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C:.k? Abstract

updates

Background: The 16S rRNA-targeted next-generation sequencing (NGS) has been widely used
as the primary tool for microbiome analysis. However, whether the sequenced microbial

0 OPEN ACCESS > - - : .
diversity absolutely represents the original sample composition remains unclear. This
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eISSN : 2288-6850 study aimed to evaluate whether 16S rRNA gene-targeted NGS accurately captures bacterial
community composition.
Ann Clin Microbiol 2025 March, 28(1):3 Methods: Mock communities were constructed using equal amounts of DNA from 18 bacterial
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Correspondence to (PCR) templates. The V3V4 region of the 16S rRNA gene was amplified and sequenced using
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E-mail: deyong@yuhs.ac Results: Data regression analysis revealed that the recombinant plasmid produced more
accurate and precise correlation curve than that by the gDNA and PCR products, with a slope
closest to 1 (1.0082) and the highest R? value (0.9975). Despite the same input amount of
bacterial DNA, the NGS read distribution varied across all three mock communities. Using
multiple regression analysis, we found that the guanine-cytosine (GC) content of the V3V4
region, 16S rRNA gene, size of gDNA, and copy number of 16S rRNA were significantly
associated with the NGS output of each bacterial species.

Conclusion: This study demonstrated that recombinant plasmids are the preferred option for
quality control and that NGS output is biased owing to certain bacterial characteristics, such
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Introduction

Background

Over time, high-throughput sequencing technologies, also known as next-generation sequencing (NGS),
have rapidly developed. These techniques have changed the view of metagenomics, which was previously
studied using traditional methods, such as cultivating microbes [1-3]. Among these, sequencing of the 16S
RNA gene is one of the widely practiced microbiome research methods because the nine variable regions of
the 16S rRINA gene are ideal targets for phylogenetic studies to characterize microbial communities [4].

Despite advancements in sequencing platforms, the basic questions still remain: whether the enormous
amounts of data generated from deep sequencing truly reflect microbial composition and whether any reliable
solution is available [5,6]. In addition, microbiome research using NGS tends to ignore the fact that this
method is not standardized and has no quality control [3]. Several biases may occur along the experimental
processes such as DNA extraction [7] and polymerase chain reaction (PCR) amplification. Depending on
the NGS platform, software, and database used to analyze the raw data, it might cause inconsistencies in
analytical results [8]. However, to date, no explicit standard protocol exists for identifying the suitable 16S
rRNA hypervariable region [3].

Maintaining the accuracy and reliability of PCR-based and NGS-based microbial analyses necessitates
rigorous quality control measures. This study aimed to evaluate the effect of DNA template type (genomic
DNA [gDNA], recombinant plasmid, and PCR product) on the accuracy and bias of NGS results by
analyzing proportional input-output relationships. As each DNA template type exhibits distinct characteristics
that can influence the quantification accuracy, their respective impacts on NGS outcomes must be crucially

evaluated.

Objectives

Previous research has compared various 16S rRNA hypervariable regions and NGS platforms using
gDNA-based and mock microbial communities. However, the factors that affect NGS outcomes remain
largely unexplored. In this study, we compared three mock communities (gDNA, 16S rRNA gene-cloned
plasmid, and PCR products) to demonstrate their influence on the results using the [llumina MiSeq platform.
Additionally, we have discussed the possibility of using the mock community as a standardizer during 16S
RNA gene-targeted high-throughput sequencing and generated a formula that can be used to predict the

accurate representation of microbial composition.

Methods

Bacterial culture and identification

A total of 18 bacterial type strains known as commensal bacteria in humans were selected randomly
from American Type Culture Collection (Table 1). These include nine gram-positive and nine gram-negative
bacteria to ensure a diverse distribution of V3V4 %GC content. They were cultured in appropriate growth
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media according to their requirements. Facultative anaerobic strains were cultured on blood agar plates
(BAP; Asan Pharmaceutical) at 37°C for 24 h. Obligate anaerobes were cultured on brucella agar plates
(Asan Pharmaceutical) at 37°C for 48 h with 85% nitrogen, 10% hydrogen, and 5% carbon dioxide gases
using the anaerobic chamber Forma 1029 (Thermo Fisher Scientific). C. jejuni was cultured on BAP in
microaerophilic conditions and incubated at 40°C for 48 h. L. fermentum, which is a facultative anaerobe,
was cultured on MRS agar (BD) at 37°C for 24 h in a 5% CO, incubator.

All bacterial cultures were identified before using matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS; Bruker Daltonics) and 16S rRNA gene amplification PCR,
followed by subsequent Sanger sequencing. To identify the bacterial species with MALDI-TOF MS, one
bacterial colony was picked with an autoclaved loop and spread on one spot of the MALDI-TOF MS plate
and 1 pl of 70% formic acid was dropped where the bacteria were spread. After formic acid dried, 1 puL of
matrix (alpha-cyano-4-hydroxycinnamic acid; Sigma) was dropped on the same spot and after it completely
dried, the plate was inserted in the instrument to identify the bacteria. Species identification followed the
manufacturer’s guidelines with a cutoff score of > 2.0.

Another method for identifying bacteria was 16S rRNA gene amplification using PCR. Takara Taq kit
(Takara Bio Inc.) was used for amplification in a total volume of 50 pL consisting of 0.25 pL Takara Taq
DNA polymerase, 5 uL. 10x PCR buffer, 4 puLL deoxynucleotide (ANTP) mixture, 2 pL of each primer (10
uM), 1 pL of bacterial DNA, and PCR-grade water. PCR cycling conditions were as follows: 95°C for 5
min, followed by 30 cycles of 1 min of 95°C, 30 s of 55°C and 40 s of 72°C followed by 10 min of 72°C.
PCR products were purified with the QIAquick PCR purification kit (Qiagen) as per the protocol and 35 puL.
was eluted. The purified PCR products were sequenced using Sanger sequencing and identified using the
EzTaxon database on the EzBioCloud website (ChunLab; https:/help.ezbiocloud.net/about-chunlab/) and
MM 18-A Clinical and Laboratory Standards Institute guidelines [9].

Bacterial gDNA extraction

To generate mock communities, gDNAs from 18 bacteria were extracted with the GenElute™ Bacterial
Genomic DNA kit (Sigma) with the gram-positive bacterial DNA extraction protocol, in addition to 20
uL of RNase A during the lysis step and the third wash step. During all the washing steps, the columns
were incubated for 5 min before centrifugation. The DNA was eluted with 200 pL of EB buffer (Qiagen).
Extracted gDNA was purified with Genomic DNA Clean & Concentrator™-25 (Zymo Research) with the
additional 20 pL RNase A treatment and eluted with 120 pLL EB buffer (Qiagen). Purified gDNA was run
on a 1% agarose gel with a 1 kb ladder to verify DNA degradation status. To confirm its quantity and quality,
gDNA was measured using a fluorometer (Quantus). The 18 bacterial gDNA samples were verified for RNA
contamination by capillary electrophoresis using a 7100 CE System (Agilent Technologies).

16S ribosomal RNA gene PCR product and recombinant plasmid cloning

For recombinant plasmid and PCR mock, the 16S rRNA gene was obtained by PCR using universal
primers 27F and 1492R, and the reagent mixture was as follows: a total volume of 50 pL consisting of 0.25
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uL Takara Taq DNA polymerase, 5 L. 10x PCR buffer, 4 pL. ANTP mixture, 2 uL of each primer (10 uM), 1
pL of bacterial DNA, and PCR-grade water. PCR amplification conditions were 95°C for 5 min, followed by
30 cycles of 1 min of 95°C, 30 s of 55°C, and 40 s of 72°C followed by 10 min of 72°C and held at 4°C. The
amplified products were purified using a PCR purification kit (Qiagen) according to the protocol and purified
products were eluted using 35 uL. EB buffer. Purified PCR products were used as PCR mock communities.
PCR products were run on 1% agarose gel to confirm a single band at 1,500 bp.

Cloning was performed using the TOPcloner PCR cloning kit (Enzynomics), with the purified 16S rRNA
gene amplicon products as inserts and DH5-alpha cells as competent cells for transformation. To confirm the
insertion of the 16S rRNA gene into the vector, colonies were obtained for amplification and subcultured on
kanamycin (50 pg/mL) added LB broth for plasmid extraction. Plasmids were purified using the QIAprep
Miniprep kit (Qiagen) with 35 uLL EB buffer for elution and stored at -20°C until use as a recombinant
plasmid mock community. Cloned plasmids were separated on 1% agarose gel to confirm quality.

Mock community composition

For all three types of mock communities (gDNA, recombinant plasmid, and PCR mock), each bacterial
product (10 pL) was diluted to 20 ng/uL and combined into a single tube. To assess the effect of the input
quantity on NGS, the 18 bacterial species were divided into two groups (A and B) in alphabetical order (Table
1, Fig. 1). These groups were mixed in ratios of 1:1, 1:2, 1:4, 1:10, and 1:100 to create five staggered mock
samples. The chosen dilution ratios enabled systematic evaluation of how well NGS reflected bacterial input
across a wide dynamic range, including both moderate (1:2 and 1:4) and extreme (1:10 and 1:100) dilution
conditions. This approach helped to identify potential biases related to template concentration, particularly in
gDNA-, plasmid-, and PCR-based mock communities.

Table 1. List of bacterial strains forming mock communities

Serial number Bacteria TypestrainNo. Genomesize ~ 16StTRNAcopyNo. V3V4%GC  Gram-stain ~ Mock group

1 Acinetobacter baumannii ATCC 19606 4,028,903 6 51.2 Negative A
2 Actinomyces odontolylticus ~ ATCC 17929 2,393,958 3 59.1 Positive A
3 Aeromonas hydrophila ATCC 7966 4,744,448 10 54.1 Negative A
4 Bacillus cereus ATCC 14579 5,427,083 13 52.5 Positive A
5 Bacteroides fragilis ATCC 25285 5,241,700 6 46.7 Negative A
6 Bifidobacterium adolescentis ~ ATCC 15703 2,089,645 5 58.6 Positive A
7 Campylobacter jejuni ATCC 33560 1,766,442 3 514 Negative A
8 Clostridium difficile ATCC 9689 4,207,674 11 534 Positive A
9 Delftia acidovorans ATCC 15668 6,953,182 5 532 Negative A
10 Eggerthella lenta ATCC 25559 3,632,260 3 60.5 Positive B
11 Enterobacter cloacae ATCC 13047 5,598,796 8 56 Negative B
12 Enterococcus faecalis ATCC 19433 2,881,400 4 53 Positive B
13 Escherichia coli ATCC 11775 5,037,933 7 54.7 Negative B
14 Klebsiella pneumoniae ATCC 13883 5,470,076 8 56 Negative B
15 Lactobacillus fermentum ATCC 14931 1,867,005 5 504 Positive B
16 Pseudomonas aeruginosa ATCC 10145 6,073,945 4 51.7 Negative B
17 Staphylococcus aureus ATCC 12600 2,761,522 5 50.9 Positive B
18 Streptococcus pneumoniae ATCC 33400 2,221,315 4 515 Positive B

Abbreviation: ATCC, American Type Culture Collection.
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Fig. 1. Effect of quantitative change in input to NGS output. All three types of mock communities were prepared with different input ratios of A
and B (1:1, 1:2, 1:4, 1:10, and 1:100) to systematically assess the quantitative reflection of bacterial input in NGS output. Group A is presented
in orange and group B is presented in blue. The regression equation for gDNA is represented as y = 1.2259x - 26.705 with a coefficient of
determination (R?) of 0.9854. The regression equations for plasmid DNA and PCR product are ‘y = 1.0082x - 1.6091 with an R? value of 0.9975°
and ‘y = 1.054x - 7.0206 with an R? value of 0.9939’, respectively. NGS, next-generation sequencing; gDNA, genomic DNA; PCR, polymerase

chain reaction.

High-throughput sequencing

The PCR primers used to amplify the 16S rRNA gene were confirmed using Geneious R9.1 in silico.
The target regions were selected by previous studies and primers for V3V4 (V3V4 Forward (5' - 3'), TCG
TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG CCT ACG GGN GGC WGC AG; V3V4
Reverse (5'- 3'), GTC TCG TGG GCT CGG AGA TGT GTA TAA GAG ACA GGA CTA CHV GGG
TAT CTAATC C)[10].

Three types of mock communities were sequenced using an Illumina MiSeq in duplicate with a blank
PCR sample. The mock communities were prepared as libraries using the Illumina 16S Metagenomic
Sequencing Library Preparation guide [11]. The Illumina protocol recommends a DNA concentration of at
least 10-50 ng/pL. A total of 25 pL reaction mix containing 12 pL of 2x KAPA HiFi HotStart ReadyMix
(Roche), 5 uL of each overhang adapter added primers (1 pM), and 3 pL of sample DNA was used for
amplicon PCR. For index PCR, a total of 50 pL of reaction mixture containing 25 pL of 2x KAPA HiFi
HotStart ReadyMix (Roche), 5 pL of each index primer from Nextera XT Index kit (Hllumina), 5 pL of
amplicon PCR product, and 10 puLL of PCR grade water was used. After each PCR, the PCR products were
purified using Agencourt AMPure XP beads (Beckman Coulter). The amplified and purified samples
were normalized to 4 nM and pooled into one tube. Library and PhiX Control v3 kit (Illumina) were
denatured and diluted each to 6 pM and 12.5 pM, and the final PhiX control ratio was 25%. The library
was sequenced using the V3 600 cycle kit (Iltlumina) on the Illumina MiSeq sequencer.
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Bioinformatics and statistical analysis

Data from three mock communities sequenced with V3V4 primers were processed using Mothur v1.39
and standard protocol, and paired reads were assembled and aligned to the SILVA 16S rRNA reference
alignment, and chimera removal was performed using VSEARCH [12]. Taxonomic classification of the
remaining valid sequences was performed using the Ribosomal Database Project (RDP) Classifier v [13]. A
standard protocol from the BIOIPLUG tutorial [ 14] was used to align the trimmed sequences to the EZTaxon
alignment and classify them into the EzTaxon ID taxonomy. Pre-clustering of unique sequences was filtered
to a 2 bp difference, and chimeras were removed using UCHIME. Because characteristics, such as 16S rRNA
gene copy number, genome size, guanine-cytosine (GC) content of the V3V4 region sequence, and gram-
stain positivity of each bacterium can only be encountered for gDNA, only the gDNA mock community was
considered for this analysis (Table 2). Correlations between the actual output of the gDNA mock community
amplified in the V3V4 region and the characteristics were analyzed by a multiple regression model using
SPSS Statistics v23 (IBM).

Table 2. Results of multiple regression analysis of mock communities
Constant  V3V4%GC 16SrRNAcopy No. Genomesize  Gram-stain ~ R-squared Adjusted R-squared

DNA mock
Coefficient 27.143 -0.397 0.607 -9.914E-07 0.008 0.650 0.542
Standard error 7482 0.139 0.179 0 1.880
t-Statistic 3.628 -2.858 3.387 -1.707 0.004
P-value 0.003 0.013 0.005 0.112 0.997
Plasmid mock
Coefficient 27.062 -0.401 NA NA N/A 0.256 0.209
Standard error 9.186 0.171 N/A N/A N/A
t-Statistic 2.946 -2.346 N/A N/A N/A
P-value 0.009 0.032 N/A NA N/A
PCR product mock
Coefficient 28.248 -0.423 NA NA N/A 0401 0.363
Standard error 6.951 0.129 NA NA N/A
t-Statistic 4.0064 -3.271 NA NA N/A
P-value 0.001 0.005 N/A N/A N/A

Abbreviations: PCR, polymerase chain reaction; N/A, not applicable.

Results

Quality and quantity of mock community

The concentration of all 18 bacterial gDNA, recombinant plasmid, and PCR products was measured
by the fluorometric quantification method and all exceeded 30 ng/uL. Pure bacterial gDNA without RNA
contamination was confirmed by capillary electrophoresis. No-template control samples sequenced using
the primers generated fewer than 500 reads. Mock communities sequenced with the V3V4 primers had the
highest read counts, with an average of 106,807 reads.
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Influence of input quantity of each species composing mock
communities on NGS output

All three mock communities presented quantitatively diluted proportions at different ratios (Fig. 1). The
gDNA mock communities at a 1:1 ratio presented 62.7% and 37.3% in groups A and B, respectively.
Recombinant plasmid mock and PCR mock presented 50.2% and 49.8%, 52.7% and 47.3% of groups A and
B fora 1:1 ratio.

The regression equation for gDNA was y = 1.2259x-26.705, with a coefficient of determination (R?) of
0.9854. The slope value of 1.2259 indicated a significant overestimation trend, where the measured values
exceeded expected percentages by approximately 22.59%. This substantial positive deviation from the ideal
slope of 1.0 suggests that gDNA-based quantification may consistently overestimate target concentrations,
particularly at higher concentrations. The R? value of 0.9854, which was acceptable, was the lowest among
the three template types, suggesting lower precision and higher variability in the standard curve fit.

The regression equation for the recombinant plasmid is y = 1.0082x—1.6091, with an R? value of 0.9975.
The slope of 1.0082 was remarkably close to the ideal value of 1.0, indicating near-perfect correspondence
between expected and measured values, with only a minimal overestimation of 0.82%. This exceptional
slope alignment suggests that the recombinant plasmid provided highly accurate quantification across the
entire concentration range. The R? of 0.9975 was the highest among the three templates, demonstrating
superior precision and linearity of the standard curve relationship.

The regression equation for the PCR product was y = 1.054x - 7.0206 with an R? value of 0.9939. A
slope of 1.054 indicated a moderate overestimation of approximately 5.4% compared to expected values,
positioning PCR product between gDNA and recombinant plasmid in terms of accuracy. Although this
overestimation was smaller than that for gDNA, it represented a systematic bias in quantification. The R?
value of 0.9939, which was excellent and indicated good precision, fell between the values for gDNA and the

recombinant plasmid.

Effect of bacterial characteristics on sequencing output

To determine which characteristics affected the NGS output, multiple regression was performed using
independent variables, such as 16S rRNA gene copy number, genome size, GC content of the V3V4 region
sequence, and Grams-stain positivity of each bacterium (Table 2). The output of the gDNA mock community
was positively correlated with the 16S rRNA gene copy number (p = 0.003) and genome size (p =0.062) and
negatively correlated with the V3V4 sequence GC content (p = 0.006), but it was not associated with gram-
positive bacteria (p = 0.857). The recombinant plasmid and 16S rRNA gene amplicon mock communities
also showed a similar effect of GC content on NGS output (p = 0.018 and p = 0.001, respectively). In the
multiple regression model of the gDNA mock, the independent variables explained the dependent variable
(R?=0.702, adjusted R* = 0.578), which means that this model might be applied to compensate for the bias
generated from 16S rRNA-targeted NGS. The model formula was as follows:
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Bacterial abundance after NGS (%) = 19.785 + (0.572 x Input) + (—0.467 x %GC content of V3V4
sequence) + (0.628 x 16S copy number) + (—1.175 x10°° x genome size) + (—0.335 x gram stain), if gram-
positive 1 (otherwise 0) is to be for gram stain.

Discussion

Key results

Mock communities with V3V4 primers averaged 106,807 reads. For 1:1 ratio mocks, gDNA showed
62.7% (A) and 37.3% (B), while plasmids and PCR were near 50%. Regression showed gDNA
overestimated by 22.59% (R? = 0.9854), plasmids were near-ideal (slope = 1.0082, R? = 0.9975), and PCR
overestimated by 5.4% (R*>=0.9939). NGS output correlated with 16S rRNA copy number (p = 0.003) and
genome size (p = 0.062), negatively with GC content (p = 0.006), explaining 70.2% of gDNA mock variance
(R?=0.702). Plasmid and PCR mocks showed similar GC effects (p=0.018, p=0.001).

Interpretation/comparison with previous studies

When performing 16S rRNA gene-targeted NGS on the microbiome, it is not possible to accurately
reflect the accurate representation of microbial composition due to bias in the process of various steps. This
study also presented a bias during the process, in which the amounts of 18 types of bacterial DNA input
and the sequenced output resulted in different ratios. Different input quantities of bacteria were displayed
proportionally after sequencing, with minute input being unable to exceed the cutoff value. The key factor of
high-throughput sequencing was revealed to be the %GC content of the targeted bacterial 16S rRNA gene
regions and the 16S rRNA gene copy number, which had a significant effect on the sequenced output. The
application of this formula to predict the microbiome of the original sample resulted in a fair trial with minor
mismatches in a few bacterial strains of the mock community.

To reduce this bias, we first examined the variable regions of the 16S rRNA gene (data not shown). In this
study, the V3V4 region-targeted results exhibited the closest distance to what was expected. Unfortunately,
Eggerthella lenta was insignificant in classification by V1V2 primers, as in a previous study [15]. However,
all 18 bacteria were detected using the V3V4 and V6V8 primers. Between the two primer sets, the V3V4
primers presented an even distribution for each bacterial read count and had the smallest variance in bacterial
abundance. This result is consistent with previous studies that reported that the V4 region was the best primer
set to accurately represent the microbial composition [1].

In this study, we demonstrated that 16S rRNA gene-targeted NGS of microbiomes reflected quantitative
changes considerably well. Input quantity as a factor influencing NGS should be considered in microbiome
studies because it indicates that changes in bacterial mass by any form of experimental treatment can be
used to quantitatively compare outputs. In line with our findings, one previous study reported that 16S rRNA
gene-targeted NGS better captured temporal shifts in community diversity than whole-community shotgun

metagenomic approaches, even with lower sensitivity [10]. Moreover, to explore the microbiota of samples
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with low biomass, such as skin, urine, or blood, is challenging [16]. Consistent with this study, our data
proved that a low quantity of bacteria, comprising less than 0.5% of the sample, was difficult to detect after
NGS. When developing microbiome studies using samples with few bacterial inputs, standardization to
confirm the appropriate input quantity is essential to avoid misinterpretations.

As shown in Fig, 1, the resulting proportions were analyzed by varying the ratios of groups Ato B as 1:1, 1:2,
1:4, 1:10, and 1:100. Different DNA template types have unique characteristics, with their own advantages
and disadvantages. This study included three types of DNA templates: gDNA, recombinant plasmids, and
PCR products.

Plasmid DNA is a recombinant DNA molecule that includes a target sequence and is the most widely
used standard in PCR. It is relatively easy to produce, highly stable, and capable of generating reproducible
standard curves, even after long-term storage. PCR products can also serve as templates. The exact copies
of the target sequence can be used for precise DNA quantification. However, potential issues, such as
contamination and nonspecific amplification during PCR, may affect the outcome.

The slope of the linear regression equation represents the ratio between the y-axis and x-axis. A slope
greater than one suggests an overestimation, whereas a slope less than one indicates an underestimation. The
R2 measures how well the data fit the standard curve and reflects its linearity. The linear regression equation
for recombinant plasmid was y = 1.0082x - 1.6091, with R2= 0.9975. A slope close to 1 (1.0082) indicated
an almost perfect match between the expected and measured values. The highest R? values among the
three templates indicated superior precision. These findings indicate that recombinant plasmids provide
the most accurate and precise PCR templates, which is consistent with previous studies demonstrating that
recombinant plasmid calibration curves offer higher sensitivity, a broader linear dynamic range, and greater
reproducibility over time.

Multiple regression analysis was performed to examine the bacterial characteristics that influenced high-
throughput sequencing bias. The results showed that the %GC content of the target gene region (p = 0.013)
and 16S rRNA gene copy number (p = 0.005) were the most significant factors affecting NGS output.
Genome size showed a weak correlation (p = 0.112), and Gram staining was not statistically significant
(p = 0.997). These findings suggest that PCR amplification during library preparation plays a crucial role
in introducing bias. Based on our multiple regression model, we developed a formula that can partially
compensate for output variations in 16S rRNA gene-targeted NGS. The model demonstrated an R? value
of 0.650 (adjusted R? = 0.542), indicating that approximately 65.0% of the variability in NGS output could
be explained by these factors. However, as this model does not account for all potential biases, further
optimization is required to improve its predictive accuracy. Several previous studies have attempted to
normalize NGS bias by adjusting the 16S rRNA gene copy number of each bacterium [17,18]. However,
our model incorporates additional factors such as genome size and %GC content, providing a more
comprehensive approach. In particular, the GC content of the target region appeared to be a key factor
affecting PCR efficiency, which is consistent with previous research [19].
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Limitations

This study investigated the factors that cause bias during 16S rRNA-targeted NGS for microbiome
analysis using three different mock communities by amplifying the V3V4 region of the 16S rRNA gene.
Further refinement and validation should be conducted using a larger number of mock samples to enhance
the accuracy and reliability of the proposed formula. Further research is required to comprehensively evaluate
the explanatory power of the formula and assess the bias between the predicted and actual proportions.

Conclusions

To better assess the processing of the initial sample during the DNA extraction steps, additional tests on
mock communities are required. Although several studies have investigated the effects of DNA purification
methods [7,20], mock communities composed of even quantities of bacterial cells do not accurately represent
microbial composition. Artificial specimens can play a significant role in mimicking clinical samples, and
mock communities formed with such artifacts can help evaluate and control the quality of the entire high-

throughput sequencing process.
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