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Abstract Next-generation sequencing (NGS) provides
unprecedented insight into (meta)genomes, (meta)tran-
scriptomes (cDNA) and (meta)barcodes of individuals,
populations and communities of Archaea, Bacteria and
Eukarya, as well as viruses. This special issue combines
reviews and original papers reporting technical and scien-
tific advances in genomics and transcriptomics of non-
model species, as well as quantification and functional
analyses of biodiversity using NGS technologies of the
second and third generations. In addition, certain papers
also exemplify the transition from Sanger to NGS barcodes
in molecular taxonomy.
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and communities of Archaea, Bacteria and Eukarya, as
well as viruses. For over a decade, NGS techniques have
irreversibly changed the methods for DNA sequencing, as
well as the exchange and storage of the enormous quanti-
ties of resulting sequence data. This has opened avenues for
understanding life on Earth: especially concerning the ex-
ploration and description of the biodiversity and taxonomy
of organisms and viruses, their evolution and adaptation
under changing and challenging environments, as well as
their ecology in present and past ecosystems.

In the late 1970’s, the first generation of DNA sequencing
was born. The more used method being that working with
dideoxy chain-termination developed by Frederick Sanger
(Sanger et al. 1977). This manual technology was improved
until the beginning of the 2000’s, when the second generation
(now automatic) of DNA-sequencers (Solexa by Illumina,
pyrosequencing by 454/Roche and Solid by Life-Technolo-
gies) came into use (see the commentary by Graveley 2008;
and a comparison by Loman et al. 2012). More recently, other
automated DNA sequencers, such as MiSeq by [llumina, Ion
Torrent by Life Technology and Pacific Bioscience (PacBio)
machines, have appeared in the competitive NGS arena. No-
ticeably, PacBio uses single molecule real time sequencing by
synthesis. This technology belongs to the third generation of
DNA-sequencers and promises DNA-reads of 20 kbp or more,
with average read lengths of 5 kbp. Other technologies
(Heliscope single molecule sequencing by Helicos Bio-
sciences, DNA nanoball sequencing by Complete Genomics,
Nanopore by Oxford Nanopore Technologies...) have been
proposed and are under development.

NGS allows a massive production of DNA sequences
with a cost which has decreased by five orders of magni-
tude in one decade (Fig. 1). Today, the production cost of
DNA sequences has decreased faster than that of the
storage or computing, which makes their systematic
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Fig. 1 Decrease of DNA-sequencing costs over the past decade. Data
from 2001 through October 2007 represent the costs of generating
DNA sequence using Sanger-based chemistries and capillary-based
instruments (first generation sequencing platforms). Beginning in
January 2008, the data represent the costs of generating DNA
sequence using second-generation sequencing platforms. Cost calcu-
lation and updated excel table of the data are available at the National
Human Genome Research Institute (NHGRI) of USA (www.genome.
gov/sequencingcosts)

backup somewhat problematic and should stimulate the
development of new processes (including cloud comput-
ing) for the storage, exchange and analysis of NGS data
(Stein 2010; the commentary by Baker 2010). NGS tools
were rapidly adopted by researchers, and exponentially
propagated in scientific articles (Fig. 2). NGS development
is also observed in the public databases of the International
Nucleotide Sequence Database Collaboration (INSDC
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Fig. 2 Emergence of NGS tools in scientific production. Bibliometric
data were collected at Web of Science (http://thomsonreuters.com/
thomson-reuters-web-of-science/) using the topics Next-generation
sequencing or Illumina or 454 pyrosequencing (upper graph) and
PacBio or Ion Torrent or Miseq (lower graph) over the years
2000-2014. Note that this analysis underestimates the number of
retrieved papers, as only the items in the selected topics were counted
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http://www.insdc.org/) which comprises the DNA Data-
Bank of Japan (DDBJ http://www.ddbj.nig.ac.jp/), the
European Molecular Biology Laboratory (EMBL http://
www.embl.org/), and GenBank at National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/
genbank/). In addition to the standard submission of nu-
cleotide sequences, the abundance and format of the NGS-
derived sequences provoked the creation of additional
submission categories, such as whole genome shotgun
(WGS) projects, high throughput genomic (HTG) and
metagenomic projects. The number of the released base-
pairs (bp) and sequences belonging to these novel cate-
gories is growing more rapidly than that of standard sub-
missions (Fig. 3).

Massive production of NGS sequences is supported by
the private and public sequencing centers and local plat-
forms which constantly renew their DNA-sequencer fa-
cilities. Sequencing centers propose a large panel of NGS
technologies, with a dominant position of the Illumina
machines (Fig. 4). To fuel their increasing sequencing ca-
pacity, the sequencing centers have announced ambitious
projects. The Beijing Institute of Genomics (BGI; http://
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Fig. 3 Release of NGS sequences by public databases. The graphs
indicate the number of released base pairs (upper graph) and
sequences (lower graph) of the standard GenBank and WGS data over
the years 2000-2014. The data are available at http://www.ncbi.nlm.
nih.gov/genbank/statistics
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Fig. 4 Sequencing centers holding the different NGS machines in the
world. The figure indicates the number of sequencing centers with the
indicated NGS-machine types. There are 7,389 total machines listed
in the databases, situated in 1,027 centres. The data are available at
the site http://omicsmaps.com/stats

english.big.cas.cn) as one of the largest DNA-sequencing
centers, launched sequencing programs of several thousand
genomes and metagenomes (Normile 2012). Other centers,
such as the Joint Genome Institute (JGI; http://jgi.doe.gov/)
and France Génomique (https://www.france-genomique.
org/spip/) also developed their own research programs and
competitive calls. Aside from sequencing centers and
platforms, many laboratories can now afford to buy and use
bench sequencing machines, such as MiSeq, GS Junior and
Ton Torrent. Producing sequences is now becoming easier
(cost and time) than analyzing and publishing them.

Many highlighted works based on the analyses of
(meta)genomes, (meta)transcriptomes and (meta)barcodes
have explored and exemplified the strength of NGS in
biological and environmental sciences. The question arose
as to how to facilitate access to NGS for all community
members. A biennial symposium concerned with Envi-
ronmental Genomics was launched by a French national
network on Environmental Genomics. This network was
called “RTP Génomique Environnementale” between 2011
and 2013 and now is called “GDR3692 Génomique Envi-
ronnementale” . This meeting was held in Lyon (November
2011), Rennes (November 2013) and Montpellier (October
2015) and is accessible to scientists from all other coun-
tries. The Environmental Genomics symposium assembles
communities which share NGS approaches in the fields of
taxonomy, ecology, evolution, ecotoxicology and paleobi-
ology to provide a better comprehension of socio-eco-
logical systems. It constitutes a forum for updating NGS
tools and use, for presenting NGS-based advances, as well
as for stimulating interdisciplinary exchanges between the
different NGS-using communities.

This special issue reflects some aspects discussed at the
Environmental Genomics symposia. It combines reviews
and original papers reporting technical and scientific

advances in genomics and transcriptomics of non-model
species, as well as quantification and functional analysis of
biodiversity using second and third generations NGS
technologies. Certain papers also exemplify the transition
from Sanger to NGS barcodes in molecular taxonomy.

In the review entitled “Next Generation Sequencing for
characterizing biodiversity: Promises and challenges”,
Pompanon and Samadi (2015) discuss the advantages,
constraints and opportunities in the combination of bar-
coding NGS for the purposes of a deep, fine and quanti-
tative characterization of the taxons in environmental
samples.

RAD-seq is another approach which has been popular-
ized by NGS for analyzing population genomics in tax-
onomy, evolution and biodiversity studies. This reduced
representation genomics approach offers the possibility to
produce genome wide data from potentially any species,
without previous genomic information. In their review
entitled “Cost and robustness optimization for highly
multiplexed RADseq libraries”, Henri et al. (2015) dis-
cussed how to reduce experimentation RAD-seq costs by
multiplexing hundreds of specimens.

NGS allows the development of another approach in
reduced representation genomics: the high-density, gen-
ome-wide micro-arrays for the interrogation of genetic
variation. Gurgul et al. (2015) used the BovineSNP50
BeadChip which features thousands SNP probes, allowing
comparative genetic studies in cattle.

An emerging NGS-based approach concerns metatran-
scriptomics, which is especially developed for the func-
tional characterization of microbial communities. In a
review entitled “Technical challenges in metatranscrip-
tomic studies applied to the bacterial communities of
freshwater ecosystems”, Pascault et al. (2014) analyzed
and discussed in detail each of the transcriptomics steps
with regard to the choices and difficulties encountered and
to the recent literature.

The three next experimental papers by Bellanger et al.
(2015), Aznar-Cormano et al. (2015) and Robuchon et al.
(2014) illustrate the efforts of deep completion and ana-
lyses of barcodes using Sanger-sequencing. The collected
data will be helpful for proposing appropriate NGS-bar-
codes according to the recommendations of Pompanon and
Samadi (2015). These publications deal with taxonomy and
diversity analyses of the Basidiomycota Lyophyllaceae
(Bellanger et al. 2015), Caridean decapods (Aznar-Cor-
mano et al. 2015) and red seaweeds (Rhodophyta) of
Laminaria (Robuchon et al. 2014).

One of the strengths of NGS is to facilitate comparative
and functional genomics in non-model species. The fol-
lowing papers exemplifying three different approaches: de
novo transcriptome assembly of the blood-sucking bug
Triatoma brasiliensis by combining 454-Roche and
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Ilumina HiSeq use (Marchant et al. 2014), de novo gen-
ome assembly of the plant-pathogen bacterium Pectobac-
terium wasabiae by Illumina HiSeq sequencing of a long
distance mate-pair library and a short fragment paired-end
library (Khayi et al. 2014), and de novo genome assembly
of a soil bacterium Rhodococcus erythropolis using the
Pacific Biosciences (PacBio) DNA-sequencer belonging to
the third generation NGS (Kwasiborski et al. 2015).

NGS may be associated with other techniques for de-
veloping novel tools, such as single cell genomics. In in-
tegrative approaches, NGS may be also combined with
other high-throughput technologies, such a (meta)pro-
teomics, metabolomics and screening of functional traits in
organisms and holobionts for investigating the complexity
and dynamics of living cells and organisms. The NGS era
is now really taking off.
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