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Summary

Next-generation sequencing (NGS) technologies have reshaped genome
research. The resulting increase in sequencing depth and resolution has led to
an unprecedented level of genomic detail and thus an increasing awareness of
the complexity of animal, human and pathogen genomes. This has resulted in
new approaches to vaccine research. On the one hand, the increase in genome
complexity challenges our ability to study and understand pathogen biology and
pathogen–host interactions. On the other hand, the increase in genomic data
also provides key information for developing and designing improved vaccines
against pathogens that were previously extremely difficult to deal with, such as
rapidly mutating RNA viruses or bacteria that have complex interactions with the
host immune system. This review describes how the broad application of NGS
technologies to genome research is affecting vaccine research. It focuses on
implications for the field of viral genomics, and includes recent animal and human
studies.
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Introduction
Immunisation is one of the most effective and long-lasting
ways of preventing infectious diseases, as well as some
cancers associated with infection. In humans, vaccines
against diphtheria, tetanus, poliomyelitis, influenza, hepatitis
B, measles, mumps and rubella, as well as pneumococcal,
meningococcal and Haemophilus influenzae type B infections,
have reduced the incidence of these infectious diseases and
their associated mortality by more than 97–99% (1). In
animals, recent vaccines against viruses (e.g. foot and mouth
disease virus [FMDV], porcine reproductive and respiratory
syndrome virus, porcine circovirus, Newcastle disease
virus, avian influenza virus, rabies virus, canine parvovirus,
canine coronavirus) and bacterial infections (Yersinia ruckeri
in fish, Mycoplasma synoviae in poultry, Brucella abortus in
cattle) have significantly improved animal health, leading
to economic benefits (2). However, there are still many
infectious diseases for which no vaccine exists. A key
constraint in the development of vaccines to protect against
many prevalent human and animal pathogens is variability
in pathogen genomes across epidemics or even within a
single infection episode in a single host. There is also a lack
of understanding about how these microorganisms evolve
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to escape host immune responses and insufficient insight
into the characteristics of protective immunity.
Since 2005, the development of high-throughput
sequencing (so-called next-generation sequencing [NGS])
has led to a massive increase in the capacity to sequence
genomes at a relatively low cost and over a short time period
(3, 4). Current NGS technologies encompassing the wellestablished ‘second-generation’ sequencing technologies
such as the Illumina and 454 Roche platforms set a new
standard in sequencing (previously represented by ‘firstgeneration’ Sanger sequencing), and third-generation
technologies (such as PacBio RS from Pacific Biosciences
and MinIon from Oxford Nanopore Technologies) are
based on single molecule sequencing (5). The latter can be
used to sequence genome segments up to 30 kilobases (kb)
in length and thus provide an unprecedented capability to
analyse complex genomic rearrangements.
This review considers the current NGS applications relevant
to vaccine research and provides a brief critical analysis of
how these technologies are influencing current vaccine
research. It draws on examples from both human and
animal research and provides examples of the use of NGS in
genomics, transcriptomics and epigenetics.
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RNA viruses
Although RNA viruses are the most common pathogens of
humans and animals, no effective vaccines are available.
These viruses include high-profile epidemic pathogens,
such as human immunodeficiency virus 1 (HIV-1), hepatitis
C virus (HCV), vector-borne viruses (e.g. dengue virus) and
FMDV. In addition, emergent RNA viral pathogens are a
major concern. These are typified by swine flu (influenza
A H1N1), which arose via genetic recombination and then
crossed species barriers to become pandemic in 2009 (6).
A major change in the analysis of RNA viruses and other
rapidly mutating pathogens has been the application of
NGS as a deep-sequencing technology, which has allowed
the detection of ‘quasispecies’, i.e. a population of related
genomic variants co-evolving at the same time and within
the same host but at different relative frequencies, ranging
from the very common to the very rare (e.g. 1 in 10 million)
(7). NGS provides a suitable method of analysing viruses
with rapid evolutionary rates, but the large amount of
data generated means that there is also a need for complex
bioinformatics analyses (8).

Bacteria
For several bacterial pathogens of both humans and
animals, no vaccine is yet available. Current therapies have
limited success rates, along with a risk of developing drug
resistance. NGS is rapidly replacing older technologies that
focused on specific regions of complex bacteria genomes
(such as variable-number tandem repeat or multi-locus
variable-number tandem repeat analysis, multi-locus
sequencing and single nucleotide polymorphism [SNP]
analysis) and cannot detect new mutations in new clades.
NGS technologies can be used to sequence complete
bacterial genomes across a large number of samples and
with limited cost. Hence, for the first time, it has become
possible to investigate the heterogeneity and complexity of
bacterial genomes on a large scale. NGS can also be used for
deep sequencing to detect rare variants of bacterial genomes
that may represent intermediate forms in the evolution of
drug resistance (see [9] for a recent review). For instance,
NGS has been used to sequence bacterial genomes from a
number of highly virulent human and animal pathogens,
such as Brucella spp., which are classified as category B
potential biological warfare agents (10).

Reverse vaccinology
In less than a century, vaccines developed using
Pasteur’s original rules of ‘isolate, inactivate and inject
the microorganism’ have eliminated some of the most
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devastating infectious diseases. Most existing vaccines were
developed using conventional methods, i.e. by attenuation
of the pathogen via serial passage in vitro to generate
live attenuated strains which retain immunogenicity but
are no longer pathogenic (such as the case for the most
successful vaccine against smallpox) or by identifying
protective single antigens for use in non-living subunit
vaccines (11, 12). In the latter case, time-consuming
and costly biochemical methods have traditionally been
used to purify antigenic factors from organisms grown
in culture, resulting in immunogenicity testing of only a
few antigens, and limited consideration of the available
evidence for naturally occurring protection against these
antigens (13).
Reverse vaccinology is a more recent research discipline
that uses pathogen genome analysis to identify or predict
antigenic domains exposed on the pathogen’s surface, and
tests these experimentally (Fig. 1). Despite its relatively
limited use, reverse vaccinology allows immunogenic
regions to be identified from coding sequences of any
pathogen, including those that cannot be cultured in vitro
(14). The advent of new technologies has enabled vaccine
research to move forward and develop vaccines against
pathogens for which previous methods have failed.
A breakthrough in this field was the high-throughput
sequencing of whole bacterial genomes, which has opened
a new avenue into discovering highly complex genomic
rearrangements and thus improved our understanding of
bacterial evolution. One of the most successful applications
was the whole-genome sequencing of H. influenzae (15).
These data allowed researchers to move beyond Pasteur’s
approach to develop a more precise methodology involving
the analysis of pathogen genomes to critically inform
vaccine design. Genome-wide sequencing has been used
to detect potential antigenic sites in serogroup B Neisseria
meningitides (16), which is responsible for 50% of cases
of meningococcal sepsis and meningitis worldwide This
bacterium had been refractory to vaccine development
because its capsular polysaccharide (polysialic acid) is
non-immunogenic: it is expressed by a number of human
tissues and, hence, can be considered a self-antigen to
which the human immune system is tolerant. Using the
reverse vaccinology approach, 600 putative antigens were
discovered, of which 29 were shown to induce antibodies
that kill the bacterium in vitro via complement-mediated
mechanisms. Following this seminal application, many
other pathogens for which previous technology has failed
are currently being targeted with the reverse vaccinology
approach, such as the group A Streptococcus, Streptococcus
pyogenes, Staphylococcus aureus, Streptococcus pneumoniae
and Chlamydia pneumoniae (17).
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Schematic diagram showing vaccine development using reverse vaccinology

Current applications
of high-throughput sequencing
technologies
There are three main benefits of high-throughput sequencing
technologies: deep sequencing of mixed populations of
DNA or RNA genomes is now possible; a large volume of
data is generated; and their versatility allows the rapid,
direct measurement of whole genomes and transcriptomes
under a variety of sample conditions. Today, the major
applications of NGS are genome sequencing, transcriptome
analysis (i.e. RNA-Seq), DNA–protein binding analysis
(i.e. chromatin immunoprecipitation [CHIP]-Seq) and
analysis of histone modification (NGS-methylation; for
a comprehensive review, see [4]). Recent developments
mean that these analyses can now be performed in single
cells, thus providing further insight into the heterogeneous
complexity of biological systems (18).
For vaccine research, the most obvious application of NGS
is the analysis of pathogen genomes (19). In the ‘-omics’
era, a new systems biology approach is influencing vaccine
research; hence, high-throughput sequencing now forms
an integral component of research into host–pathogen
interactions (Fig. 2; adapted from [20]). Several studies

have used NGS to analyse the genomes and transcriptomes
of both host and pathogen (21, 22). This technology has
also been used to investigate diversity in host immune
responses, e.g. of T and B cells (23, 24, 25).

Next-generation sequencing
and genomics
Deep sequencing the genomes
of infectious agents
A key advantage of NGS is its ability to detect low‑frequency
genomic variants (26), which is important for both genetic
and infectious diseases research (27). NGS analyses have
also revealed complex genomic alterations: somatic
gene rearrangements in host tissues or cells are far more
common than expected; and far more variation between
individuals is caused by copy number variations than by
the vast number of recognised SNPs (28). Research into
the virology of human diseases has pioneered the deep
sequencing approach by combining the small genome size
and fast evolution of viruses with rapid developments in
NGS technology. This has led to important developments
in data analysis, algorithms and pipelines, in addition
to significantly improving our understanding of viral
pathogens.
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Fig. 2
Overview of the current applications of next-generation sequencing in molecular, cellular and population biology that are
revolutionising biomedical research, including vaccine research

Applications to human pathogens
The application of deep sequencing of human pathogens
includes the comprehensive characterisation of within-host
HCV evolution during the early acute phase of infection
(29) and investigations into the evolution of viral escape
dynamics (30). In these examples, deep sequencing of
HCV genomes identified the transmitted (or founder) virus
that successfully established the primary HCV infection.
Bioinformatics prediction tools were used to identify the viral
epitopes presented on MHC class I molecules. There was
evidence of strong cytotoxic T-cell responses to target these
epitopes during the first few weeks of infection. However,
these epitopes were subsequently found to be mutated at a
very high frequency during the chronic phase of infection,
thus contributing to immune escape. The transmitted
virus has also been targeted in HIV research, with the
goal of identifying early phenotypes of HIV infections for
preventative vaccination (31). However, a major hurdle
to overcome in the design of T-cell-based vaccines against

rapidly mutating viruses is the rapid evolution of escape
variants from the MHC-I antigen used in the vaccine.

Applications in veterinary
medicine
Next-generation sequencing technologies are now being used
in veterinary medicine to study genomes, transcriptomes
and host–pathogen interactions, with a particular focus
on disease control and management (see [3] for a review).
More recently, with the reduction in cost and technological
improvements, deep sequencing approaches have been used
on a larger scale in molecular epidemiology for the analysis
of large sample sets and in the forensic tracing of viral
transmission pathways (16). For instance, NGS-mediated
deep sequencing of FMDV has revealed important factors
driving disease transmission and genetic bottlenecks both
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within and between hosts (32). Another example is the use
of NGS to trace the evolution of a low-pathogenicity strain
of avian influenza virus (33). In this study, epidemiological
information, whole-genome sequence data and deep NGS
were combined to characterise the evolution of highly
pathogenic strains of avian influenza in a large outbreak in
northern Italy. The most virulent strains had evolved from
low-pathogenicity variants.
Deep sequencing has also been used to compare the
molecular characteristics of circulating viral genomes and
follow their evolution from strains used in live attenuated
vaccines. For example, in 21 swine herds from Ontario,
Canada, with clinical problems due to respiratory disease,
deep sequencing confirmed the identity and origin of the
circulating influenza viral strains. This study revealed a large,
heterogeneous population of circulating H3N2 influenza
viruses: evidence for the reassortment of gene segments
derived from strains used in live attenuated vaccines led
to the identification of three distinct genetic groups (34).
NGS has also been used to identify the genetic relationship
between several vaccines against circulating strains of
classic swine fever (35). The recent use of NGS to identify
viral pathogens in clinical and environmental samples led
to the discovery of many new, uncharacterised viruses from
a number of viral families. For instance, the use of a single
unbiased protocol for rapidly sequencing multiple RNA
virus genomes from bovine virus stock isolates revealed the
simultaneous presence of pestivirus and coronavirus (36).
This approach is likely to provide new insight into viral
co-infection, evolution and genomic stability, and may aid
vaccine design.
Finally, NGS has also been used in vaccine production to
test the biosafety of vaccines. For example, NGS analysis
of fluids and embryos from specific-pathogen-free eggs has
been used to screen for encapsidated viral genomes and
viral transcripts, respectively (37).

Towards complex genomic
rearrangements
Before the advent of NGS in viral genomics, the canonical
method of investigating viral genomes was analysis of
the most common variant within the population and
identification of its most common mutations, including
the fixation of single nucleotide changes (38). An
important finding of high-throughput NGS was the
discovery of complex genomic rearrangements within
relatively small genomes, such as those of viruses. For
example, the NGS technologies have led to the discovery
of novel structural mutations (such as large deletions and
insertions) in the human genome (39), as well as complex

57

recombinant variants in viral genomes. For instance, NGS
recently detected chimeric genomes in single-stranded
DNA viruses (40). A metagenomics approach revealed
that horizontal gene transfer can lead to the formation
of novel DNA virus groups with traits similar to those
of single-stranded RNA viruses. Another example is the
study of arenaviruses, which comprise one of the largest
families of human haemorrhagic fever viruses, and are
also known to infect both mammals and snakes. In a
recent animal study, NGS analysis identified multiple
infections and a high level of viral recombination within
captive arenavirus-infected snakes, with most snakes
being infected with up to four distinct S and 11 distinct
L segment genotypes (41). Similarly, sequencing the large
genomes of many pathogens, including DNA viruses,
bacteria and parasites, has led to the identification of
new pathogens via ‘metagenomics’ (42). In a remarkable
example, whole-genome analysis of a comprehensive
sample set revealed that a catastrophic event – termed
‘chromothripsis’ – had occurred in at least 2–3% of
human cancers, leading to tens to hundreds of somatic
genomic rearrangements, with many genomic segments
derived from distinct chromosomes reassembled in a
random order to form a derivative chromosome (43).
The genomic stability of viral vaccine strains is increasingly
becoming a hot topic in veterinary vaccine research and
design. NGS technologies are being increasingly used as
powerful tools to simultaneously identify and compare
multiple virus strains carrying structural variations in their
genomes. Understanding how the genomes of circulating
virus strains evolve and differ from those of the original
viral vaccine strains may have important consequences for
downstream diagnostics, vaccine potency and the outcome
of eradication programmes. One example was the discovery
of interspecies recombination between co-circulating
Australian-origin and European-origin herpesviruses by
whole-genome NGS, which indicated that emergent highly
virulent strains are recombinant variants of circulating
vaccine strains (44).
The unprecedented power to detect complex genomic
rearrangements in both small viral genomes and large
bacterial genomes is particularly important for vaccine
design. In addition to single nucleotide mutations that
may impair a specific stage of immune recognition
(e.g. T-cell recognition), more complex recombination
events such as horizontal gene transfer can result in the loss
of entire genomic segments, resulting in almost complete
failure of a potential vaccine. The first breakthrough in
the application of NGS to reverse vaccinology was wholegenome sequencing of pathogens and their hosts within a
time frame of hours to days at a moderate cost.
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Next-generation sequencing
and transcriptomics
Owing to its versatility and efficiency, RNA-Seq is rapidly
becoming the gold standard technology for gathering
comprehensive transcriptional information (21). RNA-Seq
can detect 25% more transcripts compared with microarrays
(45) and can be used in both animals and human cell
samples (21) and for obtaining the transcriptome of largegenome pathogens. For example, in human Cytomegalovirus,
four previously unrecognised protein-coding regions were
identified. In addition, large RNA-splicing events involving
229 potential donor and 132 acceptor sites (affecting
58 protein-coding genes) were identified during virion
production (46). RNA-Seq can also be used to investigate
whether differences in immune responses to a pathogen or
candidate vaccine result from alterations in the expression
of coding genes or whether these responses are regulated by
non-coding portions of the genome. NGS has been used to
characterise temporal changes in both host and pathogen
gene expression during infection (see [19] for a review).
Other NGS studies have focused on non-coding RNAs, for
example, microRNAs (miRNAs). MiRNAs constitute a large
family of small non-coding RNAs that post-transcriptionally
regulate mRNAs and thus influence gene expression
programmes and thereby fundamental cellular processes.
There is growing evidence that these molecules are relevant
to human disease (47).

Next-generation sequencing
and epigenetic modifications
‘Epigenetics’ is the study of heritable chemical changes to
DNA and histone molecules, notably DNA methylation and
histone deacetylation. These changes are reported to alter
gene expression profiles or cellular phenotypes in many
human and animal models (48). Epigenetic mechanisms
can target both host and viral genomes, and hence may
have important effects on the response to viral vaccines.
High-throughput DNA sequencing technologies can now
be adapted to allow genome-scale mapping of methylation
sites. Publication of the first whole-genome ‘methylome’
of human cells in 2009 revealed that 4–6% of cytosine
sites were methylated (49). A major current challenge is to
delineate the extent of epigenetic modifications and their
importance in infectious diseases and cancer.
Chromatin immunoprecipitation (ChIP) technologies
were first developed to study DNA–protein binding sites
(50). ChIP-Seq has been combined with NGS to study
how transcription factors and other chromatin-associated
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proteins, such as polymerases, interact with DNA to regulate
gene expression. These combined technologies have already
revealed that a substantial number of transcription factors
are involved in B- and T-cell immune responses (51). In
the foreseeable future, it is likely that these technologies
will help to achieve a comprehensive understanding of the
DNA-binding profiles and epigenetic modification patterns
associated with immune responses to both pathogens and
vaccines.

Limitations of current highthroughput technologies
For NGS, genomic material must first be obtained from
a target pathogen sample. In heterogeneous community
samples (i.e. metagenomes), the choice of DNA extraction
method can significantly affect the likelihood of detecting an
individual member (species or subspecies) of the community
(52, 53). Fortunately, this is likely to be less problematic
for deep sequencing of single species populations, which
generally consist of closely related individuals that have
similar properties with respect to cell lysis and recovery
of genomic material. However, particularly for viruses
with low titres or low sample amounts, the nucleic acid
yield may be insufficient and polymerase chain reaction
(PCR) amplification may be required prior to sequencing.
For whole-virus sequencing, it may be necessary to
amplify overlapping fragments along the entire length of
the genome prior to random shearing and the ligation of
sequencing adapters (54, 55). For RNA viruses such as
HCV and HIV, reverse transcription PCR may be necessary
(54, 56). Alternatively, reverse transcription of viral RNA
may be performed as a separate procedure before regular
PCR amplification (57). If whole-genome sequencing is not
required, then smaller target regions can be amplified either
directly or using multiple, ‘nested’ rounds of PCR. Hybrid
primers with integrated sequencing adapters are often used
for the final round (i.e. ‘amplicon sequencing’) (58).

Sequence-independent RNA
virus analysis
For RNA viruses, there has been a significant reduction
in the technical bias caused by PCR amplification, which
is known to alter the relative frequency of quasispecies
components and generate PCR-related chimera. It may
be better to use sequence-independent methods for
sequencing viral genomes because they do not rely on viral
genome sequence knowledge. Several papers have now
reported sequence-independent methods of detecting RNA
viral genomes, for example recent reports of the complete
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Ebola virus, HIV and dengue virus genome sequences (59,
60). These studies used viral RNA obtained from random
amplification strategies, such as random hexamers, instead
of using the classic amplicon-based approach to target virusspecific sequences. There was thus a significant reduction
in selection bias for viral genomes and also in the choice of
conserved genomic regions used for primer design.

Bioinformatics
Key challenges of NGS technology are bioinformatics and
statistical analyses of the resultant large error-prone datasets
to ensure high-quality analysis and data interpretation.
Notably, the application of NGS to study genome diversity
and structure can be significantly hampered by current
methods of sample preparation. For example, the process
used for RNA viruses often involves reverse transcription
and PCR amplification, both of which can introduce point
mutations and recombination events that change the output
sequence. This is particularly important when studying
RNA virus populations, which are highly diverse. It is
therefore essential to distinguish low-frequency variants
from technical errors (38, 61).
It is necessary to use quantitative methods to achieve a
complete analysis of NGS data. There are still a number of
limitations to NGS applications, such as the relatively short
read length and very high error rate, which can compromise
sequencing quality and thus the range of potential
applications. For instance, reconstruction of sequence
haplotypes of kilobases in length from short-read NGS data
is challenging (62). Rapid advances in new technologies
(e.g. Pacific Bioscience SMRT sequencing) are enabling
longer read lengths, which makes it possible to sequence
genome haplotypes up to 30 kb in length (30 times the
length of standard Sanger sequencing). Analysis of entire
RNA virus genomes within a single read is now possible,
thus enabling the co-evolving multiple mutations to be
investigated within the same variant. This could provide an
unprecedented ability to identify the mutations responsible
for multidrug resistance. However, for large DNA viruses
and bacteria, the current read length is still short compared
with the genome length (Mb). Furthermore, analysis
of these genomes requires sophisticated bioinformatics
approaches, which are becoming an increasingly important
part of modern vaccinology.

Future directions
Approaches to vaccine development are now taking full
advantage of the explosion of high-throughput techniques
(63) by utilising genomics, transcriptomics and proteomics
(collectively termed ‘omics’) (18, 20, 51), as well as
computational and statistical analyses of high-throughput

data. High-throughput sequencing is thus rapidly becoming
a core technology in ‘vaccinomics’ (13, 64), a systems
biology approach to vaccine research. The ultimate goal
of vaccinomics is to delineate the cellular and molecular
pathways involved in the protective immune responses
induced by pathogens, and to recapitulate (and potentially
enhance) these responses via vaccination utilising genetic
signatures with predicted immunogenicity and safety and,
hence, efficacy. Since 2008, when the first whole human
genome sequence was completed (18), thousands of human
genomes have been sequenced. More will become available
with the further development of technologies which allow
the sequencing of a whole genome within a single day and
at an affordable cost. It is therefore likely that the low cost of
these technologies will translate to the possibility of largescale animal genome sequencing, hence raising animal
vaccine research to the level of human vaccine research.

Next-generation sequencing can
improve current vaccine design
Several difficulties are associated with current vaccines that
target rapidly mutating viruses, such as influenza: antigenic
change is fast and vaccines are often outpaced within
a year. The current protocol has several limitations; for
example, the decision about which strains to target is based
on a limited set of strains and does not take within-host
diversification into account (65). In fact, it remains unclear
whether prolonged infections in immunocompromised
individuals contribute to viral evolution and, hence,
the generation of new strains (66). Deep NGS may also
reveal the evolutionary dynamics within a single host
and significantly contribute to our understanding of the
epidemiological evolution of pathogens. In addition,
inactivated vaccines provide only partial immunity and lack
cross-protection, especially against emerging variants that
have dramatically altered antigenic domains. The technical
limitations of current NGS approaches could prevent their
successful application in vaccine design by reducing the
accuracy of measurements and the reliability of results.
Nevertheless, ongoing developments in this field are slowly
but convincingly establishing a high-quality standard and
more accurate experimental design. For example, it is now
possible to reliably obtain the genomic, transcriptomic and
proteomic profiles of a single cell (17, 67).

Vaccines that induce a broader
immune response
Most current vaccines aim to generate a neutralising
antibody response against the pathogen. This response,
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however, is only one of several closely interconnected,
protective arms of the host immune system. The major
reasons for using such a focused approach are that the
neutralising antibody response is relatively easy to induce
and downstream immunoprotective events may also involve
T-cell immunity. Characteristics of the vaccine, however,
may hinder broad stimulation of the immune system
because pathogen-derived antigens may be highly specific
and non-immunogenic, or synthetic antigens may not
represent life-cycle stages of the pathogen. T-cell responses
require specific antigen processing and presentation within
both infected cells and antigen-presenting cells (via crosspresentation). These mechanisms are tightly regulated by
costimulatory signalling pathways driven by early innate
responses.
High-throughput genomics can help to generate antigens
that can be used together to stimulate a broader immune
response than can be induced by a live attenuated vaccine. For
instance, a cocktail of multiple antigens could be engineered
to directly target T cells. An example of this approach is the
HIV mosaic vaccine, which was recently trialled for safety
in humans. This vaccine was based on bioinformatics-

based antigen prediction from HIV sequencing data (68).
In the future, genomic and bioinformatics tools will be
increasingly applied to identify T- and B-cell epitopes that
can be used in vaccine development (69, 70).

Genomics and cancer vaccines
Sequencing large genomes is becoming more feasible,
which is rapidly increasing research into anti-cancer
vaccines. One example is the recent discovery that a facial
tumour of the Tasmanian devil is caused by a transmissible
disease. This discovery resulted from accurate annotation of
the Tasmanian devil genome using NGS and a sophisticated
comparative genomics analysis. This novel approach has
opened new avenues into the development of vaccines to
prevent this disease (71).

Le séquençage à haut débit et la conception des vaccins
F. Luciani
Résumé
Les technologies de séquençage de nouvelle génération (SNG) ont donné une
impulsion nouvelle à la recherche sur le génome. Le niveau accru de profondeur
et de résolution de séquençage qui en résulte se traduit par une précision
génomique inégalée, ce qui à son tour donne lieu à une meilleure perception de la
complexité des génomes animaux et humains et de ceux des agents pathogènes.
Cela a également ouvert de nouvelles perspectives à la recherche sur les
vaccins. D’une part, la complexité accrue du génome nous invite à étudier et à
mieux comprendre la biologie des agents pathogènes et les interactions entre
ceux-ci et leurs hôtes. D’autre part, les données de plus en plus nombreuses
sur le génome permettent d’obtenir des informations cruciales pour mettre au
point et concevoir de meilleurs vaccins contre certains agents pathogènes
précédemment difficiles à traiter, par exemple les bactéries ou les virus à ARN
soumis à des mutations rapides et présentant des interactions complexes avec
le système immunitaire de l’hôte. Cette synthèse décrit l’impact des nombreuses
applications des technologies de séquençage de nouvelle génération sur la
recherche sur les vaccins, en particulier les conséquences dans le domaine de
la génomique virale et les travaux récents de virologie humaine et vétérinaire.
Mots-clés
Évolution des virus – Génome viral – Mise au point de vaccins – Quasi-espèce – Réponse
immune – Séquençage de nouvelle génération.
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Secuenciación de alto rendimiento y concepción de vacunas
F. Luciani
Resumen
Las técnicas de secuenciación de próxima generación han transformado la
investigación sobre el genoma. El incremento de la profundidad y la resolución de
la secuenciación que estas técnicas han hecho posible ha servido para conocer
el genoma con un nivel de detalle sin precedentes y para tomar cada vez más
conciencia de la complejidad que reviste el genoma de animales, seres humanos
y patógenos. Ello, a su vez, ha traído consigo nuevos métodos de investigación
en materia de vacunas. Por un lado, la creciente complejidad que observamos en
el genoma pone a prueba nuestra capacidad para estudiar y entender la biología
de los patógenos y las interacciones entre patógeno y anfitrión. Por otro lado,
del creciente volumen de datos genómicos podemos extraer información básica
para concebir y obtener vacunas más eficaces contra patógenos que hasta
ahora eran muy difíciles de combatir, como virus ARN o bacterias que mutan con
gran rapidez e interaccionan de forma compleja con el sistema inmunitario del
anfitrión. El autor explica cómo está influyendo en la investigación sobre vacunas
el uso generalizado de técnicas de secuenciación de próxima generación para
estudiar e investigar el genoma, centrándose especialmente en las repercusiones
que de ahí se siguen en el ámbito de la genómica vírica y refiriéndose a una serie
de recientes estudios realizados en animales y personas.
Palabras clave
Concepción de vacunas – Cuasiespecie – Evolución vírica – Genoma vírico – Respuesta
inmunitaria – Secuenciación de próxima generación.
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