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      Exploration of Microbial Cells: 
The Storehouse of Bio-wealth 
Through Metagenomics 
and Metatranscriptomics       

     Ravi     Ranjan        ,     Asha     Rani        , and     Rajesh     Kumar      

    Abstract  

  Microbes are omnipresent, most abundant, versatile, have been studied 
exhaustively, and used historically for the human welfare. This enormous 
diversity of microbes serves as tiny cellular factories and has been used to 
generate “bio” energy, gas, fuel, and polymers and in waste management. 
However, to date majority of these microbes remain unexplored and thus 
remain unexploited for bioprospecting. Recent advancements in molecu-
lar biology techniques, next-generation high-throughput sequencing, and 
bioinformatics have aided to circumvent this caveat by providing insights 
in the genomes and biological process of these microbes. These recent 
developments in scientifi c research have advantages but also present the 
researchers with economic and computational challenges, but none the 
less it has led to tremendous discoveries compared to decades ago. In this 
review, we focus on the technological advancements and the recent studies 
using metagenomics and metatranscriptomics for exploration of “micro-
bial cell factories” – the storehouse of biological wealth.  

2.1        Introduction 

 Microbes are ubiquitous and found in diverse 
habitats and in a colossal diversity. Soil, sedi-
ments, and aquatic (marine) habitats are probably 
the most complex natural niches with respect to 
the microbial community size and species diver-
sity. The number of prokaryotes is estimated to 
be over 4−6 × 10 30 , exceeding, by various orders 
of magnitude, all plant and animal diversity 
(Woese  1987 ; Amann et al.  1995 ; Whitman et al. 
 1998 ; Curtis et al.  2002 ; Ward  2002 ; Schloss and 
Handelsman  2004 ). These tiny microorganisms 
represent the richest repertoire of molecular and 

        R.   Ranjan ,  Ph.D.      (*) •    A.   Rani ,  Ph.D.      (*) 
  Department of Medicine ,  University of Illinois , 
  Chicago ,  IL   60612 ,  USA   
 e-mail: ranjan.du@gmail.com; aasha511@gmail.com   

    R.   Kumar      
  Department of Botany, Hindu College , 
 University of Delhi ,   Delhi   110007 ,  India   
 e-mail: rajesh_bot@yahoo.com  

 2

 RR and AR have contributed equally, and considered 
as co-fi rst and co-contributing authors 

mailto:ranjan.du@gmail.com
mailto:aasha511@gmail.com
mailto:rajesh_bot@yahoo.com


8

chemical diversity and possess huge potential for 
bioprospecting (Madigan et al.  2010 ). These 
microbes have been used to generate bioenergy, 
biogas, biofuel (ethanol and diesel), biopolymers, 
biocatalysts, and antibiotics and in waste man-
agement (Kalia et al.  2003a ,  b ; Ni et al.  2007 ; 
Kalia and Purohit  2008 ; Gulder and Moore  2009 ; 
Kumar et al.  2009 ,  2013 ,  2014a ,  b ; Singh et al. 
 2009 ; Williams  2009 ; Weiland  2010 ; Kuhad et al. 
 2011 ; Patel et al.  2011 ,  2015 ; Soares et al.  2012 ; 
Vermelho et al.  2012 ; Patel and Kalia  2013 ; 
Singh et al.  2013 ; Kalia  2014 ; Koch et al.  2014 ; 
Latif et al.  2014 ; Ling et al.  2015 ). However, only 
a miniscule fraction (~1–5 %) can be readily cul-
tured using the routine laboratory culture tech-
niques – which is appropriately termed as the 
“great plate count anomaly” (Staley and Konopka 
 1985 ; Kellenberger  2001 ; Tanaka et al.  2014 ). 
This indicates that the majority (~95–99 %) of 
the microbes remain “unculturable” and thus 
unexploited for commercial applications and bio-
prospecting. With the advancement in culture- 
independent techniques (metagenomics and 
metatranscriptomics) and advent of high- 
throughput next-generation DNA sequencing, the 
limitation of culturing the microbes has been cir-
cumvented, and peeking in their genome is fea-
sible than before (Handelsman  2004 ; Streit and 
Schmitz  2004 ; Sharma et al.  2005 ; Warnecke and 
Hess  2009 ; Metzker  2010 ). 

 Over the past decade, these advances have 
yielded a massive amount of genomic, tran-
scriptomic, metagenomic, and metatranscrip-
tomic data of microbes and microbial 
communities. Analyzing the functional poten-
tial has become a common but a challenging 
task, and this has led to the generation of bioin-
formatics and computational, statistical, and 
analytical software packages to make sense of 
the huge genomic data (Meyer et al.  2008 ; 
Gilbert and Hughes  2011 ; Mitra et al.  2011 ; 
Kuczynski et al.  2012a ; Luo et al.  2013 ; Gifford 
et al.  2014 ; Ladoukakis et al.  2014 ; Nilakanta 
et al.  2014 ). These developments have widely 
transformed our capacity to investigate and 
exploit the “microbial cell factories” for bio-
technological applications.  

2.2     Sequencing the New 
Generation Way 

 Since the inception of chain termination-based 
DNA sequencing (Sanger et al.  1977 ), which was 
the major source of automated sequencing 
offered by Applied Biosystems (  www.applied-
biosystems.com/    ), there has been tremendous 
advancements in the sequencing techniques – 
“next generation” and development of “third gen-
eration” by various companies using different 
technologies (Schadt et al.  2010 ). Improvements 
in next-generation sequencing (NGS) technolo-
gies in the last decade have signifi cantly doubled 
the data output, reduced the cost per genome, and 
surpassed the analogous improvement in com-
puter technologies as predicted by Moore’s law 
(  www.genome.gov/sequencingcosts/    ). In recent 
years, the Illumina Inc. (  http://www.illumina.
com/index.html    ) has emerged as one of the lead-
ing manufactures of the NGS instruments. It 
acquired the Solexa’s Genome AnalyzerIIx, and 
its technology is based on “sequencing by syn-
thesis” (SBS), which uses fl uorescently labeled 
reversible-terminator dyes. It offers a wide vari-
ety of sequencers, ranging from its benchtop ver-
sions [MiSeq and NextSeq 500] for small 
research lab to commercial versions [HiSeq 
2500, 3000, and 5000, xFive, and xTen]. The 
company launched a multimillion dollar product, 
HiSeqX Ten, which would provide large-scale 
whole-genome sequencing for $1,000 per 
genome. Roche Diagnostics Corporation (  www.
roche.com/index.htm    ) is also one of the vendors 
for NGS instruments. It acquired the 454 Life 
Sciences, which uses the pyrosequencing tech-
nology, in which pyrophosphates are generated, 
while the DNA polymerase adds nucleotides to 
the template DNA (King and Scott-Horton  2008 ). 
Roche offers the GS Junior Plus (benchtop ver-
sion) and GS-FLX+ System. The Junior boasts 
up to 700-base read length, and the FLX+ boasts 
1,000-base read length. Life Technologies Inc. 
(  www.lifetechnologies.com/    ), which was 
acquired by Thermo Fisher Scientifi c, has two 
NGS platforms, SOLiD and Ion Torrent. The 
SOLiD was earlier owned by Applied Biosystems 
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and is based on the Sequencing by Oligonucleotide 
Ligation and Detection. Currently, the 5500xl 
SOLiD and 5500 SOLiD (benchtop version) are 
available. This advanced sequencers have enabled 
researchers to sequence more samples (genomic, 
metagenomic, and metatranscriptomic) in less 
time with high output. Many bacterial genomes 
and metagenomes have been sequenced using the 
NGS technologies, which are tabulated in Table 
 2.1 . One has to take into consideration factors 
like amount of data output, read length and num-
ber of reads, number of samples multiplexed in 
one sequencing run, sequencing time, and cost. 
These factors are important as it determines the 
sequencing depth and coverage for the samples. 
The more number of samples multiplexed in one 
sequencing run, the more savings on cost per 
sample, but it results in low number of reads or 
data per sample (Sims et al.  2014 ).

   Currently, there are few emerging companies 
with novel sequencing technologies offering the 
Third-Generation Sequencers (TGS). Oxford 
Nanopore Technologies Limited (  https://nano-
poretech.com/    ) is developing “strand sequenc-
ing” technology that passes intact DNA polymers 
through a protein nanopore, sequencing in real 
time as the DNA translocates through the pore 
(Branton et al.  2008 ; Metzker  2010 ; Guy et al. 
 2012 ; Benowitz  2014 ; Laszlo et al.  2014 ). It is 
expected to achieve long reads, low cost, and 
high speed with minimal sample preparation and 
instrumentation. One of the advantages of the 
nanopore technology is that it is designed to per-
form the direct analysis of RNA strands and 
direct, electronic analysis of proteins. Pacifi c 
Biosciences of California, Inc. (PacBio) (  http://
www.pacifi cbiosciences.com    ) is an emerging 
TGS venture, which projects a new method to 
sequence DNA cheaply and rapidly by watching 
an array of single DNA molecules being repli-
cated in real time, called as “SMRT” – for Single- 
Molecule sequencing in Real Time (Eid et al. 
 2009 ). Currently it offers the PacBio RS II sys-
tem, which is capable of extraordinarily long 
reads (depending upon starting library, half of the 
data are in reads more than 14,000 base pairs 
long with the longest reads over 40,000 base 
pairs), extremely high accuracy, and exquisite 

sensitivity. Helicos BioSciences Corporation 
platform was the fi rst DNA-sequencing instru-
ment to operate by imaging individual DNA mol-
ecules. Helicos technology is based on a “Virtual 
Terminator” technology. The reversible termina-
tors are tethered inhibitors and are effi ciently 
incorporated with high fi delity while preventing 
incorporation of additional nucleotides (Bowers 
et al.  2009 ). Complete Genomics (  http://www.
completegenomics.com    ) is offering a proprietary 
novel technology termed as “DNA nanoball or 
DNB” (Drmanac et al.  2010 ; Carnevali et al. 
 2011 ). This technology causes each long single 
molecule to consolidate, or ball up, into a small 
DNB particle. These DNBs are approximately 
200 nm in diameter, and a library contains mil-
lions of DNBs that together represent the com-
plete genome. Further, the Combinatorial 
Probe-Anchor Ligation (cPAL) chemistry 
attaches one of four possible fl uorescent-labeled 
probes to the DNB anchor, depending on the 
sequence. This allows the fl uorescence signals to 
be detected and read very effi ciently by the 
sequencer. While none of the emerging TGS 
technologies have been thoroughly applied and 
tested with metagenomics and metatranscrip-
tomics, nonetheless it offers promising alterna-
tives, even further cost reduction, higher data 
output, and reduced time for sequencing.  

2.3     Culture Dependent  vs  
Culture Independent 
(Metagenomics) 

 Pure culture of microbes and the single-cell 
genomics are powerful tools for exploring for 
microbes for their biotechnological potential. In 
culture-dependent methods, bacteria are isolated 
from environmental samples by growing them in 
growth medium and under optimal physiological 
conditions. While many efforts and advances 
have been made in microbiological culture tech-
niques, it is still challenging to culture a majority 
of bacterial species using the available laboratory 
culturing techniques (Staley and Konopka  1985 ; 
Stewart  2012 ; Tanaka et al.  2014 ). This limitation 
has severely impacted the limits for commercial 
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utilization of these microbes. The 16S ribosomal 
RNA (rRNA) gene is routinely used to explore 
the microbial diversity and determine evolution-
ary and phylogenetic relationships between 
microbes (Woese and Fox  1977 ; Pace et al.  1986 ; 
Woese  1987 ). The present census of the micro-
bial diversity, based on 16S rRNA genes of pure 
cultures and “unculturable” populations in envi-
ronmental samples, includes at least 52 phylum- 
level bacterial and 20 phylum-level archaeal 
phylogenetic lineages; however, majority of the 
environmental microbes are not available as pure 
culture (Rappe and Giovannoni  2003 ; Schloss 
and Handelsman  2004 ). Interestingly, the human 
gastrointestinal tract and other body parts also 
harbor various microbes (Koren et al.  2011 ; 
Human Microbiome Project  2012 ; Schommer 
and Gallo  2013 ; Kliman  2014 ; Rajilic-Stojanovic 
and de Vos  2014 ). This recent surge of research 
in molecular microbial ecology based on 16S 
rRNA provides a convincing evidence for the 
existence of many diverse lineages of bacterial 
phyla encompassing novel unculturable bacteria 
(Rani  2008 ). However, the 16S rRNA gene infor-
mation helps to access the microbial diversity, 
and it is limited to offer any genomic insights and 
functional potential of the microbe. 

 Metagenomics (also referred to as environ-
mental and community genomics) is the culture- 
independent genomic analysis of assemblage of 
microorganisms of any environmental sample 
(Handelsman et al.  1998 ; Handelsman  2004 ). 
Metagenome analyses are initiated by the isola-
tion of pure quality, high molecular weight envi-
ronmental DNA, or metagenomic DNA from the 
environmental sample without culturing the 
microbes. The DNA isolation protocol should be 
such that maximum cells are lysed to maximize 
the yield with minimal shearing of 
DNA. Precaution should be taken to avoid the 
degradation of released nucleic acids because of 
the ubiquitous presence of environmental nucle-
ases and also concomitant release of cellular 
nucleases during cell lysis. Simultaneously high 
molecular weight contaminants (humic acid and 
fulvic acid) also coprecipitate along with DNA, 
which hinder the downstream applications 
(Ranjan  2008 ). Many commercial DNA isolation 

kits are available from various manufacturers and 
have been compared to isolate DNA from differ-
ent environmental samples (Dineen et al.  2010 ; 
Mahmoudi et al.  2011 ; Claassen et al.  2013 ; 
Vishnivetskaya et al.  2014 ). To date there is no 
accepted universal method for DNA isolation of 
different environmental samples; however, the 
major emphasis of the DNA isolation should be 
an unbiased genomic representation of all the 
microbial species. The metagenomic DNA can 
be used to amplify the 16S rRNA and sequenced 
to access the microbial diversity – called as 
amplicon sequencing metagenomics. The 
metagenomic DNA can be cloned in various 
cloning vectors [such as plasmids, cosmids, fos-
mids, bacterial artifi cial chromosome (BAC) vec-
tors] and screened for functional genes, called as 
functional metagenomics, or can be sequenced 
using the next-generation sequencing, called as 
shotgun metagenomics (Fig.  2.1 ) (Ranjan et al. 
 2005 ; Ranjan  2008 ; Vester et al.  2015 ). Since the 
availability of the fi rst two human pathogenic 
bacterial genome sequences (Fleischmann et al. 
 1995 ; Fraser et al.  1995 ) and the fi rst two monu-
mental shotgun metagenome sequencing of the 
Sargasso Sea and acid mine drainage, the para-
digm in microbial genomics has been revolution-
ized (Tyson et al.  2004 ; Venter et al.  2004 ). In an 
effort to characterize the Earth microbial commu-
nities, The Earth Microbiome Project was 
formed. It includes collaborations among scien-
tists worldwide and proposes to analyze 200,000 
samples from various environmental communi-
ties using metagenomics, metatranscriptomics, 
and amplicon sequencing. This will help to gen-
erate a global Gene Atlas, environmental meta-
bolic models for each biome, and approximately 
500,000 reconstructed microbial genomes (  www.
earthmicrobiome.org/    ). To date there are more 
than 5000 bacterial genome sequences available 
and metagenomes sequenced from various envi-
ronmental samples (  www.ncbi.nlm.nih.gov/
genome/browse/    ,   http://metagenomics.anl.gov/    ).

   The next-generation sequencing (NGS) tech-
nology has enabled us to perform massive paral-
lel ultra-deep sequencing and transformed the 
landscape of microbial genomics through their 
ability to generate hundreds of megabases in a 
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single run. However, the use of these instruments 
requires the metagenomic DNA to be processed 
(called as library preparation) uniquely for differ-
ent sequencers, as these are based on different 
sequencing technologies. The library preparation 
involves random fragmentation of the metage-
nomic DNA, using Covaris instrument [which is 
based on Adaptive Focused Acoustics (AFA) 
technology] or the transposome-mediated frag-
mentation technique or nebulized or enzymati-
cally fragmented. The fragments are modifi ed 
with the ligation of an adapter or barcode 
(sequence of nucleotides) and amplifi ed. These 
double-stranded DNA are then denatured, and 
the nucleotide base composition on the single- 
stranded DNA molecules is detected by the 
sequencers. These procedures are dependent on 
the sequencing platform/instrument (Head et al. 
 2014 ). Additionally, the commercial DNA library 
prep kits (Illumina, Nextera XT DNA Sample 
Preparation Kit; Bioo Scientifi c Corporation, 
NEXTfl ex Rapid DNA-Seq Kit; and other similar 
kits) have eliminated the requirement of high 
amount of input DNA required for library prepa-
ration. Recently, Parkinson et al. described the 
process of preparation of DNA libraries from 20 

pg of DNA from  Escherichia coli  ( E. coli ) using 
a modifi ed transposome-mediated fragmentation 
technique (Parkinson et al.  2012 ).  

2.4     Metatranscriptomics: 
Getting to the Functionality 

 Next-generation high-throughput sequencing 
technologies have enabled researchers to directly 
explore the microbial processes at transcrip-
tional or the messenger RNA (mRNA) level, 
termed as “metatranscriptomics.” The process 
basically involves three steps: (1) isolating the 
high-quality total RNA directly from the envi-
ronmental sample and enriching for mRNA, (2) 
converting to cDNA, and (3) sequencing using 
NGS (Fig.  2.1 ). However, there are few options 
that a researcher can tailor based on their desired 
applications. The total RNA in a cell contains 
majority (~95–98 %) of ribosomal RNA (rRNA) 
and transfer RNA (tRNA), and the remaining 
(1–4 %) is mRNA. Since the mRNA has very 
short half-life and is prone to degradation, pre-
caution should be taken at the time of collection 
and storage, as this can alter the microbial tran-

  Fig. 2.1    Schematic overview of the metagenomic and metatranscriptomic approach to explore the “microbial cell 
factories”       
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scriptional profi le (Deutscher  2006 ). Commercial 
RNA  preservation and storage reagents 
[RNAlater (Life Technologies, Inc.), LifeGuard 
Soil Preservation Solution (MO Bio Laboratories 
Inc), etc.] should be added to alleviate the degra-
dation. Most of the RNA isolation from different 
environmental samples involves the bead beating 
or homogenization using glass or zirconium 
beads for effi cient lysis of microbial cells. Other 
methods involving microwave-based rupture, 
liquid nitrogen grinding, and enzymatic lysis 
have been shown to be less effi cient than those 
involving bead beating. However, till now, there 
has been no universal method for RNA extrac-
tion for different environmental samples (Wang 
et al.  2012 ; Carvalhais and Schenk  2013 ). 
Currently, there are few commercial RNA 
extraction kits like PowerSoil Total RNA 
Isolation Kit (MO Bio Laboratories, Inc.), 
FastRNA Pro Soil-Direct kit (MP Biomedicals), 
E.Z.N.A. Soil RNA kit (Omega Bio-Tek), etc. 
These kits boast of the high purity and yield. As 
there is only a tiny fraction of mRNA in the total 
RNA pool, it may be enriched by rRNA subtrac-
tive hybridization. The contaminating rRNA can 
be subtracted by using the MICROBExpress 
Bacterial mRNA Enrichment kit (Life 
Technologies Inc) and Ribo- Zero rRNA Removal 
Kit – Bacteria (Illumina, Inc.). Another alterna-
tive is an Exonuclease (5′-phosphate-dependent 
exonuclease) treatment of total RNA, which is 
based on the principle to degrade the bacterial 
rRNA as it possesses a 5′-monophosphate. In 
few instances, the total RNA can be subjected to 
subtractive hybridization followed by exonucle-
ase treatment, which results in highly enriched 
mRNA and maximal removal of the rRNA 
(Zoetendal et al.  2006 ; Mettel et al.  2010 ; 
Carvalhais and Schenk  2013 ). Once the enriched 
mRNA is obtained or the total RNA can be con-
verted to cDNA, it must be noted that in case if 
the mRNA or the RNA is low in concentration, it 
can be converted to cDNA and amplifi ed to 
increase the yield using multiple displacement 
amplifi cation [MDA] or multiple annealing and 
looping-based amplifi cation cycles [MALBAC] 
(Gilbert et al.  2008 ; Zong et al.  2012 ; de Bourcy 

et al.  2014 ; Motley et al.  2014 ). Recently, 
researchers have reported the method to prepare 
whole-transcriptome cDNA libraries from a 
minute (500 pg) amount of total RNA (Tariq 
et al.  2011 ). Similar steps as DNA libraries can 
then be followed to prepare cDNA libraries 
based on the NGS platform.  

2.5     Challenge: Generating 
to Analysis 

 The NGS data contains random microbial com-
munity DNA (metagenomics) and mRNA/RNA 
sequences (metatranscriptomics), and the ques-
tion is to know which microbes are present, 
understand what they are doing, and how can we 
use them for biotechnological applications. 
Regardless of the NGS platform used for 
sequencing, there are three basic steps involved 
for analysis: (1) trimming of poor quality of 
sequences based on Phred scores or the ASCII 
characters, (2) assembly of reads and binning, 
and (3) gene prediction, annotation, and data 
interpretation. Several labs have established bio-
informatic resources and computational and pro-
gramming (Linux based, Perl, R) capabilities can 
confi gure their own modules and tools for data 
analysis, canonically termed as “pipeline.” Many 
of the research labs have limited resources and 
are unable to develop their own data analysis 
tools. There are few online high-throughput pipe-
lines (MG-RAST server, EBI Metagenomics 
server) that a researcher can use to upload raw 
sequence data and obtain the phylogenetic, taxo-
nomic, and functional information (Meyer et al. 
 2008 ; Hunter et al.  2014 ). Commercial software 
such as CLC Genomics Workbench (Qiagen – 
CLC Genomics) is available as a complete pack-
age and has all the major software modules for 
performing the data analysis. The comparison of 
different pipelines and tools for metagenomic 
data analysis is reviewed by Wooley and Ye 
( 2009 ), Carvalhais et al. ( 2012 ), Thomas et al. 
( 2012 ), Luo et al. ( 2013 ), Ladoukakis et al. 
( 2014 ), and Nilakanta et al. ( 2014 ) and tabulated 
in Table  2.2 .
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2.6        Microbial Genomes, 
Metagenomics, 
and Metatranscriptomics 

 Many draft genomes, metagenomes, and meta-
transcriptome are now available because of these 
advancements and have enabled researchers to 
explore microbes at both the genomic and func-
tional levels.  Pseudomonas mediterranea  strain 
CFBP 5447T produces cyclic lipopeptides and 
medium-chain-length polyhydroxyalkanoates 
(PHA) from various carbon sources and is known 
to convert biodiesel-derived glycerol to 
PHA. Cyclic lipopeptides such as cormycin A 
and corpeptins are produced by this strain, with 
antimicrobial and biosurfactant activities. The 
genome sequence of this species will enable 
applications at industrial level with cost-effective 
strategies for bioprospecting (Licciardello et al. 
 2014 ; Solaiman et al.  2005 ).  Halomonas hydro-
thermalis  MTCC 5445, a halophilic, 
Gammaproteobacteria, can grow in high salt (5 
% NaCl) concentrations and produces polyhy-
droxybutyrate (PHB).  H. hydrothermalis  accu-
mulates PHB intracellularly (75 % of dry weight) 
and can utilize waste glycerol from biodiesel to 
produce PHB. It can ferment glucose, sucrose, 
maltose, fructose, and ribose sugars. The whole- 
genome sequence of this species will aid in the 
efforts of high industrial production of PHAs 
(Bharadwaj Sv et al.  2015 ). Due to high commer-
cial value of  Streptomyces , multiple genomes of 
this group have been completely sequenced, and 
numerous are ongoing. Streptomycetes produce 
antibiotics and bioactive and biological com-
pounds for industrial and biotechnological appli-
cations.  Streptomyces exfoliatus , DSMZ 41693, 
contains genes for poly-3-hydroxyoctanoate 
depolymerase, used for the synthesis of ( R )-3- 
hydroxyalkanoic acids. The genome sequence of 
this strain has revealed many genes for biosyn-
thesis of different metabolites including 
polyketides and terpenes.  S. exfoliatus  can 
degrade poly-3-hydroxyalkanoates, poly-3- 
hydroxybutyrate, and poly-3-hydroxyoctanoate. 
This strain is a potential novel producer of ( R )-3- 
hydroxyalkanoic acids and aids in degradation of 
bioplastics. The genes encoding for cellulases, 

amylases, xylanases, chitinases, proteases, 
lipases, and esterases have been detected in this 
strain. This strain can serve as a suitable candi-
date for bioremediation processes due to the 
presence of heavy-metal-resistance genes 
(Martinez et al.  2014 ).  Haloarcula hispanica  is a 
halophilic archaean, isolated from a solar saltern, 
and has been used for isolation of novel halovi-
ruses. The genome sequence of strain N601 can 
improve our understanding of the physiology, 
genome organization, and virus-host interactions 
within different species of the group. Many halo-
archaeal species ( Haloferax ,  Haloarcula , 
 Natrialba , and  Haloquadratum ) can synthesize 
short-chain-length PHAs (SCL-PHAs), a large 
family of biopolymers with desirable biodegrad-
ability, biocompatibility, and thermoplastic fea-
tures (Ding et al.  2014 ). Two PHA-producing 
strains of genus  Erythrobacter  are sequenced 
recently,  E. longus  strain DSM 6997 and  E. lito-
ralis  strain DSM 8509. They represent aerobic 
anoxygenic phototrophic bacteria (AAPB), and 
the draft genomes are available as type strain of 
 Erythrobacter  genus .  These strains are character-
ized as Gram-negative rods and have the ability 
to store PHA as a carbon source. Both the strains 
are slightly halophilic and can play a signifi cant 
role as potential industrial PHA producers (Wang 
et al.  2014 ). Genome sequence of  Bacillus cereus  
strain tsu1, isolated on an agar-cellulose plate, 
contains genes for cellulose degradation and bio-
synthesis pathways of PHB.  B. cereus  tsu1 can 
degrade cellulose and can produce valuable bio-
polymers. Genome sequence of this strain will 
provide signifi cant strategies for sustainable bio-
energy developments and reduced reliance on 
petroleum-based plastics (Li et al.  2014 ).  B. 
cereus  strain A1 is capable of hydrogen produc-
tion and utilizing starch and starch wastewater. 
Strain A1 is a facultative anaerobe isolated from 
anaerobic digestion reactor. This strain can 
hydrolyze starch and can ferment glucose into 
hydrogen, and end products are acetate and etha-
nol (Zhang et al.  2014 ).  Rhizobium lupini  strain 
HPC(L) was isolated from saline desert soil. This 
train HPC(L) belongs to Alphaproteobacteria 
class, Gram-negative soil-inhabiting organism, 
and can grow in minimal media supplemented 
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with CaCO 3  carbon source. Identifi cation of the 
PHB synthesis gene cluster supports the carbon- 
limiting stress under desert conditions (Agarwal 
and Purohit  2013 ).  Brevundimonas naejangsa-
nensis  strain B1 is a facultative anaerobic bacte-
rium, can ferment sugars, and is capable of 
high-effi ciency hydrogen production. The 
genome of this strain can provide insights into 
mechanisms of high-yield hydrogen production 
in this strain (Su et al.  2014 ).  Halanaerobium 
saccharolyticum  subsp.  saccharolyticum  strain 
DSM 6643T is a halophilic anaerobic fermenta-
tive bacterium capable of effi cient hydrogen pro-
duction (Kivisto et al.  2013 ).  Clostridium 
intestinale  strain URNW is a Gram-positive, 
mesophilic, anaerobic, spore-forming bacterium 
closely related to the butyrate-producing hydro-
gen producers, such as  C. intestinale ,  C. acetobu-
tylicum ,  C. perfringens ,  C. butyricum , and  C. 
beijerinckii . This strain is a potential candidate 
for the production of hydrogen or ethanol (Lal 
et al.  2013b ).  Caloramator celer  strain JW/
YL-NZ35 is a strictly anaerobic bacterium capa-
ble of producing hydrogen and ethanol and con-
verts sugars to H 2 , CO 2 , acetate, ethanol, and 
formate. This strain is able to produce hydrogen 
at high yields in a natural microbial community 
and in pure culture (Ciranna et al.  2013 ). 
 Clostridium pasteurianum  NRRL B-598 is a het-
erofermentative, rod-shaped bacterium with ver-
satile sugar-fermenting and proteolytic abilities 
with hydrogen and ethanol production (Kolek 
et al.  2014 ).  Clostridium perfringens  is a Gram- 
positive strict anaerobe that ferments a vast range 
of carbohydrates and produces acetate, butyrate, 
lactate, ethanol, hydrogen, and carbon dioxide of 
vast industrial applications. The genome 
sequence will help to identify genes that inhibit 
and promote hydrogen production in this species 
(Wong et al.  2014b ).  Sulfurospirillum  sp. strain 
MES was isolated from a metagenome of micro-
bial electrosynthesis system (MES) producing 
acetate and hydrogen. The reported genome pre-
dicts the potential of denitrifi cation in this spe-
cies. Phylogenetically  Sulfurospirillum  sp. strain 
MES is closely related to the cultured  S. cavolei  
strain Phe91 and uncultured/enrichment culture 
clones from wastewater-activated sludge and 

petroleum reservoirs (Ross et al.  2015 ). 
 Azotobacter vinelandii  mutant strain CA6 dis-
plays different characteristics compared to its 
originating wild-type parent strain, CA (such as 
altered molybdate uptake, slow growing, tung-
state tolerance, and production of hydrogen gas). 
The complete genome sequences of these strains 
may provide a genetic basis for these distinct 
mutant phenotypes (Noar and Bruno-Barcena 
 2013 ).  Clostridium  sp. strain Ade.TY is a new 
biohydrogen-producing species, accompanied by 
the production of acetate, butyrate, lactate, for-
mate, ethanol, and butanol of industrial applica-
tions. The genome sequence of this strain may 
provide insights for effi cient biohydrogen pro-
duction and gene interactions, if any, involved in 
the process (Wong et al.  2014c ).  Clostridium 
bifermentans  strain WYM is an effective biohy-
drogen producer, and its genome annotation may 
provide insights into the metabolic pathways 
involved in effi cient biohydrogen production. 
This strain ferments a wide range of carbohy-
drates, glucose, fructose, maltose, glycerol, and 
sorbitol, and produces acetate, lactate, ethanol, 
hydrogen, and carbon dioxide (Wong et al. 
 2014a ).  Clostridium pasteurianum  strain ATCC 
6013 is an anaerobic Gram-positive model organ-
ism for the study of nitrogen fi xation and clos-
tridial ferredoxins. This strain can ferment waste 
glycerol and produce biodiesel, bioethanol, and 
hydrogen gas. The genome sequence of this 
strain was generated using a modifi ed (hybrid) 
next-generation sequencing method (Pyne et al. 
 2014 ).  Clostridium termitidis  strain CT1112 is a 
cellulolytic bacterium that can utilize sugars and 
cellulose and can produce hydrogen, carbon 
dioxide, acetate, formate, lactate, and ethanol 
(Lal et al.  2013a ).  Thermoanaerobacterium aote-
aroense  SCUT27 is a thermophilic, strict anaer-
obe and can utilize xylan, dextran, glucose, 
cellobiose, xylose, mannose, galactose, and arab-
inose. This strain has been metabolically engi-
neered as a biocatalyst for the ethanol, hydrogen, 
and  L -lactic acid production (Ai et al.  2014 ). 
Recently, the NGS technology using SOLiD sys-
tem was applied to characterize the biogas- 
producing microbial community and explore the 
functional and taxonomical complexity from a 
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composite microbial consortium developing in a 
biogas fermenter. They identifi ed that both the 
microbiological diversity and the regulatory role 
of the hydrogen metabolism appear to be the 
driving forces optimizing biogas-producing 
microbial communities. They further suggested a 
biogas-producing consortium can be determined 
through the use of metagenomic approach, which 
can contribute to signifi cant progress in the effi -
cacy and economic improvement of biogas gen-
eration (Wirth et al.  2012 ). Similar studies were 
carried out to study methane-producing micro-
bial community in solid-state biogas reactor 
using the Roche/454 GS-FLX Titanium pyrose-
quencing platform. They identifi ed several novel 
microbes with varied functional capabilities, 
which affects the biogas reactor performance (Li 
et al.  2013 ). In another study, metagenomes of 
four parallel biogas reactors digesting fi sh waste 
and cow manure was studied, comparing the ini-
tial inoculum at day 0 with day 59. During the 
start phase it operated stably, and important 
Archaeal and Bacterial species degrading the 
protein-rich substrate were identifi ed, and in par-
ticular microbes involved syntrophic in methane 
production seemed to be important for the opera-
tion of the biogas plant (Solli et al.  2014 ). 
Recently, 12 uncultured bacterial near complete 
genomes with relative abundance as low as 0.06 
% were reconstructed from activated sludge 
metagenomic datasets, thus highlighting the 
power of metagenomics to discover novel micro-
organisms (Albertsen et al.  2013 ). 

 Metatranscriptomics has offered a new insight 
into how the microbial community (metage-
nome) responds to changes in environmental 
conditions at a functional level. One of the fi rst 
studies using a metatranscriptome approach of a 
biogas-producing microbial community from a 
production-scale biogas plant identifi ed 
Euryarchaeota and Firmicutes as dominant phyla 
(Zakrzewski et al.  2012 ). A metatranscriptomic 
study has identifi ed that  Micromonospora  species 
dominates the expression of lignocellulolytic 
enzymes in the thermophilic community, and this 

genus is a promising source of lignocellulolytic 
enzymes for industrial-scale production 
(Simmons et al.  2014 ). Metatranscriptomic anal-
ysis of  Alviniconcha  (genus of deepwater sea 
snails) symbionts revealed key differences among 
symbiont types and in the expression of genes 
relating to energy metabolism, hydrogen, and 
sulfur oxidation (Sanders et al.  2013 ). Metabolic 
pathways and cellulose-degrading enzymes, 
endo-β-1,4-glucosidase and β-1,4-glucosidase, 
were identifi ed by transcriptome analysis 
(Leonardo et al.  2011 ). Some studies have cou-
pled metagenomics and metatranscriptomics to 
complement “microbial cell factories’” abun-
dance to functions. Analyzing metatranscrip-
tomes of microbial cell factories for biofuel 
production is a powerful technique for discover-
ing potentially robust lignocellulolytic enzymes. 
Comparative metatranscriptomics have been pre-
viously performed on lignocellulose degradation 
with a focus on termite gut, soil microbiota, and 
lignocellulolytic enzymes (He et al.  2013 ). Using 
these approaches with metagenomic data, novel 
genes and genomes can be discovered for explo-
ration of “microbial cell factories.”  

2.7     Conclusion 

 The culture-independent techniques (metage-
nomics and metatranscriptomics) coupled with 
the advanced high-throughput sequencing tech-
nologies and data analysis have revolutionized 
the fi eld of microbiology. It has enabled research-
ers to explore the microbial genomes and biologi-
cal process and bioprospecting the “microbial 
cell factories” for biotechnological applications 
and human welfare.     
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