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Table 1: Sample summary showing the variation of per-sample pyrosequencing data ͺͳͻ�
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Table 1: Sample summary showing the variation of per-sample pyrosequencing data ͺ͵ʹ�
and the age of the subjects within each cohort ͺ͵͵�

* Non Singleton OTUs ͺ͵Ͷ�
 ͺ͵ͷ�

 ͺ͵�
 ͺ͵�
 ͺ͵ͺ�

Cohort Age 
(yrs) 

Average 
Sequence 

Length (bp) 

Reads per 
sample 

Number of 
OTUs* per 

sample 

Species 
Level 

Sample 
Simpson 
Diversity 

Leh 35.7 ± 
1.8 

604.9 ± 1.4 
16157 ± 

1494 
1352 ± 154 0.65 ± 0.01 

Ballabhgarh 
Urban 

34.0 ± 
1.4 

645.9 ± 9.1 
28858 ± 

6832 
1212 ± 53 0.74 ± 0.01 

Ballabhgarh 
Rural 

36.0 ± 
1.7 

686.4 ± 4.7 
21789 ± 

481 
1685 ± 384 0.73 ± 0.02 

(N=35)	  

(N=24)	  

(N=25)	  
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Abstract

Background: Malnutrition is a global health problem affecting more than 300 million pre-school children worldwide. It is
one of the major health concerns in India since around 50% of children below the age of two suffer from various forms of
malnutrition. The gut microbiome plays an important role in nutrient pre-processing, assimilation and energy harvest from
food. Consequently, dysbiosis of the gut microbiota has been implicated in malnutrition.

Methodology/Principal Findings: Metagenomics approach was adopted to investigate the gut microbiome sampled from
20 rural Indian children with varying nutritional status. The changes in the abundances of various taxonomic and functional
groups were investigated across these gut microbiomes. A core set of 23 genera were observed across samples, with some
showing differential abundances with varying nutritional status. One of the findings of the current study is the positive/
negative associations of specific taxonomic and functional groups with the nutritional status of the children. Notable
alterations in the architecture of the inter-microbial co-occurrence networks were also observed with changes in nutritional
status. A key example is the clustering of potentially pathogenic groups into a distinct hub in severely malnourished gut.
Our data does not demonstrate causality with the microbiome patterns that we observed, rather a description of some
interesting patterns, whose underlying mechanism remains to be uncovered.

Conclusions: The present study envisioned interrelationships between the pattern of gut microbiome and the nutritional
status of children. The cause of this pattern needs to be explored. However, insights obtained from the present study form
the basis for further metagenomic investigations on larger population of children. Results of such studies will be useful in
identifying the key microbial groups that can be utilized for targeted therapeutic interventions for managing severe acute
malnutrition.
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Introduction

In its journey down the human alimentary canal, food is
intercepted by trillions of microbes (1013–1014) residing in the
human gut. The human gut microbiome, collective genomes of all
the microbes residing in the gastrointestinal tracts, provides several
metabolic functions that are not encoded in our own genome.
Examples of these functions include fermentation of dietary
polysaccharides, anaerobic metabolism of proteins and peptides,
biosynthesis of vitamins, absorption of ions and regulation of a
number of host metabolic pathways [1]. These functions facilitate
the pre-processing of dietary nutrients and efficient harvest of
dietary energy for the host. Aberrations in the composition of the
gut microbiome are thus likely to affect the nutritional status of the
hostand lead to over/under-nutrition.

Malnutrition is a major health problem in developing countries
and is characterized by symptoms like delayed growth, deficiencies
in vital nutritional components, namely proteins, vitamins,
minerals, essential fatty acids and others. Malnutrition can be
broadly attributed to lack of food, and inability to successfully
digest and use food that is available. Around 314 and 258 million
children under the age of five in low and middle income
countriesare estimated to suffer from stunting and wasting
respectively [2]. Poor nutrition accounts for more than one-third
of child deaths worldwide [3] and associated with half of all child
deaths in India [4]. An estimated 42% and 58% of children in
India (under the age of two) suffer from stunting and wasting
respectively [5]. Linear growth retardation and low weight (for
height or age) in children in developing countries like India cannot
be attributed to food insecurity alone. Sub-clinical conditions like

PLOS ONE | www.plosone.org 1 April 2014 | Volume 9 | Issue 4 | e95547

2014	  

AH	   BL	   SM	  

Sub.	  #	   6	   6	   8	  
Age(Months)	   35±6.8	   39±3.7	   51±6.1	  
Height(cms)	   87.8±5.4	   86.4±2.9	   88.7±2.1	  
Z-‐score	  (C)	   -‐0.41±0.5	   -‐7.93±0.3	   -‐10.47±0.34	  



Core Microbiota of Indian Children with varying 
nutritional status 

Ghosh et al. 2014 
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Most Dominant Microbiota in the Gut of 
Healthy Indians  

Bifidobacterium Megasphaera Roseburia Ruminococcus Enterobacter F_prausnitzii Bacteroides P_copri Collinsella

0
2

4
6

8
10

Re
la
6v
e	  
ab
un

da
nc
e	  
(%

)	  

✓	  
	  

✓	  
	  

✓	  
	  

✓	  
	  

✓	  
	  

✓	  
	  
✓	  
	  



Whole-Genome Sequence of
Bifidobacterium longum Strain Indica,
Isolated from the Gut of a Healthy
Indian Adult

Satyabrata Bag, Tarini Shankar Ghosh, Bhabatosh Das
Molecular Genetics Laboratory, Centre for Human Microbial Ecology, Translational Health Science and
Technology Institute, NCR Biotech Science Cluster, Faridabad, India

ABSTRACT Bifidobacterium longum, a Gram-positive rod-shaped anaerobic bacte-
rium, inhabits the human gastrointestinal tract and contributes significantly to oligo-
saccharide production, amino acid metabolism, and protection against intestinal in-
flammation. Here, we report the whole-genome sequence of B. longum, which was
isolated from the gastrointestinal tract of a healthy Indian adult.

Different species of bifidobacteria play important roles in the homeostasis of the gut
microbiome. Recent metagenomic studies of the human gut microbiota revealed

that, while B. longum, B. bifidum, and B. breve are mostly dominant in infants, B. ado-
lescentis and B. catenulatum are more prevalent in adults (1). Depletion of B. longum at
an early age leads to gut microbial dysbiosis and is linked to health disorders such as
severe acute malnutrition (SAM) (2, 3). To assess the efficacy of B. longum as a universal
probiotic and its contribution in host physiology, it is important to explore the genome
sequences of B. longum isolates from different parts of the world.

B. longum strain Indica was isolated from the fecal samples of a healthy Indian adult.
The fresh fecal sample was immediately resuspended in prereduced phosphate-
buffered saline, serially diluted, and then plated onto a tryptic soy agar (Difco) plate
supplemented with sterile defibrinated sheep blood 5% (vol/vol). The plates were
incubated for 24 h at 37°C in an anaerobic workstation (Whitley DG250) filled with a
mixture of anaerobic gases (80% N2, 10% CO2, 10% H2).

Genomic DNA of B. longum Indica was extracted by using THSTI methods (4).
Whole-genome shotgun libraries were constructed by using approximately 1 !g of
genomic DNA. To generate DNA fragments of 1.5-kb average length, the genomic DNA
was nebulized at 15 lb/in2 for 60 s. DNA fragments of the desired length were then end
polished by using T4 DNA ligase, polynucleotide kinase, and Taq DNA polymerase
(Roche, USA) and ligated with a sequencing adaptor (Roche, USA). Genomic DNA
libraries were then purified using AMPure XP beads (Beckman Coulter, Inc., USA) and
quality checked using the high-sensitivity DNA chip compatible with the 2100 Bioana-
lyzer (Agilent, USA). The total amounts of double-stranded DNA in the libraries were
quantified using PicoGreen dye with a Qubit fluorometer (Invitrogen, USA). Approxi-
mately 1.0 ! 108 DNA molecules per sample were amplified by emulsion PCR using
Mastercycler proS PCR systems (Eppendorf, Germany). The amplified products were
purified using Biomek 3000 (Beckman Coulter, Inc., USA). Sequencing was performed in
picotiter plates using GS-FLX" genome sequencers (Roche, USA).

Whole-genome sequencing of B. longum produced a total of 591,026 reads (total
volume of 427.43 Mb) with a 941-bp modal read length and 60% GC content. Assembly
of the reads using the GS de novo version 2.3 assembler produced 28 scaffolds with a
highest read length of 495,967 bp. Annotation of the scaffolds was performed using the
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Whole-Genome Sequence of a
Megasphaera elsdenii Strain Isolated
from the Gut of a Healthy Indian Adult
Subject

Satyabrata Bag, Tarini Shankar Ghosh, Bhabatosh Das
Molecular Genetics Laboratory, Centre for Human Microbial Ecology, Translational Health Science and
Technology Institute, NCR Biotech Science Cluster, Faridabad, India

ABSTRACT Megasphaera elsdenii has been previously reported in the gut of rumi-
nating animals. Its role as an animal probiotic is being investigated, specifically from
the perspective of enhancing animal productivity. Herein, we report the draft ge-
nome sequence of M. elsdenii strain indica isolated from the stool sample of a
healthy Indian subject.

Megasphaera elsdenii, traditionally reported in the gut of ruminating animals, is
being explored as a probiotic in animal husbandry, specifically for enhancing

animal productivity (1–3). However, several studies have indicated both beneficial and
detrimental associations of Megasphaera species with the health status of the host
(1–4). Studies on human gut microbiota have revealed its association with obesity (4).
The genus Megasphaera is widely distributed in the gut of healthy Indians living across
the country (5).

In the present study, M. elsdenii strain indica was isolated from the fecal sample of
a healthy Indian adult subject. The fresh fecal sample was immediately resuspended in
prereduced phosphate-buffered saline (PBS) and subjected to serial dilution. Diluted
samples of approximately 100 !l were plated onto tryptic soy agar (Difco) supple-
mented with 5% (vol/vol) defibrinated sheep blood. The plates were subsequently
incubated in an anaerobic workstation (Whitley DG250) filled with an anaerobic gas
mixture (80% N2-10% CO2-10% H2) for 24 h at 37°C.

Genomic DNA of M. elsdenii strain indica was extracted using the THSTI method (6).
Approximately 1 !g of genomic DNA was used for constructing a whole-genome
shotgun library. For this purpose, we first performed nebulization of the genomic DNA
at 15 lb/in2 for 60 s to generate DNA fragments (average size 1.6 kb). DNA fragments
were then end polished using T4 polymerase, polynucleotide kinase, and Taq polymer-
ase (Roche, USA). These end-polished DNA fragments were then ligated with sequenc-
ing adaptor (Roche). The genomic libraries were purified using AMPure XP beads
(Beckman Coulter, Inc., USA). The quality of the DNA library was tested using a
high-sensitivity DNA chip compatible with the 2100 Bioanalyzer (Agilent, USA). Library
quantitation was done using PicoGreen dye in a QubitFluorometer (Invitrogen, USA).
Emulsion PCR (Mastercycler proS PCR systems; Eppendorf, Germany) was performed to
amplify approximately 7 ! 107 DNA molecules per sample. The amplified products
were purified using Biomek 3000 (Beckman Coulter, Inc.). Finally, sequencing was
performed in a picotiter plate in a 454 GS-FLX" genome sequencer (Roche).

Whole-genome sequencing of M. elsdenii strain indica, followed by sequence as-
sembly using the GS de novo assembler, yielded 26 contigs with a total sequence
volume of 2,429,033 bp (N50, 137,903 bp; GC content, 53.2%). Annotation of the draft
genome using the Rapid Annotations using Subsystems Technology (RAST) annotation
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Draft Genome Sequence of Prevotella
copri Isolated from the Gut of a Healthy
Indian Adult

Satyabrata Bag, Tarini Shankar Ghosh, Bhabatosh Das
Molecular Genetics Laboratory, Centre for Human Microbial Ecology, Translational Health Science and
Technology Institute, NCR Biotech Science Cluster, Faridabad, India

ABSTRACT Prevotella copri, a Gram-negative anaerobic rod-shaped bacterium, is fre-
quently associated with the human gastrointestinal tract and influences host physiology,
immunity, and metabolic pathways. In the present study, we report the draft genome
sequence of P. copri isolated from the gut of a healthy Indian adult.

Prevotella copri is the most dominant bacterial species in the microbial community
inhabiting the gastrointestinal tracts of the Indian population (1–3). The genome of

P. copri is enriched with hundreds of glycoside hydrolase- and polysaccharide lyase-
encoding genes that are not encoded by the host genome (4). However, the expansion
of intestinal P. copri may also enhance susceptibility to disorders like arthritis (5). To
understand the physiology and metabolic potential of P. copri, it is important to explore
its functional repertoire by decoding its genome sequence.

P. copri strain Indica was isolated from stool samples from a healthy adult Indian
subject. Fresh stool sample was immediately resuspended in prereduced phosphate-
buffered saline (PBS), serially diluted, and then plated onto a Wilkins Chalgren Anaer-
obic Hi Veg (WCAHV) agar base plate supplemented with nonspore anaerobic supple-
ment and 5% (vol/vol) sterile defibrinated sheep blood. The plates were incubated for
24 h at 37°C in an anaerobic workstation (Whitley DG250) filled with 80% N2–10%
CO2–10% H2 gases.

Genomic DNA was isolated from a colony of P. copri grown in WCAHV broth for 12 h
using the THSTI method (6). Approximately 1 !g of genomic DNA was nebulized at
15 lb/in2 for 1 min for fragmentation of genomic DNA (1,400 to 1,800 bp). The
nebulized DNA was purified by a PCR purification kit (Qiagen, USA) and end polished
with T4 DNA polymerase, polynucleotide kinase, and Taq DNA polymerase (Roche,
USA). A sequencing adaptor was ligated to the polished DNA fragments using DNA
ligase (Roche). The genomic DNA libraries thus obtained were then purified using
AMPure XP beads (Beckman Coulter, Inc., USA). The quality of the DNA libraries was
analyzed using a high-sensitivity DNA chip in the 2100 Bioanalyzer (Agilent, USA). The
total amount of double-stranded DNA (dsDNA) in the libraries was quantified using
Picogreen dye in a Qubit fluorometer (Invitrogen, USA). About 140 ! 107 DNA library
molecules per sample were clonally amplified by emulsion PCR in Mastercycler proS
PCR systems (Eppendorf, Germany), purified using REMe integration (Roche) on Biomek
3000 instrument (Beckman Coulter, Inc.), and pyrosequenced in picotiter plates in
GS-FLX" genome sequencers (Roche).

De novo assembly of 498,385 reads, with modal read length of 901 bp and 45.4% GC
content, was performed using the NCBI Prokaryotic Genome Annotation Pipeline (2013
release). The analysis of 3.92 Mbp sequences identified 3,303 genes, including 3,209
coding sequences (CDS) and 94 RNA-encoding genes. The genome sequence of strain
Indica will contribute to a better understanding of the biology of P. copri and the
molecular basis of its dominance in the gut of Indian subjects.
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