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Abstract: Influenza virus is well recognized for high level of mutations that lead to development
of new strains and subtypes, primarily through genetic shifts and drifts. Another mechanism of
genetic change is through recombination, often observed in mammalian genes but controversial
in viral genomes, which involves exchanges of short nucleotide sequences between two strains
that coinfect the same cell. While evidence of such recombinations are rare to disputed in
influenza genomes, we have observed that well-defined segments of influenza genes such as the
hemagglutinin and neuraminidase have shown identical sequences between various strains that is
best explained by segment exchange. Thus we had in our earlier study of the spread and
proliferation of H5NI1 bird flu observed that the neuraminidase with three segments — the
transmembrane, stalk and body — shows evidence of exchange of one or other segments between
different strains. Extending our work to the hemagglutinin of various subtypes, we noticed the
same phenomena: Hemagglutinin has two segments, HA1 and HA2, where we found several
instances where the segments seem to have been exchanged. Our analyses was based on RNA
descriptors calculated in a 2D graphical representation scheme which have been proved to easily
identify identical sequences. In this paper we discuss some of the details of this phenomenon in
influenza genes which could be important in monitoring development of new highly pathogenic
strains..
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1. Introduction

Influenza A virus (IAV) has caused pandemic in
human population since antiquity. It belongs to
family Orthomyxiviridae and is a negative sense
RNA virus with the genome divided into 8
segments which code for 11 proteins. The virus
has been classified into different subtypes based
on their cell-surface proteins hemagluttin (HA)
and neuraminidase (NA). There are there are 18
HA and 11 NA subtypes identified [1]; however
only few subtypes docking discrete combinations
are found in nature [2]. These subtypes are
further identified into different strains depending
upon host type, geographical origin, strain
number and year of isolation. Influenza exhibits
remarkable degree of wvariability. Two well
known mechanisms for the cause of variability
are antigenic drift due to lack of proof-reading
activity of RNA polymerase and antigenic shift
by means of reassortment among the segmented
genes of the genome [3]. There is also the
question of whether recombination can cause
variability, a phenomenon highly debated in
negative sense RNA viruses [4]. Theoretically it
can happen by non-homologous recombination
different
recombination between same genes of different

between genes or homologous
strains co-infecting the same cell. Our aim is to
study the

homologous recombination in the HA and NA

possibility of occurrence of
genes.

The choice of the two surface proteins, HA and
NA, for our study is guided by the fact while HA

2. Results and Discussions

Our previous analyses of the neuraminidase
sequences of the HS5N1 bird flu epidemic of
1997-2009 had shown as an aside from the main
thrust of the paper that there were worldwide
evidences of duplications in part and whole of

is responsible for viral entry into the host cell,
NA is responsible for exit of the progeny virions
from the host cell. NA gene has three subunits
consisting of transmembrane (TM), stalk (ST)
and body (BD) (Fig 1); The HA gene consists of
two subunits, HA1 and HA2 (Fig 2). Since
recombination relates to exchange of whole
sections of the sequence, we want to study
whether homologous recombination can happen
at the cleavage points of the segmented HA and
NA genes. We
replication the RNA polymerase

hypothesize that during
swaps its
template from one strain to the other at the
cleavage point of the subunits, thus producing
unique recombinant having genetic segments of
both strains undergoing recombination (Fig 3).
To determine whether recombination could
have taken place by exchange of segments as we
hypothesized, we analyzed the major human
infecting influenza HA gene sequences, viz., the
HIN1, H5NI1, H3N2 and H7NO9 subtypes over
the period 2010 to 2014 in Asia, and the H5N1
bird flu NA from 1997-2009 reported previously
[5]. We report here the results of our study that
yielded
identities between segments of various strains
could be

recombination via segment exchange, albeit as a

several instances where sequence

interpreted as  homologous
small fraction of subtypes tested, but implying
enlarged possibility of evolution of new strains
of such negative sense RNA viruses.

the sequences [5]. In particular, considering that
the NA had three well-identified segments —
transmembrane, stalk and body, there were
evidences of sequences that had duplicates of one
or two segments also. E.g., the transmembrane
segment of A/treesparrow/Henan/4/2004(H5NT1)
was found to be identical to sequences from
1999 and 2001

Hong Kong in
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(A/Environment/HongKong/437-6/99(H5N1),
A/Goose/HongKong/76.1/01  (H5N1)).  The
identity search among the rather large number of
sequences was facilitated by computation of
descriptors, gr, of each segment whose equality
implies sequence identity in the 2D graphical
described in the
Materials and Methods section.

representation system as
This led to a number of sequence identities
within each individual segment, which we had
of RNA
polymerase jump during replication in cases of

interpreted as being the result

co-infection in the same host cell, ie. a
homologous recombination. Although this was a
preliminary study [5], the large number of such
duplicated segmental sequences implied a new
observation of homologous recombinations in
negative sense viral genes.

These observations led us to replicate the
analyses for possible such recombinations in
of the
Our analysis of over a thousand

hemagglutinin  sequences Influenza
genome.
hemagglutinin sequences using the 2D graphical
representation descriptor, gr, again revealed
segmental duplication (more complete report in
Ref [6]); though this time at a much lesser
proportion than we had observed for the HSN1
neuraminidase. Of the 1200+ HA sequences
analyzed, we found evidence for recombination
in 73 instances of a daughter strain having its two
segments from two parents under a strict protocol
of considering only those daughter strains whose
collection dates are marked later than the
putative parents, and preferably from the same
locality or country; Table 1 displays a short list
of some selected sequences that display such
connections indicated by the gr values.. We
expect such rigor if applied at the time would
have reduced the number of recombination hits

observed in the case of the neuraminidase counts.

However, some parent-daughter triplets have
been identified with long time lag between their
appearances, or the daughter sequence identified
appears to have collection date before the parent.
Based on previous studies that have shown that
influenza strains can survive in the wild for years
under suitable benign conditions depending on
salinity, pH, temperature and other factors [7] it
is possible that the apparent incongruent strain
had taken part in the recombination in due
course, but only discovered much later.

Segment exchange of the type we have
hypothesized here do not fall into the
“breakpoint” analysis favoured by researchers
note that
recombinations, if they are to happen, will take

into these aspects. We such
place during replication events when the RNA
polymerase during its replication could jump
from one template to another. For such jumps to
take place accurately to create useful replicates,
to be like the
“breakpoints”. This we hypothesize to be the
cleavage point between the HA1 and HA2 which

is well conserved. Table 2 illustrates this motif

there has trigger points

by listing 10 bases, 5 on either side, around the
cleavage junction. Our hypothesis is that since
there are two segments on the HA, the RNA
polymerase can jump from one template to
another at the cleavage point and continue
replicating till the end.

This should be slightly more difficult for the
with

replication with jumps from the transmembrane

neuraminidase three segments where
or the stalk will require the polymerase to jump
back to the remainder of the first template. The
fidelity of the transit points on the neuraminidase
sequences are yet to be studied in detail.

We note too that not all segmental exchanges
take place at the same frequency. The percentage
of recombination observed amongst the total
strains

number of investigated in the
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neuraminidase  genes varied  significantly
between segments. E.g., 2/3rds of all
transmembranes showed high degree of

similarity as shown in Table 4 of Ref [5]; taking
a maximum of 1/3 of these being recombinants,
that works out to 2/9ths of all H5N1 strains
investigated, admittedly an upper bound.
Similarly, it works out to <1/5" for the stalk
region and <2% for the body segment. For the
hemagglutinin, the recombinations varied by
subtype: from 3.74% for H1 of HINI1 to 5.71%
for H5 of H5N1, 7.35% of H3N2 and 7.87% of
the H7N9 in our database.

It is noteworthy to watch the apparent disparity
among four HA subtypes exhibiting different
recombination  frequency.  However  the
phenomena can be explained by the fact that
sometimes they have different evolutionary
history as exemplified by H1 and H3 subtypes [8,
9] or a low pathogenic avian influenza virus
(LPAIV) being suddenly mutated to a highly

pathogenic avian influenza virus (HPAIV) as

exemplified by H5 and H7 subtypes of H5NI1
and H7N9 Influenza A virus which created bird
flu and China Flu, 2013[10]. Often these HPAIV
are adapted to human host; though possibility of
human to human transmission remains debatable.
More details can be found in our comprehensive
[Ref 6].
recombinant possibilities noted above appears to

report Interestingly, all valid
have been restricted to parents and daughters
from the same hemagglutinin subtype, i.e. there
were no examples of mixed subtype marriages. It
appears probable that the distinct antigenic sites
in the different subtypes play a role to restrict the
the different base

compositions, apart from the base distributions,

possible recombinations;

thus may play a regulatory role.

Table 1. Few representative recombinants, identified on the basis of numerical characterization

algorithm
Sub Locus id Description gr(HA1) gr(HA2)
Type
HIN1 | KM029055 (Parent 1) A/swine/Hong Kong/NS4846/2011(HIN1) 66.18646 | 49.33498
KM029103 (Parent2) A/swine/Hong Kong/4902/201 1(HIN1) 65.75885 49.06597
KM029063 (Daughter) A/swine/Hong Kong/NS4848/2011(HINT1) 66.18646 49.06597
HIN1 | KM028335 (Parent 1) A/swine/Guangxi/3614/2011(HINT1) 67.93622 | 49.80615
KMO028423 (Parent2) A/swine/Guangxi/3880/2011(HINT1) 69.77442 | 48.80638
KMO028271 (Daughter) A/swine/Guangxi/NS3248/2011(HIN1) 67.93622 | 48.80638
H3N2 | KM069501 (Parent 1) A/Singapore/C2010.307/2010(H3N2) 57.06303 36.58159
JX437712 (Parent2) A/Singapore/C2010.036V/2010(H3N2) 59.02475 37.64934
JX437832 (Daughter) A/Singapore/H2010.370C/2010(H3N2) 57.06303 37.64934
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H3N2 | JX437832 (Parent 1) A/Singapore/H2010.370C/2010(H3N2) 57.06303 37.64934
KM069503 (Parent2 A/Singapore/H2010.310/2010(H3N2) 56.53434 36.58159
KM069501 (Daughter) A/Singapore/C2010.307/2010(H3N2) 57.06303 36.58159
H5N1 | KF369229 (Parent 1) A/chicken/Cambodia/W0530391/2012(H5N1 61.16050 37.63436
KF369214 (Parent2) A/Cambodia/W0526301/2012(H5N1) 60.92035 37.15533
KF369222 (Daughter) A/chicken/Cambodia/W0530389/2012(H5N1) 61.16050 37.15533
H5N1 | KF001474 (Parent 1) AJcivet cat/Cambodia/X0313306/2013(H5N1) 61.85977 36.95179
KF001497 (Parent2) A/duck/Cambodia/X0220302/2013(H5N1) 60.53024 39.06615
KF001478 (Daughter) AJcivet cat/Cambodia/X0313307/2013(H5N1) 61.85977 39.06615
H7N9 | CY147148 (Parent 1) Al/environment/Shanghai/S1438/2013(H7N9) 50.61318 44.19611
CY 147188 (Parent 2) A/pigeon/Shanghai/S1423/2013(H7N9) 51.11281 43.71347
CY 147132 (Daughter) Al/environment/Shanghai/S1436/2013(H7N9) 50.61318 43.71347
H7N9 | KF542876 (Parent 1) A/chicken/Shanghai/017/2013(H7N9) 52.00389 43.08626
KF667751 (Parent 2) A/environment/Guangdong/30/2013(H7N9) 52.27365 43.67379
KF667746 (Daughter) A/environment/Guangdong/25/2013(H7N9) 52.00389 43.67379
Table 2: Conserved region at the cleavage point of HA1 and HA2 segments.
Locus ID Description HAlend | HA2 begin
JF275925 A/swine/Nanchang/F9/2010(HINT) ctaga | ggect
KI935515 A/Ho Chi Minh/459.6/2010(H3N2) ctaga | ggeat
KM276899 A/swine/Taiwan/NPUST0004/2013(H3N2) ataga | ggcat
CY091837 A/Guangdong/322/2010(H3N2) ctaga | ggcat
CY124183 A/Singapore/GP1147/2011(H3N2) ctaga | ggeat
CY116636 A/Tbilisi/GNCDC0485/2012(H3N2) ctaga | ggcat
CY124187 A/Singapore/GP1188/2011(H3N2) ctaga | ggcat
AB569348 A/whooper swan/Mongolia/1/2010(H5N1) aaaga | ggact
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A/Goose/HongKong/76.1/01(H5N1) - NA
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Figure 1: 2D graphical representation of a H5SN1 strain neuraminidase sequence
(Segments: Brown - Transmembrane; Green - Stalk; Blue - Body)
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Fig 2: 2D graphical representation of a HINTI strain hemagglutinin sequence.
(Segments: Blue — Signal peptide; Orange- HA1; Green — HA2)


http://sciforum.net/conference/mol2net-1

Mol2Net, 2015, 1(Section c), pages 1-9, Proceedings 7

http://sciforum.net/conference/mol2net-1

HA1 HA2

B .

HA1 HA2

Parent 2

» I

HA1 HA2
Daughter

Figure 3. Recombination in HA gene of Influenza virus by genetic exchange at the cleavage point of

HA1 and HA2 segments

3. Materials and Methods

Database: We downloaded 1274 full length HA
sequences available in Genbank which were
major human infecting subtypes i.e HINI,
HS5NI, H3N2 and H7N9. All sequences were
from Asia during time period of 2010 to 2014.
Similarly we analyzed 682 NA of H5N1 subtype
available in Genbank till March 2009.

We
analyzed the sequences based on a 2D graphical

Calculation of sequence similarity:
representation system and determined sequence
identity from the numerical characterization
algorithm [11, 12]. In this method starting from
the origin on Cartesian axes a 2D graphical plot
is generated for HA and NA sequence of each
strain by moving one step in the negative x-
direction for an adenine, one step in the positive
y-direction for a cytosine, one step in the positive
x-direction for a guanine, and one step in the
The 2D

graphical plot so generated provides a visual

negative y-direction for a thymine.

representation of the base distribution pattern of
the sequence. To numerically characterize the
sequence we define a weighted centre of mass of
the plot and a graph radius gr as follows [12]

N N
I"[‘x = Ei:lxa.ﬂ'{N . I"[’}' = Ei:i}ri/}N

| 2 A
gr = [Hz Ty

where x;, yi represents the coordinates of the i
base and N is the total number of nucleotides in
the sequence under consideration. The graph
radius gr is a base distribution index of the
nucleotide sequences. gr is found to be sensitive
to any changes in the base distribution such that
sequences having same value of gr imply
sequence identity [13].

4. Conclusions

Our recombination study is based on novel
concept of segment exchange at the cleavage
points of the well defined segments of a gene
that codes for different subunits of the associated
protein. Previous recombination studies on the
influenza virus had been based on breakpoint
analysis [14], where the polymerase recognizes
a breakpoint sequence and creates a recombinant
strain by switching back and forth between two
parents, thus producing a daughter having copies
of parts of sequences from both the parents.
However, breakpoint recombination is a highly
debated topic being postulated by some scientists
while refuted by others [15, 16]. It is known that
RNA polymerase remains loosely attached with
few nucleotides of the template strand [17]. Our
hypothesis is that such a loose attachment can
facilitate a jump between two templates at
consensus sequences, which, in the case of the
HA and NA could be the cleavage points of their
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intrinsic segments. Our analyses revealed many
examples where inter-segmental exchanges have
led to new daughter strains being developed, thus
demonstrating this kind of recombination as a
valid evolutionary process. The fact that the
exchanges we have observed all appear to occur
within same subtypes implies more mechanisms

which though we are yet to clearly understand.
However, this new evolutionary process, albeit
restricted by segmental recombinations within
same subtypes, opens up possibilities of
development of many more subtype strains, some
of which could turn out to be more pathogenic

than the original subtype itself.

at work than merely the consensus sequences,
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