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Abstract: 

Metagenomic sequencing is one of the important applications by the Next Generat ion Sequencing (NGS). The metagenome analysis is 

useful to study the characteristics of composite microbial g roups including uncultivable microbes in various diverse environment such 

as marine, soil, human body, etc., The gastrointestinal tract contains 10 to 100 times more  microbial cells than the whole cells present 

in our body. Altered gut microbiota has been linked to metabolic diseases such as obesity, diabetes, etc., Certain hypothesis  stated that 

the gut microbiota might be marker for Type 2 Diabetes (T2D) Mellitus. T2D is a complex disorder and it can be influenced by 

genetic and environmental components. The objective of the study is reanalyzing and explores  the microbial population and the 

functional variation of gut microbiome of the T2D. The four different patient s gut microbiome sample and the healthy control gut 

microbiome samples were retrieved from the repository NCBI-SRA (BioProject Accession: PRJEB12124), which was sequenced in 

Beijing Genome Institute. The retrieved data were Meta analyzed and the taxonomy and the functional characteristics of the patient 

samples were compared with control. The proposed work found that the altered gut microbiota with increase in the abundance of  

Bacteriodes vulgates and the abundance of bacterial species such as Eubacterium, Lactobacillus, Bifidobacterium and Thetiotomicron  

were reduced. The manipu lation of the gut microbiome is the emerg ing and novel approach to treat T2D. The research has been 

pursued in order to influence the amendment in the gut microbiome with caution.  
 

Keywords: Next Generat ion Sequencing, Metagenome, Type 2 Diabetes Mellitus, Gut Microbiome  

 

I.INTRODUCTION 
 

Type 2 Diabetes Mellitus (T2DM) is the common chronic 

metabolic disorder, which  is associated with the genetic 

predispositions such as insulin secretion and insulin action and 

environmental factors.[1] In metabolic phenotype, the point 

mutation accounts less than 10% of overall. Changes in the 

genome cannot be exclusively responsible for the metabolic 

disorders even if they provide genetic basis for epidemic.[2] The 

another thrust area to explore the gene-environment interactions 

is epigenetics.[3, 4] The molecular mechanisms of the 

pathogenesis of T2DM can be predicted by examin ing the 

genome-wide epigenetic patterns in the target tissue. The 

epigenetic non-coded factors are the promising approach but the 

changes associated with T2DM are not well understood.[5] 

Recent studies related with the environmental hypothesis 

brought the metagenomics approach into the current era. 

Metagenomics is the sequence based functional analysis of the 

microbial genomes present in the environmental samples such as 

aquatic habitats,[6] soil,[7] oral cavity,[8] human feces,[9] 

intestinal gut,[10] etc. The human intestine containing millions 

of microbial population than any other organs, which can be 

viewed as an anaerobic bioreactor.[11] The microorganisms 

present inside the intestine i.e., gut microbiota contributes in 

diverse metabolic and functional process such as recovery of 

proteins from metabolic process, modulate immune system, 

protective function against pathogens, digest the dietary fibre 

and etc.[12] The human gut is the habitat for the large diverse 

category of bacteria. Around 10 to 100 trillion (10
13

 to 10
14

) 

microbes lives in the gut. Among them, more than 80% of the 

bacteria belongs to thousands of species but they comes under 

only two of the 70 known divisions (phyla).[13] The gut 

microbiota modulates  the host genes that modulate the energy 

disposition. Also, suppress the fasting-induced adipose factor 

(FIAF) and induce the storage of triglycerides into adipose 

tissue. Backhed et. al., stated that the rapid conventionalization 

of FIAF gene leads to gain 10% fat in knockout mice.[14] The 

glucose update in small intestine is upregulated by the 

colonizat ion of  microbiota.[15]  Further modulation of gut 

derived peptide secretion and regulation of fatty acid 

composition link the gut microbiota with the T2DM. The 

metagenomics is the analysis of collective genomes that are 

present at defined environment or ecosystem.[16, 17] The 

uprising Next Generation Sequencing technologies such as 

Illumina, pyrosequencing or SOLiD helps in the study of 

microbial diversity in the original sample.[18] The clones of 

interest can be sequenced rapidly using the metagenomics 

lib raries. The bioinformatics approach to analyze the sequence 

similarity (i.e., called annotation) helps to reconstruct the whole 

genome of particular microorganism,[19] exp lore and identify 

the genes that encode the novel or desired protein and their 

major functions.[20] The metagenomics approach helps in 

identifying the role of gut microb iota and their impact on 

T2DM. Beijing Genome Institute sequenced the gut microbiome 

of 188 samples to analyze the effect of Acarbose and Glipzide 

on differential expression of gut hormones, bile acids, insulin 

resistance and cardiovascular risks. The sequenced whole 

genome metagenomic samples were stored under the Study 

accession of PRJEB12124 (http://www.ncbi. n lm.n ih. gov/ 

bioproject /PRJEB12124/). The objective of the study is 

exploring the taxonomic units and predicting the impact of gut 

microbiota in T2DM. Also comparing the diverse population 

among the species of the healthy control samples and patient 

samples.  
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2. MATERIALS AND METHODS  
 

2.1. Data retrieval  

Sequence Read Archive format (.sra) has the rendered data, 

which makes fast to load and reduce the failures due to network. 

The eight metagenomics (four control and four sample) data 

were retrieved from NCBI-SRA database (http:// www. ncbi. 

nlm.nih.gov/sra) in .sra format.[21]  
 

2.2. Format conversion 

FASTQ format (.fastq) is a text format to store the biological 

sequence along with its quality scores. The retrieved files were 

converted from. sra to. fastq using SRA toolkit (http:/ 

/www.ncbi.n lm.n ih.gov/Traces/sra/?view=software). The SRA 

toolkit contains series of independent data-“dump” to convert 

SRA (Sequence Read Archives) data into different file formats. 
 

2.3. Preprocessing of metagenomics data 

The Quality control tool DRISEE[22]was used for estimating 

sequence errors, base caller outputs and summarize numerous 

spectra of Kmers were used. DRISEE is a method, independent 

of sequencing technology, which is superior to Phred[23] for 

measuring sequencing error in whole genome, metagenomics 

sequence data. SolexaQA package is used to trim sequence 

dynamically using the quality scores from DRISEE. So lexaQA 

is sequence specific and it process on Illumina sequences. But it 

processes large files in short time as compared to many other 

tools and produce trimmed datasets.[24] 
 

2.4. Taxonomic assignment 

The metagenomics data were aligned using the program Kraken 

in .fastq file.[25] Kraken is designed for assigning taxonomic 

labels to the metagenome sequences. The sensitivity of the 

results are at GENIUS[26] level and the precision are similar to 

that achieved by megaBLAST.[27] For analyzing the taxonomy 

of the samples, all sequences that passed QC in DISEE were 

annotated to indicated taxonomic level against lowest common  

 ancestor database (Kraken GB Database) for the given 

nucleotide metagenome sequences. PhymmBL[28] and Naïve 

Bayes Classification (NBC) tools maintain the accuracy of the 

matched sequences. The insufficient detailed reads remain 

unclassified. The annotated results were displayed as Krona.[29] 

Krona is the new visualization tool.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1. Flow chart of the meta-data analysis 
 

The complex hierarchies within the metagenome can be easily 

explore by Krona and it filled with various combinations of 

radial, space-filling displays. Facilitate to get more informed and 

in-depth interpretation of metagenome analysis. The flow chart 

of the meta-data analysis of the metagenome is depicted in Fig 

1. 
 

3. RES ULTS AND DIS CUSSION 
 

Taxonomical profiling was performed for the retrieved met 

genome sequences after preprocessing. The variation among the 

healthy control samples and patient samples were studied. The 

best hit in the Kraken GB Database was reported by Best Hit 

Classification [30] and the microbial communities were double 

annotated with identical match properties. The specific species 

count was obtained from the Best Hit Classification. The high 

quality reads of the sample was classified using BLAST (cut-off 

value of 1e
-10

) against GenBank (http://www.ncbi. nlm.n ih.gov/ 

genbank/) and SEED[31] databases. The SEED database 

provided accurate genome annotations for more than thousands 

of genomes. The concise community structures of all the eight-

metagenome sequence of patient and control samples  are shown 

in Fig 2 and Fig 3 respectively. In general, the taxonomic 

affiliations of both the samples are showing potent variant. In 

healthy sample, 68% of the sequence was unclassified, 31% of 

the sequence annotated as bacteria and 1% virus and 0.4% of 

unassigned sequences which are shown in Fig 2 (A).  

 
Figure.2.(A)Taxonomic distribution of the four healthy 

control metagenome sequences: The figure was obtained 

from Krona interactive visualization program as output of 

Kraken 

 
Figure.3..(B) Taxonomic distribution of the four healthy 

control metagenome sequences: Bar chart representation 
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Firmicutes and Bacteriodetes are the major phylum which 

combined occupies 97% of bacterial population and 30% of 

overall. The sample contained 16% of Firmicutes and 14% of 

Bacteriodetes. The other phylum such as Proteobacteria, 

Actinobacteria, Chrysiogenetes are collectively present less than 

2% which was shown in Fig 2 (B). Bacteroides vulgatus ATCC 

8482 is the organism which present at high rate and shows the 

greater abundance than any other organisms. The control sample 

contained 9% of overall and the bacterial population contained 

nearly equal to 30%. Bacteroides  vulgatus belongs to the genus 

Bacteroides  and phylum Bacteriodetes. Eubacterium rectale 

falls next to the Bacteroides vulgates, which present only 6% of 

overall and 20% of bacteria. Other than these two organisms, 

Bacteroides xylanisolvens, Lactobacillus, Bifidobacterium, 

Bacteroides thetaiotaomicron, Faecalibacterium prausnitzii, 

Faecalibacterium prausnitzii and [Eubacterium] eligens are 

present at very low level o f less than 10% of the healthy sample. 

 

The patient samples have 61% as unclassified data and rest of 

the sequences belonged to Bacteria shown in Fig 2. No archaea 

or virus present in the four patient samples. Unlike healthy 

sample, the patient sample had Bacteriodetes as the major 

phylum which occupies 73% of bacterial population and 29% of 

overall. The other phylum such as Firmicutes, Proteobacteria 

and Actinobacteria are falls next to the Bacteriodetesshown in 

Fig 3 (B). Firmicutes present only 8% of overall sequence and 

21% of the bacteria. The sample contained Bacteroides vulgatus 

ATCC 8482 as 22% of overall and the bacterial population of 

50%. Eubacterium rectale falls next to the Bacteroides vulgates, 

which present only 3% of overall and 7% of bacteria. All the 

other species such as Bacteroides xylanisolvens, 

Parabacteroides distasonis, Ruminococcus torques, Klebsiella 

pneumoniae, Faecalibacterium prausnitziand etc are present at 

very low level. The organisms Lactobacillus and 

Bifidobacterium which present in healthy samples was not found 

in the patient sample. 

 

 
 

Figure.4.(A)Taxonomic distribution of the four patient 

metagenome sequences: The figure was obtained from 

Krona interactive visualization program as output of 

Kraken 

 

 
Figure.5.(B) Taxonomic distribution of the four patient 

metagenome sequences: Bar chart representation 

 

The Bacteriodetes and Firmicutes are the two phylum, which 

shows major and potent variation among the healthy control 

sample and T2DM patient sample. Bacteriodetes species are 

anaerobic, non-spore forming, gram negative and bile resistant. 

And it is one of the major lineages of bacteria.[32] The 

Bacteroides in the intestinal region is responsible for the 

production of fatty acids that are utilized and reabsorbed by the 

host as the energy source.[33] And also synthesize the simple 

carbohydrates, amino acids and some vitamins. Although 

Bacteroides are responsible for several metabolic reactions and 

synthesis of energy source, they are virulent in nature. Certain 

kind of species which belongs to Bacteroides can mediate tissue 

destruction and protection from host immune response. 

Brugman et. al., stated that the manipulation of Bacteriodes 

population in the gut microbiota decreased the incidence and 

delayed the onset of Diabetes.[34]The Bacteroidetes found to be 

dominated by the species Bacteroides vulgatus, which 

significantly present in all samples. As compared to the healthy 

samples, the T2DM patient samples have increased amount of 

Bacteroides vulgatusby 12% of overall sequences. Several 

studies stated that the Bacteroides vulgatus is most commonly 

found in the isolates of human gastrointestinal tract and part of 

gut microbiota of healthy humans.[35-38] They are capable of 

binding with epithelial cells and induce proinflammatory 

cytokines.[39] Also act as the pathogen and induce the glucose 

metabolism, which is responsible for T2DM. Firmicutes are 

gram-positive, endospore forming heliobacteria and it is the 

more prevalent phyla, which contains Lactobacillus sub-

dominant group. Some species of Firmicutes are active against 

Chron’s disease[40] and it produces hydrogen peroxide which 

inhibit certain fungal pathogens.[41] The ratio of Firmicutes and 

Bacteriodetes changes with respect to the age. The Bacteriodetes 

species population over the Firmicutes induce the carbohydrate 

metabolism and enhance the energy metabolis m which is the key 

reason for T2DM.[42] 

 

4. CONCLUS ION: 

 

The greater improvement has been made in the field of the 

resident microbiota in type 2 diabetes mellitus (T2DM). 

Metabolic disorder, T2DM usually caused by abnormal energy 

metabolism and low level chronic inflammat ion. Microbiota 

contributes not only to low level chronic inflammat ion in the 

onset of T2DM, but also used to the development of T2DM 

through inflammatory components. These studies together 

support the crucial role of microbiota in maintaining the 

intestinal barrier integrity, sustaining a normal metabolic 

homeostasis, protecting the host from infection by pathogens, 

enhancing host defense system and even influencing the nervous 

Preprocessing of Data using 

SolexaQA  
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system in T2DM. The numerous mechanisms by which gut 

bacteria interact with the host, including the direct involvement 

of specific gut microbes and of microbial metabolites, remains 

to be elucidated. In the present study, Kraken metagenomics is 

used in the identification of the bacteria that was present in 

human gut, and the taxonomic assignment of the microbes and 

the phylogenetic analysis of the microbes. The healthy control 

and the patient samples were compared. This comparison is used 

to reveal, the bacterial species are having the different 

abundance, and those bacterial species are including Bacteroides 

vulgates, Eubacterium, Lactobacilla, Bifidobacterium which 

belongs to the phylum Bacteriodetesand Firmicutes. In those 

bacterial species abundance is different from normal one when 

compared to T2DM patient. Importantly, here the differences 

between the gut microbiota in T2DM- patient and normal one 

completely understood. The present study provides a new 

conceptual framework for understanding the role of the gut 

microbes in type 2 diabetes mellitus and their bacterial 

identification. The potential mechanisms linking the microbiota 

to T2DM have not been fully. The manipu lation of the gut 

microbiome is the emerg ing and novel approach to treat T2D. 

The research has been pursued in order to influence the 

amendment in the gut microbiome with caution.  
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