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Improved seed viruses

Cross-reference to refated applications
The present application clatms priouty from Untted States Provisional Patent Application No.
63/508,946 filed on 19 Jane 2023, the contents of which is tncorporated heremn by reference in

its entirety.

Technical field
The present disclosure relates to the field of mfluenza vinuses. More particularly, this disclosure
relates to donor or seed influenza viruses for use in preparing reassortant influenza viruses for

vaccine production.

Background

Influenza is a major respiratory disease in mammalian species and is responsible for substantial
mortality, morbidity and economic losses each vear. Three broad types of mfluenza viruses are
recogmised, Type A, Tvpe B and Type €, which are defined by the absence of serclogical cross-
reactivity between their internal proteins. Influenza A viruses are further classified imto
subtypes based on antigenic and genctic differences of their glveoproteins, the hacmagglutinin

(HA) and neuranminidase {NA) proteins.

Muore recent vaccine production methods may include the gencration and culturing of
reassortant mfluenza viruses in cell culture, such as in Madin Darby Canine Kidney (MDCK)
cells. However, certain influenza viruses appear to be less amenable than others to growth and
replication when cultured as a reassortant vires containing the backbone viral segmends of a
donor influenza virus. This can lead to challenges m vual protein yield and vaccine
manutfacture. Accordingly, there remains aneed for the development of donor influenza viruses
whose backbone viral segments confer efficient growth and replication to reassortant viruses

expressing the HA and/or NA proteins of vaccine virus candidates in cell culture.

Summary

The present disclosure is based on the surprising discovery of particular mfluenza viruses that
can be utilised as donor or sced viruses in reassortoent methods to tmprove the growth and/or
yield of nfluenza viruses cultured on cells, such as in Madin Darby Canine Kidnev (MDCE)

>

cells.
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In a first aspeet, the present disclosure provides an isclated influenza virus comprising one or
more of PA, PB1, PB2, NP, M and NS viral segments that encode one or more viral proteins
that mdependently comprise, consist of or consist essentially of an amine acid sequence
selected from the group consisting of SEQ 1D NOs: 9-17, 28-36, 47-53, 66-74, 85-93 and 104-

112, or a fragment, variant or derivative thereof.

Suitably, the present disclosure provides an isolated influenza virus comprising one or more of

A, PB1, PB2, NP, M and NS viral segments that encode one or more viral protens that
independently comprise, consist of or consist essentially of an amino acid sequence selected
from SEQ ID NOs: 9-17, or a fragment, variant or denvative thereof, In certain examples, the
isolated mfluenza virus comprises PA, PB2, NP, M and NS viral segments that encode the viral
proteins that independently comprise, consist of or consist essentially of an amino acid
sequence selected from SEQ ID NOs: 9 and 12-17. or a fragment, variant or dertvative thereof.
In such examples, the isolated influcnza virus may or may not include the PB1 viral segment
that encodes the viral proteins that independently comprise, consist of or consist essentially of
amino acid sequences SEQ 1D NO: 10 and/or 11 or a fragment, variant or derivative thereof.
Accordingly, i some cxamples, the isclated influenza virus comprises PA, PBE, PB2. NP. M
and NS viral segments that encode the viral proteins that independently comprise, consist of or
consiat essentially of an amino acid sequence selected from SEQ ID NOs: 9-17, or a fragment,

variant or derivative thereof.

Sueitably, the isolated influenza viras of the present aspect comprises one or more of the PB2,
PBL. PA M, NP and NS viral segments that independently comprise, consist of or consist
essentially of a nucleotide sequence selected from the group consisting of SEQ 1D NOs: 1-6,
20-25, 39-44, 58-63, 77-82 and 96-101, or a fragment, vanant or derivative thereof. In one
example, the isolated infhuenza virus of the present aspect comprises one or more of the PB2,
PBI1, PA, M, NP and NS viral segments that independently comprise, consist of or consist
easentially of a nucleotide sequence selected from SEQ ID NOs: 1-6, or a fragment, variant or
derivative thereof. In certain examples, the isolated influenza virus comprises the PB2, PA, M,
NP and NS viral segments that independently comprise, consist of or consist essentially of a
nucleotide sequence selected from SEQ H3 NOs: 1 and 3-6, or a fragment, variant or derivative
thereof. For such examples, the isolated influenza virus may or may not include the PBI viral

segment that comprises, consists of or consists essentially of a nucleotide sequence set forth
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SEQ ID NO: 2. Accordingly, 1 some examples, the isolated mfluenza virus comprises PA,
PB1, PB2, NP, M and NS viral scgments that independently comprise, consist of or consist
essentially of a nucleotide sequence selected from SEQ 1D NOs: 1-6, or a fragment, variant or

dervative thereof.

In certain examples, the isolated mfluenza virus is capable of enhanced replication when grown
in cells relative to a wild-type influcnza virus solate that does not comprise the one or more

PA, PBI, PB2, NP, M and NS viral segments.

Suitably, the isolated influenza virus is capable of enhanced vield of a viral protein, such as a
hacmagglutinin (HA) protein, when grown incells relative to a wild-tvpe intluenza virus isolate

that does not comprise the one or more PA, PB1, PB2, NP, M and NS viral segments,

In particular cxamples, the cells are MBCK cells.

Suitably, the isolated influenza virus of the present aspect comprises five or six of the PA, PB1,
PB2, NP, M and NS viral segments that encode one or more viral proteins that independently
coraprise, consist of or consist essentially of an amino acid sequence selected from those set
forth in:

{a) SEQ ID NOs: 9-17 or a fragment, vartant or dertvative thereof]

{b)y SEQ ID NOs: 28-36 or a fragment, variant or derivative thereof,

{c) SEQ ID NQOs: 47-55 or a fragment, variant or denivative thereof,

{d} SEQ 1D NOs: 66-74, or a fragment, variant or derivative thereof,

{c) SEQ ID NOs: 85-93, or a fragment, variant or derivative thereof, or

) SEQ ID NOs: 104-112, or a fragment, varant or derivative thereof.

Thus, in onc example, the isolated influenza viras of the present aspect comprises five or six
ofthe PA, PB1, PBZ, NP, M and NS viral segments that encode one or more viral proteins that
independently comprise, consist of or consist essentially of an amino acid sequence selected

from those set forth in SEQ 1D NOs: 9-17, or a fragment, variant or derivative thereof.

In various examples, the 1solated influenza virus of the present aspect comprises five or six of
the PA, PBI, PB2, NP, M and NS viral segments that independently comprise, consist of or

consist essentially of a nuclectide sequence selected from those set forth .



WO 2024/261647 PCT/1B2024/055963

{a) SEQ ID NQs: 1-6 or a fragment, variant or denvative thereof]

(b} SEQ 1D NOs: 20-25 or a fragment, variant or derivative thereof,
{c) SEQ ID NOs: 39-44 or a fragment, variant or derivative thereof,
{d} SEQ ID NOs: 58-63 or a fragment, variant or derivative thereof

(e} SEQ 1D NOs: 77-82, or a fragment, variant or derivative thereof, or

(f) SEQ ID NOs: 96-101, or a fragment, variant or derivative thereof.

Thug, n one example, the isolated influenza virus of the present aspect comprises five or six
of the PA, PBI, PB2, NP, M and NS viral scgments that independently comprise, consist of or
consist essentially of a nucleotide sequence selected from those set forth in SEQ 1D NQOs: 1-6

or a fragment, variant or derivative thereof.

In some examples, the isclated imflaenza virus of the present aspect further comprises a
heterologous or chimeric HA viral segment and/or a heterologous or chimeric NA viral

segment.

Suitably, the isolated mfluenza virus is of a N1, N2, N3, N7, or N9 subtype. More particularly,
the isolated influcnza virus can be of an N1 or N2 subtype.
Suitably, the isolated influenza virys 13 of a Hi, H2, H3, HS, H7, or HY subtype. More

particularly, the isolated influenza virus may be of a HI or H3 subtype.

For certain examples, the isolated influenza virus is of a HINT sabtype or a H3N2 subtype.

1o particular examples, the isolated influenza virus is a recombinant influcnza virus.

In other examples, the isolated influenza vires is a reassortant influenza virus.

In a second aspect, the present disclosure provides a method of preparing an influenza virus,
said method ncluding the step of contacting a cell with one or more genetic constructs that
encode one or more viral proteins that independently comprise, consist of or consist essentially

of an amino acid sequence sclected from the group cousisting of SEQ 1D NQOs: 9-17, 28-36,

47-35, 66-74, 85-93 and 104-112, or a fragment, variant or derivative thereof.
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Suitably, the one or more genetic constructs comprise or encode one or more of PB2, PBI, PA,
M, NP and NS viral segments that independently comprise, consist of or consist essentially of
a nuclectide sequence selected from the group consisting of SEQ 1D NQGs: 1-6, 20-25, 39-44,
38-63, 77-82 and 96-101, or a nucleotide sequence complementary thereto, or a fragment,

variant or derivative thereof.

In a third aspect, the preseut discloswre provides a method of preparnng aninflucnza virus, said
method mcluding the step of contacting a cell with an 1solated influenza virus comprising one
or more of PA, PB1, PB2, NP, M and NS viral segments that encode one or more viral proteins
that mdependently comprise, consist of or consist essentially of an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104~

112, or a fragment, variant or derivative thereof

For the method of the present aspect, the isolated influcnza virus is suitably that of the first

aspect.

The method of the second or third aspects may further include the step of isolating or harvesting

the influcnza virus and/or one or more of the viral proteins from the cells.

In a fourth aspect, the present disclosure provides an isolated influenza virus prepared by the

method of the second or third aspects.

In a fifth aspect, the present disclosure provides an solated cell mfected with the isolated

influenza vires of the first or fourth aspects.

Suttably, the cell 1s an MDCK cell.

in a sixth aspect. the present disclosure provides a genetic construct that encodes one or more
viral proteins that independently comprise, consist of or consist essentially of an amino acid
sequence selected from the group consisting of SEQ 1D NQOs: 9-17, 28-36, 47-55, 66-74,, 85-

03 and 104-112, or a fragment, variant or derivative thereof.

In a seventh aspect, the present disclosure provides a plurality of genetic constructs that encode

one or more viral proteins that independently comprise, consist of or consist essentially of an
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amino acid sequence selected from the group consisting of SEQ ID NOs: 9-17, 28-36, 47-85,

50-74, 85-93 and 104-112, or a fragment, vanant or dertvative thereof.

Referring to the sixth and seventh aspects, the genectic construct or the plurality of genetic
constructs suitably comprise or encode one or more of PB2, PBI. PA, M, NP and NS viral
segments that independently comprise, consist of or consist essentially of a nucleotide sequence
selected from the group consisting of SEQ 1D NQs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-
101, or a nucleotide sequence complementary thereto, or a fragment, variant or denvative

thereof.

In an eighth aspect, the present disclosure provides a method of making an mununogenic
composition, meluding the steps of:

{a) providing the isolated imflaenza virus of the first or fourth aspects and/or a viral
protein derived therefrom; and

{b} combining the 1solated mfluenza virus and/or the viral protein with an adjuvant

and/or treating the isolated influenza virus with an agent that inactivates the virus.

T some examples, the adjuvant comprises an immunostimulatory DNA sequence, a bacterium-

derived component, an alumunium salt (alum) or a squalene oil-in-water eroulsion system.

In a ninth aspect, the present disclosure provides an immunogenic composition produced

according to the method of the eighth aspect.

In a tenth aspect, the present disclosure provides an immunogenic composition comprising the
isolated influenza virus of the first or fourth aspects and/or a viral protein derived therefrom

and a pharmaceutically acceptable camier, diluent or excipient.

Suitably, the isolated influenza viras of the first or fourth aspects and/or a viral proiein derived

therefrom or the immunogenic composition of the minth or tenth aspects is for use in therapy.

Suitably, the isolated influenza vires of the first or fourth aspects and/or a viral protem derived
therefrom or the immunogenic composition of the ninth or tenth aspects 1s for use in a method

of eliciting an imunune response in a subject.
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Suitably, the isolated influcnza virus of the first or fourth aspects and/or a viral protein devived
therefrom or the immuoenogenic composition of the ninth or tenth aspects is for ase in a method

of preventing and/or treating an influcnza-associated discase, disorder or condition i a subject.

in an cleventh aspect, the present disclosure provides a method of eliciting an immane response
in a subject, said method including the step of admunistering a therapeutically effective amount
of the solated mfluenza virus of the fust or fourth aspects and/or a viral protein derived
therefrom or the immunogenic composition of the ninth or tenth aspects to the subject to

thereby elicit the immune response in the sabject.

In a twelfth aspect, the present disclosure provides a method of preventing and/or treating an
mfluenza-associated disease, disorder or condition in a subject, satd method including the step
of administering a therapeutically effective amount of the isolated mfloenza virus of the first
or fourth aspects and/or a viral protein denived therefrom or the immunogenic composition of
the ninth or tenth aspocts to the subject to thereby prevent and/or treat the nfluenza-associated

disease, disorder or condifion.

In a thirteenth aspect, the present disclosure provides for the use of the isolated influenza virus
of the first or fourth aspects and/or a viral protemn derived therefrom or the immunogenic
composition of the ninth or tenth aspects tn the manufacture of a medicament for eliciting an

mmuene response in a subject.

In a fourteenth aspect, the present disclosure provides for the use of the isolated influenza viras
of the first or fourth aspects and/or a viral protein derived therefrom or the immunogenic
comaposition of the ninth or tenth aspects in the manufacture of a medicament for preventing

and/or treating an influenza-associated discase, disorder or condition in a subject.

Brief deseription of the drawings

The following figures form part of the present specification and are included to further
demonstrate certain aspeets of the present disclosure. The disclosure may be better understood
by reference to one or more of these figures in combination with the detailed description of
specific embodiments presended herein. It will be appreciated by persous skilied in the art that

numerous variations and/or modifications may be made fo the above-described embodiments,
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without departing from the broad general scope of the present disclosure. The present

embodiments are, therefore, to be considered 1o all respects as illustrative and not restrictive.

Figure 1. Schematic diagram of candidate vaccine virus {CVV) transfection and rescue.
Figure 2, Individual HA vicld results for A/ldaho/07/2018 wild-type and reassortant strains.
Figure 3. Individual HA vicld results for A/Nebraska/14/2019 wild-type and reassortant
strains.

Figure 4. Individual HA yield results for Aflowa/56/2019 wild-type and reassortant strams.
Figure S, Individual HA vield results for A/Belaware/35/2019 wild-type and reassortant
strains.

Figure 6. Individual HA vield results for A/llineis/02/2020 wild-type and reassortant strains.
Figure 7. Individual HA vield results for A/Canberra/407/2019 wild-type and reassortant
strains.

Figure 8, Individual HA vield results for A/Tasmana/503/2020 wild-type and reassortant
Strains,

Figare 9. Individual HA yield results for A/Bangaldesh/1002/2020 wild-tvpe and reassortant
strains.

Figure 10, Individual HA yield results for A/Darwin/94/2019 wild-type and reassortant strains.
Figure 11, Individual HA vield results for A/Delaware/39/2019 wild-type and reassortant
strains.

Figure 12, Individual HA vield results for A/Virginia/03/2020 wild-type and reassortant
strains.

Figere 13, Summary of the HA vield results for the A/OGho/02/2019 donor strain.

Figure 14, Percentage increase in HA yield for reassortant viruses derived from backbone or

donor virus strains relative to manufacturing or vaccine virus controls,
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Key to the Sequence Listing
SEQID N | Nucleotide sequence of PB2 viral segment of A/Chio/02/2019
SEQIDNO: 2 Nucleotide sequence of PB1 viral segment of A/Ohio/02/2019
SEQ I NO: 3 Nucleotide sequence of PA viral segment of A/Ohio/02/2019
SEQID NO: 4 Nucleotide sequence of NP viral segment of A/Chio/02/2019
SEQID NO: 3 Nucleotide sequence of NS viral segment of A/Ohio/02/2019
SEQIDNO:6 MNucleotide sequence of M viral segment of A/Ohio/02/2019
SEQIDNG: 7 Nucleotide sequence of HA viral segment of A/Dhio/02/2019
SEQIDNG: 8 Nucleotide sequence of NA viral segment of A/Ohio/02/2019
SEQIDNO: 9 Amino acid sequence of PB2 protein of A/Ohio/02/2019
SEQID NO: 10 Amino acid sequence of PBI protein of A/Ohio/02/2019
SEQ ID NO: 11 Amino acid sequence of PBI-F2 protein of A/Dhio/02/2019

SEQID NO: 12 Amino acid sequence of PA protein of A/Ghio/02/2019

SEQ D NO: 13 Aming acid sequence of NP protein of A/Chio/02/2019

SEQID NG: 14 Amino acid sequence of NS protein of A/Chio/02/2019

SEQIDNG: 15 Amino acid seqoence of NEP protein of A/Chio/02/2019

SEQID NO: 16 Amino acid sequence of M1 protein of A/Chio/02/2019

SEQ I NO: 17 Amino acid sequence of M2 protein of A/Qhio/02/2019

SEQ D NO: 18 Amino acid sequence of HA protein of A/Chio/02/2019

SEQID NO: 19 Amino acid sequence of NA protein of A/Ghio/02/2019

SEQ D NO: 20 Nucleotide sequence of PBZ viral segment of
AjfSmgapore/TT1384/2616

SEQ ID NG: 21 Nucleotide seqguence of  PBI viral segment of
A/Singapore/TT1384/2016

SEQ I NO: 22 Nucleotide sequence of  PA viral segment of
AlSmgapore/TT1384/2016

SEQ D NO: 23 Nucleotide sequence of NP viral segment of
A/Smgapore/TT1384/2016
SEQID NG 24 Nucleotide sequence of NS viral segroent of

A/Simgapore/TT1384/2016
SEQ I NO: 25 Nucleotide SCUCHEe of M viral segment of
A/Smgapore/TT1384/2016
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SEQ D NGO: 26

SEQ ID NO:

SEQID NO: 28
SEQ ID NO: 29
SEQ I NO: 30

SEQ ID NO: 31
SEQ ID NO: 32
SEQ ID NO: 33
SEQ ID NO: 34
SEQ ID NO: 35
SEQ ID NO: 36
SEQ 1D NO: 37
SEQ ID NO: 38
SEQ ID NO: 39

SEQ ID NO: -
SEQ ID NO: 41
SEQ [D NO: 42

SEQ I NO: 43

SEQ ID NO: 44
SEQ ID NO: 45
SEQ ID NO: 46

SEQ ID NO: 47
SEQ ID NO: 48

PCT/IB2024/055963
10
Nucleotide sequence of HA viral segment of
AfSingapore/TT1384/2016
Nucleotide sequence of NA viral segment of

A/Singapore/TT1384/2016

Amino acid sequence of PB2 protein of A/Singapore/TT1384/2016
Amino acid sequence of PB1 protein of A/Singapore/TT1384/2016
acid FBI-F2
AfSmgapore/TT1384/2016

Anuno SeqUEnes of protein of
Amino acid sequence of PA protein of A/Singapore/TT1384/2016
Amino acid sequence of NP protein of A/Singapore/TT1384/2016
Amino acid sequence of NSI protein of A/Singapore/TT1384/2016
Amino acid sequence of NEP protein of A/Singapore/TT1384/2016
Amino acid sequence of M1 protein of A/Singapore/TT1384/2016
Amino acid sequence of M2 protein of A/Singapore/TT1384/2016
Amino acid sequence of HA protein of A/Singapore/TT1384/2016

Amino acid seqoenee of NA protein of A/Singapore/TT1384/2016

Nucleotide sequence of PBZ  viral segment of  A/South
Carolina/04/2017
Nucleotide sequence of PBU viral segment of A/South
Carolina/04/2017
Nucleotide sequence of PA  viral segment of A/South
Carolina/04/2017
Nucleotide sequence of NP viral segment of  A/South
{Carolina/04/2017
Nucleotide  sequence  of NS wviral segment of  A/South

Carolina/04/2017

Nucleotide sequence of M viral segment of A/South Carolina/04/2017

Nucleotide sequence of HA  wviral segment of A/South
Carolina/04/2017
Nucleotide sequence of NA  wviral segment of A/South

Carolina/04/2017
Amino acid sequence of PB2 protemn of A/South Carching/04/2017

Amino acid sequence of PBI protemn of A/South Carolina/04/2017
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SEQ ID N(: 4
SEQ ID NO: 5
SEQ ID NO:
SEQ 1D NO: :
SEQ ID NO:
SEQ D NO: ¢
SEQ 1D NO:
SEQ ID NO: 3
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: :
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: 6
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO: |
SEQ ID NO:
SEQ D NO: 7
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

66
67
68

70

PCT/1B2024/055963
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Amuno acid sequence of PB1-F2 protein of A/South Carolina/04/2017
Amino acid seqoenece of PA protein of A/South Carolina/04/2017
Amino acid sequence of NP protein of A/South Carolina/04/2017
Amino acid sequence of NS1 protein of A/South Carolina/04/2017
Amino acid sequence of NEP protein of A/South Carolina/04/2017
Aming acid sequence of M1 protein of A/South Carolina/04/2017
Arnuno acid sequence of M2 protein of A/South Carolina/04/2017
Amino acid sequence of HA protein of A/South Carchna/04/2017
Amino acid sequence of NA protein of A/South Carohina/04/2017
Nucleotide sequence of PB2 viral segment of A/Alaska/06/2019
Nucleotide sequence of PB1 viral segment of A/Alaska/06/2019
Nucleotide sequence of PA viral segment of A/Alaska/06/2019
Nucleotide sequence of NP viral segment of A/Alaska/06/2019
Nucleotide sequence of NS viral segment of A/Alaska/06/2019
Nucleotide sequence of M viral segment of A/Alaska/06/2019
Nucleotide sequence of HA viral segment of A/Alaska/06/2019
Nucleotide sequence of NA viral segment of A/Alaska/06/2019
Amino acid sequence of PB2 protein of A/Alaska/06/2019
Amino acid sequence of PB1 proten of A/Alaska/06/2019
Amino acid sequence of PBI-F2 protein of A/Alaska/06/2019
Aming acid sequence of PA protein of A/Alaska/06/2019

Amino acid sequence of NP protein of A/Alaska/06/2019

Amino acid sequence of NST protein of A/Alaska/06/2019
Amino acid sequence of NEP protein of A/Alaska/06/2019
Amino acid scquence of M1 protemn of A/Alaska/06/2019

Amino acid sequence of M2 proten of A/Alaska/06/2019

Amino acid sequence of HA protein of A/Alaska/06/2019

Amino acid sequence of NA protein of A/Alaska/06/2019
MNucleotide sequence of PB2 viral segment of A/Darwin/11/2021
Nucleotide sequence of PB1 viral segment of A/Barwin/11/2021
Nucleotide sequence of PA viral segment of A/Darwin/11/2021
Nucleotide sequence of NP viral segment of A/Darwin/11/2021

Nucleotide sequence of NS viral segment of A/Darwin/11/2021
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SEQ D NGO: 82 Nucleotide sequence of M viral segment of A/Darwin/1 172021
SEQ ID NG 83 Nucleotide sequence of HA viral segment of A/Darwin/11/2021
SEQ ID NO: 84 Nucleotide seguence of NA viral segment of A/Darwin/11/2021
SEQ I NO: 85 Amino acid sequence of PB2 protein of A/Darwin/11/2021
SEQ D NO: 86 Amino acid sequence of PB1 protein of A/Darwin/11/2021
SEQ 1D NO: 87 Aming acid sequence of PB1-F2 protein of A/Darwin/11/2021
SEQ D NO: 88 Aruno actd sequence of PA protein of A/Darwin/11/2021

SEQ D N(: 89 Amino acid sequence of NP protein of A/Darwin/11/2021

SEQ ID NG: 90 Amino acid sequence of NS1 protein of A/Darwin/11/2021
SEQ ID NO: 91 Amino acid sequence of NEP protein of A/Darwin/11/2021
SEQID NO: 92 Amino acid sequence of M1 proten of A/Darwin/11/2021

SEQ ID NO: 93 Amino acid sequence of M2 proten of A/Darwin/11/2021
SEQID NO: %4 Amino acid sequence of HA protein of A/Darwin/11/2021
SEQ D NO: o5 Aming acid sequence of NA protein of A/Darwin/11/2021

SEQ D NG: 96 Nucleotide sequence of PR2 viral segment of A/Tasmania/503/2020
SEQ ID N 97 Nucleotide sequence of PB1 viral segment of A/Tasmania/503/2020

SEQID NO: 9% Nucleotide sequence of PA viral segment of A/Tasmania/503/2020
SEQ I} NO: 99 Nucleotide sequence of NP viral segment of A/Tasmania/503/2020

SEQ D NO: 100 Nucleotide sequence of NS viral segment of A/Tasmana/503/2020
SEQ ID NO: 101 Nucleotide sequence of M viral segment of A/Tasmama/503/2020
SEQ 1D NO: 102 Nucleotide sequence of HA viral segment of A/Tasmania/503/2020
SEQ D NGO 103 Nucleotide sequence of NA viral segment of A/Tasmania/503/20620
SEQ ID NG 104 Amino acid sequence of PB2 protein of A/Tasmania/503/2020
SEQ ID NO: 105 Amino acid sequence of PB1 protein of A/Tasmania/503/2020
SEQ I NO: 106 Amino acid sequence of PBI-F2 protein of A/Tasmania/503/2020
SEQ 1D NO: 107 Amino acid sequence of PA protein of A/Tasmania/S03/2020

SEQ ID NO: 108 Amino acid sequence of NP protein of A/Tasmania/503/2020

SEQ I3 NO: 109 Amino acid sequence of NSI protein of A/Tasmania/503/2020
SEQ D NG: 110 Amino acid sequence of NEP protein of A/Tasmania/503/2020
SEQID NG 111 Amino acid seqoenee of M1 protein of A/Tasmania/503/2020

SEQ I NO: 112 Amino acid sequence of M2 protein of A/Tasmania/503/2020

SEQ I NO: 113 Amino acid sequence of HA protein of A/Tasmama/503/2020
SEQGIDNO: 114 Amino acid sequence of NA protein of A/Tasmama/503/2020
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SEQIDNG: 115 Nucleotide sequence of 57 non-coding region

SEQID NG 116 Nucleotide sequence of 37 non-coding region

Detailed description

General Techniques and Definitions

Unless specifically defined otherwise, all technical and scientific terms used herein shali be
taken to have the same meaning as commonly understood by one of ordmary skill in the art
{c.g., in genomics, immunology, molecular biclogy, immunohistochemistry, biochemistry,

oncology, and pharmacology}.

The present disclosure 1s pedformed without undue experimentation using, undess otherwise
mdicated, conventional techmigques of molecular biology, microbiology, recombinant DNA
technology and immunology. Such procedures are described, for example in Sambrook, Fritsch
& Maniatis, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratories, New
York, Fourth Edition {2012}, whole of Vois 1, I, and HI, DNA Cloning: A Practical Approach,
Vols. T and I (D. N. Glover, Second Edition., 1993), IRL Press, Oxford, whole of text;
Oligonucieotide Syathesis: A Practical Approach (M. J Gait, ed, 1984} IRL Press, Oxford,
whole of text, and particularly the papers therein by Gan, ppl-22; Atkanson ef af, pp35-81;
Sproat et ¢f, pp 83-113; and Wu ef o/, pp 135-151; 4. Nucleic Acid Hybridization: A Practical
Approach (B. D. Hames & §. 1. Higgins, eds., 19853 IRL Press, Oxford, whole of text;
Immobilized Cells and Enzymes: A Practical Approach {1986) IRL Press, Oxford, whole of
text; Perbal, B., A Practical Guide to Molecular Cloming (1984) and Methods In Enzymology

(8. Colowick and N. Kaplan, eds., Academic Press, Inc.}, whole of series.

Those skilled i the art will appreciate that the prosent disclosure is susceptible to variations
and modifications other than those specifically described. It is to be understood that the
disclosure mnclades all such vanations and modifications. The disclosare also includes all of
the steps, features, compositions and compounds referred to or indicated i this specitfication,
individually or collectively, and any and all combimations of any two or more of said steps or

features.

The present disclosure is not to be limited m scope by the specific embodunenis described
herein, which are intended for the purpose of exemplification only. Functionally equivalent

products, composttions and methods are clearly within the scope of the disclosure, as deseribed
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herein.

Each feature of any particular aspect or embodiment or embodiment of the present disclosure
may be apphed mutatis mutandis to any other aspect or embodiment or embodiment of the

present disclosure.

Throughout this specitication, unless specifically stated otherwise or the context reguires
otherwise, reference o a single step, composition of matier, group of steps or group of
compositions of matter shall be taken to encompass one and a phlurality (i.e., one or more) of
those steps, compositions of matter, groups of steps or group of compositions of matter.

As used herein, the singular forms of “a”, “and” and “the” include plural forms of these words,
unless the context clearly dictates otherwise. For example, a reference to “a bacterium”
includes a plurality of such bacteria, and a reference to “an allergen”™ is a reference to one or

more allergens.

The term “and/or”, ¢.g., “X and/or Y™ shall be understood to mean either “X and Y7 or "X or

Y and shall be taken to provide explicit support for both meanings or for either meaning.

E=d

<,

Throughout this specification, the word “comprise” or vanations such as “comprises” or
“comprising” will be understood to imply the inclusion of a stated element, integer or step, or
group of clements, integers or steps, but not the exclusion of any other element, integer or step,

or group of elements, integers or steps.

By “consisting essentially of”, m the context of: {a} an amunoc acid sequence, ts meant the
reciied anuno acid sequence together with an additional one, two or three amino acids at the
N- or C-ternnnas thereof, and (b} a nucleotide sequence, is meant the recited nucleotide
sequence together with an additional one, two, three, four, five or six nucleic acid bases at the
57 0r 37 end thereof,

The term “substantially” does not exclude “completely” {e.g.

a composition which is

>

“substantially free” from Y may be completely free from Y}

The term “about” m relation to a numencal valiue x 1s optional and means, for example, any
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number within 0.5%, 1%, 3% or 10% of the referenced number or value. In certain examples,

the term “about” encompasses the exact munber recited.

All computer programs, algorithms, patent and scientific literature referred to herein is

mncorporated herein by reference.

For the present disclosure, the database accession number or unique wdentifier provided herein
for a gene, protein or viras strain, as well as the gene and/or protein sequence or sequences

associated therewith, are incorporated by reference herein.

Isolated influenza viruses

The mventors have surpnisingly discovered a mumber of influenza viruses whose backbone
viral segments {e.g., PA, PBi, PB2, NP, M and NS viral segments) can be utilised in
reassortment techniques to improve the growth and vield of reassortant viruses comprising said

backbone viral segments in cell culture, which may be advantageous for vaccine production.

Accordingly. in onc form, the present disclosure provides an isolated influenza viras
comprising one or more of PA, PB1, PB2, NP, M and NS viral segments that encode one or
more viral proteins {e.g., one or more of the backbone viral proteins of PA, PBI, PBI-F2, PR2,

NP, M1, M2, NEP and NS1) provided herein.

Suitably, the viral proteins compnse, consist of or consist essentially of an amino acid sequence
selected from the group set forth in SEQ 1D NOs: 9-17, 28-36, 47-33, 66-74, 85-93 and 104-
1312 or a fragment, variand or derivative thereof. To this end, the PBZ viral protein suitably
coraprises, consists of or consists essentially of an amino acid sequence selected from the group
set forth in SEQ TD NOs: 9, 28, 47, 66, 85 and 104 or a fragment, vanant or derivative thereof,
the PB1 viral protein suitably comprises, consists of or consists essentially of an amino acid
sequence selected from the group set forth in SEQ 1D NOs: 10, 29, 48, 67, 86 and 105 or a
fragment, variant or dernivative thereof, the PB1-F2 viral protemn suitably comprises, consists
of or consists essentially of an amino acid sequence selected from the groap set forth m SEQ
1D NOs: 11, 30, 49, 68, 87 and 106 or a fragment, variand or derivative thereof, the PA viral
protein suttably comprises, consists of or consists cssentially of an amino acid sequence
selected from the group set forth in SEQ ID NOs: 12, 31, 50, 69, 88 and 107 or a fragment,

variant or dertvative thereof, the NP viral protein suitably comprises, consists of or consists
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essentially of an amino acid sequence selected from the group set forth in SEQ ID NOs: 13,
32,51, 70, 89 and 108 or a fragment, vanant or derivative thereof, the NS1 viral protein soitably
comprises, consists of or consists essentially of an amino acid sequence selected from the group
set forth in SEQ ID NOs: 14, 33,32, 71, 90 and 109 or a fragment, variant or devivative thercof,
the NEP viral protein suitably comprises, consists of or consists essentially of an amino acid
sequence selected from the group set forth in SEQ 1D NOs: 15,34, 53, 72, 91 and {i0ora
fragment, variant or derivative thereot, the M1 viral protein suitably comprises, consists of or
consists essentially of an amino acid sequence selected from the group set forth in SEQ ID
NQs: 16, 35, 54, 73, 92 and 111 or a fragment, variant or derivative thereof, and/or the M2
viral protein suitably comprises. consists of or consists essentially of an amino acid sequence
selected from the group set forth in SEQ 1D NOs: 17, 36, 55, 74, 93 and 112 or a fragment,

variant or derivative thereof.

In a related form, the present disclosure provides an isolated influenza virnus comprising one or
more of PB2, PB1, PA, M, NP and NS viral segments (1.e., backbone viral segments) provided
herein. Suitably, the PB2, PB1, PA. M, NP and NS viral segments independently comprise,
consist of or consist essentially of a nucleotide sequence selected from those set forth in SEQ
1D NOs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-101 or a fragment, variant or dernivative
thereof. In this regard, the PB2 viral segment suttably comprises, consists of or consists
essentially of a nucleotide sequence selected from the group set forth in SEQ ID NQOs: 1, 20,
39, 58, 77 and 96 or a fragment, variand or derivative thereof, the PB1 viral segment surtably
comprises, consists of or consists essentially of a nucleotide sequence selected from the group
set forth in SEQ 1D NQOs: 2, 21, 40, 59, 78 and 97 or a fragment, variant or derivative thereof,
the PA viral segment suitably comprises, consists of or consists essentially of a nuclestide
sequence selected from the group set forth m SEQ 1D NGs: 3, 22, 41, 60, 7% and 98 or a
fragment, variant or denvative thereof, the NP viral segroent suitably comprises, consists of or
consists essentially of a nacleotide sequence selected from the group set forth in SEQ 1D NOs:
4, 23, 42, 61, 80 and 99 or a fragment, variant or derivative thereof, the NS viral segment
suitably comprises, consists of or consists cssentially of a nucleotide sequence selected from
the group set forth in SEQ ID NOs: 5, 24, 43,62, 81 and 100 or a fragment, vanant or dertvative
thereof, and/or the M viral segment suitably comprises, consists of or consists essentially of a
nucleotide sequence selected from the group set forth m SEQ 1D NOs: 6, 25, 44, 63, 82 and

101 or a fragment, vanant or derivative thereof.
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Influenza viruses are enveloped RNA viruses that belong to the family of Orthomvxovindae
{Palese and Shaw €2007) Orthomyxoviridae: The Viruses and Their Replication, 5th ed. Fields'
Virology, edited by B. N. Ficlds, D. M. Kuipe and P. M. Howley, Wolters Kluwer
Health/Lippincott Wilhiams & Wilkins, Philadelplua, USA, pi647-1689). Influenza A and B
viruses are major human pathogens, causing a respiratory discase that ranges in severity from
sub-clinical infection to primary viral pnewmonia, which can result in death. The clinical effects
of infection vary with the virulence of the influcnza strain and the exposure, history, age, and
mmmune status of the host. The natural bosts of influenza viruses are predominantly avian, but
mfluenza viruses, particularly influenza A viruses (including those of avian origin), can also
mfect and cause iliness in humans and other animal hosts {e.g.. bats, canines, pigs, horses, sea

mammals and mustelids).

The isolated influenza viras of the present disclosure can be an influenza A virus or an influcnza
B virus. According to some examples. the isolated influenza virus is an influenza A virus. In
alternative examples, the isolated influenza virus is an influenza B virus. By way of example,
the influenza A viros provided herein may include a HA subtype selected from HI, H2, H3,
H4, H5, H6, H7, H¥, HY, HI10, H11, Hi2 HI3, H14, HI5 and H16. In some examples, the
nfluenza A virus is of a HI, H2, H3, H5, H7, or HY subtype. In various examples, the influenza
A virus s of a H1 or H3 subtype. Moreover, such viruses may contamn the influenza A virus
NA subtypes N1, N2, N3, N4, N5, N6, N7, N§ or N9. For some examples, the infloenza A
virus is of a NI, N2, N3, N7, or N9 sabtype. In other examples, the influenza A virus is of an
N1 or N2 subtype. In particular, the mfluenza A virus can be a strain selected from the group
consisting of HINT, HIN2, H2N2, H3NT, H3N2, H3Ng, HANIL, H7NT, H7N2, H7N3, HTNT,
HON2, and HION7. According to some cxamples, the influenza A virus is 3 H3NZ stram. In

alternative examples, the influenza A virus is a HIN1 strain,

In view of the above, the isolated inflaenza virus referred to herein suitably comprises a HA
viral segment and/or a NA viral segment that is at least partly derived from a seasonal influenza
virus strain. As used herein, the term “seasonal influenza virus strain” refers to a stram of
mfluenza virus to which a subject popolation is exposed to on a scasonal basis. The isolated
influenza viras described herein may therefore be suitable for use in a vaccine or inununogenic
composition for protecting against scasonal virus strains that are presently being spread orare
endemic within a human population. In certain examples, the term seasonal influenza virus

strain refers to a strain of influenza A virus. In other examples, the term seasonal influenza
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virus strain refers to a strain of influenza A virus that belongs to the Hi or the H3 subtype (1.¢,,
the two subtypes that presently persist or are endemic in the human population). In some

examples, the term scasonal influcnza virus strain refers to a strain of influenza B virus.

According to other examples, the isolated wfluenza viras referred to herein compnses a HA
viral segment and/or a NA viral scgment that is at least partly derived from a pandemic
influenza virus stramn. As used heremn, the tenn “pandemic influcnza vires stramn” refers to a
strain of influenza virus being associated or susceptible to be associated with an outbreak of
mfluenza disease. Generally, the characteristics of an influenza strain that give it the potential
t: cause a pandemic outbreak are: {a) it contains a new haemagglutinin compared to the
hacmagglutinins i currently-circulating human strains, 1.¢., one that has not been evident
the human population for over a decade {e.g., H2), or has not previously been seen at all in the
human population (e.g., HS, H6 or HY, that have gencrally been found only in bird popaolations),
such that the human population will be immumoclogically naive to the strain’s haemagghitinin;
{b} it is capable of being transmitted horizontally in the human population; and (¢} 18
pathogenic to humans. As such, the isolated mftuenza virus may be suitable for use in a vaceine
or immunogenic composttion for protecting against potential pandemic virus strains that can
or have spread from a non-human animal population to humans. As such, in certain examples,
the term pandemic influenza virus strain refers fo a strain of influenza A virus. Suitable
pandenuic straing tnclade, but are not houted to: H3NT, HONZ, HTN7, H2N2, H2ZN3, H7N1
and HIN1. Others suitable pandemic strains found in humans are H7N3, HION7 and H5N2.

It is further contemplated that the isolated influenza virus may comprise a HA viral segment
that encodes a chimerie HA protein {L.¢c., a HA protein that contains amino acid sequences from
more than one influenza strain). For instance, a chimeric HA may contain the cyvtoplasmic, or
cvioplasmic and transmembrane portions of the HA from one influenza strain and at least the
extraceliolar antigenic portion of the HA from a different influenza strain. This approach has
been described previously as a techuigue for producing influenza viruses contaiming the
antigenic portion of the HA protein in circumstances where the unmodified HA segment may

be produced at low vields.

In other examples, the isolated intluenza virus expresses a non-chimeric HA protein. In other
words, the HA protein sequence comprises the cytoplasmic, transmembrane and extracethular

domain from the same mfivenza strain.
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The inflacnza viruses referred to herein encompass any virus type, subtype or strain including,
but not limited to, naturally occurring strains, variants or mutants, mutagenized or modified

viruses, reassortant viruses and/or genctically modified viruses.

The influenza viruses, nucleic acids, proteins, genetic constructs or cells described herein may
be considered to be isolated. For the purposes of the present disclosure, by “isolated” is meant
material that has been removed from 1ts natural state or otherwise been subjected to human
manipulation. Isolated material may be substantially or essentially free from components that
normaily accompany it in its natural state. or may be manipufated so as to be in an artificial
state together with components that normally accompany it in its natural state. Isolated material

may be m native, chemical synthetic or recombinant form.

Isolated recombinant influenza virases are contemplated for the present disclosure. A
“recombmant” virus is one which has been mamipulated 71 vifro, sach as by using recombinant

DNA techniques, to introduce changes to the viral genome.

Suitably, the isolated influenza virus is a reassortant virus, such as a recombinant reassortant
virus. The term “reassortant virus” denotes a virus which contans genetic matenial that results
from the combination of genetic material of at least two donor viruses (e.g., one or more gene
segments from a first parent influenza virus strain {the donor, backbone or seed strain}, and one
or more gene segments from a second parent influenza virus strain {the vaccine strain}). When
the reassortant virus is used for prepanng a vaccine or MMUNOEENIc Composition, Hs genetic
matertal usually contains at least the HA viral segment and optionally the NA viral segment
from a seasonal or pandemic influenza virus, whereas the other viral segments (i.¢., backbone
viral segments) are from one or several other donor or seed viruses which have been selected
for their ability to grow easily on the substrate of production used for manufacturing the flu
vaccine {e.g., the allantoic cavity of embryonated hen's eggs or a pernussive cell line) and/or
1o be less or non-pathogenic to humans, Non-limiting examples of donor or seed viruses that
contribute as donors of backbone viral segments nclude A/Puerto Rico/8/1934 (PRS),
AlTexas/1/1977, A/New York/35/2004, A/Ann Arbot/6/60, A/Leningrad/134/17/57, B/Ann
Arbot/1/66, B/Florida/4/2006, B/Panama/45/1990 and B/Lee/1940. The reassortant virus may
be produced by any method known in the art, mclusive of reverse genetics, classical

reassortment and hybrid versions thereof.
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Based on the improvements in viral rephcation and yield observed in cell colture outlined in
the Examples below, the isolated mfluenza viruses described hercin {c.g., A/GChio/02/2019,
A/Singapore/TT1384/2016, A/South Carolina/04/2017, A/Alaska/06/2019, A/Darwin/1 1/2021
and A/Tasmania/S03/2020) may function as donor virus strains with respect to providing
backbone viral segments in the generation of a reassortant virus. Influenza donor strains are
strains which typically provide one or more of the backbovne viral segroents in a reassortant
influenza virus, even though they may sometimes also provide the NA segment of the virus.
The vaccine stram is typically the influenza strain that provides the HA and/or NA scgment.
Generally, both the HA and the NA segment in a reassortant influenza virus can be from the
vaccine strain. The vaccme strain is typically a circulating strain, such as a scasonal or
pandenuc nfluenza virus strain, Suitably, the vaccine strain is different or heterologous from
the donor strain. The viral segments that are present in a reassortant virus can be described
using a gene consteflation ratio, which indicates the number of segments that are provided by
cach parent influenza virus strain. For mstance, when a reassortant virus confains genome
segments from two parent influenza viras straims (such as a donor strain and a vaccine strain),

it may have a gene constellation ratic of 1.7, 2:6, 3:5 414,53, 6:2, 0r 7:1.

Generally, the majority of gene segments of the reassortant virases are from the donor strain,
becaunse it is desirable to hamess the properties of the donor strain {e.g., improved replication
and/or yield in cell culture} through reassortment of the donor strains segments with segments
from the vaccine strain. In particular examples, the reassortant influenza virus produced by the
methods provided herein has a gene constelation ratio of 5:3, 6:2, or 71, wherein the first
number of the ratio indicates the munber of segments from the donor strain and the second

number of the ratio indicates the number of segments from the vaccine strain.

In certain examples, the reassortant influenza virus has a gene constellation ratio of 6:2. For
these examples, the reassortant intlucnza virus suitably comprises six backboune segments {i.e.,
PB1, PB2, PA, NP, M, and NS) from the donor strain and two segments {i.¢., HA and NA)

from the vaccine strain.

Ia other examples, the reassortant influenza virus has a gene constellation ratio of 7:1. In such
examples, the reassortant influenza virus can comprise the six backbone segments from the

donor strain, the HA segment from the vaccine strain, and the NA segment from the donor
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strain. In other words, the reassortant influenza virus comprises the HA segment from the
vaccine strain and the remaining seven scgments are from the donor strain. In alternative
examples, the reassortant influenza virus comprises the six backbone segments and the HA
segment from the donor strain, and the NA segment from the vaceine strain. In other words,
the reassortant influenza virus comprises the NA segment from the vaccine strain and the

remaining seven segments from the donor strain.

In further examples, the reassortant influenza virus has a gene constellation ratio of 5:3. In
these examples, the reassortant virus may comprise five backbone segments (1.e. five viral
segments selected from the group consisting of! PB1, PB2. PA NP, M, and N5 viral segments)
from the donor strain and three segments from the vaccine strain. In such examples, the three
segments from the vaccine strain are typically HA, NA and one backbone segment (1.¢. one
segment selected from the group consisting of PB1, PB2, PA, NP, M and NS). In particudar
examples, the throe segments from the vaccine strain are HA, NA and PB1 and the remaining
five backbone segments (i.c., PBZ, PA, NP, M and NS viral segments) are from the donor

skrain.

According to particular examples, the 1solated reassortant mfluenza virus comprises:

{a) one or more PA, PB, PB2, NP, N5, and M viral segments derived from a first
wfluenza virus isolate {e.g., one or more of PA, PBL, PB2, NP, M and NS viral segments that
encode one or more viral proteins that comprise, consist of or consist essentially of an amino
acid sequence selected from the group consisting of SEQ ID NQs: 9-17, 28-36, 47-55, 66-74,
85-93 and 104-112);

{b) a HA viral segment, inclusive of chimerie versions thercof, derived from a second
mfluenza virus isolate {e.g., a vaccine virus or strain}; and

{c) optionally an NA viral segment, inclusive of chimeric versions thereof, derved
from the first influenza viras isolate, the second influenza virus isolate or athird infhienza virus

isolate.

To this end, the NA viral segment and the HA viral segment can be from the same infhienza
virus isolate, whilst the backbone viral segments can be denved from a different or
heterologous influcnza virus isolate o that of the NA and HA viral scgments. Alternatively,
the NA viral segment can be derived from the same influenza virus isolate {e.g., a donor virus)

as the backbone viral segments {¢.g., the NA viral segment comprises, consists of or consists
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cssentially of a nucleotide sequence set forth in SEQ ID NOs: §, 27, 46, 65, 84 or 103 and/or
the NA viral segment encodes a NA viral protein that comprises, consists of or consists
cssentially of an amino acid sequence set forth in SEQ 1D NOs: 19, 38, 537, 76, 95, 114}
Moreover, the NA viral segment can be from an mfluenza virus isolate that is different or
heterologous to that from which the backbone viral segments and the HA viral segment were
derived. Tn thus regard. the HA viral segment can be derived from the same influenza virus
isolate {e.g., a donor virus) as the backbone viral segments {¢.g., the HA viral segment
comprises, consists of or consists essentially of a nucleotide sequence set forth m SEQ 1D NOs:
7,26,45, 64, 83 or 102 and/or the HA viral segment encodes a HA viral protein that comprises,
consists of or consists essentially of an amino acid sequence set forth in SEQ 1D NOs: 18, 37,

56,75, 94 0or 113).

As used herein, a “heterologous” influenza viras gene or viral segment is from an influecnza
viras source or isolate that is different than a majority of the other influenza viral genes or gene
segments i a reassortant nfluenza virus or 3 recombinant influenza virus, inclusive of

recombinant reassortant imfluenza viruses.

For certain examples, the isolated influenza virus comprises viral segmends (i.¢, the PB2, PBI,
PA, M, NP and NS viral segments) that encode two ormore {e.g., 2,3, 4, 5,6, 7, 8 or 9} of the
backbone viral protems {i.¢., the PB2, PBI, PBI-F2, PA, M1, M2, NP, N§1 and NEP viral
proteins} provided herein {e.g., SEQ 1D NQGs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112 or
a fragment, variant or derivative thereof). In particular examples, the isolated mfluenza viras
comprises viral segments that encode two or more, three or more, more particularly four or
more, even more particularty five or more, yet even more particularly 6 or more and still even

mare particularly 7 or more (i.e., 7, 8 or 9}, of the backbone viral proteins provided herern.

According to related examples, the isolated influsnza viras comprises two or more {e.g., 2, 3,
4, 5 or 6} of the backbone viral segments (1.¢., the PB2, PB1, PA, M, NP and NS viral segments)
provided herein {e.g., a nucleotide sequence comprising, consisting of or consisting essentially
of that set forth in SEQ ID NQOs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-101 or a fragment,
variant or derivative thereof). In particular examples, the isolated influenza virus comprises
three or more, more particularly four or more, or even more particularly five or more i.e., S or

6}, of the backbone viral segments provided herein.
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Suitably, the 1solated influcnza virus comprises viral scgments (i.¢., cach of the PB2, PBI, PA,
M, NP and NS viral segments) that encode mine (9) of the backbone viral proteins provided
herein. In these examples, the isolated mnfluenza virus switably comprises viral segments that
encode PB2, PBIL, PBI-F2, PA, Mi, M2, NP, NSI and NEP viral proteins independently
comprising, consisting of or consisting essentially of an amino acid sequence selected from
those set forth in SEQ ID NOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112, or a fragment,
variant or dernivative thereof. To this end, ¢ is contemplated that the isolated influenza virus

may contain any combination of nine {9} of those backbone viral proteins provided herein.

Accordingly, in certain examples, the isolated influenza virus comprises:

{a) a PB2 viral segment that encodes a PB2 viral protein that comprises, consists
of or consists essentiallv of an amino acid sequence selected from the group consisting of SEQ
I NQGs: 9,28, 47, 66, 85 and 104, or a fragment, variant or derivative thereof]

(b} a PBI viral segment that encodes: a PB1 viral protein that comprises,
congists of or consists essentially of an anuno acid sequence selected from the group consisting
of SEQ ID NOs: 10, 29, 48, 67, 86 and 103, or a fragment, variant or dentvative thereof, and/or
a PBI-F2 viral protein that comprises, consists of or consists essentially of an amine acid
sequence selected from the group consisting of SEQ 1D NOs: 11, 30, 49, 68, 87 and 106, 0t a
fragment, variant or derivative thereof]

(b} a PA viral segment that encodes a PA viral protein that comprises, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
IDNGs: 12, 31, 30, 69, 88 and 107, or a fragment, vanant or derivative thereof,

{c¢} a NP viral segment that encodes a NP viral protein that comprises, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
D NOs: 13,32, 51, 70, 89 and 108, or a fragment, vanant or denvative thereof]

(d} a NS viral segment that encodes: a NS1 viral protein that comprises, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
1 NGs: 14, 33, 52, 71, 90 and 109, or a fragment, variant or derivative thereof, and/or a NEP
viral protein that comprises, consists of or consists essentially of an ammo acid sequence
selected from the group consisting of SEQ ID NQa: 15,34, 53, 72, 91 and 110, or a fragment,
variant or derivative thereof and

(e} a M viral segment that cucodes: a M1 viral protein that comprises, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ

ID NOs: 16, 35, 54, 73, 92 and 111, or a fragment, variant or derivative thercof; and/or a M2
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viral protein that comprises, consists of or consists essentially of an amino acid sequence
selected from the group consisting of SEQ D NQs: 17,36, 55, 74, 93 and 112, or a fragment,

variant or derivative thereof.

Suttably, the isolated influenza virus comprises six (6} of the backbone viral segments provided
herein. In these examples, the isolated influenza virus comprises PBZ, PB1, PA, M, NP and NS
viral segments, cach independently comprising, consisting of or consisting essentially of a
nucleotide sequence selected from those set forth m SEQ ID NOs: -6, 20-25, 39-44, 58-63,
77-82 and 96-101 or a fragment, variant or derivative thereof. To this end, it is contemplated
that the isolated influenza virus may contain any combination of six of those backbone viral

segments provided herein,

Furthermore, in related examples, the isolated mfluenza virus comprises:

{a} a PB2 viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ 1D NGs: 1, 20, 39, 58, 77 and
96, or a fragment, vanant or dertvative thereof]

{a) a PB1 viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group counsisting of SEQ D NOs: 2, 21, 406, 59, 78 and
97, or a fragment, variant or denvative thereof;

(b} a PA viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ 1D NOs: 3, 22 41, 60, 79 and
98, or a fragment, varnant or denivative thercof;

{¢} a NP viral segment that comprises, consists of or consists essentially of a
nuclectide sequence selected from the group consisting of SEQ 1D NOs: 4, 23,42, 61, 30 and
99, or a fragment, vagant or denvative thereof]

{d} a NS viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ ID NOs: 3, 24, 43, 62, 81 and
100, or a fragment. variant or derivative thercof, and

{c} a M viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ ID NQs: 6, 25, 44, 63, 82 and

101, or a fragment, variant or derivative thereof.

For some examples, the isolated mfluenza virus comprises viral segments that encode seven

(7} of the backbone viral proteins provided herein. According to other examples, the isclated
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influenza virus comprises viral segments that encode eight (8} of the backbone viral proteins
provided herein. In such examples, the isolated inflacnza virus suitably comprises viral
scgments that encode soven or cight backbone viral proteins (.¢.. 7 or 8 of the PB2, PB1, PB1-

F2,PA, M1, M2, NP, NS1 and NEP viral proteing) that independently comprise, consist of or

[e]

onsist essentially of an amino acid sequence selected from those set forth in SEQ 1D NQOs: 9-
17,28-36,47-53, 66-74, 85-93 and 104-112, or a fragment, variant or dedivative thereof. Again,
it 1s eovisaged that the 1solated jnflucnza virus may cxpress any combination of seven or cight
of those backbone viral protems {(i.e., seven or eight viral protems selected from PB2, PBI,

PBI-F2, PA M1, M2 NP, N51 and NEP viral proteins) provided herein.

Suitably, the isolated mfluenza virus coraprises viral segmenis that encode the PBZ, PA, M1,
M2, NP, NSI and NEP viral proteins provided herein and optionally the PB1 and/or PBI-F2
viral proteins provided herein. As such, in particudar examples, the isolated influenza virus
COMPIISCS:

{a) a PB2 viral scgment that encodes a PB2 viral protein that comprises, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
ID NOs: 9, 28, 47, 66, 85 and 104, or a fragment, varant or derivative thereof,

{b} a PA viral segment that encodes a PA viral protein that comprises, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
1D NGs: 12, 31, 50, 69, 88 and 107, or a fragment, vartant or denvative thereof,

{cy a NP viral scgment that encodes a NP viral protein that comprises, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
ID NGs: 13,32, 31, 70, 89 and 108, or a fragment, vanant or dertvative thereof]

{d} a NS viral segment that encodes a NS viral protein that comprses, consists
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
T NOg: 14, 33, 52, 71, 90 and 109, or a fragment, variant or derivative thereof and/or a NEP
viral protein that comprises, consists of or consists cssentially of an amine acid sequence
selected from the group consisting of SEQ D NOs: 13, 34, 53, 72, 91 and 110, or a fragment,
variant or derivative thereof, and

{} a M viral segment that encodes a M1 viral protein that comprises, consisis
of or consists essentially of an amino acid sequence selected from the group consisting of SEQ
D NOs: 16, 35, 54, 73, 92 and 111, or a fragment, vanant or denivative thereof and/or a M2
viral protein that comprises, consists of or consists essentially of an amino acid sequence

selected from the group consisting of SEQ 1D NQOs: 17, 36, 55, 74, 93 and 112, or a fragment,
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variant or derivative thereof.

For other examples, the isolated influcnza virus comprises five (3) of the backbone viral
segments provided herein. o such examples, the isolated influenza virus comprises five viral
segments mdependently comprising, consisting of or consisting essentially of a nucleotide
sequence selected from those set forth in SEQ ID NQs: 1-6, 20-28, 39-44, 58-63, 77-82 and
86-101, or a fragment, variant or derivative thercof. Again, it is cavisaged that the isolated
mfluenza virus may contain any combination of five of those backbone viral segments (i,
five viral scgments selected from PB2, PB1, PA, M, NP and NS viral segments) provided

herein.

Suttably, the isolated influenza virus comprises viral segments that encode the PB2, PA, M,
NP and NS viral segment provided herein and optionally the PBI viral segment provided
herein. Moreover, in related examples, the isclated influenza viras comprises:

{a} a PB2 viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ ID NGs: 1, 20,39, 58, 77 and
06, or a fragment, variant or derivative thereof]

(b} a PA viral scgment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ 1D NOs: 3, 22, 41, 60, 79 and
98, or a fragment, variant or dentvative thereof]

(¢} a NP viral segment that comprises, consists of or counsists cssentially of a
nucleotide sequence selected from the group consisting of SEQ 1D NQOa: 4, 23, 42, 61, 80 and
99, or a fragment, vanant or derivative thercof,

{d} a NS viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ D NOs: 5, 24, 43, 62, 81 and
100, or a fragment, variant or denivative thereof, and

{e} a M viral segment that comprises, consists of or consists essentially of a
nucleotide sequence selected from the group consisting of SEQ 1D NOs: 6, 25, 44, 63, 82 and

101, or a fragment, vanant or derivative thereof.

In partticular cxamples, the isolated nfluenza virus comprises one or more of PB2, PBI, PA,
M, NP and NS viral segments that encode one or more viral proteins comprising, consisting of
or consisting essentially of an amino acid sequence selected from those set forth in SEQ ID

NQGs: 9-17, or a fragment, variant or derivative thereof. More particudarly, the 1solated influenza
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virus can comprise PB2, PBI, PA, M, NP and NS viral scgments that encode seven or more
viral proteins comprising. consisting of or consisting essentially of an amino acid sequence
selected trom those set forth in SEQ ID NQOs: 9-17, or a fragment, variant or derivative thereof
In particular examples, the isolated influenza vitus comprises PB2, PA, M, NP and NS viral
segments that encode PB2, PA, M1, M2, NP, NS1 and NEP viral proteins that comprise, consist
of or consist cssentially of an amino acid sequence set forth in SEQ 1D NOs: 9 and 12-17
respoctively or a fragment, vanant or derivative thereof In such examples, the isolated
influenza virus may optionally further comprise a PB1 viral segment that encodes PB1 and/or
PB1-F2 viral proteins independently comprising, consisting of or consisting essentially of an
amine acid sequence set forth in SEQ ID NOs: 10 and/or 11 or a fragment, variant or derivative
thereof. Suitably, the isolated mfluenza virus comprises PBZ, PB1, PA, M, NP and NS viral
segments that encode PB2, PRI, PBI-F2, PA, M, M2, NP, N51 and NEP viral proteins that
each independently comprnise, consist of or consist essentially of an amine acid sequence set
forth in SEQ 1D NOs: 9-17 respectively or a fragment, variant or derivative thereof. With
respect to the above examples, the isolated influenza virus, such as a reassortant influenza virus,

is suitably of a HIN1 or a H3NZ sabtvpe.

According to related examples, the isolated mnfluenza virus comprises one or more of PB2,
PBI1, PA, M, NP and NS viral segrments comprising, consisting of or consisting essentially of
anacleotide sequence set forth in SEQ ID NQs: 1-6, or a fragment, varant or dertvative thereof.
More particularly, the isolated influenza viras can comprise five or more of the PBZ, PB1, PA,
M, NP and NS viral segments comprising, consisting of or consmsting essentially of anucleotide
sequence set forth in SEQ ID NOs: 1-6, or a fragment, variant or denvative thereof. By way of
example, the isolated influenza viras can comprise PB2, PA, M, NP and NS viral segments that
coraprise, consist of or consist essentially of a nucleotide sequence set forth in SEQ ID NQOs: |
and 3-6 respectively or a fragment, variant or denvative thereof. In such examples, the isolated
mfluenza virus may optionally further comprise a PB1 viral segment comprising, consisting of
or consisting cssentially of a nucleotide sequence set forth in SEQ ID NO: 2 or a fragment,
variant or derivative thereof. Suitably, the isolated influenza viras comprises PB2, PB1, PA,
M, NP and NS viral segments each independently comprising, consisting of or consisting
cssentially of a nucleotide sequence set forth in SEQ 1D NOs: 1-6 respectively, or a fragment,
variant or derivative thereof. With respect to the above examples. the isolated 1nfluenza virus,

such as a reassortant influenza virus, s suitably of a HINT or a H3N2 subtype.
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In certam examples, the solated influenza virus comprises one or more of PB2, PBI, PA, M,
NP and NS viral segments that encode one or more viral proteins comprising, consisting of or
consisting essentially of an amino acid sequence selected from those set forth in SEQ 1D NOs:
28-36, or a fragment, variant or derivative thercof. More particularly, the isolated influenza
virus can comprise PB2, PBL, PA, M, NP and NS viral segments that encode seven or mose
viral proteins comprising, consisting of or consisting essentially of an amino acid sequence
selected from those set forth in SEQ 1D NQOs: 28-36, or a fragment, vanant or derivative thereof.
In particular examples, the 1solated influenza virus comprises PB2, PA, M, NP and NS viral
segments that encode PBZ, PA, M1, M2, NP, NST and NEP viral proteins that comprise, consist
of or consist essentially of an amino acid sequence set forth in SEQ 1D NOs: 28 and 31-36
respectively or a fragment, variant or derivative thereof In such examples, the isolated
mfluenza virus may optionally further comprise a PB1 viral segment that encodes PBI and/or
PBI-F2 viral proteins comprising, consisting of or consisting essentially of an amino acid
sequence set forth in SEQ ID NG 29 and/or 30 respectively or a fragment, variant or derivative
thereof. Surtably, the 1solated mnfluenza virus comprises PB2, PBI, PA, M, NP and NS viral
segments that encode PB2, PB1, PBI-F2, PA, M1, M2, NP, NS1 and NEP viral proteins that
cach independently comprise, consist of or consist essentially of an amino acid sequence set
forth i SEQ ID NOs: 28-36 respectively or a fragment, variant or derivative thercof With
respect 1o the above examples, the isolated influenza viras, such as a reassortant influenza viras,

1s suitably of 3 HIN1 subtype.

For other examples, the isolated influenza virus comprises one or more of PB2, PBI, PA, M,
NP and NS viral segments comprising, consisting of or consisting essentially of a naclectide
sequence set forth in SEQ 1D NOs: 20-23, or a fragment, variant or derivative thercof. More
particularly, the 1solated influcnza virus can comprise five or more of the PB2, PBI, PA, M,
NP and NS viral segments comprising, consisting of or consisting essentially of a nucleotide
sequence set forth in SEQ ID NQOs: 20-25, or a fragment, variant or derivative thercof. For
mnstance, the 1solated inthuenza viras can comprise PB2, PA, M, NP and NS viral segments that
compnise, consist of or consist essentially of a nucleotide sequence set forth in SEQ 1D NOs:
28 and 22-25 respectively or a fragment, variant or derivative thereof. In such examples, the
isolated mfluenza virus may optionally further comprise a PB1 viral segment comprising,
consisting of or consisting essentially of a nucleotide sequence set forth w SEQ 1D NO: 21 or
a fragment, vagant or denvative thereof. Suitably, the isolated influenza virus comprises PB2,

PBI, PA, M, NP and NS viral segments each independently comprising, consisting of or
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consisting cssentially of a nucleotide sequence set forth in SEQ 1D NOs: 20-25 respectively,
or a fragment, variant or derivative thercof. With respect to the above examples, the isolated

mfluenza viras, such as a reagsortant influenza virus, is suitably of a HINI subtype.

In various examples, the solated influenza virus comprises one or more of PB2, PBE, PA, M,
NP and NS viral segments that encode one or more viral proteins comprising, consisting of or
cousisting essentially of an anuno acid sequence selected from those set forth m SEQ 1D NOs:
47-55, or a fragment, variant or derivative thereof. More particularly, the isolated influenza
virus can comprise PB2, PB1, PA, M, NP and NS viral scgments that encode seven or more
viral proteins comprising, consisting of or consisting essentially of an aming acid sequence
selected from those set forth 1o SEQ 1D NOs: 47-53, or a fragment, vanant or derivative thereof.
In particular examples, the isolated mfhienza virus comprises PB2, PA, M, NP and NS viral
segments that encode PB2, PA, M1, M2, NP, NST and NEP viral proteins that comprise, consist
of or consist essentially of an amino acid sequence set forth in SEQ 1D NOs: 47 and 50-55
respectively or a fragment, varant or derivative thereof In such examples, the isolated
mfluenza viras may optionadly further comprise a PB1 viral segment that encodes PB1 and/or
PB1-F2 viral proteins comprising, consisting of or consisting essentially of an amino acid
sequence set forth m SEQ 1D NO: 48 and/or 49 or a fragment, variaot or dertvative thereof
Suttably, the isolated influenza virus comprises PB2, PBI, PA, M, NP and NS viral segments
that encode PB2, PBI, PBI-F2, PA, M1, M2, NP, NS1 and NEP viral proteins that cach
independently comprise, consist of or consist essentially of an anuno acid sequence set forth in
SEQ 1D NOs: 47-55 respectively or a fragment, vanant or derivative thereof. With respect to
the above examples, the isolated influenza virus, such as a reassortant influenza virus, i8

suitably of a HIN1 or a H3NZ subtype.

According to related examples, the isolated mfluenza virus comprises one or more of PB2,
PBI, PA, M, NP and NS viral segments comprising, consisting of or consisting essentially of
a nuclectide sequence set forth i SE(Q} ID NOs: 39-44, or a fragment. variant or dertvative
thereot. More particularly, the isolated influenza virus can comprise five or more of the PB2,
PBI, PA, M, NP and NS viral segments comprising, consisting of or consisting essentially of
a nucleotide sequence set forth m SEQ 1D NOs: 39-44, or a fragment, variant or derivative
thereof. For instance, the solated mnfluenza virus can comprise PB2, PA, M, NP and NS viral
segments that comprise, consist of or consist essentially of a nucleotide sequence set forth in

SEQ ID NOs: 39 and 41-44 respectively or a fragment, variant or derivative thereof. In such
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exaraples, the isolated influenza viras may optionally further comprise a PBI viral segment
comprising, consisting of or consisting essentially of a mucleotide sequence set forth in SEQ
1D NO: 40 or a fragment, varant or derivative thereof. Suitably, the isolated influenza virus
coraprises PB2, PBI1, PA, M, NP and NS viral segments cach mdependently comprising,
consisting of or consisting essentially of a nuclectide sequence set forth in SEQ 1D NQs: 39-
44 respectively, or a fragment, varant or denvative thercof. With respect to the above
exaraples, the isolated mfluenza virus, such as a reassortant influcnza virus, is suitably of a

HINT or a H3NZ subtvpe.

For particular examples, the isolated influenza virus comprises one or more of PB2Z, PB1, PA,
M, NP and NS viral segments that encode one or more viral proteins comprising, consisting of
or consisting essentially of an amino acid sequence selected from those set forth in SEQ ID
NGOs: 66-74, or a fragment, vanant or derivative thercof. More particularly, the isolated
influenza virus can comprise PBZ, PB1, PA, M, NP and NS viral scgments that encode seven
or more viral proteins comprising, consisting of or consisting essentially of an amino acid
sequence selected from those set forth in SEQ ID NOs: 66-74, or a fragment, variant or
derivative thereof. In particular examples, the isolated mfluenza virus comprises PB2, PA, M,
NP and NS viral segments that encode PB2, PA, M1, M2, NP, N8I and NEP viral proteins that
comprise, consist of or consist essentially of an aming acid sequence set forth in SEQ 1D NQs:
66 and 69-74 respectively or a fragment, varant or derivative thereof. In such examples, the
isolated influenza virus may optionally further comprise a PB1 viral segment that encodes PBI
and/or PBI-F2 viral proteins comprising, consisting of or consisting essentially of an amino
acid sequence set forth in SEQ ID NG 67 and/or 68 or a fragment, variant or derivative thereof.
Suitably, the isolated influenza virus comprises PBEZ, PB1, PA, M, NP and NS viral segments
that encode PBZ, PBL, PBI-F2, PA, M1, M2, NP, NSI and NEP viral proteins that cach
mdependently comprise, consist of or consist essentially of an amino acid sequence set forth in
SEQ ID NQOs: 66-74 respectively or a fragment, variant or derivative thercof. With respect to
the above examples, the isolated mtluenza virus, such as a reassortant influenza virus, s

suitably of a HINT subtype.

In various examples, the isolated influenza vires comprises one or more of PB2, PB1, PA, M,
NP and NS viral scgments comprising, consisting of or consisting essentially of a nucleotide
sequence set forth in SEQ 1D NOs: 38-63, or a fragment, vanant or denivative thereof. More

particularly, the 1solated influenza virus can comprise five or more of the PB2, PB1, PA M,
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NP and NS viral segments comprising, consisting of or consisting essentially of a nucleotide
sequence set forth in SEQ ID NOs: 58-63, or a fragment, variant or derivative thereof. For
mstance, the isolated influenza virus can comprise PB2, PA, M, NP and NS viral segments that
comaprise, consist of or consist essentially of a nucleotide sequence set forth i SEQ 13 NQs:
38 and 60-63 respectively or a fragment, variant or derivative thereof. In such examples, the
isolated influcnza virus may optionally further comprise a PB1 viral scgment comprising,
consisting of or cousisting essentially of a nucleotide sequence st forth 1n SEQ 1D NG: 59 or
a fragment, vanant or derivative thereof. Suitably, the 1solated influenza virus comprises PB2,
PB1, PA, M, NP and NS viral scgments cach independently comprising, consisting of or
consisting essentially of a nucleotide sequence set forth in SEQ D NOs: 58-63 respectively,
or a tragment, variant or dertvative thercof. With respect to the above examples, the isolated

mfluenza virus, such as a reassortant influenza virus, 1s suitably of a HINT subtype.

For particular examaples, the isolated influcnza virus comprises one or more of PBZ, PB1, PA,
M, NP and NS viral segments that encode one or more viral proteins comprising, consisting of
or consisting essentially of an amino acid sequence selecied from those set forth in SEQ ID
NGs: 85-93, or a fragment, vanant or derivative thereof. More particularly, the isolated
mfluenza virus can comprise PB2, PBI, PA, M, NP and NS viral scgments that encode seven
or more viral proteins comprising, consisting of or consisting essentially of an amino acid
sequence selected from those set forth i SEQ ID NOs: 85-93, or a fragment, varant or
derivative thereof. In particular examples, the isolated influenza virus comprises PB2, PA, M,
NP and NS viral segments that encode PB2, PA, M1, M2, NP, NSI and NEP viral proteins that
comprise, consist of or consist essentially of an amino acid sequence set forth in SEQ 1D NOs:
85 and 88-93 respectively or a fragment, variant or derivative thereof. In such examples. the
isolated mfluenza virus may optionally further comprise a PB1 viral segment that encodes PBI
and/or PB1-F2 viral proteins comprising, consisting of or consisting essentially of an amino
acid sequence set forth in SEQ ID NO: 86 and/or 87 or a fragment, variant or derivative thereof.
Suttably, the isolated infiucnza virus comprises PB2Z, PB1, PA, M. NP and NS viral segments
that encode PB2, PBI1, PBI-F2, PA, MI, M2, NP, NS1 and NEP viral proteins that each
mdependently comprise, consist of or consist essentially of an amine acid sequence set forth in
SEQ 1D NOs: 85-93 respectively or a fragment, variant or derivative thereof. With respect to
the above examples, the isolated mnflucnza virus, such as a reassortant mfluenza vius, is

surtably of a HINT or a H3NZ subtype.
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In vartous examples, the 1solated influenza virus comprises one or more of PB2, PBL, PA, M,
NP and NS viral segments comprising, consisting of or consisting essentially of a naclectide
sequence set forth in SEQ 1D NOs: 77-82, or a fragment, variant or derivative thercof More
particularly, the 1solated mnfluenza virus can comprise five or more of the PB2, PBI, PA M,
NP and NS viral segments comprising, consisting of or consisting essentially of a nucleotide
sequence set forth in SEQ 1D NOs: 77-82, or a fragment, variant or derivative thereof. For
fnstance, the solated mmflucnza virus can comprise PR2, PA, M, NP and NS viral segments that
compnise, consist of or consist essentially of a nucleotide sequence set forth in SEQ ID NOs:
77 and 79-82 respectively or a fragment, variant or derivative thereof. In such examples, the
isolated influenza viras may optionally further comprise a PB1 viral segment comprising,
consisting of or consisting essentially of a nucleotide sequence set forth i SEQ 1D NO: 78 or
a fragment, variant or denvative thereof. Suitably, the isolated imfluenza virus comprises PB2,
PBI, PA, M, NP and NS viral segments each independently comprising, consisting of or
consisting essentially of a nucleotide sequence set forth in SEQ 1D NOs: 77-82 respectively,
or a fragment, variant or derivative thereof. With respect to the above examples, the isolated

influenza viras, sach as a reassortant influenza virus, is suitably of a HIN1 or a H3NZ subtype.

For particular examples, the solated influenza virus comprises one or more of PB2, PBI, PA,
M, NP and NS viral segments that encode one or more viral proteins comprising, consisting of
or consisting essentially of an amino acid sequence selected from those set forth in SEQ 1D
NQGs: 104-112, or a fragment, varant or derivative thereof. More particularly, the isclated
nfluenza virus can comprise PB2, PB1, PA, M, NP and NS viral segments that encode seven
or more viral proteins comprising, consisting of or consisting essentially of an amino acid
sequence selected from those set forth in SEQ D NOs: 104-112, or a fragment. varant or
derivative thereof. In particular examples, the isolated mfluenza virus comprises PB2, PA, M,
NP and NS viral scgments that encode PB2, PA, M1, M2, NP, N51 and NEP viral proteins that
comprise, consist of or consist essentially of an aming acid sequence set forth in SEQ 1D NOs:
104 and 107-112 respectively or a fragment, variant or dertvative thereot. In such examples,
the 1solated influenza virus may optionally further comprise a PB1 viral segment that encodes
PB1 and/or PBI-F2 viral proteins comprising, consisting of or consisting essentially of an
amino acid sequence set forth in SEQ ID NG: 105 and/or 106 or a fragment, variant or
derivative thereof Surtably, the isolated influcnza virus comprises PB2, PBI, PA, M, NP and
NS viral segments that encode PB2, PBI, PBI-F2, PA, M1, M2, NP, NSI and NEP viral

protems that cach independently comprise, consist of or consist essentially of an amimo acid
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sequence set forth m SEQ ID NOs: 104-112 respectively or a fragment, variant or derivative
thercof. With respect to the above examples, the isolated influenza virus, such as a reassortant

mfluenza virgs, is suitably of a HIN1 or a H3NZ sebtype.

In various examples, the solated influenza virus comprises one or more of PB2, PBE, PA, M,
NP and NS viral segments comprising, consisting of or consisting cssentially of a nucleotide
sequence sct forth 1n SEQ 1D NOs: 96-101, or a fragment, variant or derivative thereof. More
particularly, the isolated influenza virus can comprse five or more of the PB2, PB1, PA, M,
NP and NS viral segments comprising, consisting of or consisting essentially of a nucleotide
sequence set forth in SEQ 1D NOs: 96-101, or a fragment, variant or derivative thereof. For
mstance, the isolated influenza virus can comprise PB2, PA, M, NP and NS viral segments that
comprise, consist of or consist essentially of a nucleotide sequence set forth in SEQ 1D NQGs:
96 and 98-101 respectively or a fragment, variant or derivative thereof. In such examples, the
isolated influcnza virus may optionally further comprise a PB1 viral segment comprising,
consisting of or consisting essentially of a nucleotide sequence set forth in SEQ ID NG: 97 or
a fragment, vanant or derivative thereof. Suitably, the isolated influenza virus comprises PBZ,
PB1, PA, M, NP and NS viral segments cach independently comprising, consisting of or
consisting essentially of a nucleotide sequence set forth in SEQ 11 NOs: 96-101 respectively,
or a fragment, variant or denvative thereof. With respect to the above examples, the isolated

nfluenza virus, such as a reassortant influenza virus, 1s suitably of a HINT or a H3N2 subiype.

Suitably, the 1solated mfluenza virus provided herein 1s capable of growth or replication in cells
and, more parhicularly, mammalian cells, such as MDCK cells. To this end, the isolated
mfluenza virus is suitably capable of forming virions when cultured in cefls. More particularly,
the 1solated mfluenza virus comprising the backbone viral segments described herein is suttably
capable of improved growth or replication in cells, such as when cultured under standard
culture conditions, inclusive of those described herein. In this regard, the influenza virus when
expressing an unmodified, wild-type or reference form of the one or more backbone viral
segments provided herein suitably has a imited or reduced capability for growth or rephication
i cells. More particalarly, for reassortant influenza viruses, an isolated reassortant infhienza
virus derived from a candidate vaccine virus strain that comprises one or more of the backbone
viral segments described herein is suitably capable of tnproved growth or replication in cells
{e.g., MDCK cells) when compared to a wild-type or reference influenza virus {e.g., a wild-

type version of the corresponding candidate vaccine virus strain} that does not comprise the
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one or more backbone viral segments described herein {e.g., comprises wild-type versions of
the backbone viral segments). The isolated influenza vires and the wild-type infloenza virus,
however, may comprise or express the same HA and/or NA viral segments. In other examples,
the 1solated influenza virus provided herein is capable of improved growth or rephcation in
cells, and more particularly mammalian cells (e.g., MDCK cells), when compared to a donor
influenza virus, as are known in the art and inclusive of those described herein (2.g., A/Puerto
Rico/8/1934  (PRR), AfTexas/1/1977, A/New York/55/2004, A/Ann  Arbor/6/60,
Alleningrad/134/17/57, B/Amm  Arbor/1/66, B/Florida/4/2006, B/Panama/45/1990 and
B/Lee/1940}. More particularly, the isolated influcnza vires provided herein is suitably capable
of improved growth or replication in cells, and more particularly MDCK cells, when compared
to an A/Pucrto Rico/8/1934 stram, inclusive of cell-adapted versions thereof {e.g., PREx).
Accordingly, the one or more backbone viral segments described herein surtably provide the
isolated influenza virus comprnising sach viral segments with an improved capability of growth

and replication n cells, such as MDCK celis.

A level of growth or replication of the isolated mfluenza virus may be assessed by any means
m the art, and may be assessed indirectly, such as by virus yield or viral protein vield {e.g.,
viral titres, HA and/or NA protein vield at end of nfection} or duectly, such as by rescue
capability, growth capability and/or replication capabihity thereof when grown i cell culture,
such as i mammalian cells like MDCK cells. As such, the phrases “mcreasing the growth
capability of the isolated influenza virus”, “enhancing the growth capability of the isolated
imfluenza virus” or the like can mean that a viras having one or more of the backbone viral
segments in accordance with the present disclosure has an improved growth capability and/or
replication capability when grown m cell culture (such as in mammalian cells like MDCK
cells), compared to a vitus having wild-type versions of the backbone viral segmenis {cg., a
wild-type virus that has not been modified to express one or more of the backbone viral
segments of SEQ ID NQGs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-101, or a fragment, variant
or derivative thercof). Suitably, the isolated influenza virus tn question comprises one or both
of the HA and NA viral segments (or a chimeric version thereot) of the reference or wild-type

mfluenza virgs (e.g., a vaceine virus strain}.

By virtue of thus increased or enhanced growth capability or otherwise, the isolated influcnza
virus may demonstrate enhanced yield of a viral protein {e.g., one or more of HA, NA, PA,

PBI, PB1-F2, PB2Z NP, M1, M2, NEP and N51) produced thereby when grown in cells. Yield
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of an influenza viras protein, such as HA or NA, may be measured by any means of protein
quantification known in the art, such as by gel electrophoresis (e.g., Western Blot): by ELISA,
or by chromatographic methods, such as HPLC (high performance liquid chromatography),
HPLC-UV or mass spectronaetry methods, such as LC-MS (Liquid Chromatography-Mass
Spectrometry). In particular examples, the isolated influenza virus demosstrates enhanced

vield of HA protein when grown in cells.

Terms such as “higher”, “enhanced”, “increased” and “greater” as used herein refer 1o an
clevated level of growth or yield of the isolated influenza virus and/or an elevated level of vield
of a viral protein produced by the isolated influenza virus, such as when compared to a control
or reference fevel or amount thereof. The level of growth or vield of the 1solated mfluenza virus
or the viral protein may be relative or absolute (e, relatively or absolutely higher, mereased
or greater). In particular examples, an enhanced or increased growth capability or vield of the
isolated influenza virus {or a viral protein produced thereby), refers to the increase ina level of
growth, rephication or vield when compared to that of a control, wild-type or reference
mfluenza viras (e.g., an influenza virus strain comprising wild-type or snmodified versions of

A, PB1, PB2. NP, M and NS viral segments typical for that viral strain rather than those viral

segments provided in SEQ 1D NQOs: 1-6, 20-25, 30-44, 58-63, 77-82 and 96-101).

It s contemplated that the virus and/or the viral protein may be contained in a cell culture
supernatant. As such, a yield of the isolated influenza virus and/or a viral protein thereof may
be assessed following harvesting, isolation, purification or separation thereof from the cells
and/or the cell culture media. To do this, for example, the cells or cell residues may be separated
from the culture media by methods known to the person skilled in the art, such as
centrifugation, separators or filters. The mfluenza virus, mwclusive of viral proteins thereof,
present n the test culture media may then be 1solated, concentrated or harvested by methods
known to the person skilled m the art, such as those described herein {c.g., gradient
cenirifugation, filtration, precipitation and the like}. In particular examples, the influenza virus
and/or the viral protein produced thereby are isolated or harvested from the cultare media at
least in part by gradient ultracentnfugation. Accordingly, a level of yield can be assessed in
relation to the isolated influenza virus or a viral protein thereof that has been at least partially

purified or separated trom the test culture media, such as by gradient ultracentrifugation.

In order to assess vield of the isolated influenza virus and/or a viral protein thereof, the obtained
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or measured levels of vield may be compared to one or more threshold levels thereof. The
natare and mumerical value of the threshold level of yield will typically vary based on the
mfluenza virgs and/or the influcnza virus protein in question and/or the method or means
chosen to deteroine the level of yield for that virus or virus protein. According to various
examples, the improved growth capability and/or replication capability of the isolated influenza
viras may be determined by achieving a threshold level of virus vield or viral protein yield
{c.g., HA protein yield) when the 1solated influcnza virus is grown on cells {¢.g.. MDCK cells).
Suitably, the threshold level of virus vield or viral protein vield is one that allows for the
production of a quantity of virus and/or viral protein suitable for use in the preparation of a

Vaccine or imnmnmnogenic composition at a commercial scale.

As noted above, it i3 envisaged that the assessment with respect fo yield of the isolated
nfluenza virus can be based at least partly on a particudar influenza virus protern, such asa HA
protein. Referring to HA, suitable threshold levels of vield for this viral protein can be at least
about 10 mg/L {c.g., about 10, 11, 12, 13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27,
28. 29,30, 31, 32, 33, 34,35, 36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 mg/L or
any range therein), at least about 13 mg/L., at least about 20 mg/L or at least about 25 mg/L in
the culture media at the end of the infection or suitable ncubation period. Accordingly, an
isolated influenza viras that produces a vield of HA of at least about 10 mg/L {e.g., about 10,
11,12, 13, 14, 15, 16,17, 18, 19, 20,21, 22 23 24, 25 26,27, 28, 29,30, 31, 32, 33, 34, 35,
36, 37, 38, 39,40, 41, 42, 43, 44, 45,46, 47, 48, 45 50 mg/L or any range therein), at least
about 15 mg/L, at least about 20 mg/L or at least about 25 mg/L 1 the test culture media at the
end of the mfection or incubation period {(e.g., about 24, 36, 48, 60, 72, 84, 96, 108, 120, 132,
144, 156, 168, 180, 192, 204, 216, 228, 240 hours or any range therein afier infection or
meubation of the cells with the 1solated influenza virus) may be considered as demounstrating

an improved or enhanced growth or replicative capability.

The extent of the improvement i1n yield and/or growth capability of the isolated influenza virus
may vary. For example, the extent of the improvement may be more than about 8.3%, 1%, 2%,
3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%. 40%, 45%, 50%, 53%, 60%, 63%, 70%, 75%,
80%, 83%. 90%, 95%, 100%, 1530%. 200%, 300%, 400% or at least about 500% (or any range
therein) bigher than that level observed 1o a control, reference or wild-tvpe influenza virus. For
example, the extent of the improvement in growth or rephicative ability or vield of the isolated

wfluenza vires may be more than about 30% ligher compared to a virus not having one or
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more of the backbone viral segments provided herein, such as when cultured under standard

culture conditions known 1 the art, inclusive of those described herein.

Based on the foregoing, in another form the present disclosure provides a method of improving
the growth and/or yield of an inflaenza vires in cells, said method including the step of
modifying the influenza virus to comprise one or more of PA, PB1, PB2. NP, M and NS viral
segments provided heren {e.g., SEQ ID NOs: 1-6, 20-25, 39-44, 538-63, 77-82 and 96-101, or
a fragment, variant or derivative thereof) and/or those that encode one or more backbone viral
proteins described herein {e.g., one or more viral proteins that independently comprise, consist
of or counsist essentially of an amino acid sequence selected from the group counsisting of SEQ
1D NOs: 9-17, 28-36, 47-533, 66-74, 85-93 and 104-112, or a fragment, variant or derivative
thereof). Such mfluenza viruses may be prepared or modified by those methods described

herein, inclusive of classical reassortment, reverse genetics or a combination thereof,

By “protein” is meant an anuno acid polymer. The amino acids may be natural or non-natural

aming acids, D- or L-amino acids as are well understood in the art.

The terma “protein” meludes and encompasses “peptide”, which is typically used to describe a
protein having no more than fifty (50) amino acids {e.g., no wore than 15, 16, 17, 18, 19, 20,
21,22,23,24,25,26,27,28, 29,30, 31, 32, 33,34, 35, 36,37, 38, 39,40, 41, 42, 43, 44,45,
46, 47, 48, 49 or 50 amino acids and any range therein) and “polypeptide”, which is typically

used to describe a protein having more than fifty (50) amino acids.

Fragmenis, variants and dertvatives of the backbone viral proteins {i.e., PBZ, PB1, PBI-FZ,
PA, NP, N8I, NEP, M1 and M2) encoded by the backbone viral segments described herein are

envisaged by the present disclosuore,

As used herein, a protein, polypeptide or peptide “varant” shares a definable amino acid
sequence relationship with a reference amino acid sequence. The reference amino acid
sequence may be the amino acid sequence of any one of SEQ ID NQGs: 9-19, 28-38, 47-57, 66-
76, 85-95 and 104-114, for example. The “vanant” protein, povlpeptide or peptide may have
oune or a plurality of amino acids of the reference or wild-type amino acid sequence deleted or
substituted by different amino acids. Such protein variants may include, for example, amino

acid residues and/or amine acid sequences of natarally ocourring variants and orthologs {e.g.,
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from a different influcnza stran or a different host animal) of a viral proten, inclusive of a
consensas sequence thereof. Thus, variant backbone viral HA proteins may have at least abowt
2,3, 4,5, 6,7 or more different residucs in other positions as compared to a respective wild-
type or reference backbone viral protein. As will be appreciated by those of skill in the axt, the
number of additional positions that may have aming acid substitutions will depend on the wild-
type viral protein or encoding nucleic acid used to generate the variants. To this end. the
modified viral protemns provided herein may be derived from any of the known backboue
protein sequences or encoding nucleotide sequences from inflaenza isolates known m the art.
For mstance, the National Center for Biotechnology information {(NCBI) maintains a database
{(https:/fwww nebinlm nih gov/genomes/FLU/Database/) of known backbone viral protein

sequences and encoding nuclete acids thereof.

it 1s further contemplated that some amino acid residues of a viral protein may be substituted
or deleted without changing the activity of the variant protein (i.¢., conservative substitutions).
Typically scen as conservative substitutions are the replacements, one for another, among the
aliphatic amne acids Ala, Val, Leu, and Ile; mterchange of the hvdroxyl residues Ser and Thr,
exchange of the acidic residues Asp and Glu; substitution between the amide residues Asn and
Gln: exchange of the basic residues Lys and Arg; and replacements among the aromatic
residues Phe and Tyr. Guidance concerning which amuno acid changes are hkely to be
phenotypically silent can be found m, for example, Bowie et al., Science 247:1306-1310
(1990}. Accordingly, one or more of the residucs of a viral backbone protein described herein
{c.g.,a PB2, PBI, PBI-F2, PA, NP, NSi, NEP, M1 or M2 protein}, such as those defined by
SEQ ID NQOs: 9-17, 28-36, 47-33, 66-74, 83-93 and 104-112, may be conservatively modified
{e.g., by amino acid substitution or delction} so as to substantially retain the functionality and/or
unnumogenicity of the backbone viral protem. Furthermore, the variant backboue proteins may
melade additional amuno acid variations that are known n the art, for example, to further
mcrease or enhance a growth capability or vield of the isolated influenza viras. Such additional
ammo acid variations are described mn WOZ015009743, WO2015196150, WO2017007839,
WO2017143236 and W(2020223699, which are incorporated herein in their entirety.

It is envisaged that protein or peptide varants share at least about 70% or 75%, more
particularly at least about 80% or 85% or even more particularly at least about 90%, 90.5%,
G1%, 91.5%, 92%, 92.5%, 93%, 93.5%, 94%, 94 5%, 95%, 95.53%, 96%, 96.5%, 7%, 97.1%,

97.2%, 97.3%, 97.4%, 87.5%, 97.6%, 87.7%, 97.8%, 97.9%, 98%, 98.1%, 982%, 98.3%

52
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98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99%, 99.1%, 99.2%, 99 3%, 99 .4, 99.5%, 99.6%,
99 7%, 99.8% or $9.9% sequence identity with a reference amino acid sequence, such as any
of those set forth in SEQ 1D NOs: 9-19, 28-38, 47-57, 66-76, 83-95 and 104-114 or more
particularly any of those set forth m SEQ 1D NOs: 9-17, 28-36, 47-55, 66-74, 85 t0 93 and 104-
112.

Terros used gevnerally bercin to describe sequence relationships between tespective proteins
and nucleic acids include "comparison window”, "sequence identity"”, "percentage of sequence
identity" and “"sobstantial identity”. Because respective nucleic acids/proteins may each
comprise (1} only one or more portions of a complete nucleic acid/protein sequence that are
shared by the nucleic acids/proteins, and (2) one or more portions which are divergent between
the nucleic acids/proteins, sequence comparisons are typically performed by comparing
sequences over a "comparison window” to dentify and compare local regions of sequence
similarity. A "comparison window" refers to a conceptual segment of, for example, 6, 9, 12 or
20 contiguous residues that is compared to a reference sequence. The comparison window may
comprise additions or deletions (i.e., gaps) of about 20% or less as compared to the reference
sequence for optimal alignment of the respective sequences. Optimal alignment of sequences
for aligring a companson window may be conducted by computerised mplementations of
algorithms {Geneworks program by Intelligenctics; GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group, 575 Science
Dinve Madison. WI, USA, incorporated herein by reference) or by inspection and the best
alignment (i.c. resulting in the highest percentage homology over the comparison window)
generaied by any of the various methods selected. Reference also may be made to the BLAST
family of programs as for example disclosed by Altschul et al., 1991, Nucl. Acids Res. 25 3389,
which 1s mcorporated herein by reference. A detailed discussion of sequence analysis can be
found in Unit 19.3 of CURRENT PROTOCOLS IN MOLECULAR BIOLOGY Eds. Ausubel
et al. {John Wiley & Sons Inc NY, 1993-1999).

The term “sequence wdentity” is used herein in its broadest sense to include the number of exact
nucleotide or aminoe acid matches having regard (o an appropriate alignment using a standard
algorithm, having regard to the extent that sequences are identical over a window of
comapanison. Thus, a "percentage of sequence idemtity” is calculated by comparing two
optimally aligned sequences over the window of companson, deternuning the number of

posttions at which the identical nucleie acid base {e.g., A, T, C, G, U) or amino acid residae
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occurs in both sequences to vield the number of matched positions, dividing the number of
matched positions by the total munber of positions in the window of comparison (F.e., the
window size}, and multiplviag the result by 100 to vield the percentage of sequence identity.
For example, "sequence identity” may be understood to mean the "match percentage”
calculated by the DNASIS computer program (Version 2.5 for windows; available from Hitachi

Software engincering Co., Ltd., South San Francisco, California, USA).

As used herein, a “fragment” 1s a segment, domain, portion or region of a proten or peptide
{such as those set forth in SEQ 1D NQs: 9-17, 28-36, 47-55, 66-74, €3-93 and 104-112) which
constitutes fess than 100% of the amino acid sequence of the protein or peptide. It will be
appreciated that the fragment may be a simgle fragment or may be repeated alone or with other
fragments. In general, fragments may comprise, consist essentially of or consist of up o about
70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 240, 260, 280, 300, 320,
340, 360, 380, 400, 420, 440, 460, 480, 500, 520, 540, 560, 580, 600, 620, 640, 660, 680, 700,
710, 720, 730, 740, 750 or 753 contiguous amino acids (such as of SEQ 1D NGs: 9-17, 28-36,
47-55, 66-74, 85-93 and 104-112}. Suitably, the fragment is a functional fragment that at least

partly retains the function of the corresponding full length peptide or protein.

As used herein, “derivatives” are molecules such as protens, fragments or variants thereof that
have been altered, for example by conjugation or complexing with other chemical moieties, by
post-transiational modification {e.g., phosphorylation, acetylation and the like), modification
of glycosylation {e.g., adding, removing or altering glycosylation), lipidation and/or inclusion

of additional amino acid sequences as would be understood in the art.

To particular examples, a denvative or vanant protein or peptide may comprise one or a
plurality of amino acid residues at an N and/or C-terminus thereof. Additional amino acid
sequences may also include fusion partner aming acid sequences, which create a fusion protein.
Other denvatives disclosed hercin include, but are not limited to, modification to side chains,
meorporation of unnatural amino acids and/or their derivatives during peptide, or protem
synthesis and the use of crosshinkers and other methods which impose conformational
constraints on the 1solated proteins of the present disclosure. In this regard, the skilled person
is referred to Chapter 15 of CURRENT PROTOCOLS IN PROTEIN SCIENCE, Eds. Coligan
et al. (John Wiley & Sons NY 1993-2008) for more extensive methodology relating to chemical

modification of proteins.
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Also contemplated herein are fragments, variants and dertvatives of the nucleic acid molecules,
mehisive of the backbone viral segments, described herein. Vanants may comprise a nucleotide
sequence at least about 70%, at least about 75%, preferably at least about 80%, at least about
85%, more preferably at least about 90%, 90.5%, 91%, 91.5%, 93%, 93.5%, 94%. 94.5%, 95%
95.5%, 96%, 96.5%, 97%, 97 1%, 97.2%, 97.3%, 97 4%, 97.5%. 97.6%, 97.7%, 97 8%, 97.9%,
98%, 98.1%, 98.29%, 98.3%, 98.4%, 98.5%, 98.6%, 98.7%, 98 8%, 98.9%, 99%, 99 1%, 99.2%,
59.3%, 99.4, 99 5%, 99.6%, 99.7%, 99.8% or 99.9% nucleotide sequence identity with any
nucleotide sequence encoding the viral proteins of the present disclosure (e.g., SEQ ID NOs:
1-8, 20-27.39-46, 58-65, 77-44 or 96-103) or more particularly, the backbone viral proteins of
the present disclosure {(e.g.. SEQ 1D NOs: 1-6, 20-25, 39-44, 58-63, 77-82 or 96-101}. Nucleic
acid derivatives may include chemically modified nucleic acids, modified internucleotide
limkages, nucleic acid analogues, artificial nuclete acids and combinations thereof, as are

known in the art.

Fragmentis of the isolated nucleic acid may comprise or consist of up to 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%., 50%, 35%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95-99% of
the contiguous nucleotides present i any nucleotide sequence encoding the viral proteins,
melusive of the backbone viral proteins, of the present disclosure, such that they encode at least
a portion of the viral protein. In general, fragments may comprise, consist essentially of or
consist of up to 130, 163, 180, 195,210, 225, 240, 255, 270, 285, 300, 315, 330, 345, 360, 375,
390, 405, 420, 435, 450, 465, 480, 495, 510, 525, 540, 555, §70, 388, 600, 615, 630, 645, 660,

675, 690, 705, 720, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1230, 1300, 1350,
1400, 1450, 1500, 1350, 1600, 1630, 1700, 1750, 1800, 1850, 1900, 1950, 2000, 2050, 2100,
2150, 2200, 2250 contiguous nucleic acids that encode a portion of a viral protein described
herein (¢.g., SEQ 1D NOs: 1-8, 20-27, 39-46, 58-65, 77-84 or 96-103 or a nucleotide sequence

complementary thereto).

In particular examples, the isolated nucleic acid described herein may be modified to include,
or alternatively modified to not include, a 87 non-codmg region {(¢.g., AGCIA/GIAAAGCAGG
{SEQ 1D NO: 115)), wherein [A/G} indicates a nucleotide variation of A or G at this posttion)
and/or a 3" non-coding region {¢.g., CCTTGTTTCTACT (SEQ ID NO: 116)) of an influenza

virus, as are known n the art.
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The present disclosure also provides nucleie acids, such as backbone viral segments, that have
been modified sach as by taking advantage of codon sequence redundancy. In a more particolar
example, codon usage may be modificd to optimize expression of a mucleic acid in a particelar

organism or cell type.

The variant backbone viral segments and viral proteins may be produced by any means known
in the art, mcluding but not limited to, chenical synthesis, recombinant DNA technology,
meluding site-specific mutagenesis, or replacing a portion of the coding sequence with a
portion that mehudes the characteristic residue(s}, and proteolytic cleavage o produce peptide

fragments.

Chemical synthesis 1s inclusive of solid phase and solution phase synthesis. Such methods are
well known in the art, although reference is made to examples of chemical synthesis technigues
as provided in Chapter 9 of SYNTHETIC VACCINES Ed. Nicholson (Blackwell Scientific
Publications) and Chapier 15 of CURRENT PROTOCOLS IN PROTEIN SCIENCE Eds.
Coligan et al, (John Wiley & Sons, Inc. NY USA 1995-2008). In this regard, reference 1s also

made to International Publication WO 99/02550 and International Publication WO 97/45444.

Recombmnant nucleic acids and proteins may be conveniently prepared by a person skilled in
the art using standard protocols as for example described in Sambrook et al, MOLECULAR
CLONING. A Laboratory Manual (Cold Spring Harbor Press, 1989), in particular Sections 16
and 17; CURRENT PROTOCOLS IN MOLECULAR BIQLOGY Eds. Ausubel et al, (John
Wiley & Soans, Inc. NY USA 1995-20083, in particular Chapters 10 and 16; and CURRENT
PROTOCOLS INPROTEIN SCIENCE Eds. Coligan et al, (John Wiley & Sons, Inc. NY USA
1995-2008), v particular Chapters 1, 5 and 6. Typically, recombinant protem preparation
melades expression of a nucleic acid encoding the protein in a suitable host cell. Modified
proteins can, for example, be obtained by mutating the gene or genes {i.c., viral gene segments)
encoding the protein of interest by site-directed or random mutagenesis. Such mutations may
nchude pont mutations, deletion mutations and msertional mutations. For example, one or
more point mutations (e.g., substitotion of one or more amino acids with one or more different

amino acids) may be used to construct the modified proteins described herein.

Freoding nucieic acids
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The present disclosure also provides an isolated nucleic acid encoding the backbone viral

proteins deseribed herein.

The term “nucleic acid” as used herein designates single- or double- stranded DNA and RNA.
DINA includes genomic DNA and ¢DNA. RNA includes mRNA, RNA, RNAI, siRNA, cRNA
and autocatalvtic RNA. Nucleic acids may also be DNA-RNA hybrids. A nucleic acid
comprises a nucleotide sequence which typically mcludes nucleotides that comprise an A, G,
C, T or U base. However, nucleotide sequences may include other bases such as modified
purines (for example inosine, methylinosine and methyladenosine} and modified pyrimidines

{for example thiouridine and methyvicviosine}.

In particular examples, the isolated nucleie acid 1s or comprises a viral segment (e, an
mfluenza RNA segment) that encodes the viral proteins, inclusive of backbone viral proteins,
provided herein. Suitably, the viral segment comprises, consists of or consists essentially of a
nucleotide sequence set forth in any one of SEQ D NQGs: 1-8, 20-27, 39-46, 58-63, 77-84 and
96-103, or a fragment, derivative or variant thereof. More particularly, the viral segment may
comprise, consist of or consist essentially of a nucleotide sequence set forth in any one of SEQ
D NOs: -6, 20-25, 39-44, 58-63, 77-82 and 96-101, or a nucleotide sequence complementary
thereto, or a fragment, derivative or variant thereof. In some examples, the isolated nucleic s
or comprises a nucleotide sequence complementary to a viral segment that encodes a viral
protein, and more particolarly a backbone viral protein, provided herein. Accordingly, the
present disclosure further contemplates that the isolated nucleic acid suitably 1s or comprises a
nucleotide sequence that 1 complementary to that set forth in any one of SEQ 1D NOs: 1-8,
20-27, 39-46, 38-65, 77-84 and 96-103, or a fragment, derivative or vanant thereof. In
alternative examples, the solated nucleic acid is or comprises a DNA or ¢DNA sequence that
encodes a viral segment (i.¢., viral RNA} that encodes the viral protein, and more particalarly
a backbone viral protein, provided herein. In various examples, the isolated nucleic acid is or
comprises a viral mRNA sequenee that encodes the viral protein, and more particularly a

backbone viral protein, provided herein.

As used herein, a “polvnucieotide” is a nucleic acid gencrally having eighty (80) or more
contiguous nucleotides, while an “eligonucieoride” pencrally has less than cighty (30)
contiguous nucleotides. A “primer” 13 usually a single-stranded oligonucleotide, suitably

having 15-30 contiguous nuoclectides, which s capable of annealing to a complementary
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nucleic acid “template” and being extended in a template~-dependent fashion by the action of a
DNA polymerase such as Tag polymerase, RNA-dependent BDNA polymerase or Sequenase™.
A “probe” may be a single or double-stranded oligonucieotide or polyvnucieotide, suitably
labelled for the purpose of detecting complementary scquences in Northern or Southern

blotting, for example.

The isolated nuclewc acids disclosed herem can be conveniently prepared using standard
protocols such as those described in Chapter 2 and Chapter 3 of CURRENT PROTOCOLS IN
MOLECULAR BICGLOGY {Eds. Ausubel er ol John Wiley & Sons NY, 1995-20083.

Nucleic acids of the present disclosure may be produced, isolated, detected and/or subjected to

recombinant DNA technology using nucleic acid sequence amplification technigues.

Suttable nucleic acid amplification techniques covering both thermal and isothermal methods
are well known to the skilled addressee, and include polymerase chan reaction (PCR); strand
displacement amplification {SBA}); rolling circle replication (RCR}); nucleic acid sequence-
based amplification (NASBA), Q-f replicase amplification. recombinase polymerase

amplification {RPA} and helicase-dependent amplification, although without limitation thereto.

Geneiic construcis
The present disclosure also provides a genctic construct comprising and/or encoding the

isolated nucleie acid herembefore described. The genetic construct may be a vector.

In particular examples, the genetic construct comprises the isolated nucleic acid operably
linked or connected to one or more other genetic components. A genetic construct may be
suttable for therapeutic delivery of the isolated nucleic acid (e.g., a DNA or RNA vaccine) or
for recombinant production of the viral proteins of the disclosure in a host cell. Additionally,
the genetic construct may be used for the production or gencration of influenza vinises {e.g., a
variant or modified strain of the mfluenza virus isolate or a reassortant influenza virus isolate)
that expresses the viral proteins, and more particularly the viral backbone proteins, provided

heretn.

Broadly, the genetic construct can be in the form of, or compnises genetfic components of, a

plasmid, bacteriophage, a cosmid, a yeast or bacterial artificial chromosome as are well
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understood in the art. Genetic constructs may be suitable for maintenance and propagation of
the isolated mucleic acid in bacteria or other host cells, for manipelation by recombinant DNA
technology and/or expression of the nucleic acid or an encoded protein of the present
disclosure. A vector can also be a naked RNA polynucleotide, a naked DNA polvoucleotide, a
polynucleotide composed of both DNA and RNA within the same strand, a poly-lysine-
conjugated DNA or RNA, a peptide-conjugated DNA or RNA, a liposome-conjugated DNA,

or the like. Such vectors may be or may ot be autonomously replicating.

For the purposes of host cell expression, the genctic construct is an expression construct.
Suitably, the expression construct comprises the nucleic acid of the present disclosure operably
linked to one or more additional sequences in an expression vector. An “expression vecior”
may be erther a self-replicating extra-chromosomal vector such as a plasnud, or a vector that
mtegrates into a host genome. An expression construct may alternatively be a lincar expression
construct. Such linear expression constructs will typically not contain any amphification and/or
selection sequences. However, linear constructs comprnising such amplification and/or selection
sequences are also within the scope of the present disclosure. A lingar expression constract
may, for example, include individual linear expression constructs for cach viral segment. It is
also possible to include more than one, such as two, three four, five or six, viral segments on

the same hinear expression construct.

Expression constructs suitable for use m the methods of the present disclosure may be uni-
directional or bi-directional expression constructs. As nfluenza virnses require a protein for
mfectivity, it is gencrally preferred to use bi-directional expression constructs as this reduces
the total number of expression constructs required by the host cell. Bi-directional expression
constructs contain at least two promoters which drive expression in different directions (e
both 5" to 3" and 3'to 5" from the same construct. The two promoters can be operably linked to
different strands of the same doeble stranded DNA. Switably, one of the promoters is a pol {
promaoter and at least one of the other promoters s a pol H promoter. Thus, the methods of the
present disclosare may wiilise at least one bi-directional expression construct wherein at least
one gene or ¢cDNA 1s located between an apstream pol H promoter and a downstream non-
endogenous pol | promoter. Transcription of the gene or cDNA from the pol I promoter
produces capped positive-sgnse viral maRNA, which can be translated uto a protein, while
transcription from the non-endogenous pol T promoter produces negative-sense viral RNA

(VRNA).
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By “operably linked” is meant that said additional nucleotide sequence(s) i1s/are positioned
relative to the nucleic acid of the present disclosure preferably to mitiate, regulate or otherwise

condrol transcription thereof,

Regulatory nucleotide sequences will generally be appropriate for the host cell used for
expression. Numerous types of appropriate expression vectors and sutiable regulatory
sequences are known in the art for a variety of host cells, as descnibed herein, Expression
vectors can be designed for expression of the viral proteins deseribed herein using prokaryotic
{c g., & coliy or eukaryotic cells {¢.g., insect cells {using baculovirus expression vectors, see,
e.g., Treanor et al., 2007, JAMA, 297(14):1577-1582 mncorporated by reference heren in s

entirety), yeast cells, plant cells, algae or mammalian celis).

Typically, said one or more regulatory nucleotide sequences may include, but are not lumited
1o, promoter sequences, leader or signal sequences, ribosomal binding sites, polvadenvlation
sequences, transcriptional start and termination sequences, translational start and termination
sequences, and enhancer or activator sequences. Constitutive, repressible or inducible

promoters as known in the art are conteraplated by the present disclosure.

In some examples, the genetic construct inclades one or more wntranslated 57 and/or 37 regions
that are operably linked or connected to a viral segment that encodes the corresponding viral
protein. To this end, the UTRs may be denved from the same virus isolate or a different

mfluenza virgs 1solate from which the viral segment and/or the viral protein is derived.

The expression construct may also include an additional nucleotide sequence encoding a fusion
partner (typically provided by the expression vector) so that the recombinant protein 18

expressed as a fusion protein.

The expression construct may also include an additional nucleotide sequence encoding a

selection marker, such as amp®, neo® or kan®, although without limitation thereto.

Suttably, the genetic construct encoding a viral protein provided herein is suitable or adapted
for use in the production or generation of reassortant influenza viruses that express said viral

protein by a reverse genetics method or a hybrid reverse genetics-classical reassortment
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method. Accordingly, the one or more genetic construct(s) provided herein may be mtroduced
into 3 host cell using any method for introducing expression construct{s} from known reverse
genctics techniques. For example, genetic constructs can be mntroduced into host cells by
croploying clectroporation, DEAE-dextran, calcium phosphate procipitation, liposomes,
microinjection, or microparticle-bombardment. In some examples, a genstic construct may be
in the form of naked nucleic acid. The naked nucleic acid may have been purified from an
nfluenza virus. In another example, a genctic construct may be in the form of transeribed RNA
{c.g., viral mRNA}. In other examples, a genetic construct may be 1n the form of one or more
shattle vectors. Examples of shattle vectors mclude non-influenza viruses and replicons, for

mstance alphaviras based replicons.

The genetic constract provided herein may mclude an RNA transcription termination sequence.
The ternunation sequence may be an endogenous termination sequence or a fermination
sequence, which is not endogenous to the host cell. Suitable termination sequences will be
evident to those of skall m the art and nclude, but are not limited to, RNA polymerase 1
transcription termination scquence, RNA polymerase I transeription termination seguence,
and ribozymes. Furthermore, the expression constructs may contain one oOf more
polvadenylation signals for mRNAs, particularly at the end of a gene whose expression is

controlied by a pol I promoter.

In another form, the disclosure also provides a plurality of genetic constructs, mchiding a
genetic construct that includes a micleic acid that: (a) encodes one or more of the viral proteins,
or more particuiarly backbone viral proteins, deseribed herein; and/or (b} comprises and/or
encodes one or more of the viral segments, or more particularly backbone viral segments,
described herein, melusive of a nucleotide sequence complementary thereto, The plurality of
genetic constructs may further mclude one or more further genetic constructs that mayv be
utifised in preparing reassoriant vinuses, inclading 6:1:1 reassortants, 6.2 reassortants, 53:3
reassortants and 7:1 reassortants. The turther genctic constructs may comprise and/or encode
one or both of HA and NA viral segments {i.c., encode one or more of NA and HA viral

proteins}.

In a related form, the present disclosure also relates to a method of producing the viral proteins

provided heren, said method inchuding the steps of! (i} culturing the previously transforme
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host cell described herein; and (i) isolating said viral protein from said host cell cultured in

step (1)

Cells
The present disclosure also provides a host cell that is: (a) transformed with the 1solated nucleic
acid and/or the genetic construct described herein; or (b} infected with the isolated influenza

virus provided herein,

The host cells may be any as are known in the art. One well known method for influenza virus
growth uses specific pathogen-free {SPF} embryonated hen eggs, with virus being moculated
utto, grown and purified from the egg contents (i.¢., allantoic fluid). Influenza viruses may also
be grown in amimal cell culture and, for reasons of replication accuracy, speed and patient

aliergies, this cultare method is preferred.

Refernng to the cells described heren, the present methods will typically use a cell hing,
although primary cells may be ased as an alternative. Such cells or cell Imes may be bacterial,
msect cells, veast cells, plant cells, algae or mammalian cells. Examples of veast host cells
include, but are not limited to 8. pombe and S cerevisiae. Exaraples of manumalian host cells
mchude, but are not hnuted to, Crucell Per €6 cells, Vero cells, THO cells, VERY cells, BHE
cells, Hela cells, COS cells, MDCK cells, 293 celis, 3T3 cells or WI-38 cells. In certain
examples, the hosts cells are myeloma cells, such as NSO cells, 45.6 TG1.7 cells, AF-2 clone
OBS cells, AF-2 clone 9B5 cells, JS38L cells, MOPC 3135 cells, MPC-11 cells, NCI-H929 cells,
NP cells, NSO/T celis, P3NST Agd cells, P3/NS1/1-Agd-1 cells, P3UT cells, P3X63Ag8 cells,
P3X63A28.633 cells, P3X63Ag8U 1 cells, RPMI 8226 cells, S5p20-Agl4 cells, UZ66BI cells,
X63A0GE.653 cells, Y3.Ag. 1.2.3 cells, and YO cells. Non-limiting examples of msect celis
melade S8I9, SI21, Trichoplusia i, Spodoptera fugiperda and Bombyx movi. Exemplary plant
cell systems for the expression of viral proteins are provided i U.S. Pat. Nos. 7,504,360,
6,770,799, 6,551.820; 6,136,320, 6,034,298, 5,914,935, 5,612,487, and 5484719, and U.S.
patent  application publication Nos.  2009/0208477, 2009/0082548, 2009/0453762,
2008/6038232, 2007/0275014 and 2006/0204487

In particular examples, the host cell 1s manumalian. Suttable manunalian cells mclude, but are
not himited to, hamster, cattle, primate (including humans and monkeys) and dog cells. Various

cell tvpes may be used, such as kidney cells, fibroblasts, retinal cells and lung cells, as are
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known in the art. Examples of suitable hamster cells are the cell Hines having the names BHK21
or HKCC. Suitable monkey cells include African green monkey cells, such as kidney cells as
m the Vero cell line (Kistner ot al. (1998%) Vaccine 16:960-%; Kistner et al. (1999) Dev Biol
Stand 9%:101-110; Bruhl et al. (2000} Vaccine 19:1149-38). Suitable dog cells include canine
kidney cells, as in the CLDK and MDCK cell lines (W097/37000; Brands ot al. {1999) Dev
Biol Stand 98:93-100; Halperin et al. (2002) Vaccme 20:1240-7; Tree et al. (2001) Vaccine
19:3444-30), Thus, suitable cell hines include, but are not hinuted to: MDCK; CHO; 293T,
BHK; Vero, MRC-5; PER.C6 and WI-38 cell lines.

According to particular examples, the cell or cell line described herein is suitable for growing
mfluenza viruses. Such cell lines may melude: MDCK cells derived from Madin Darby canine
kadney; Vero cells derived from the African green monkey {Cercopithecus aethiops) kidney,
or PER.C6 cells derived from human embryonic retinoblasts (Paw et al. (2001} Vaccine
19:2716-21}. These cell lines are widely available, such as from the American Type Cell
Culture (ATCC) collection, the Cortell Cell Repositories and the Buropean Collection of Cell
Cultures (ECACC). Alemnative cell lines may include avian cell lines (see, eg,
WOZ003/076601, WO02005/042728; W02003/043413), including cell lines derived from
ducks {e.g.. duck retinal cells) or hens (¢ g., chicken emabrvo fibroblasts (CEF)). Examples
melade avian embryonic stern cells, including the EBx cell line denved from chicken

embryonic stem cells, EB43, EB14, EB14-074 and EB66.

Suitably, the cell or cell hine are MDCK cells derived from Madin Darby canine kidney. The
original MBCK cells are available from the ATCC as CCL-34. Derivatives of MDCK cells
may also be used. For instance, the MDCK cell line may be adapted for growth in suspension
culture {e.g., ‘MDCK 33016°, deposited as DSM ACC 2219). Sioularly, WO2001/064846
discloses a MDCK-denived cell hine that grows in suspension in serum-free culture (*B-7027,
deposited as FERM BP-7449). WQO2006/071563 discloses non-tumorigenic MDCK cells,
including "MBDCK-S™ (ATCC PTA-6500), "MDCK-SF101” (ATCC PTA-6501), “MDCK-
SFI02” (ATCC PTA-6302) and “MDCK-~ SFI03° (PTA-6503). WO2005/113738 discloses
MDCK cell lines with high susceptibility to infection, including "MDBDUK . SFL cells (ATCC
CRL-12042). Any MDCK cell lime, inchuding those provided herein, can be used in the

methods of the present disclosure.

For viral growth or propagation on a cell line, such as on MDCK cells, the influenza virus may
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be grown on cells n suspension or n adherent culture. Further, the cells desceribed herein can
be cultured m various serom-free media or media that is substantially free of serum, as are
koown to the person skilled in the art {c.g., Iscove's medium, ultira CHO mednm (Bio
Whittaker), EX-CELL (JRH Biosciences)). Otherwise, the cells for replication can
alternatively be cultured in the serum-containing media (e.g., MEM or DMEM medium with
about 0.5% to about 10%, more particudarly about 1.5% to abowt 5%, of foctal calf seram) or
protein~trec media (e.g., PF-CHO (JRH Bioscicnces)). Suttable culture vessels, which can be
emploved in the course of the methods desenbed herein can be vessels known to the person

skilled in the art, such as, for example, spinner bottles, roller bottles or formenters.

Where cells are used as a culture host for the influenza viruses described herein, 1 ts known
that cell culture conditions {e.g. tfemperature, moi, cell density, pH value, trvpsin, efe.)} are
variable over a wide range subject to the cell ine and the infloenza virus strain emploved and
can be adapted to the requirements of the application. The following information therefore

merely represents a gunde to standard culture conditions.

In particular examples, the cells are suitably grown in serum-free culture media and/or protein
free moedia, such as for cell proliferation and/or supporting nflucnza vires replication. A
medium is referred to as a serum-~free medivm in the context of the present disclosure if it
contains no additives or substantially no additives {e.g., less than 0.5%, 0.25% or 0.1% by
weight thereof} from serum of human or animal origin. Protein-free refers to a culture media
in which multiplication of the cells oceurs with the exclusion of proteins, growth factors, other
protein additives and non-serum proteins, but can optionally inclade proteins such as trypsin
or other proteases that may be necessary for viral growth. The cells growing in such cultures

naturally contain proteins themselves.

Multiphication of the cells can be conducted in accordance with methods known to those of
skill in the art. For example, the cells can be cultivated m a perfusion system: using ordinary
support methods ke centrifugation or filtration. Moreover, the cells can be multiplied
according to the invention in a fed-batch system before infection. In this context, a culture
systern can be referred to as a fed-batch system i which the cells are mutially cultured in a
batch svstem and depletion of nutrients (or part of the nutrients) in the medium s compensated
by controlled feeding of concentrated nutrients. The pH value of the medium may be adjusted

during multiphication of the cells before infection to a value between pH 6.6 and pH 7.8 and



WO 2024/261647 PCT/1B2024/055963

51
capecially between a value between pH 7.2 and pH 7.3, After mfoction with the influenza

viruses, the cells are soitably cultured at a pH of between about 6.7 to about 7.7

Cell lines supporting nfluenza virus replication are suitably cultured at a temperature below
37°C {&.g., about 30°C to about 36°C, or at about 30°C, 31°C, 32°C, 33°C, 34°C, 35°C, 36°C
or any range therein} during viral replication. Where virus is grown on a cell line then the
culture media, and also the viral inoculum used to start the culture, is surtably free from {e.g.,
will have been tested for and given a negative result for contamination by} contaminating
viruses, such as herpes simplex virus, respiratory syneytial virus, parainfluenza virus 3, SARS
coronaviras, adenoviras, rhinovirus, reoviruses, polyomaviruses, bimaviruses, Circoviruses,

and/or parvoviruses.

The method for propagating influenza virus in cultured cells generally nclodes the steps of
inoculating the cultured cells with the strain to be coltured, cultivating the infected cells for a
desired time period for viras propagation, such as determuned by virus titer or antigen
expression {e.g., between about 24 and about 168 hours affer inoculation} and collecting the
propagated virus. The cultured cells can be moculated with a virus (such as measured by PFU
or TCHs0) to cell ratic of 1:500 to 111, more particularly 1:100 to 1:5 or even more particularly
1:50 to 1:10. The virus can then be added to a suspension of the cells or is applied to a
monolayer of the cells, and the virus is absorbed on the cells for at least 60 minutes but vsually
less than 300 minutes, suitably between 90 and 240 munutes at 25°C to 40°C, or more
particularly 28° Cto 37° . The infected cell culture {e.g., monolayers) may be removed either
by freeze-thawing or by enzymatic action to increase the viral content of the harvested culture

supemnatants. The harvested fluids may then either be inactivated or stored frozen.

Cuitared cells may be infected at a multiplicity of infection (“m 01,7} of about 107 1o about 10
{e.g.. a MOIof about 108, 107, 10°°, 10, 0.0001, 0.0005, 0.001, 0.005, 0,01, 0.05,0.1, 05,1,
5, 10 and any range thercin), more particularly about 0.002 to about 5, even more particularly
about 0.001 to about 2. Infected cells may be harvested 30 to 96 bours post infection or more
particalarly 34 to 48 hours post infection. Determining the optimal harvest time is within the
normal capabilitics of a person skilled in the art. Proteases, such as trypsin, are gencrally added
during cell culture to allow viral release, and the proteases can be added at any suitable stage

during the culture.
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Methods of preparing influenza vivuses
@ & L

Also provided herein are methods of preparing or producing an infloenza virus in cells.

Such methods suitably include the step of contacting the celis with a genctic construct
comprising a nucleic acid that: (a) encodes a backbone viral protemn described herein, and/or
(b} encodes and/or comprises a backbone viral segment described herein. Accordingly, in one
form, the present disclosure provides a method of preparing an influcnza virus, said method
imchuding the step of contacting a cell, such as an MDCK cell, with one or more genetic
constructs that encode one or more viral proteins that independently comprise, consist of or
consist essentially of an amino acid sequence selected from the group consisting of SE( ID
NOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112, or a fragment, variant or derivative

thereof.

1t 15 also envisaged by the present disclosure that methods of classical reassortment {or portions
thereof) may be utilised to prepare or produce an influenza virus in cells, such as MDCK cells.
Accordingly, in another form, the present disclosare provides 3 method of prepanng an
mfluenza virus, said method including the step of contacting the cells with an influenza virus
that expresses one or more of the backbone viral proteins described herein {¢.g., the mfluenza
virus wsolate comprises one or more PB2, PBI, PA, M, NP and NS viral segments that encode
the one or more backbone viral proteins that comprise, consist of or consist essentially of an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 9-17, 28-36, 47-35,

66-74, 83-93 and 104-112, or a fragment, variant or derivative thereof).

Ia view of the foregoing, the present methods may be utilised to prepare or produce a modified
or variant strain of an intluenza virus, such as those provided heremn, that includes one or more
backbone viral segments encoding the backbone viral proteins described herein. To this end,
the present methods may be utilised to prepare or produce a reassortant influenza virus, such
as those provided herein, that includes one or more backbone viral segments encoding the
backbone viral proteins described herein. In particular examples, seven (7), eight (8) or all of
the nine (9) backbone viral proteins (e, PA, PB1, PB1-F2, PB2, NP, NSi, NEP, M1 and M2
viral proteins} can be derived from a single influenza virus isolate {e.g.. SEQ 1D NOs: 9-17
from A/Chio/02/2019; SEQ 1D NOs: 28-36 from A/Singapore/TT1384/2016; SEQ 1D NQGs:
47-35 from A/South Carolina/04/2017; SEQ 1D NOs: 66-74 from A/Alaska/006/2019; SEQ ID
NQGs: 85-93 from A/Darwin/11/2021, SEQ ID NOs: 104-112 from A/Tasmama/503/2020,
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imchusive of fragments, variants or denivatives thereof}. In cortan examples, five (5) or all of
the six (6) backbone viral segments {i.c., PA, PBI, PB2, NP, NS and M viral segmenis} can be
derived from a single influenza virus isolate (c.g., SEQ 1D NQOs: 1-6 from A/Ohio/02/2019;
SEQ ID NOs: 20-25 from A/Smgapore/TT1384/2016; SEQ ID NOs: 39-44 from A/South
Carolina/04/2017; SEQ ID N(s: 58-63 from A/Alaska/006/2019; SEQ 1D NOs: 77-82 from
ADarwin/11/2021; SEQ D NOs: 96-101 from A/Tasmania/503/2020; inclusive of fragments,

variants or derivatives thereof),

In other examples, all of the eight viral segments (e, PA, PB1, PB2Z, NP, NS, M, NA and HA)
can be derived from a single influenza virus isolate. In such examples, the mfluenza virus
isolate s suitably a backbone or donor nflucnza virus 1solate, such as those hereinbetore
described. Additionallv, such isolated nfluenza virus strains are suitably not considered to be

a reassortant infhuenza virus.

Suitably, the present method may be or at least partly compnise a reverse genetics method of
generating reassortant viruses. In reverse genetics, the genetic information required to prodace
the desired influenza virus is delivered to a cell, which is then able to generate influenza virus.
Reverse genetics uutially reguired the i vire assombly and transfection of viral
ribonucleoprotein (RNP) into cells infected with ahelper virus (Luytjes et af. (1989} Cell 59(6):
1107-1113; Enami ef a/. {1590) PNAS 87(10}:3802-38035). Subsequent techniques mvolved
the transfection of RNA polymerase I plasmids encoding all of the viral RNAs (vVRNAs)
together with protein expression constructs for the polymerase and NP genes (Fodor ef af.
{1999} J Virol. 73(11):9679-9682). More recently, reverse genctics methods involve the use of
madified RNA polymerase 1 systems that allow the expression of both negative sense vRNA
and positive sense mRNA from the same template (Hoftmann er /. (2000) PNAS 97(11).6108-
6113}, In such a method, each of the desired genes 1s cloned into the pHW2000 plasmid, which
consiats of the viral cDNA inserted between the RNA polymerase 1 promoter and termination
sequences, and flanked by the CMV promoter and polyadenylation signal. Afier transtection
of the eight plasmids into cells, synthesis of both vVRNA and mRNA occurs, resulting in the
production of virus. Farther refinement has led o the development of systems in which hinear
DNA expression constructs are used instead of plasouds (see, ¢.g., WO2009/000891} and the

use of a single expression construct {see. e.g., WO2011/012999).
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As such, the present method may further include the step of contacting the cells with one or
more further genetic constructs, wherein the one or more further genetic constructs comprise
one or more further nucleic acids that cacode one or more of a HA protein, a PBI protein, a
PBI-F2 proteinn and an NA protein {(e.g., a 5:3 reassortant virus}), more particularly a HA protein
and an NA protein {e.g., a 6:2 reassortant virus), even more particularly a HA protein and
optionally an NA protein (¢.g., a 6.2 or a 7:1 reassortant virus) or yet even more particularly

an NA protein and optiovally a HA protein {¢.g., a 6:2 ora 7.1 reassortant virus).

In particular examples, the present method includes one or more of the following steps:

{a)} contacting the cells with ong or more expression constructs, such as those
hereinbefore described, comprising one or more nucleic acid molecules that comprise and/or
encode one or more of a PA viral segment, a PBI viral segment, a PB2 viral segment, a NP
viral segment, a M viral segment and a NS viral segment derived from a first inflacnza virus
{e.g.. one or more backbone viral segments that independently: (i) encode one or more viral
proteins that comprise, consist of or consist essentially of an amino acid sequence selected from
the group consisting of SEQ ID NOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112, or a
fragment, vanant or derivative thereof: and/or (it) encode and/or comprise, consist of or consist
essentially of a nucleotide sequence selected from those set forth in SEQ 1D NQs: -6, 20-23,
39-44, 58-63, 77-82 and 96-101, or a nucleotide sequence complementary thereto, or a
fragment, variant or derivative thergof};

{b} contacting the cells with one or more expression constructs, such as those
hereinbefore descenbed, comprising one or more nucleie acid molecules that comprise or
encode a HA viral segment and optionally a NA viral scgment derived from a second influenza
virus {¢.g., a vaccine influenza virus};

{c) culturing the cells i order to produce reassortant viruses; and

{d) selecting for reassortant viruses that comprnse the HA viral segment and

optionally the NA viral segment from the second influenza viras.

In other examples, the present method may involve a hybrid method of classical reassortment
and reverse genetics. For instance, a method in which a host cell is mfected with a first
nfluenza strain (¢.g., a donor strain) and transfected (c.g., before, after or simultancously) with
one or more cxpression counstruci(s) encoding at least onme viral segment from a second
mfluenza strain {(e.g., HA and optionally NA viral segments from a vaccine strain). An example

of such a method is outlined 1 WO2021099419, which is incorporated by reference herein.
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Accordingly, in certain examples, the present method includes one or more of the following
steps:

{a} contacting the cells with a donor influenza virus stram comprsing:

(1) one or more of PA, PBL, PB2, NP, M and NS viral segments that: encode
one or more viral proteins that independently comprise, consist of or consist essentially of an
amino acid sequence sclected from the group consisting of SEQ 1D NOs: 9-17, 28-36, 47-55,
66-74, 85-93 and 104-112, or a fragment, vanant or denvative thereof, and/or independently
comprige, consist of or consist essentially of a nucleotide sequence selected from the group
consisting of SEQ ID NQOs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-101, or a nucleotide
sequence complementary thereto, or a fragment, variant or denvative thereof, and

(11} a first HA viral segment and a first NA viral segment (e.g., HA and NA viral
segments that: respectively encode HA and NA viral proteins that independently comprise,
counsist of or consist essentially of an amino acid sequence selected from the group consisting
of SEQ Iy NQas: 18, 19, 37, 38, 56, 57, 73, 76, 94, 95, 113 and 114, or a fragment, variant or
derivative thereof, and/or mdependently comprise, consist of or consist essentially of a
nucleotide sequence selected from the group consisting of SEQ 1D NQOs: 7, 8, 26, 27, 45, 46,
64, 65, 83, 84, 102 and 103, or a fragment, variant or derivative thereof);

{b} contacting the cells with one or more expression constructs comprising one or
more nucleic acid molecules that comprise or encode a second HA viral segment and optionally
asecond NA viral segment derived from a vaccine influgnza viras strain;

{c} culturing the cells m order to produce reassortant viruses; and

{d} selecting for reassortant viruses that comprise the second HA viral segment and

optionally the second NA viral segment.

The term “vaccine influenza virus strain” as used herein refers to an infhienza virus strain
suttable for use in an immanogenic composition or an imanmogenic virus {e.g., a reassortant
viras}. Vaccine influcnza virus strains can mclude, but are not necessardy lumited to,
pathogenic strains, non-pathogenic or relatively non-pathogenmc strains, kalled straing and/or
attennated strains. In particular examples, the vaccine influenza virus strain is a pandemic
mfluenza vires strain. In other examples. the vaccine mfluenza virus strain is a scasonal

mfluenza virus strain.
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The vectors or expression constructs utilised in the present method may be as per those known
in the art, inclusive of those hereinbefore described. Thus, the present disclosure envisages the
use of isolated and purified vectors or plasmids, which express or encode influenza virus
proteins, or express or encode influenza vRNA, both native and recombinant vRNA. The
vectors may comprise influcnza ¢DNA (see, e.g., Ficlds Virology (Fields et al. {eds),
Lippincott, Williams and Wickens (2013}, which is incorporated by reference herein}. Any
suitable promoter ot franscription teumination sequence may be eraployed to express a protein
or peptide, e.g., a viral protein, such as a backbone viral protein desenibed herein. By way of
the example, one or more of the expression constructs may be adapted for: (a) vRNA
production and comprise a promoter operably linked to an mfluenza virus DNA molecule
linked to a transcription termination sequence; and/or (b) mRNA production and comprise a

promoter operably linked to a DNA segment encoding an influenza viral segment.

As noted above, an additional selection step to enbance the production of reassortant vinises
comprising the second HA viral segment and optionally the second NA viral segment are also
contemplated by the present disclosure. The selection step may comprise any method that
enhances the selection of reassortant viruses comprising a HA viral segment that encodes a HA
protein derived from the vaccing virus strain. Suitably, the selection step is camied out after the
host cells have been cultured in order to produce reassortant nfluenza viruses that may express

the HA protein and/or NA protein derived from the vaccine virus strain.

Suitably, the methods provided herem comprise a step of harvesting, isolating or separating
reassortant vireses from the host cells prior to the selection step. By way of example, cell
culture supernatant comprising the reassortant viruses is separated from the host cells and the

selection step is performed on the superatant that comprises the reassorfant viruses.

In some examples, the selection step comprises negative selection against reassortant vinuses
comprising the HA protein from the donor viras strain. Negative selection can inchude, for
example, contacting the host cells, reassortant viruses that have been separated therefrom
and/or cell cultare supernatant with one or more antibodies that specifically binds or are raised
against the HA protein from the donor virus strain. Negative selection may also comprise
exposure of the host cells to mnbibitory agents {e.g., short mterfering RNAs (siRNA), double-
stranded RNAgs (dsRNA), micro-RNAs {(miRNAs), short hairpin RNAs (shRNA), or small

wterfering DNAs (siDNAs)) that preferentially or specifically reduce the transcription and/or
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translation of the donor strain’s HA viral segment or protein relative o the vaccine strain’s HA
viral segment or protein. In addition to the above, the selection step may include negative
sclection against reassortant viruses comprising the NA protein from the donor strain, such as
by utilising one or more antibodies that specifically binds or are raised against the NA protein

from the donor strain.

In other examples, the sclection step 1s or comprises a positive selection step. The positive
selection step mayv include contacting the host cells, reassortant viruses that have been
separated therefrom and/or cell culture supernatant with one or more antibodics that are specific
for the HA protein derived from the vaccine virus strain. In this way, reassortant viruses that
coroprise the HA viral segment derived from the vaccine virus strain can be positively selected
from the host cells or cell culture supematant. Suitably, one or more antibodies used for posifive
selection are labelied (e g, with a magnetic bead). Labelling aids sabsequent isolation, such as
by affinity chromatography, of reassortant viruses comprising the HA gene that encodes the

HA proten from the vaceine virus strain.

The methods described herein may comprise one or more positive and/or negative selection
steps. For example, reassortant virus may be passaged multiple times in the presence of the one
or more antibodies deseribed above for positive and/or negative selection. Multiple selection
steps may be performed to enhance the selection of reassortant influenza viruses comprising

the HA viral segment that encodes the HA protein derived from the vaccine virus strain.

The present methods saitably produce a pool of reassortant viruses from which a particular
class of reassortant virus can be isolated. A reassortant virus having, for example, high growth
propertics and expressing the HA protem and optionally NA protein of a scasonal or pandernic
mfluenza strain can be isolated for use in vaccine manufacture. Accordingly, the above
methods may further include the step of isolating a reassortant influenza virus comprising the
HA viral segment that encodes the HA protein of a vaccine virus strain. In other examples. the
present methods may further include the step of isolating a reassortant influenza virus

comprising the NA viral segment that encodes the NA protein of a vaceine virus sirain.

Suttably, the present methods nclude contacting the celis with an mfluenza viras isolate and/or
one or more genetic constructs in an amount sufficient to vield mfectious nfluenza virus. To

this end, the present methods may inchide harvesting or isolating intact or whole virions from
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the cell culture media. Alternatively or additionally, the present methods can include harvesting
or isolating split virions from the culture media. In such examples, the harvesting or isolating
step suitably inchudes contacting the mfluenza viras with a splitting agent, such as a detergent.
The present methods may alternatively or additionally include harvesting or isolating one or
more particular influenza virus protemns, such as HA protein, from the culture media or from

the harvested influenza virus, such as by affinity chromatography.

During harvesting or isolation of the mfluenza viras and/or the mfluenza virus proteins, the
celis may be separated from the culture medivm by standard methods like contrifugation,
separation, filtration or ultrafiltration. The mfluenza virus or the viral proteins produced
therefrom can then be concentrated and/or purified according to methods known to those
skilled in the art, such as gradient ceninfugation (e.g., gradient ultracentnifugation (GUC)),
filtration, precipitation, chromatography, and any combination thereof. In particular examples,
the influenza virus and/or one or more proteins produced thereby are isolated or harvested from
the culture media by gradient ultracentrifugation. Suitably, the influenza viruses are inactivated
during or after purification. Virus inactivation can occur, for example, by the contacting the
mfluenza virus with an inactivating agent {¢.g., addition of b-propiolactone or formaldehyde)

at any pomt within the purification progess.

Suttably, the present method may further inchude the step of selecting the influenza virus, such
as a reassortant influenza virus, that is capable of enhanced growth and/or vield in cells and,
more particularly, mammalian cells ke MDCK cells. In particular examples, the present
method mchudes the step of determining whether the inflacnza virus is capable of enhanced
growth and/or vield when cultored in celis. Accordingly, in one broad form the present
disclosure provides a method of preparing an wnflucnza vitus capable of enhanced growth

and/or vield when grown in cells.

Based on the foregoing, the present disclosure further provides an isolated influenza virus
prepared by the methods described heremn. Additionally, the present disclosure relates to an
isolated viral protein {e.g., HA and/or NA viral proteins} produced by the isolated influenza

virus and the methods provided herein,

Immunagenic composifions

The present disclosure envisages that the isolated mfluenza virus, and more particolarly
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isolated reassortant influenza viruses, described herein, or one or more viral proteins isolated
therefrom, may be utilised in immuonogenic compositions, such as vaccing compositions.
Accordingly, in one form, the present disclosure provides a method of making an immunogenic
composition, including the steps of:

{a) providing the isolated influenza virus provided herein; and

{b) combining the isolated influenza virus with an adjuvant and/or treating the isolated

influenza virus with an agent that inactivates or atienuates the virus.

In another form, the present disclosure provides a method of making an immunogenic
comaposition, mehuding the steps of!

{a) providing one or more viral proteins {¢.g., HA and/or NA viral proteins) 1solated
from the isolated influenza virus provided herein: and

() combining the one or more viral proteins with an adjuvant.

In a related fonm, the present disclosure relates fo an mmunogenic composition, wherein the

mnnmogenic compasttion is produced according to the methods provided herein.

o another related form, the present disclosure relates to an immunogenic composition, wherein
the immumogenic composition: comprises the isolated mflacnza virus described herein and a

phammaceutically acceptable carrier, diluent or excipient.

In a further related form, the present disclosure relates (o an immumoegenic composition,
wherein the mmunogenic composition: comprises one or more of the isolated viral proteins
{c.g., HA and/or NA viral proteins) described herein and a pharmaceutically acceptable camier,

diluent or exeipient.

Influenza vaccines are generally based either on a live attenuated viras or on an inactivated
virus. Inactivated vaccines may be based on whole virions, “split” vinions, or on punfied
surface antigens. Viral antigens can also be presented in the form of virosomes. The present
methods can be used for manufactering any of these types of vaccine or immunogenic
comaposition. Where an mactivated influenza viras is used. the tomunogenic composition may
comprise whole virton, split vivion, or purified surface antigens {e.g., haemagglutinin and

optionally neuraninidase}. Chemical means for inactivating a virus include treatment with an
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effective amount of one or more of the following activating agents: detergents, formaldehyde,
b-propiolacione, methylene blae, psoralen, carboxyfullerene ({60}, binary ethylamine, acetyl
cthyleneimine, or combinations thereof. Non-chemical methods of viral mactivation are also
koown in the art, such as UV bght or gamma wradiation. Subumit vaccines are also

contemplated.

Virions can be harvested from virus-containing fluids, such as cell culture supernatant, by
various methods. For example, a purification process may involve zonal centrifugation using a
Iinear sucrose gradient solution {that optionally includes a detergent to disrupt the virions) or
affinity chromatography methods. Antigens may then be purified, after optional dilution, by
diafiltration.

The immunogenic composition disclosed herein may comprise two or more {e.g., 2, 3, 4, § etc)
influenza vireses {or viral proteins isolated from two or more influenza viruses) whose HA
and/or NA proteins are derived from different influenza strains or subtypes. Thus, the
mmmmumogenic composition disclosed herein may be a multivalent composition. For example,
the immunogenic composttion disclosed herein mav be a trivalent or a gquadrivalent
comaposition. In one exaraple, the mununogenic composition is a quadrivalent composition
comprising at least one virus containing HA and/or NA proteins denved from an HINT stram,
at least one virus contaiming HA and/or NA proteins derived from an H3N2 strain, and one or
two viruses containing HA and/or NA proteins derived from a B strain. In another example,
the imnmumogenic composition is a quadrivalent composition comprising one or more viral
proteins dentved from: at feast one virus contamning HA and/or NA proteins derived from an
HINT strain; at least one virus containing HA and/or NA proteins derived from an H3NZ strain;

and one or two viruses containing HA and/or NA proteins derived from a B strain.

The amounts of each virus or viral protein included 1o the compositions disclosed herein may
vary according to the intended use of those compositions, For example, a standard dose, a low
dose, or 3 high dose of HA and/or NA may be included, depending on the intended use (for
example, the intended patient population) for the composition.  Typically, “standard dose”
mnfluenza compositions contain about 15 pg of HA per strain i cach dosage form or dosage
unit, Thus, “low dose” influcnza compositions may contain less than about 15 ug of HA per
strain in each dosage form or dosage umit, for example, about 12 pg, about 9 ug, about 7.5 ug,

about 3 pg, or about 3.75 pg. “High dose™ wnfluenza composttions may contain more than
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about 15 pg of HA per stramn i cach dosage form or dosage untt, for example, about 30 ug,

about 45 ug

g%}

or about 60 g,

The immunogenic composition may contain a pharmaceuntically-acceptable carrier, diluent or
excipient. By “pharmaceutically-acceptable carrier, diluent or excipient” is meant a solid or
lipad filler, diluent or cncapsulating substance that may be safely used i systemic
aduunistration. Depending upon the particular route of admunistration, a vanety of carriers,
diluent and excipients well known in the art may be used. These may be selected from a group
mchuding sugars, starches, celhulose and its derivatives, malt, gelatine, tale, calcium sulfate,
vegetable oils, synthetic oils, polyols, alginic acid, phosphate buffered solutions, emulsifiers,
isotonie sabine and salts such as vuneral acid salts including hydrochlondes, bronudes and
sulfates, organic acids such as acetates, propionates and malonates, water and pyrogen-free

waker.

A useful reference describing acceptable carriers, diluents and excipients is Remington’s
Pharmaceutical Sciences (Mack Publishing Co. N.J. USA, 1991) which is incorporated herein

by reference.

Suitably, for the purposes of cheiting an immume response, certain imunological or
unmonogenic agents may be used in combination with the isolated nfluenza virus deseribed
heretn. The term “mmmumnogenic agent” includes within its scope carriers, delivery agents,
mmumostimulants and/or adjuvants as are well known in the art. As will be understood in the
art, immunostimolants and adjuvants refer o or include one or more substances that enhance
the immunogenicity and/or efficacy of a composition. Non-limiting examples of suitable
vomunostimulants and adjuvants include squalane and squalene {or other oils of plant or animal
origin), mclusive of squalene oil-m-water emulsions {e.g., MF59, AS03 and AF03}); block
copolymers; TLR agonists, such as pathogen-derived compounds, including lipopeptides,
glycolipids, nucleotides, small-molecule inbibitors and bacterial-derived components, such as
flagelling detergents such as Tween®-80; Quil® A, mineral oils such as Drakeol or Marcol,
vegetable oils such as peanut o1l Corvnebacterium-derived  adjuvants such  as
Corynebacterium parvum, Propionibacterium-dertved adjuvants such as Fropionibacterium
acne;, Mycobacterium bovis (Bacille Calmette and Guenn or BCG), Borderella pertussis
antigens; tetanus toxoid; diphtheria toxoid; surface active substances sach as hexadecylamine,

octadecylamine, octadecyl amino acid esters, lysolecithin, dimethyldioctadecylammonium
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bromude, N N-dicoctadecyl-N', Nbis(2-hydroxyethyl-propanediamine),
methoxyhexadecviglycerol, and pluronic polvols; polvamines such as pyran, dextransulfate,
poly IC carbopol; peptides such as muramyl dipeptide and derivatives, dimethylgiyeme,
tuftsing ot emulsions; and nuneral gels such as aluminiam phosphate, aluminuwn hydroxide or
alum; interleuking such as interleukin 2 and interleukin 12; monokines such as mterleukan 1,
tumour necrosis factor; interferons such as gamma interferon; immunostimudatory DNA such
as Cp{r DNA, combinations such as saponin-aluminium hydroxide or (hul-A aluminium
bvdronade; saponins, such as Matrix-M; liposomes; ISCOM® and ISCOMATRIX® adjuvant;
mycobacterial cell wall extract; synthetic glvcopeptides such as muramyi dipeptides or other
derivatives; Avridine; Lipid A dervatives: dextran sulfate, DEAE-Dextran alone or with
aluminium phosphate; carboxypolymethyiene such as Carbopol' EMA; acrylic copolymer
emulsions such as Neocryl A640 {e.g. U.S. Pat. No. 5,047.238). water in o1l emulsifiers such
as Montanide ISA 720; poliovirus, vaccimua or animal poxvirus protens; or mixtures thereof.
Suitably, the adjuvant to be included m the immunogenic compositions of the present
disclosure 15 or comprises squalene. In certain examples, the adjuvant is or comprises a
sgualene oil-in-water emulsion. In a preferred example, the solated mfluenza virus describe

herein, and/or one or more viral proteins isolated therefrom, is provided together with MF59.

Immunogenic agents may include carrers such as thyroglobuling albununs such as buman
serum albunun; toxins, toxoids or any mutant cross-reactive material (CRM) of the toxin from
tetanas, diphtheria, pertussis, Pseudomonas, £. coli, Staphylococcus, and Streprococous;
polyamino acids such as poly(lysine glutamic acid); influenza; Rotaviras VP6, Parvovinus VP
and VPZ; hepatitis B virus core protein; hepatitis B virus recombinant vaccine and the bike.
Alternatively, a fragment or epitope of a carrier protein or other imnmumogenic protein may be
used. For example, a T cell epitope of a bacterial toxin, toxoid or CRM may be used. In this
regard, refercnce may be made to U.S. Patent No 5,785,973 which 1s incorporated hercin by
reference. It 1s conteroplated that the carrier protein or other mmunogenic protein may be
directly hinked or indirectly linked {such as by way of a linker as are known in the art}) to the

viral proteing described herein.

(hl-in-water emulsions have been found to be particularly sutable for use i adjuvanting
mfluenza virus vaccines or immunogenic compositions. Various such emulsions are known,

and they typically nclude at least onc oil and at least one surfactant, with the oil{s) and
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surfactant(s) being biodegradable (metabohisable} and biocompatible. The oil droplets in the
emulsion are generally less than § pm in diameter, and mayv even have a sub-micron diameter,
with these small sizes being achieved with a microfluidiser to provide stable emulsions.
Drvoplets with an average size less than 220 nm are preferred as they can be subjected to filter

sterilization.

Invarious exaraples, the oil-in-water eroulsion ts uniform. A unitorm erulsion is characterized
in that a majority of droplets {particles) dispersed therein is withm a specified size range {(e.g.,
in diameter). A switable specified size range can be, for example, between about 50-220 nm
{c.g., about 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 204, 210, 220
nm or any range therein}, between about 50-180 nm, between about 80-180 nm, between about
100-175 nim, between about 120-185 nm, between about 130-190 nm, between about 135-175
nm, between about 130-175 nm. In some examples, the uniform emulsion containg <10% of
the muraber of droplets {particles) that are outside of the specified range of diameters. o certain
examples, the mean particle size of oil droplets in the oil-n~water emulsion preparation is
between about 135-175 nm, e.g., about 155 nm + 20 nm as measured by dynamic light
scattering, and such a preparation contains not more than 1 x 107 large particles per mL of the
preparation, as measured by optical particle sensing. “Large particles” as used herein mean
those having diameters 21.2 wm, typically between about §.2-400 pm. In particular examples,
the uniform emulsion contains less than 10%, less than 5%, or less than 3% of the droplets that
fall cutside of the preferred size range. In some examples, the mean droplet size of particles in
an oil-in-water emulsion preparation is between about 125-185 nm, e g., about 130 nm, about
140 am, about 130 nm, about 155 nm, about 160 nm, about 170 nm, or about 180 nm, and the
oil-in~water emaulsion is uniform i that less than 5% of the mumber of droplets in the

preparation fall cutside the 125~185 nm range.

The smmunogenic composition described herein can be used with oils, such as those from an
animal {such as fish) or vegetable source. Sources for vegetable oils include nuts, seeds and
grains. Peanut oil, sovbean oil, coconut oil, and olive oil, the most commonly available,
exemplify the nut oils. Jojoba ol obtained from the jojoba bean can also be used. Seed oils
mchide safflower otl, cottonseed wil. sunflower seed oil, sesame seed oil and the like. In the
grain group, com oil is the most readily available, but the ou of other cereal grains such as
wheat, oats, rve, rice, teff, triticale and the like may also be used. 6-10 carbon fatty acid esters

of glveerol and 1,2- propanediol, while not oceurring naturally m seed oils, may be prepared
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by hyvdrolysis, separation and esterification of the appropnate matenals starting from the nut
and seed oils. Fats and oils from mammalian milk are metabolizable and may therefore be used
in the immunogenic composition described herein. The procedures for separation, purntfication,
saponification and other means necessary for obtaining pure otls from animal sources are well
konown in the art. Most fish contain metabolizable oils which may be readily recovered. For
example, cod liver oil, shark liver cils. and whale oil, such as spermaceti. exemplify several of

the fish oils which may be used herein.

A number of branched chain oils are synthesized biochemically in 3-carbon isoprene units and
are gencrally referred to as terpenoids. Shark liver oil contains a branched, unsamrated
terpenoid known as squalene, 2,6,10,15,19,23-hexamethy-2.6,10,14,18,22-tetracosahexacne.
Squalane, the saturated analog fo squalene, may also be utilised in the present immunogenic
composition. Fish oils, including squalene and squalane, are readily available from commercial
sources or may be obtained by methods known in the art. Other suitable otls are the tocopherols.

Mixtures of oils are also envisaged.

Surfactants can be classified by their "HLB’ (hydrophile/lipophile balance) Suitably,
surfactants described herein have a HLB of at least 10, more particularly at least 15, and even
more particelarly at least 16, The immunogenic composition may inchide one or more
surfactants inchuding, but not limited to: the polyoxyethyiene sorbitan esters sarfactants
{(commonly referred to as the Tweens), especially polysorbate 20 and polysorbate &0
copolymers of ethylene oxide (EQ), propvlene oxide (PO), and/or butylene oxide (BO), sold
under the DOWFAX™ tradename, such as Hinear EQ/PO block copolymers; octoxynols, which
can vary in the number of repeating ethoxy (oxy-1,2-ethanedivl} groups, with octoxynol-9
{Triton X100, or t~ octylphenoxypolycthoxyethanol);, {octylphenoxyipolvethoxy cthano!
(IGEPAL  CA-630/NP-40); phospholipids such as  phosphatidvicholine  (lecithin);
polyoxvethylene fatty ethers derived from laaryl, cetyl, stearyl and olevl alcohols (known as
Brij surfactants), such as tricthvienegiveol monolauryl ether (Bryj 30); and sorbitan esters
{commonly known as the SPANs), such as sorbitan tricleate {Span 85) and sorbitan
monolavrate. Non-ionic surfactants are preferred. Exemplary surfactants for incloding in the
emulsion are Tween 80 (polyoxyethylene sorbitan monooleate), Span 45 {(sorbitan trioleate),

lecithin and Toton X-100.
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Mixtures of surfactants can also be used {¢.g., Tween 80/Span 85 muxtures). A combination of
a polyoxvethylene sorbitan ester, such as polyoxvethylene sorbitan monooleate (Tween 80)
and an occtoxynol, such as t-octylphenoxypalyethoxyethanol (Triton X-100} is also suitable.
Another envisaged combination comprises laureth 9 plus a polyoxyethylene sorbitan ester

and/or an octoxynol.

Exerplary amounts of surtactants (%6 by weight) are: polyoxyethylene sorbitan esters (such as
Tween 80) 0.01% to 1%, n particular about 0.1%; octyl- or nonylphenoxy polvoxyethanols
{such as Triton X-100, or other detergents in the Triton series} 0.001% to 0.1 %, in particalar
0.005% to 0.02%,; polyoxyethylene ethers (such as laureth 93 0.1% to 20 %, more particularly

0.1% to 10 % and even more particularly 0.1% to 1 % or about 0.5%.

In particular examples, the oil-in-water emulsions are squalene-in-water enndsions, and more

particularly, submicron squalene-in~water emulsions.

Any suttable procedure is contemplated for producing imunmogenic compositions or vaccine
compositions. Exemplary procedures include, for exanmple, those described in New Generation
Vaccines (1997, Levine ef of., Marcel Dekker, Inc. New York, Basel, Hong Kong), which s

meorporated herein by reference.

Any safe route of administration may be employved, mchiding oral, rectal, parenteral,
sublingual, buccal, intravenous, ntra-articular, intra-muscular, ntra-dermal, subcutancous,
inhalational, intranasal, intraocelar, intraperitoneal, intracerebroventricular, topical, mucosal

and transdermal administeation, although without Hmitation thereto.

Dosage forms include tablets, dispersions, suspensions, injections, solutions, syrups, troches,
capsules, nasal sprays, suppositories, agrosols, transdermal patches and the hke. These dosage
forms may also include imjecting or implanting controlled releasing devices designed
specifically for this purpose or other forms of implants modified to act additionally in this
fashion. Controlled release may be effected by coating with hydrophobic polymers including
acrylic resins, waxes, higher aliphatic aleohols, polylactic and polvglyeolic acids and certain
cellulose denvatives such as bydroxypropyimethyl celiulose. In addition, the controlled release

may be effected by using other polymer matnices, liposomes and/or microspheres.
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Compositions may be presented as discrete units such as capsules, sachets, functional
foods/feeds or tablets each containing a pre-determined amount of one or more therapeutic
agents of the disclosure, as a powder or granules or as a solution or a suspension in an agueous
kiquid, a non-aqueous liquid, an otl-in-~water emulsion or a water-in-oul liguid emulsion. Such
compositions may be prepared by any of the methods of pharmacy but all methods include the
step of bringing into association one or more agents as described above with the carrter which
may constitute one or more necessary ingredients. In general, the compositions are prepared
by uniformly and mtimately admixing the agents of the disclosure with liguid carriers or finely
divided solid carriers or both, and then, if pecessary, shaping the product mto the desired

presentation.

The above compositions may be admimstered 1n a mauner compatible with the dosage
formulation, and in such amount as effective. The dose admimstered to a subject, in the context
of the present disclosure. should be sufficient to effect a beneficial response in a subject over
an appropriate period of fime {¢.g., generate a protective wmmune response}. The quantity of
agent{s} to be admimstered may depend on the subject to be treated inclusive of the age, sex,
weight and general health condition thereof, factors that will depend on the judgement of the

practitioner.

Also disclosed herein is a contamer comprising the immunogenic or vaceine compositions
disclosed heremn. Any suitable container known in the art may be used. For example, the
container may be selected from the group consisting of a vial, a syringe, an ampoule, a flask, a

fermentor, a bioreactor, a bag, a jar, an ampoule, a cartndge and a disposable pen. In one

example, the container i a vial, ampoulde or a syringe.

The container may be made of glass, metals {e.g., steel, stainless steel, aluminium, etc.) and/or
polymers {e.2., thermoplastics, elastomers, themmoplastic-clastomers}. The container may be at

least partially silicomzed.

The immunogenic compositions disclosed herein may further comprise a buffer. The buffer
may be any suitable buffer known in the art. For example, the buffer may be a TRIS, acetate,
glutaraate, lactate, maleate, tartrate, phosphate, citrate, carbonate, glycinate, histiding, glycme,
succimnate and tricthanolamine bufferphosphate buffer. In one example, the buffer 15 a

phosphate buffer. In another example, the buffer is a succinate baffer. In ancther example, the
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buffer 1s a hastidine buffer. In another example, the buffer is a citrate buffer.

The buffer may be selected from USP compatible buffers for parenteral use, in particular, when
the phamaceutical formulation is for parenteral use. For example the buffer may be selected
from the group consisting of monobasic acids such as acetic, benzoic, ghiconic, glyceric and
lactic; dibasic acids such as aconitic, adipic, ascorbic, carbonic, ghitamic, malie, succmic and
tartaric, polvbasic acids such as citric and phosphoric; and bases such as amomoma,

diethanolamine, glveine, fricthanolamine, and TRIS.

Methods for eliciting an immune response and freatment

The isolated mfluenza vitas and the jnvnunogenic compositions described herein may be
suttable for administration to human or non-human animal subjects, such that the present
disclosure provides methods of raising an immune response and/or preventing and/or treating
an influenza-associated discase, disorder or condition in a subject. The present disclosure also
provides a composition for use as a medicament, and provides the use of a composition of the
present disclosure for the manufacture of a medicament for raising an imnnme reaponse and/or

preventing and/or treating an influenza-associated disease, disorder or condition in a subject.

Accordingly, in one form, the present disclosure provides a method of eliciting an immune
response in a subject, said method mchuding the step of administering a therapeutically
effective amount of the isolated influenza virus or the immumogenic composition provided

herein to the subject to thereby elicit the immune response in the subject.

In a related form, the present disclosure provides a method of preventing and/or treating an
mfluenza-associated discase, disorder or condition in a subject, sard method including the step
of adnunistering a therapeutically effective amount of the isolated influenza virus or the
immunogenic composition described hergin to the subject to thereby prevent and/or treat the

influenza-associated disease, disorder or condition.

In another related form, the present disclosure provides a method of immunizing or vaceinating
a subject against an influenza-assoctated disease, disorder or condition, said method including
the step of adrunistering a therapeutically cffective amount of the i1solated mtluenza virus or
the immunogenic composition described herein to the subject to thereby immunize or vaccinate

agatnst the mfluenza-associated disease, disorder or condition.
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In another form, the present disclosure relates to the use of the isolated influenza virus
described herein and/or a viral protein derived therefrom or the immunogenic composition
described hercin in the manufacture of a medicament for elictting an mumune response i a
subject.

In a furthber form, the present disclosure provides for the use of the isolated nfluenza virus
described herein and/or a viral protein derived therefrom or the immunogenic composition
described herein i the manufacture of a medicament for preventing and/or ireating an

mfluenza-associated disease, disorder or condition in a subject.

In another related form, the present disclosure provides for the use of the isolated inflacnza
virus described herein and/or a viral protein derived therefrom or the immumogenic
composition described herein in the manufacture of a medicament for immunizing or

vaccimnating a subject against an influenza~-associated disease, disorder or condition

In one broad form, the present disclosure also relates the isolated influenza virus described
herein and/or a viral protein derived therefrom or the immunogenic composition described

herein for use n therapy.

In a related form, the present disclosure also provides the isolated influenza virnus deseribed
herem and/or a viral protein derived therefrom or the immunogenic composition described

herein for use in a method of eliciting an immune response in a sabject.

In a further related form, the present disclosure provides the isolated nflucnza virus described
herein and/or a viral protein denived therefrom or the immunogenic composition described
herein for use in a method of preventing and/or treating an influenza-associated disease,

disorder or condition in a subject.

In still another related formm, the present disclosure provides the isolated influenza virns
described berein and/or a viral protein derived therefrom or the mnmunogenic composition
described herein for use in a method of mmunizing or vaccinating a subject against an

mfluenza-associated disease, disorder or condition.
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With respect to the aspects deseribed herein, the term “subject”, “paticnt” and “individual”
includes, but is not limited to, manunals, inclasive of hamans, performance animals (such as
horses, camels, grevhounds), ivestock {such as cows, sheep, horses, pigs, chickens, ducks} and

corapamion animals (such as cats and dogs). Sustably, the subject is a human

By “elicit an immune response’” 18 meant generate or stimulate the production or activity of one
or more clements of the immune system inclusive of the cellular imumune systen, humoral
mmmune system (.o, antibodies) and/or the native mmune svstem. Suitably, the romune
response described herein includes one or more clements of the immune system, such as T
Iymphocytes, B ymphocytes, antibodies, neutrophils. dendritic cells inclusive of plasmacytoid
dendritic cells, cytokines and/or chemokines. Non-linuting examples of cytokines jnclude pro-
mflammatory cviokines such as TNF-a, IL-2, IL-6, IL-8, IL-17A and IL-1 fe.g., 1L-1]B}. A non-
fmiting example of a chemokine is the neutrophil chemo-attractant IL-8. In certain examples,
the immune response that is elicited by the immunogenic compositions described herein is

protective,

As generally used herein, the terms “immunize”, “vaccinate” and “vaccine”™ refer to methods
and/or compositions that elicit a protective vnmune response against an mfluenza virus,
whereby subsequent infection by the influenza viras, or a related serotype, strain or variant, is

at least partly prevented or minimized.

By “protective mmmunity” 1s meant a level of inumunity whereby the responsiveness to an
antigen or antigens 1s sufficient to lead to rapid binding and/or ehimination of said antigens and

thus at least partially ameliorate or prevent a subsequent influenza vires nfection in a subject.

By “protective immune response” is meant a level of mmune response that 1s sufficient to
prevent or reduce the severity, svmptom, aspect, or charactenstic of a corrent and/or influenza

viras infection n a subject.

As used herein, the terms “treating”, “treat” or “treatment” refers to a therapeutic mntervention
that at least partly ameliorates, eliminates or reduces a symptom or pathological sign of an
mfluenza-associated disease, disorder or condition, such as an influcnza mmfection, after it has
begun to develop. Treatment need not be absolute to be beneficial to the subject. The beneficial

effect can be determined using any methods or standards known 1o the ordinanty skilled artisan.
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As used herein, “preventing”, “prevent” or “prevention” refers to a course of action initiated
prior o infection by, or exposure to, an influenza viras or molecular components thereof and/or
before the onset of a symptom or pathological sign of the disease, disorder or condition, so as
to prevent infection and/or reduce the svmptom or pathological sign. It 1s to be understood that
such preventing need not be absohiute to be beneficial to a subject. A “prophylactic” treatment
is a treatment admunistered to a subject who does not exhubit signs of the discase, disorder or
condition, or exhubits only early signs for the purpose of decreasing the risk of developing a

symptom or pathological sign of the discase, disorder or condition.

The vaccine and mmmunogenic compositions described herein may be used to treat both
children and adults. Influenza vacemes are currently recommended for use in paediatric and
adalt immumsation, from the age of 6 months. Thus, a human sebject may be less than | year
old, 1-5 years old, 5~-15 vears old, 15-35 vears old, or at least 35 years old. Preferred subjects
for recerving the vaccines are the elderly (e.g. 258 years old, 260 vears old, and preferably >65
years}), the voung (e.g. <5 vears old), hospitalised subjects, healthcare workers, armed service
and military personnel, pregnant women, the chroncally ill, immunodeficient subjects,
subjects who have taken an antiviral corapound in the 7 days prior to receiving the vagceine,
people with egg allergies and people travelling abroad. The vaccines are not suitable solely for
these groups, however, and may be used more generally in a population. For pandemic strains,

adnunistration to all age groups is preferred.

Treatment can be by a single dose schedule or a multiple dose schedule. Mudtiple doses may
be used in a primary immunisation schedule and/or in a booster immunisation schedule. fna
multiple dose schedule the various doses may be given by the same or different routes {e.g., a
parenteral prime and mucosal boost, a mucosal prime and parenteral boost), Adminstration of
more than one dose (typically two doses} is particdarty useful in immuonologically naive
patients {¢.g., for subjects who have never received an influenza vaccine before), or for
vaceinating aganst a new HA subtype {¢.g., in a pandemic outbreak}. Multiple doses will
typically be admimistered at least 1 week apart {e.g.. about 2 weeks, about 3 weeks, about 4

weeks, about 6 weeks, about 8 weeks, about 10 weeks, about 12 weeks, about 16 weeks. etc.).

So that preferred embodiments of the present diselosure may be fully understood and put mto

practical effect, reference is made to the following non-limiting examples.
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Examples

Example 1,

The aim of the present Example was to identify donor or seed mfluenza viruses whose

backbone genes mmpart mmproved growth and/or vield characteristics to reassortant viruses

containing such backbone genes. The influenza viruses were prepared using known methods
of synthetic sced virus generation {see, e.g., PUT/USZ000/009021; PCT/US2001/013656;

Dormitzer et al., Sci Transi Med, 15 May 2013 Vol 5, Issue 185, p. 185).

Methods & Results

Svnthetic sced process & progcedure

®

MBCK celis were transfected with expression constructs for the HA and NA sequences
of a rapge of vaccine virus strains {1c., A/ldaho/07/2019, A/Ncbraska/14/2019,
Alfowa/36/2019, A/Delaware/35/2019, A/llinois/02/2019, A/Canberra/407/2019,
A/Darwin/94/2019, A/Delaware/392019, A/Virginia/03/2020, A/Tasmama/503/2020
and A/Bangladesh/1002/2020) and the backbone viral segments for PA, PB1, PBZ NP,
NS, and M from a range of candidatc high growth donor strains (including,
A/Singapore/TT1384/2016, A/South  Carolina/04/2017, A/Alaska/06/2019  and
A/Oho/02/2019) that were selected based on relatively high virus vields thereof when
grown in cells at wild-type virus.

The experiments also meluded a cell-adapted version of A/Puerto Rico/8/1934 (PREX)
as a control donor virus for generating reassortant viruses under identical conditions, as
a comparison to those based on the candidate high growth donor strains.

Reassortant viruses were then rescued and characterized based on their HA yield at end
of mfection, vsing standard methods.

A schematic diagrarm of a transfection and rescue procedure is provided in Figure 1.
HA vields {determined by standard methods of HPLC) for each of the vaccme virus

strains and their respective reassortant viruses tested are provided o Figares 2 to 12,

PCT/1B2024/055963
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s A summary of the HA vield results for the A/Ohic/02/2019 donor strain is provided in
Figure 13, which demonstraics the consistent improvement on HA vield of this
backbone strain over a range of HA and NA sequences from vaccine virus strains,

s Pereentage increases in vield versus a control vaccine virus strain for each of the

candidate high growth donor strains is provided in Figure 14

In particular aspects of the present disclosure, backbone sequences and/or HA and/or NA
sequences may include any of those derived from the virus strains disclosed i the present

Example.

Conclasions

The present Example identified a number of donor virus strains that are capable of supporting
rescue and mproved growth and vield of vaccine virus strams i MDCK cells, The
A/Cho/02/2019 and A/South Carolina/04/2017 strans demonstrated that they could
congsistently and significantly increase the growth and vield of reassortant viruses {(both HINt
and H3N2) over wild-type virus controls and corresponding PRX-derived reassortant viruses.
The A/Singapore/TT1384/2016 and A/Alaska/06/2019 strains demonstrated that they could
significantly increase the growth and yield of reassortant viruses of a HINT subtype over wild-
type virus controls and corresponding PRX-derived reassortant viruses. Other strains showing
promise from preliminary studies by the inventors as demonstrating increased growth and yield

when expressed as reassortant viruses joclude A/Darwin/11/2021 and A/Tasmania/503/2020.
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Htemized Listing of Embodiments

1. An tsolated mfluenza virus comprising one or more of PA, PB1, PB2. NP, M and NS
viral segments that encode oune or more viral proteins that independently comprise, consist of
or consist essentially of an amino acid sequence selected from the group consisting of SEQ ID
NQs: 9-17, 28-36, 47-35, 66-74, 85-93 and 104-112, or a fragment, varant or derivative

thereof.

2. The isolated influenza virus of Claim 1, comprising one or more of the PB2, PBI, PA,
M, NP and NS viral segments that mdependently comprise, consist of or consist essentially of
a nucleotide sequence selected from the group consisting of SEQ ID NQOs: 1-6, 20-25, 39-44,
58-63, 77-82 and 96-101, or a fragment, variant or denvative thereof,

3. The isclated influenza virus of Claim 1 or Claim 2, wherein the isolated influenza virus
is capable of enhanced replication when grown in cells relative to a wild-type influenza virus

isolate that does not compnise the one or more PA, PB1, PB2Z, NP, M and NS viral segments.

4, The wsolated influenza virus of any one of the preceding clauns, wherein the isolated
mfluenza virus is capable of enhanced vield of a viral protem when grown in cells relative to a
wild-type influenza virus isolate that does not comprise the one or more PA, PEL, PB2, NP, M

and NS viral scgments.

5. The isolated influenza virus of Clamm 4, wherein the viral protein is a haemagghitinin
{(HA) protein.

6. The 1solated influenza virus of any one of Claims 3 to 5, wherein the cells are MDCE
cells

7. The 1solated influenza virus of any one of the preceding claims, comprising five or six

of the PA, PBI, PB2, NP, M and NS viral segments that encode one or more viral proteins that
independently comprise, consist of or consist essentially of an amino acid scquence selected
from those set forth 1

{a) SEQ 1D NOs: 9-17 or a fragment, vanant or derivative thereof’

{b) SEQ ID NOs: 28-36 or a fragment, variant or derivative thereof,
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{c} SEQ ID NOs: 47-55 or a fragment, variant or denvative thereof,
{d} SEQ 1D NOs: 66-74, or a fragment, variant or derivative thereof,
{c) SEQ ID NOs: 85-93, or a fragment, variang or derivative thereof, or

{f) SEQ ID NOs: 104-112, or a fragment, vanant or derivative thereof.

8. The isolated influcnza virus of any one of the preceding claims, comprising five or six
of the PA, PB1, PB2, NP, M and NS viral scgments that independently comprise, consist of or
consist essentially of a nucleotide sequence selected from those set forth in:

{a) SEQ ID NOs: 1-6 or a fragment, variant or derivative thereof)

(b} SEQ 1D NOs: 20-25 or a fragment, variant or derivative thereof,

{c} SEQ 1D NOs: 39-44 or a fragment, variant or derivative thereof;

{d) SEQ ID NOs: 58-63 or a fragment, variant or derivative thereof

() SEQ ID NQOs: 77-82, or a fragment, variant or derivative thereof, or

() SEQ ID NOs: 96-101, or a fragment, variant or derivative thereof.

9. The isclated mfluenza virus of any one of the preceding claims, further comprising a

heterologous or chimeric HA viral segment and a heterologous or chimeric NA viral segment.

10, The isolated influenza virus of any one of the preceding claims, wherein the 1solated

mfluenza virus is of a N1, N2, N3, N7, or N9 subtype.

i1, The 1solated mfluenza virus of Claum 10, wherein the 1solated influenza virus is of an

N1 or N2 subtype.

12, The isolated influenza virus of any one of the preceding claims, wheren the isolated

mfluenza virus is of a H1, H2, H3, H3, H7, or HY subtype.

13. The isolated influenza virus of Claim 12, wherein the isolated influenza virus is ofa Hi

or H3 subtype.

14, The isolated influenza viras of any one of the preceding claims, wherein the isolated

mnfluenza virus is of a HIN1 subtvpe or a H3N2 subtype.
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15, The isolated influenza virus of any one of the preceding claums, which is a recombinant

influenza virus.

16, The isolated influenza virus of any one of the preceding clamms, which is a reassortant

nfluenza virus.

17. A method of preparing an tfluenza vitus, said method tncluding the step of contacting
a cell with one or more genctic constructs that encode one or more viral proteing that
independently comprise, consist of or consist essentially of an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 9-17, 28-36, 47-35, 66-74, 85-93 and 104-11Z, or

a fragment, variant or derivative thereof

18, The method of Claim 17, wherein the one or more genetic construcis comprise or
encode one or more of PBZ, PBI, PA, M. NP and NS viral segments that independently
comprise, consist of or consist essentially of a nucleotide sequence selected from the group
consisting of SEQ 1D NQGs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-101, or a fragment, variant

or derivative thereof.

19 A method of preparing an influenza virus, said method including the step of contacting
a cell with am isolated influenza virus comprising one or more of PA, PB1, PB2, NP, M and
NS viral segments that encode one or more viral proteins that independently comprise, consist
of or consist essentially of an amino acid sequence sclected from the group consisting of SEQ
ID NOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112, or a fragment, variant or derivative

thereof.

20, The method of Claim 19, wherein the 1solated mfluenza virus is that of anv one of

Claims 1 to 16.

21, The method of any one of Claims 17 to 20, further including the step of solating or

harvesting the infhienza vinus from the cells.

22, Anisolated influcnza virus prepared by the method of any one of Claims 1710 21
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23, Ansolated cell infected with the isolated influenza virus of any one of Claims 1 to 16

or22.

24, The 1solated cell of Claim 23, wherein the cell 1s an MDBCK cell.

25. A genctic construgt that encodes one or more viral proteins that independently
comprise, cousist of or consist essentially of an amino acid sequence sclected from the group
consisting of SEQ ID NQOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112, or a fragment,

variant or derivative thereof.

26 A plurality of genetic constructs that ocncode one or more viral protemns that
mdependently comprise, consist of or consist essentially of an amino acid sequence selected
from the group consisting of SEQ ID NOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112, or

a fragment, variant or dertvative thereof.

27, The genetic construct of Clamm 23 or the phlurality of genetic constructs of Claim 26,
wherein the genetic construct or the plurality of genetic constructs comprise or encode one or
more of PBZ, PBI, PA, M, NP and NS viral segments that independently comprise, consist of
or consist essentially of a nucleotide sequence selected frov the group consisting of SEQ D
NQs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-101, or a nucleotide sequence complementary

thereto, or a fragment, variant or derivative thereof.

28. A method of making an immunogenic composttion, including the steps of:

{a) providing the isclated influenza virus of any one of Claims 1 to 16 or 22 and/or a
viral protein derived therefrom; and

{b} combimng the isolated mfluenza virus and/or the viral protein with an adjuvant

and/or treating the isclated influenza viras with an agent that inactivates the virus.
2%, The method of claim 28, wherein the adjuvant comprises an immunostimulatory DNA
sequence, a bacteriam-derived component, an aluminiom salt {alum) or a squalene otb-in-water

cmulsion system.

300 Animmunogenic compostition produced according to the method of Claim 28 or Claim
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31, An immunogenic composttion comprising the isolated influenza virus of any one of
Claims 1 to 16 or 22 and/or a viral protein derved therefrom and a pharmaceutically acceptable

carrier, diluent or excipient.

32. A method of eliciting an imouune response in a subject, said method including the step
of adminustering a therapeutically effective amount of the isolated influenza virus of any one
of Claims 1 to 16 or 22 and/or a viral protein derived therefrom or the immunogenie
composition of Claim 36 or Claim 31 to the subject to thereby elicit the immune response in

the subject.

33. A method of preventing and/or treating an influenza-assoctated disease, disorder or
condition in a subject, said method mchuding the step of admimstering a therapeutically
effective amount of the isolated influenza virus of any one of Claims 1 to 16 or 22 and/or a
viral protein denved therefrom or the omunogenic composition of Claim 30 or Clawm 31 w0
the subject to thereby prevent and/or treat the influenza-associated disease, disorder or

condition.

34, Use of the isolated mfluenza virus of any one of Clavns 1 to 16 or 22 andfor a viral
protein derived therefrom or the mmnwmogenic composition of Claim 30 or Clain 31 in the

manufacture of a medicament for eliciting an imnmme response in a subject.

35. Use of the isolated inflaenza virus of any one of Claims 1 to 16 or 22 and/or a viral
protein derived therefrom or the immumogenic composition of Claim 30 or Claim 31 in the
manutacture of a medicament for preventing and/or treating an imfluenza-associated disease,

disorder or condition in a subject.

36, The isolated influenza virus of any one of Claims 1 to 16 or 22 and/or a viral protein

derived therefrom or the immumogenic composition of Claim 30 or Claim 31 for use in therapy.

37, The isolated influenza virus of any one of Claims 1 to 16 or 22 and/or a viral protein
derived therefrom or the immunogenic composition of Clamm 30 or Claun 31 foruse in a

method of ehiciting an immume response in a subject,
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38.  The isolated influenza virus of any one of Claims | to 16 or 22 and/or a viral protem
derived therefrom or the immunogenic composition of Claim 30 or Claim 31 for use in a
method of preventing and/or treating an mfluenza-associated disease, disorder or condition in

a subject.
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Sequence Listing

SEQ ID | Nucleotide sequence of PB2 viral segment of A/OChio/02/2019

NO: 1 agcaaaageaggicaatiataticageatggaaagaataaaagaacticggaatctaatgtegeagtctegeactese
gagatacigacaaaaaccacagiggaccatatggecataatiaagaagtacacatcggggagacaggaaaagaac
ccgtcacttaggatgaaatggaigatg graatgaaatatcoaatcactgeigacaaaaggataacagaaatggticct
gagagaaatgaacaaggacaaacictatggagtaaaatgagteatectegatcagatagagtgatgetatcaccitt

gectgtaacatggeteeaatagpaatgoaccegigacaagtacggiceatiaccoanaagigtacaaaactiatiicga
caaagicgaaaggttaaaacatggaaccttiggeccigiceattitagaaatcaagicaagatacgeagaagagtaga
cataaaccetggicatgeagaccteagteceaaagaggcacaagatglaatiatgeaagtigtttttcccaatgaagte
ggagecagaatactaacatcagaatcacagetaacaataactanagagaaasaagaagaactccgagatigeaan

attictcectigatgstogeatacatgitagagagagaactigigegaaaaacaagattictcccagitgotggesgaa
caagcagtatatacatigaagtittacattigactcaaggaacatgitggeaacaaatgtacacicciggiggaggtst

gaggaatgacgatgtipaccaaagectiaatiatigeggccagaaacatagiaagaagagecgcagtgicagcagat
ceactageatctitattggagatetgccacageacgcaaatiggteoaacaaggatgetosacaticttaaacagaac
cegactgaagaacaagetgteaatatatocaaggctgoaatgegatigagaatcagotecatecticagetttegtgac
titacatitaaaagaacaagegggiegicagtcasaaaagaagasgaggtictiacaggeaaiciccanacatigaga
ataagagtacatgaggggiatgaggagticacaatggtgegaaanagageaacagctatactaagaaaagaace

agaagactggitcaactcatagigagiggaagagacgaccagicaatagecgaageaataategtggecatggigit
tteacaagaagattpoatgataaaagcagtiaggaoigaccigaatitigicaacagageaaatcageggitgaacce
catgcatcagcttitaaggattticagaaagatgogaaagigciciticaaaatiggggagtigaacacatcgacagt

gtgatgooaatgstigpagctottaccagatatgactecaageacagagalgicaatgagageaataagagicagca

aaatggetotooatpaatactccagiacagagagggtogtppiiagcatigatcggittttgagagticgagaccaac
gtosoaatetattattatciectgaggaggicagteanacacagggaactgaaaggcigacaataacttaticategtc
gatgaigtugeagatiaacggiccigagteggtitigetcaatacctaicaatggatcatcaggaatiga gaagotgic
aaaaticaatggtcicagaatectgeaatgtigtacaacaaaatggaatitgaacegiticaatetitagtccccaagae

cactagaagtoaatacagiggettigicagaactctaliccaacaaatgagagacglactiggaacatitgacacigee
cagataataaagcettcicecttiigeagcigeiccaccgaageaaageagaatgcagticicticactgactgtgaatet
gagpgoatcagggoatgagaatactigtaagpoocaatictectgtaticaactacaacaagaceactaaaaggotan
caattcttgeaaaagatgceggoactitaatigaagacceagatgasageacatecggagiggagtocgeogictig

agagggticcteatiataggtaaagaagacagaagatacggaccageatiaageatcaatgaacigagtaacctige
raaaaggctaaigtgctaatigggcaasgagacstggtatiggiaatgaaacgaaaacgggacictagt
afacttactgacagecagacagegaccasaagaaticggatp socatcaattaatactgaatagitiaagaacgacct
tgittotact

SEQ ID | Nucleotide sequence of PB1 viral segment of A/Ohio/02/2019

NO: 2 agegaaagceaggcaaaccattigaatggatgicaatccgacictactgitcitaaaagttccagegcasaatgecata

agcacaacattcccttatactggagatociceatacagecatggaacagggacagggtacactalggacacagicaa
cagaacacatcaatactcagagagggggaagiggacaacaaatacagaaaciggggegceccageticaacceaa
ftgatgoaccactacctgaggataatgaaccaagtggatatgcacaaacagactgtetectggaggctatggcciioe
ttgaagaatcecacceaggtatcttigagaacticotigoctigasacaatggaagecgitcaacagacaagggiogac
aaasclaacccaaggicgecagactiatgatiggacatiasacaggaaccaaccggeageaacigeatiagecaaca
ccatagaagictitagatcaaacggatiaacagetaatgaatcaggaaggetaatagatitecicaagaatytgaigga
aicaatggataaggaggaaatggagataacaacacactitcaaagaanaaggagagiaagggacaacatgaccaa
gaaaatggicacacaaagaacaatagggaagaanaaacaaaggateaataagagaggctacotaataagagcitt
gacattgaacacgaigaccaaggatgcagagagaggcanaiiadaaagaaggoctatigeaacaccegggatge

aaattagagggticgtgtacticgiigaaacttiagctagaageatitigogaaaagctigaacaatctggacticeggtt

gggeotagtgaanagaageecadactggeaantetigigagaaaaatgatgactaaticacaagacacagagottt

cittcacaatcactggggacaacactaagigeaatgagaatcaaaacceccgaatetititggegatgatiacatacat
cacaaagaaicaaccigagtosticagasacatecigageatcgcaccaataataitcicaaacaaaatggcaagac
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tegpaaaaggatacatgticgagagtaagagaatgaageiceggacacaaatacctgcagaaatgctageaageat
tgaccigaagtatitcaatgaatcaacaaggaagaaaattgagaaaataaggecicticiaatagatggeacageate
attgagecciggaatgatgatggocatgttcaacatgclaagiacagitttaggagtctcgatacigaatetiggacaa
aagaaatacaccaagacaacataciggigegatggectecaatectcagacgatttigeccicatagtgaatgoace
asaicatgagggaatacaagcaggagtegatagatictataggaccigenagitagigggaaicaacatgageana
aagaagtcciatatanataaaacagggacatitgaaticactagetitittiategatatg gatttgtggctaatittageat
ggagctaccaagtitcggagigtetagaatagacgagicageigacatgageattggagiaacagigataaagaaca
acatgataaataatgacctiggaccageaacageocaaatggetictecaatigticatcasagatiacagatacacgta
icggtgocatagaggagacacacaaatccaaacgagaagatcaticgagataaagaageigigggatcaaaceca
atcaaggacaggactatiggtatcagatgeooooccaaactiatacaatatccggaatoticacatecctgaagicty
cHiaaagtgggagctgatggatgagaatialcggggaagactitgcaatcccctigaatecctitgtcagecataaaga
aattgaatctgtaaacaatgetgtagtaalgecageccatggiceggccaasagtatggaatatgatgecgttgeaact
acacatteciggaticccaaaaggaaccgiiceatictaaacacaagocaaagggagatictigagoatgaacagat
gtaccagaagtgcigeaacitgiicgagaaatititcectiagiagiicatataggagaccgattggaatitctageaiggt
ggaggccatggtetctaggacceggatigatgecagaatigacticgagictggaagsattaagaaggaagagitct
cteagatcatgaagaicigitccaccatigaagaacicagacggraaaaataatgaatitagetigiccttcatgaaan
aatgectigiitctact

SEQ ID | Nucleotide sequence of PA viral segment of A/Ohio/02/2019

NG 3 agcaaaageaggtactgaticagaatggaagatttigtgegacaatgcticaacccgatgatigtegaaciigeagaa
aaagcaatgaaagagialggeeagoatciganaatigaaactaacaaatitgeageaataigeacicactiggaggt
gtgtitcatgtaticagatticcattiicatcaatgaacaaggcgaatcaatagtagtagaactigacgatecaaatgact
gttaaagcacagatiigaaataatcgagggoagagacagaacaatggectiggacagtagiaaacagiatctgeaac
actactggagctggaaaaccgaagtitciaccggatitgiatgattacaaagagaacagaticatcgaaatiggagity
acaaggagagaagiccacataiattacctigasaaggecaataagattaaatcigagaacacacacaticacatitiit
cattcactggggaggaaatggceacaaaggeagaciacactcicgacgaggaaageagggotaggalcaaaace
aggctgtttaccataagacaagaaatggcoaacagagececicigggaticettecgicagtccgaaagaggegaag
aaacaattegaagaaaaattigaaateacaggaactatgegcaggctigecgaccaaagicteccaccgaactictoct
gectigagaatittagagectatgiggatggaticgaaccgaacggcigeatigagggcaagetiteteaaatgiceaa
agaagtgaatgcecaaatigaaccitticigaagacaacaccaagaccaatcasacticetagtggaccicctigitat
cagceggtecaagticctectgatggaigettigaaattpagcatigaagacecaagtcacgaaggagaaggeatece
attatatgatgcgateaagigeatagaaacatictiiggatggaaagaaccttatatagicaaaccacacgaaaaggga
ataaattcaaattacctgetgtcatggaagcaagtacigicagaatigeaggacatigaaaatgaggagaagaticca
agaacaansaan s‘.’ifU’Eaﬁ_Y_’i 32acga Ut\:aactg 'mqtg ggctc‘ttggi‘g:m a 'imi‘q geaccagagan sggtagaf;
titgaaaactgeagagacataagegattianagcaatatgatagigaagaaccigaattaaggtcaciticaagotgea
tacagagtgagticaacaaggecigtgagetaacigaticagiotggatagageicgatgagatiggagaggacgta
geeccaattgaacacattgeaagtatgagaaggaattatticacageagaggtgteccatigiagagotactgaatac
ataatgaaaggggiatacatiagcactgeccigeicaatgoatectgigeageaatggacgattttcaactaaticccat
gataagcaagigcagaactaaagagggaagacgaaaaaccaatitalatggaticaicataaagggaagatcicate
teaggaatgacacagacgiggtaaactitgtzagcatggagtitictctcacagatocgagactigagecacataaat
gogagaaatatigtetcciigagataggagatatgitactaaggagiectataggecaaatticaaggocgatgtictt
gtalgigaggacaaacggaacatcaaaggicaaaatgaaatggogaatgpagatgagacgttocciccticagica
clecageagatigagageatgatigaagecgagtocicagtiaaagaaaaagacatgaccaaagagiitttigagaat
aaatcagaageatggeccatiggogagicocccanaggagigganganggticcatiggaanagicigtaggacte
tattagctaagicagtaticaatagectgtatgeatcaccacaatiggaagsgitticagcagagicaagaaaactgete
ctiattgttcaggotcttagggacaaacicgaaccigggaccitigatctiggggoctatatgaageaattgageagt
goctgattaatgateccigggtitipoicaaigegictiggticaactecticctgacacatgcatiaaaatagitatagea
aotoctgctattigtiatccgtacigiccaaaanaagtacctigtitotact

SEQ ID | Nucleotide sequence of NP viral segment of A/Chio/02/20619

NO: 4 agcaaaagcagggitgataatcactoactgagigacatctaaatcatggeatcoecaaggeaccaaacggiciiatga
acagatggaaacteatecagatcgccagaatgcaactgagatiaggocatecgicggoaagateatisatgoaatt
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sggagattctacatccaaatgigoactgaacttanacicagigatcatgaaggacggtigatccaaaacagcetigaca
atagagaaaatggtacicictgctitigalgaaagaaggaataaatacciggaagaacacocragogggegaaag

atcccaagaaaactggeggococatatacaggagagtogalggeanatggatpagooaactcgtectitatgacaa
agaagaaataaggcgaalciggegecaagecaacaatggigaggatgctacatctagictaactcacataatgatit

ggoaticcaatitgaatgatecaacataccagaggacaagageictigticggactggaatggateccagaatgtact
cicigatgcagggctegacteicectagaaggiceggggctgeaggtactacagicaaaggaatoggaacaatggt
gatggaactgatcagaatagicaaacgggggatcaacgaicgaaattitiggagagstgagaatggecgeaaaac

aagaagtecttaigagagaatgtgcaacaticttaaaggaaaatiicaaacagotigracaaagageaatggiggate

aagtiagagaaagicggaacceaggaaacgotigagatcgaagatctcatatititagcaagatcigeacigatactiga
gaggatcagttgcicacaaatctigectaccigecigtgatatggaccigeagtatocagtggtiacgacitigaana

agagggataticetiggtgggaatagaceotticaaactaciccazaatagecaaatatacagettastcagaccetaat

gagaatccageacacaagagicagetggtstggatgscatgecatictgotgeatitgaagatitaagattgitaagot
tcatcagaggaacaaaagiatctectegggggaaactgicaactagaggagtacaaattgeticaaatgagaacaly

gataatatggpatcaageactctigaactgagaageggatacigggccataagaaccaggagiggaggaaacact

aatcaacagagggcecicegeaggocaaaccagigigeaacciacattiicigtacaaagaaatcicceatiigaaaag
tcaaccatcatggeageaticactggaaatacgeaggeaagaacticagacalgagegcagaaatcaiaaggatza
teganggtocaaaaccagaagaagigicaticegggggagoooaotiticgascicicagacgagaaggeageg

aacccgatcgigeccictitigatatgagtaacgaaggatciiatttcticggagacaatgeagaagagtacgacaatt

aaggagaaaataccotigtifciact

SEQ ID | Nucleotide sequence of NS viral segment of A/Chio/02/2019

NO: s agcaaaagcagggigacaaagacataatggattccaacactgigicaagttccaggtagattgetticttiggcatat

ceggaasacaagtigtagaccaaaaacteagigatgocccaticctegatcggcticgecgagatcagaggtocctaa
ggggaagaggeaatacicteggictagacaicaaageagecacccatgeiggaaageaaattatagaaaagatict

gaaagaagaatctgatgaggeactiaaaatgaccatggicicaacacctgeticgegatacataactgacatgactatt
gaggaacigteaagaaaciggticatgctaalgeccaageagaaagiggaaggaccictitgeatcagaatggace

aggcaatcatggagaaaaaaatcatgttaaaagcgaatiicaatgtgatitiiggecgactagagaccatagtatiacta
agggctttcaccgaagaggeageaatigtigecgaaatcticaccatigoctictiticcaggacataciatigaggatlg
tcaaaaatgeaattggogtoctcateggaggactigaatggaatgataacacagticgagictetaaaaatetacaga

gatfcgetiggagaageagiaatgagaatggeogacctecactiacticeaaaacagaaacgggaaatggegagan
cagcetagetcagaagttigaagagataagatggotaatigaagaggigagacacagatigagaacaactgaaaata

gcitigaacaaatageaticatgcaagoatiacaactactgitigaagtzgaacaggagataagaactticticatiicag

citatttaatgataaaaaacacectigtiictact

SEQ ID | Nucleotide sequence of M viral segment of A/Dhio/02/2019

NQO: 6 agcaaaagceaggtagatatigaaagatgagocticiaaccgaggicgaaacgiatgitctciciategticeatcagge
cecctoaaagocgagatcgegeagagactigaagatetetiigeigggaaaaacacagatctigaggctoicatgga
atggctaaagacaagaccaattcigtcaccicigactaaggggatttiagggtiistiticacgotcacegtgoccagty
agegaggactgeagegtagacgetiigiccaaaatgecctcaatgggaatggagacceaaataacatggacaaag

cagtiaaactglataggaaacttaagageeagataacgiiccatggeeccaaagaaatagetotcagitatictgetg

gtgcactigecagitgeatgggectcatatacaatagaatgggoactgtasccactgaagiggeatitggectggiat

gtgcaacatgigagceagatigcigaticccageacaggicicataggeagatggtggcaacaaccaatccattaata

aaacatgagaacagaatggtiftggecageaciacagotaaggetatggagcaaatggeigoatcaagigagcagg
cagcggaggcecatggaaatagetagicaggecaggcagatggigeaggeaatgagagcoatigggacicatocta
gticcagtactggictaagagatgatctictigaaaatttgeagacctatcagaaacgaatggggeiacagatgoaac

gattcaagtgatecgctiatigtigcegogaatatcatigggatctigeactigatatigtogatictigategtottttiiica
aatgegtcigtegacicticasacacggectiaaaagaggccctictacggaaggagtaccigagiciatgagggan

gaatatcgasaggaacageagaatgetgtggatgctgacgacagicatitigicageatagagitggagtaaaaaac
tacctigtttctact

SEQ ID | Nucleotide sequence of HA viral segment of A/Ohio/02/2019

NGO 7 ageaaaagceagggoataatictatiaaccatgaagactatcatigettigagetgeattetaigtctggttitegeteaaa
aagticctggaaatgacaatageacgocaacactatocctiggocaccatgeagiaccaasacggaacgatagloan
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aacaatcacgaatgaccgaatigaagtiactaatgctacigagetggticagaaciccicaataggigaaatatgega
cagtcetcatcagatectigatggagaaaacigeacactaatagatgetctatiggagaccoicagigigatggottt

catcocttagateactagtigecticatecggeacactggagtitaacaatgaaagcticaatigggctggagicacica
asacggaacaagitctictigeataaggggalctaanagtagttictitagtagattaaattggtigacecacttaaacic
caaatacccageatianacgigactatgecaaacaatgaacaatitgacaaatigtacattiggggtgticaccacceg
ggtacggacaaggaccaaatcticectgiatgeacaatcatcaggaagaateacagiaictaccaaaagaagecaac
aagcigtaatcocgaatateggatctaggcccagaataagggatatecctageagaataagcatctatiggacaatag
taaaaccaggagacatactttigatiaacagcacagggaatctaatigoicotagggpttacticaaaatacgaagigy
gaaaagceicaataatgagatcagatgcacecatiggeaagigcaagictgaatgeatcactocaaatggaagoatic
casalgacaaaccaticcaaaatgtanacaggatcacatacggggeatgioccagataigiiaageaaageactetg
aaatiggcaacaggaatgegaaaigtaccagagagacaaaciagaggcatatiiggegeaatagegggtitcatag
aaaatggtigegaggoaatgoigpaippttastacgecticaggoatcaaaaticigagggaagaggacaageag

gaaattecatcagattgaaaaagagitticagaagiagaaggeagaaticaggacotigagaaataigtigaggacac
aaaaatagatctctggtcatacaacgeggagctictigitocceiggagaaccaacatacaatigatctaactgactea
gaaatgaacaaacigtitganaaaacaaagaagcaacigaggeaaaatgcigageatatgoocaatggitotticas
aatataccacaaatgigacaatgecigeatggggteaaicagaaatggaactiatgaccacaatgtatacagggatga
agcattaaacaaccggticcagatcaagggagitgagetgaagicaggetacaaagatiggatectatggatitecttt
gecatatcatgttititgettiggtigotetgttggggticatcatgtgggecigecanaagggcaacatiaggtacaac
atitgcattigagtocatiaatiaaaaacaccetigitctact

SEQ ID | Nucleotide sequence of NA viral segment of A/Chio/02/2019

NO: R agcegaaageaggagtaaagatgaaiccaaatcaaaagataataacgattggotctgitictetcaccatitccacaata
tacticticatgcanatigecatcctgataaciactgtaacattgeatiicaageaatatgaaticaacteccecccaaac
aaccaagigatgetgigigaaccaacaataatagaaagaaacataacagagatagigtatitgaccaacaccaccat
agagagggaaatatgecocaaaccageagaatacagaaatiggicaaaaccgeaatgiggcatiacaggatitgea
cetiteiciaaggacaaticaattaggoctifccgotggtgpooacatctgeotgacaagagaacctiatgigteatgica
Lcm‘oqM'1ai‘qﬂ’ﬁ!’c'1<aﬂ\‘gcccttgga@agggaac'mr"a'ﬂ"m<amﬁ(\gtg(“aﬁa'\qﬁ!’<anom‘qgca¢gtga
taggaccecicatcggacictattgatgagtgaatigggtgticctttecatotggggaccaageaagigtgcatagea
tgetecagetcaagiigtcacgaiggaaaagcatggctgcatgtiigiataacgggggaigalaaaaatgeaactget

g
agtticattiacantgggagectigtagatagtgtigtticatggiccanagatattctcaggacccaggagicagaaty

cgttigtatcaatggaactigtacagtagtaateacigaiggaaatgctacaggaaaagcigataciaaaatattaticat
igageaggooaaaatcgticatactagcanatigicaggaagtoctcageatgticgaagagtgctctigetatecicg
ataccotgglgtcagatgigictgcagagacaactiggaaaggatecaaccggcocalcgiagatataaacatanaagg
accatageattggiiccagttatgigigticaggactigttggagacacacccagaaaaaccgacagetocageage
agecattgotigaatectaacaatgaaaaaggigetcatggagigaaagocigoocctitgaigatggaaataacgt
gtegatggsgagaacaatcaacgagacgticacgctiagggtatgaaacciicaaagicgtigaagactagiccasc
tctaagtccaaatigeagataaataggcaagicatagtigacagaggtoataggicoggtiaticiggiatitictetgtt
gaaggoaaaageigeatcaatcggtgotittatgigpagttoatiagggsaasaaaagaggaaactgaagictisty
gacctcaaacagiattgtigtotttiotooscacctcaggtacataiggaacaggoicatggccigatgggocgoacet
caatctcatgeatatataagetiicgcaatittagaaaaaacicettgtitciact

SEGQ ID | Amino acid sequence of PB2 protein of A/Chio/02/2019

NG9 | MERIKELRNLMSQSRTREILTKTTVDHMAIKKYTSGRQEKNPSLRMEKW
MMAMKYPITADKRITEMVPERNEQGQOTLWSKMSDAGSDRVMVYSPLAY
TWWNRNGPVTSTVHY PKVYKTYFDKVERLKHGTFGPVHFRNQVKIRRR
VDINPGHADLSAKEAQDVIMEVVFPNEVGARILTSESQLTITKEKEEELR
DCKISPLMVAYMLERELVREKTRFLPVAGGTSSIYIEVEHLTQGTCWEGM
YTPGGGVRNDDVDOSLIAARNIVRRAAVSADPLASLLEMCHSTQIGGTR
MVDILKONPFTEEQAVDICKAAMGLRISSSFSFGGFTFKRTSGSSVKKEEEY
LTONLOTLRIRVHEGYEEFTMVGKRATAL RKATRRLVOLIVSGRBDOSE
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ABAHVAMVESQEDCMIKAVRGDLNFVNRANGRLNPMHGLLRHFQKDA
KVLFQNWGVEHIDSVMGMYGVLPDMTPSTEMSMRGIRVSKMGVDEYSS
TERVVVSIDRFLRVRDOQRGNVLLSPEEVSETQGTERLTITY SSSMMWEIN
GPESVLYNTYQWHRNWEAVKIQWSONPAMLYNKMEFEPFQSLVPKATR
SQYSGFVRTLFQOMRDVLGTFDTAQUHKLLPFAAAPPRKQSRMQFSSLTVN
VRGSGMRILVRGNSPVENYNKTTKRLTILGKDAGTLIEDPDESTSGVESA
VERGFLUGKEDRRYGPALSINELSNLAKGEKANVLIGQGDVVLVMEKRKR
DSSILTDSOTATKRIRMAIN

SEQ ID | Anuno acid sequence of PB1 protein of A/Ghio/02/2019

NO: 10 | MDYNPTLLFLEKVPAQNAISTTFPY TGDPPY SHGTGTGY TMDTYNRTHQY
SERGKWTTNTETGAPQLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESH
PGIFENSCLETMEAVQQTRVDKLTOGROTY DWTLNRNQPAATALANTIE
VERSNGLTANESGRLIDFLKDVMESMDKEEMEITTHFQREKRRVRDNMTK
KMVYTQRTIGKKKQRVNKRGYLIRALTINTMTKDAERGKLKRRAIATPG
MOIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANVVRKMMTNS
QDTELSFTITGDNTKWNENQNPRMFLAMITYITENGPEWFRNILSIAPIMF
SNKMARLGKGYMFESKRMKLRTOIPAEMLASIDLEKYFNESTRKKIEKIRP
LLIDGTASLSPGMMMGMFNMLSTVLGYSILNLGQKEKYTKTTYWWDGLGQ
SSDDFALIVNAPNHEGIQAGVDRFYRTCKLYGINMSKKKSYINKTGTFEF
TSFFYRYGEFVANFSMELPSFGVSGINESADMSIGVTVIKNNMINNDLGPA
TAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFEIKKLWDQTQSRTGLLY
SDGGPNLYNIRNLHIPEVCLKWELMDENYRGRLONPLNPFVSHKEIESYN
NAVVMPAHGPAKSMEY DAVATTHSWIPKRNRSIENTSQRGILEDEQMYQ
KCCNLFEKFFPSSSYRRPIGISSMVEAMVYSRARIDARIDFESGRIKKEEFSE]L
MEKICSTIEELRROK

SEQ ID | Amino acid sequence of PBI-F2 protein of A/Ghio/02/2019

NO: | MEQGOQGTLWTQSTERINTQRGGSGQOQIQKLGRPSSTOLMDHYLRIMNGQY
DMHEOQTYVSWRLWPSLENPTOQVSLRTPALKOWKPFNROGWIN

SEQ ID | Anuno acid sequence of PA protein of A/Qhio/02/2019

NO: 12 | MEDFVROQCFNPMIVELAEKAMKEY GEDLKIETNRKFAAICTHLEVCEMYS
DFHFINEQGESIVVELDDPNALLKHRFEHEGRDRTMAWTVVNSICNTTGA
GKPKFLPDLY DYKENRFIEIGVTRREVHIY YLEKANKIKSENTHIHIFSFTG
EEMATKADYTLDEESRARIKTRLFTIRGEMANRGLWDSFROQSERGEETIE
EKFEITGTMRRLADQSLPPNFSCLENFRAYVDGFEPNGCIEGKLSQMSKE
VNAGIEPFLEKTTPRPIKLPSGPPCY QRSKFLLMDALKLSIEDPSHEGEGIPL
YDAIKCIKTFFGWKEPYIVKPHEKGINSNYLLSWKQVLSELODIENEEKIP
RTKMNMEKTSQLKWALGENMAPEKVDFENCRDISDLKQYDSEEPELRSLS
SWIGSEFNKACELTDSYVWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRA
TEYIMKGVYINTALLNASCAAMDDFQLIPMISKCRTKEGRRIKTNLYGFH
KGRSHLRNDTDVYVNFVSMEFSLTDPRLEPHKWEKYCVLEIGDMLLRSAI
GQISRPMFLY VRINGTSKVEKMEKWGMEMRRCLLQSLOQQIESMIEAESSVK
EXDMTKEFFENKSEAWPIGESPKGVEEGSIGKVCRTLLAKSVENSLYASP
QLEGFSAESREKLLLIVQALRDKLEPGTFDLGGLYEAIEECLINDPWVLLNA
SWENSFLTHALK

SEQ ID | Amino acid sequence of NP protein of A/Ghio/02/2019

NG 13 | MASQGTERSYEQMETDGDRONATEIRASVGKMIDGIGRFYIQMCTELKL
SDHEGRLIQONSLTIEKMVLSAFDERRNEKY LEEHPSAGKDPRETGGPIYRR
VDRGEKWMRELVLY DKEEIRRIWRQANNGEDATSGLTHIMIWHSNLNDAT
YORTRALVRTGMDPRMCSLMQGSTLPRRSGAAGAAVKGIGTMVMELIR
MVEKRGINDRNFWRGENGRKTRSAYERMCNILKGKFOTAAQRAMVYVDOV
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RESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACAYGPAVSSGYDEFEK
EGYSLVGIDPFKLLONSQIY SLIRPNENPAHKSQLVWMACHSAAFEDLRL
LSFIRGTKVSPRGKLSTRGVQIASNENMDNMGSSTLELRSGYWAIRTRSG
GNTNQORASAGQTSVQPTRSVORNLPFEKSTIMAAFTGNTEGRTSDMRA
EHRMMEGAKPEEVSFRGRGVFELSDEKAANPIVPSFDMSNEGSYFFGDN
AEBEYDN

SEQ ID | Amino acid sequence of NS protein of A/Ohio/02/2019

NGO 14| MDSNTVSSFOQVDCFLWHIRKEQVVDQKLSDAPFLDRLRRDOQRSLRGRGNT
LOLDIKAATHAGRKQUEKILKEESDEALKMTMVSTPASRYITDMTIEELSR
NWEMLMPRKOQKVEGPLCIRMDOAIMEKKIMLKANFNVIFGRLETIVLLRA
FYEEGAIWGEISPLPSFPGHTIEDVEKNAIGVLIGGLEWNDNTVRVSKNLQOR
FAWRSSNENGGPPLTPKOKREMARTARSEY

SEQ ID | Amino acid sequence of NEP protein of A/Ohio/02/2019

NO: 15 | MDSNTVSSFODILLRMSKMOQLGSSSEDLNGMITOFESLKIYRDSLGEAVM
RMGDLHLLONRNGKWREQLGOQKFEEIRWLIEEVRHRLRTTENSFEQITF
MOALQLLFEVEQEIRTFSFOLI

SEQ ID | Anuso acid sequence of M1 protein of A/Ohio/02/2019

NO: 16 | MSLETEVETYVLSIVPSGPLKAEBIAQRLEDVFAGKNTDLEALMEWLKTRP
LSPLUTKGILGFVEFTLTVPSERGLORRRFVONALNGNGDPNNMBKAVKLY
RKLKREITFHGAKEIALSYSAGALASCMGLIYNRMGAVTTEVAFGLVCA
TCEQIADSQHRSHROMVATINPLIKHENRMVYVLASTTAKAMEQMAGSSE
QAADAMEIASQARQMVQAMRAIGTHPSSSTGLRDDLLENLOQTYQKRMG
VOMORFK

SEQ ID | Amino acid sequence of M2 protein of A/Chio/02/2019

NO: 17 | MSLLTEVETPIRNEWGCRONDSSDPLIVAANHGILHLILWILDRLFFKCVC
RLFKHGLKRGPSTEGVPESMREEYREEQONAVDADDSHEVSIELE

SEQ 1D | Amino acid sequence of HA protein of A/Ghio/02/2019

NQ: 18 | MKTHALSCILCLVFAQKIPGNDNSTATLCLGHHAVPNGTIVKTITNDRIEY
TNATELVONSSIGEICDSPHOILDGENCTLIDALLGDPQCDGFQNKKWDL
FVERNKAYSNCYPYDVPDYASLRSLVASSGTLEFNNESFNWAGVTONGT
SSSCIRGSKSSFFSRENWLTHINSKYPALNVIMPNNEQFDKLYIWGVHHP
GTDKDQISLYAQSSGRITYVSTKRSOQAVIPNIGSRPRIRDIPSRISIYWTIVK
PGDILLINSTGNLIAPRGY FKIRSGKSSIMRSDAPIGKCKSECITPNGSIPND
KPFOQNVNRITYGACPRY VEKQSTLKLATGMRNVPERQTRGIFGATAGFIEN
GWEGMYDGWYGFRHONSEGRGQAADLKSTQAAIDQINGKLNRLIGKTN
EXFHOIEKEFSEVEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDL
TDSEMNKLFEKTKKQLRENAEDMGNGCFKIYHRKCDNACMGSIRNGTYD
HNVYRDEALNNRFQIKGVELKSGYKDWILWISFAISCFLLCVALLGFIMW
ACQKGNIRCNICI

SEQ ID | Anino acid sequence of NA protein of A/OGhio/02/2019

NO: 19 | MNPNQEHTIGSVSLTISTICFFMQIAILITTVTLHFKQYEFNSPPNNQVMLC
EPTHERNITEIVY LTNTTIEREICPKPAEYRNWSKPQCGITGFAPFSKDNSIR
LSAGGDIWVTIREPYVSCDPDKCYQFALGQGTTINNVHSNNTARDRTPHR
TLLMSELGVPFHLGTKQVCIAWSSSSCHRGKAWLHVCTTGDDEKNATASFE
IYNGRLVDSVVSWSKDILRTQESECVCINGTCTVVMTDGNATGKADTKI
LFIEEGRIVHTSELSGSAQHVEECSCYPRYPGVRCVCRDNWERGSNRPIVD
INIKDHSIGASYVCSGLVGDTPRKTDSSSSSHCLNPNNEKGGHGVKGWAF
DRGNDVWMGRTINETSRLGYETFRVVEGWSNSKSKLQINRQVIVDRGD
RSGYSGIFSVEGKSCINRCFY VELIRGRKEETEVEWTSNSIVVECGTSGTY
GTGSWPDGADLNEMHI
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SEQ 1D | Nucleotide sequence of PB2 viral segment of A/Singapore/TT1384/2016

NG 20 | agcasaagcaggtcaaatataticaatatggagagaataaaagagetgagagatctaatgtegcagteccgeacicg
cgagatactcactaagaccacigiggaccatatggocataaicaaaaagiacacalcageaagocaagagangan

coecgeacteagaatgaagtgeateatgocaateaaatacccaatiacggeagacaagagaataatggacataate
ceagagaggaaigaacaaggacaaacectciggageasaacaaacgatgctggatcagacegagigatggiaica
coictggecgtaacatggiggaataggaatggeccaacaacaagtacagticatiacectaaggtatataaaacitatt
tegaaanggtcgaaaggtigaaacatggtaccticggeccigtccacticagaaaicaagtiaaaataaggagsaga
giigatacaaaccotggocatgoagatctcagtgecaaggaggcacaggatgtgatiatggaagtigtiticcraaat

gaagtgpooocaagaatactgacatcagagtcacagcliggoaataacaaaagagaagaaagaagagetccagaa
tigtaaaatigotcoctigatggiggogtacatgotagaaagagaatiggtoogiaaaacaaggtttctoccggiagee
gatoooacagocagigtitatatigagetattecactiaacccaagggacgigeigggageagatgtacaciccagy
aggagaagigagaaatgatgatgtigaccaaagetigattatcgetgctagaasacatagtaagaagageageagigt
cagcagacceattageateteictiggaaatgigecacageacacagatiggaggtataaagatggigeacatcctia
aacagaaiccaactgaggagcaagecgtagacatatgeaaageageaatagggtigaggatcagcicatetitcagt
titgeipgoticaciticaaaaggacaagoggaicatcagicaagaaagaagaagaaatgciaacgggcaaccioca
aacactgaaattaagagtacatgaaggglatgaagaattcacaaiggtigggagaagageaacagetatictcagaa
aggcaaccaggagatigatceaatiaatagtaagcgaeagagacgagcagicaatipctgaagcaataatigtage

catggtatictcacaagaggatigeatgatcanggeagtiagggecgatctgaactiigicaatagggcasaccaga

ccatcgacaatgtgatgoogatgatcggaatactgoccgacatgaceccaagcacggagatgtcactgagagsaa

taagagitcagcaagatggggatagatgaataciceageacggagagagigatagtgagtatigaccgatititgage
gttagagatcaaagagggaacgtactatigicicocgaagaagicagtoaaacgcaaggaactgagaagiigacaa
taacttattogtcatcaatgatgtopoagatcaatggoeccigagicagtgctagtcaacacttatcaatggataateaga
aacigggaaatigigaaaaticaatggtcacaagaceccacaatgitatacaataaaatggaatitgaaccatticagic
tcigtecctaagecaaccagaagecggiacagiggaticglaaggacacigticoageaaatgegggalgtactiy

ggacattigacactgiceaaataataaaacticiceoctitgetgetgetiecaccagaacagageaggatgeaatitict
tcattgacigtgaatgtgagageatcagggtiaaggatactggiaagaggcaaticiccagtaticaattacaacasgg
caaccaaacgacttacggtictiggaaaggatocaggtecatigacigaagaicoagatgaaggcacaiciggagts
gagtotgotgtccigagaggatifcicatittaggcaaagaagacaagagatatggeecagcatiaageateaatgaa
cigagcaaictigeaaaaggagagaaagctaatgtoclaatigggcagggggacatagigtiggtaatgaaacgaa

aacgggactctageatacttacigacagecagacagegaccaaaagaaticggatggocatcaattagigicgaait

gtttaaaaacgacctigttictact

SEQ ID | Nucleotide scquence of PB1 viral segment of A/Singapore/TT1384/2016

N 21 | ageaaasgceaggeaaaccatitgaatggataicaatcegactctactiticctasaaaticeageacaaaatgecataa
geaccacattcoctiatactggagateciccatacagecatggaacaggaacaggatacaccatggatacagtaaac
agaacacaccaatacicagaasaagggeaagigoacaacaaacacagagaciggtacaceecagetcaaccegat
tgacggaccactaccigaagataatgaaccaagtgggtatgeacaaacagactgigiictagaggctatggettitett
gaagaatcecatocaggaatatiigagaaticatgectigaaacaatggaagitgticaacaaacaagzgiggataaa
cigactoaaggtegccagactiatgatiggacatiaaacagaaatcaacoggeagcaactgeattggecaacaccat
agaagtitttagatcgaatgacctaacagetaacgagicaggaagectaatagatiicitaaaggatgtoatpeaatca
atggacaaagaggaaatagagataacaacceactticaaagaaaaaggagagtaagagacaacataaccaagaa

gatgoicacgcasagaacaatagggadgaaaaaacagagatigaataagagaggcialctaataagageactgac
attaaatacgatgaccaaagalgeagagagaggcaagitaaaaagaaggoctatcgeaacacetgggatgeagatt
agaggtiticgtatacitigtigaaacttiagetaggageattigcgaaaagetigaacagictgggcicecagiagggy
gcaatganaagaaggoccaaatiggraaatetigtzagaaagatgatgactaaticacaagatacagagattictitca

caatcactggggacaacactaagigeaatgaaaatcaaaatccicgaatgiteciggegatgatiacatatatcacca

gaaatcaaccegagtgetitagaaacatccigageatgocacecataatgtictcaaataaaatggeaagactagga

anagggtacaigticgagagtanaagaatgaaggttcgaacacaaataccageagaaatgotageaageatigatet
gaagtatitcaateaatcaacasagaagaaaatigagaaaataaggecictittaatggatgocacageatcacigag
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atacaccaagacaacataciggtegeatggsotccaatoatccgacgattitgcictcatagtaaatgcaccaaacca
tgaaggaatacaageaggagiggacagatictacaggacetigeaagtiagigggaatcaacatgagceaaaaagaa

gtcclatataaataagacagggacattigaaticacaagettitittatcgotatggattigigoctaatiitageatggag

ctacccagetitegagigiciggagtaaatgaatcagetgacatgagtatiggagtaacagtgataaagaacaacatg
ataaacaatgaccitggacctgcaacggotcagatggctcticaatigticatcagagactacagatacacatataggt
gecataggggagacacacaaaticagacgagaagateattigagtigaagaagctatgggatcaaacccaaicaaa
ggtagpactattagtatcagatggaggaccaaacttatacaacatacggaatcttcacaticetgaagictgcttaaaat
gggagciaatggatgatgattatcggoeaagactiigtaatcoccigaatecctitgtgagicacaaggagatigatict
gtaaacaatgotgiggtaatgecageccatggoccagecaaaageatggaatalgalgecgtigciactacacattoc
tegaticocaagaggaatcgtictatecteaacacaagecaaaggggaatictigageatgaacagatgtaccagaa
gtetigcaatitaticgagaaatitticectageagticatataggagaccggtiggaatitetageatggiggaggecat
ggtgictagggcccggatigatgecagagtegactitgagtctggacggalcaagaaagaagagiicicigagatca
tgaagaictgitccaccatigaagagetcagacggcaaaaataaigaattiaactigicctitcatgaaagsaaigectigit
fetact

SEQ 1D | Nucleotide sequence of PA viral segment of A/Singapore/TTI384/2016

NO: 22 | ageaanageaggtactgatcenaaatggasgactitgtocgacaatgoticaatccaatgategicgagetigegea

aaaggcaatgaaagaatatggggaagatcccaaaatcgaaaciaataagttigeigeaatiigeacacattiggaagt
tigtitcatgtattcggatticcatitcatigatgaacgg sgtoaatcaataatigtagaatciggigacceaaatgeacta
tigaagcaccgattigagataatigaaggaagagaccgaatcatggoectegacagtggigaacagiatatgtaacac

aacagggatagagaagectaaatitcticcigattigtatgatiacaaagagaaccggiicatigaaatiggagtaaca

cggagagaagtcoacatatattacciagaaaaagecaacaaaataaaatetgagaagacacacaticacatetitica
ticactggagaggaaatggeogecaaageggactacacectigacgaagagageagageaagaatcasaactag

getittcactataagacaagaaatggecagtaggagictatgggaticetiicgicagicegaaagaggogaagaga

caatigaagaaaagtitgagattacaggaactatgegcaagetigecgaccaaagtcteccaccaaacticiecagee
tigaaaacticagagectatgtagatggaticgagecgaacggetgeatigagggoaagetticccaaatgtcaaaag
aagtgaacgccaaaatigaaccatictigaggacgacaccacgoccccicagattaccigatggaccictiigecate
ageggicaaagticcigetgatggatgctoigaaatiaagoatigaagacecgagtcacgaggggsaagsaatace
aclatatgatgcaatcaaatgeatgaagacatictitggetggaaagagoctaaaatagicasaccacalgagaaagy
cgtagatcccaatiacctcatggetiggaageaggtactageagagetacaggacatigaaaatgaagagaagatee
caaggacazagaacaigaagaaaacaagccaatigaagtggocacicggigaaaatatggeaccagaaaaagtg

gactiigatgacigiaaagatgitggagacciiaaacagiatgacagigatgagccagageccagateictagoaage
teggtecaaaatgaaticaataaggoatgtgaatigacigactcaagctggatagaactigateaaataggagaagat
gtteccecgatigaacatatagcaageatgaggaggaactatittacagcagaagigicocactgcagggctactga
atacataatgaageoagtotacataaatacggectigeteaatgeatectgigeegecatggalgactitcagotgatt

coaatgataageaaatgtaggaccaaagaaggaagacggaaaacanacctigiatggoticatiatanasggaaggt
cicattigagaaatgatacigatgtagtoaacttigtaagtatggagtictcactcacigatecaagactiggaaccacac
aaaigggaaaaatactgigtictigaaataggagacatgctatigaggactgegataggicaagigicgaggoeccatg
tictiatatgigagaaccaaiggaacciccaagatcaagatgaaatigegpcatggaaatgaggcgcizocticticaa
tetottcageagatigagagoatgattgaagocgagtoticigicaaagagaaagacatgaccaaggaatictitgaaa
acaaatcggaaacalggeeaatoggagagteacceageggagiooacrasgocictaligganaagigtecaga

accitactggcaaaatcigigticaacagictatatgegictecacaactigaggootittoggeigaatcaagaaaatt

gcticicatigttcaggcactiagggacaacctggaacctggaaccttcgatctiggeegoctatalgaageaatoga
ggagtgcctgatiaatgatecctigggtttigetiaatgeatetiggticaactecticeteacacatgeactgaagtagtty
tgocaatgctaciatitoctatccatatigtccaaaaaagtacctigitictact

SEQ ID | Nucleotide sequence of NP viral segment of A/Singapore/TT1384/2016

NO: 23 | ageanaageagggtagataatcactoaatgagigacategaagecatggegtctcaaggeaccaaacgatcatatg
aacaaatggagactggtpgegagegecaggataccacagaaatcagageatetgtiggaagaatgattggiggaa
tcgggagatictacaiccaaatgtgcacigaacicaaactcagtgattatgatggacgactaatecagaatageataac
aatagagaggatggigctticigetitigaigagagaagaaataaatacctagaagageatccaagigeiggsaaag

accctaagaaaacaggageacccatotatagaagaatagacgoanaatpeaceasacaactcaicotitaigacaa
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agaagaaataaggagagtifggogccaageaaacaatgeegaagatecaacageaggtictiactcatateatgattt
ggcattccaaccigaatgatgocacataicagaggacaagagoactigticgeaciggaatggatcccagaatztec
tetoetaatgcaaggticaacactteccagaaggictggigcegeaggtgcigeagtanaaggagtiggaacaatage
tatggaattgatcagaatgaticaaacgiggaatcaateaccgaaattictggagouotoaaaatgeacganggacaa
gagtigctiatgasagaatgigcaatatcctcaaaggaanatticasacagetgeccagagggcaatgalggatcaa

gtaagagaaagtcgaaacceaggaaacgoigagattgaagacctiatiticetageacggicageacteatictgag

aggatcagtigeacataaatectgectgoctgetigigtatatggactigeagiageaagiggecatgactitigaaagg
gaaggetactcaciggicgggatagacceaticaaatiactccaaaacagicaagiggicagectgataagaccaaa
tgaaaatocageticacaagagteaatiggtatggatgpeatgccactotgotgoatiigaagatitaagagtatoaagtt
teataagaggaaagaaagteatcecaagaggaaagctiiocacaagagggoticagatigeticaaatgagaateig
gaaaccatggactccaataceeiggaaciaagaageagataciggeccataagaaccaggagiggagoaaatace
aatcaacagaaggeatecgeaggecagatcagtgigeagectacatictcagtgeagegaaatctecctitigaaag

agcaaccgiialggeageaticagegggaacaatgaaggacgaacaicegacaigegaacagaagitataagaat

gatggaaagigcaaagecagaggatiigtectitocaggageggagagtcticgagetciogaacgaanaggoaac
gaacccgategtgecticcttigacatgagtaatgaagggicitatiicticggagacaatgcagaggagtatgacaat
tgaagaaaaataccotigtictactaatitiattagliagaaacaagggiatitticticaatigicat

SEQ ID | Nucleotide sequence of NS viral segment of A/Singapore/TT1384/2016

NO: 24 | agcaaaagcagggigacaaaaacataatggagtccaacacoatgtcaagctticaggtagactgttitcttigocatat
tcgeaagcgatitgcagacaatggaltgeotgatgocoeaticctigatoggciacgcegagatcaaaagtocttaaa
aggaagaggcaacacectiggocicgacaicaaaacagecacictigtiggoaaacaaatigiggaatggatitiga

aagaggaatccagogagacacttagaatgacaatigeatetgtacctacticgegttacatticigacatgacectcga
ggaaatgtcacgagactggticatgetiatgectaggcaaaagataataggoccictiigegtgogatiggaccagge
ggicatggataagaacatagtaciggaageaaacitcagigtaatcticaaccgattagagacciigatactaciaagg
gctttcactgaggagogageaatagtigaagaaatitcaccatiaccticicticcaggacatacttaigaggatgtcaa
aaatgcagiigggaicctcateggaggactigagiggaatggtaacacggticgagtoticigaaaatatacagagatt
cgctiggagaagetgigatgagaatgggagacciicaciacciccagageagaaatgagaagiggogggaacaatt
ggeacagaaatitgageaaataaggigotiaatigaaganatacggcacagatigaaageaacagagaatagiticg
aacaaataacatiiatgeaagectiacaactactgetigaagtagagcaagagataagagotttctegttteagetiattt
aatgataaaaaacaccetigitictact

SEQ ID | Nucleotide sequence of M viral segment of A/Singapore/TT1384/2016

NQ: 25 | agcasaageaggetagatatttanagatgagicitctanccgaggetegaaacgtacgitctitctatcaticcgicagge

coectoaaageogagategeacagagaciggaaagtatctitgcaggasagaacacagatetitgaggctctoateg
aalggctanagacaagaccaatetigicaccioigactaagggaatittaggatiigtaticacgeicacegigeccag
tgagegageactgcagegtagacgotiiatccagaatgocctaaalgggaatggaaaccegaacaacatggatag

agcagttaaactatacaagaagcetcaaaagagaaataacgiiccatgggsecaaggaggiotcactaagetaticaa
ctggtgcacttgecagtigeatgggectcatatacaacaggatgggaacagigaccacagaagctgcttitggiciag
tgigteccactigigaacagattgotgaticacagcaicggtotcacagacaaatggctactaccaccaatecactaat
caggcatgaaaacagaatggatectgectageactacggeaaaggetalggaacaggioociggatcgagieaaca
ggoageagaggccaiggaggitgctaataagactaggeagatggtacatgcaatgagaactatigggacteatect

agctccagigetgetcigagagatgacctictigaaaatitgcaggoctaccagaagegaatgggagtgeagatgea
geggitcaagtgatecictogicatigoagoaaacateatiggatctizcacctgatatigtggatiactgategtoittt
titcaaatgcattiategicgotitaaatacggtitgaaaagagggoctictacggaaggagigecigagiceatgagg

gaagaataicaacaggagcageagagigotgiggatgtigacgaiggicattitgicaacatagagctagagtaaaa

aactacctigtitctact

SEQ 1D | Nucleotide sequence of HA viral segment of A/Singapore/TT1384/2016

NQ: 26 | agcasaageaggegaaaacaaaagoaacaaaaatgaaggcaatactagtagtictoctatatacatitacaacogc

aaatgcagacacattatgtataggtiaicatgegaacaaticaacagacacigtagacacagiactagaaaagaatgt

aacagiaacacactcigiiaacctictiggaagacaageataacggaaaactatgeaagciaagaggeetagececat
tgcatitggetaaatgtaacatigetggctggatectggaaaatecagagigtgaatcacictecacageaagticaty
giectacatteticaaacatctaaticagacaaiggaacgtatiacccaggagatifcatcaattatgagoagclaasga
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pagcaatigagcetcagtgtcatcatitgaaaggittgagataticeccaagacaaciteatggeccaatcalgactoga
acaaaggtgtaacggceagceatgicotcacgctggagcaaaaagotictacaaaaactigatalggotagtiaaaaaa
ggaaaticataccoanagotcaaccaatectacattaatgataaggggaaagaagtoctegigetgtggpocaticac
catccatetactactgetgaceaacaaagictictatcagaatgeagatgeatatgittitetggsoacatcaagatacag
caagaagticaagoecggaaataggaacaagacceasagigaggeatcaagaageoagaatgaactatiactgga
caciagiagagecgggagacaaaataacaticgaageaaciggaaatctagiggtaccgagatatgcaticacaaty
gaaagaaatgciggatetgglattaicatitcagatacaccagtocacgatigeaatacaactigtcagacaccegag
ggtgctataaacaccagecteccatticagaatatacaccegatcacaatiggaaaatgiccaaagtatgtaaaaage
acaaaattgagactggecacagggtigaggaatgicocgictaticaatctagaggectaticggggccatigeogg
ciicatigaaggggoooteoacagooateotagatooatosiacggitatcaccatcaaaatgagcaggegatcagga
tatgeagecgaccigaagageacacaaaatgecatigacaagatiactaacaaagtaaaticigtiatiganaagatg
aatacacagitcacageagigggtaaagagticaaccacciggasanaagaatagagaatctaaataaaaaagitga
tgatgeotitectggacatitggacttacaatgecgaactgtiggtictatiggaaaatgaaagaacttiggactaccacg
aticaaatztgaagaactigtatgasaaagiaagaaaccagitaagagacasigecaaggaaattggaaatggoetiget
tigaatittaccacaaatgcgacaacacgigeatggaaagigicaaaaatgggactiatgactacccaaaatactcag
aggaagoaaaatiaageagagaaaaaatagaiggpgtaaagiiggaalcaacaaggatitaccagatitiggcgate
taticaacigtogecagticattgglactgglagicteoctgggggoaatcagetictggatatoctctantggatoicta
caﬁgj‘ﬁa g 'a‘r'a’n‘gi'ﬁm'ﬁm(‘ah‘z coatficaczaate tzﬁ’;r;»agjmwwc’wccﬁtgtﬁciaﬁ
SEQ ID | Nucleotide sequence of NA viral segment of A/Singapore/TT1384/2016
N 27 | ageaaasgceaggagtitaaaatgaaiceaaaccaaaagataataaccatigaticgaicigtatpacaattggaatog
ctaacttaatattacaaatiggaaacataatctcaatatgggttagccacicaaticaaatigetaatcaaagocagatis
asacatgeaatcaaagegtcatiactiatgasaacaacactigggtaaatcagacatatgtiaacatcageaacacea
actitgetgotggacagicagiggtitcegigaaattagegggcaaticctoteicigeccigtiagigpatgggotatat
acagtaaagacaacagiglaagaateggticcaagga goatgigtitgicataagggaaacaticatatcatgeteic
cottggaatgeagaaccitetictigactcaaggggcctigctaaatgacaaacaticcaatggaaccatiaaagacag
gagoccatatogaacoctaatgagetgtoctatiggteaagticectetoctiacaactcaagattigagtcagtegott
getcagcaagtgcttgicatgatggcatcaatiggctaacaatiggaattictgecccagacagigggsoagioocts
tgtiaaagtacaaiggcataataacagacactatcaagagtiggagoaacaatatatigagaacacaagagictgaat
gtecatgigtaaatggtictigetiiaccataatgacegatggaccaagtgatgggeaggecteatacaaaatcticag
aatagaaaagggaaagataatcaaateagicgaaatgaaageocctaatiatcactatgaggaatgciccigtiacee
tgatictagigaaatcacatgigtotacagggataactggeatggcicgaategacegtgggtgiciticaaccagaat
ciggaatatcagatgggatacatatgoagiggggttitcggagacaatccacgecciaaigataagacaggeagttet
gotccagtaicgictaatggageaaatggagtaaaaggattticaticanatacggeaalggtottiggatagesaca
actasaagcattagticangaaaaggtitigagatoatiigooatccgaatgpatgoactggoactgacaataaatict
caataaageaagatategtaggaatanatgagiggicaggetatagegggagtittgitcageatccagaactaaca
ggoctgoatistataagacottgcticligggtigaactaataagagggcgaccogaagagaacacaateiggactag
cgggageageatatectitigiggtotaaacagipacacigtpggitggicttggecagacggtgctgagtigocatit
accatigacaagiaatitgticaaaaaacicctigtitctact
SEQ ID | Amino acid sequence of PB2 protein of A/Singapore/TT1384/2016
NO: 28 | MERIKELRDLMSQSRTREILTKTTVDHMAHKKYTSGROEKNPALRMKW
MMAMKYPITADKRIMDUPERNEQGOQTLWSKTNDAGSDRVMVSPLAVT
WWNRNGPTTSTVHYPKVYKTYFEKVERLKHGTFGPVHFRNQVEKIRRRY
DTNPGHADLSAKEAQDVIMEVVEPNEVGARILTSESQLAITKEKKEELQN
CKIAPLMVAYMLERELVRKTRFLPVAGGTGSVYIEVEHLTQGTCWEQM
YTPGGEVRNDDVDOQSLIAARNIVRRAAVSADPLASLLEMCHSTQIGGVK
MVDILEONPTEEQAVDICKAAIGLRISSSFSFGGFTFRERTSGSSVKKEREM
LTGNLOTLKLRVHEGYEEFTMVGRRATAILRKATRRLIQLIVSGRDEQST
AEATIVAMVFSQEDCMIKAVRGDLNFYNRANQRLNPMHQLLRHFQKDA
KVLFONWGIETIDNVMGMIGILPOMTPSTEMSLRGIRVSKMGVDEYSSTE
RVIVSIDRFERVRBOROGNVLLSPEEVSETQGTEKL TITYSSSMMWEINGPE
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SVLVNTYQWIHRNWEIVKIQWSQDPTMLYNKMEFEPFQSLYVPKATRSRYS
GFVRTLFQOMRDVLGTFDTVQHKLLPFAAAPPEQSRMOQFSSLTVNVRGS
GLRILVRGNSPVFNYNKATKRUTVLGKDAGALTEDPDEGTSGVESAVLR
GFLILGKEDEKRYGPALSINELSNLAKGEKANVLIGQGDIVLVMKRKRDSS
ILTDSQTATKRIRMAIN

SEQ ID | Amino acid sequence of PBI protein of A/Singapore/TT1384/2016

NG: 29 | MDVNPTLLFLKIPAQNAISTTFPY TGDPPY SHGTGTGY TMDTVNRTHOYS
ERGEWTTNTETGAPQLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESH
PGIFENSCLETMEVVQQTRVDRLTQGROGTYDWTLNRNQPAATALANTIE
VFRSNDLTANESGRLIDFLEKDVMESMDKERIEITTHFQRKRRVRDNITKK
MVTORTIGKKKQRINKRGY LIRALTENTMTRKDAERGKLKRRAIATPGM
QIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANVYRKMMTNSQD
TEISFTITGDNTKWNENQNPRMFLAMITYITRNQPEWFRNILSMAPIMFSN
KMARLGKGYMFESKRMEKVRTQIPAEMLASIDLKYFNESTKKKIEKIRPLL
MDGTASLSPGMMMGMFNMLSTVLGVSIENLGOKKYTKTITYWWDGLQS
SDDFALIVNAPNHEGIQAGVDRFYRTCKLVGINMSKKKSYINKTGTFEFT
SFFYRYGFVANFSMELPSFGVSGVNESADMSIGVTVIKNNMINNDLGPAT
AQMALQLFIKDYRYTYRCHRGDTQIQTRRSFELKKLWDQTQSKVGLLYS
DGGPNLYNIRNLHIPEVCLKWELMDDDYRGRLONPLNPFYVSHKEIDSVN
NAVVMPAHGPAKSMEYDAVATTHSWIPKRNRSIENTSQRGILEDEQMYQ
KCONLFEKFFPSSSYRRPVGISSMVEAMVYSRARIDARVDFESGRIKKEEFS
EIMKICSTIEELRRQK

SEQ 1D | Amino acid sequence of PBI-F2 protein of A/Singapore/TT1384/2016

NG: 30 | MEQEQDTPWIQ

SEQ ID | Amino acid sequence of PA protein of A/Singapore/TT1384/2016

NGO 31 | MEDFVRQCFNPMIVELAEKAMEKEYGEDPKIETNKFAAICTHLEVCEMYS
DFHFIDERGESHVESGDPNALLKHRFEHEGRDRIMAWTVVYNSICNTTGIE
KPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSEK THIHIFSFTGE
EMAAKADYTLDEESRARIKTRLFTIRQEMASRSLWDSFRQSERGEETIEE
KFEITGTMRELADQSLPPNFSSLENFRAYVDGFEPNGCIEGKLSQMSKEY
NAKIEPFLRTTPRPLRLPDGPLCHORSKFLLMDALKLSIEDPSHEGEGIPLY
DAIKCMKTFFGWEKEPKIVKPHEKGVNPNY LMAWKQVLAELQDIENEEK!
PRTKNMKKTSQLEKWALGENMAPEKVDFDDCKDVGDLKQYDSDEPEPRS
LASWVYONEFNKACELTDSSWIELDEIGEDVAPIEHIASMRRNYFTAEVSH
CRATEYIMKGVYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLY
GFURKGRSHLRNDTDVVNEVSMEFSLTDPRLEPHKWEKYCVLEIGDMLLR
TAIGQVSRPMFLY VRTNGTSKIKMEWGMEMRRCLLOSLOOIESMIEAES
SVKEKDMTKEFFENKSETWPIGESPRGVEEGSIGKVCRTLLAKSVENSLY
ASPQLEGFSAESRKLLLIVOQALRDNLEPGTFDLGGLYEAIEECLINDPWVYL
LNASWFNSFLTHALK

SEQ 1D | Anuno acid sequence of NP protein of A/Singapore/TT1384/2016

NQG: 32 | MSDIEAMASQGTKRSYEQMETGGERQDTTEIRASYVGRMIGGIGRFYIQM
CTELKLSDYDGRLIONSITIERMYVLSAFDERRNKYLEEHPSAGKDPKKTG
GPIYRRIDGKWTRELILYDKEEIRRVWROQANNGEDATAGL THIMIWHSNL
NBATYQRTRALVRTGMBPPRMCSLMQGSTLPRRSGAAGAAVEGVGTIA
MELIRMIKRGINDRNFWRGENGRRTRVAYERMONILEGKFQTAAQRAM
MBOVRESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACVYGLAVASG
HDFEREGYSLVGIDPFKLLONSQVVSLIRPNENPAHKSQLVWMACHSAA
FEDLRVSSFIRGKEKVIPRGKLSTRGVQIASNENVETMDSNTLELRSRYWAL
RIRSGGNTINGOKASAGOQISVOPTFSVORNLPFERATVMAAFSGNNEGRT
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SDMRTEVIRMMESAKPEDLSFOQGRGVFELSDEKATNPIVPSFDMENEGSY
FFGDNAEEYDN

SEQ ID | Amino acid sequence of NST protein of A/Singapore/TT1384/2016

NG: 33 | MESNTMSSFOVDCFLWHIRKRFADNGLGDAPFLDRLRRDOKSLKGRGN
TLGEDIKTATLVGKQIVEWILKEESSETLRMTIASVPTSRYISDMTLEEMS
RODWFMLMPROQKHGPLCYRLDQAVMDKNIVLEANFSVIFNRLETLILLRA
FTEEGAIVGEISPLPSLPGHTYEDVEKNAVGVLIGGLEWNGNTVRVSENIQ
RFAWRSCDENGRPSLPPEQK

SEQ ID | Amino acid sequence of NEP protein of A/Singapore/TT1384/2016

NQO: 34 | MESNTMSSFODILMRMSKMOQLGSSSEDLSGMVTRFESLKIYRDSLGEAY
MRMGDLHYLQSRNEKWREQLGOKFEEIRWLIEEIRHRLKATENSFEQITF
MOALQLLLEVEQEIRAFSFGLI

SEQ ID | Amino acid sequence of M1 protein of A/Singapore/TT1384/2016

N©O: 35 | MSLLTEVETY VLSIIPSGPLKAEIAQRLESVFAGKNTDLEALMEWLKTRPY
LSPLTKGILGFVFTLTVPSERGLORRRFIQNALNGNGDPNNMDRAVKLYK
KLEREITFHGAKEVSLSYSTGALASCMGLIVNRMGTVTTEAAFGLVCAT
CEQIADSQHRSHROMATTTINPLIRHENRMVLASTTAKAMEQVAGSSEQA
AEAMEVANKTROMYVHAMRTIGTHPSSSAGLRDDLLENLOAYQKRMGY
OMORFK

SEQ ID | Anuno acid sequence of M2 protein of A/Singapore/TT1384/2016

NO: 36 | MSLETEVETPTRSEWECRCSGSSDPLVIAANNGILHLILWITDRLEFFKCIVR
REKYGLKRGPSTEGVPESMREEY QOEQQSAVDYVDDGHFVNIELE
SEQ ID | Anuno acid sequence of HA protein of A/Singapore/TT1384/2016

NO: 37 | MKAILVVLLYTFTTANADTLCIGY HAMNNSTDTVDTVLEEKNVTVTHSVNL
LEDKHNGKLCKLRGVAPLHLGKCNIAGWILGNPECESLSTASSWSYIVET
SNSDNGTCYPGDFINYEELREQGLSSVSSFERFEIFPKTTSWPNHDSNKGVT
AACPHAGAKSFYKNLIWLVKKGNSYPRKENQSYINDKGKEVLVLWGIHH
PSTTADQQSLYOQNADAYVFVOTSRYSKKFKPEIGTRPRKVRDOQEGRMNYY
WITLVEPGDKITFEATGNLVVPRYAFTMERNAGSGHISDTPVHDCNTTCQ
TPEGAINTSLPFONIHPITIGKCPRKY VEKSTRKLRLATGLRNVPSIQSRGLFGAT
AGFIEGOGWTOGMVDOWY GYHHONEQGSGY AADLKSTONAIDKITNEVN
SVIEKMNTOFTAVGKEFNHLEKRIENLNKKYDDGFLDIWTYNAELLVLL
ENERTLDYHDSNVENLYEKVRNQLEKNNAKEIGNGCFEFYHKCDNTCME
SVKNGTYDYPRYSEEAKLSREKIDGVKLESTRIYQILAIYVSTVASSLVLVY
SLGAISFWMCSNGSLOCRICE

SEQ ID | Amino acid sequence of NA protein of A/Singapore/TT1384/2016

NG 38 | MNPNQRUHTIGSICMTIGMANLILQGIGNISIWVSHSIQIGNQSQIETONGSVI
TYENNTWYNQTYVNISNTNFAAGOQSVVSVKLAGNSSLCPVSGWATIYSKD
NSVRIGSKGDVEVIRETHFISCSPLECRTFFLTQGALLNDKHSNGTIKDRSPY
RTLMSCPIGEVPSPYNSRFESVAWSASACHDGINWLTIGISGPDSGAVAVL
KYNGUTDTIKSWRNNILRTQESECACVNGSCFTIMTDGPSDGQOASYKIFR]
EKGKUEKSVEMKAPNYHYEECSCYPDSSEITCVCRDNWHGSNRPWVSEN
ONLEYQMGYICSGVFGDNPRPNDKTGSCGPVSSNGANGVKGEFSFKYGN
GVWIGRTKSISSRKGFEMIWDPNGWTGTDNKFSIKGDIVGINEWSGYSGS
FYQHPELTGLDBCIRPCFWVELIRGRPEENTIWTSGSSISFCGVNSDTVOWS
WPDGAELPFTIDK

SEQ ID | Nucleotide sequence of PB2 viral segment of A/South Carolina/04/2017

NQ: 39 | agcasaageaggeteaattatattcageatgganagaatananganciacggaaictaatgtogeagtctegeactcg
¢cgagatactgacaaaaaccacagiggaccatatggecataattaagaagtacacateggggagacagganaagaa
coecgicacttageateaaatgeatgateocaatgaaatatccaatiacigeigacaaaaggataacagaaatgatice
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sgagagaaatgaacaaggacaaactctaiggagiaaaatgagigatgciggatcagatagagigatggtatcacett
tgeotgtaacalggtogaataggaatgeacccgigacaagtacggtecatiacccaaaagigtacaaaacttatticg
acaaagicgaaaggiiaaaacatggaacctitggecctgiccatittagaaatcaagicaagatacgcagaagagtag
acataaacectggicatgeagaccticagigecanagaggeacaagatgiaatiatggaagtigtitticecaatgaagt
gggagccagaatactaacatcagaatcacagetaacaataactasagagaaaaaagaagaactcegagatigeaa

aatitcteccttgatggtegeatacatgetagagagagaactigiagcggaaaacaagatiicteccagtigetggcgga

steaggaatgacgatgtigaccaaagectaatiatigoggecaggaacatagtaagaagageigcagtgicageag
atccactegeatctifatiggagatetocoacageacgcaaatiggcgeaacaaggatgeiggacatictiagacaga
accegacigaagaacaagcetgtggatataigoaaggcigcaatgggatigagaatcagcteatciticagettigaty
gctttacatitanaagaacaagegggiegtcagicaanagagaagaagaggtictiacaggeaatetecagacatty
agaataagagtacalgaggggtatgaggagttcacaatggigggoaasagageaacagetataciaagaasagea
accagaagattggticaacicatagigagiggaagagacgaacagicaatagecgaageaataateg catgg
tgtittcacaagaagatigeatgataarageagtiagaggigacctgaatitigicaacagageaaatcageggitgaa
coccatgeateagetittaagecattttcagaaagatgegaaagtactctitcaaaatiggggagiigaacacatcgac
agtetpatgooaatgpiipgagtattaccagatatgaciceaageacagagatgicaatgagaggaataagagicag
caaaatgggtetooatoaatactcoagiacagagaggotoetoottagcatigatcggtititgagagticgagacca
acgtgggaatgiatiattatctcolgaggaggicagtgaaacacagggaactgasagactgaccataactiaticatca
tegatgatgteocagatiaacggicetgagicggitiiggicaatacctatcaatggatcatcaggaatigggaag iy
tcaaaaticaatggtctcagaatccigeaatgtigtacaacaaaatggaatitgaaccatiicaatetitagiccccaagy
ccactagaagecaatacagtgggtiigicagaacictaticcaacaaatgagagacgiactigggacattigacaciy
cccagataataaagceticteoctttigeageigetccaccgaageaaageagaatgcagticicitcactgactgigaa
igteagoooatcagooatgagaatactigtanggeocaaticiccigtaticaactacaacaagaccactaaaaggot
aacaattctiggaaaagatgceggeactttaatigaagacecagatgaaageacatceggagiggagicegoegict
tgagaggaticotecatiataggtaaagaagacagaagatacggaccagcattaageatcaatgaactgagtaacctt
geaaaagegrasaaggctaatgigctaatiggecaaggagacgiggtatigatanigaaacgganacgggactct
agtatacttactgacagcecagacagegaccaaaagaaticggatggocatcaattaatactgaatagittaaaaacga
cctigitictact

SEQ ID | Nucleotide sequence of PB1 viral segment of A/South Carolina/04/2017

NO: 40 | agcaanagcaggoaaaccattigaatggatgtcaatcegactciactgttctianaagticcagegeaaaatgecata
agcacaacatteectiatactggagateciccatacagecatggaacagggacagggtacaciatggacacagicaa
cagaacacaccaatacicagagagggggaagigsacgacaaatacagaaaciggggotccccageteaacccaa
itgatgeaccactacctgaggataatgaaccaagiggatatgcacaaacagactgtgtectggaggctatggecttoe
tigaagaatoccaccoaggtatetitigagaacicetgoctigaaacaatggaagecgiicaacagacaagggiggac
aaactaacccaaggtcgecagactiaigatiggacatianacaggaaccaacceggeageaacigeatiagecaaca
ccatagaagictitaggtcgaacggatiaacagotiaatgaatcaggaaggctaatagatiiceicaaggatgigatgs
aatcaatggataaggaggaaatggagataacaacacactiicaaagaaanaggagagiaagggacaacatgacea
agaaaatggicacacaaagaacaatagggaagasaaaacaaagagigaataagagaggctacciaataagagceic
teacatigaacacgatgaccaaggatgcagagagaggcaaatiaaaaagaaggectatigeaacaccegggatgc
aaattagaggeticgigtacitogiigaaactitagetagaageatitgcgaaaageitgaacaatotggacticeggtt
gegootaatgaaaagaagoccaaactggoaaatgtigigagaaaaatgatgactaaticacaagacacagagottt
cittcacaatcactiggagacaacactaagiggaatgaaaatcaasaacceccgaatgititiggeaatgattacatacat
cacaaagaaccaaccigaatggticagaaacatectigageatcgeaccaataalgtictcasacasaatggeaagac
tgggaaaaggatacaigticgagagiaagagaatgaageiceggacacaaataccigeagaaatgctageaageat
tgaccigaagtatitcaatgaatcaacaaggaagaaaattgagaaaataaggecictictaatagatggcacageate
attgagecciggaatgatgatgggcatgttcaacaigciaagiacagtitiaggagtetcgatacigaatetiggacaa
aagaaatacaccaagacaacataciggiggeatgeoctccaatcctcagacgatttigecctcatagtgaatgeace
anaicatgaggpaatacaageaggaogiooatagsatictataggaccigeaagitagtegoaatcaacatgageaaa
aagaagtcciatatanataaaacagggacatiigaattcactagetictttiategatatggattigtggetaatittageat
goagcteccaagittigragtotcigoaataaacgagtcagcigacatgagcatigeagiaacagigataaagaaca
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acatgataaataatgacctiggaccagcaacageccaaatggetotecaatigticatcaaagatiacagatacacgta
teggtpocatagaggagacacacaaatecaaacgagaagatcaticgagataaagaagetigigggatcaaaccea
atcaaggacaggactatiggtatcagatggegoaccaaacttatacaatatccggaatcticacatocctgaagicty
citaaagiggeagctoateoatgagaatiateggggaagactiigtaatcecctgaateoctitgicagecataaagaa
attgaatctetasacaatgetgtagtaatgecageccatggiccggecaaaagiaiggaatatgatgoegtigegact

gtaccagaagtgctgcaactigitcgagaaatitttecctagiagitcatatag gagaccgatiggaatttciageaigat
ggaggccatggtatctagggoccgatigatgocagaatigacticgagictggraggatiaagaaggaagagtict
cigagatcatgaagatctgitccaccatigaagaactcagacggoaaaaataatgaatitagetigtocticatgaaaa

aatgectigtitctact

SEQ 1D | Nucleotide sequence of PA viral segment of A/South Carolina/04/20G17

NQ: 41 | agcanaagceaggtactgaticanaatggaagattitgtocgacaatgcttcaatcegatgatigicgaacttgcagaaa
angcaatgasagagtateoooaoaatcteaaaatigaaaccaacaaattigeageaatatgeactcactiggaggts
igttteatgtattcagatttccatticateaatgaacaaggcgaatcaatagtagtagaacttgacgatecaaatgeaciyg
ttaaageacagattigaaataategaggggagagacagaacaatggectggacagiagtaaacagtatcigeaaca

clactggagciggaanacegaagtitctaceggatitgtaigatiacasagagaacagaticategaaattggagiza

caaggagagaagiccacatatatiacciigaaaaggocaataagaicaaatcigagaacacacacaticacatititc
attcactgggoaggaaatggecacaaaggeagactacacicicgacgaggaaageagggctiaggatcaaaacca
goctgttiaccataagacaagaaatggecaacagaggecicigegaticetitcgtcagiccgaaagaggcgaaga

aacaattgaagaaaaatiigasaicacaggaactatgegeaggctagocgaccaaagictoccacegaactictoct

gcctigagaatittagagcctatgiggatggaticgaacegaacggctecatigaggecaagctitctcaaatgiccaa
agaagtgaatgcccaaatligaaccitticigaagacaacaccaagaccaatcaaacticctagiggaceicctigtiat

cagcgatccaaaticctectgatggatgetitgaaatigageattgaagacccaagicacgaaggagaagggatece
attataigatgcaatcaagigeaiaaaaacaticitiggaiggaaagaacctiatatagtcaaaccacacgaaaagesa
ataaattcaaattatctgctgtcatggaagcaagtacigtcagaatigeaggacatigaaaatgaggagaagaticcaa
gaactaaaaacatgaagaaaacgagicaacigaagtegpcictiggtgaaaacatggeaccagagaaggtagactt
teaaaactgeagagacataagegattigaaacaatatgatagtoaagaaccigaatiaagatcactiicaagciggat

acagagtgagitcaacaaggecigtgagetaactgaticagictggatagageicgatgaaatiggagaggacgtag
ccecgatigaacacatigeaageatgagaaggaatiatiicacageagaggtatcccacigtagagetacigaataca
taatgaaaggggtatacatiaacactgooctacteaatgeatecigtgoageaatggacgatiticaactaaticecaig
ataageaagigcagaactaaagagggaaggcgaaanaccaatitatatggaticatcataaagggaagateteatet

gageaatgacacagacgiggtaaacttigtgagcatggagiittcicicacagaicogagactigaaccacataaatlg
goagaaatattgistcctigagataggagatatgtiactaaggagtoccataggocaaatticaaggocgatgitotigt
atgtgagoacaaacggaacaicaaaagicaaaatigaaatgeooaatooasatgagacgtigcciceticagicact

ceageagategagageatgatigaageegagiceicagttaaagagaaagacatgaccasagagtitittgagaata
agtcagaageatggeccattggegagioccecaaaggagiggaagaagoitecatigggaaagtcigtaggactet
attggctaagtcagiaticaatagectigtatgeatcaccacaatiggaag gatiticageagagicaagaaaacigeic

ctiattgticaggotctiagggacagactegaacctggeacctitgatetiggoapoctataigaagcaatigagsagt
goctgatiaatgatecctgggititgoteaatgegtctigettcaacicoticctigacacatgeatiagaatagitatagea
gtoctactattigttatceglactgiccaaanaagiacctigtitciact

SEQ ID | Nucleotide sequence of NP viral segment of A/South Carolina/04/2017

NG 42 | agcaaaageagpgttgataatcactcactgagtgacatasaatcatggegicecaaggoaccaaacggictialga
acagatggaaactgatggagatcgcoagaatgcaactgagattagggcatocgicgggaagatgatigatggaatt

gegeagatictacatccaaatgigoactgaacttaaactcagtgattatgaaggacggttgatceaaaacagetigaca

atagagaaaatggtacicictgetitigalgaaagaaggaatanalacclggaagaacacceeagegcggeganag
atcccaagaaaactggeeoocccatatacaggagagicgalgggaaatggatgagogaacticgiectifatgacaa
agaagaaataaggcegaatctggegecaagocaacaaiggigaggatgctacatotggictaactcacataatgattt

ggcaticcaattigaatgatgcaacataccagaggacaagagotetigticggaciggaatggateccagaatgtgot
cictgatgcagggotcgacicicoctagaaggicoggagetgcaggigetgeagicaaaggaateggaacaatgst
cateoaacteatcagaatgalcaaacgggsoaicaacgatcgaaatititggacageigacaatgpocgsanaac
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aagaagtecttaigagaganigtgcaacatictanaggaaaatticaaacagotgoacaaagagceaatggigeatc
aagttagagaaagtcggaacccaggaaacgoigagatcgaagatotcatatititagcaagatcigeacigatatiga
gaggatcagtigctcacaaatctigoctacctgecigtgeatatggaccigeagtatocagigaitacgactitganaa
agagggataticctiggtgogaatagacectitcaaactacticaaaatagecaaatatacagettaatcagacctaat
gagaatccageacacaagagicageiggtetooatgocalgecaticigetgeatitgaagatitaagatigitaagoet
tcatcagagggacaaaagtaicicctegggggaaacigtcaactagaggagtacaaatigcitcaaatgagaacaig
gataatatggaatcaageactotigaacigagaagegggtactgggecataaggaccaggagtggaggaaacact
aatcaacagagggcectcegeaggocaaaccagtgtgoaacciacgtiticigtacaaagaaacctoccatiigaaaa
gtcaaccateatggcageaticactggaaatacggaggeaagaacticagacaigaggecagaaatcalaaggaty
atggaaggtocaaaaccagaagaagtitcaticcgggegaggeoaptiiicgagcictcagacgagaaggcagey
aacccgaicgigeccictitigatatgagtaacgaaggatctiatttcticggagacaatgeagaagagtacgacaatt
aaggaaanaatacecttgtiictact

SEQ 1D | Nucleotide sequence of NS viral segment of A/South Carolina/04/2017

NQO: 43 | agcaanageagggipacaaagacataatggaticcaacactgtgteaagittccaggtagattgettictiiogeatat
ceggaaacaagtigtagaccaaaaactgagtgatgccoeaticctegateggeticgecgagaccagaggioecta
agggeaagaggcaatacteicggictagacatcasageagecacceatgtiggaaagoaaategtagaaaagatic
tgaaagaagaatcigatgaggcacitaaaatgaccatggictcaacacctgeticgegatacataactgacatgactat
teaggaatigicaagaaactggttcatgctaatgoccacgeagaaagiggaaggoccicttigeateagaatggace
aggeaatcatggagaaaaacatcatgitaanagcgaatticaatgtgatittiggoegactagagaccatagtattacta
agggctttcaccgaagaggeagcaaicgiigocgaaatcicaccattgocticiiticcaggacatactatigaggatg
tcaaaaatgoaatigggotocicatcggaggactigaatggaatgataacacagticgagtctctaaaaatotacaga
gattegetiggagaageagiaatgagaatggeeracciccactiaciccaasacagaaacgeraaateregagan
cagctaggtcagaagtiigangagataagatggctaatigaagaggtgagacacagatiaagaacaactgaaaata
gctttgaacaaataacaticatgcaageattacaactactgitigaagiggaacaggagataagaaciticteatticag
citatttaatgataaaaaacaccctigtiictact

SEQ ID | Nucleotide sequence of M viral segment of A/South Carohina/04/2017

NO: 44 | agcaaaagcaggtagatattpaaagatgagectictaaccgaggtcgaaacgtatgticteictategticeatcagac
cocclcaaagocgagatcgegeagagactigaagatgiettigeigagaanaacacagatctigaggcictcaigga
atggctaaagacaagaccaaticigicaccitigactaaggegattitaggettigtiticacgcicacegigecaagty
agegaggactgeagegtagacgeitigiccaaaatgeccicaatggeaatgeagacceaaataacatggacasag
cagttaaactgtataggaaactiaagaggeagataacgticcacgggeccaaagaaatagcictoagtiatictgety
gltgcactigecagtigeatgggoctcatatacaataggatgggggotgiaaccactgaagtagoatitggectagist
gtgcaacatgtgagcagattactgaticecageacaggteicataggeagatggtggcaacaaccaatecatiaata
aaacatgagaacagaatggttitggecageaciacagotaaggctatggagcaaatggctggatcaagigageagg
cagcoggagoccatggagatigctagtcaggcecaggoagatggigcaggoaaltgagagecatigggacteaiccta
gttecagtaciggictaagagatgatcttctigaaaattigeagacctatcagaaacgaatgggegtacagalgcaac
gattcaagtgacecgetigtigtigeogcegaatatcatigggaictigoactigatatigtpeatictigatoglottititic
aaatgegtetategactottcaaacacggectiaanagageccotictacggaaggagtaccigagictaigaggea
agaatatcgaaaggaacageagaatgetgiggatgctgacgacagicatttigtcageatagaatiggagtaaaaaa
claccitgitictact

SEQ ID | Nucleotide sequence of HA viral segment of A/South Carolina/04/2017

NQ: 45 | ageaaaageaggggataatictattaaccatgaagactatcatigettigagetacatictatgicigatiticgetcaaa
aaattectggaaatgacaatageacggeaacgetgtigectigggeaccatgeagtaccaaacggaacgatagigaa
aacaatcacaaatgaccgaatigaagtiactaatgetacigagtigoticagaaticcicaataggigaaatatgegac
agtccicatcagatectigatggagagaactgcacactaatagatgeictatiggggmacceicagigigacggcttic
aaaataagaaatgggaccitifteticaacgaagoagagcectacageaactgtiaccotiatgateigceggatiatec
cicocttaggteactagtigecicatocggoacactiggagtitanaaatganagcticaatipgactggagtcacicaa
aacggaacaagtictgetigeataaggagatctaglagtagittctitagtagattaaatigetigacceactiaaactac
acatatccageacigaacgigactatgccaaacaaggaacaatiigacaaatigtacatitgggggaticatcacceg
gotacggacaaggaccaaaicticctglatectcaatcalcaggaagaatcacagiaictaccagaagaagecaaca
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agctetaatoccaaatateggatctagacecagaataaggeatatccotageagaataageatetatiggacaatagt
aaaaccgggagacatactittgattaacagcacagggaatctaatigetoctagggetiacticaaaatacgaagteg
gaaaagceicaataatgagatcagatgcacccatiggcaaatgeaagicigaatgcatcactccaaatggaagcatic
ceaatgacaaaccaticcaaaatgtanacaggatcacatacggggocigicecagatatgtiaageaaageactoty
aaatiggcaacaggaatgegaaaigtaccagagaaacaaactagaggeatattiggegeaatagegggtiicatag
aaaatggtiggeagooantgotosaigsttsgtacggtitcaggcatcaanatictgagggaagaggacaageage
agatcicaaaageactcaageageaategatcaaateaatgggaagetgaategatigaicggasaaaccaacgag
aaattccatcagatigaaaaagaatictcagaagiagaaggaagagticaagaccitgagaaatatgtigaggacact
aaaatagatctciggtcatacaacgeggagctictigtigocotggagaaccaacatacaatigaictaactgacicag
aaatgaacaaactgttigaaaaaacaaagaagcaactgagggaaaatecigageatatgeoaaateotiotiicana
atataccacaaatgigacaatgectgeataggatcaataagaaatganactiatgaccacaatgigtacagggaigaa
geatlaaacaaccggticcagatcaagggagiigageigaagicagggtacaaagatiggatectaiggatticotity
ceatatcatgttiitigettigtgtta cttigtigag sttcateaigiggocctgecaanag ggeaacatiagatgcaacat
tigcatttgagiocatiaattaaaaacaccetigtitetact

SEQ 1D | Nucleotide sequence of NA viral segment of A/South Carolina/04/2017

NO: 46 | ageaanageaggagtaaagatgaatceaaatcaaaagataatancgatiggcicigtiictetcaccatitecacaata
tgcticctcatgeaaatigecatctigataactactgiaacatigeatticaagcaataigaaticaactcceceocaaac
aaccaagigatgetgisteaaccaacaataatagaaagaaacataacagagalagigtatitgaccaatactaccata
gagaaggagatalgceciaaaccageagaatacagaaatiggicaaaaccgcaatgtggcattacaggattigeac
citictetaaggacaaticgattaggctticcgctggippooacatctggatoacaagagaacctiatgtgtcatgogat
ccigacaagigtiatcaattigeoctiggacagggaacaacactaaacaacgtgoaticaaataacacagtacgtgat
aggaccectiateggacictattaatgaatgagitggotgticetticcatciggggaccaageaagigtgcatageat
ggiccagotcaagtigicacgatggaaaageatggotgcatgtitgtataacgggggatgataaaaatgcaactgeta
gceatcatitacaatgggaggoctigtagatagigtigtitcatggtocaaagatatecicaggacceaggagtcagaaty
cgttigtatcaatggaactigtacagtagtaateacigaiggaaatgctacagganaagcigatactaaaatattaticat
tgaggaggegaaaatcgticatactageaaatigicaggaagtocicageatgicgaagagigeictigetaiecicyg
atatcctggtotcagatgtotatgcagagacaaciggaaaggatccaaccggeccalcgiagatatasacataaagg
atcatagceatigtitccagttatgtgtaticaggactigtiggagacacacccagaaaasacgacageiccageagtag
ccatigtitgaatcctaacaatgaagaaggiggteatgggaizasagoctogocciitgatgatggaaaigacgigis
gatggogagaacaaicaacgagacgicacgcettagggtatgaaaccitcaaagticgttgaaggetggtcecaacect
aagiccaaatigragataaatagecaagicatagtigacagaggigataggiceggtiaticigatatitictctgtigaa
ggoaaaagcetgcatcaaicgetpctiftatgigpagtigatiaggegaagaaaagaggaaacigaagictigiggac
cteaaacagiatigtistettiteisgoacctcaggtacatatggaacaggeicatggecigalggegoggaccicaat
cicatgcatatataagctitogeaatctiagaaaaaaactectigtiictact

SEQ ID | Amino acid sequence of PB2 protein of A/South Carolina/04/2017

NG 47 | MERIKELRNLMSOSRTREILTKTTVDHMAIKKY TSGROEKNPSLRMKW
MMAMKYPITADKRITEMVPERNEQGQTLWSKMSDAGSDRVMVSPLAY
TWWNRNGPVTSTVHYPKVYKTYFDKVERLKHGTFGPVHFRNQVKIRRR
VDINPGHADLSAKEAQDVIMEVVFPNEVGARILTSESQLTITKEKKEELR
DCKISPLMVAYMLERELVRETRFLPVAGGTSSIYVIEVLHLTQGTCWEQM
YTPGGGVRNDDVDOQSLIAARNIVRRAAVSADPLASLLEMCHSTOIGGTR
MVDILRONPTEEQGAVDICK AAMGLRISSSFSFGGFTFKRTSGSSVRKREEEY
LTGNLQTLRIRVHEGYEEFTMYGKRATAILRKATRRUVQLIVSGRDEQS]
AEANIVAMVFESGQEDCMIKAVRGDLNFVNRANGRLNPMHGLLRHFQK DA
KVLFONWGVEHIDSVMOMVGYVLPDMTPSTEMSMRGIRVSKMGVDEYSS
TERVVVSIDRFLRVRDGRONVLLAPEEVSETQGTERLTITY SSSMMWEIN
GPESVLVNTYQWIHRNWEAVKIQWSONPAMLYNKMEFEPFOSLVPKATR
SOYSGFVRTLFQOMRDVLGTFDTAQUKLLPFAAAPPRKOQSRMQFSSLTVN
VRGSGMRILYVRGNSPVENYNKTTKRLTILGKDAGTLIEDPDESTSGVESA
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VLRGFLIGKEDRRY GPALSINELSNLAKGEKANVLIGQGDVVLVMERKR
DSSILTDSQTATKRIRMAIN

SEQ ID | Amino acid sequence of PB1 protein of A/South Carolina/04/2017

NG 48 | MDVNPTLLFLKVPAQNAISTTFPYTGDPPY SHGTGTGYTMDTVNRTHQY
SERGKWTINTETGAPQLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESH
PGIFENSCLETMEAVQGTRVDKLTQGROTYDWTLNRNQPAATALANTIE
VFRSNGLTANESGRLIDFLKDVMESMDKEEMEITTHFQRKRRYRDNMTK
KMVTORTIGKKKOQRVNERGYLIRALTLNTMTKDAERGKLKRRAIATPG
MOIRGFVYFVETLARSICEKLEQSGLPVOGNEKKAKLANVVREMMTNS
ODTELSFTITGDNTKWNENQGNPRMFLAMITYTTKNQPEWFRNILSIAPIMF
SNEMARLGKGYMFESKRMELRTQIPAEMLASIDLKYFNESTRKEKIEKIRP
LUIDGTASLSPGMMMGMENMLSTVLGVSILNLGOKKYTKTTYWWDGLQ
SSDDFALIVNAPNHEGIQAGVDRFYRTCKLVGINMSKKKSYINKTGTFEF
TSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIKNNMINNDLGPA
TAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFEIKKLWDQTQSRTGLLY
SDGGPNLYNIRNLHIPEVCLEKWELMDENYRGRLONPLNPFVSHKEIESVN
NAVVMPAHGPAKSMEYDAVATTHSWIPKRNRSILNTSQRGH.EDEQMYQ
KCCNLFEKFFPSSSYRRPIGISSMVEAMVSRARIDARIDFESGRIKKEEFSEL
MKICSTIEELRRQK

SEQ ID | Amino acid sequence of PBI-F2 protein of A/South Carolina/04/20

NO: 49 | MEQGOGTLWTQSTEHTNTORGGSGROIQKLGLPSSTQLMDHY L
VOMHKOQTYVSWRLWPSLKNPTOVSLRTPALKQWEKPFNRQGWTN

SEQ ID | Amino acid sequence of PA protein of A/South Carolina/04/2017

NGO 50 | MEDFVRQCFNPMIVELAERKAMEKEYGEDLEKIETNKFAAICTHLEVCFMYS
DFHFINEQGESIVVELDDPNALLKHRFEHEGRDRTMAWTVVNSICNTTGA
GKPKFLPDLYDYKENRFIEIGVTRREVHIYY LEKANKIKSENTHIHIFSFTIG
EEMATKADYTLDEESRARIKTREFTIRGEMANRGLWDSFRQSERGEETIE
EXFEITGTMRRLADQSLPPNFSCLENFRAYVDGFEPNGCIEGKLSQMSKE
VNAGIEPFLKTTPRPIKLPSGPPCYQRSKFLLMDALKLSIEDPSHEGEGIPL
YDAIKCIKTFFGWREPYIVKPHEKGINSNY LLSWRKQVLSELQDIENEEKTP
RTENMEKTSOLEWALGENMAPEKVDFENCRDISDLKQYDSEEPELRSLS
SWIQSEFNKACELTDSVWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRA
TEYIMKGVYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGEIR
KGRSHLRNDTDVVNFVSMEFSLTDPRLEPHKWEKY CVLEIGDMLLRSAI
GQOISRPMFLYVRINGTSEVEMKWOMEMRRCLLOSLOQOQIESMIEAESSVK
EKDMTKEFFENKSEAWPIGESPKGVEEGSIGKYCRTLLAKSVENSLYASP
GLEGFSAESRKLLLIVGALRDRLEPGTFDLGGLYEAIEECLINDPWVLLNA
SWFNSFLTHALK

SEQ ID | Anuno acid sequence of NP protein of A/South Carolina/04/2017

NQ: 51 | MSDIKIMASQGTKRSYEQMETDGDRONATEIRASVGKMIDGIGRFYIQM
CTELKLSDYEGRLIONSLTIEKMVLSAFDERRNKYLEEHPSAGKDPKKTG
GPIYRRVDGKWMRELVLYDKEEIRRIWRQANNGEDATSGLTHIMIWHSN
LNDATYQRTRALVRTGMDPRMCSLMOGSTLPRRSGAAGAAVKGIGTMY
MELIRMIKRGINDRNFWRGENGREKTRSAYERMUNILKGKFQTAAQRAM
VDBQVRESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACAYGPAVSSG
YDFEKEGYSLVGIDPFKLLONSQIY SLIRPNENPAHKSQLYVWMACHSAAF
EDLRLLSFIRGTRKVSPRGKLSTRGVQIASNENMDNMGSSTLELRSGY WAL
RTRSGGNTNQGQRASAGQTSVOPTFSVQRNLPFEKSTIMAAFTGNTEGRTS
DMRAENRMMEGAKPEEVSFRGRGVFELSDEKAANPIVPSFDMSNEGSYF
FGDNAEEYDN
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SEQ ID | Amino acid sequence of NS protein of A/South Carolina/04/2017

NQO: 32 | MDSNTVSSFQVDCFLWHIRKGQVVDOKLSDAPFLDRURRDQRSLRGRGNT
LGLDIKAATHVGKQIVEKILKEESDEALKMTMVSTPASRYITDMTIEELSR
NWFMLMPTQRVEGPLCOIRMDQAIMEENIMLKANFNVIFGRLETIVLLRA
FTEEGAIVGEISPLPSFPGHTIEDVENAIGVLIGGLEWNDNTVRVSKNLGR
FAWRSSNENGGPPLTPROKREMARTARSEY

SEQ ID | Amino acid sequence of NEP protein of A/South Carolina/04/2017

NQ: 53 | MDSNTVSSFODILLRMSKMOLGSSSERLNGMITQFESLEIYRDSLGEAVM
RMGDLHLLONRNGEWREQLGOKFEEIRWLIEEVRHRLRTTENSFEQITE
MOALOLLFEVEQEIRTFSFQLI

SEQ ID | Amino acid sequence of M1 protein of A/South Carolina/04/2017

NO: 54 | MSLLTEVETYVLSIVPSGPLKAEIAQRLEDVFAGKNTDLEALMEWLKTRP
ILSPLTRKGILGFVETLTVPSERGLORRRFVONALNGNGDPNNMDKAVKLY
RKLKREITFHGAKEIALSYSAGALASCMGLIYNRMGAVTTEVAFRGLVCA
TCEGIADSQOHRSHROMVATINPLIKHENRMVLASTTAKAMEQMAGSSE
QAAEAMEIASQARQMVOAMRAIGTHPSSSTGLRDDLLENLOQTY QKRMG
VOMORFK

SEQ ID | Amino acid sequence of M2 protem of A/South Carolina/04/2617

NO: 535 | MSLLTEVETPIRNEWGCRCNDSSDPLVVAANUGILHLILWILDRLUFFKCY
YRLFKHGLKRGPSTEGVPESMREEYRKEQONAVDADDSHEVSIELE

SEQ ID | Amino acid sequence of HA protein of A/South Carolina/04/2017

NGO 56 | MKTHALSYILCLVFAQKIPGNDNSTATLCLGHHAVENGTIVKTITNDRIEV
TNATELVONSSIGEICDSPHGILDGENCTLUIDALLGDPQCDGFQNKKWDL
FVERSRAYSNCYPYDVPDYASLRSLVASSGTLEFKNESFNWTGVTONGT
SSACIRRSSSSFFSRINWLTHINY TYPALNVTMPNEKEQFDKLYTWGVHHP
GTDEDQIFLY AQSSGRITVSTKRSQQAVIPNIGSRPRIRDIPSRISIYWTIVK
PGDILLINSTONLIAPRGYFRIRSGKSSIMRSDAPIGK CKSECITPNGSIPND
KPFQNVNRITYGACPRYVEGQSTLKLATGMRNVPEKQTRGIFGAIAGFIEN
GWEGMVDGWYGFRHONSEGRGOQAADLKSTQAAIDQINGKLNRLIGKTN
EXKFHOIEKEFSEVEGRVODLEKYVEDTKIDLWSYNAELLVALENQHTIDL
TDSEMNKLFEKTKEQLRENAEDMONGCFKIYHKCDNACIGSIRNETYDH
NVYRDEALNNRFQIKGVELKSGYKDWILWISFAISCFLLCVALLGFIMWA
COKGNIRCNICI

SEQ ID | Amino acid sequence of NA protein of A/South Carolina/04/2017

NG: 57 | MNPNQKITIGSVSLTISTICFLMGIATLITTVTLHFKQYEFNSPPNNQVMLC
EPTHERNITEIVYLTNTTIEKEICPKPAEYRNWSKPQUGITGFAPFSKDNSIR
LSAGGDIWVTREPYVSCDPDECYQFALGQGTTENNVHSNNTVRDBRTPYR
TLEMNELGVPFRLGTRQVCIAWSSSSCHDGKAWELRVCITGDDKNATASH
YNGRLVDSVVSWSKDILRTQESECVCINGTCTVVMTDONATGKADTKIL
FIEEGKIVHTSKLSGSAQHVEECSCYPRYPGVRCVCRDNWEKGSNRPIVDI
NIKDHSIVSSYVCSGLYVGDTPREKNDSSSSSHCLNPNNEEGGHGVEGWAF
DBONDVWMGRTINETSRLGYETFKVVEGWSNPKSKLOINRQVIVDRGD
RSGYSGIFSVEGKSCINRCFY VELIRGRKEETEVLWTSNSIVVFCGTSGTY
GTGSWPDGADLNLMH]

SEQ ID | Nucleotide sequence of PB2 viral segment of A/Alaska/36/2019

NO: 58 | ageanaageaggicaattataticagcatggaaagaataaaagaacticggaatctaatgtegeagtetegeactoge
gagatactgacaaaaaccacagiggaccatatggecataatiaagaagiacacaleggegasacaggaasagaac
cegicacttaggatgaaatggatgatgacaatgaaatatccaatcactgetgacaaaaggataacagaaatggticet
sagagaaatgaacasggacaaactetaiggagtaaaatgagigatgctegaicagatagagteatgetatcacciet
goctotaacatggigeaatageaaiggaccegigacaagtacggiccattacceaaaagiglacaaaactiatticga
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caaagicgaaaggttaaaacatggaacctitggocotgiceatittagaaatcaagtcaagatacgcagaagagtaga
cataaaccctggicatgragacctcagtgecaaagaggcacaagatgiaatiatggaagttettiticccaatgaagtys
ggagcecagaatactaacatcagaatcacagcetaacaataactanagagansaaaagaagaacicogagatigeana

atficteectigatgstogeatacatgitagagagagaactigigegaaaaacaagattictoccagitgctggeggaa
caageagtatatacatigaagttitacatiteacicaaggaacaigitgggaacaaatgtacactectggiggagotat

gaggaatgacgatgitgaccaaagociaatiatigeggecaggaacatagtaagaagagocgeagigicageagat
ccactageatctttatiggagatgigecacageacgeaaatiggiggaacaaggatggiagacaticttaaacagaac
ccgactgaagaacaageigtegatatatgcaaggotgeaatggeatigageateagcicatecticagetitgetzgse
tacatttaaaagaacaageggetegicagticasaaaagaagaagagatictiacaggcaatctecaaacatigaga
ataagagtacatgaggogiatgaggagticacaatgeigoeeaanagagcaacagctatactaagaaaagcaace
agaagactggitcancicatagtgagtggaagagacgaacagicaatagecgaageaataategtggecatggigit
ticacaagaagatigcalgatasaageagttagagotgacctgaattitgicaacagageaaateageggtigaacoe
catgeaicagcttitaaggcattitcagaaagatgogaaagipciciticaaaatiggggagtigaacacategacagt

etgatgggaatgatiggagtettaccagatatgactccaageacagagaigicaatgagaggaataagagtcagea

aaatgggtetpgatgaatactccagiacagagaggatogigetiagcatigateggttttigagagticgagaccaac
otgpeaatgtatiatiaiciccigaggaagicagigaaacacagggaacigaaagactgacaataactiaticategtic
gatgatgtegsagatiaacgetcotgagteggtttigotcaatacetatcaatggatcateaggaatiggoaagctatc
aaaaticaatggtcicagaatectgeaatgtigtacaacaaaatggaatitgaacegittcaatetitagtececaagge

cactagaagtcaatacagtegetitgicagaactictaticoaacaaatgagagacgtactiggaacattigacacigeo
cagataataaagetteteccttitgeageigetecaccgaageaaageagaatgcagticteticactgactgtgaatgt
gaggggaicagggatgagaatactiglaaggggcaatictectgtaticaactacaacaagaccactaaaaggoiaa
caattctteggaaaagatgecggcacittaatigaagacccagatgaaageacatccggagiggagiocgecgicoty
agagggticoteatiataggiaaagaagacagaagatacggaccageatiaageateaatgaacigagtaacctige
taagggegsanaaggctaaigigctaattggocaaggagacetggigtiggiaatganacgannacgggacictagt
atacttactgacagcecagacagegaccaaaagaaticggatg eccatcaattaatactgaatagittaasaacgacet
tgitictact

SEQ ID | Nucleotide sequence of PB1I viral segment of A/Alaska/06/2019

NGO: 59 | ageraaageaggeaaaccattigaatggatgicaatcegacictactgticttaaaagitccagegeaaaatgecataa
geacaacattccottatactggagateciccatacagecalggaacagggacagggtacactatggacacagicaac
agaacacatcaatactcagagagggegaagiggacaacaaatacagaaactgggacgececageicaacccaat
tzatggaccactaccigaggataaigaaccaagtggatatgeacaaacagactgtgicctggagactatggocticst
teaagaatcecacocaggiatetiigagaaciceigeetigaaacaatggaagocgiicaacagacaagggtggaca
aactaacccaaggtcgecagacttatgatigeacatiaaacaggaaccaaccggrageaactgeattagocaacac
catagaagictitagatcaaacggattaacagotaatgaatcaggaaggoctaatagatiiccloaaggalgtgatggoan
tcaatggataaggaggaaatggagataacaacacactitcaaagasaaaggagagtaaggoacaacatgacceaag
aaaatggtcacacaaagaacaatagggaagaaaaaacaaaggeigaataagagagoctacetaataagagetty

acattgaacacgatgaccaaggatgeagagagaggcaaactaanaagaagagetatigeaacacccgggatgea

aattagagggticgtetacticgitgaaactttagctagaageatiigegaaaagctigaacaatctggacticegatie

gggetaatgaaaagaaggocaaaciggoaaatetigizagaaaaateatgaciaaticacaagacacagagottict
tteacaatcaciggggacaacactaagiggaatgaaaatcaaaacecocgaatgtittiggegateattacatacatea
caaagaatcaacctgagtgeticagaaacatccigagoategoaccaataatgticicanacaaaatggoaagactyg

goaanagratacatgticgagagliaagagaatgaagatccggacacaaataccigeagaaatgetageaageatig
accigaagiatttcaalgaatcaacaaggaagaaaatigagaaaataaggectetictaatagatggeacageateatt
gagecciggaatgatgatgggcatgticaacatgctaagtacagtittaggagtctcgatacigaatetiggacaaang
aaatacaccaagacaacatactggigggatggectecaatecticagacgatitigecctoatagtgaatgracegaat
catgagggaatacaageaggagiggatagatictatageacctgeaagtiagigggaatcaacatgagcaaaaaga
agtectatataaataaaacaggeacattigaaticactagetittittatcgatatggattigtogctaatittagcatgeag
cigceaagtitcggagigtctegaatanacgagtcageigacatgageatiggagtaacagtgatanagaacaacat
gataaataatgacctiggaccageaacageccaaatggetctccaatigticatcaaagattacagatacacgtateg

oteccatagaggagacacacagatecaaacgasgaagatcaticgagataaagaagctgigaoatcasacccaatc
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aaggacaggactattggtatcagatgggeooccaaactiatacaatatecggaatciicacaiccctgaagtcigeita
aagigpgagcigatggatgagaatiategggeaagacttigeaaticcecigaatocctiigtcagecataaagaaatt

gaatctgtasacantgotgtagtaatgocageccatggtecgaccaaaagtatggaatatgatgccgitgcaactaca
cattectggaticecaasaggaacegitciatictaaacacaagecaaagggggatictigaggatgaacagatgtac
cagaagtectgcaactigticgagaaatitticectagtagticatataggagaccgattggaatticlageatggisga
ggecatggigictaggpocegatigatgecagaatigacticgagtciggaaggatiaagaaggaagagticioty

agatcatgaagatctgitecaccatigaagaacicagacggcasaaataatgaatiiagetigtecttcatgaaaaaat

goctighitotact

SEQ ID | Nucleotide sequence of PA viral segment of A/Alaska/06/20619

NO: 60 | agcasaageaggtacigaticagaatggaagatitigtgcgacaatgcticaatcegatgatigicgaacttgcagaa

aaagcaaigaaagagiatgggeaggatctyaaaatigaaactaacanatitgcageaatatgeacteatttggagatg
tgtttcatgtaticagatitccatticateaatgaacaaggcegaatcaatagtagtagaacitgacgatccaaatgoacty
ttaaagoacagattigaaataategagegsagagacagaacaatgecciggacagtagtaaacagtaicigeaaca
ctactggagciggaaaaccgaagtiictaccggattigtatgattacaaagagaacagaticatcgaaatiggagtoa

caaggagagaagiceacatatatiacctigaaaageccaatasgattaaatctgagaacacacacaticacattttitc

aticactggggaggaaatggocacaaaggcagaciacacicliegacgaggaaageagggotaggatcaaaacca
ggctgtitaccataagacaagaaatggecaacagaggccictgggaticetttcgtcagticegaaagagacgaaga

aacaatigaagaaaaattigaaaicacaggaaciatgegeaggctigecgaccaaagtctoccaccgaactictocty
ccitgagaatittagagceatatgtogategaticgaaccgaacggctgeattgagsgoaagcttictcaaatgtocaan
gaagtgaatgoecoeaaatigaacottitcigaagacaacaccaagaceaaicaaacticetagtggacciectigitate

agcggtocaagticeiccigaiggatgcttigaaatigagcatigaagacceaagicacgaaggagaagogatccca
ttatatgatgegatcaagigcataanaacatictiiggatecaaagaacctiatatagicasaccacacgaalageean
taaaticaaattacctgetgicatggaageaagtactgtcagaatigeaggacatigaaaatgaggagaagaticcas

gaacaaaaaacatgaagaaasacgagicaactgaagtggacicitggtaaaaacatggeaccagagaaggtagact
tigaaaactgcagagacataagogattigaageaatatgatagigaagaaccigaatiaaggteactttcaagetggat
acagagtgagticaacaaggcecigtgagctaacigaticagictggatagageicgatgagatigeagaggacgtag
coccaattgaacacatigeaagiatgagaaggaattatttcacageagaggigtoccatigtagagctacigaatacat
aatgaasaggeatatacattaacactgecctigeicaatgeatectgigeageaatggacgatittcaactaaticecatg

ataagcaagligeagaactaaagagggaaggcgaaanaccaatiatatggaticatcataaagggaagatetcatet
gaggaatgacacagacgiggtaaactitgtigageatgeagtiitctctcacagaicogagacitgagecacatagatg
ggagaaatatigtatectigagatageagatatgttactaaggagtoctataggecaaatiicaaggecgatgiictigt
atgteaggacaaacggaacatcaaaggicaaaatgaaatgggeaatggagatgagacgtigociccitcagicact

ceageagattgagagcatgatigaagecgagicoteagttanagaaaaagacatgaccaaagagitittigagaata

aatcagaageatggeccatiggggagtococcaaaggagiggaagaageticeatiggaaaagicigtaggactct
aftagctaagtcagiaticaatagecigtatgeatcaccacaatiggaaggattiicageagagicaagaaaactgete

citattgticaggetctiagggacaaactcgaaccigggaccitigatctiggggggctatatgaageaatigaggagt
goctgattaatgatecctgggtittgeteaaigegtctiggticaactecticetgacacatgeatiaaaatagitatagea
gtsctoctattigtiatccglacteiccaaaaaaagiacctigtiictact

SEQ ID | Nucleotide sequence of NP viral segment of A/Alaska/06/2019

NO: 61 | agcaaaageaggettgataatcactcactgagtgacatctaaatcatggegicccaaggeaccaaacggictialga

acagaiggaaacigatggagategecagaatgeaactgagatiagggcatecgicgggaagatgattgatggaatt

gggagattctacaiceaaatgigoacigaactianacicagigatcatgaaggacggtigatccaaaacagctigaca
atagagaaaatggtacictcigetttigatgaaagaaggaataaatacciggaagaacacecoagogcgoegaaag
atcecaagaaaactggeeooccaatatacaggagagicgatggeaaatgeatgagseaactegtcctttatgacaa
agaagaaataaggcegaatciggegecaagecaacaatggigaggatgctacateiggictaacicacataatgatit

ggeaticcaatiigaatgatgcaacataccagaggacaagagetetiglicggactggaatggatcccagaatgtgct
cictgatgeagggotegactetcoctagaaggtccg gggctgcaggtactacagicaaaggaateggaacaatggt
gatggaactiatcagaatggicaaacggggaaicaacgatcgaaatittiggagaggigagaatgagogaaaaaca
agaagtgctiatgagagaatgtgcaacatictiaaaggaaaatiicaaacageigeacaaagageaatggisggatca

agttagagaaactcogaacccaggaaacgcigagatcgaagatcicatatttitageaagaictecactgatacigag
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aggatcagtigetcacaaatctigoctacctgecigtgeatatggaccigeagtatecagiggttacgactitgaaaaa

gaggeataticctiggipggaatagaccctitcaaactactccaaaatagecaaatatacagetiaatcagacctaaty
agaatccageacacaagagicagciggteigpatpocatgccaticigetigeatitgaagatttaagatigttaaget

catcagaggeacaanagtatctoctecgggegaaactigicgactagaggagtacaaatigeticaaaigagaacatg

gataatatggeatcaageacictigaacigagaageggatacigggecataagaaccaggagiggaggaaacact

aatcaacagagggcctccgeaggocaaaccagigigeaacciacattiictgtacaaagaaatcicecatiigaaaag
tcaaccateatggeagceaticactggaaatacggagggaagaacticagacatgaggecagaaatcaiaagaaiga
tegaaggtecaaaaccagaagaagigteaticcggeggageggagititcgagoteicagacgagaaggcageg

aaccogatcgigeccictittgataigagtaacgaageatotiatttcticggagacaatgcagaagagtacgacaatt

aaggaaaaaatacoctigtitctact

SEQ 1D | Nucleotide sequence of NS viral segment of A/Alaska/06/2019

NQ: 62 | agcanaageagggtgacaaagacataatggaticcaacactgigteaagtitceaggtagattgctitcttiggeatat

ceggaaacaagtigtagaccaasaactaagtgataccecaticctegateggoticgocgagatcagagetecctaa
goggaagagocaatacicicggiciagacatcaaageagecacocalgeiggaaagcaaattatagaaaagatict

gaaagaagaatctgatgagocactiagaaigaccatggictcaacaccigeticgogatacataactgacatgactatt
gaggaactgicaagaaactgeticatgotaatigeccaageagaaagiggaageacctotttgeateagaategace

aggcaatcatggagaaaaaaatcatgttaaaagegaatitcaatgtgatitiiggecgactagagaccatagtatiacta
agggcittcaccgaagagggagcaatigiigecgaaatcicaccatigocticitttccaggacataciatigaggatg
tcaaaaatgoaatigggetccicatcggageactigaatggaatgataacacagticgagicictaaaaatctacaga

gattcgetiggagaageagiaatgagaatggoooacctceactiactceaaaacagaaacgggaaatggcgagan
cagcetaggtcagaagtitgaagagataagatgectaatigaagagetoagacacagatigagaacaactigaaaata

gettigaacaaatagcaticatgeaageattacaactactgitigaagtegaacaggagataagaactiictcatticag

citatttaatgataaaaaacacectigitictact

SEQ ID | Nucleotide sequence of M viral segment of A/Alaska/06/2019

NQ: 63 | ageaaaageaggtagatattgaaagatgagectictaacegaggtegaaacgtatgtictetctategticcatcagge
coccteaaagecgagatcgegeagagactigaagatgtetitgeigggaaaaacacagatetigaggeteticatgga
atggctaaagacaagaccaattcigicaccicigactaaggggattitagggtiigtiticacgeteacegigeecagty
agegaggactgeagegtagacgetiigiccaaaatgeccicaatgggaatggagacceaaataacatggacaaag

cagtiaaacigtataggaaacttaagagggagataacgitocatgggeccaaagaaatagetotcagitatictgety

gtocactigecagiigcatgggoctcatatacaatagaatggeeoctagtaaccactgaagiggcatitgocoiggtiat

gtgcaacaigigageagatigctgaticecageacaggicicataggcagatggtgocaacaaccaatocattaata
aaacatgagaacagaatggititggecageaciacagetaaggetatggageaaatggeiggatcaagigagcagg
cageggaggecatggagatagetagicaggecaggeagatggtocaggcaalgagagecatiggeacteatecta
gticcagtactggictaagagatgatctictiganaattigeagacctatcagaaacgaataggggtacagatgcaac
gaticaagtgatecgetiatigtigeogoaaatatcatigggatotigeactigatatigtggattctigategictitititca
aatgegtcigiegactcticaaacacggoctiaaaagagececctictacggaaggagtaccigagtctaigagggaa
gaatategaaaggaacagcagaatgotgtegatgctgacgacagicatitigicageatagagttggagtaaaaaac
taccitgttictact

SEQ ID | Nucleotide sequence of HA viral segment of A/Alaska/06/2019

NO: 64 | agcaaaagcaggegataattctattaaccatgaagactatcattgctitgagcigcatictatgicaggtiticgcteaan
aaaticotggaaatgacaatageacggcaacgetgteoctiggecaccatgoagiaccaaacggaacgataglioaa
aacaatcacgaatgaccgaatigaagtiactaatgctactgagetgglicagaactecicaataggiganatatgega
cagtectcatcagatectigatgoaganaacigeacactaatagatectetatigggagaceotcagigtgatggettt
caaaataagaaatgggacctiticgitgaacggaacaaagectacageaactgtiacoctiatgatgisceggatiaty
catcecttagatcactagttgecteatecggeacactggagtitaacaatgaaageitcaatigggcetggagtcactca
aaacggaacaagtictictigcataaggggatctaaaagtagtitctitagtagatiaaatiggttgacecacttasacte
caaatacccageatiaaacgigactatgecaaacaatgaacaatttgacaaatigtacattiggggtgticaccacecg
gotacggacaaggaccaaatctecoigiatgcacaatcalcaggaagaatcacagiaiciaccaaaagaagocaac
aagetgtaatecegaatateggatotagacecagaataageeatatecctageagaataageatetatiggacaatag
tagaaccaggagacatacittigatiaacagcacagggaatctaatigeicctaggggitacticasaatacaaasisy
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gaaaagcoicaataatgagatcagatgeacocatiggeaagigcaagicigaatgcattactocaaatggaagoatice
aaatgacaaaccattccaaaatgiaaacaggatcacatacggggcatgicocagatatgttaagcaaageactoiga
aatiggcaacaggaatgegaaatgtaccagagagacaaactagaggcataitiggegeaatagegggiticataga
aaatggtigooageaattootooatootigotaceacticagacatcaaaaticigagggaigageacaageagca
gaictiaaaageactcaageageaategatcaaatcaatggeaagcigaategatigategaeaasaccaacgaga
aaticcatcagatigaaaaagagtictcagaagtagaagagagaaticaggacctigagaaataigiigaggacaca
aaaatagatctetggicatacaacgeggageticligiigecctggagaaccaacatacaatigaictaacigacteag
aaatgaacaaactgttigaaaaaacaaagaagcaactgagggaaaatgcteaggatatggecaatgatigtticaaa
atataccacaaatgigacaatgectgeatggegtcaatcaggaatggaacttatgaccacaatgiatacagggatga
agcattaaacaaccggticcagatcaagggagtteagctgaagtcaggatacaaagattgoatectatggatttoctit
gecatateatgtittttgetitgtigtigttctgttgagoticatcatgtggacclgecaaaagggeaacattaggtacaac
atftgeattigactocattagtiaaaaacacectigtiictact

SEQ ID | Nucleotide sequence of NA viral segment of A/Alaska/06/2019

NQO: 65 | agcaaaageaggagtaaagatgaatccaaatcaaaagataataacgatiggeicigtitetetcaceatttccacaata
tecticticatgeaaatigecatoctgataaciactglaacattgeatticaageaatatgaaticaactecccoccaaac
aaccaagigatgeigigigaaccaaciataatagaaaganacataacagagatagiglatitgaccaacaccaccata
gagagggaaatatgecccaaaccageagaatacagaaatiggicaanaccgcaatgiggcatiacaggattigeac
citictctaageacaatiogattaggciticcgetggtggogacatctgggotgacaagagaacctiaigtgicaigtigat
ccigacaagigttatcaattigecctiggacagggaacaacaataaacaacgtgoaticaaataacacageacgigat
aggaccecteaicggacictatigatgagtgaatigpototicotitccalctggggaceaagcaagigigeatageat
gotecagctcaagtigteacgatggaaaagcatgectecatgitigtataacggoogatgatasaaatgcaactgcta
gtitcatttacaatgggagaciiglagatagigtigtttcaiggtccaaagataticicaggacccaggagicagaatge
gitttgtatcaatggaactigtacagtagtaatgactgatggaaatgctacaggaaaagcigatactaaaatatiattcatt
gaggaggooaaaatcgitcatactageaaattgicaggaagtgetcageatgtogaagagigeicttgetatectega
tacociggtgtcagatgigtcigcagagacaactggaaaggatecaaceggoccategtagatalaaacatanagga
tcatagcatigtttceagttatgigtgttcaggactigitggagacacacceagaaaaaccgacagetocageageag
ceattgettgaatcctaacaatganaaaggigeicatgoastoaaagoctoeoccttigaigaagganatgacgiat
ggatggggagaacaatcaacgagacgtcacgetiaggetatgaaaccticasagtegtigaaggetggtecaacict
aagtcceaaattgcagataaataggeaagicatagigacagaggigataggatecggtiatictggiatiticicigtigaa
ggcaaaagetgcatcagicggtgctitiatgtiggagtigattagoosaagaaaagagoasactgaagictigtegac
cicaaacagtatigtigtotitigiggcacctcaggtacatatggaacagacicatggecigatggggeggaccicaat
cicatgcatatataagetitcgcaatifiagaaaaaactcctigtitetact

SEQ ID | Anuno acid sequence of PB2 protein of A/Alaska/06/2019

NO: 66 | MERIKELRNLMSQSRTREILTK TTYVDHMAHKKYTSGROQEKNPSLRMEKW
MMAMEKYPITADKRITEMVPERNEQGOTLWSKMSDAGSDRVMVSPLAY
TWWNRNGPVISTVHYPRVYKTYFDKVERLKHGTFGPVHFRNQVKIRRR
VDINPGHADLSAKEAQDVIMEVVFPNEVGARILTSESQLTITKEKKEELR
DCKISPLMVAYMLERELVRKTRFLPVAGGTSSIYIEVLHLTQGTCWEQM
YTPGGGVRNDDVDOSLOAARNIVRRAAVSADPLASLLEMCHSTQIGGTR
MVYDILKONFTEEQAVDICKAAMGLRISSSFSFGGFTFRKRTSGSSVEKEERY
LTGNLOQTLRIRVHEGYEEFTMVGKRATAILRKATRRLVOLIVSGRDEQS]
AEAHVAMVESQGEDCMIKAVRGDLNFYNRANQRINPMHQLLRHFOK DA
KVLFONWGVEHIDSVMGMVYGVLPDMTPSTEMSMRGIRVSKMGVDEYSS
TERVVVSIDRFLRVRDORGNVLLSPEEVSETQGTERLTITY SSSMMWEIN
GPESVLYNTYQWIHRNWEAVKIQWSOQNPAMLYNKMEFEPFQSLVPKATR
SQYSGFVRTLFQOMRDVLGTFDTAQUKLLPFAAAPPRQSRMOFSSLTVN
VRGSGMRILVRGNSPVFNYNKTTRKRLTILGKDAGTLIEDPDESTSGVESA
VERGFLIGKEDRRYGPALSINELSNLAKGEKANVLIGQGDVVLVMERKR
DSSILTDSQTATKRIRMAIN
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SEQ 1D | Amino acid sequence of PB1 protein of A/Alaska/06/2019

NG: 67 | MDVYNPTLLFLEKVPAQONAISTTFPYTGDPPYSHGTGTIGY TMDTYNRTHQY
SERGKWTTNTETGAPQLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESH
PGIFENSCLETMEAVQQTRVDKLTQGROTYDWTLNRNQPAATALANTIE
VERSNGLTANESGRLIDFLEDVMESMDKEEMEITTHRFQRERRVRDNMTK
KMVTQRTIGKKKORYNKRGYLIRALTINTMTKDAERGKLKRRAIATPG
MOIRGFVYFVETLARSICERLEQSGLPVGGNEKKAKLANVVREKMMTNS
QDTELSFTITGDNTKWNENQNPRMFLAMITYITKNQPEWFRNILSIAPIME
SNEKMARLGEKGYMFPESKRMKIRTQIPAEMLASIDLKYFNESTRKKIEKIRP
LLIDGTASLSPGMMMGMFNMLSTVLGVSILNLGQKKYTKTTYWWDGLQ
SSDDFALIVNAPNHEGIQAGVDRFYRTCKLVGINMSKKKSYINKTGTFEF
TSFFYRYGFVANFSMELPSFGVSGINESADMSIGVTVIKNNMINNDLGPA
TAQMALQLFIKDYRYTYRCHRGDTOQIQTRRSFEIKKLWDOTQSRTGLLY
SDGGPNLYNIRNLHIPEVCLEKWELMDENYRGRLONPLNPFVSHKEIESVYVN
NAVVMPAHGPAKSMEY DAVATTHSWIPKRNRSIENTSQRGILEDEQMYQ
KCONLFEKFFPSSSYRRPIGISSMVEAMVSRARIDARIDFESGRIKKEEFSEL
MKICSTIEELRRQK

SEQ ID | Amino acid sequence of PBI-FZ protein of A/Alaska/06/2019

NG: 68 | MEQGOGTLEWTOSTERHINTOQRGGSGOQIQKLGRPESTOLMDRHY LRIMNGQVY
DMHKQTVSWREWPSLEKNPTOVSLRTPALKQWKPFNROGWTN

SEQ ID | Anuno acid sequence of PA protein of A/Alaska/06/2019

NO: 69 | MEDFVROUFNPMIVELAEKAMKEYGEDLKIETNKFAAICTHLEVCFMYS
DFHFINEQGESIVVELDDPNALLKHRFEHEGRDRTMAWTVVNSICNTIGA
GEPKFLPDLY DYKENRFIEIGVTRREVHIY YLEKANKIKSENTHIHIFSFTG
EEMATEKADYTLDEESRARIKTRLFTIRQEMANRGLWDSFROQSERGEETIE
EKFEITGTMRRLADOQSLPPNFSCLENFRAY VDGFEPNGCIEGKLSQMSKE
VNAQIEPFLETTPRPIKLPSGPPCY QRSKFLLMDALKLSIEDPSHEGEGIPL
YDAIKCIKTFFGWKEPYIVKPHEKGINSNY LLSWKQVLSELQDIENEEKIP
RTIKNMKKTSQLKWALGENMAPEKVDFENCRDISDLKQYDSEEPELRSLS
SWIQSEFNKACELTDSVWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRA
TEYIMKGVYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYGFIE
KGRSHLRNDTDVVNFVSMEFSLTDPRLEPHEWEKYCVLEIGDMLLRSAT
GQISRPMFLY VRTNGTSKVKMKWGMEMRRCLLOSLOQIESMIEAESSVK
EXDMTKEFFENKSEAWPIGESPKGVEEGSIGKVCRTLLAKSVENSLY ASP
QLEGFSAESRKLLLIVOALRDKLEPGTFDLGGLYEAIEECLINDPWVYLLNA
SWFEFNSFLTHALK

SEQ ID | Amino acid sequence of NP protein of A/Alaska/06/2019

NO: 70 | MASQGTKRSYEQMETDGDRONATEIRASYGKMIDGIGRFYIQMCTELKL
SDHEGRLIQNSLTIEKMVYLSAFDERRNKY LEEHPSAGKDPKKTGGPIYRR
VBGKWMRELVLYDKEEIRRIWROQANNGEDATSGLTHIMIWHSNLNDAT
YQRTRALVRTGMDPRMUSEMOQGSTLPRRSGAAGAAVKGIGTMYMELIR
MVKRGINDRNFWRGENGRKTRSAYERMCNILKGKFQTAAQRAMVDQV
RESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACAYGPAVSSGYDFEK
EGYSLVGIDPFKLLONSQIY SLIRPNENPAHKSQLVWMACHSAAFEDLRL
LSFIRGTKVSPRGKLSTRGVQIASNENMDNMGSSTLELRSGYWAIRTRSG
GNTNGQORASAGQTSVOPTFSVORNLPFEKSTIMAAFTGNTEGRTSDMRA
EHRMMEGAKPEEVSFRGRGVFELSDEKAANPIVPSFDMSNEGSYFFGDN
AEEYDN

SEQ ID | Amino acid sequence of NS protein of A/Alaska/06/2019

NO: 71




WO 2024/261647 PCT/1B2024/055963

102

MDSNTVSSFOVDCFLWHIRKQVVDOKLSDTPFLDRLRRDQRSLRGRGNT
LGLDIKAATHAGKQUEKILKEESDEALKMTMVSTPASRY ITDMTIEELSR
NWFMLMPROKVEGPLOIRMBOAIMEKKIMLEKANFNVIFGRLETIVLLRA
FTEEGAIVGEISPLPSFPGHTIEDVEKNAIGVLIGGLEWNDNTVRVSENLQR
FAWRSSNENGGPPLTPKOQEREMARTARSEY

SEQ ID | Amino acid sequence of NEP protein of A/Alaska/06/2019

NG: 72 | MDSNTVSSFODILLRMSKMGQLGSSSEDLNGMITOFESLKIYRDSLGEAVM
RMOGDLHLLONRNGKWREQLGQKFEEIRWLIEEVRHRLRTTENSFEQITF
MOALQLLFEVEQEIRTFSFQLI

SEQ ID | Amino acid sequence of M1 proteim of A/Alaska/06/2019

NG 73 | MSLLTEVETYVLSIVPSGPLKAFIAQRLEDVFAGKNTDLEALMEWLKTRP
ILSPLTKGILGFVFTLTVPSERGLORRRFVONALNGNGDPNNMDKAVEKLY
REKLKREITFHGARKEIALSYSAGALASCMGLIYNRMGAVTTEVAFGLVCA
TCEQIADSQHRSHROMVATTINPLIKHENRMVLASTTAKAMEQMAGSSE
QAAEAMEIASGARQMVOAMRAIGTHPSSSTGLRDDLLENLOTYQKRMG
VOMOQRFK

SEQ ID | Anuno acid sequence of M2 protemn of A/Alaska/06/2019

NG 74 | MSLLTEVETPIRNEWGCRONDSSDPLIVAANHGILHEILWILDREUFFKCVE
RLFKHGLKRGPSTEGVPESMREEYRKEGONAVDADDSHEVSIELE

SEQ ID | Anuno acid sequence of HA protein of A/Alaska/06/2019

NGO 75 | MKTHALSCHLCOVFAQKIPGNDNSTATLCLGHHAVPNGTIVKTITNDRIEV
TNATELVONSSIGEICDSPHOILDGENCTLIDALLGDPQCDGFONKKWDL
FYERNKAYSNCYPYDVPDYASLRSLVASSGTLEFNNESFNWAGVTONGT
SSSCIRGSKSSFFSRENWLTHLNSKYPALNVTMPNNEQFDKLYIWGVHHP
GTDKDOISLYAQSSGRITVSTKRSQQAVIPNIGSRPRIRDIPSRISIYWTIVK
PGDILLINSTGNLIAPRGY FKIRSGKSSIMRSDAPIGKCKSECTTPNGSIPND
KPFONYNRITYGACPRYVKOSTLKLATGMRNVPERQTRGIFGATIAGFIEN
GWEGLVDGWYGFRHONSEGRGQAADLESTQAAIDOQINGKLNRLIGKTN
EKFHQIEKEFSEVEGRIGDLEKYVEDTKIDLWSYNAELLVALENGHTIDL
TDSEMNKLFEKTKKQLRENAEDMGNGCFKIYHKCDNACMGSIRNGTYD
HNVYRDEALNNRFOIKGVELKSGYKDWILWISFAISCFLLOVVLLGFIMW
ACQEGNIRONICI

SEQ ID | Amino acid sequence of NA protein of A/Alaska/06/2019

NG 76 | MNPNQRITIGSVSLTISTICFFMOQIAILITTVTLHFKQYEFNSPPNNQVMLC
EPTHERNITEIVYLTNTTIEREICPKPAEYRNWSKPOQCGITGFAPFSKDNSIR
LSAGGDIWVTREPYVSCDPDKCYQFALGQGTTINNVHSNNTARDRTPHR
TLLMSELGVPFHLOGTKQVCIAWSSSSCHDOGKAWLHVCITGDDENATASKE
TYNGRLVDSVVSWSKDILRTQESECVEINGTCTVVMTDGNATGKADTRI
LFIEEGKIVHTSKLSGSAQHVEECSCYPRYPGYREVIRDNWKGSNRPIVD
INIKDHSIVSSYVCSGLVGDTPRKTDSSSSSHCLNPNNEKGGHGVKGWAF
DEGNDVWMGRTINETSRLOYETFKVVEGWSNSKSKLOGINROVIVBRGDR
SGYSGIFSVEGKSCINRCFY VELIRGRKEETEVLWTSNSIVVFCGTSGTYG
TGSWPDGADINLMHI

SEQ ID | Nucleotide sequence of PB2 viral segment of A/Darwin/11/2021

NG 77 | agcgaaageaggtcaattatattcageatggaaagaataanagaactacegaatctastgtegeagteccgeacteg
cgagatacigacaaaaaccacagiggaccatatggecataatiaagaagtacacateggggagacaggaaaagaa
coegteacttagaatgaaatggatgatggeaatgaaatatccaatiactgeigacaaaaagataacagaaatggtice
ggagagaaatgaacaaggacaaacictaiggagiaaaatgagtgatgetggatcagacagagigatggtatcacctt
tggctgtaacatggtegaataggaatggaccegigacagatacggiccatiacccaaaagigtacaaaactiatiicg
acaaagtcgaaaggtiaaaacatggaaccttiggoccigiccatitiagaaatcaagicaaaatacgaagaagagiag
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acataaatcctggicatgeagaccicagigecaaagaggcacaagatgtaatiatggaagtigtitticccaatgaagt
gggagccagaatactaacatcagaatcacagotaacaataactaaagagaaaaaagaagaaciccgagatigeaa
aatttctecctigatggicgcatacatgctagagagagaactigigcggaanacaagattictcocagtigetggcgga
acaageagtatatacatigaagtittacattigacticaaggaacgtatigggaacaaatgtacacicoaggiggagga
gtgaggaatgacgatgtigaccasagoctaatiatigeggocaggaacatagtaagaagagecgeagigtcagoayg
atccactageatctitatiggagatgtgecacagcacgeaaatiggeggaacaaggatggteggacatictiagacaga
acccgacigaagaacaggoigtegatatatgcaaageigeaatgggattgagaateagoteatetitcagetitagtg
gottcacatttaaaagaacgagegggicgicagtcaaaagagaggaagaggticttacaggcaatctecagacatty
agaataagagtacatgaggeetacgaggeagticacaatggtegooanangagcaacagotatactaagaaaagoa
accagaagactggticaactcatagtgagigeaagagacgaacagicaatageegaageaatastcgigeccatgg
tgtittcacaagaagattgegtgataaaageagitagaggtgacctgaatttigtcaacagageaaaicagegatigaa
ceccatgeatcagetittaaggeatiticagaaagatgegaaagiactetiicaaaatiggggagtigaacacategac
agtgtoatggpaatggtigoastattaccagatalgactocaageacagagatgicaatgagaggaataagagicag
caaaatgggtategateaataciceagtacagagagggiggteogtiageatigateggtititgagagttcgagacea
acgteegaatgiattattatetecigaggagatcagigaaacacagggaactigaaagactgaccataactiaticaica
tcgatgatgtgpeagattaacggeccigagicgettitgetcaatacctatcaatggatoaicaggaatigggaagcty
teaaaaticaatggicicagaaccetgeaatgtigtacaacaaaatggaatitgaaccatticaatetitagiccecaag
gecactagaagecaatacagigggtitgicagaacictaticcaacaaatgagagacgtactigggacatitgacact
geecagataataaagcetictecctitigeagetgetccacegaageaaageagaatgeagtictcticactgactatiga
atgtgaggggaicagggatgagaatactigtaaggggcaatictectgtaticaactacaacaagaccactaaaagg
ctaacaatictiggaanagatgecggeactitaatigaagaccecagatgaaageacatecggagiggagicogecgt
citgagagggticcicatiataggiaaggaagacagaagatacggaccagceatiaagcatcaatgaactgagtaace
ftgcanaaggopanaaggectaatgioclaatiggecaaggagacgipptotigotasiganacgganacgggactc

tagtatactiactgacagecagacagegaccaaaagaaticggatggccatcaatiaatactgaatagittaaaaacg
acctigiiictact

SEQ ID | Nucleotide sequence of PB1 viral segment of A/Darwin/11/2021

NO: 78 | agegaaagcaggcaaaccatitgaaiggatgtcaatecgactetatigticitanaagticcagegoaaaatgccataa
geacaacaticectiatactggagaicciceatacagecatggaacagggacagggtacactatggacacagicaac
agaacacaccaatactcagagaggaggaagtggacgacaaatacagaaactgggacticcccageicaaceeaat
tgatggaccactaccigaggataatgaaccaagiggatalgeacaaacagactgigtoctggaggctatggocttict
tzaagaatcccacceaggiatcttigagaacicctgectigagacaaiggaagecgticaacagacaagggtagaca
aacigaccoaaggicgecagacttatgactggacattaaacaggaaccaaccggceageaacigoatiagecaacac
catagaagicittagatcgaacggattaacagctaatgaateaggaagoctaatagatitectcaaggatgtoatgga
atcaatggataaggaggaaatagagalaacaacacacittcaaagaanaaggagagtaaggoacaacaigaceasa
gaaaatgetcacacaaagaacaatagggaagasanaacaaagagigaataagagagectacctaataagageict
gacatigaacacgalgaccaaggatgcagagagaggcaaatiaaaaagaagggctatigeaacaceegggatge
aaattagaggaticgigtatitegtigaaacitiagotagaagcatitgegaaaaactigaacaatetggactieeggity
goeostaatgaaaagaaggocaaaciggeaaaistigigagaaaaatgatgactaaticacaagacacagagetitet
ticacaatcactggagacaacactiaagtgeaaigaaaatcaaaaccecegaatgttittggcaatgattacatataica
caaagaaccaacctgaatggticagaaacatcotigageatcgcaccaataatgiicteaaacaaaaiggeaagaciy
ggaaaaggatacatgiicgagaglaagagaatgaagctocggacacaaataccigeagaaatgctageaageatty
accigaaglatttcaatgaatcaacaaggaasgaaaatigagaaaataaggoctoticiaatagatggaacageateatt
gageociggaatgatgatgggcatgticaacatgctaagtacagtittaggagtcicgatacigaatcttggacaaaag
aaatacaccaagacaacgtactggigggatgggciccaaiccicagacgatitigecctcatagigaatgcaccaaat
catgagggaatacaageaggagigoatagattctataggaccigcaagitagigegaatcaacatgageaaaaaga
agtcctatataaataaaacagggacattigaaticactagciictitiatcgatatggattigtggctaatittageatggag
ctgccaagtittgeagigtciggagtaaacgagtcagctgacatgageatiggagtaacagigatanagaacaacat
gataaataatgacctiggaccagcaacagoeccaaatggactetecaatigticateaaagatiacagatacacgtateg
gtgccatagaggagacacacaaatecaaacaagaagatcaticgaaataaagaagetgtgggatcaaacccaatca
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agtggeagcizatggacgacaatiaicggegaagactitgiaatcccotgaateoctitgicagecataaagaaatie

aatctgtaaacaatgcigtagiaatgecagcecatggiceggocaaaagtatgeaatatgatigecatiscgactacac
actectggaticceaaaaggaaccgeictatictaaacacaagocasagggeaaticiigaggatgaacaaatgtac

cagaaatgeigeaactigiicgagaaatitiicoctagtagticatataggagaccgatiggaattictageatggigea

ggocatggtatetagggeccggatigalgecagaatigacitegagictggaageattaagaaggaagagitctoty

agatcatgaagaicigticcaccatigaagaactcagacggcaaaaataatgaattiagetigtecticatgaaaaaat

gecttgttictact

SEQ ID | Nucleotide sequence of PA viral segment of A/Darwin/11/2021

NG: 79 | agegaangeagstactgattcanaaiggaagatitigtscggcaatgettcaaccegatgatigicgaactigcagaa
azagcaaigaaagagiatggagaggaicigaaaatigasaccaacaaatiigeagcaatatgeactcactiggagsat
gigtitcatgtattcagatiiceatticaicaatgaacaaggegaaicaatagtagtagaactigacgatccaaatgeact
gftaaaacacagattigaaataatogageggagagacagaacaatgecciggacagiagiaaacagiatctgeaac

actactggagctggaaaaccgaagttittaccggatetgtateatiacanagaaaacagaticaicgaaatiggagisa
caaggagagaagiceacatatattacctiganaaggccaataaaattaaatcagagaacacacacaticacgiittic
aticactggggaggaaatggocacaaggecagactacacicicgacgaggaaageagggetaggatiaaaacca

goctatitaccataagacaagaaatggecaacagaggectctgggaticctitegtcaatocgasagagecgangaa
acaattgaagaaaaatitgaaatcacaggaactalgegeaggcetigocgaccaaagicicecaccgaactictecige
citgagaatittagageotatgtggatggaticgaacogaacggctgcatigagggcaagciticticaaatgtccaaag
aagtgaatgcccaaattgaacctiticigaagacaacaccaagaccaatcaaacttectagiggaccicotigttatca

gogatceaaaticotectgatggatgctitgaaatigagcatigaagacecaagicacgaaggagaaggeatcccatt
atatgatgcaatcaagtgoataaaaacatictitgeategaaagaaccttatatagicaaaccacacgaaaaggggat
aaattcaaattaccigotgtcatggaageaaglacigicagaattecaggacatigasaatgaggagaagattccaag
aaciaaaaacatgaagaaaacgagtcaacigaagigggctctiggigaaaacatggeaccagagaaggtagactit
gaaaactgeagagacataagegatiigaageaatatgacagtgaagaaccigaatiaaggacactiicaagetgggt
acaaagigagticaacaaggcectgtgagciaacigaticagictggatagagctegatgaaatiggagaggacgtag
ccocaattgaacacatigeaageatgagaaggaattacticacageagaggigicecatigeagagetacigaatac

ataatgaaagggeetatacattaatactgeccigeicaatgoatectgtecggoaatggacgatiticaactaaticocat
gataageaagigcagaactaaagagggaaggcgaanaaccaatitatatggattcaicatanagggaagaicteate
tgaggaatgacacagacgiggiaaactiigigageatggagiitictetcacagatcegagacttgaaccacataaat

gggagaaatattgigtectizgagatag zagatatgtiactaaggagtgecataggecagatitcaaggecgatgtictt
gtatgteaggacaaacggaacaicaaaagicaanatgaaatggggaatygagaigagacgtigectecticagica

ciccageagategagagoatgatigaageegagicctcagitaaagagaaagacatgaccaaagagitittigagaa
taaatcagaagceatggoccatiggggagticcoccanaggagtiogasgaageticcatiggeaaagictgtaggact
clattggctaagicagtaticaatageotglatgcatcaccacaattggaaggaltttcageagagteaagaaaactgct
cottattgticaggetctiagggacaaacicgaaccigggaccttigatctiggeoooctatatgaagcaatigaggag
tecctgatiaatgatcectgggititgcteaatgeatctiggitcaactecticeigacacaigeatiaaaatagitatage

agtectaciatitgecatecgiacigiccaaaaaaagtacctigitictact

SE(Q ID | Nucleotide sequence of NP viral segment of A/Darwin/11/2021

NQ: 80 | ageaaaageagggtigataateacteacigagigacatcaaaatcatggegteccaaggeaccaaacggtetiatga
acagaiggaaacigatggagatcgocagaatgoaacigagatiagggeatecgtegggaagatgatigatggaatt

ggoagatictacatccaaatgigeactgaacttaaacicagigaicatgaaggacggtigaiccaaaatagetigaca

atagagaaaatggtactctotgottitgatgaaagaaggaataaatacctggaagaacaccocagegeggggaaag
atcccaagaaaactggggggccoatatacagaagagicgatggaaaatggatgagggaactegtoctitatgacaa
agaggaaataaggogaatctggegecaagecaacaatggigageatgctacatciggtctaaccoacatgatgatit
ggeaticeaattigaatgatgegacataccagaggacaagagoictigitcggactggaatggatcecagaatgigot
cictgatgeaggggicgactcicectagaaggtecggageigeaggigctgcagicanaggaateggaacaatggat
gatggaactgatcaggatgateagacgggggatcaacgatcgaaatititggagaggisgagaatggeesgaaaac

aagaagtzctiatgatagaatgigcaacatictiaaaggaaaatitcasacageigeacaaagageaatggtggatea
agttagagaaagtcggaacccaggaaacgoigagatcgaagatctcatatittiagcaagatcigcacigatatigag
aggatcagtigeicacaaatcttecciaccigesigigcatatggacetigeagtaliccagiggtiacgacttigaaaaa
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pagggatattcctiggtoggaatagacceotiicaaactacticaaaatagecaaatatacagettaatcagacctaatg

agaatccagcacacaagagicagoiggtotegategcatgecatictgetgcattigaagatitaagatigtiaagtitc
aicagagegacaaaaglaicicotogggggaaactgicaactagaggagiacaaatigeiicaaatgagaacatgg

ataatatgggatcaageactictigaacigagaagegggtacigggocatagggaccaggageggaggaaacacta
atcaacagagggcctcegeaggecaaaccagigtgcaacctacgtiticigtacaaagaaacaicccattigasaay
tcaaccatcatggoageattcaciggaaatacggagggaagaacticagacatgagagcagaaatcalaaggaiga
tzsarggingcaaaaccagaagaagtgicaticcggeagagaagagtiticgagcictcagacgagaaggcages

aacccgategtecccictittgatatgagtaacgaaggatciatticticggagacaatgeagaagagtacgacaatt

aagaaaaaaatacectigiitotact

SEQ ID | Nucleotide sequence of NS viral segment of A/Barwin/11/2021

NO: 81 | agcaaaagcagggigacaaagacataatggattccaacactgtetcaagtiiceaggtagatigettictitzgeatat
ccggaaacaagtigtzgaccaaaaacigagigatgocccattecicgateggcticgeogagatcagaggtecciaa
ggeeaagagocaatacteicggictagacatcaaatcagocacceaigiigganagcaaatcgiagaaaagaticte
aaaggagaatcigatgaggcactiagaatgaccatggicteaacaccigeticgegatacataacigacaigactatt

gaggaatigicaagaaactggticaigetaatgeccaageagaaggtggaaggaccictiigeatcagaatggacea
gocaatcatggagaaaaacaicaigitaanagegaatttcaalgtgatitttggecggotagagaceatagiatiacta

agggctitcaccgatgagggageaatigtigacgaaatcicaceatigectictiticcaggacatactatigaggatgt
caaaaatgoaatiggggtecicatcggageactigaaiggaatgataacacagitogagicictaaaaatctacagag
aticgetiggagaageagicatgagaatggggsacciceacttaciccaaaacagaaacggeaaatggogagaac
agctaggtcagaagtiigaagagataagatgoctigatigaagagetoagacacagatiasgaacaactgaaaatag
ctitgaacaaataacaticatgcaageattacaactacigtttgaagtggaacaggagataagaactticteatttcaget
tatttaatgataaaaaacacectigtitctact

SEQ 1D | Nucleotide sequence of M viral segment of A/Darwin/11/2021

NO: 82 | ageaasagcaggtagatatigaaagatgagecticttacegaggicgaaacgtatgtictctetategticeatcagec
cecclicaaageegagalegegeagagacitgaagatgictitgelgggaaanacacagatetigaggctctcatgga
atggttaaagacaagaccaatictgteacctitgactaagggoatiitage ottisttitcacgcticacegigeccagty

agegaggactgeagegtagacgetiigiceaaaatgoccicaalgggaatggagacccaaataacatggacasag

cagtiaaactgiataggaaactiaagagggagataacgticcacgggecaaagagatageicteagiiattetgety
gtgcactigecagtigeatgeocctcatatacaataggatggeogcigiaaccactgaagiggcatitggectggist
gtocaacatgtgagcagatigotgaticccageacaggicicataggeagalggteocaacaaccaatccatiaata

aaacatgagaacagaatggtittgoccageactacagotaaggotatggagcaaatggctgactcaagigagoaag
cageagaggccatggagatigotagicaggecaggcagatggiscagacaatgagagecatigggacteatecta
gttccageaciggtctaagagatgatctictigaaaattigeagacctatcagaaacgaaigggootigcagatgcaac
gattcaagiaacccgetigtigtigecgegaatateattgggatctigeactigatatiatggattctigategictitittic

aaatgegtctatcgacicticaaacacggecttaaaagaggcccitctacggaaggigtaccigagictalgagggaa
gaataccgaaaggaacagcagaatgcigipgatgctgacgacagicattttgtcageatagaatiggagtaaaaaac
facetigttictact

SEQ ID | Nucleotide sequence of HA viral segment of A/Darwin/11/2021

NQ: 83 | agcasaagcaggggataaticiatiaaceatgaagactatcatigetitgageaacattctatgictigitticgeteana

aaatacctegaaatgacaatageacggeaacgotgigectiggtcaccatgoagtaccaaacggaacgatagigaa
aacaatcacaaatgaccgaatigaagtiactaatectacigagttgeticagaattcatcaataggigaaatatgcgac

agtectcatcagatectigatggaggaaactgeacactaatagatgetctatigggogaccetcagigigacggetiic
aaaataaggaatgggacctittigtigaacgaageagagecaacageaactgitacectiatgatgtoccggatialg

cctoecttaggteactagtigecteatecggeacactggagtitaaaaataaaageticaatiggactggagicaaaca
aaacggaacaagtictgegigeataaggggatctagtagtagtitititagtagatianatiggitgaccagettaaaca

acatatatccagceacagaacgteactaigecaaacaaggaacaatitgacaaatigiacattiggggegticaccace
cgeatacggacaagaaccaaatctoccigtitgcteanteatcaggaagaatoacagtatccacoaaaagaagoran
caagctgtaaicecaaatatcggatetagaccoagaataagggatatcectageagaataagcatctatiggacaata
gtaaaaccggeagacatactiitgatiaacageacagggaatctaatigcicctagggettacticaaaatacgaagis
goaagagcteaataatgagatcagatgcacecatiggeaaatglaagicteaatgecatcactecanalggaageatic
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ccaatgacaaaccgticcaaaaigtaaacaggaicacatacggggccigicccagataigitaageaaagcacectg
aaatiggcaacaggaatgcgaaatetaccagagaaacaaaccagaggcatatitggogcaatagoggiticatag
aaaatggatgooapooaatoetosaigotisotacggiticaggcatcaaaatictgaggeaagageacaageag
cagatctcaaasagceactcaageageaategatcaaatcaatgggaagctigaatogatigatcggaaaaaccaacsa
gaaaticeatcagatigaaaaagaatictcagaagiagaaggaagagttcaagatciigagaaatatgiteaggacac
taaaatagatctciggteatacaacgoggagctictigtigecctggaaaaccaacatacgatigacctaacigacica
gaaatgaacaaacigttigagaaaacaaagaageaacigagggaaaatgetgaggatatggaaaatgatigtticaa
aatatatcacaaatgigacaatgoctgeataggatcaataagaaatgaaacttatgaccacaaigigtacagggatga
agceactaaacaaceggttceagatcaagggagtigagcigaagtcagegtacaaagatiggatoctatggatitoctt
teccatgicatgtititigcttigtattgcttigtiggooticatcatgigggocigeraaaagggcaacattagatgeaac
atttgcatttgagtacatiaatiasasacacectigtitctact

SEQ ID | Nucleotide sequence of NA viral segment of A/Darwin/11/2021

N©O: 84 | agcaaaageaggagtaaagatgaatccasatcanaagataataacgattggctetgitictcteacaatitccacaata
tgcttcttcatgcaaatigecatecigataactactgtaacatigeatticaagoaatalgaaticaacicecececaaaia
accaagigatgetgtotgaaccaacaataatagaaagaasacataacagagatagigtatitgaccaacaccaccata
gagaaggaaatatgecccasaccageagaatacagaaatiggtcasaaccegeaatgiggcatiacaggatiigeac
ctitctetaaggacaaticgatiaggetticegetggiggagacatctgggigacaagagaacctiatgigicatgegat
citgacaagigtiatcaattigecctiggacaggoaacaacactaaacaatgtgcaticaaataacacagtaagigata
gaaccecttatcggactotattgatgaatgagttegeteticetitecatotgggeaccaagcaagigtgcatageaty
gtccageicaagitgicacgatggeanageatggctgcatgitigtataacgggoeatgataaaaatgcaacigetag
cttcatttacaatgggagpctigtagatagtetigtticatggtccaacgatatictecagaacceaggagtcagaatgeg
titgtatcaatggaactigtacagtagtaatgactgatggaaatgetacaggaaaagetgatactaaaataciaticatly
aggaggggaaaatcgticatactageaaatigicaggaagigetcageatgicgaagagtgctetigetatectcgat
atcctggigtcagatgigtcigeagagacaactggaaaggatccaaccggoccateatagatataageataaaggat
catagcatigtitccaggtatgtgtgticiggactigtiggagacacacccagaaaaagegacagetccageagtage
cattgittgaaccciaacaatgaaaaaggtgateatggagtpaaageciggacciitgateatgeaaatgacgtstog
atgggeagaacaatcaacgagacgicacgotiaggetatgaaaccticaaagiogtigaaggctggicoeaacceta
agtecaaattgeagataaataggeaagtcatagtigacagaggegataggtccggtiatictggtatiticicigtigaa
ggcaaaagceigeateaateggigtititatgiggagtigatiaggooaagasaagaggaaactgaagictigiggact
tcaaacagiatigtigtotittgizgcaccicaggtacaiatggaacaggctcatggecigalgggecgaacctcagic
{catgoatatataagetitegeaatttiagaaaaaactoctigitictact

SEQ ID | Amino acid sequence of PB2 protein of A/Darwin/11/2021

NO: 85 | MERIKELRNLMSQSRTREILTRKTITVDHMAHKKYTSGROEKNPSLRMEW
MMAMKYPITADKKITEMVPERNEQGOTLWSKMSDAGSDRVMVSPLAY
TWWNRNGPYVTDTVHYPKVYKTYFDKVERLKHGTFGPVHFRNOVKIRRR
VDINPGHADLSAKEAQDVIMEVVEFPNEVGARILTSESQLTITKEKKEELR
DCKISPLMVAYMLERELVRKTRFLPVAGGTSSIYIEVLHLTQGTCWEQM
YTPGGOGVRNDDVDOQSLHAARNIVRRAAVSAPPLASLLEMCHSTQIGGTR
MVDILRONPTEEQAVDICK AAMGLRISSSFSFGOFTFERTSGSSVRREEREY
LYGNLOTLRIRVHEGYEEFTMYGKRATATLRKATRRLVOQLIVSGRDEQS]
AEATTVAMVFSQEDCVIKAVRGDINFYNRANQRLNPMHQLLRHFQKDA
KVLFOQNWGYVEHIDSVMGMVGVLPDMTPSTEMSMRGIRVSKMGYDEYSS
TERVVVSIDRFLRVRDOQRGNVLLSPEEVSETQGTERLTITY SSSMMWEIN
GPESVLVNTYQWHRNWEAVKIQWSONPAMLYNKMEFEPFOQSLYVPKATR
SQYSGFVRTLFQUMRDVLGTFDTAQGHKLLPFAAAPPKQSRMOQFSSLTVN
VRGSGMRILVRGNSPVENYNKTTKRLTILGKDAGTLIEDPDESTSGVESA
VERGFLIGKEDRRYGPALSINELSNLAKGEKANVLIGOQGDVVLVMKRKR
DSSILTDSQTATKRIRMAIN

SEQ ID | Amino acid sequence of PBI protein of A/Darwin/11/2021

NO: 86
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MBDVNPTLLFLKVPAGNAISTTERYTGDPPY SHGTGTGY TMDTVNRTHQY
SERGKWTINTETGAPQLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESH
PGIFENSCLETMEAVQQTRVDKLTQGROTYDWTLNRNQPAATALANTIE
VFRSNGLTANESGRLIDFLKDVMESMDKEEIEITTHFQRKRRVRDNMTE
KMVTQRTIGKKKOQRVNERGYLIRALTLINTMTKDAERGKLKRRAIATPG
MOIRGFVYFVETLARSICEKLEQSGLPVGONEKKAKLANVVREMMTNS
ODTELSFTITGDNTKWNENQNPRMFLAMITY TTKNQPEWFRNILSIAPIMF
SNKMARLGKGYMFESKRMKLRTQIPAEMLASIDLKYFNESTRKKIEKIRP
LLIDGTASLSPGMMMGMFNMLSTVLGVSILNLGQKKYTKTTYWWDGLG
SSDDFALIVNAPNHEGIQAGVDRFYRTCKLVGINMSKKKSYINKTGTFEF
TSFFYRYGFVANFSMELPSFGVSGVNESADMSIGVTVIKNNMINNDLGPA
TAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFEIKKLWDQTQSKTGLLY
SDGGPNLYNIRNLHIPEVCLKWELMDDNYRGRLONPLNPFVSHKEIESYVN
NAVVMPAHGPAKSMEYDAVATTHSWIPKRNRSILNTSORGIHLEDEQMYQ
KCCNLFEKFFPSSSYRRPIGISSMVEAMVSRARIDARIDFESGRIKKEEFSEL
MKICSTIEELRRQK

SEQ ID | Amino acid sequence of PBI-F2 protein of A/Darwin/11/2021

NO: 87 | MEQGOGTLWTQSTEHTNTQRGGSGROIQKLGLPSSTQLMDHY LRIMNQ
VDOMHKQTVSWRLWPFLKNPTOVSLKTPALKOWKPFNROG

SEQ ID | Amino acid sequence of PA protein of A/Darwin/11/2021

NO: 88 | MEDFVRQCFNPMIVELAEKAMEKEYGEDLKIETNKFAAICTHLEVCFEMYS
DFHFINEQGESIVVELDDPNALLKHRFEHEGRDRTMAWTVVNSICNTTGA
GKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEK ANKIKSENTHIHVEFSFT
GEEMATRADYTLDEESRARIKTRLFTIRQEMANRGLWDSFROSERGEETI
EEKFEITGTMRRLADQSLPPNFSCLENFRAYVDGFEPNGCIEGKLSQMSK
EVNAQIEPFLETTPRPIKLPSGPPCY QRSKFLLMDALKLSIEDPSHEGEGIP
LYDAIKCIKTFFGWEKEPYIVKPHEKGINSNY LLSWKOQVLSELQDIENEEK]
PRTENMKRTSQLEKWALGENMAPEKVDFENCRDISDLKQYDSEEPELRTL
SSWVOQSEFNKACELTDSVWIELDEIGEDVAPIEHIASMRRNYFTAEVSHC
RATEYIMKGVYINTALLNASCAAMDDFQLIPMISKCRTKEGRRKTNLYG
FHKGRSHLRNDTDVVNFVSMEFSLTDPRLEPHKWEKYCVLEIGDMLLRS
AIGQISRPMFLYVRINGTSEVEMKWOMEMRRCLLGSLOQQIESMIEAESS
VEEKDMTKEFFENKSEAWPIGESPKGVEEGSIGKVCRTLLAKSVFENSLY A
SPOLEGFSAESRKLLLIVOALRDKLEPGTFDLGGLYEAIEECLINDPWVLL
NASWENSFLTHALK

SEQ ID | Amino acid sequence of NP protem of A/Darwin/11/2021

NO: 89 | MASQGTKRSYEQMETDGDRONATEIRASVGKMIDGIGRFYIOMCTELKL
SDHEGRUIQNSLTIEKMVLSAFDERRNKYLEEHPSAGKDPKKTGGPIYRR
VDGKWMRELVLYDKEEIRRIWRQANNGEDATSGLTHMMIWHSNLNDA
TYQRTRALVRTGMDPRMUSLMQGSTLPRRSGAAGAAVKGIGTMYMELI
RMIKRGINDRNFWRGENGREKTRSAYDRMUNILKGKFQTAAQRAMVD(Q
VRESRNPGNAEIEDLIFLARSALILRGSVAHESCLPACAYGPAVSSGYDFE
KEGYSLVGIDPFRELLONSQIYSLIRPNENPAHKSQLVWMACHSAAFEDLR
LLSFIRGTEVSPRGKLSTRGVQIASNENMDNMGSSTLELRSGY WAIRTRS
GONTNQOQRASAGQTSVOPTFSVORNIPFEKSTIMAAFTGNTEGRTSDMR.
AENRMMEGAKPEEVSFRGRGVFELSDEKAANPIVPSFDMSNEGSYFFGD
NAEEYDN

SEQ ID | Anvno acid sequence of NS| protein of A/Darwin/1 172021

NG: 90 | MDSNTVSSFQVDCFLWHIRKGQVVDOKLSDAPFLDRLRRDQRSLRGRGNT
LGLDIKSATHVGKOIVEKILKGESDEALKMTMYSTPASRYITDMTIEELSR
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NWEFMLMPKOKVEGPLCIRMDOQAIMEKNIMELKANFNVIFGRLETIVLLRA
FIDEGAIVGEISPLPSFPGHTIEDVKNAIGVLIGGLEWNDNTVRVSKNLOR
FAWRSSHENGGPPLTPKOKREMARTARSEY

SEQ ID | Anuo acid sequence of NEP protein of A/Darwin/11/2021

NG 91 | MDSNTVSSFODILLRMSKMOLGSSSEDENGMITOFESLKIYRDSLGEAVM
RMGDLHLLONRNGKWREQLGOQKFEEIRWLIEEVRHRLRTTENSFEQITF
MOALQLLFEVEQEIRTFSFQLI

SEQ ID | Amino acid sequence of M1 protem of A/Darwin/11/2021

NO: 92 | MSLLTEVETYVLSIVPSGPLKAEIAQRLEDVFAGKNTDLEALMEWLKTRP
ILSPLTKGILGFVEFTLTVPSERGLORRRFVONALNGNGDPNNMDBKAVKLY
RKLKREITFHGAKEIALSY SAGALASCMGLIYNRMGAVTTEVAFGLVCA
TCEQIADSQHRSHROMVATINPLIKHENRMVLASTTARAMEQMAGSSE
CAAEAMEIASQARQMYOAMRAIGTHPSSSTGLRDDLLENLOTY QKRMG
VOMORFK

SEQ ID | Anuno acid sequence of M2 protein of A/Barwin/11/2021

NO:93 | MSLLTEVETPIRNEWGCRONDSSNPLVVAANIGILHLILWILDRLFFECY
YRLFKHGLEKRGPSTEGVPESMREEYRKEQONAVDADDSHFVSIELE

SEQ ID | Amino acid sequence of HA protein of A/Darwin/11/2021

NQ: 94 | MKTHALSNILCLVFAQEIPGNDNSTATLCLGHHAVPNGTIVKTITNDRIEV
TNATELVONSSIGEICDSPHOILDGONC TLIDALLGDPOQCDGFONKEWDL
FYHERSRANSNCYPYDVPDYASLRSLVASSGTLEFKNESFNWTGVKONGT
SSACIRGSSSSFFSRENWELTSLNNIYPAQNYTMPNKEGFDKLYIWGVHHP
DTDENQISLFAGSSGRITVSTKRSGOQAVIPNIGSRPRIRDIPSRISIYWTIVKP
GBILLINSTGNLIAPRGYFKIRSGKSSIMRSDAPIGKCKSECITPNGSIPNDK
PRONVNRITYGACPRYVKQSTLKLATGMRNVPERQTRGIFGATAGFIENG
WEGMVDGOGWYGFRHONSEGRGQAADLKSTQAAIDQINGELNRLIGKTNE
KFHOIEKEFSEVEGRVODLEKY VEDTKIDLWSYNAELLVALENQHTIDLY
DSEMNKELFEKTKKOLRENAEDMGNGCFKIYHKCDNACIGSIRNETY DHN
VYRDEALNNRFOQIKGVELKSGYKDWILWISFAMSCFLLCIALLGFIMWAC
QEGNIRCNICT

SEQ ID | Amino acid sequence of NA protein of A/Darwin/11/2021

NO: 95 | MNPNOKUTIGSVSLTISTICFFMOQIATLITTVTLHFK QY EFNSPPMNNOQVMLC
EPTHERNITEIVYLTNTTIEKEICPKPAEYRNWSKPOCGITGFAPFSKDNSIR
LSAGGDIWVTREPYVSCDLDKCYQFALGQGTILNNVHSNNTVSDRTPYR
TLLMNELGVPFHLGTRKOVCIAWSSSSCHDGRKAWLHVCITGDDEKNATASE
IYNGRLVDSVVSWSNDILRTQESECVCOINGTCTVVMTDGNATGKADTRI
LFIEEGKIVHTSKLSGSAQHVEECSCYPRYPGVRCVUCRDNWKGSNRPIDT
NIKDHSIVSRYVCSGLVGDTPRKSDSSSSSHCLNPNNEKGDHGYKGWAF
DDONDVWMGRTINETSRLGYETFKVVEGWENPKSKLOINRQVIVDRGD
RSGY SGIFSVEGKSCINRCFY VELIRGRKEETEVEWTSNSIVVFCGTSGTY
GTGSWPDGANLSLMHI

SEGQ ID | Nucleotide sequence of PB2 viral segment of A/Tasmania/503/2020

NQO: 96 | agcgaaageaggicaattatattcageatggaaagaatasaagaactacggaatctaatgicgeagicicgeacteg
cgagatactgacaaaaaccacagiggaccatatggocataattaagaagiacacatoggggagacaggaaaagaa
ceegteacttagaateaaatggateatgscaatgaaatatccaatiactgetgacaanaggataacagaaatggticc
ggagagaaatgaacaaggacaqacictatggagtaaaatgagtgatgctggatcagacagagtgatgatatcacctt
tggotgtaacatggtegaataggaatggacecgigacagatacggiccatiacccaaaagtgtacasaactiacticg
acaaagicgaaaggtiaaaacatggaacctitggocctgiccatittagaaatcaagicanaatacgaagaagagiag

gosagccagaataciaacatcagaatcacagotaacaataaciaaagagaaaaaagaagaaciccgagatigeaa
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aatitcteectigatgeicgcatacatgetagagagagaactigigeggaaaacaagatticicccagtigetggcgga
acaagcagtatatacatigaagtitiacattigacicaaggaacgtigtigggaacaaatgtacaciccaggizggagga
gteageaatgacgaigtigaccaaagectaatiatigeggocaggaacatagiaagaagagecgeagigicagegg
atccactegeatetitatiggagatgtgccacageacgeaaatiggeggaacaaggatggiggacaticttagacaga
accegactigaagaacaagetgigoatatatgcaaagetgeaatgggatigagaatcageteatctiicagetitggts
geticacattianaaagaacaagegggtegicagicaanagagaggaagaggtictiacaggcaaiciceagacatig
agaataagagtacatgagggetatgagoagttcacaalggiegaaaaaagagcaacagotaiactaagaaaagea
accagaagactggticaacicatagigagtggaagagacgaacagicaatagetgaagcaataategiggecatgg
tgttticacaagangatigegtoataanagcagtiagaggioacctgaatitigicaacagagcaaaicagegetigan
coccatgeatcagottitaagecattttcaganagatgcgaaagtacictifcaaaatiges sagtigaacacaicgac
agtgteatgooaaigotigoagtattaccagatatgaciccaageacagagatgicaaigagaggaataagagicag
caaaatgggtotooateaataciceaglacagagagggigetoottagcatigatcggtititgagagticgagacca
acgtegpaatgiattattatctoctgaggaggicagigaaacacagggaactgaaagactgaccataacttaticaica
tegatgatgtaggagatiaacggeccigagicggtitiggtcaatacctatcaatggatcatcaggaatigggaag ety
tcaaaaticaatggicicagaaccctgeaatgtigtacaacaaaatggaatitgaaccatticaatctitagiccocaag
gccactagaagecaatacagigggttigtcagaacictaticcaacaaatgagagacgtaatigggacatitgacact
goccagataataaagcticicectttgoagetgctccaccgaagcanagcagaatgoagticicticacigactgiga
aigtgaggogatcagggatgagaatactigtaagggecaatictectgtaticaactacaacaagaccactaaaagy
ctaacaatictiggaanagatgecggcactiiaatigaagacecagatgaaageacatecggagtggagicegeegt
ciigagagggttccteattataggiaaggaagacagaagatacggaccageatiaageatcaatgaactgagiaace
ttgcaaaagpggaaaaggctaatgtgctaatigggcaaggagacgtggtgtigataaigaaacggaaacgggactc

208 QOO
tagtatacttactgacagceagacagegaccaaaagaaticggatggccatcaatiaatactgaatagtitaaaaace
acctigttictact

SEQ ID | Nucleotide sequence of PB1 viral segment of A/Tasmanta/303/2020

NGO 97 | agegaaagcaggeanaccatitgaatggatgtcaatecgactctatigitcttaaaagticeagegeaaaatgecataa
gcacaacaticoectiatactggagatcctocatacagecatggaacagggacagegtacactatggacacagicaac
agaacacaccaatacicagagaggeooaaotooacoacaaatacagaaactggeectccocageicaacccaat
tgatggaccactaccigaggataalgaaccaagiggatatgeacaaacagactgigiectggaggctalggectioct
tgaagaatcecacceaggiatctitgaaaacicotgectigaaacaaiggaagecgiicaacagacaagggtagaca
aactaactcaaggicgocagactiatgatiggacaitaaacaggaaccaaccggeageaactigoatiggocaacac
catagaagtcttiagategaacggatiaacagcetaaigaatcaggaagoctaatagatitecicaaggatgtgatgga
atcaatggataaggaggaaatggagataacaacacactitcaaagaaaaagaagagtaagggacaacaigaccaa
gaaaatggtcacacaaagaacaatagggaaganaaaacaaagagtgaataagagagoctacctaataagagetot
gacatigaacacgatgaccaaggatecagagagaggcaaattaaaaagaaggoctatigeaacaccegggatec
aaattagaggaticgigtatticgtiganacttiagctagaageatitgegaaaaactigaacaatctggacticeggity
gggotaatgaaaagaagoccaaaciggeaaaigiigigagaaaaateatgactaaticacaagacacagagetitct
ticacaatcactggagacaacaciaagiggaatgaanatcaaaaceccegaatgtitiiggcaatgattacatatatea
caaagaaccaaccigaatggitcaganacatcetgageatogeaccaataatgtictcasacaaaatggeaagacty
sgaaaaggatacatgticgagagliaagagaatgaagoiccggacacaaataccigeagaaatigctageaagatig
acctgaagiatttcantgaaicaacaaggaagaaaatigagaaaataaggcctotictaatagatggaacageatcatt
gagcociggaatgatgatgeocatgticaacatgctaagtacagtittaggagtcicgatacigaatotiggacaaaag
aaatacaccaagacaacgtaciggteggalggactccaatecteagacgatitigeccicatagigaatgeaccaaat
catgaggpaatacaagcaggagiggatagatictataggaccigeaagitagigggaatcaacatgageaaaaaga
agtcctatataaataaaacagggacattigaaticactagcitctitiategatatggattigtggctaatittageaiggag
ctgccaagititggagteticizgaataaacgagteagetgacatgageatiggagtaacagteataaagaacaacat
gataaataatgacctiggaccageaacagoccaaatggciciccaatigticatoaaagatiacagatacacgtateg
gtgecatagaggagacacacaaatecaaacaagaagatcaticgagataaagaagctgtggoateaaaccoeaatc
anagacaggattattagtatcagatgggooaccaaacitatacaatatocgaaatettcacatcoctgaagtcigoite
aagtgggagcigalggatgataatiatcggggaagactttgtaalccectgaatecctttgicagecataaagaaatty

aaictigtaaacaatgctgtagtaatgccagcccatgeicca secaaaagiatggaataigalgcogtincgactacac
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actoctggaticecaaaaggaaccgcetctatictaaacacaagecaaaggggaaticiigaggatgaacaaatgtac
cagaagtgctpcaactigticgagaaatttticcotagtagticatataggagacegattggaattictageatggtsga
ggocatggtatCtagggocoggatigatgecagaatigacticgagictggaageatiaagaagpaagagtictcty

tte

agatcatgaagatcigiiccaccatigaagaacicagacggeaaaaataatgaattiagetigicoticatgaaaaaat
goctigtitotact

SEQ 1D | Nucleotide sequence of PA viral segment of A/Tasmania/S03/2020

NO: 98 | ageaasagcaggtactgaticaaaatggaagattitgtecgacaatgcticaaccogatgatigicgaactigcagaa
asagcaatgaaagagtatgeagaggatctgaaaatigasaccaacaaatiigeageaatatgeactcactiggaggt
gigtitcatgiattcagatiiceatticatcaatgaacaaggogaatcaatagtagtagaacttgacgatecaaatgeact
gttaaaacacagattigaaataategagggegagagacagaacaatggcciggacagtagtaaacagtatcigeaac

actactggagciggaaaaccgaagtititaccggatctgiatgatiacaaaganaacagaticatcgaaatiggagisa
caaggagagaagiccacatatatiacctigaaaaggocaataagatiaaatcagagaacacacacaticacattittic
attcactgggeageaaatgeccacaagggcagactacactetegacgaggaaageaggectaggattasaacca

gectatttacoataagacaagaaatgoccaacagageocicigggattoctifogicagicoganagaggcgaaga

aacaatigaagaaaaattigaaatcacaggaactatgegeaggetigecgaccaaagictoccacegaacticioctg
cottgagaatittagagectatgtgeategaticgaaccgaacggeigeatigaggocaagctitcicaaatgiccana
gaagtzaatgcccaaatigaaccttitcigaagacaacaccaagaccaaicaaacticetagtggacctectigitate

agegatccaaattectectigaiggatgctitgaaaligageatigaagacceaagticacgaaggagaagggaicoca
ttatatgatgcaatcaagigcataaaaacatictitggatgganagaaccitatatagicaaaccacacgaaaagggan
taaaticaaattacctgotgtcatggaageaagiactgtoagaatigeaggacatigaanatgaggagaagaticean

gaactaaaaacatgaagaaaacgagicaactgaagteooctcitgeigaaaacatggeaccagagaagatagactt
tgaasacigeagagacataagegatitgaagcaatatgacagigaagaaccigaatiaaggtcactticaageiggat
acaaagigagticaacaaggcecigigagctaacigaticaatciggatagageicgatganatiggagaggacgtag
coecaattgaacacatigeaageatgagaaggaatiatitcacageagaggtgtcccatigtagagctacigaataca
taatgaaaggggtatacattaatacigoeccigeicaatgeatocigigoggcaatggacgattitcaactaaticecatg
ataagcaagigcagaactaaagagooaagecgaaaaaccaattiatatggattcatcataaagggaagatctoatct
gaggaatgacacagacgigetaaactitgteagcatggagiitictcicacagatccgagactigaaccacataaatlg
ggagaaatatgigiectigagataggagatatgtiactaaggagtoccataggecaaatticaaggeogatgtictigt
atgtoagpeacaaacggaacaicasaagicaaaatgaaatggeoaatggagatgagacgtigectecticagicact

ceageagaicgagageatgattgaagecgagicctcagttanagagaaagacataaccaaagagtiititzagaata
aatcagaagcatggeccatiggegagicocecaaaggagiggaagaaggttccatigegaaagicigtaggactot
attggctaagicagiaticaatagcctgiatgcatoaccacaatiggaaggatiticageagaaicaagaaaactgcic

ctattgticaggotcttaggpacaaacicgaaccigggaccitigatctigggopoctatatgaapcaattgageagt
goctgattaatgatocctggatitigotcaatgeatetiggticaactecticotgacacatgcatiaaaatagttatagea
gtoctactattigttatccgiactgiccaaaaaaagtacetigtitetact

SEQ ID | Nucleotide sequence of NP viral segment of A/Tasmania/503/2020

N{: 99 | ageanaageagggtigataatcactcactgagtgacatcaaaatcatggegteccaaggoaccaaacggictiatga
acagatggaaactgatggagatcgccagaatgcaactgagattaggocatocgicgggaagatgatigatgsaatt

gggagatictacatccanatgigeactgaacttaaactcagigateatgaaggacggtigatccaaaatagetigaca

atagagaaaatggtactctetgetitigatgaaagaaggaataaatacctggangaacaccecagegegggganag
atccoaagaaaactgeagggeccatatacagaagagicgatggaaaatggatgagggaactogtoctitatgacaa
agaagaaataaggegaatciggegocaagocaacaatggigaggatgctacatetggictaacccacataatgattt
gegcaticcaattigaatgatgegacataccagaggacaagagciciigitcggactggaatggatcecagaatgiact
cictgatgeagggatcgacicicoctagaaggtccggagctecaggigetgoagicaaaggaatoggaacaatg gt
gatggaactgatcagaatgatcaaacgggggatcaacgatogaaatittiggagagaigagaatgeocgganaac

aagaagtectialgagagaatgigeaacaticttaaaggaaaatiicaaacagetgeacaaagageaatggiggate

aagicagagaaagicggaacccaggaaacgeigagategaagaicicatattittageaagatetgeacigatatiga
gaggatcagttgetcacaaatetigectacctaectgtgcatatggaccigeagtatecagiggitacgactitgaaaa
agagggatattcctiggtggeaatagacoctitcaaactacticaaaatagocaaatatacagetiaatcagacciaat

cagaatccageacacaagagicagctectgtosatoscateccaticigctgcattigaagatitaagatigtiaagct
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tcatcagagggeacaaaagtaictcctegggagaaacigtcaactagageagtacaaatigeitcaaatgagaacate
gataatatgggatcaageactotigaactgagaagogggtacigggccataaggacoaggagtggaggaaacact
aatcaacagagggcotccgeaggocaaaccagigtgeaacctacgtittctgtacasagaaacatoceatiigaaaa
gicaaccatcatggeageaticactggaaatacggaggeaagaacticagacatgageecagaaatcataaggatyg
alggaaggigcaaaaccagaagaagigicaticcgggggaggogastttticgagoetetcagacsagasgecage

gaaccegaicgigeccictitigatatgagtaacgaaggatetiatttcticggagacaatgeagaagagtacgacaat
taagaaaaaaatacecitgitictact

SEQ ID | Nucleotide sequence of NS viral segment of A/Tasmania/S03/2020

NG: agcaaaageagggigacaaagacataatggaticcaacacigtgteaagiticcagatagatigotitctiteggeatat
100 ceggaaacaagtigiaggaccaaaaacigagizatgccceaitocticgateggeticgergagatcagaggtccctaa
ggggaagaggcaatacicioggictagacatcaaateagecacceaigiiggaaageaaategiagaaaagatictg

aaaggagaatcigatgaggcactiaaaatgaceatggictcaacaccigeticgegatacataacigacatgactatt

gaggaatigtcaagaaactggticatgctaatgeccaageagaaggtgaageaccictitgeatcagaatggacca
gecaatcaiggagaanaacatcalgtiaaaagegaatitcantgigatiitiggcoggctagagaccatagtatigeta
agggctitcaccgaagagggageaatigtigsegaaatctcaccatigoctictiticcaggacatactatigaggatg
tcaaaaatgeaatiggogicctcateggaggactigaalggaatgataacacagticgagictetaaaaatetacaga
gatfcgetiggagaagceagicatgagaatgga sgacctocactiactocaaaacagaaacgagaaatggoegagan
cagctagetcagaagtiteaagagataagaiggotgatigaagagetsagacacagattaagaacaactigaaaata

gctttgaacaaataacaticatgcaagoattacaactactgttigaagiggaacaggagataagaactitictcatticag

citatttaatgataaaaaacacectigttictact

SEQ ID | Nucleotide sequence of M viral segment of A/Tasmania/503/2020

NO: agcaaaagceaggtagatatigaaagatgagcctictiaccgaggicgaaacgiatgtictcictatogticeateagge
101 cocctoaaagocgagatcgogeagagactigaagatetctiteciggsananacacagatctigagectctcatgga

atgettaaagacaagaccaaticigtcacctitgactaaggeeatittageattigtittcacgotcacegtgeccagty

agegaggactgeagegiagacgettigtocaaaatgecctcaatigggaatggagacecaaataacatiggacaaag

cagtiaaactgiataggaaacttaagaggeagataacgticcacggggecaaagaaatageictcagtiaticigety
gtgeactigecagtigeatggeocteatatacaataggatgggggcigiaaccactgaagtggeatitggectggiat
gtgcaacatgigageagatigeigaticccageacaggicicataggcagatggtggeaacaaccaatccattaata

aaacatgagaacagaatggititggecagcaciacagotaaggotatggagcaaatggcetggatcaagigagoaag
cageagageccatggagatigcetagicaggecaggeagatggiocaggcaatgagagcoatiggeacicatecta
gttccageactggictaagagatgatciictigaaaatitgcagacctatcagaaacgaaiggpoatocagatocaac
gattcaagigacecgetigitgitgccgogaatatcattgggatetigeactigatatigigoatictigatogictitititc
aaatgegtctategacteticanacacggoctiaanagaggecatictacggaaggiglacctgagictateaggeaa
gaataccgaaaggaacageagaatgeigiggatgcigacgacagicattitgicageatagaatiggagtaaaaaac

tacctigttictact
SEQ ID | Nuocleotide sequence of HA viral segment of A/Tasmama/503/2020
NO: agcaaaageagggataatictatiaaccatgaagactatcatigettigagetacaitetatgictigtiticgetcaaaa
102 aatecotggaaatgacaatagoacggcaacgetgigectiggacaccatgeagtaccaaacggaacgatagigaa

aacaatcacaaatgaccgaatigaagtiactaatgctacigagtigeticagaaticcticaataggigaaatatgcgac
agtccteatcagatectigatgeageoaacigoacactaatagatgeiciatiggeeeaccetcagigigacggctitc
aasataaggaatgegacctititgitgaacgaagcagagecaacageaacigitacectiatgatgigcoggaitaty
ceteecttaggtecactagtigecteateoggeacactggagtitaaaaatgaaageticaatiggactggagtcaaaca
aaacggaacaagticigegtgeataaggeuatctagtagtagtitiittagtagatiaaatiggtigacecactiasacta
cacatatccageactgaacgtzactatgecaaacaaggaacaatitgacaaatigiacattiggaasaticaccacce
gagtacggacaaggaccaaatctecctgitigetcaaccatcaggaagaatcacagiatctaccaaaagaagecaa
caagcigtaatcocaaataicggaictagaccoagaataaggpatatcoctagoagaataageatctaitggacaata
gtaaaaccgggagacatactitigattaacagracagggaatctaatigeticclaggggtiacticaaaatacgaagte
goaaaagcicaataatgagatcagatgeacceatiggcaaatgcaagtcigaatgeatcactocaaatggaagoatt
cocaatgacaaaccgticcanaatgtaaacaggateacatacggggecigicccagatatgicaageansagcacee
tgaaatiggcaacaggaatacgasatgtaccagaganacasaccagagecatattiseescaatagenootticat




WO 2024/261647 PCT/1B2024/055963

ti2

agaaaatggatgggagggaatggtogategtigatacggtitcaggcatcaanatictgagggaagaggacaags

agcagatcicaaaageacicaageageaategatcaaateaatgggaagctgaatcgatigaicggaaaaaccaac
gagaaaticoatcagatigaaaaagaatictcagaaglagaageaagapgttcaagacctigagaaatatgtigagsa

cactaaaatagatctetggicatacaacgetgagotictigtigecciggagaaccaacatacaatigacctaactigact
cagaaatgaacaaactgtiigasasaacaaagaageaacigaggganaatgetgagoatatggoaaatgoitaitic
aaaatataccacaaatgigacaatgectgeataggaicaataagaaatganactiatgaccacaatgigtacagggat
gaagceatiaaacaaccggitccagatcaagggagtigagetgaagicaggeiacaaagatiggatcctatggatitc

citigccatgteatgtittitpotitgiatigeitigtigg s pticatcatgigegcotgocaaaagggoaacatiagaizgca
acatttgcatiigagtocatiaattanaaacaccotigitctact

SEQ ID | Nucleotide sequence of NA viral segment of A/Tasmania/S03/2020

NGO agcaaaageaggagtaaagatgaatecaaatcaaaagataataacgatiggeictgtitctcicacaatitecacaata
103 tgcttcticatgeaaatigecatectgataactactgtaacatigeatticaagoaatatgaaticaactcccococanata

accaagigatgcigtoigaaccaacaataatagaaagaaacatgacagagatagtgtatitgaccaacaccaceata
gagaageaaatatgocecaaaccageagaatacagaaatiggicaaaaccgoaaigtggcattacaggatttgeac
ctttetetaaggacaaticgatiaggetitecgctggigaooacatetggotgacaagagaaccttatgigtcatgegat
citgacaagigtiatcaattigocctiggacagggaacaacaciasacaacgigeaticaaataacacagtacgigata
gaaccecttateggactctatigatgaatgagtigegigitectiiccatctggggaccaageaagtatgcatageaty
giccagoicaagiigicacgatggaaaageatggetgeatetitgtataacgggggatgataaaaatgcaactectag
cticattiacaatgggaggottgtagatagtetigtttcatgetccaacgataticticagaacceaggagtcagaatgcg
titgtatcaatggaactigtacagtagtaatgactgatggaaatgctacaggaaaagcigatactaaaataciaticatiy
aggaggooaaaategttcatactageaaatigtcageaagtecteageatgtcgaagagtacictigotatcctogat
atcetggigtcagatgigictgcagagacaactggasaggatccaaccggeccatcatagatataaacataaaggat
catagcatigtitccaggtatgtgtgtictygactigtiggagacacacccagaaaaagegacagetccageagtage
cattgitigaaccctaacaatgaaaaaggigateatggaginaaagecigeacciiigatgatggaasatgacgtste
atggggagaacaatcaacgagacgicacgottagggtatgaaaccticaaagicgtigaaggotiggicoaacceta
agtccaaattgeagataaataggoaagicatagtigacagaggigataggiceggtiatictggtattticicigtigaa
ggcazaagctecatcaalcgetoctittatgigoagtigatiagooosaagaanagagoaaacigaagictigigeac
cicaaacagtatigtigtatittgtggcaccteaggtacatatggaacaggetcatggecigalggggogaaceicagt
cicatgcatatataagciticecaatiftagaaaaaactectigitictact

SEQ ID | Amino acid sequence of PB2 protein of A/Tasmania/503/2020

NO: MERIKELRNLMSQSRTREILTKTTVDHMAHKKYTSGROEKNPSLRMEW
104 MMAMKYPITADKRITEMVPERNEQGOTLWSKMSDAGSDRVMVSPLAY
TWWNRNGPVTDTVHYPKVYKTYFDKVERLKHGTFGPVHFRNQVKIRRR
VDINPGHADLSAKEAQDVIMEVVFPNEVGARILTSESQUTITKEKKEELR
DCKISPLMVAYMLERELVRKTRFLPVAGGTSSIYIEVEHLTQGTCWEGM
YTPGGGVRNDDVDGSLIAARNIVRRAAVSADPLASLLEMCHSTQIGGTR
MVDILROQNPTEEQAVDICK AAMGLRISSSFSFGGFTFRKRTSGSSVKREEEY
LTGNLQTLRIRVHEGYEEFTMVGKRATAILRKATRRLVQLIVSGRDEQSI
AEATIVAMVEFSQEDCVIKAVRGDLNFVNRANQRLNPMHOQLLRHFQKDA
KVLFONWGVEHIDSVMGMVGVLPDMTPSTEMSMRGIRVSKMGVDEYSS
TERVVVSIDRFLRVRDOQROGNVLLSPEEVSETQGTERLTITYSSSMMWEIN
GPESVLVNTYQWHRNWEAVKIQWSONPAMLYNKMEFEPFOSLYVPKATR
SQYSGFVRTLFQUMRDVIGTFDTAGHKLLPFAAAPPKOSRMOFSSLTVN
VRGEGMRILVRONSPVFNYNKTTRKRLTILGKDAGTLIEDPDESTSGVESA
VLRGFLIIGEEDRRYGPALSINELSNLAKGEKANVLIGQGDVVLVMKRKR
DSSILTDSOTATKRIRMAIN

SEQ ID | Amino acid sequence of PBI protein of A/Tasmania/503/2020

NQO: MDPVNPTLLFLKVPAQNAISTTFPYTGDPPY SHGTGTOYTMDTVNRTHQY
105 SERGEWTINTETGAPQLNPIDGPLPEDNEPSGYAQTDCVLEAMAFLEESH
PGIFENSCLETMEAVQOTRVDELTQGROTYDWTLNRNQPAATALANTIE
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VFRSNGLTANESGRLIDFLKDVMESMDKEEMEITTHFORKRRVRDNMTK
KMYTQRTIGKKKQRYNKRGYLIRALTINTMTKDAERGKLKRRAIATPG
MQIRGFVYFVETLARSICEKLEQSGLPVGGNEKKAKLANVVRKMMTNS
QDTELSFTITGDNTKWNENQNPRMFLAMITYITENQPEWFRNILSTAPIMF
SNKMARLGKGYMFESKRMKLRTQIPAEMLASIDLEYFNESTRKKIEKIRP
LLIDGTASLSPGMMMGMFNMLSTVLGYSINLGQREKYTKTTYWWDGLQ
SSDDFALIVNAPNHEGIQAGVDRFYRTCKLVGINMSKKKSYINKTGTFEF
TSFEFYRYGEFVANFSMELPSFGVSGINESADMSIGVTVIKNNMINNDLGPA
TAQMALQLFIKDYRYTYRCHRGDTQIQTRRSFEIKKLWDQTQOSKTGLLY
SDGGPNLYNIRNLHIPEVCLKWELMDDNYRGRLONPLNPFVSHKEIESVN
NAVVMPAHGPAKSMEYDAVATTHSWIPKRNRSILNTSQRGILEBDEQMYQ
KCCONLFEKFFPSSSYRRPIGISSMVEAMVSRARIDARIDFESGRIKKEEFSEL
MEICSTIEELRROK

SEQ ID | Amino acid sequence of PB1-F2 protein of A/Tasmanita/503/2020

NO: MEQGOQGTLWTQSTEHINTQRGGSGROIQKLGLPSSTQLMDBHYLRIMNG
106 VDMHKQTVSWRLWPSLKNPTOVSLETPALKOQWKPENRQG

SEQ ID | Amino acid sequence of PA protein of A/Tasmania/503/2020

NG MEDFVRQCFNPMIVELAEKAMKEYGEDLKIETNKFAAICTHLEVCFMYS
107 DFHFINEQGESIVVELDDPNALLKHRFEHEGRDRTMAWTVVNSICNTTGA
GKPKFLPDLYDYKENRFIEIGVTRREVHIYYLEKANKIKSENTHIHIFSFTG
EEMATRADYTLDEESRARIKTRLFTIRQEMANRGLWDSFROSERGEETIE
EXFEITGTMRRLADQSLPPNFSCLENFRAYVDGFEPNGUIEGKLSOMSKE
VNAQIEPFLKTTPRPIKLPSGPPCY QRSKFLLMDALKLSIEDPSHEGEGIPL
YDAIKCIKTFFGWKEPYIVKPHEKGINSNYLLSWKQVLSELQDIENEEKIP
RTKNMERTSQLKWALGENMAPEKVDFENCRDISDLEQYDSEEPELRSLS
SWIQSEFNKACELTDSIWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRA
TEYIMKGVYINTALLNASCAAMDDFOLIPMISKCRTKEGRRETNLYGFU
KGRSHLRNDTDVYNEVSMEFSLTDPRLEPHKWEKYCVLEIGDMLLRSAT
GOISRPMFLY VRINGTSKVKMEWGMEMRRCLLQSLQOQIESMIEAESSVK
EXKDMTKEFFENKSEAWPIGESPKGVEEGSIGKVUORTLLAKSVENSLY ASP
QLEGFSAESRKLLLIVQALRDKLEPGTFBLGGLYEAIEECLINDPWVLLNA
SWFEFNSFLTHALK

SEQ ID | Amino acid sequence of NP protein of A/Tasnania/503/2020

NG: MASQGTERSYEQMETDGDRONATEIRASVGKMIDGIGRFYIQMCTELKL
108 SDHEGRLIQNSLTIEKMVLSAFDERRNKYLEEHPSAGKDPRKETGGPIYRR
VDGEKWMRELVLYBKEEIRRIWRQANNGEDATSGETHIMIWHSNLNDAT
YORTRALVRTGMDPRMCSLMQGSTLPRRSGAAGAAVEGIGTMVMELIR
MIKRGINDRNFWRGENGREKTRSAYERMUONILKGKFQTAAQRAMVBQVR
ESRNPGNAEIEDLIFLARSALILRGSVAHKSCLPACAYGPAVSSGYDFEKE
GYSLVGIDPFKLLONSQIY SLIRPNENPAHKSQLVWMACHSAAFEDLRLL
SFIRGTKVSPRGKLSTRGVQIASNENMDNMGSSTLELRSGYWAIRTRSGG
NTINQORASAGQTSVQPTFSVQRNIPFEKSTIMAAFTGNTEGRTSDMRAER
RMMEGAKPEEVSFRGRGVFELSDEKAANPIVPSFDMSNEGSYFFGDNAE
EYDN

SEQ ID | Amino acid sequence of NST protein of A/Tasmania/503/2020

NG: MDSNTVSSFOQVDCFLWHIRKQVVDOKLSDAPFLDRLRRDOQRSLRGRGNT
109 LOLDIKSATHVGKOQIVEKILKGESDEALKMTMVSTPASRY ITDMTIEELSR
NWFMLMPKOKVEGPLCIRMDQATMEKNIMEKANFNVIFGRLETIVLLRA
FTEEGAIVGEISPLPSFPGHTIEDVKNAIGVLIGGLEWNDNTVRVSKNLQR
FAWRSSHENGGPPLTPKOKREMARTARSEY
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SEQ 1D | Amino acid sequence of NEP protein of A/Tasmania/303/2020

NO: MDSNTVSSFQDILLRMSKMOLGSSSEDENGMITOFESLKIYRDSLGEAVM
110 RMGDLHLLONRNGKWREQLGOKFEEIRWLIEEVRHRLRTTENSFEQITF
MOALQLLFEVEQEIRTFSFQLI

SEQ ID | Amino acid sequence of M1 protein of A/Tasmania/503/2020

NG MSLLTEVETYVLSIVPSGPLKAEIAQRLEDVFAGKNTDLEALMEWLKTRP
111 ILSPLTKGILGFVFTLTVPSERGLORRRFVONALNGNGDPNNMDKAVKLY
RELKREITFHGAKEIALSYSAGALASCMGLIYNRMGAVTTEVAFGLVCA
TCEQIADSQHRSHROMVATTINPLIKHENRMVLASTTAKAMEQMAGSSE
CAAEAMEIASQARQMVOAMRAIGTHPSSSTGLRDDLLENLOTYQKRMG
VOMORFK

SEQ ID | Anuno acid sequence of M2 protein of A/Tasmania/S03/2020

NO: MSLLTEVETPIRNEWGCRONDSSDPLVVAANHGILHUILWILDRLFFKCY
112 YRUFKHGLEKRGHSTEGVPESMREEYRKEQONAVDADDSHEVSIELE

SEQ ID | Anino acid sequence of HA proten of A/Tasmania/503/2020

NO: MKTHALSYILCLVFAQEIPGNDNSTATLCLGHHAVPNGTIVKTITNDRIEY
t3 TNATELVONSSIGEICDSPHQILDGGNCTLIDALLGDPQCDGFONKEWDL
FYERSRANSNCYPYDVPDY ASLRSLVASSGTLEFKNESFNWTGVKONGT
SSACIRGSSSSFFSRENWLTHLNY TYPALNVTIMPNKEQFDKLYIWGVHHP
STDKDQISLFAQPSGRITVSTKRSQQAVIPNIGSRPRIRDIPSRISIYWTIVKP
GBILLINSTGNLIAPRGY FKIRSGKSSIMRSDAPIGKCKSECITPNGSIPNDK
PFONVNRITYGACPRYVKOSTLKLATOGMRNVPERKQTRGIFGATAGFIENG
WEGMVDGWYGFRAEONSEGRGOAADLKSTQAAIDQINGKLNRLIGKTNE
KFHOIEKEFSEVEGRVOQDLEKY VEDTKIDLWSYNAELLVALENQHTIDLY
DSEMNKLFEKTKKQLRENAEDMONGCFKIYHKCDNACIGSIRNETY DHN
VYRDEALNNRFOIKGYVELKSGYKDWILWISFAMSCFLLCIALLGFIMWAC
QEGNIRCNICT

SEQ ID | Amino acid sequence of NA protein of A/Tasmania/S03/2020

NO: MNPNOKUTIGSVSLTISTICFFMGIATLITTVTLHFK QY EENSPPNNQVMLC
114 EPTHERNMTEIVYLTNTTIEKEICPKPAEYRNWSKPQCGITGFAPFSKDNS!
RLSAGGDIWVTREPYVSCDLDKCYQFALGQGTTLNNVHSNNTVRDRTP
YRTLLIMNELGVPFHLGTKOVCIAWSSSSCHDGKAWLHVCITGDDENAT
ASFIYNGRLVDSVVSWSNDILRTQESECVCINGTCTVVMTDGNATGKAD
TKILFIEEGRIVHTSKLSGSAQHVEECSCYPRYPGVRCVCRDNWERGSNRPL
IDINIKDHSIVSRYVCSGLVGDTPRKSDSSSSSHCLNPNNEKGDHGVEGW
AFDDONDVWMGRTINETSRLGY ETFKVYEGWSNPKSKLOINROVIVDRG
DRSGYSGIFSVEGKSCINRCFY VELIRGRKEETEVLWITSNSIVVFCUGTSGT
YGTGSWPDGANLSLMHI

SEQ ID | Nucleotide sequence of 57 non-coding region

NO: AGCIA/GIAAAGCAGG
115

SEQ ID | Nucleotide scquence of 37 non-coding region
NG: CCTTGTTTICTACT
116
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CLAIMS:

1. An isolated influenza virus comprising one or more of PA, PB1, PB2, NP, M and NS
viral segments that encode oune or more viral proteins that independently comprise, consist of
or consist essentially of an amino acid sequence selected from the group consisting of SEQ 1D
NQs: 9-17, 28-36, 47-35, 66-74, 85-93 and 104-112, or a fragment, varant or derivative

thereof.

2. The isolated influenza virus of Claim 1, comprising one or more of the PB2, PBI, PA,
M, NP and NS viral segments that mdependently comprise. consist of or consist essentially of
a nucleotide sequence selected from the group consisting of SEQ ID NQOs: 1-6, 20-25, 39-44,
58-63, 77-82 and 96-101, or a fragment, variant or denvative thereof,

3. The isolated nfluenza virus of Claim 1, wherein the isolated influenza virus is capable
of enhanced replication when grown in cells relative to a wild-type wnfluenza virus isolate that

does not comprise the one or more PA, PB1, PB2, NP, M and NS viral segments.

4, The isolated influenza virus of Claim |, wherein the isolated influenza virus is capable
of enhanced yield of a viral protein when grown in cells relative to a wild-type mfluenza virus

isolate that does not comprise the one or more PA, PBI, PB2, NP, M and NS viral segments.

5. The 1solated influenza virus of Claim 4, wherein the viral protem is a haemagghutinin
{(HA) protein.

s, The isolated influenza virus of Claim 3, wherein the cells are MDCK cells.

7. The isolated influenza viras of Clarm 1, comprising five or six of the PA, PB1, PB2,

NP, M and NS viral segments that encode one or more viral proteins that independently
comprise, consist of or consist essentially of an amino acid sequence sclected from those set
forth in:

{a) SEQ ID NOs: 9-17 or a fragment, variant or derivative thereof!

(b} SEQ ID NOs: 28-36 or a fragment, variant or derivative thereof,

{c) SEQ Iy NOs: 47-53 or a fragment, varant or derivative thereof,

{d)y SEQ ID NOs: 66-74, or a fragment, variant or denvative thereof)
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{c) SEQ ID NOs: 83-93, or a fragment, variant or derivative thereof; or

(f} SEQ 1D NGs: 104-112, or a fragment, vanant or derivative thereof.

8. The 1solated influenza virus of Claim 1, comprising five or six of the PA, PBI, PB2,
NP, M and NS viral scgments that independently comprise, consist of or consist essentially of
a nucleotide sequence selected from those set forth in:

{a) SEQ ID NOs: 1-6 or a fragment, variant or denvative thercof]

¢(b) SEQ D NOs: 20-25 or a fragment, varant or dernivative thereof,

{c) SEQ ID NOs: 39-44 or a fragment, variant or derivative thereof,

{d} SEQ 1D NOs: 58-63 or a fragment, variant or derivative thereof

{c) SEQ I NOs: 77-82, or a fragment, variant or derivative thereof, or

{f) SEQ ID NOs: 86-101, or a fragment, variant or denivative thereof,

9. The 1solated inthuenza virus of Claim 1, further comprising a heterologous or chimeric

HA viral segment and a heterologous or chimenc NA viral scgment.

10. The isolated nfluenza virus of Claim 1, wherein the isolated influenza virus is of a N1,

NZ, N3, N7, or N9 subtype.

11 The isolated influenza virus of Claim 10, wherein the isolated influenza virus is of an

N1 or N2 subtype.

12. The isolated mfluenza virus of Claim |, wherein the isolated influenza virasis of a Hi,

H2, H3, HS, H7, or HY subtype.

i

(5]

The 1solated mfluenza virus of Claim 12, wheren the solated mfluenza virus 1s of a Hi

or H3 subtype.

14. The isolated influenza virus of Clawm 1, wherein the isclated influenza virus 18 of a

HINT subtype or a H3N2 subtype.

15, The 1solated influenza virus of Claim 1, which 1s a recombinant mfluenza vurus.

16. The wsolated influenza virus of Claim 1, which 1s a reassortant influenza virus.
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17 A method of preparing an influenza virus, said method including the step of contacting
a cell with one or more genctic constructs that encode one or more viral proteins that
mndependently comprise, consist of or consist essentially of an amino acid sequence selected
from the group consisting of SEQ ID NQOs: 9-17, 28-36, 47-585, 66-74, 85-93 and 104-112, or

a fragment, variant or derivative thergof.

18, The method of Claim 17, wherein the one or more genetic constructs comprise or
encode one or more of PB2, PBL, PA, M, NP and NS viral segments that independently
comprise, consist of or consist essentially of a mucleotide sequence selected from the group
consisting of SEQ ID NOs: 1-6, 20-235, 39-44, 58-63, 77-82 and 96-101, or a fragment, variant

or derivative thereof.

19, The method of Claim 17, further including the step of isolating or harvesting the

influenza virus from the cells.

20, A method of preparing an influenza virus, said method including the step of contacting
a cell with an isolated influenza virus coraprising one or more of PA, PBY, PB2, NP, M and
N8 viral segments that encode one or more viral proteins that independently comprise, consist
of or consist essentially of an aming acitd sequence selected from the group consisting of SEQ
1D NOs: 9-17, 28-36, 47-33, 66-74, 85-93 and 104-112, or a fragment, variant or derivative

thereof.

21. The method of Claim 20, wherein the 1solated wnfluenza virus 1s that of Claim 1.

22 The method of Claimm 20, further including the step of isolating or harvesting the

nfluenza virus from the cells.

23, Anisolated influenza virus prepared by the method of Claim 17,
24, Anisolated influenza virus prepared by the method of Claim 20.
25, An isolated cell infected with the isolated influenza viras of Claim 1.
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26, The tsolated cell of Claim 285, wheremn the cell 1s an MDCK cell.

27, A genetic construct that oncodes onc or more viral protems that indepeandently
comaprise, consist of or consist essentially of an amino acid sequence sclected from the group
consisting of SEQ ID NOs: 9-17, 28-36, 47-55, 66-74, 85-93 and 104-112, or a fragment,

variant or derivative thereof.

28, A plurality of genetic constructs that encode one or more viral proteins that
independently comprise, consist of or consist essentially of an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 9-17, 28-36, 47-35, 66-74, 85-93 and 104-11Z, or

a fragment, variant or derivative thereof

29 The genetic construct of Claim 27 or the plurality of genetic constracts of Claim 26,
wherein the genetic construct or the plurality of genetic constructs comprise or encode one or
more of PB2, PBI, PA, M, NP and NS viral segments that mdependently comprise, consist of
or consist essentially of a nucleotide sequence selected from the group consisting of SEQ ID
NGs: 1-6, 20-25, 39-44, 58-63, 77-82 and 96-101, or a nucleotide sequence complementary

thereto, or a fragment, varant or derivative thercof.

3(.  The plarality of genetic constructs of Claim 28, wherein the genetic constract or the
plurality of genctic constructs comprise or encode one or mare of PB2, PBI. PA, M, NP and
NS viral segmenis that independently comprise, consist of or consist essentiallv of a nucleotide
sequence selected from the group consisting of SEG 1D NOs: 1-6, 20-23, 39-44, 38-63, 77-82
and 96-101, or a mucleotide sequence complementary thereto, or a fragment, variant or

derivaiive thereof.

31 A method of making an immunogenic composition, including the steps of:

{a) providing the isolated influenza virns of Clam 1 and/or a viral protein derived
therefrom; and

(b} combining the isolated mfluenza virus and/or the viral protein with an adiuvant

and/or treating the isolated influenza virus with an agent that inactivates the virus.
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32, The method of Claim 31, wherein the adjuvant comprises an immunostimulatory DNA
sequence, a bacterium-derived component, an aluminium salt (alum} or a squalene otl-in-water

cmulsion systom.

33, An immunogenic composition produced according to the method of Claim 31.
34, An jousunogenic composition comprising the isolated influenza virus of Clam |

and/or a viral protein derived therefrom and a pharmmaceuntically acceptable camer, diluent or

excipiont.

35 A method of clictting an tmuune response i a subject, said method including the step
of administering a therapeutically effective amount of the isolated influenza virus of Clam |,
a viral protein derived therefrom or an immunogenic composttion comprising the isclated

influenza virus 1o the subject to thereby elicit the immune response in the subject.

36. A method of preventing and/or treating an influenza-associated disease, disorder or
condition in a subject, said method including the step of administering a therapeutically
cffective amount of the isolated influenza virus of Claim 1, and/or a viral protein derived
therefrom or an immunogenic composition comprising the isolated nfluenza virus to the

subject to thereby prevent and/or treat the influenza-associated disease, disorder or condition.

37. Use of the isolated influenza virus of Clamm 1, a viral protein denved therefrom or an
mmunogenic composition comprising the isolated mfluenza virus in the manufacture of a

medicament for eliciting an immune response in a subject.

38. Use of the isolated mnfluenza virus of Claim 1, a viral protemn derived therefrom or an
immuonogenic composition comprising the isolated mfluenza virus in the manufacture of a
medicament for preventing and/or treating an intlucnza-associated disease. disorder or

condition in a subject.

39 The isolated influenza virus of Claim 1, a viral protein derived therefrom or an

Hnmunogenic coraposition comprising the isolated 1nfluenza virus for use in therapy.
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40.  The wisolated wfluenza virus of Claim 1, a viral protemn devived therefrom or an
immunogenic composition comprising the isolated influenza virus for use in a method of

cliciting an imomune response in a subjoct.

41, The isolated influenza virus of Claim 1, a viral protein derived therefrom or an
immunogenic composition comprising the isolated influenza virus for use in a method of

preventing and/or freating an intluenza-~associated discase, disorder or condition in a subject.



