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ABSTRACT 

Introduction: The advent of next generation sequencing 

(NGS) technology aided exponentially to the 

understanding of the gut microbiome. The most 

commonly used approaches of NGS are 16S rRNA and 

shotgun metagenome sequencing. 16S rRNA sequencing 

provides microbial resolution only up to the genus level, 

while deep shotgun metagenome sequencing provides 

taxonomic profiling down to the species level but the 

high cost hampers its usage. Alternate method, Shallow 

shotgun metagenome sequencing (SSMS) emerged as a 

cost effective high throughput method for microbial 

profiling. 

Objective: To compare the consistency of 16S rRNA 

and SSMS NGS methods in gut microbial profiling. 

Materials & Methods: DNA was extracted from the 

stool samples of five infants, and the full 16S rRNA 

region was amplified. Sequencing libraries were 

prepared for 16S rRNA sequencing and SSMS, loaded 

onto the flow cell, sequenced using the MiSeq platform 

(Illumina), and analyzed through custom bioinformatics 

analysis pipeline. 

Results: NGS data analysis revealed that gut 

microbiome characterized using both 16S rRNA 

sequencing and SSMS showed large scale differences in 

terms of reported species. Some of the microbes detected 

using 16S rRNA sequencing were found to be missing 

while using SSMS and vice versa. Very few microbes 

were commonly detected by both sequencing 

approaches. 

Conclusion: The application of both NGS sequencing 

approaches is warranted for accurate bacterial profiling 

from different sources. 

Keywords: Gut Microbiome; 16S rRNA Sequencing; 

Shallow Shotgun Metagenomic Sequencing; Microbial 

Profiling. 
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INTRODUCTION 

The 400 B.C. Hippocrates quote “death lies within 

the bowel, and poor digestion is the root of all 

diseases” shows the importance of gut microbiome 

in human health and disease. In the first days of 

life, the gut microbiota develop and continue to 

increase and diversify with time.1 Imbalanced gut 

microbiota have been associated with various 

diseases.2 In addition to playing several essential 

roles in human health and conditions, microbiota 

have emerging roles in ecology, making their 

analysis in different environments, animals, and 

humans essential.3 Though it is now clear that 

human gut microbiome is associated with health 

and disease, yet complete knowledge of gut 

bacterial repertoire is undefined and have been 

unrecognized since long due to unavailability of 

state of the art techniques.4 Rapid identification of 

bacterial pathogens is also critical for 

classification, proper diagnosis, and treatment.5 

The emergence of High Throughput Sequencing 

(HTS) technology revolutionized traditional 

microbial identification approaches by making  

identification very authentic, robust, and specific. 

Next Generation Sequencing (NGS) greatly aided 

in understanding the role of gut microbiota in 

healthy and diseased conditions and accelerated 

diagnostic and therapeutic measures.6 NGS is the 

gold standard technique to characterize and 

identify microbial community structures from 

different habitats and robustly provide critical 

insights into various attributes of the human gut 

microbiome. For this purpose, Deep Shotgun 

Metagenome Sequencing (DSMS) is most 

commonly employed to study the gut microbial 

community. DSMS is considered the best in terms 

of high taxonomic resolution but is extremely 

expensive for large scale studies. Therefore the 

affordable alternative methods such as 16S rRNA 

and Shallow Shotgun Metagenome Sequencing 

(SSMS) have been widely accepted for cost 

effective microbial profiling. 

Bacterial 16S rRNA is considered a potential 

marker for identification and phylogenetic analysis 

of bacteria.7 More attention has been given to 16S 

rRNA sequencing since it can better identify non-

cultured bacteria at low cost.8 The 16S rDNA is a 
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stretch of DNA (codes RNA component of the 30S subunit of 

bacterial ribosome) with 1500bp consisting of highly conserved 

and variable regions. 

This highly conserved region provides an opportunity to 

amplify 16S rRNA regions of  different bacteria with the same 

primer set, whereas the hypervariable region supports the rapid 

identification and classification of bacteria using the amplified 

region. These variable regions vary from V1 to V9 which are 

diverse among different bacteria and species specific. Therefore, 

they are used for diagnostic and scientific investigations.9 While 

searching for effective and economical methods keeping in view 

that either 16S rRNA sequencing or SSMS technique is best for 

bacterial identification, this study compares the 16S rRNA 

sequencing and SSMS approaches. 

MATERIALS & METHODS 

A. Next Generation Sequencing 

Sample collection and DNA extraction 

The study was conducted at the Center for Genomic Sciences 

(CGS) in Rehman Medical Institute (RMI), Peshawar, Khyber 

Pakhtunkhwa, Pakistan. Fecal samples were collected from five 

infants residing in city area of Peshawar, Khyber Pakhtunkhwa 

(KP), Pakistan. After giving their informed consents, parents of 

sampled children collected fecal samples in sterilized containers 

and stored them at home refrigerators for a maximum of 6 

hours.. Homogenized stool samples of 200 mg were prepared in 

2ml sterilized screw capped tubes and stored at -80◦C before 

DNA extraction. Bacterial DNA was extracted from each stool 

sample of infants, and each sample was subjected to both 16S 

rRNA and SSMS sequencing methods to identify eubacteria. 

Microbial DNA was extracted using the QIAamp DNA stool 

mini kit (Qiagen, Valencia, CA, USA) following protocol. The 

quality and quantity of extracted DNA was determined using 

agarose gel electrophoresis and Qubit fluorometer using dsDNA 

High Sensitivity kit, respectively (Qubit, Cat. #Q32851; 

Invitrogen). Each quantified DNA was further used for both 16S 

rRNA and SSMS. 

PCR amplification of 16S rDNA 

Primers covering 16S rDNA region (1500bp) of most of 

eubacteria (Table 1)10 were used to amplify the targeted region. 

Phusion High Fidelity PCR Master Mix was used for PCR 

amplification and was performed in a T100TM Thermal Cycler 

(Bio Rad) with incubation step of 95°C for 10 sec and 20 cycles 

at 95°C for 03 sec, 66°C for 10 sec and 72°C for 01 min, 

followed by a final extension step of 72°C for 3 minutes. The 

amplified products were run on 1.5% agarose gel and quantified 

through Qubit fluorometer and normalized for library 

preparation. 

Table 1. Primers used for the amplification of 16S rDNA 

region 

Primer 

name 
Primer Sequence 

Size 

(bp) 

16S-F AGAGTTTGATCCTGGCTCAG 
1500 

16S-R ACGGCTACCTTGTTACGACTT 

F: Forward, R: Reverse 

Library preparation 

Libraries of the amplified products and genomic DNA were 

prepared through Nextera XT DNA Library Preparation Kit 

(Illumina, San Diego, USA) following the manufacturer 

instructions. One ng of input DNA was used for library 

preparation, where in the first step tagmentation was done, 

followed by PCR amplification of libraries. Then the cleanup 

and normalization of the libraries were done by bead based 

method.  Normalized libraries were pooled and loaded onto the 

Illumina MiSeq using V2 sequencing reagent kit, and 150bp 

paired end sequencing was performed using NGS technology at 

Rehman Medical Institute (RMI), Hayatabad, Peshawar, 

Pakistan. 

NGS data analysis 

FASTQ files generated from NGS data were analyzed using a 

variety of publicly available bioinformatics softwares. 

CASAVA v1.8.2 package11, 12 was used to demultiplex all 

FASTQ files. All the raw FASTQ files were filtered using 

Trimmomatic v.0.36 and all technical biases, low quality reads, 

and adapters were removed. A computational tool KneadData v. 

0.6.113 was used to decontaminate the microbial reads from the 

host DNA. Sequence alignment of the microbial reads against 

the NCBI non-redundant protein reference database (NCBI-NR) 

was performed using DIAMOND v.0.9.25.14 The final microbial 

profiling was carried out using MEtaGenome 

ANalyzer (MEGAN 6) and Metaphlan 2.0 for SSMS and 16S 

rRNA sequencing, respectively.15 

B. Missing samples validation 

Validation of missing eubacterial species in 16S rRNA and 

SSMS 

After the comparison of the data, the missing eubacterial species 

from each technique were further validated. 16S rRNA region 

of missing bacteria was downloaded from NCBI and aligned 

with filtered reads of 16S rRNA for validation of missing 

samples in 16S rRNA sequencing. Similarly, for the validation 

of missing bacteria in SSMS, the reference genome of the 

misssing bacteria was dowloaded from NCBI and aligned with 

filtered reads of shotgun samples. 

RESULTS 

A. 16S rRNA VERSUS SSMS 

In this study eubacteria in the gut of infant stool samples was 

detected by two different approaches, 16S rRNA and SSMS. A 

total of five samples were used for both 16S rRNA and SSMS. 

After library preparation and sequencing the data was analyzed 

through in house developed pipeline. In all five samples, we 

found a more significant number of bacteria in SSMS than the 

16S rRNA. Some bacteria were found common in both WGS 

and SSMS. 

Some eubacteria were missing in 16S rRNA and present in 

SSMS while some were present in 16S rRNA and missing in 

SSMS. Table 2 shows the number of eubacteria  identified, 

missing, and common in both approaches.  
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Table 2: Details of the number of eubacteria reported in SSMS and 16S rRNA sequencing. 

Sample 

ID 

Number of 

eubacteria  

reported in SSMS 

Number of 

eubacteria  

reported in 16S 

rRNA 

Number of 

eubacteria  

common in SSMS 

and 16S rRNA 

Number of 

eubacteria  missing 

in 16S rRNA 

Number of 

eubacteria  

missing in SSMS 

1S 28 19 01 18 27 

2S 19 19 01 18 18 

3S 15 21 01 14 20 

4S 36 24 02 34 22 

5S 18 22 02 16 20 

 

B. VALIDATION 

Missing eubacteria in each technique were further validated by 

aligning their respective data with the reference sequence. When 

the reference sequence of the 16S rRNA region of missing 

eubacteria in 16S rRNA sequencing were aligned with filtered 

reads data of 16S rRNA for validation none of the eubacteria 

were found. 

Similarly, none of the eubacteria were found in shotgun data 

when missing eubacteria in SSMS reference geneome were 

aligned with filtered reads of shotgun data. 

DISCUSSION 

The development of NGS has enabled the researchers to study 

the microorganism in a better way. It not only enables to 

characterize the genome but also facilitates the more profound 

taxonomic identification of microbial community.16 The 

flexibility of NGS technology allows the identification of 

uncultured bacteria through a culture independent strategy from 

different sources. 17 NGS is mainly applied for bacterial 

identification in different ways:16S rRNA and shotgun 

metagenome sequencing.18 Both methods have their advantages 

and limitations. 16S rRNA sequencing for bacterial 

identification is widely used because of its low cost, but it 

cannot accurately identify the microbial population as it faces 

PCR amplification biases. In contrast, the shotgun metagenome 

sequencing allows unbiased microbial profiling but demand a 

high rate of sequencing depth which make it more expensive.19 

Recently the other method, SSMS become more popular for 

taxonomic profiling by sequencing the whole genome at a 

shallower depth.20 

To select the most suitable method for bacterial identification 

different studies have compared these methods21. Some studies 

have preferred shotgun metagenome sequencing22 while others 

studies prefer 16S rRNA sequencing as it is more microbiome 

specific and eliminate the other organism DNA contamination 

which will be supportive in identification of low abundant 

bacteria.23 

The advantages of 16S rRNA sequencing for bacterial 

identification is that it is cost effective; its data is analyzed by 

established pipelines and availability of extensive archived data 

for reference. In 16S rRNA sequencing, the microorganism is 

identified based on the hyper variable regions of the 16S 

rDNA24 while shotgun metagenomics identification is based on 

whole genome data and not only identifies bacteria at the 

species level but also to the strain level along with functional 

characterization.25,26 

The other method being used is SSMS, an economical way of 

sequencing for bacterial profiling at a shallower depth than the 

deep shotgun sequencing.20 Here in this study, we compared the 

two affordable NGS based sequencing approaches, 16S rRNA 

and SSMS, for the identification of eubacteria in gut of infants. 

This comparative study showed that the outcome of SSMS is 

more descriptive and informative than 16S rRNA sequencing. 

These two methods are not consistent with bacterial 

identification. The number of microbes reported in SSMS was 

higher than the number reported through 16S rRNA sequencing. 

Some eubacteria were unique in SSMS, and some were unique 

in 16S rRNA sequencing. The difference in abundance of 

eubacteria in both sequencing methods may be due to difference 

in the primer binding region in the conserved region of bacteria 

and low coverage in the case of SSMS. Previous studies have 

shown that conserved areas are not truly conserved, and they 

offer substantial variability, which should be considered when 

using 16S rRNA as an identification marker.27 Comparative 

study of 16S rRNA and shotgun sequencing of DNA from stool 

samples in different platforms of NGS has reported that both 

methods have almost similar results.28 Similarly, water sample 

DNA analyzed by the V3-V4 region of 16S rRNA and shotgun 

metagenome sequencing showed the same number of phyla in 

both methods.29 Both studies are different from the result of this 

study, which we assume may be that SSMS missed the 

eubacteria detected by 16S rRNA sequencing due to low 

coverage. 

CONCLUSION 

Comparison of 16S rRNA sequencing and SSMS applied to 

identify eubacteria in gut of infants provided novel insights. 

Although 16S rRNA sequencing and SSMS are considered as 

the cost effective method for taxonomic profiling, but 

individually they cannot identify all the eubacteria found in 

samples. The coupling of 16S rRNA and SSMS sequencing can 

lead to better identification of bacteria, especially when dealing 

with complex microbiota. 
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