 
However, depending on the application, genomic sequencing can 
be prohibitively cost-intensive and time-consuming. Multiplex 
sequencing reduces the costs but decreases the sensitivity of the 
analytes, which may be problematic when pathogens are in low 
abundances in clinical samples.22

Several studies have also demonstrated the application of 16S 
rRNA gene sequencing in microbiology.23-25 One study compared 
phenotypic and 16S rRNA based identifications for a collection of 
177 isolates, of which 81 isolates originated from clinical samples. 
The approach was found to be efficient in most cases, with 88.7% 
of isolates identified to the genus level and 76.3% identified to 
the species level. Even for isolates that cannot be identified to the 
genus level, a phylogenetic position may be assigned. In contrast, 
phenotypic identification may often be compromised with errors 
and variable character expressions. The overall performance 
of 16S rRNA sequence analysis is excellent for identifying 
bacterial strains and can resolve 90% of identifications, it allows 
the identification of microbes at the genus or the species level 
and in addition, it offers the possibility of recognizing as yet 
undescribed taxa, because ribosomal DNA (rDNA) similarity 

reflects phylogenetic relationships.25 Another study evaluated 66 
cystic fibrosis sputum isolates for the concordance of 16S rRNA 
and phenotypic identification of Pseudomonas spp. where 16S 
rRNA sequence data were used to design PCR assays to provide 
genus or species-level identification.26 The results indicated 
that preliminary phenotypic testing had misidentified several 
isolates and they were able to design a 16S rRNA-based PCR 
assay that provided rapid, simple, and reliable identification of 
P. aeruginosa and its differentiation from other phylogenetically 
closely related Pseudomonas species.27 Despite these previous 
studies, a systematic and broad evaluation study of 16S rRNA 
genes for identification of clinically relevant organisms is lacking. 
In addition, the existing studies examined limited panels of 
organisms and the identifications in those studies was based 
on sequence alignment and similarity against databases with 
very limited diversity (i.e., MicroSeq, SmartGene, RIDOM and 
16SpathDB, etc.), which often results in poor classification, depth, 
and ambiguous species level identities.28-33

MATERIALS AND METHODS

Study area
Ado-Ekiti, the capital of Ekiti state in Nigeria is located within 
the north-western part of Benin-Owena River basin development 
area (Figure 1). The city lies between latitude 70 3’ and 70 44’ north 
of equator and longitude 50 11’ and 50 18’ east of the Greenwich 
meridian. It has several satellite towns surrounding it. As seen 
in Figure 1, Iworoko is to the north, 16km away from the city. 
Approximately 20km to the east are Igbemo and Ijan-Ekiti, and 
to the west are Iyin and Igede. Ado-Ekiti has a relatively low 
relief, with hills that are isolated and dome-shaped inselbergs. 
The change in economic and political status of Ado-Ekiti 
over recent years has resulted in a corresponding increase in 
population. Indeed, the population of Ado-Ekiti increased from 
274,205 in 1995 to more than 1.1million in a 2013 census, of 
which 82% lived in the urban centre.34 Ado-Ekiti is largely an 
urban setting containing associated facilities, including multiple 
higher education institutions. This rapid urban development has 
impacted on the quality of different water resources in the city, 
necessitating the development of rapid and reproducible methods 
of monitoring potable water sources for the identification and 
quantification of pathogens.

Sample collection
A total of 20 samples were collected from four different sources: 
dumpsite, sewage, stream, and soil (agricultural farmland). These 
samples were randomly collected from different geographical 
niches of Ado-Ekiti (including Fajuyi, Doctors Quarters Basiri 
South/Owolabi Junction, G.R.A, Adebayo/Adamolekun, Ado/
Agric-Road, NTA Road, and Omolayo areas) for bacteriological 
analysis. Four samples each from the dumpsite, stream, sewage, 
and agricultural farmland were collected using clean sterile glass 
containers. These samples were aseptically collected and stored in 
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a sample collection ice pack to ensure that the sample organisms 
remained viable whilst awaiting study. Samples were transferred 
to the laboratory and processed within 6 hr of collection.

Total bacterial count

A 1 ml volume of 107and 108 serial diluted in 0.9% normal saline 
solution of the bacterial cultures was inoculated onto nutrient 
agar (Scantrik Medical Supplies) and incubated for 24 hr at 
37°C before counting the number of colonies on each plate. A 
2ml volume of the diluted samples was inoculated into each of 
the 5 tubes and the tubes were incubated at 35°C ± 0.5°C. The 
reactions were examined at 24 ± 2 hr for gas, (i.e. displacement 
of medium in fermentation vial or effervescence when tubes are 
gently agitated). The gas-negative tubes were re-incubated for an 
additional 24 hr and examined and the reactions were recorded 
again at 48 ± 3 hr.35

Media for isolation and identification experiments

The bacteria that were isolated from different sources and 
geographical niches of Ado-Ekitiwere cultivated using several 
selective media, including SSA (Salmonella-Shigella agar), EMB 
(eosin methylene blue medium), and CLED (cysteine-lactose 

electrolyte deficient agar) which were obtained from KOEMAN 
group of companies, Lagos.

Isolation and identification of Enterobacteriaceae 
species

Membrane filtration with selective media was used for bacterial 
isolation. DNA from soil (CLED) S1A, dumpsite (SSA) S4A, 
sewage (EMB) S2A, stream (CLED) S1B and dumpsite (EMB) S4B 
(which were collected from Fajuyi, G.R.A, Adebayo/Adamolekun, 
Ado/Agric-Road and NTA Road respectively) were sequenced 
for molecular identification and relatedness and filtered using 
0.45μm sterile membrane filters (Sterlitech). The membrane 
filters were subsequently placed onto MacConkey agar plates.12

Extraction of total DNA and PCR amplification

Total DNA extracts of bacterial isolates were obtained using 
a Genomic DNA Purification Kit (Promega, A1120). From the 
total DNA, the 16S rRNA gene was amplified using the universal 
primers 27F (5’ AGA GTT TGA TCM TGG CTC AG 3’) and 
1492R (5’ CGG TTA CCT TGT TAC GAC TT 3’).13 The PCR 
mixtures comprised of 1µl of 10X buffer, 0.4µl of 50mM MgCl2, 
0.5µl of 2.5mM, 0.5µl 5mM forward and reverse primers, 0.05µl of 
5U/µl Taq with 2µl of template DNA and 5.05µl of distilled water 
to yield total 10µl reaction mix volumes. The PCR method used 
an initial denaturation temperature of 94°C for 3min, followed by 
35 cycles of 94°C for 30 sec, 60°C for 40 sec, 72°C for 60 sec and 
the final extension temperature of 72°C for 5 min. PCR products 
were resolved on a 1% agarose gel. The gel was visualized using a 
UV trans-illuminator (Major Science, Taiwan).14

Purification of PCR products

The amplicon was further purified before the sequencing using 
2M sodium acetate wash techniques. To 10µl of the PCR product, 
1µl of 2M sodium acetate buffer (NaAct) pH 5.2 was added, 
followed by 20µl absolute ethanol and the mixture was maintained 
at -20°C for 1hr. It was then centrifuged at 10,000rpm for 10 
min, washed with 70% ethanol and air dried. The precipitate was 
suspended in 5µl sterile distilled water and stored at 4°C whilst 
awaiting sequencing.

Sequencing analysis

DNA capillary sequencing was performed at Macrogen Inc., 
using an ABI 3730xl genetic analyzer (Applied Biosystems, 
USA). The results obtained were checked for quality and trimmed 
using Codon Code Aligner software (Codon Code Corporation) 
before subjecting them to BLAST searches using GenBank 
database. Alignment of the obtained and downloaded sequences 
was established using the ClustalX2 software.15 A phylogenetic 
tree was constructed using MEGA 6 software16 employing the 
neighborhood-joining method, based on the Poisson model with 
Nearest-Neighbor Interchange and a Bootstrap test of phylogeny. 

Figure 1: A map of Ekiti State, Nigeria showing (a) local governments 
and notable areas and (b) the location of the Ado-Ekiti study area. The 

maps were adapted from.34
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The Bootstrap was set to test 100 replicates to increase the 
reliability of the tree.

RESULTS

Molecular identification of bacterial isolates using 
16S rRNA sequencing

This study revealed amplified sequences of approximately 1500 
bp in length of 16S rRNA (Figure 2). The 16S rRNA sequence 
for each isolate compared with NCBI and showed relationship 
ranges from 96 to 100 percent to standard isolates of Escherichia 
coli, Enterobacter aerogenes, Klebsiella pneumoniae, Klebsiella 
oxytoca, Raoultella planticola and Serratia marcescens (Figure 
3). This study also adopted the Vitek 2 diagnostic biochemical 
system, which analyzes environmental isolates using universal 
primers in comparison with the 16S rRNA sequencing results. 
Notably, these results align closely when compared with the 16S 
rRNA gene sequencing for the identification of Streptococcus 
spp. of dairy importance.36 A computerized integrated VITEK 2 
system (bioMérieux, Marcy l’Etoile, France) was used to identify 
the bacterial isolates in the microwells of thin plastic cards using 
a fluorescent-based method. The system combined with ID-GNB 
and ID-GPC cards contain at least 43 different tests: 18 tests for 
sugar assimilation; 18 tests for sugar fermentation; 2 decarboxylase 
tests (ornithine and lysine); and tests for urease, utilization of 
malonate and tryptophan deaminase.37,38 The VITEK2 system 
was found to identify correctly 15 out of 24 strains (equivalent 
accuracy of 62.5%) and incorrectly identified 9 strains on the 
genus level (37.5%) (Figure 4). This revealed low identification 
potential for such system for streptococci implicated in dairy 
sector but the amplification of 16S rRNA gene proved to be 
reliable method for the identification of Streptococcus spp. in the 
diary sector (Figure 5). These results also confirm previous studies 

which used 16S rRNA sequences to determine the relationship 
among Enterobacteriaceae species in environmental samples, or 
to identify species.39

The microorganisms isolated from diverse settings were cultured 
using different selective media using CLED (cysteine-lactose 
electrolyte deficient agar), EMB (eosin methylene blue medium) 
and SSA (Salmonella-Shigella agar). The sample sources were 
gathered from streams, sewage, dumpsites, and soil, from which 
five samples were selected from the various environmental 
niches. Bacteria were determined to be different organisms on 
the basis of colony morphology and colour, as well as micoscopic 
characteristics (Table 1).

For the purposes of this study, to increase species level sensitivity 
and specificity of 16S based identification; a model-based 
methodology was used for species level classification of organisms 
in different environments. We demonstrated very high confidence 
genus level identification and good species level identification 
with microorganisms isolated from different sources, which 
included Escherichia coli, Bacillus spp., Streptococcus spp., Proteus 
spp., Pseudomonas aeruginosa, Shigella spp., Staphylococcus 
aureus, Enterococcus faecalis, and Klebsiella spp. (Table 2). Figure 
6 shows the colour mapping representation of the bacterial species 
isolated from stream water, dumpsite, sewage, farmland soil and 
the percentage distribution of the bacterial species isolated from 
the four different sources:

The bacteria count of the samples from stream water ranged from 
7.64 log10cfu/ml in dilution 10-7 to 7.10 log10cfu/ml in the 10-8 
dilution. Sewage samples ranged from 8.16 log10cfu/ml in the 10-7 
dilution to 7.43 log10 cfu/ml in the 10-8 dilution. Samples from the 
dumpsite ranged from 8.13 log10cfu/ml in the 10-7 dilution to 7.31 
log10cfu/ml in the 10-8 dilution, and the farmland soil samples 
ranged from 7.98 log10 cfu/ml in the 10-7 dilution to 7.09 log10 cfu/
ml in the 10-8 dilution (Table 3). In Figure 3, a neighbor-joining 
phylogenic tree was developed and shows the relationship 
between S. marcescens strain NBRC and representative members 
of all other Enterobacteriaceae isolates as an example of the 
analyses. The bars represent 0.005 substitutions per site. Values 

Figure 2: Agarose gel electrophoresis of 16S rRNA gene (1500bp), lane 
L, ladder (100 - bp DNA ladder); lanes 1-6 positive results of the 16S rRNA 

amplicons, at 100V for 90 min.
Figure 3: Neighbor - joining phylogenetic tree of deduced 16S rRNA gene 

sequences compared to Serratia marcescens. The diagram was adapted 
from.50
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displayed at the nodes (n = 100) indicate bootstrap values (type 
strain of S. marcescens NBRC 30121T). The numbers next to each 
node in the tree represent a measure of support for the node and 
are given as percentages, where 100 represents maximal support. 
The ‘bootstrapping’ produced high values, which provides strong 
evidence of phylogenetic similarity. The sequences to the right of 
the node cluster together to the exclusion of any other sequences. 
Bootstrapping is a common method for assessing confidence in 
phylogenetic analyses. Although bootstrapping was first applied 
in phylogenetics to assess the repeatability of a given result, 
bootstrap results are commonly interpreted as a measure of 

the probability that a phylogenetic estimate represents the true 
phylogeny.40

Circular consensus sequencing of the full 16S rRNA 
gene

Circular consensus sequencing (CCS),41 combined with 
sophisticated denoising algorithms42 were used to remove 
PCR and sequencing errors. Thus, it is possible to discriminate 
between millions of sequences reads that differ by as little as one 
nucleotide across the entire gene. Together, these technological 

Figure 4: Identification of Streptococcus spp. based on VITEK 2 system and 16S rRNA gene sequencing. The diagram was 
adapted from.36

Figure 5: Graphical representation showing the reliability of the 16s rRNA gene sequencing for the identification of Streptococcus spp. over Vitek 2.36
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Sources Samples (n) Isolates recovered on different media (CFU)
(CLED) (EMB) (SSA) Total

Stream 5.0 6.0 7.0 4.0 17.0
Sewage 5.0 4.0 5.0 4.0 13.0
Dumpsite 5.0 3.0 4.0 5.0 12.0
Soil 5.0 4.0 8.0 4.0 16.0

Table 1: Isolates recovered from different sources on different media (CLED, EMB and SSA media).

Stream water Dumpsite Sewage Farmland Soil
Klebsiella spp. Bacillus spp. Klebsiella spp. Bacillus spp.
Escherichia coli Escherichia coli Escherichia coli Escherichia coli
Salmonella spp. Pseudomonas spp. Pseudomonas spp. Streptomyces spp.
Shigella spp. Streptococcus spp. Shigella spp. Streptococcus spp.
Clostridium spp. Staphylococcus spp. Enterococcus faecalis Staphylococcus spp.
Enterobacter spp. Proteus spp. Salmonella spp. Proteus spp.

Table 2: Bacterial species isolated from different sources.

S/N Mean sample Source 10-7 CFU/ml 10-8 CFU/ml
1 5.0 Stream water 7.64 7.10
2 5.0 Sewage 8.16 7.43
3 5.0 Dumpsite 8.13 7.31
4 5.0 Farmland soil 7.98 7.09

Table 3: Mean total bacteria count (TBC) of environmental samples taken from different sources in Ado-Ekiti.

Figure 6: Graphical representation showing the bacterial species based on their presence in the different sources.
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and methodological advances mean that it is now possible 
to exploit the full discriminatory potential of 16S rRNA in a 
high-throughput manner. Assuming that CCS sequencing can 
produce 16S rRNA reads with a low frequency of substitution 
errors, it is likely that a proportion of the substitution errors within 
accurately aligned reads should reflect variation attributable to 16S 
rRNA polymorphisms within a species genome.43 For example, 
reads aligned to the E. coli strain K-12 subs. MG1655 showed 
a substitution profile which mirrored exactly that predicted 
by aligning all the 16S rRNA sequences known to be present 
in a genome43 (Figures  7a and 7c). The stoichiometry of these 
nucleotide substitutions was further validated by quantifying 
variation in comparably aligned Illumina WGS reads (Figure 
7b), which demonstrated that a similar substitution profile was 
reproducible across multiple sequencing runs. Alignments to 
other reference sequences showed a similar trend of abundant 
substitutions localized to specific base positions along the 16S 

rRNA gene, although it was noted that the signal-to-noise ratio 
increased significantly when the 16S rRNA gene had fewer than 
100 aligned reads.

DISCUSSION

Accurate identification of bacteria is important to understand 
the pathobiology of infectious clinical syndromes and better use 
of specific antibiotic and infection control strategies for patients 
and populations. Given that many different species might have 
similar biochemical profiles, it is doubtful whether culture-based 
methods can accurately differentiate distinct isolates. Indeed, 
some species not considered “difficult” to identify based on 
routine culture-based testing were misidentified upon subsequent 
sequence-based molecular identification.44

In this study, we used high quality sequences generated from 
16S rRNA gene amplicons to analyze environmental isolates 

Figure 7: Polymorphisms in E. coli 16S rRNA gene sequences including:  (a) The position and frequency of substitutions appearing in E. coli strain K-12 
MG1655 V1–V9 amplicons sequenced on the PacBio RS II platform.  (b) The position and frequency of substitutions in reads generated from genomic 
sequencing of the isolated E. coli strain K-12 MG1655 on the Illumina MiSeq platform. Magnified regions show respective positions in the alignment of all 
seven 16S rRNA genes present in the E. coli K-12 MG1655 reference genome. The 16S rRNA sequence from the rrnD operon (**) is used as the reference for 
all SNP phasing. (c) The predicted nucleotide substitution profile of E. coli K-12 MG1655 based on aligning the 16S rRNA gene sequences present in the 
reference genome. (d) The predicted substitution profile of E. coli O157 Sakai based on aligning the 16S rRNA gene sequences present in the reference 

genome.48
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using universal primers. Our study revealed amplified sequences 
of approximately 1500 bp in length of 16S rRNA (Figure 2). 
Subsequent 16S rRNA analysis using the suggested universal 
primers may then be applied to select more specific bacterial 
DNA sequences, which may be more appropriate for molecular 
analysis of bacterial compositions of environmental and clinical 
isolates. Additionally, sequence analysis provides an opportunity 
to compare the local isolates with global isolates in the NCBI 
library.

The sources of the fecal coliforms including Escherichia coli, 
Enterococcus faecalis and Klebsiella spp. includes treatment plant 
effluent, leaking septic systems, storm water runoff, sewage 
discharged or dumping from recreational boats, domestic 
animal and wildlife waste, improper land application of manure 
or sewage, and runoff from manure storage areas, pastures, 
rangelands, and feedlots. It is perhaps not surprising that they 
were recovered from those sources (i.e., stream, sewage, and 
dumpsite).45 Escherichia coli are the most prevalent member of 
the feacal coliform group and their presence in the stream, soil, 
sewage, and dumpsite is an indicator that other disease-causing 
agents such as viruses, bacteria, and protozoa may also be 
present.47 These bacteria produce enzymes including DNase, 
hyluronidase, staphylokinase, staphylolysin, streptokinsase etc. 
that help degrade waste materials at dumpsites.44

Perhaps not surprisingly, the sewage sample had the highest 
mean bacterial growth count of 8.16 log10cfu/ml, whilst the lowest 
counts were for farmland soil, with a mean TBC of 7.98 log10 cfu/
ml. For dilution 10-8, sewage also had the highest mean TBC of 
7.43 log10cfu/ml, whilst farmland soil had the lowest mean TBC 
(7.09 log10 cfu/ml). It is likely that the sewage may contain many 
growth factors that could be utilized by the bacteria which are not 
available in the farmland soil.

It has been demonstrated that identifying bacteria isolated 
by sequence rather than phenotype may enhance clinical 
microbiology by better detecting strains that are poorly 
documented, seldom isolated, or biochemically abnormal. 
This can be achieved by sequencing the DNA of the bacteria. 
The identification of bacteria based on their 16S rRNA gene 
sequences is more reliable, reproducible, and accurate than the 
identification achieved via phenotypic testing. The findings of the 
exam are less open to interpretation. Analysis of the sequence of 
the 16S rRNA gene may lead to the identification of previously 
unknown infections. Researchers could use the 16S rRNA gene 
sequence to find bacteria that have never been grown in a lab. 
This would free them from having to control the conditions for 
growth. Additionally, it is essential to accurately identify bacteria 
as this can assist in disease diagnosis and treatment.

The sequencing of 16S rRNA genes has traditionally only had a 
limited use in the process of identifying microorganisms. This was 

primarily due to the high costs involved, the high level of technical 
expertise required, and the absence of user-friendly comparative 
sequencing analysis software and validated databases. However, 
the availability of enhanced DNA sequencing methods, greatly 
enlarged databases, and kits and software that are more readily 
accessible makes this technology a viable alternative to regular 
microbial identification procedures for some categories of species, 
such as Mycobacterium spp. It is possible that the prices will also 
be similar to those of conventional identification techniques for 
other slow-growing and species that are difficult to identify. This 
is especially true if a DNA sequencer is already available in the 
laboratory. The sequencing of the 16S rRNA gene may also play 
an important and vital role in classifying microorganisms into 
correct groups for future research.

The analysis of 16S rRNA gene sequences, even though it is 
accurate, is currently not widely used outside of major labs 
and reference facilities due to the complexities and expenses 
involved. Therefore, one of the future challenges for the larger 
microbiological, reference, and research laboratories will be 
to translate information from 16S rRNA gene sequencing 
into practical biochemical testing schemes. This will make the 
accuracy of genotypic identification available to smaller, less 
well-equipped microbiology laboratories.

CONCLUSION

Analysis of 16S rRNA gene sequences permit rapid, robust, 
reproducible and accurate bacterial identification. Additionally, 
the test results are less subjective than other methods. 16S rRNA 
gene sequence analysis can identify non-cultured bacteria, 
allowing independence from the constraint of growth conditions. 
Identification of the correct taxonomy or name assignment 
can make a difference in clinical outcomes. Therefore, there 
is a demand for the accurate identifications that 16S rRNA 
gene sequence analysis can provide. The limitations of using 
molecular identification by 16S rRNA have been described by 
many researchers. The primary issues include the lack of available 
high-quality sequences, reliance on phylogenetic clustering 
methods and/or sequence alignment scores, databases comprising 
of miss-annotated user-submitted sequences, and/or databases 
with sparse sequence coverage for some organisms. Obtaining 
full-length or near full-length 16S rRNA sequences is crucial for 
making confident genus and species level taxonomic placements. 
While next-generation sequencing technologies have gained 
popularity for microbiology applications,46 the current method 
of sequencing read lengths falls short of reaching the length of 
the 16S rRNA gene, limiting their usefulness for high resolution 
taxonomic placement. However, despite these limitations, 16S 
rRNA gene sequencing remains the fastest, easiest, and most 
precise method for the accurate identification of environmental 
microorganisms.
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(SS) Agar; EMB: Eosin methylene blue (EMB, also known as 
"Levine's formulation"); TBC: The total bacteria count.
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