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changing, in fact all influenza virus-
es undergo genetic changes over
time (for more information, see How
the Flu Virus Can Change: “Drift” and
“Shift”). An influenza virus' genome
consists of all genes that make up
the virus.Genome sequencing reveals
the sequence of the nucleotides in a
gene, like alphabet letters in words.
Nucleotides are organic molecules
that form the structural unit building
block of nucleic acids, such as RNA or
DNA. All influenza viruses consist of
single-stranded RNA as opposed to
dual-stranded DNA. The RNA genes
of influenza viruses are made up of
chains of nucleotides that are bonded
together and coded by the letters A,
C, G and U, which stand for adenine,
cytosine, guanine, and uracil, respec-
tively. Comparing the composition
of nucleotides in one virus gene with
the order of nucleotides in a different
virus gene can reveal variations be-
tween the two viruses. Genetic varia-
tions are important because they can
affect the structure of an influenza
virus' surface proteins. Proteins are
made of sequences of amino acids.
The substitution of one amino acid for
another can affect properties of a vi-
rus, such as how well a virus transmits
between people, and how susceptible
the virus is to antiviral drugs or cur-
rent vaccines.

Influenza A and B viruses — the prima-
ry influenza viruses that infect peo-
ple — are RNA viruses that have eight
gene segments. These genes contain
‘instructions’ for making new viruses,
and it's these instructions that an in-
fluenza virus uses once it infects a hu-
man cell to trick the cell into produc-
ing more influenza viruses, thereby
spreading infection.Influenza genes
consist of a sequence of molecules
called nucleotides that bond togeth-
er in a chain-like shape. Nucleotides
are designated by the letters A, C, G
and U.Genome sequencing is a pro-
cess that determines the order, or se-
quence, of the nucleotides (i.e., A, C,
G and U) in each of the genes present
in the virus’s genome. Full genome
sequencing can reveal the approxi-
mately 13,500-letter sequence of all
the genes of the virus’ genome.Each
year CDC performs whole genome
sequencing on about 7,000 influenza
viruses from original clinical samples
collected through virologic surveil-
lance. An influenza A or B virus' ge-
nome contains eight gene segments
that encode (i.e., determine the
structure and features of) the virus’
12 proteins, including its two primary
surface proteins: hemagglutinin (HA)
and neuraminidase (NA). An influen-
za virus' surface proteins determine
important properties of the virus,
including how the virus responds to
certain antiviral drugs, the virus’ ge-
netic similarity to current influenza
vaccine viruses, and the potential for
zoonotic (animal origin) influenza vi-
ruses to infect human hosts.
*Genetic Characterization:

CDC and other public health labora-
tories around the world have been
sequencing the genes of influenza vi-
ruses since the 1980s. CDC contributes
gene sequences to public databases:
+To determine how closely “related” or
similar flu viruses are to one another
genetically.

«To monitor how flu viruses are evolving
*To identify genetic changes that af-
fect the virus' properties. For exam-
ple, to identify the specific changes
that are associated with influenza vi-
ruses spreading more easily, causing
more-severe disease, or developing
resistance to antiviral drugs.

*To assess how well an influenza flu
vaccine might protect against a partic-
ular influenza virus based on its genetic
similarity to the virus.

*To monitor for genetic changes in
influenza viruses circulating in animal
populations that could enable them to
infect humans. The relative differenc-
es among a group of influenza virus-
es are shown by organizing them into
a graphic called a ‘phylogenetic tree.’
Phylogenetic trees for influenza virus-
es are like family (genealogy) trees for
people. These trees show how closely
‘related’ individual viruses are to one
another. Viruses are grouped togeth-
er based on whether their genes’ nu-
cleotides are identical or not. Phylo-
genetic trees of influenza viruses will
usually display how similar the viruses’
hemagglutinin (HA) or neuraminidase
(NA) genes are to one another. Each
sequence from a specific influenza vi-
rus has its own branch on the tree. CDC
performs genetic characterization of
influenza viruses year round. This ge-
netic data is used in conjunction with
virus antigenic characterization data to
help determine which vaccine viruses
should be chosen for the upcoming
Northern Hemisphere or Southern
Hemisphere influenza vaccines.The
HA and NA gene sequences of current
vaccine viruses against those of circu-
lating flu viruses. This is one way to as-
sess how closely related the circulating
influenza viruses are to the viruses the
seasonal flu vaccine was formulated
to protect against. As viruses are col-
lected and genetically characterized,
differences can be revealed.For exam-
ple, sometimes over the course of a
season, circulating viruses will change
genetically, which causes them to be-
come different from the correspond-
ing vaccine virus. This is one indication
that a different vaccine virus may need
to be selected for the next flu season’s
vaccine, although other factors, includ-
ing antigenic characterization findings,
heavily influence vaccine decisions. The
HA and NA surface proteins of influen-
za viruses are antigens, which means
they are recognized by the immune
system and are capable of triggering
an immune response, including pro-
duction of antibodies that can block
infection. Antigenic characterization
refers to the analysis of a virus's reac-
tion with antibodies to help assess how
it relates to another virus.

*Methods of Flu Genome Sequencing:
Traditionally, scientists have used a se-
quencing technique called “the Sanger

reaction” to monitor influenza evolution
as part of virologic surveillance. Sanger se-
guencing identifies the predominant ge-
netic sequence among the many influen-
za viruses found in an isolate. This means
small variations in the population of viruses
present in a sample are not reflected in the
final result. Scientists often use the Sanger
method to conduct partial genome se-
quencing of influenza viruses, while newer
technologies (see next paragraph) are bet-
ter suited for whole genome sequencing.
Over the past five years, CDC has been
using “Next Generation Sequencing
(NGS)" methodologies, which have
greatly expanded the amount of in-
formation and detail that sequencing
analysis can provide. NGS uses ad-
vanced molecular detection (AMD)
to identify gene sequences from
each virus in a sample. Therefore,
NGS reveals the genetic variations
among many different influenza vi-
rus particles in a single sample, and
these methods also reveal the entire
coding region of the genomes.
Ebola:

The Ebola virus is a single-stranded,
negative-sense mini-genome RNA
virus. One strain, the Zaire Ebola vi-
rus is responsible for the recent Ebola
outbreak in West-Africa. Ebola viruses
belong to the filoviridae family, and to-
gether with Paramyxoviridae, Rhabdo-
viridae, and Borna disease virus, Filovi-
ridae viruses belong to the taxonomic
order mononegavirales. The Ebola vi-
rus genome like all filovirdae genomes
is similar to the Marburg virus genome.
Filovirdae can cause severe hemorrhar-
gic fever in non-human primates as
well as in humans, to various degrees.
Mononegavirales is the term used for
"nonsegmented negative-strand RNA
viruses" (NNSV). These are enveloped
viruses that have mini-genomes con-
sisting of a single RNA molecule of
negative or anti-mRNA sense. Hence
the Ebola virus genome as well as all
filovirus genomes are considered to be
mini-genomes. A synthetic Ebola virus
genome without is proteins appears to
be non-infectious.

Nucleic acids isolated from negative
strand RNA viruses or virus-infected
cells cannot infect or initiate an in-
fection cycle when introduced into
the host cell. This criterion was used
to distinguish “positive” from “neg-
ative”-strand RNA viruses. The viral
genome needs to be first transcribed
to produce mRNAs. Therefore, the
purified virion RNA is not infectious.
The virus needs to bring its own RNA
polymerase into the cell in order to
produce mRNA. To allow the virus to
be infective a viral polymerase must be
part of the viral particle or virion.
Features of the unsegmented genome
of negative-stranded RNA viruses are:
«Negative sense RNA in the virion
«Virion-associated RNA polymerase

mediates transcription and replication
«Genome transcribed into 6-10 sepa-
rate MRNAs from a single promoter
«Replication occurs by synthesis of a
complete positive-sense RNA antige-
nome

*Nucleoprotein is the functional tem-
plate for synthesis of replicative and
mMmRNA

«Independently assembled nucleocap-
sids are enveloped at the cell surface at
sites containing virus proteins

«Are mainly cytoplasmic

«Can occur in invertebrates, vertebrates
and plants

eHow does the Ebola virus infect
people?

Ebola virus contains a type of genetic
material called RNA, which is similar
to DNA and contains the blueprint for
assembling new virus particles. Un-
like animals and plants, which also use
DNA as a repository of information,
viruses are not technically alive be-
cause they are incapable of replicating
without help. In order to create new
viruses, the virus must infiltrate a living
cell, where it hijacks the host cell's ma-
chinery to fulfill its own goals. In order
to get into the cell, Ebola must travel
through the cell membrane, which is
a barrier that protects the cell from its
environment. However, all cells need
nutrients, which must have ways of en-
tering the cell; the viruses hitch a ride
into the cell via one of these established
nutrient-uptake entryways. Ebola virus
takes advantage of a non-specific en-
gulfing process called macropinocyto-
sis, which allows the virus to be “eaten”
by a wave-like motion of the cell mem-
brane.Most members of the Ebolavirus
genus cause severe disease in humans.
Here, we report that ebolaviruses have
evolved a genome replication mecha-
nism that distinguishes them from the
other NNS RNA viruses. The ebolavirus
replication strategy includes the addi-
tion of a nontemplated 3’ nucleotide
at the genome ends which may aid
in avoiding antiviral recognition.Most
nonsegmented negative strand (NNS)
RNA virus genomes have comple-
mentary 3’ and 5' terminal nucleotides
because the promoters at the 3’ ends
of the genomes and antigenomes are
almost identical to each other. How-
ever, according to published sequenc-
es, both ends of ebolavirus genomes
show a high degree of variability, and
the 3’ and 5' terminal nucleotides are
not complementary. The 3’ termini are
variable and are typically 3'-GCCUGU,
ACCUGU, or CCUGU.

« Conclusion:

Viral genomes are considered as one
of the most rapidly evolving organisms
in biology due to their short replication
time and a large amount of the off-
spring’s released from the infected host
cell. Viral genomes play a significant role
in our increased understanding of epi-
demiology, diagnosis, surveillance and
their evolution. As the basic structure
of the virus genomes are highly con-
served, the determination of genomes
in most of the viruses, understanding
their pathogenicity and identification of

new viruses is being conveniently done.

Special Thanks To
Mr.Omid Ahangarian
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Genomic analysis is a powerful tool
for understanding viral disease out-
breaks. The sequencing of viral sam-
ples is now easier and cheaper than
ever before and can supplement ep-
idemiological methods by providing
nucleotide-level resolution of out-
break-causing pathogens.

More specifically, current techniques
for viral sequencing, phylogenetic
analysis, transmission reconstruc-
tion, and evolutionary investigation
of viral pathogens are explained. By
detailing the ways in which genom-
ic data can help us understand viral
disease outbreaks, we aim to provide
a resource that will facilitate the re-
sponse to future outbreaks.
«COVID-19:

COVID-19 is a novel coronavirus with
an outbreak of unusual viral pneu-
monia in Wuhan, China, and then
pandemic. Based on its phylogenet-
ic relationships and genomic struc-
tures the COVID-19 belongs to genera
Betacoronavirus. Human Betacorona-
viruses (SARS-CoV-2, SARS-CoV, and
MERS-CoV) have many similarities, but
also have differences in their genomic
and phenotypic structure that can in-
fluence their pathogenesis.

COVID-19 is containing single-strand-
ed (positive-sense) RNA associated
with a nucleoprotein within a capsid
comprised of matrix protein. A typical
CoV contains at least six ORFs in its
genome. All the structural and acces-
sory proteins are translated from the
sgRNAs of CoVs. Four main structur-
al proteins are encoded by ORFs 10,

43%. Variable numbers of small ORFs
are present between the various con-
served genes (ORFlab, spike, enve-
lope, membrane and nucleocapsid)
and, downstream to the nucleocapsid
gene in different coronavirus lineages.
The viral genome contains distinctive
features, including a unique N-termi-
nal fragment within the spike protein.
Genes for the major structural pro-
teins in all coronaviruses occur in the
5-3'order as S, E, M, and N.

A typical CoV contains at least six
ORFs in its genome. Except for Gam-
macoronavirus that lakes nspl, the
first ORFs (ORF1la/b), about two-thirds
of the whole genome length, encode
16 nsps (nspl-16). ORFla and ORF1b
contain a frameshift in between which
produces two polypeptides: ppla
and pplab. These polypeptides are
processed by virally encoded chymo-
trypsin-like protease (3CLpro) or main
protease (Mpro) and one or two pa-
pain-like protease into 16 nsps. All the
structural and accessory proteins are
translated from the sgRNAs of CoVs.
Four main structural proteins contain
spike (S), membrane (M), envelope
(E), and nucleocapsid (N) proteins are
encoded by ORFs 10, 11 on the one-
third of the genome near the 3'-termi-
nus. Besides these four main structural
proteins, different CoVs encode spe-
cial structural and accessory proteins,
such as HE protein, 3a/b protein, and
4a/b protein. These mature proteins
are responsible for several important
functions in genome maintenance
and virus replication.

SARS-CoV-2 Structure and Genomic Organization

11 on the one-third of the genome
near the 3'-terminus. The genetic and
phenotypic structure of COVID-19 in
pathogenesis is important. This article
highlights the most important of these
features compared to other Betacoro-
naviruses. Coronavirus genome struc-
ture and life cycle.COVID-19 is a
spherical or pleomorphic enveloped
particles containing single-stranded
(positive-sense) RNA associated with
a nucleoprotein within a capsid com-
prised of matrix protein. The enve-
lope bears club-shaped glycoprotein
projections. Some coronaviruses also
contain a hem agglutinin-esterase
protein (HE). Coronaviruses possess
the largest genomes (26.4-31.7 kb)
among all known RNA viruses, with

There are three or four viral proteins
in the coronavirus membrane. The
most abundant structural protein is the
membrane (M) glycoprotein; it spans
the membrane bilayer three times,
leaving a short NH2-terminal domain
outside the virus and a long COOH
terminus (cytoplasmic domain) inside
the virion. The spike protein (S) as a
type I membrane glycoprotein consti-
tutes the peplomers. In fact, the main
inducer of neutralizing antibodies is S
protein. Between the envelope pro-
teins with exist a molecular interaction
that probably determines the forma-
tion and composition of the coronavi-
ral membrane. M plays a predominant
role in the intracellular formation of vi-
rus particles without requiring S. In the

grows and produces spikeless, nonin-
fectious virions that contain M but de-
void of S.

eThe role of replication process in
pathogenicity:

SARS-CoV-2 (COVID-19) binds to ACE2
(the angiotensin-converting enzyme 2)
by its Spike and allows COVID-19 to
enter and infect cells. In order for the
virus to complete entry into the cell
following this initial process, the spike
protein has to be primed by an enzyme
called a protease. Similar to SARS-CoV,
SARS-CoV-2 (COVID-19) uses a prote-
ase called TMPRSS2 to complete this
process. In order to attach virus recep-
tor (spike protein) to its cellular ligand
(ACE2), activation by TMPRSS2 as a
protease is needed.

After the virus enters the host cell and
uncoats, the genome is transcribed and
then translated. Coronavirus genome
replication and transcription takes place
at cytoplasmic membranes and involve
coordinated processes of both contin-
uous and discontinuous RNA synthesis
that are mediated by the viral replicate,
a huge protein complex encoded by
the 20-kb replicase gene. The replicase
complex is believed to be comprised
of up to 16 viral subunits and a num-
ber of cellular proteins. The proteins are
assembled at the cell membrane and
genomic RNA is incorporated as the
mature particle forms by budding from
the internal cell membranes.
*SARS-CoV:

Annotation of the genome sequence
of the SARS-CoV (severe acute respi-
ratory syndrome-associated corona-
virus) is indispensable to understand
its evolution and pathogenesis. We
have performed a full annotation of
the SARS-CoV genome sequences by
using annotation programs publicly
available or developed by ourselves.
Totally, 21 open reading frames (ORFs)
of genes or putative uncharacterized
proteins (PUPs) were predicted. Seven
PUPs had not been reported previous-
ly, and two of them were predicted to
contain transmembrane regions.

Eight ORFs partially overlapped with
or embedded into those of known
genes, revealing that the SARS-CoV
genome is a small and compact one
with overlapped coding regions. The
most striking discovery is that an ORF
locates on the minus strand.

The coronaviruses are members of a
family of enveloped viruses that rep-
licate in the cytoplasm of animal host
cells. They are distinguished by the
presence of a single-stranded plus-
sense RNA genome about 30 kb in
length that has a 5' cap structure and
3’ polyadenylation tract. Upon infec-
tion of an appropriate host cell, the
5’-most open reading frame (ORF) of
the viral genome is translated into a
large polyprotein that is cleaved by vi-
ral-encoded proteases to release sev-
eral nonstructural proteins, including
an RNA-dependent RNA polymerase
(Rep) and an adenosine triphosphatase

(ATPase) helicase (Hel).

These proteins, in turn, are responsi-
ble for replicating the viral genome as
well as generating nested transcripts
that are used in the synthesis of the vi-
ral proteins. The mechanism by which
these subgenomic mMRNAs are made
is not fully understood. However, re-
cent evidence indicates that transcrip-
tion-regulating sequences (TRSs) at
the 5’ end of each gene represent sig-
nals that regulate the discontinuous
transcription of subgenomic mRNAs.
The TRSs include a partially conserved
core sequence (CS) that in some coro-
naviruses is 5'-CUAAAC-3'".

The viral membrane proteins, includ-
ing the major proteins S (Spike) and M
(membrane), are inserted into the en-
doplasmic reticulum (ER) Golgi inter-
mediate compartment while full-length
replicated RNA plus strands assemble
with the N (nucleocapsid) protein. This
RNA-protein complex then associates
with the M protein embedded in the
membranes of the ER, and virus parti-
cles form as the nucleocapsid complex
buds into the lumen of the ER. The vi-
rus then migrates through the Golgi
complex and eventually exits the cell,
likely by exocytosis. The site of viral at-
tachment to the host cell resides within
the S protein.

+2009 H1N1 Pandemic (HIN1pdm09 virus):
Influenza outbreaks occur main-
ly during winter in temperate areas
of the northern and southern hemi-
spheres; however, influenza outbreaks
in tropical areas around the equator
may occur at any time of the year. In-
fluenza is not only responsible for lo-
cal epidemics annually but also global
pandemics. Since the 20th century,
there have been four flu pandemics:
1918 HINL1 Spanish flu, 1957 H2N2
Asian flu, 1968 H3N2 Hong Kong flu,
and 2009 HIN1 swine flu. The 1918
H1IN1 Spanish flu, which killed more
than 50 million people worldwide,
was the most severe pandemic.Influ-
enza virus is a highly infectious respi-
ratory pathogen manifesting a signif-
icant threat to global public health.
Influenza A(HIN1)pdmO9 virus, which
emerged in 2009 and caused a global
influenza pandemic, is now a seasonal
influenza virus that co-circulates with
another seasonal influenza (H3N2)
and influenza B viruses. Worldwide
circulation of A(H1IN1)pdmO09 virus
has raised concerns about genotypic
diversity that enhances virus trans-
missibility and pathogenicity and af-
fects vaccine efficacy. Virus isolation.
The positive samples for influenza A
and B, detected by real-time RT-PCR
analysis, were inoculated in confluent
Madin-Darby canine kidney (MDCK)
cells to isolate the influenza viruses.
The cell culture tubes were then in-
cubated at 34 °C with 5% CO2 and
observed daily for 5 days until the
second passage to detect the specific
cytopathic effect.

«Genome Sequencing:

Influenza viruses are constantly
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