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INFLUENZA HEMAGGLUTININ AND NEURAMINIDASE VARIANTS

Abstract

Polypeptides, polynucleotides, methods, compositions, and vaccines comprising influenza
hemagglutinin and neuraminidase variants are provided.

{No accompanying figure)
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INFLUENZA HEMAGGLUTININ AND NEURAMINIDASE
VARJANTS

BACKGROUND OF THE INVENTION

{6001] Vaccines against various and evolving strains of influenza are important from a
community health standpoint, as well as commercially, since cach vear numerous individuals are
infected with different strains and types of influenza virus. Infants, the elderly, those without
adequate health care and immuno-compronyised persons are at special risk of death from such
infections. Compounding the problem of influenza infections is that novel influenza strains
evolve readily and can spread between various species, thereby necessitating the continuous

production of new vaccines.

[6602] Numerous vaccines capable of producing a protective immune response specific
for different influenza viruses/virus strains have been produced for over 50 years and include
whole virus vaccines, split virus vaccines, surface antigen vaccines and live attenuated virus
vaccines. However, while appropriate formulations of any of these vaccine types are capable of
producing a systemic immune response, live attenuated virus vaccines have the advantage of also
being able to stimulate local mucosal immunity in the respiratory tract. Considerable work in the
production of influenza viruses, and fragments thereof, for production of vaccines has been done

by the present inventors and co-workers; see, e.g., U.S. Application No. 60/420,708, filed

Anrl 35 2007 and 178 Annliratinn
LD O0Y 8344 LG AP 42, 20005, 804G ULS. APDPLICalior

October 23, 2002, U8, Application Ne, 10/423,828, filed A
No. 60/574,117, filed May 24, 2004, all entitled “Multi-Plasmid System for the Production of

influenza Virus.”

{6003} Because of the continual emergence {or re-emergence) or different influenza
strains, new influenza vaccines are continually desired. Such vaccines typically are created
using antigenic moicties of the newly emergent virus strains so, therefore, polypeptides and
polynucleotides of novel, newly emergent, or newly re-emergent virus strains {especially
sequences of antigenic genes) are highly desirable. Furthermore, such sequences within
preferred vectors are also quite highly desired.

[6684] The present invention provides new and/or newly isolated influenza
hemagglutinin and newraminidase variants, optionally within preferred vectors, that are capable
of use in production of numerous types of vaceines as well as in research, diagnostics, ete.

Numerous other benefits will become apparent upon review of the following
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SUMBMARY OF THE INVENTION

[6005] In some aspects herein, the invention comprises an isolated or recombinant
polypeptide that is selected from: the polypeptides comprising an amino acid sequence encoded
by any one of the nucleotide sequences selected from SEQ ID N(O:1,3,5,7, 9, 11, 13,15, 17,
19, 21, 23, 25 and27; the polypeptides comprising an amino acid scquence encoded by any one
of the nucleotide sequences selected from residues 74-1060 of SEQ ID NO:1, residues 1061-
1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:S5, residues 1059-1724 of SEQ ID
NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ 1D NO:9, residues 1117-
1785 of SEQ ID NO:9, residues 78-1064 of SEQ D NO:13, residues 1065-1727 of SEQ ID
NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17, residues
78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ
ID NO:25, residues 1116-1787 of SEQ ID N(O:25; the polypeptides comprising an amino acid
sequence selected from SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28; the
polypeptides comprising an amino acid sequence selected from: residues 17-345 of SEQ ID
NO:2, residues 346-566 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues 344-565
of SEQ ID NO:6, residues 18-361 of SEQ ID NO:10, residues 16-361 of SEQ 1D NO:10 and
residues 362-584 of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14, residues 346-566 of
SEQ ID NO:14, residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18§,
residues 16-362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22, residucs 16-362 of
SEQ ID NO:26 and residues 363-585 of SEQ ID NO:26; any polypeptide that is encoded by a
polynucleotide sequence which hybridizes under highly stringent conditions over substantially
the entire length of a polynuclectide sequence of the sequence listing; and, a fragment of any of
the above wherein the sequence comprises a hemagglutinin or neuraminidase polypeptide, or a
fragment of a hemagglutinin or neuraminidase polypeptide. In various embodiments, the
isolated or recombinant polypeptides of the invention are substantially identical to about 300
contiguous amino acid residues of any of the above polypeptides. In yet other embodiments, the
invention compriscs isolated or recombinant polypeptides (comprising hemagglutinin or
neuraminidase or fragments of hemagglutinin or neuraminidase), that comprise an amino acid
sequence that is substantially identical over at least about 350 amino acids; over at least about
400 amino acids; over at least about 450 amino acids; over at least about 500 amino acids; over
at least about 502 amino acids; over at least about 550 amino acids; over at least about 559
amino acids; over at least about 565 amino acids; or over at lcast about 566 amino acids

contiguous of any of SEQ ID NO: 2,4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28. In yet
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other embodiments, the invention comprises isolated or recombinant polypeptides (e.g.,
comprising neuraminidase, hemagglutinin or fragments of neuraminidase or hemagglutinin), that
comprise an amino acid sequence that is substantially identical over at least about 350 amino
acids; over at least about 400 amino acids; over at least about 436 amino acids; over at least
about 450 amino acids; over at lcast about 451 amino acids; over at least about 465 amino acids;
over at least about 466 amino acids; over at least about 469 amino acids; or over at least about
470 amino acids contiguous of any of the polypeptides of any of SEQ ID NO: 2,4, 6, 8, 10, 12,
14, 16, 18,20, 22, 24, 26 and 28. Of course, in some embodiments, the polypeptide sequence
{e.g., as listed in the scquence listing herein, ¢.g., SEQID NO: 2, 4,6, 8, 10, 12, 14, 16, 18, 20,
22,24, 26 and 28) comprises less than 565, 559, cte. amino acids. In vet other embodiments, the
polypeptides of the invention optionally comprise fusion proteins, proteins with a leader
sequence, a precursor polypeptide, proteins with a secretion signal or a localization signal, or
proteins with an epitope tag, an E-tag, or a His epitope tag, etc. In still other embodiments, the
invention compriscs a polypeptide comprising a sequence having at least 95%, at least 96%, at
least 97%, at least 98%, at least 98.5%, at least 99%, at least 99.2%, at least 99.4%, at least
99.6%, at least 99.8%, or at least 99.9% sequence identity to at least one polypeptide listed above
(c.g.,of SEQID NO:2,4,6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28, residucs 17-345 of
SEQ ID NO:2, residues 346-366 of SEQ ID NO:2, residues 18-343 of SEQ 1D NO:6, residues
344-365 of SEQ ID NO:6, residues 18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID
NG:10 and residues 362-584 of SEQ 1D NO:10, residues 17-345 of SEQ ID NO:14, residues
346-566 of SEQ 1D NO:14, residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID
NO:18, residues 16-362 of SEQ ID NO:22, residues 363-585 of SEQ ID N{:22, residues 16-
362 of SEQ 112 NO:26 and residues 363-585 of SEQ ID N(:26). In some embodiments, such
polypeptides are immunogenic. The HA sequences of the invention can comprise both those

sequences with unmedified and those with modified polybasic cleavage sites.

EHEE in other aspects, the invention comprises a composition with one or more
polypeptide listed above, or fragments thercof. The invention also includes polypeptides that are
specifically bound by a polyclonal antisera raised against at least 1 antigen that comprises at least
one amino acid sequence described above (e.g., SEQID NO: 2,4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24, 26 and 28, residues 17-345 of SEQ ID NQ:2, residucs 346-566 of SEQ ID NO:2,
residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID NO:6, residues 18-361 of SEQ
1D NO:10, residues 16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:140,
residues 17-343 of SEQ ID NO:14, residues 346-566 of SEQ ID NO:14, residues 18-343 of
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SEQ ID NO:18, residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQ ID NO:22,
residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID N(:26 and residues 363-585
of SEQ ID NO:26), or a fragment thereof. Such antibodies specific for the polypeptides
described above are also features of the invention. The polypeptides of the invention are

optionally immunogenic.

[0667] The invention also encompasses immunogenic compositions comprising an
immunologically ¢ffective amount of one or more of the polypeptides described above, as well
as methods for stimulating the immune system of an individual to produce a protective immane
response against an influenza virus comprising administering to the individual an
immunologically effective amount of one or more of the polypeptides described above (e.g., 2
polypeptide comprising the amino acid sequence of SEQ ID NO: 2,4, 6, 8, 10, 12, 14, 16, 1§,
20,22, 24, 26 or 28, residues 17-345 of SEQ ID NO:2, residues 346-566 of SEQ ID NO:2,
residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID NO:6, residues 18-361 of SEQ
ID NO:10, residues 16-361 of SEQ 1D NO:10 and residues 362-584 of SEQ ID NO:10,
residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID NO:14, residues 18-343 of
SEQ ID NO:18, residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQ ID NO:22,
residues 363-385 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26 or residues 363-585 of
SEQ ID NO:26) in a physiologically acceptable carrier. In one embodiment, an immunogenic
composition of the invention is a trivalent immunogenic composition comprising three
reassortant influenza viruses. In one embodiment, an immunogenic composition of the invention
is a trivalent immunogenic composition comprising two reassortant influenza A viruses and a
reassortant influenza B virus. In onc embodiment, an immunogenic composition of the invention
is a trivalent immumogenic composition comprising a reassortant influenza A virus of the H1
type, a reassoriant influenza A virus of the H3 type and a reassortant influenza B virus. In
another embodiment, an immunogenic composition of the invention is a tetravalent
immunogenic composition comprising four reassortant influenza viruses. In one embodiment, an
immunogenic composition of the invention is a tetravalent immunogenic composition
comprising two reassortant influenza A viruses and two reassortant influenza B viruses. Inone
embodiment, an immunogenic composition of the invention is a tetravalent immunogenic
composition comprising a reassortant influenza A virus of the Hl type, a reassortant influenza A
virus of the H3 type, a reassortant influenza B virus of the Victoria lineage and a reasortant

influenza B virus of the Yamagata lincage.
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[6068] Additionally, the invention encompasses a reassortant influenza virus that
comprises a genome segment encoding one or more of the polypeptides described above (e.g.,a
polypeptide comprising the amino acid sequence of SEQ ID NO: 2,4, 6, 8,10, 12, 14, 16, 18,
20, 22, 24, 26 or 28, residues 17-345 of SEQ ID NO:2, residues 346-566 of SEQ ID NO:2,
residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID NO:6, residues 18-361 of SEQ
ID NO:10, residues 16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:10,
residues 17-345 of SEQ ID NO: 14, residues 346-566 of SEQ ID NO:14, residues 18-343 of
SEQ ID NO:18, residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQ ID NO:22,
residues 363-385 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26 or residues 363-585 of
SEQ ID NO:26), in addition to immunogenic compositions comprising an immunologically
effective amount of such reassortant influenza virus. Methods for stimulating the immune
system of an individual to produce a protective immune response against influenza virus
comprising administering an immunologically effective amount of such reassortant influenza
virus in a physiologically acceptable carrier are also part of the invention. In one embodiment, a
reassortant influenza virus of the invention is a 6:2 reassortant virus comprising 6 internal
genome segments from one or more donor virus {e.g. A/AA/6/60, B/Ann Arbor/1/66, A/Puerto
Rico/8/34, which is more commonly known as PR8, B/Leningrad/14/17/55, B/14/5/1,
B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/14/55, or B/England/2608/76) and further
comprising 2 genome segments {typically and preferably encoding HA and NA or fragments
thereof) comprising a polynucleotide having a nucleotide sequence selected from SEQ ID NO:
1,3,5,7,9,11,13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061~
1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NQO:5, residucs 1059-1724 of SEQID
NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-
1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQID
NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17, residues
78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEG
ID NO:25, and residues 1116-1787 of SEQ ID NO:25 or from nucleotide sequences similar, as
defined herein, to SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25 and 27. Immunogenic

compositions comprising such reassortant (recombinant) virus are also features of the invention.

{6009] In other aspects, the invention comprises an isolated or recombinant
polynucleotide that is selected from: the polynucleotides comprising a nucleotide sequence
selected from SEQID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25 and 27 or complementary

sequences thereof; the polynucleotides comprising a nucleotide sequence selected from residues
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74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID
NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-
1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID
NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues
1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ
ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25 or
complementary sequences thercof; the polynucleotides encoding a polypeptide comprising an
antino acid sequence selected from SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and
28, residues 17-345 of SEQ ID NO:2, residues 346-566 of SEQ ID NO:2, residues 18-343 of
SEQ ID NO:6, residues 344-565 of SEQ ID NO:6, residues 18-361 of SEQ ID NO:10, residues
16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:10, residues 17-345 of SEQ ID
NO: 14, residues 346-566 of SEQ ID NO:14, residues 18-343 of SEQ ID NO:18, residues 344-
565 of SEQ 1D NQO:18, residues 16-362 of SEQ ID NO:22, residues 363-585 of SEQ ID
NO:22, residues 16-362 of SEQ ID NO:26 and residues 363-585 of SEQ ID NO:26 or
complementary nucleotide sequences thereof; a polynucleotide sequence which hybridizes under
highly stringent conditions over substantially the entire length of any of the above polynucleotide
sequences, and a polynucleotide sequence comprising all or a fragment of any of the above
polynuclestide sequences wherein the sequence encodes a hemagglutinin or neuraminidase
polypeptide or one or more HA or NA fragments. Such polynucleotides can be DNA, RNA,
cRNA, DNARNA hybrids, single stranded polynucleotide, double stranded polynucleotide, etc.
The invention also includes any of the above polynucleotides that encode a hemagglutinin or
neuraminidase polypeptide, or a hemagglutinin or neuraminidase fragments. Other aspects of
the invention include isolated or recombinant polynucleotides that encode a polypeptide
{optionally a hemagglutinin or neuraminidase polypeptide) whose sequence has at least 95%
identity, at least 96% identity, at least 97% identity, at least 98% identity, at least 98.5% identity,
at least 99% identity, at least 99.2% identity, at least 99.4% identity, at least 99.6% identity, at
least 99.8% identity, or at [east 39.9% identity to at least one of the above described polypeptide.
The invention also includes isolated or recombinant polynucleotides encoding a polypeptide of
hemagglutinin or neuraminidase produced by mutating or recombining one or more above
described polynucleotide sequence. The polynucleotide sequences of the invention can
optionally comprise one or more of, .g., a leader sequence, a precursor sequence, or an epitope
tag sequence or the like, and can optionally encode a fusion protein {e.g., with one or more
additional nuclotide sequences). Such polynucleotides of the invention can optionally encode

immunogenic polypeptides.
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(6616} In yet other embodiments, the invention comprises a compaosition of matter
having two or more of the above described polynucleotides or fragments thereof (e.g., a library
comprising at least about 2, 5, 10, 50 or more polynucleotides). Such compositions can
optionally be produced by cleaving one or more above described polynucleotide (e.g.,
mechanically, chemically, enzymatically with a restriction endonuclease/RNAse/DNAse, etc.),
Other compositions of the invention include, e.g., compositions produced by incubating one or
more above described polynucleotide in the presence of deoxyribounucleotide triphosphates and a
thermostable polymerase. Immunogenic compositions having an immunologically effective

amount of any of the above polynucleotides arc also within the current invention,

{8011] Also within the invention are reassortant influenza viruses comprising any of the
above described polynucleotides. In one embodiment such reassortant viruses are 6:2 reassortant
viruses comprising 6 internal genome segments from one or more donor virus {(e.g., A/AA/E/60,
BIAA/L/66 (also sometimes referred to herein as B/Ann Atbor/1/66), B/Leningrad/14/17/55,
B/14/5/1, B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/14/55, or B/England/2608/76 or
A/Puerto Rico/8/34) and 2 genome segments comprising a polynucleotide having a nucleotide
sequence selected from SEQ 1D NQO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-
1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues $1-1058 of SEQ ID
NO:S, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:S, residues 79-
1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID
WNO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues
1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ
ID NO:21, residues 75-1115 of SEQ 1D NO:25, and residues 1116-1787 of SEQ ID NO:2S. In
one embodiment, the two genome segments encode a hemagglutinin and/or neuraminidase.
Immunogenic compositions comprising immunologically effective amounts of such

reassortant/recombinant influenza virus are also within purview of the current invention.

(6612} Vectors comprising one or more polynucleotide having a nucleotide sequence
selected from SEQ ID NO: 1, 3,5,7,9, 11,13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of
SEQID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5,
residues 1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ D NO:9, residues 79-1116 of
SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13,
residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-
1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID
NO:21, residues 75-1115 of SEQ D NO:25, and residues 1116-1787 of SEQ ID NO:25 or
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fragments thereof are also within the current invention. Such vectors (e.g., expression vectors)
can optionally be plasmids, cosmids, phage, viruses, virus fragments, etc. Especially preferred
embodiments comprise plasmid vectors useful in plasmid rescue methods to produce virus (e.g.,
typically reassortant/recombinant virus for use in vaccines). Examples of such plasmid systems
are disclosed in, e.g., U.S. Application No. 60/420,708, filed October 23, 2002, U.S. Application
No. 10/423,828, filed April 25, 2003, and U.S. Application No. 60/574,117, filed May 24, 2004,
all entitled “Multi-Plasmid System for the Production of Influenza Virus”; Hoffmann, E., 2000,
PNAS, 97(11):6108-6113; U.S. Published Patent Application No. 20020164770 to Hoffimann;
and USPN 6,544,785 issued April 8, 2003 to Palese, et al. Cells comprising such vectors, as well
as cells transduced, transformed, transfected, etc. with such vectors, are also within the current

nvention.

[6613] The invention also encompasses cells comprising at least one above described
polynucleotide, or a cleaved or amplified fragment or product thereof. Such cells can optionally
express a polypeptide encoded by such polynucleotide. Other embodiments of the invention
include vectors (e.g., plasmids, cosmids, phage, viruses, virus fragments, etc.) comprising any of

above described polynucleotide. In one embodiment, such vectors are expression veciors.

{0614] The invention also encompasses a virus {¢.g., an influenza virus) comprising one
or more above described polynucleotide (e.g., a polynucleotide comprising a nucleotide sequence
selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of
SEQ ID NQ:1, residues 1061-1723 of SEQ ID NO:1, residucs 81-1058 of SEQ ID NO:5,
residues 1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of
SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13,
residues 1063-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-
1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID
NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25 and
optionally encoding a hemagglutinin and/or neuraminidase), or one or more fragments thercof.
In one embodiment, such viruscs are reassortant/recombinant viruses. Immunogenic
compositions comprising a reassortant/recombinant virus of the invention are also part of the
current invention. In one embodiment, a reassortant virus of the invention is a 6:2 reassortant
comprising 6 internal genome segments from one or more donor virus (¢.g., a master donor virus
or a backbone virus such as A/AA/6/60, B/AA/1/66, A/Puerto Rico/8/34, B/Leningrad/14/17/55,
B/14/5/1, B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/14/55, or B/England/2608/76, etc.)

and 2 genome segments comprising a polynucleotide having a nucleotide sequence selected from
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SEQID NO:1,3,5,7,9,11, 13,15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1,
residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-1724
of SEQ ID NO:3, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NG9,
residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727
of SEQ ID NO:13, residues 78-1055 of SEQ 1D NO:17, residues 1056-1721 of SEGQ ID NO:17,
residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115
of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25. In another embodiment, a
reassortant virus of the invention is a 7:1 reassortant comprising 6 internal genome segments and
1 hemagglutinine or neuramidinasc encoding genome scgment from one or more donor virus
{e.g., a master donor virus or a backbone virus such as A/AA/6/60, B/AA/1/66, A/Puerto
Rico/8/34, B/Leningrad/14/17/55, B/14/5/1, B/USSR/60/69, B/Leningrad/179/86,
B/Leningrad/14/55, or B/England/2608/76, etc.) and further comprising 1 genome segment
comprising a polynucleotide having a nucleotide sequence selected from SEQ ID NO: 1,3, 5,7,
9,11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of
SEQ ID NO:1, residues 81-1038 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5,
residues 835-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residucs 1117-1785 of
SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ 1D NO:17, residues 78-1118
of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ I3 NO:25,
and residues 1116-1787 of SEQ ID NO:25. Reassortant viruses {optionally live viruses) of the
mvention can include donor viruses that are one or more of, e.g., temperature-sensitive (#s), cold-
adapted (ca}, or attenuated {a#7). In one embodiment, reassortant viruses of the invention
comprise at least one, at least two, at least three, at least four, at least five or six internal genome
segments of any one of A/Ann Arbor/6/60, B/Ann Arbor/1/66, A/Puerto Rico/8/34,
B/Leningrad/14/17/35, B/14/5/1, B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/14/55, or
B/England/2608/76. In many embodiments, the produced viruses are live viruses {e.g., to be
used in vaccines, etc.). Other embodiments include dead or inactivated viruses {e.g., also
capable of use in vaccines, etc.). Cells comprising a virus of the invention are also products of

the invention.

6615} Methods of producing a reassortant/recombinant influenza virus through culturing
a host cell harboring a polynucleotide of the invention are also contemplated. In one

embodiment, a2 method of the invention comprises:
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introducing a plurality of vectors comprising polynucleotides corresponding to an
influenza virus genome into a population of host cells, which plurality comprises at least 6
internal genome segments of a first influenza strain (e.g., A/AA/6/60, B/AA/1/66, A/PR/8/34,

/Leningrad/14/17/55, B/14/5/1, B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/14/55, or

B/England/2608/76), and at least one genome segment comprising a polynucleotide having a
nucleotide sequence selected from SEQ ID NO: 1, 3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27,
residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of
SEQID NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9,
residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of
SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17,
residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-
1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ
ID NO:25, and wherein the population of host cells is capable of supporting replication of
influenza virus;

culturing the population of host cells; and

recovering a plurality of influenza viruses.
In one embodiment, the first influenza strain is cold-adapted and/or temperature sensitive and/or
attenuated. In one embodiment, a virus produced by a method of the invention is suitable for
administration as part of an intranasal vaccine formulation. In another embodiment, a virus
produced by a method of the invention is suitable for administration as killed or inactivated
vaccine formulations, live/attenuated non-nasal vaccine formulations, etc. In one embodiment, a
virus produced by a method of the invention is an influenza A virus. In one embodiment, a virus
produced by a method of the invention is an influenza B virus. Host cells for such methods can
optionally comprise, e.g., Vero cells, Per(C6 cells, MDCK cells, 293T cells, COS cells, etc. In
one embodiment, a method of the invention does not comprise the use of a helper virus. In one
embodiment, the plurality of vectors is eight plasmid vectors.
[6816] In other embodiments herein, the invention comprises immunogenic compositions
having an immunologically effective amount of one or more of the above described reassortant
influenza viruses (e.g., a live virus). Other embodiments include methods for stimulating the
immune system of an individual to produce a protective immune response against influcnza virus
comprising administering to the individual an immunelogically effective amount of one or more
of the reassortant influcnza viruses described above (optionally in a physiologically effective

carrier).
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{8017} Other aspects of the invention include methods of producing an isolated or
recombinant polypeptide comprising an amino acid sequence selected from SEQ ID NO.: SEQ
1D NG:Z, 4,6, 8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, residues 17-345 of SEQ ID NO:2,
residues 346-366 of SEQ ID NO:2, residues 18-343 of SEQ 1D NO:6, residues 344-565 of SEQ
1D NO:6, residues 18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID NO:10 and residues
362-584 of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID
NO:14, residues 18-343 of SEQ 1D NO:18, residues 344-565 of SEQ ID NO:18, residues 16-
362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26
and residues 363-585 of SEQ ID NO:26 comprising culturing a host cell comprising s
polynucleotide described above in a suitable culture redium under conditions permitting
expression of the recorsbinant polypeptide and, isolating the polypeptide from one or more of the

host cell or the mediur in which it is grown.

{6618] Immunogenic compositions are also features of the invention. For example,
immunogenic compositions comprising one or more of the polypeptides (e.g., a polypeptide
cotnprising an amino acid sequence selected from SEQ ID NO.: 2,4, 6, &, 10, 12, 14, 16, 18, 20,
22,24, 26, 28, residucs 17-345 of SEQ ID NO:2, residues 346-566 of SEQ ID NQO:2, residues
18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID NO:§, residues 18-361 of SEQID
NO:10, residues 16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:10, residues
17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID NO:14, residuss 18-343 of SEQID
NO:18, residues 344-565 of SEQ 1D NO:18, residues 16-362 of SEQ ID NO:22, residues 363-
585 of SEQ ID N(:22, residues 16-362 of SEQ ID NOG:26 and residues 363-585 of SEQID
NO:26) and/or polynucleotides {¢.g., a polynucleotide comprising a nucleotide sequence selected
from SEQID NO:1,3,5,7,9, 11,13, 15,17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID
NO:1, residues 1061-1723 of SEQ 1D NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-
1724 of SEQ 1D NO:5, residues 85-1116 of SEQ I NO:9, residues 79-1116 of SEQID NG9,
residucs 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727
of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQID NO:17,
residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115
of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25) of the invention and, optionally,
an excipient such as a pharrnaceutically acceptable excipient or one or more pharmaceutically
acceptable administration component. In some embodiments, an immunogenic compositions of

the invention comprises a reassortant virus of the invention.
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[6019] Methods of producing an influenza virus vaccine are also included in the
invention. For example, the invention includes introducing a plurality of vectors {e.g., plasmid
vectors) comprising polynucleotides corresponding to an influenza virus genome {¢.g., influenza
A or B) into a population of host cells that is capable of supporting replication of such virus,
culturing the cells, recovering a plurality of influenza viruses and providing onc or more
pharmaceutically acceptable excipient with such virus to an individual (e.g., one in need of such
treatment). Such viruses can optionally be cold-adapted and/or temperature sensitive and/or
attenuated and preferably are suitable for administration in an intranasal vaccine formulation. In
one embodiment, the plurality of vectors comprise polynucleotides corresponding to 6 internal
genome segments of a first influenza strain (e.g., A/AA/6/60, B/AA/1/66, A/PR/8/34,
B/Leningrad/14/17/55, B/14/5/1, B/USSR/60/69, B/Leningrad/179/86, B/Leningrad/ 14/55, or
B/England/2608/76) and one or two genome segments comprising a polynucleotide having a
nucleotide sequence selected from SEQ 1D NO: 1,3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27,
residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of
SEQ ID NO:35, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9,
residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID N(:9, residues 78-1064 of
SEQ ID NO:13, residucs 1065-1727 of SEQ ID NO:13, residues 78-10335 of SEQ ID NO:17,
residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ 1D NO:21, residues 1119-
1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ
ID NO:25 wherein the one or two genome segment optionally encodes an immunogenic
influenza surface antigen of a second influenza strain. In one embodiment, a method of the
invention comprises: introducing a plurality of vectors comprising polynucleotides
corresponding to an influenza virus genome into a population of host cells, which plurality
comprises at least 6 internal genome segments of a first influenza strain (e.g., A/AA/6/60,
B/AA/1/66, A/PR/8/34, B/Leningrad/14/17/55, B/14/5/1, B/USSR/60/69, B/Leningrad/179/86,
B/Leningrad/14/55, or B/England/2608/76), and at least one genome segment comprising a
polynucleotide having a nucleotide sequence selected from SEQID NO: 1, 3,5,7,9, 11, 13, 15,
17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1,
residues 81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of
SEQ I NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9,
residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1053
of SEQ ID NO:17, residues 1056-1721 of SEQ 1D NO:17, residues 78-1118 of SEQ ID NO:21,
residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-

1787 of SEQ ID NO:25, and wherein the population of host cells is capable of supporting
i2
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replication of influenza virus; culturing the population of host cells; and recovering a plurality of

influcnza viruses,

{8628} Methods of producing an immunogenic response in a subject comprising
administering of an effective amount of any of the above described viruses to a subject are also
within the current invention. Additionally, methods of prophylactic or therapeutic treatment of a
viral infection (¢.g., viral influenza) in a subject comprising administering one or more above
described virus in an amount effective to produce an immunogenic response against the viral
infection are also part of the current invention. Subjects for such treatment can include mammals
{¢.g., humans). Such methods can also comprise in vivo administration to the subject as well as
in vitro of ex vivo administration to one or more cells of the subject. Additionally, such methods
can also comprise administration of a composition of the virus and a pharmaceutically acceptable
excipient that is administered to the subject in an amount effective to prophylactically or

therapeutically treat the viral infection.

[082%] The invention also comprises compositions of matter having one or more
sequence selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-
1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues §1-1058 of SEQ ID
NG5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:S, residuecs 79-
1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID
NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1035 of SEQ ID NQO:17, residues

1056-1721 of SEQ ID NO:17. regidue

(56 of SEC I NO:17, residues 78-1118 of SEQ ID NO:Z1, v
I NO:21, residues 75-1115 of SEQ 1D NO:25, and residues 1116-1787 of SEG ID NO23,
and a selected master donor virus, typically wherein the selected sequence and the master donor
virus comprise a 6:2 reassortment, L.e., the HA and NA herein reassorted with the other six
influenza genes from the donor virus. Such donor viruses are typically ca, af, #s influenza
strains. For example, typically donor strains can include, ¢. g., A/Am Arbor/6/60, B/Ann
Arbor/1/66, A/Puerto Rico/8/34, B/Leningrad/14/17/55, B/14/5/1, B/USSR/60/69,
B/Leningrad/179/86, B/Leningrad/14/55, or B/England/2608/76 and varianis thereof. Those of
skill in the art will appreciate that typically donor strains can vary from reassortant to reassortant,
Thus, those variations are also encompassed within the current invention. Another element of
the invention comprises one or more live attenuated influenza vaccine comprising such
compositions, ¢.g., those having sequences herein reassorted in a 6:2 manner with a selected

master donor virus,
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[60622] Other aspects of the invention include, compositions of matter comprising a
hemagglutinin polynucleotide and/or a neuraminidase polynucleotide reassorted with one or
more master donor virus, again typically a ca, att, ts influenza virus, wherein the polynucleotide
comprises a same virus strain as one or more virus strain of SEQ ID NO: 1, 3,5,7,9, 11, 13, 15,
17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1,
residues 81-1058 of SEQ ID NO:3, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of
SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9,
residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1035
of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21,
residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-
1787 of SEQ ID NO:25. Such hemagglutinin and/or neuraminidase polynucleotide is typically
determined to be “within the same strain” when it produces a titer that is within a four-fold range
of another virus (¢.g., ones having the sequences listed herein) as measured by a hemagglutinin
inhibition assay. As described below, however, other common assays can also be utilized to

determine whether polynucleotides (i.e., viruses comprising such) are within the same strain.

[6623] These and other objects and features of the invention will become more fully
apparent when the following detailed description is read in conjunction with the accompanying

figures and claims.

BRIEF DESCRIPTION OF THE FIGURES
{6024} Figure 1 displays the Sequence Listing of variant hemagglutinin and

neuraminidase polynuclestides and polypeptides of the invention.

[6625] Figure 2 displays an alternative organization of variant hemagglutinin and

neuraminidase sequences as found in Figure 1.

DETAILED DESCRIPTION

{6026} The present invention includes polypeptide and polynucleotide sequences of
influenza hemagglutinin and neuraminidase as well as vectors, viruses, vaccines, compositions
and the like comprising such sequences and methods of their use. Additional features of the

invention are described in more detail herein.
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DEFINITIONS

{66271 Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as conunonly understood by one of ordinary skill in the art to which the invention
pertains. The following definitions supplement those in the art and are directed to the current
application and are not necessarily to be imputed to any related or unrelated case, e. g., to any
commonly owned patent or application. Although any methods and materials similar or
equivalent to those described herein can be used in the practice for testing of the present
invention, the preferred materials and methods are described herein. Accordingly, the
terminology used herein is for the purposc of describing particular embodiments only, and is not

intended to be limiting. Additional terms are defined and described throughout.

{6028} As used in this specification and the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
cxample, reference to “a virus” includes a plurality of viruses; reference to a “host cell” includes

mixtures of host cells, and the like.

[8629] The terms “nucleic acid,” “polynucleotide,” “polynucleotide sequence,” and
“nucleic acid sequence” refer to single-stranded or double-stranded deoxyribonucleotide or
ribonucleotide polymers, chimeras or analogues thereof, or a character string representing such,
depending on context. As used herein, the term optionally includes polymers of analogs of

naturally occurring nucleotides having the essential nature of natural nucleotides in that they
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{e.g., peptide nucleic acids). Unless otherwise indicated, a particular nucleic acid sequence of
this invention optionally encompasses complementary sequences in addition to the sequence
explicitly indicated. From any specified polynucieotide sequence, cither the given nucleic acid
or the complementary polynucleotide sequence (e.g., the complementary nucleic acid) can be

determined.

168363 The term “nucleic acid” or “polynucleotide” also encompasses any physical string
of monomer units that can be corresponded to a string of nucleotides, including a polymer of
nucleotides {e.g., a typical DNA or RNA polymer), PNAs, modified oligonucleotides {e.g.,
oligonucleotides comprising bases that are not typical to biological RNA or DNA in solution,
such as 2’-O-methylated oligonucleotides), and the like. A nucleic acid can be ¢.g., single-

stranded or double-stranded.
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(8031} A “subsequence” is any portion of an entire sequence, up fo and including the
complete sequence. Typically, a subsequence comprises less than the full-length sequence. A
“unique subsequence” is a subsequence that is not found in any previously determined influenza
polynucleotide or polypeptide sequence The phrase “substantially identical,” in the context of
two nucleic acids or polypeptides (e.g., DNAs encoding a HA or NA molecule, or the amino acid
sequence of a HA or NA molecule) refers to two or more sequences or subsequences that have at
least about 90%, preferably 91%, most preferably 92%, 93%, 94%, 95%, 96%, 97%, 98%,
98.5%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more
nucleotide or amino acid residue identity, when compared and aligned for maxinwm

correspondence, as measured using a sequence comparison algorithm or by visual inspection.

{8832} The term “variant” with respect to a polypeptide refers o an amino acid sequence
that is altered by one or more amino acids with respect to a reference sequence. The variant can
have “conservative” changes, wherein a substituted aming acid has similar structural or chemical
properties, €.g., replacement of leucine with isoleucine. Alternatively, a variant can have “pon-
conservative” changes, ¢.g., replacement of a glycine with a tryptophan. Analogous minor
variation can also include amino acid deletion or insertion, or both. Guidance in determining
which amino acid residues can be substituted, inserted, or deleted without eliminating biological
or impunoclogical activity can be found using computer programs well known in the art, for
example, DNASTAR software. Examples of conservative substitutions are also described

herein.

{6033] The term “gene” is used broadly o refer to any nucleic acid associated with a
biological function. Thus, genes include coding sequences and/or the regulatory sequences
required for their expression. The term “gene” applies to a specific genomic sequence, as well as

t0 a2 cDNA or an mRNA encoded by that genomic sequence.

[6634] The “ncuraminidase” polypeptides of the invention show immunelogical cross
reactivity with one or more known ncuraminidase molecule from an influenza virus. The
literature is replete with examples of such known neuraminidases (e.g., in GenBank, in
publications from the CDC, etc.). Similarly, the “hemagglutinin” polypeptides of the invention
show imnmunological cross-reactivity with one or more known hemagglutinin moleculs from an
influenza virus. Again, the literature is replete with examples of such known hemagglutinin

molecules.
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[6635] (enes also include non-expressed nucleic acid segments that, for example, form
recognition sequences for other proteins. Non-expressed regulatory sequences include
“promoters” and “‘enhancers,” to which regulatory proteins such as transcription factors bind,
resulting in transcription of adjacent or nearby sequences. A “tissue specific” promoter or

enhancer is one that regulates transcription in a specific tissue type or cell type, or types.

{6836} “Expression of a gene” or “cxpression of a nucleic acid” typically means
transcription of DNA into RNA (optionally including modification of the RNA, e.g., splicing) or
transcription of RNA into mRNA, translation of RNA into a polypeptide (possibly including
subsequent modification of the polypeptide, e.g., post-translational modification), or both

transcription and translation, as indicated by the context.

68371 An “open reading frame” or “ORF” is a possible translational reading frame of
DNA or RNA (e.g., of a gene), which is capable of being translated into a polypeptide. That is,
the reading frame is not interrupted by stop codons. However, it should be noted that the term
ORF does not necessarily indicate that the polynucleotide is, in fact, translated into a

polypeptide.

[6638] The term “vector” refers to the means by which a nucleic acid can be propagated
and/or transferred between organisms, cells, or cellular components. Vectors include plasmids,
viruses, bacteriophages, pro-viruses, phagemids, fransposons, artificial chromosomes, and the
tike, that replicate autonomously or can integrate into a chromosome of a host cell. A vector can
also be a naked RNA polymucleotide, a naked DNA polynucieotide, a polynucleotide composed
of both DNA and RNA within the same strand, a poly-lysine-conjugated DNA or RNA, 2
peptide-conjugated DNA or RNA, a liposome-conjugated DNA, or the like, that is not
autonomously replicating. In many, but not all, common embodiments, the vectors of the

present invention are plasmids.

{06839} An “expression vector” is a vector, such as a plasmid that is capable of promoting
expression, as well as replication of a nucleic acid incorporated therein. Typically, the nucleic
acid to be expressed is “operably linked” to a promoter and/or enhancer, and is subject to
transcription regulatory control by the promoter and/or enhancer.

[3046] A “bi-directional expression vector” is characterized by two alternative promoters
oriented in the opposite direction relative to a mucleic acid situated between the two promoters,

such that expression can be initiated in both orientations vesulting in, e.g., transcription of both

plus (+) or sense strand, and negative {-) or antisense strand RNAs,
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{0041} An “amino acid sequence” is a polymer of amino acid residues (a protein,
polypeptide, etc.) or a character string representing an amino acid polymer, depending on

context.

[6042] A “polypeptide” is a polymer comprising two or more amino acid residues (e.g., a
peptide or a protein). The polymer can optionally comprise modifications such as glycosylation
or the like. The amino acid residues of the polypeptide can be natural or non-natural and can be

unsubstituted, unmodified, substituted or modified.

{6043] In the context of the invention, the term “isolated” refers to a biological material,
such as a virus, a nucleic acid or a protein, which is substantially free from components that
normally accompany or interact with it in its naturally occurring environment. The isolated
biological material optionally comprises additional material not found with the biological
material in its natural environment, e.g., 2 cell or wild-type virus. For example, if the material is
in its natural environment, such as a cell, the material can have been placed at a location in the
cell (e.g., genome or genetic element) not native to such material found in that environment. For
example, a naturally ocourring nucleic acid {e.g., a coding sequence, a promoter, an enhancer,
etc.) becomes isolated if it is introduced by non-naturally occurring means to a locus of the
genome (e.g., 2 vector, such as a plasmid or virus vector, or amplicon) not native to that nucleic
acid. Such nuocleic acids are also referred to as “heterologous” nucleic acids. Ax isolated virus,
for example, is in an environment {e.g., a cell culture system, or purified from cell culture) other

than the native environment of wild-type virus {¢.g., the nasopharynx of an infected individual).

[6044] The term “chimeric” or “chimera,” when referring to a virus, indicates that the
virus includes genetic and/or polypeptide components derived from more than one parental viral
strain or source. Similarly, the term “chimeric” or “chimera,” when referting to a viral protein,
indicates that the protein includes polypeptide components (i.e., amino acid subsequences)
derived from more than one parental viral strain or source. As will be apparent herein, such
chimeric viruses are typically reassortant/recombinant viruses. Thus, in some embodiments, a
chimera can optionally include, e.g., a sequence (e.g., of HA and/or NA) from an A influenza
virus placed into a backbone comprised of, or constructed/derived from a B influenza virus (e.g.,
B/AA/1/66, etc.) or a B influenza virus sequence placed into an A influenza virus backbone (i.e.,

donor virus) such as, e.g., A/AA/6/60, etc.

{0045] The term “recombinant” indicates that the material (e.g., a nucleic acid or protein)

has been artificially or synthetically (non-naturally) altered by human intervention. The
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alteration can be performed on the material within, or removed from, its natural environment or
state. Specifically, e.g., an influenza virus is recombinant when it is produced by the expression
of a recombinant nucleic acid. For example, a “recombinant nucleic acid” is one that is made by
recombining nucleic acids, €.g., during cloning, DNA shuffling or other procedures, or by
chemical or other mutagenesis; a “recombinant polypeptide” or “recombinant protein” is a
polypeptide or protein which is produced by expression of a recombinant nucleic acid; and a
“recombinant virus,” e.g., a recombinant influenza virus, is produced by the expression of a

recombinant nucleic acid.

{0046} The term “reassortant,” when referring to a virus (typically hercin, an influenza
virus), indicates that the virus includes genetic and/or polypeptide components derived from
more than one parental viral strain or source. For example, a 7:1 reassortant includes 7 viral
genome segments (or gene segmentis) derived from a first parental virus, and a single
complementary viral genome segment, e.g., encoding a hemagglutinin or neuraminidase such as
those listed in the SEQ ID Tables herein (e.g., SEQ ID NO: 1-28). A 6:2 reassortant includes 6
genome segments, most commonly the 6 internal genome segments from a first parental virus,
and two complementary segments, ¢.g., hemagglutinin and neuraminidase genome segmenst,
from one or more different parental virus. Reassortant viruses can also, depending upon context

herein, be termed as “chimeric” and/or “recombinant.”

[6047] The term “introduced” when referring to a heterologous or isolated nucleic acid
refers to the incorporation of a nucleic acid into a cukaryotic or prokaryotic cell where the

nucleic acid can be incorporated into the genome of the cell {e.g., chromosome, plasmid, plastid
or mitochondrial DNA), converted into an autonomous replicon, or transiently expressed (e.g.,
transfected mRNA). The term includes such methods as “infection,” “iransfection,”
“transformation,” and “transduction.” In the context of the invention a variety of methods can be
employed to introduce nucleic acids into cells, including electroporation, calcium phosphate

precipitation, lipid mediated transfection (lipofection), etc.

[6448] The term “host cell” means a cell that contains a heterologous nucleic acid, such
as a vector or a virus, and supports the replication and/or expression of the nucleic acid. Host
cells can be prokaryotic cells such as E. coli, or eukaryotic cells such as yeast, insect, amphibian,
avian or mammalian cells, including human cells. Exemplary host cells can include, e.g., Vero
(African green monkey kidney) cells, BHK (baby hamster kidney) cells, primary chick kidney
(PCK) cells, Madin-Darby Canine Kidney (MDCK) cells, Madin-Darby Bovine Kidney
(MDBK) cells, 293 cells (e.g., 2937 cells), and COS cells (e.g., COS1, COS7 cells), etc. In
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other embodiments, host cells can optionally include eggs (e.g., hen eggs, embryonated hen epgs,

etc.).

{6049] An “immunologically effective amount” of influenza virus is an amoust sufficient
to enhance an individual’s (c.g., a human’s) own immune response against a subsequent
exposure to influenza virus. Levels of induced immunity can be monitored, e.g., by measuring
amounts of neutralizing secretory and/or serum antibodies, .g., by plaque neutralization,

complement fixation, enzyme-linked immunosorbent, or microneutralization assay.

[6656] A “protective immune response” against influenza virus refers to an immune
response exhibited by an individual (e.g., 2 human) that is protective against disease when the
individual is subsequently exposed to and/or infected with wild-type influenza virus. In some
instances, the wild-type (¢.g., naturally circulating) influenza virus can still cause infection, but it
cannot cause a serious or life-threatening infection. Typically, the protective immune response
results in detectable levels of host engendered serum and secretory antibodies that are capable of
neutralizing virus of the same strain and/or subgroup (and possibly also of a different, non-

vaccine strain and/or subgroup) in vifro and in vivo.

[6051] As used herein, an “antibody” is a protein comprising one or more polypeptides
substantially or partially encoded by immunoglobulin genes or fragments of immunoglobulin
genes. The recognized immunoglobulin genes include the kappa, lambda, alpha, gamma, delta,
epsilon and mu constant region genes, as well as myriad immunoglobulin variable region genes.
Light chains are classified as either kappa or lambda. Heavy chaing are classified as gamma, mu,
alpha, delta, or epsilon, which in tum define the immunoglobulin classes, IgG, IgM, IgA, IgD
and IgF, respectively. A typical immunoglobulin (antibody) structural unit comprises a tetramer.
Each tetramer is composed of two identical pairs of polypeptide chains, cach pair having one
“light” (about 25 kIJ) and one “heavy” chain (about 5(-70 kD). The N-terminus of each chain
defines a variable region of about 100 to 110 or more amino acids primarily responsible for
antigen recognition. The terms variable light chain (VL) and variable heavy chain (VH) refer to
these light and heavy chains respectively. Antibodies exist as intact immunoglobulinsoras a
number of well-characterized fragments produced by digestion with various peptidases. Thus,
for example, pepsin digests an antibody below the disulfide linkages in the hinge region to
produce F(ab)'2, a dimer of Fab which itselfis a light chain joined to VH-CH1 by a disulfide
bond. The F(ab)'2 may be reduced under mild conditions to break the disulfide linkage in the
hinge region thereby converting the (Fab')2 dimer into a Fab' monomer. The Fab' monomer 18

essentially a Fab with part of the hinge region (see Fundamental Immunology, W. E. Paul, ed.,
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Raven Press, N.Y. (1999) for a more detailed description of other antibody fragmenis). While
various antibody fragments are defined in terms of the digestion of an intact antibody, one of
skill will appreciate that such Fab' fragments may be synthesized de novo either chemically or by
utilizing recombinant DNA methodology. Thus, the term antibody, as used herein, inchudes
antibodies or fragments cither produced by the modification of whole antibodies or synthesized
de novo using recombinant DNA methodologies. Antibodies inchude, e.g., polyclonal antibodies,
monoclonal antibodies, multiple or single chain antibodies, including single chain Fv (sFv or
sckv) antibodies in which a variable heavy and a variable light chain are joined together {directly

or through a peptide linker) to form a continuous polypeptide, and humanized or chimeric

antibodies.
INFLUENZA VIRUS
[0652] The polypeptides and polynucleotides of the invention are variants of influenza

HA and/or NA scquences. See, e.g., the Sequence Listing in Figures 1 and 2 below. In general,
influcnza viruses are made up of an internal ribonucleoprotein core containing a segmented
single-stranded RNA genome and an outer lipoprotein envelope lined by a matrix protein. The
genome of influenza viruses is composed of cight segments of linear () strand ribonucleic acid
(RNA), encoding the immunogenic hemagglutinin (HA) and neuraminidase (NA) proteins, and
six internal core polypeptides: the nucleocapsid nucleoprotein (NP); matrix proteins (M); non-
structural proteins (NS); and 3 RNA polymerase (PA, PB1, PB2) proteins. During replication,
the genomic viral RNA is transcribed inte (+) strand messenger RNA. and (-) strand ZenOmic
¢RNA in the nucleus of the host cell. Each of the eight genomic segments is packaged into
ribonucleoprotein complexes that contain, in addition to the RNA, NP and a polymerase complex
(PB1, PB2, and PA). The hemagglutinin molecule consists of a surface glycoprotein and acts to
bind to N-AcetyiNeuraminic acid (NeulNAG), also known as sialic acid, on host cell surface
receptors. In some embodiments berein, the polypeptides of the invention (and polypeptides
encoded by the polynucleotides of the invention) can act to bind NeulNAc whether in vitro or in
vive. Such action can in some embodiments also be done by fragments of hemagglutinin which
retain hemagglutinin activity. Hemagglutinin is made up of two subunits, HA1 and HA2 and the
entire structure is about 550 amino acids in length and about 220 kD. Neuraminidase molecules
cleave terminal sialic acid residues from cell surface receptors of influenza virus, thereby
releasing virions from infected cells. Neuraminidase also removes sialic acid from newly made
hemagglutinin and neuraminidase molecules. In some embodiments herein, the polypeptides of
the invention (and polypeptides encoded by the polynucleotides of the invention) can act to
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cleave sialic acid residues whether in vitro or in vive. This action can also be done in some
embodiments by fragments of neuraminidase which retain neuraminidase activity. The
neuraminidase polypeptides of the invention show immunological cross reactivity with one or
more known neuraminidase molecule from an influenza virus. The literature is replete with
examples of such known neuraminidases (e.g., in GenBank, in publications from the CDC, etc).
Similarly, the hemagglutinin polypeptides of the invention show immunological cross-reactivity
with one or more known hemagglutinin molecule from an influenza virus. Again, the literature

is repiete with examples of such known hemagglutinin molecules.

{0653] Influenza is commenly grouped into influenza A and influenza B categories, as
well as a typically less important C category. Influenza A and influenza B viruses each contain
cight segments of single stranded RNA with negative polarity. The influenza A genome encodes
eleven polypeptides. Segments 1-3 encode three polypeptides, making up a RNA-dependent
RNA polymerase. Segment | encodes the polymerase complex protein PB2. The remaining
polymerase proteins PB1 and PA are encoded by segment 2 and segment 3, respectively. In
addition, segment 1 of some influenza strains encodes a small protein, PB1-F2, produced from
an alternative reading frame within the PB1 coding region. Scgment 4 encodes the
hemagglutinin (HA) surface glycoprotein involved in cell attachment and entry during infection.
Segment 5 encodes the nucleocapsid nucleoprotein (NP) polypeptide, the major structural
component associated with viral RNA. Segment 6 encodes a neuranninidase (NA) envelope
glycoprotein. Segment 7 encodes two matrix proteins, designated M1 and M2, which are
translated from differentially spliced mRNAs. Scgment 8 encodes NS1 and NSZ, two
nonstructural proteins, which are franslated from altemnatively spliced mRNA variants. The eight
genome segments of influenza B encode 11 proteins. The three largest genes code for
components of the RNA polymerase, PB1, PB2 and PA. Segment 4 encodes the HA protein.
Segment 5 encodes NP. Segment 6 encodes the NA protein and the NB protein. Both proteins,
NB and NA, are translated from overlapping reading frames of a bicistronic mRNA. Segment 7
of influenza B also encodes two proteins: M1 and BM2. The smallest segment encodes two
products: NS1 is translated from the full length RNA, while NS2 is translated from a spliced
mRNA variant.

[6854] fluenza types A and B are typically associated with influenza outbreaks in
human populations. However, type A influenza also infects other species as well, e.g., birds,
pigs, and other animals, The type A viruses are categorized into subtypes based upon differences

within their hemagglutinin and neuraminidase surface glycoprotein antigens. Hemagglutinim in

22



10

15

2

30

type A viruses has 16 known subtypes and neuraminidase has 9 known subtypes. In humans,
currently only about 4 different hemagglutinin and 2 different neuraminidase subtypes are
known, e.g., Hl, H2, H3, HS, N1, and N2. In particular, two major subtypes of influenza A have
been active in humans, namely, HIN1 and H3N2. HIN2, however has recently been of concern.
Influenza B viruses are not divided into subtypes based upon their hemagglutinin and
neuraminidase proteins. As will be appreciated, the sequences contained within the sequence
listing in Figure 1 comprise a number of different subtypes of influcnza. Thus, for example in
the sequence listing an A-H3N2 strains are exampled by ca A/Uruguay/716/07 and ca
A/Wisconsin/67/05. A-HINI strains are shown in ca A/South Dakota/6/07 and ca A/Solomon
Islands/3/06, while ca B/Florida/6/04, ca B/Malaysia/2506/04 and ca B/Brisbane/60/2008 _DET
represent a B-HANA strain.

{8655] Different strains of influenza can be categorized based upon, e.g., the ability of
mfluenza to agglutinate red blood cells (RBCs or erythrocytes). Antibodies specific for
particular influenza strains can bind to the virus and, thus, prevent such agglutination. Assays
determining strain types based on such inhibition are typically known as hemagglutinin
inhibition assays (HI assays or HAI assays) and are standard and well known methods in the art
to characterize influenza strains. Of course, those of skill in the art will be familiar with other
assays, €.8., ELISA, indirect fluorescent antibody assays, immunohistochemistry, Western blot
assays, etc. with which to characterize influenza strains and the use of and discussion herein of

HI assays should not be necessarily construed as limiting.

{6056} Briefly, in typical HI assays, sera to be used for typing or categorization, which is
often produced in ferrets, is added to erythrocyte sampies in various dilutions, e.g., 2-fold, etc.
Optical determination is then made whether the erythrocytes are clumped together (ie.,
agglutinated) or arc suspended (i.¢., non-agglutinated). If the cells are not clumped, then
agglutination did not occur due to the inhibition from antibodies in the sera that are specific for
that influenza. Thus, the types of influenza are defined as being within the same strain. In some
cases, one strain is described as being “like” the other, e.g., strain x is a “y-like” strain, etc. For
example, if two samples are within four-fold titer of one another as measured by an HI assay,
then they can be described as belonging to the same strain (e.z., both belonging to the “New
Caledonia” strain or both being “Moscow-like” strains, etc.). In other words, strains are
typically categorized based upon their immunologic or antigenic profile. An HAI titer is
typically defined as the highest dilution of a serum that completely inhibits hemagglutination.
See, ¢.g., Schild, et al., Bull. Wid Hith Org., 1973, 48:269-278, ctc. Again, those of skill in the
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art will be quite familiar with categorization and classification of influenza into strains and the

methods to do so.

(6657} From the above it will be appreciated that the current invention not only
comprises the specific sequences listed herein, but also such sequences within various vectors
{e.g., ones used for plasmid reassortment and rescue, see below) as well as hemagglutinin and
neuraminidase sequences within the same strains as the sequences listed herein. Also, such same
strains that are within various vectors (e.g., typically ones used for plasimid reassortment and
rescuc such as A/Ann Arbor/6/60 or B/Ann Arbor/1/66, A/Puerio Rico/8/34,
B/Leningrad/14/17/55, B/14/5/1, BAUSSR/60/69, B/Leningrad/179/86, B/Leningrad/14/55, or
B/England/2608/76, etc.) are also included.

[BH58] As used herein, the term “similar strain’ should be taken to indicate that a first
influenza virus is of the same or related strain as a second influenza virus. In typical
embodiments such relation is commonly determined through use of an HAT assay. Influenza
viruses that fall within a four-fold titer of one another in an HAT assay arg, thus, of a “similar
strain.” Those of skill in the art, however, will be familiar with other agsays, ¢tc. to determine
similar strains, e.g., FRID, neutralization assays, etc. The current invention also comprises such
sitnilar strains (i.e., strains similar to the ones present in the sequence listing herein) in the
various plasmids, vectors, viruses, methods, etc. herein. Thus, unless the context clearly dictates
otherwise, descriptions herein of particular sequences {e.g., those in the sequence listing) or
fragments thereof also should be considered to include sequences from similar strains to those
{i.e., simnilar strains to those strains having the sequences in those plasmids, vectors, viruses, ctc.
herein). Also, it will be appreciated that the NA and HA polypeptides within such similar strains

are, thus, “similar polypeptides” when compared between “similar strains.”

INFLUENZA VIRUS VACCINES

{0059} The sequences, compositions and methods herein are primarily, but not solely,
concerned with production of influenza viruses for vaccines. Historically, influenza virus
vaccines have primarily been produced in embryonated hen eggs using strains of virus selected
or based on empirical predictions of relevant strains. More recently, reassortant viruses have
been produced that incorporate selected hemagglutinin and/or neuraminidase antigens in the
context of an approved attennated, temperature sensitive master strain. Following culture of the
virus through multiple passages in hen eggs, influenza viruses are recovered and, optionally,

inactivated, e.g., using formaldehyde and/or B-propiolactone (or alternatively used in live

24



10

13

20

attenuated vaccemes). ‘Thus, it will be appreciated that HA and NA sequences (as in the current

invention) are quite useful in constructing influenza vaccines.

{6660} Attempts at producing recombinant and reassortant vaccines in cell culture have
been hampered by the inability of some of the strains approved for vaccine production to BIOW
efficiently under standard cell culture conditions. However, prior work by the inventors and
their coworkers provided a vector system, and methods for producing recombinant and
reassortant viruses in culture, thus, making it possible to rapidly produce vaccines corresponding
to one or many selected antigenic strains of virus, e.g., either A or B strains, various subtypes or
substrains, etc., €.g., comprising the HA and NA sequences herein. See, U.8. Application No.
60/420,708, filed October 23, 2002, U.S. Application No. 10/423,828, filed April 25, 2003, and
U.S. Application No. 60/574,117, filed May 24, 2004, all entitled “Multi-Plasmid System for the
Production of Influenza Virus.” Typically, the cultures are maintained in a system, such as a cell
culture incubator, under controlled humidity and CO», at constant temperature using a
temperature regulator, such as a thermostat to insure that the temperature does not exceed 35°C.
Reagsortant influenza viruses can be readily obtained by introducing a subset of vectors
corresponding to genomic segroents of a master influenza virus, in combination with
complementary segments derived from strains of interest (c.g., HA and NA antigenic variants
herein). Typically, the master strains are selected on the basis of desirable propertics relevant to
vaceine administration. For example, for vaccine production, e.g., for production of a live
attenuated vaccine, the master donor virus strain may be sclected for an attenuated phenotype,
celd adaptation and/or temperature sensitivity, As explained elsewhere herein and, e.g., in U.S.
Patent Application No. 10/423,828, cic., various emtbodiments of the invention utilize A/Ann
Arbor (AAY/6/60 or B/Ann Arbor/1/66 or A/Puerto Rico/8/34, or B/Leningrad/14/17/55,
B/14/5/1, B/USSR/60/69, B/Leniugrad/179/86, B/Leningrad/14/55, or B/England/2608/76
influenza sirain as a “backbone” upon which to add HA and/or NA genes (e.g., such as those
sequences listed herein, ctc.) to create desired reassortant viruses. Thus, for cxample, in a 6:2
reassortant, 2 genes (i.¢., NA and HA) would be from the influenza strain(s) against which an
mnmunogenic reaction is desired, while the other 6 genes would be from the Ann Arbor strain, or
other backbone strain, etc. The Ann Arbor virus is uscful for its cold adapted, attenuated,
temperature sensitive atiributes. Of course, it will be appreciated that the HA and NA sequences
herein are capable of reassortment with a number of other virus genes or virus types {e.g., a
number of different “backbones” such as A/Puerto Rico/8/34, etc., containing the other influenza

genes present in a reassortant, namely, the non-HA and non-NA genes). Live, attenuated
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influenza A virus vaccines against human influenza viruses were recently licensed in the United
States. See above. Such vaceines are reassortant HINT and HIN2 viruses in which the internal
protein genes of A/Ann Arbor (AAY6/60 (H2N2) cold adapted (ca) virus confer the cold
adapted, attenuation and temperature sensitive phenotypes of the AA ca virus on the reassortant
viruses {i.e., the ones having the hemaggtutinin and neuraminidase genes from the non-Ann
Arbor strain). In some embodiments herein, the reassortants can also comprise 7:1 reassortants.
In other words, only the HA or the NA is not from the backbone or MDV strain. Previous work
has been reported with suitable backbone donor virus strains that optionally are within various
embodiments of the current invention. See, e.g., U.S. Application No. 60/420,708, filed October
23, 2002, U.S. Application No. 10/423,828, filed April 25, 2003, and U.8. Application No.
60/574,117, filed May 25, 2004, all entitled “Multi-Plasmid System for the Production of
Influcnza Virus”, Maassab ct al., J. of Inf. Dis., 1982, 146:780-790; Cox, et al., Virology, 1988,
167:554-567; Wareing et al., Vaccine, 2001, 19:3320-3330; Clements, et al,, J Infect Dis., 1990,
161(5):869-77, etc.

[B061] n some ermbodiments, the sequences herein can optionally have specific regions
removed (both or either in the nucleic acid sequence or the amino acid sequence). For example, for
those molecules having a polybasic cleavage site, such sites can optionally be removed. Such
cleavage sites, in some embodiments herein, are, €.g., meodified or aliered in their sequences in
comparison to the wild-type sequences from which such sequences arc derived (e.g., to disable the
cleavage ot reduce the cleavage there, etc.). Such modifications/alterations can be different in
different strains or sequences due to the various sequences of the cleavage sites in the starting
sequences. For example, 4 polybasic residues (RRKK) are typically removed in some HA
sequences. (as compared to wt). In various embodiments, such polybasic cleavage sites canbe
modified in a number of ways (all of which are contained within the invention). For example, the
polybasic cleavage site can be removed one amino acid at a time {¢.g., one R removed, two Rs
removed, RRK removed, or RRKK removed). Additionally, an amino acid residue directly upstream
of the cleavage sitc can also be removed or altered (e.g., from an R to a T, etc.); also, the nucleotides
encoding the amino acid residue directly afler the cleavage site can also be modified. Those of skill
in the art will be familiar with various methods of removing such specific regions. The resulting
shortened sequences are also contained within the current invention. See, e.g., Lietal, J of
Infectious Diseases, 179:1132-8, 1999

{8062} The terms “temperature sensitive,” “cold adapted™ and “attenuated” as applicd to

viruses (typically used as vaccines or for vaccine production) which optionally encompass the
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current sequences, are well known in the art. For example, the term “temperature sensitive” {#s)
indicates, .g., that the virus exhibits a 100 fold or greater reduction in titer at 39°C relative to
33°C for influenza A strains, or that the virus exhibits a 100 fold or greater reduction in titer at
37°C relative to 33°C for influenza B strains. The term “cold adapted” (ca) indicates that the
virus exhibits growth at 25°C within 100 fold of its growth at 33°C, while the term “attenuated”
(att) indicates that the virus replicates in the upper airways of ferrets but is not detectable in their
lung tissues, and does not cause influenza-like illness in the animal. It will be understood that
viruses with intermediate phenotypes, 1.¢., viruses exhibiting titer reductions less than 100 fold at
39°C (for A strain viruses) or 37°C (for B strain viruses), or exhibiting growth at 25°C that is
more than 100 fold than its growth at 33°C {e.g., within 200 fold, 500 fold, 1000 fold, 10,000
fold less), and/or exhibit reduced growth in the lungs relative to growth in the upper airways of
ferrets (1., partially attenuated) and/or reduced influenza like illness in the animal, are also

useful viruses and can be used in conjunction with the HA and NA sequences herein.

{6863] Thus, the present invention can utilize growth, ¢.g., in appropriate culture
conditions, of virus strains (both A strain and B strain influcnza viruses) with desirable
properties relative to vaccine production {e.g., attenuated pathogenicity or phenotype, cold
adaptation, temperature sensitivity, etc.) in vitro in cultured cells. Influenza viruses can be
produced by introducing a phurality of vectors incorporating cloned viral genome segments into
host cells, and culturing the cells at a temperature not exceeding 35°C. When vectors including

pUTery

i inEiuchiza Viris genome are iransfecie i viru

nstected, recombinani viruses suitable as vaccines can be
recovered by standard purification procedures. Using the vector system and methods of the
invention, reassortant viruses incorporating the six internal gene segments of a strain selected for
its desirable properties with respect to vaccine production, and the immunogenic HA and NA
segments from a selected, e.g., pathogenic strain such as those in the sequence listing herein, can
be rapidly and efficiently produced in tissue culture. Thus, the system and methods described
herein are useful for the rapid production in cell culture of recombinant and reassortant influenza
A and B viruses, including viruses suitable for use as vaccines, inchuding live attenuated

vaceines, such as vaccines suitable for intranasal administration.

[B064] Tn such embodiments, typically, a single Master Donor Virus (MDV) strain is
selected for each of the A and B subtypes. In the case of a live attennated vaccine, the Master
Donor Virus strain is typically chosen for its favorable properties, ¢.g., temperature sensitivity,

cold adaptation and/or attcnuation, relative to vaccine production. For cxample, exemplary
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Master Donor Strains include such temperature sensitive, attenuated and cold adapted strains of

A/Anm Arbor/6/60 and B/Ann Arbor/1/66, respectively, as well as others mentioned throughout.

{8065] For example, a selected master donor type A virus (MDV-A), or master donor
type B virus (MDV-B), is produced from a plurality of cloned viral ¢cDNAs constituting the viral
genome. Embodiments include those wherein recombinant viruses are produced from eight
cloned viral cDNAs. Eight viral cDNAs representing either the selected MDV-A or MDV-B
sequences of PB2, PBI, PA, NP, HA, NA, M and NS are optionally cloned into a bi-directional
expression vector, such as a plasmid (e.g., pAD3000), such that the viral genomic RNA can be
transcribed from an RNA polymerase I {pol I) promoter from one strand and the viral mENAs
can be synthesized from an RNA polymerase II (pol 1) promoter from the other strand.
Optionally, any gene segment can be modified, inchuding the HA segment (e.g., to remove the

mudti-basic cleavage site (also known as a polybasic cleavage site)).

[0666] Infectious recombinant MDV-A or MDV-B virus can be then recovered following
transfection of plasmids bearing the cight viral cDNAS into appropriate host cells, e.g., Vero
cells, co-cultured MDCK/293T or MDCK/COST cells. Using the plasmids and methods
described herein and, e.g., in U.S. Application No. 60/420,708, filed October 23, 2002, U.Ss.
Application No. 10/423,828, filed April 25, 2003, and U.S. Application No. 60/574,117, filed
May 24, 2004, alf entitled “Multi-Plasmid System for the Production of Influenza Virus™;
Hoffmann, E., 2000, PNAS, 97(11):6108-6113; U.S. Published Patent Application No.
20020164770 to Hoffmann; and USPN 6,544,785 issued April 8, 2003 to Palese, et al,, the
invention is useful, ¢.g., for generating 6:2 reassortant influenza vaccines by co-transfection of
the 6 internal genes (PB1, PB2, PA, NP, M and N8) of the selected virus (e.g., MDV-A, MDV-
B) together with the HA and NA derived from different corresponding type (A or B) influenza
viruses e.g., a8 shown in the sequence listings hercin. For example, the HA segment is favorably
selected from a pathogenically relevant Hi, H3 or B strain, as is routinely performed for vaceing
production. Similarly, the HA segment can be selected from a strain with emerging relevance as
a pathogenic strain such as those in the sequence listing herein. Reassortants ncorporating seven
genome segments of the MDYV and either the HA or NA gene of a selected strain (7:1
reassortants) can also be produced. It will be appreciated, and as is detailed throughout, the
molecules of the invention can optionally be combined in any desired combination. For
example, the HA and/or NA sequences herein can be placed, e.g., into a reassortant backbone
such as A/AA/6/60, B/IAA/L/66, A/Puerto Rico/8/34 (i.c., PRB), ete., in 6:2 reassortants or 7:1

reassortants, cte. Thus, as explained more fully below, there would be 6 internal genome

28



10

15

26

30

segments from the donor virus (again, e.g., A/AA/G/60, etc.) and 2 genome segments from a
sccond strain (e.g., a wild-type strain, not the donor virus). Such 2 genome segments are
preferably the HA and NA genes. A similar situation arises for 7:1 reassortants, in which
however, there are 7 genome segments from the donor virus and 1 genome segment {either HA
or NA) from a different virus {typically wild-type or one to which an immune FESpONSe is
desired). Also, it will be appreciated that the sequences herein (e.g., those in the sequence listing
of Figure 1, etc.) can be combined in a number of means in different embodiments herein, Thus,
any of the sequences herein can be present singularly in a 7:1 reassortant (i.c., the sequence of
the invention presont with 7 donor vires genome segments) and/or can be present with another
sequence of the invention in a 6:2 reassortant. Within such 6:2 reassortants, any of the
sequences of the invention can optionally be present with any other sequence of the invention.
Typical, and preferred, embodiments comprise HA and NA from the same original wild-type
straing however {or modified wild-type strains such as those with modified polybasic cleavage
sites). For example, typical embodiments can comprise a 6:2 reassortant having 6 internal
genome segments from a donor virus such as A/AA/6/60 and the HA and NA genome segments
from the same strain such as ca A/Uruguay/716/07, ca A/South Diakota/o/07, ca
A/Wisconsin/67/05 or ca A/Solomon Islands/3/06. ¥n another embodiment, & 6:2 reassortant
described herein may comprise 6 internal genome segments from a donor virus such as B/Ann
Arbor/1/66 and the HA and NA genome segrents from the same strain such as ca
B/Florida/6/04, ca B/Malaysia/2506/04 or ca B/Brisbane/60/2008 DET. Of course, it will again
be appreciated that the invention also includes such reassortant viruses wherein the HA and NA
genome segments are from similar strains (i.¢., strains that are similar strains to influenza strains
having the sequences found in SEQID NO: 1,3,5,7,9, 11, 13,15, 17,19, 21, 23, 25, 27,
residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residucs 81-1058 of
SEQ ID NO:35, residues 1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ ID NO:9,
residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of
SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17,
residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ 1D NO:21, residues 1119-
1787 of SEQ 1D NO:21, residues 75-1115 of SEQ 1D NO:25, and residucs 1116-1787 of SEQ
ID NO:25. The above references are specifically incorporated herein in their entirety for all
purpeses, e.8., especially for their teachings regarding plasmids, plasmid rescue of virus

(influenza virus), multi-plasmid systems for virus rescue/production, etc.

29



10

15

20

30

{0067] Again, the HA and NA sequences of the current invention are optionally utilized
in such plasmid reassortment vaccines {(and/or in other 15, cs, ca, and/ot aft viruses and vaccings).
However, it should be noted that the HA and NA sequences, etc. of the invention are not limited
to specific vaccine compositions or production methods, and can, thus, be utilized in
substantially any vaccine type or vaccine production method which utilizes strain specific HA

and NA antigens (e.g., the sequences of the invention).

FLUMIST™

{0668} As mentioned previously, numerous examples and types of influenza vaccine
exist. An exemplary influenza vaccine is FluMist™ (Medimmune Vaccines Inc., Mt. View, CA)
which is a live, attennated vaccine that protects children and adults from influenza illness
(Belshe et al. (1998) The efficacy of live attenuated, cold-adapted, trivalent, intranasal influenza
virus vaccine in children N Engl J Med 338:1405-12; Nichol et al. (1999) Effectiveness of live,
attenuated intranasal influenza virus vaccine in healthy, working adults: a randomized
controlled trial JAMA 282:137-44). In typical, and preferred, embodiments, the methods and
compositions of the current invention are preferably adapted to/used with production of
FhuMist™ vaccine. However, it will be appreciated by those skilled in the art that the sequences,
methods, compositions, ctc. herein are also adaptable to production of similar or even different

viral vaccines.

{0669} FluMist™ vaccine strains contain, e.g., HA and NA gene segments derived from
the wild-type strains to which the vaccine is addressed (or, in some instances, to related sirains)
along with six gene segments, PB1, PB2, PA, NP, M and NS, from a corumon master donor
virus (MDV). The HA and NA sequences herein, thus, are optionally part of various FluMist™
formulations. The MDYV for influenza A strains of FlaMist™ (MDV-A), was created by serial
passage of the wild-type A/Ann Arbor/6/60 {A/AA/6/60) strain in primary chicken kidney tissue
culture at successively lower temperatures (Maassab (1967) Adaptation and growth
characteristics of influenza virus at 25 degrees C Nature 213:612-4). MDV-A replicates
efficiently at 25°C (ca, cold adapted), but its growth is restricted at 38 and 39°C (#s, temperature
sensitive). Additionally, this virus does not replicate in the lungs of infected ferrets (ati,
attenuation). The zs phenotype is believed to contribute to the attenuation of the vaccing in
humans by restricting its replication in all but the coolest regions of the respiratory tract. The
stability of this property has been demonstrated in animal models and clinical studies. In
contrast to the f5 phenotype of influenza strains created by chemical mutagenesis, the s property

of MDV-A does not revert following passage through infected hamsters or in shed isolates from
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children (for a recent review, see Murphy & Coelingh (2002) Principles underlying the
development and use of live attenuated cold-adapted influenza A and B virus vaccines Viral

Immunol 15:295-323).

{6676} Clinical studies in over 20,000 adults and children involving 12 separate 6:2
reassortant strains have shown that these vaccines are attenuated, safe and efficacious (Belshe et
al. (1998) The efficacy of live attenuated, cold-adapied, trivalent, intranasal influenza virus
vaccine in children N Engl J Med 338:1405-12; Boyce et al. (2000) Safety and immunogenicity
of adjuvanted and unadjuvanted subunit influenza vaccines administered intranasally to healthy
adults Vaccine 19:217-26; Edwards et al. (1994) A randomized controlled trial of cold adapted
and inactivated vaccines for the prevention of influenza A disease J Infect Dis 169:68-76 ;

Nichol et al. (1999} Effectiveness of live, attenuated intranasal influenza virus vaccine in
healthy, working adults: a randomized controlled trial JAMA. 282:137-44). Reassortants
carrying the six internal genes of MDV-A and the two HA and NA gene segments of a wild-type
virus (i.e., a 6:2 reassortant) consistently maintain ca, #5 and atf phenotypes (Maassab et al.
(1982) Evaluation of a cold-recombinant influenza virus vaccine in ferress 1. Infect. Dis.
146:780-900).

[8671] Production of such reassorted virus using B strains of influenza is more difficult,
however, recent work (see, e.g., U.S. Application No. 60/420,708, filed October 23, 2002, U.S.
Application No. 10/423,828, filed April 25, 2003, and U 8. Apphcaﬂan No. 60/574,117, filed

Mav 24 2004 2 oy

silad “Rhdt _Dfﬂ.nnrw.ri "\uzy:-f»a-n Four 4o Drordasndin PR SN A 92PN
.LV_\WJ F= !’ ‘dv\l’Y’ & T ) 2

TG MU @SINIG SYSISm 107 e Sroauclion of Influcnza Virus’ j has
shown an eight plasmid system for the generation of influenza B virus entirely from cloned
¢DNA. Methods for the production of attenuated live influenza A and B virus suitable for
vaccine formulations, such as live virus vaccine formulations useful for intranasal administration

were also shown.

{6872} The system and methods described previously are useful for the rapid production
in cell culture of recombinant and reassortant influsnza A and B viruses, inchuding viruses
suitable for use as vaccines, including live attenuated vaccines, such as vaccines suitable for
intranasal administration. The sequences, methods, ete. of the current invention, are optionally
used in conjunction with, or in combination with, such previous work involving, e.g., reassorted

influenza viruses for vaceine production to produce viruses for vaccines.
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METHODS AND COMPOSITIONS FOR PROPHYLACTIC ADMINISTRATION OF
VACCINES

{6473} As stated above, alternatively, or in addition to, use in production of F fuMist™
vaccine, the current invention can be used in other vaccine formulations. In general,
recombinant and reassortant viruses of the invention (e.g., those comprising polynucleotides of
SEQID NO:1,3,5,7,9, 11, 13,15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1,
residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-1724
of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NOG:9,
residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727
of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17,
residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115
of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25 or polypeptides of SEQ ID
NO:2, 4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, residues 17-345 of SEQ ID NO:2, residues
346-566 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID
NO:6, residucs 18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID NO:10, residues 362-384
of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID NG:14,
residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18, residues 16-362 of
SEQ ID NO:22, residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26 and
residues 363-585 of SEQ ID NO:26, or similar strains of the virus sequences within SEQ 1D
NO:1-28, or fragments of any of the previous) can be administered prophylactically in an
immunologically effective amount and in an appropriate carrier or excipient to stimulate an
immune response specific for one or more strains of influenza virus as determined by the HA
and/or NA sequence. Typically, the carrier or excipient is a pharmaceutically acceptable carrier
or excipient, such as sterile water, aqueous saline solution, aqueous buffered saline solutions,
aqueous dextrose solutions, aqueous glycerol solutions, ethanol, allantoic fluid from uninfected
hen eggs (i.¢., normal allantoic fluid or NAF), or combinations thereof. The preparation of such
solutions insuring sterility, pH, isotonicity, and stability is effected according to protocols
cstablished in the art. Generally, a carrier or excipient is selected to minimize allergic and other
undesirable effects, and to suit the particular route of administration, e.g., subcutancous,

intramuscular, intranasal, etc.

[6074] A refated aspect of the invention provides methods for stimulating the immune
system of an individual to produce a protective immune response against influcnza virus. Inthe
methods, an immunologically effective amount of a recombinant influenza virus (e.g., an HA

and/or an NA molecule of the invention), an immunologically effective amount of a polypeptide
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is administered to the individual in 2 physiologically acceptable carrier.

{B075] Generally, the influenza viruses of the invention are administered in a quantity
sufficicnt to stimulate an inumune response specific for one or more strains of influenza virus
(i.e., against the HA and/or NA strains of the invention). Preferably, administration of the
influenza viruses elicits a protective immune response to such strains. Dosages and methods for
eliciting a protective immune response against one or meore influenza strains are known to those
of skill in the art. See, e.g., USPN 5,922,326; Wright ot al., Infect. Framun. 37:397-400 {1982);
Kim et al., Pediatrics 52:56-63 (1973); and Wright ct al,, J. Pediatr. 88:931-936 {1976). For
example, influenza virnses are provided in the range of about 1-1000 HIDs, (human infectious
dose), Le., about 10° - 10% pfu (plaque forming units) per dose administered. Typically, the dose
will be adjusted within this range based on, &.g., age, physical condition, body weight, sex, diet,
time of administration, and other clinical factors. The prophylactic vaccine formulation is
systemically administered, e.g., by subcutaneous or inframuscular injection using a needle and
syringe, or a needle-less injection device. Alternatively, the vaccine formulation is administered
intranasally, either by drops, large particle aerosol (greater than about 10 MICTOnS), or Spray into
the upper respiratory tract. While any of the above routes of dehivery results in a protective
systemic immune response, intranasal administration confers the added benefit of eliciting
mucosal immunity at the site of entry of the influenza virus. For intranasal administration,
attenuated live virus vaccines are often preferred, ¢.2., an attenvated, cold adapted and/or
temperature sensitive recombinant or reassortant influenza vires. See above. While stimulation
of a protective immune response with a single dose is preferred, additional dosages can be

administered, by the same or different route, to achieve the desired prophylactic effect,

{8876} Typically, the attenuated recombinant influenza of this invention as used in a
vaceine is sufficiently attenuated such that symptoms of infection, or at least symptoms of
serious infection, will not occur in most individuals immunized (or otherwise infected) with the
attenuated influenza virus. In some instances, the attenuated influenza virus can still be capable
of producing symptoms of mild illness (e.g., mild upper respiratory illness) and/or of
dissemination to unvaccinated individuals. However, its virulence is sufficiently abrogated such

that severe lower respiratory tract infections do not occur in the vaccinated or incidental host.

16077} Alternatively, an iramune response can be stinmlated by ex vive or in vive
targeting of dendritic cells with influenza viruses comprising the sequences herein. For example,

proliferating dendritic cells are exposed to viruses in a sufficient amount and for a sufficient
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period of time to permit capture of the influenza antigens by the dendritic cells. The cells are

then transferred into a subject to be vaccinated by standard intravenous transplantation methods.

{86678} While stimulation of a protective immune response with a single dose is
preferred, additional dosages can be asdministered, by the same or differcnt route, to achieve the
desired prophylactic effect. In necnates and infants, for example, multiple administrations may
be required to elicit sufficient levels of immunity. Administration can continue at intervals
throughout childhood, as necessary to maintain sufficient levels of protection against wild-type
influenza infection. Similarly, adults who are particularly susceptible to repeated or serious
influenza infection, such as, for example, health care workers, day care workers, family members
of young children, the elderly, and individuals with compromised cardiopulmonary function may
require multiple inmmunizations to establish and/or maintain protective inumune responses.
Levels of induced irrmunity can be monitored, for example, by measuring amounts of
neutralizing secretory and serum antibodies, and dosages adjusted or vaccinations repeated as

necessary to elicit and maintain desired levels of protection.

16679 Optionally, the formulation for prophylactic administration of the influenza
viruses also contains one or more adjuvants for enhancing the immune response to the influenza
antigens. Suitable adjuvants include: complete Freund’s adjuvant, incomplete Freund’s
adjuvant, saponin, mineral gels such as aluminum hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides, oil or hydrocarbon emulsions, bacille
Calmette-Guerin (BCG), Corvaebacterium parvum, and the synthetic adjuvants QS-21 and
MF359.

{6688] If desired, prophylactic vaccine administration of influenza viruses can be
performed in conjunction with administration of one or more immunostimulatery molecules.
Immunostimulatory molecules include various cytokines, lymphokines and chemokines with
immunostimulatory, immunopotentiating, and pro-inflammatory activities, such as interleukins
{e.g., [L-1, IL-2, IL-3, 1L-4, 1L-12, TL-13); growth factors {¢.g., granulocyte-macrophage (GM)-
colony stimulating factor (CSF)); and other immunostimulatory molecules, such as macrophage
inflammatory factor, FIt3 ligand, B7.1; B7.2, cte. The immunostimulatory molecules can be
administered in the same formulation as the influenza viruses, or can be administered separately,
Either the protein (¢.g., an HA and/or NA polypeptide of the invention) or an expression vector

encoding the protein can be administered to produce an immunostimulatory effect.
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{081} The above described methods are useful for therapeutically and/or
prophylactically treating a disease or disorder, typically influenza, by introducing a vector of the
mvention comprising a heterologous polynucleotide encoding a therapeutically or
prophylactically effective HA and/or NA polypeptide (or peptide) or HA and/or NA RNA {c.g.,
an antisense RNA or ribozyme) into 2 population of target cells in vitro, ex vivo or in vive.
Typically, the polynucleotide encoding the polypeptide (or peptide), or RNA, of interest is
operably linked to appropriate regulatory sequences, ¢.g., as described herein. Optionally, more
than one heterologous coding sequence is incorporated into a single vector or virus. For
example, in addition to a polynucicotide cncoding a therapeutically or prophylactically active
HA and/or NA polypeptide or RNA, the vector can also include additional therapeutic or
prophylactic polypeptides, ¢.g., antigens, co-stimulatory molecules, cytokines, antibodies, etc.,

and/or markers, and the like.

[0082] Although vaccination of an individual with an attenuated influenza virus of a
particular strain of a particular subgroup can induce cross-protection against influenza virus of
different strains and/or subgroups, cross-protection can be enhanced, if desired, by vaccinating
the individual with attenuated influenza virus from at least two, at least three, or at least four
influenza virus strains or substrains, e.g., at least two of which may represent a different
subgroup. For example, vaccinating an individual with at least four strains or substrains of
attenuated influenza virus may include vaceinating the individual with at least two strains or
substrains of influenza A virus and at least two strains or subsirains of influenza B virus,
Vaccinating the individual with the at least four strains or subsirains of attenuated influcnza virus
may mclude vaccinating the individual with at least three strains or substrains of influcnzs A
virus and at least one strain or substrain of influcnza B virus. The vaccination of the individual
with at least four influenza virus strains or substrains may require administration of a single
tetravalent vaccine which comprises all of the at least four attenuated influenza virus strains or
substrains. The vaccination may slternatively require administration of multiple vaceines, each
of which comprises one, two, or three of the attenuated influcnza virus strains or substrains.
Additionally, vaccine combinations can optionally include mixes of pandemic vaccines and non-
pandemic strains. Vaccine mixtures (or multiple vaccinations) can comprise components from
buman strains and/or non-human influenza strains (e.g., avian and human, etc.). Similarly, the
attenuated influenza virus vaccines of this invention can optionally be combined with vaccines
that induce protective immune responses against other infectious agents. In one embodiment, a

vaceine of the invention is a trivalent vaccine comprising three reassortant influenza viruses. In
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one embodiment, a vaccine of the invention is a trivalent vaccine comprising two reassortant
influenza A viruses and a reassortant influenza B virus. In one embodiment, a vaccine of the
invention is a trivalent vaccine comprising a reassortant influenza A virus of the Hl type, a
reassortant influenza A virus of the H3 type and a reassortant influenza B virus. In another
embodiment, a vaccine of the invention is a tetravalent vaccine comprising four reassortant
influenza viruses. In one embodiment, a vaccine of the invention is a tetravalent vaccine
comprising two reassortant influenza A viruses and two reassortant influenza B viruses. Inone
embodiment, a vaccine of the invention is a tetravalent vaccine comprising a reassortant
influenza A virus of the HI type, a reassortant influenza A virus of the H3 type, a reassortant
influenza B virus of the Victoria lineage and a reasortant influenza B virus of the Yamagata

lineage.

POLYNUCLEQTIDES OF THE INVENTION

Probes

18683} The HA and NA polynucleotides of the invention, e.g., as shown in the sequences
herein such as SEQ ID NO:1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of
SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NQO:S,
residues 1059-1724 of SEQ ID NO:3, residues 85-1116 of SEQ ID N(:9, residues 79-1116 of
SEQ ID NO:9, residucs 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13,
residues 1065-1727 of SEQ 1D NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-
1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID
NO:21, residucs 75-1115 of SEQ ID N(O:25, and residues 1116-1787 of SEQ 1D NO:25,a0d
fragments thereof, are optionally used in a number of different capacitics alternative to, or in
addition to, the vaccines described above. Other exemplary uses are described herein for
illustrative purpose and not as limitations on the actual range of uses, etc. Different methods of
construction, purification, and characterization of the nucleotide sequences of the invention are

also described herein.

{6684} In some embodiments, nucleic acids including one or more polynucleotide
sequence of the invention are favorably used as probes for the detection of corresponding or
related nucleic acids in a variety of contexts, such as in nucleic hybridization experiments, e.g.,
to find and/or characterize homologous influenza variants (¢.g., homologues to sequences herein,
etc.) infecting other species or in different influenza outbreaks, etc. The probes can be either

DNA or RNA molecules, such as restriction fragments of genomic or cloned DNA, cDNAs, PCR
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amplitication products, franscripts, and oligonucleotides, and can vary in length from
oligonucleotides as short as about 10 nucleotides in length to full length sequences or ¢cDNAs in
excess of 1 kb or more. For example, in some embodiments, a probe of the invention includes a
polynucleotide sequence or subsequence selected, e.g., from among SEQ ID NO: 1,3,5,7,9,
11, 13,15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of
SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:S,
residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of
SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ ID NO:17, residucs 1056-1721 of SEQ ID NO:17, residucs 78-1118
of SEQ 1D NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25,
and residues 1116-1787 of SEQ ID NO:25, or sequences complementary thereto. Alternatively,
polynucleotide sequences that are variants of one of the above-designated sequences are used as
probes. Most typically, such variants include one or a few conservative nucleotide variations.
For example, pairs {or sets) of oligonucleotides can be selected, in which the two (or more)
polynucleotide sequences are conservative variations of cach other, wherein one polynucleotide
sequence corresponds identically to a first variant or and the other(s) corresponds identically to
additional variants. Such pairs of oligonucleotide probes are particularly useful, e.g., for specific
hybridization experiments to detect polymorphic nucleotides or to, ¢.g., detect homologous
influenza HA and NA variants, ¢.g., homologous to the current HA and NA sequences, infecting
other species or present in different (e.g., either temporally and/or geographically different)
influenza outbreaks. In other applications, probes are sclected that are more divergent, that is
probes that are at least about 91% (or about 92%, about 93%, about 94%, about 95%, about 96%,
about 97%, about 98%, about 98.5%, about 98.7%, about 99%, about 99.1%, about 899.2%, about
99.3%, about 99.4%, about 99.5%, or about 99.6% or more about 99.7%, about 99.8%, about

99.9% or more) identical are selected.

[B085] The probes of the invention, ¢.p., as exemplified by sequences derived from the
scquences herein, can also be used to identify additional useful polynucleotide sequences
according to procedures routine in the art. Tn one set of embodiments, one or more probes, as
described above, are utilized to screen libraries of expression products or chromosomal segments
{¢.g., expression lbraries or genomic libraries) to identify clones that include sequences identical
to, or with significant sequence similarity to, e.g., one or more probe of, ¢.g., SEQ ID NO: 1, 3,
5,7,9, 11,13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ 1D NO:1, residues 1061-1723
of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:S, residues 1059-1724 of SEQ ID NO:S,
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residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1783 of
SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ 1D NO:13,
residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118
of SEQ ID NO:21, residues 1119-1787 of SEQ 1D NO:21, residues 75-1113 of SEQ ID NO:25,
and residues 1116-1787 of SEQ ID NO:25, i.c., variants, homologues, etc. It will be understood
that in addition to such physical methods as library screening, computer assisted bioinformatic
approaches, ¢.g., BLAST and other sequence homology search algorithms, and the like, can also
be used for identifying related polynucieotide sequences. Polynucleotide sequences identified in

this manner are also a feature of the invention.

6086} Oligonucleotide probes are optionally produced via & variety of methods well
known to those skilled in the art. Most typically, they are produced by well known synthetic
methods, such as the solid phase phosphoramidite triester method described by Beaucage and
Caruthers {(1981) Tetrahedron Letts 22(20):1859-1862, ¢.g., using an automated synthesizer, or
as described in Needham-Van Devanter ot al. (1984) Nucl Acids Res, 12:6159-6168.
Oligonucleotides can also be custom made and ordered from a variety of commercial sources
known to persons of skill. Purification of oligonucleotides, where necessary, is typically
performed by either native acrylamide gel electrophoresis or by anion-exchange HPLC as
described in Pearson and Regnier (1983) J Chrom 255:137-149. The sequence of the synthetic
oligonucleotides can be verified using the chemical degradation method of Maxam and Gilbert
(1980) in Grossman and Moldave (eds.) Academic Press, New York, Methods in Enzymology
65:499-560. Custom oligos can also easily be ordered from a variety of commercial sources

known to persons of skill.

[6687] In other circumstances, ¢.g., relating to attributes of cells or organisms expressing
the polynucleotides and polypeptides of the invention (e.g., those harboring virus comprising the
sequences of the invention), probes that are polypeptides, peptides or antibodies are favorably
utilized. For example, isolated or recombinant polypeptides, polypeptide fragments and peptides
derived from any of the amino acid sequences of the invention and/or encoded by polynucleotide
sequences of the invention, e.g., selected from SEQID NO: 1, 3,57, g, 11,13, 15,17, 19, 21,
23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues
81-1058 of SEQ 1D NO:5, residues 1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ ID
NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-
1064 of SEQ 1D NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ 1D
NO:17, residues 1056-1721 of SEQ ID NO:17, residucs 78-1118 of SEQ ID NO:21, residues
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1119-1787 ot SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of
SEQID NO:25, are favorably used to identify and isolate antibodies, e.g., from phage display

libraries, combinatorial libraries, polyclonal sera, and the like.

[6088] Antibodies specific for any a polypeptide sequence or subsequence, e.g., of SEQ
ID NO:Z,4,6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, residues 17-345 of SEQ ID NO:2,
residues 346-366 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ
ID NO:6, residues 18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID NO:10 and residues
362-584 of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID
NO:14, residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18, residues 16-
362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26
and residues 363-585 of SEQ ID NO:26, and/or encoded by polynucleotide sequences of the
invention, e.g., selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25,27,
residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of
SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NG:9,
residucs 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of
SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17,

1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ
ID NO:25, are likewisc valuable as probes for cvaluating expression products, .g., from cells or
tissues. In addition, antibodies are particularly suitable for evaluating cxpression of proteins
comprising amino acid subsequences, e.g., of those given herein, or encoded by polynucleotides
sequences of the invention, ¢.g., selected from those shown herein, in sity, in a tissue array, in a
cell, tissue or organism, e.g., an organism infected by an unidentified influenza virus or the like.
Antibodies can be directly labeled with a detectable reagent, or detected indirectly by labeling of
a sccondary antibody specific for the heavy chain constant region (i.e., isotype) of the specific
antibody. Antibodies against specific amino acids sequences described herein (e.g., SEQ ID
NO:2,4,6,8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, residues 17-345 of SEQID NQO:2, residues
346-566 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID
NO:6, residues 18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID NO:10 and residues 362-
584 of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID
NO:14, residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18, residues 16-
362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26

and residues 363-585 of SEQ ID NO:26) are also useful in determining whether other influenza
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viruses are within the same strain as the current sequences (e.g., through an HI assay, etc.).

Additional details regarding production of specific antibodies are provided below.

Diagnostic Assays
{068%] The nucleic acid sequences of the present invention can be used in diagnostic

assays to detect influenza (and/or hemagglutinin and/or neuraminidase) in a sample, to detect
hemagglutinin-like and/or neuraminidase-like sequences, and to detect strain differences in
clinical isolates of influenza using cither chemically synthesized or recombinant polynucleotide
fragments, &.3., selected from the sequences herein. For example, fragments of the
hemagglutinin and/or neuraminidase sequences comprising at least between 10 and 20
mucleotides can be used as primers to amplify nucleic acids using polymerase chain reaction
(PCR) methods well known in the art (¢.g., reverse transcription-PCR) and as probes in nucleic
acid hybridization assays to detect target genetic material such as influenza RNA in clinical

specimens.

(8690} The probes of the invention, e.g., as exemplified by unique subsequences selected
from, e.g., SEQID NO: 1,3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ
1D WO:1, residues 1061-1723 of SEQ ID NO:i, residucs 81-1058 of SEQ ID NO:5, residucs
1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID
NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ 1D NO:13, residucs
1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ
1D NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ 1D NO:21,
residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25, can also be
used to identify additional useful polynucleotide sequences (such as to characterize additional
strains of influenza) according to procedures routine in the art. In one sct of preferred
embodiments, one or more probes, as described above, are utilized to screen libraries of
expression products or cloned viral nucleic acids (i.e., expression libraries or genomic libraries)
to identify clones that include sequences identical to, or with significant sequence identity to the
sequences herein. In turn, each of these identified sequences can be used to make probes,
inctuding pairs or sets of variant probes as described above. Tt will be understood that in
addition to such physical methods as library screening, computer assisted bioinformatic
approaches, e.g., BLAST and other sequence homology search algorithros, and the like, can also

be used for identifying related polynucleotide sequences.

U Y The probes of the invention are particularly useful for detecting the presence and

for determining the identity of influenza nucleic acids in cells, tissues or other biological samples
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{c.2., a nasal wash or bronchial lavage). For example, the probes of the invention are favorably
utilized to determine whether a biological sample, such as a subject {e.g., a human subject) or
model system (such as a cultured cell sample) has been exposed to, or become infected with
influenza, or particular strain(s) of influenza. Detection of hybridization of the selected probe to
nucleic acids originating in {e.g., isolated from) the biological sample or model system is
indicative of exposure to or infection with the virus {or a related virus) from which the probe

polynucleotide is selected.

[0092] It will be appreciated that probe design is influenced by the intended application.
For example, where several allele-specific probe-target interactions are to be detected in a single
assay, e.g., on a single DNA chip, it is desirable to have similar melting temperatures for all of
the probes. Accordingly, the lengths of the probes are adjusted so that the melting temperatures
for all of the probes on the array are closely similar (it will be appreciated that different lengths
for different probes may be needed to achieve a particular T, where different probes have
ditferent GC contents). Although melting temperature is a primary consideration in probe
design, other factors are optionally used to further adjust probe construction, such as selecting

against primer self-complementarity and the like.

Vectors, Promoters and Expression Systems
(6893} The present invention includes recombinant constructs incorporating one or more

of the nucleic acid sequences described hercin. Such constructs optionally include a vector, for

. . . o -
a plasmid, a cosmid, 2 phage, a virus, a bacterial artificial

phrrmnoamas R AN T ot
IFEAD LB My e’ T K CA2 INGL WLEL LI LAEWTONT

e {BAC), a yeast
artificial chromosome (YAC), etc., into which one or more of the polynuclectide sequences of
the invention, e.g., comprising any of SEQ ID NO: 1, 3, 3,7,9,11, 13, 15,17, 19, 21, 23, 25,
27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058
of SEQ ID NO:53, residues 1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ ID NG9,
residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residucs 78-1064 of
SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQID NO:17,
residues 1056-1721 of SEQ 1D NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-
1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ
ID NO:235, or a subsequence thereof etc., has been inserted, in a forward or reverse orientation.
For example, the inserted nucleic acid can include a viral chromosomal sequence or cDNA

including all or part of at least one of the polynucleotide sequences of the invention. Tn one

embodiment, the construct further comprises regulatory sequences, including, for example, a
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promoter, operably linked to the sequence. Large numbers of suitable vectors and promoters are

known to those of skill in the art, and are commercially available.

{0094] The polynucleotides of the present invention can be included in any one of a
variety of vectors suitable for gencrating sense or antisense RNA, and optionally, polypeptide (or
peptide) expression products {e.g., a hemagglutinin and/or neuraminidase molecule of the
invention, or hemagglutinin or neuraminidase fragments). Such vectors include chromosomal,
nonchromosomal and synthetic DNA sequences, e.g., derivatives of SV40; bacterial plasmids;
phage DNA; baculovirus; yeast plasmids; vectors derived from combinations of plasmids and
phage DNA, viral DNA such as vaccinia, adenovirus, fowl pox virus, pseudorabies, adenovirus,
adeno-associated virus, retroviruses and many others (e.g., pCDL). Any vector that is capable of
introducing genetic material into a cell, and, if replication is desired, which is replicable in the

relevant host can be used.

[8695] In an expression vector, the HA and/or NA polynucleotide sequence of interest is
physically arranged in proximity and orientation to an appropriate transcription control sequence
{e.g., promoter, and optionally, one or more enbancers}) to direct mRNA synthesis. That is, the
polynucleotide sequence of interest is operably linked to an appropriate transcription control
sequence. Examples of such promoters include: LTR or SV40 promoter, E. coli lac or trp
promoter, phage lambda Py, promoter, and other promoters known to control expression of genes

in prokaryotic or cukaryotic cells or their viruses.

6896} A variety of promoters are suitable for use in expression vectors for regulating
transcription of influenza virus genome segments. In certain embodiments, the cytornegalovirus
(CMV) DNA dependent RNA Polymerase II (Pol II) promoter is utilized. If desired, e.g., for
regulating conditional expression, other promoters can be substituted which induce RNA
transcription under the specified conditions, or in the specified tissues or cells. Numerous viral
and mammalian, ¢.g., human promoters are available, or can be isolated according to the specific
application contemplated. For example, alicrnative promoters obtained from the genomes of
animal and human viruses include such promoters as the adenovirus {(such as Adenovirus 2),
papilioma virus, hepatitis-B virus, polyoma virus, and Simian Virus 40 (SV40), and various
retroviral promoters. Mammalian promoters include, among many others, the actin promoter,

tmmunoglobulin promoters, heat-shock promoters, and the like,

(0097} Various embodiments of the current invention can comprise a number of different

vector constructions. Such constructions are typically and preferably used in plasoud rescue
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systems to create viruses for use in vaccines (e.g., in live attenuated vaccines, in killed or
inactivated vaccines, etc.). Thus, the invention includes recombinant DNA molecules having a
transcription control element that binds a DNA-directed RNA polymerase that is operatively
linked to a DNA sequence that encodes an RNA molecule, wherein the RNA molecule
comprises a binding site specific for an RNA-directed RNA polymerase of a negative strand
RINA virus, operatively linked to an RNA sequence comprising the reverse complement of a
mRNA coding sequence of a negative strand RNA virus. Also, the invention includes a
recombinant DNA molecule that, upon transcription yields an RNA template that contains an
RNA sequence comprising the reverse complement of an mRNA coding scquenee of & negative
strand RNA virus, and vRNA terminal sequences. The invention also includes a recombinant
DNA molecule that upon transcription yields a replicable RNA template comprising the reverse
complement of an mRNA coding sequence of a negative strand RNA virus. Such above
recombinant DNA molecules typically involve wherein the negative strand RNA virus is
influenza (e.g., influenza A or B, ete.). Also, the RNA molecule in such embodiments is
typically an influenza genome segment and the RNA template is typically an influenza genome
segment. The recombinant DNA molecules typically comprise wherein the RNA template is
replicable, wherein the negative strand RNA virus is influenza, and wherein the RNA template is
an influenza genome segment. Thus, the nucleic acids influenza segments typically comprise
HA and/or NA genes (the corresponding nucleic acid of which is, e.g., in Figure 1, or within

sinilar strains of the strains having the nucleic acids in, e.g., Figure 1.

R The invention also includes methods of preparing an RNA molecule comprising
franscribing a recombinant DNA molecule with a DNA-directed RNA polymerase, wherein the
DNA molecule comprises a transcription control element that binds 2 DNA-directed RNA
polymerase that is operatively linked to a DNA sequence that encodes an RNA molecule,
wherein the RNA molecule comprises a binding site specific for an RNA-directed RNA
polymerase of 2 negative strand RNA virus, operatively linked to an RNA sequence comprising
the reverse complement of an mRNA coding sequence of a negative strand RNA virus, The
mvention also includes a method of preparing an RNA molecule comprising transcribing a
recombinant DNA molecule with a DNA-directed RNA polymerase, wherein the recombinant
DNA molecule yields upon transcription an RNA molecule that contains an RNA, sequence
comprising the reverse coraplement of an mRNA coding sequence of a negative strand RNA
virus, and vRNA terminal sequences. Furthermore, the invention includes a method of preparing

an RNA molecule comprising transeribing a recombinant DNA molecule with 2 DNA-directed
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RNA polymerase, wherein the recombinant DNA molecule yields upon transcription a replicable
RNA molecule comprising the reverse complement of an mRNA coding sequence of a negative
strand RNA virus. Such methods typically comprise wherein the negative strand RNA virus is
influenza, and wherein the RNA molecule is an influenza genome segment. Such methods
preferably include wherein the DNA-directed RNA polymerase is pol 1, pol I, T7 polymerase,
T3 polymerase, or Sp6 polymerase. Thus, again, the influenza nucleic acid segments typically

comprise HA and/or NA genes as described throughout.

{6099} Other methods within the invention include methods of constructing a DNA
molecule comprising a transcription control element that binds 2 DNA-directed RNA polymerase
that is operatively linked to a DNA sequence that encodes an RNA molecule, wherein the RNA
molecule comprises a binding site specific for an RNA-directed RNA polymerase of an influenza
virus, operatively linked to an RNA sequence comprising the reverse complement of an mRNA
coding sequence of an influenza virus, wherein the DNA sequence comprises a nucleic acid
corresponding to one or more of SEQ 1D NO: 1,3,5,7,9, 11, 13,15, 17, 19, 21, 23, 25, 27,
residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of
SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ 1D NO:9,
residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of
SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17,
residues 1056-1721 of SEQ 1D NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-
1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:23, and residues 1116-1787 of SEQ
1D NO:25 or a fragment thercof or of one or more nucleic acid sequence of a similar strain (e.g,,
a strain similar o such strains having the sequences found in the sequences of Figure 1, etc.}.
Also, the invention includes a method of constructing a DNA molecule comprising a DNA
sequence that upon transcription yields an RNA template that contains an RNA sequence
comprising the reverse complement of an mRNA coding sequence of an influenza virus, and
vRNA terminal sequences, wherein the DNA sequence comprises a nucleic acid corresponding
to one or more of SEQ ID NO: 1,3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, residues 74-1060
of SEQ ID NO:1, residues 1061-1723 of SEQ 1D NO:1, residues 81-1058 of SEQ ID NO:5,
residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of
SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13,
residues 1065-1727 of SEQ ID NQO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-
1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID
NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:250ra
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tragment thereot, or of one or more nucleic acid of a similar strain {e.g., a strain similar to such
straing that have the sequences found in Figure 1, etc.). Such methods also include wherein the
RNA template is replicable. Other methods of the invention include those of consiructing a
DNA molecule comprising 2 DNA sequence that upon transcription yields a replicable RNA
template conprising the reverse complement of an mRNA coding sequence of an influcnza
virus. These methods of the invention typically include wherein the RNA molecule is an
influenza genome segment, wherein the DNA-directed RNA polymerase is pol I, pol I, T7

polymerase, T3 polymerase, or Sp6 polymerase.

31006} Transcription is optionally increased by including an enhancer sequence,
Enhancers are typically short, e.g., 10-500 bp, cis-acting DNA elements that act in concert with a
promoter to increase transcription. Many enhancer sequences have been isolated from
mammalian genes (hemoglobin, clastase, albumin, alpha-fetoprotein, and insulin}, and
cukaryotic cell viruses. The enhancer can be spliced into the vector at a position 5" or 3’ 1o the
heterologous coding sequence, but is typically inserted at a site 5' to the promoter. Typically, the
promoter, and if desired, additional transcription enhancing sequences are chosen to optimize
expression in the host cell type into which the heterolegous DNA is to be introduced {Scharfet
al. (1994) Heat stress promoters and transcription factors Results Probl Cell Differ 20:125-62 ;
Kriegler et al. (1990) dssembly of enhancers, promoters, and splice signals to comirol expression
of ransferred genes Methods in Enzymol 185: $12-27). Optionally, the amplicon can also
coniain a ribosome binding site or an internal ribosome entry site (IRES) for translation
initiation,

[B161} The vectors of the invention also favorably include sequences necessary for the
termnination of transcription and for stabilizing the mRNA, such as a polyadenylation sitc or a
terminater sequence. Such sequences are commonly available from the 5' and, occasionally 3,
untranslated regions of eukaryotic or viral DNAs or cDNAs. In one embodiment, the SV40
polyadenylation signal sequences can provide a bi-directional polyadenylation site that insulates
transcription of (+) strand mRNA molecules from the Poll promoter initiating replication of the

{-) strand viral genome.

8102} In addition, as described above, the expression vectors optionally include one or
more selectable marker genes to provide a phenotypic trait for selection of transformed host
cells, in addition to genes previously listed, markers such as dihydrofolate reductase or neormycin

resistance are suitable for selection in eukaryotic cell culture.
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{6103} The vector containing the appropriate nucleic acid sequence as described above,
as well as an appropriate prometer or control sequence, can be employed to transform a host cell
permitting expression of the protein. While the vectors of the invention can be replicated in
bacterial cells, most frequently it will be desirable to introduce them into mammalian cells, e.g.,
Vero cells, BHK cells, MDCK cell, 293 cells, COS cells, or the like, for the purpose of

expression.

[6164] As described elsewhere, the HA and NA sequences herein, in various
embodiments, can be comprised within plasmids involved in plasmid-rescue reassortment. See,
&.g., U.S. Application No. 60/420,708, filed October 23, 2002, U.S. Application No. 10/423.828,
filed April 25, 2003, and U.S. Application No. 60/574,117, filed May 24, 2004, all entitled
“Multi-Plasmid System for the Production of Influenza Virus”; Hoffmann, E., 2000, PNAS,
7(11):6108-6113; U.S. Published Patent Application No. 20020164770 to Hoffmann; and
USPN 6,544,785 issued April 8, 2003 to Palese, et al. The reassortants produced can include the
HA and NA genes arranged with the 6 other influenza genes from the A/Ann Arbor/6/60 donor
strain, the B/Ann Arboi/1/66 donor strain (and/or derivatives and modifications thereof), the

A/Puerto Rico/8/34 donor strain, elg.

Additional Expression Elements
{0105] Most commonly, the genome scgment encoding the influnenza virus HA and/or

NA protein includes any additional sequences necessary for ifs expression, including iranslation
into a functional viral protein. In other situations, a minigene, or other artificial construct
encoding the viral proteins, ¢.g., an HA and/or NA protein, can be employed. Again, in such
case, it is often desirable to include specific initiation signals that aid in the efficient translation
of the heterologous coding sequence. These signals can include, ¢.g., the ATG initiation codon
and adjacent sequences. To insure translation of the entire insert, the initiation codon is inserted
in the correct reading frame relative to the virsl protein. Exogenous transcriptional elements and
initiation codons can be of various origins, both natural and synthetic. The efficiency of

expression can be enhanced by the inclusion of enhancers appropriate to the cell system in use.

[B166] If desired, polynucleotide sequences encoding additional expressed elements,
such as signal sequences, sccretion or localization sequences, and the like can be incorporated
into the vector, usually, in-frame with the polynucleotide sequence of interest, e.g., to target
polypeptide expression to a desired cellular compartment, membrane, or organelle, or to direct
polypeptide secretion to the periplasmic space or into the cell culture media. Such sequences are

known to those of skill, and include secretion leader peptides, organelle targeting sequences
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{e.g., nuclear localization sequences, ER retention signals, mitochondrial transit SCQUEnces),
membrane localization/anchor sequences (e.g., stop transfer sequences, GPI anchor sequences),
and the like,

{6167} Where translation of a polypeptide encoded by a nucleic acid sequence of the
invention is desired, additional translation specific initiation signals can iroprove the efficiency
of translation. These signals can include, ¢.g., an ATG initiation codon and adjacent BEUENCes,
an IRES region, etc. In some cases, for example, full-length cDNA molecules or chromosomal
segments including a coding sequence incorporating, e.g., a polynucleotide sequence of the
invention {.g., as in the sequences hercin), a translation initiation codon and associated sequence
clements are inserted into the appropriate expression vector simultancously with the
polynucleotide sequence of interest. In such cases, additional translational control signals
frequently are not required. However, in cases where only a polypeptide coding sequence, or a
portion thereof, is inserted, exogenous translational control signals, including, e.g., an ATG
initiation codon is often provided for expression of the relevant sequence. The initiation codon
i3 put in the correct reading frame to ensure transcription of the polynucleotide sequence of
interest. Exogenous transcriptional elements and initiation codons can be of various origins,
both natural and synthetic. The efficiency of expression can be enhanced by the inclusion of
enhancers appropriate to the cell system in use (see, e.g., Scharf D. et al. (1994) Results Probl
Cell Differ 20:125-62; Bittver et al. (1987) Methods in Enzymol 153:516-544).

Production of recombinant virus
{8168} Negative strand RNA viruses can be genetically enginecred and recovered using a

recombinant reverse genetics approach (USPN $,166,057 to Palesc et al.). Such method was
originally applied to engineer influenza viral genomes (Luyties et al. (1989) Cell 59:1107-1113;
Enami et al. (1990) Proc. Natl. Acad. Sci. USA 92:11563-11567), and has been successfully
applied to a wide variety of segmented and nonsegmented negative strand RNA viruses, e.g.,
rabies (Schnell et al. (1994) EMBO J. 13: 4195-4203); VSV (Lawson ct al. (1995) Proc, Natl.
Acad. Sci. USA 92: 4477-4481); measles virus (Radecke et al{1995) EMBO 1. 14:5 773-5784);
rinderpest virus (Baron & Barrett (1997) 1. Virol. 71: 1265-1271); human parainfluenza virus
(Hoffman & Banerjee (1997) 1. Virol. 71: 3272-3277; Dubin ct al. (1997) Virology 235:323-
332); SV5 (He et al. (1997) Virology 237:249-260); canine distemper virus (Gassen ct al. (2000)
. Virol. 74:10737-44); and Sendai virus (Park ct al. (1991) Proc. Natl. Acad. Sci. USA 88: 5537-
5541; Kato et al. (1996) Genes to Cells 1:569-579). Those of skill in the art will be farniliar with

these and similar techniques to produce influcnza virus comprising the HA and NA sequences of
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the invention. Recombinant influenza viruses produced according to such methods are also a
feature of the invention, as are recombinant influenza virus comprising one or more nucleic acids
and/or polypeptides of the invention. Of course, as will be appreciated by those of skill in the
art, influenza viruses in general (and those of the invention as well) are negative stranded RNA
viruses. Thus, when the present invention describes influenza viruses as comprising, €.g., the
sequences of Figure 1, etc., it is to be understood to typically mean the corresponding negative
stranded RNA version of the sequences. The nucleotide sequences in Figure 1 comprise DNA
versions {¢.g., coding plus sense, etc.) of the genes (along with some uniranslated regions in the
nucleotide sequences). Those of skill in the art can easily convert between RNA and DNA
sequences (e.g., changing U to T, etc.), and between complementary nucleotide sequences
{whether RNA or DNA),etc. Thus, for example, those of skill in the art can easily convert from
a nucleotide sequence {e.g., one given in Figure 1 such as SEQ ID NO:1) to the corresponding
amino acid sequence or to a corresponding complementary sequence (whether DNA or RNA)J,
etc. Also, as will be evident, when such HA and/or NA sequences are described within DNA
vectors, .9, plasmids, etc., then the corresponding DNA version of the sequences are typically
to be understood. Again, nucleic acids of the invention include the explicit sequences in the
sequence listings herein, as well as the complements of such sequences (both RNA and DNA),
the double stranded form of the sequences in the sequence listings, the corresponding RNA
forms of the sequences in the sequence listings (cither as the RNA complement to the explicit
sequence in the sequence listing or as the RNA version of the sequence in the sequence listing,
e.g., of the same sense, but comprised of RNA, with U in place of T, etc.). Thus, depending on
context herein, the nucleic acid sequences of the invention can comprise the RNA versions of
SEQID NO:1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1,
residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:S, residues 1039-1724
of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9,
residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727
of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ 1D NG:17,
residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ 1D NO:21, residues 75-1115
of SEQ ID NO:25, and residucs 1116-1787 of SEQ ID NO:25 (cither in positive stranded sense

or in negative stranded sense).

Celi Culture and Expression Hosts
[6189] The present invention also relates to host cells that are introduced (transduced,

transformed or transfected) with vectors of the invention, and the production of polypeptides of
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the invention by recombinant techniques. Host cells arc genetically engineered (i.c., transduced,
transtormed or transfected) with a vector, such as an expression vector, of this invention. As
described above, the vector can be in the form of a plasmid, a viral particle, a phage, ctc.
Examples of appropriate expression hosts include: bacterial cells, such as E. coli, Streptomyces,
and Salmonella typhimurium; fungal cells, such as Saccharomyces cerevisiae, Pichia pastoris,

and Newrospora crassa; or insect cells such as Drosophila and Spodoptera frugiperda.

(6118} Most commonly, mammalian cells are used to culture the HA and NA molecules
of the invention. Suitable host cells for the replication of influenza virus (6.g., with the HA
and/or NA sequences herein) include, e.g., Vero cells, BHK cells, MDCK cells, 293 cells and
COS cells, including 2937 cells, COS7 cells or the like. Commonly, co-cultures including two
of the above cell lines, e.g., MDCK cells and either 293T or COS cells are employed at a ratio,
e.g., of 1:1, to improve replication efficiency. Typically, cells are cultured in a standard
commercial culture medium, such as Dulbecco’s modified Fagle’s medium supplemented with
serum {e.g., 10% fetal bovine serum), or in serum free medium, under controlled humidity and
CO; concentration suitable for maintaining neutral buffered pH (e.g., at pH between 7.0 and 7.2).
Optionally, the medium contains antibiotics to prevent bacterial growth, ¢.g., penicillin,
streptomyein, ete., and/or additional nutrients, such as L-glutamine, sodium pyruvate, non-
essential amino acids, additional supplements to promote favorable growth characteristics, e.g.,

frypsin, $-mercaptoethanol, and the like.

HIR Y The cngincered host cells
as appropriate for activating promoters, selecting transformants, or amplifying the inserted
polynucleotide sequences, ¢.g., through production of viruses. The culture conditions, such as
temperature, pH and the like, are typically those previously used with the particular host cell
selected for expression, and will be apparent to those skilled in the art and in the references cited
herein, including, e.g., Freshney {1994) Culture of Animal Cells, & Manual of Basic Technigue,
3 edition, Wiley- Liss, New York and the references cited therein, Other helpful references
include, e.g., Paul (1975) Cell and Tissue Culture, 5™ ed., Livingston, Edinburgh; Adams (1980)
Laboratory Techniques in Biochemistry and Molecular Biology-Cell Culture for Biochemists,
Work and Burdon {eds.) Elsevier, Amsterdam. Additional details regarding tissue culture
procedures of particular interest in the production of influenza virus in vitro include, e.g., Merten
et al. (1996} Production of influenza virus in cell cultures for vaccine preparation. in Cohen and
Shafferman (eds.) Novel Strategics in Design and Production of Vaccines, which is incorporated

herein in its entirety for all purposes. Additionally, variations in such procedures adapted to the
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present invention are readily determined through routine experimentation and will be familiar to

those skilled in the art.

{0112] Cells for production of influenza virus (¢.g., having the HA and/or NA sequences
of the invention) can be cultured in serum-containing or serum free medium. In some cases, ¢.g.,
for the preparation of purified viruses, it is fypically desirable to grow the host cells in serum free
conditions. Cells can be cultured in small scale, e.g., less than 25 ml medium, culture tubes or
flasks or in large flasks with agitation, in rotator bottles, or on microcarrier beads (¢.g., DEAE-
Dextran microcarrier beads, such as Dormacell, Pfeifer & Langen; Superbead, Flow
Laboratorics; styrene copolymer-tri-methylamine beads, such as Hillex, SoloHill, Ann Arbor) in
flasks, bottles or reactor cultures. Microcarrier beads are small spheres (in the range of 100-200
microns in diameter) that provide a large surface area for adherent cell growth per volume of cell
culture. For example a single liter of medium can include more than 20 million microcarrier
beads providing greater than 8000 square centimeters of growth surface. For commercial
production of viruses, e.g., for vaccine production, it is often desirable to culture the celisina
bioreactor or fermenter. Bioreactors are available in volumes from under 1 liter to in excess of
100 liters, ¢.g., Cyto3 Bioreactor (Osmonics, Minuetouka, MN); NBS bioreactors (New
Brunswick Scientific, Edison, NJ); laboratory and commercial scale bioreactors from B. Braun

Biotech International (B. Braun Biotech, Melsungen, Germany).

{0113] Regardless of the culture volume, in many desired aspects of the current
invention, it is important that the cultures be maintained at an appropriate temperature, to insure
cfficient recovery of recombinant and/or reassortant influenza virus using terperature dependent
multi plasmid systems {see, e.g., U.S. Application No. 60/420,708, filed October 23, 2002, U.S.
Application No. 10/423,828, filed April 25, 2003, and U.8. Application No. 6(/574,117, filed
May 24, 2004, all entitled “Multi-Plasmid System for the Production of Influenza Virus”),
heating of virus solutions for filtration, etc. Typically, a regulator, e.g., a thermostat, or other
device for sensing aud maintaining the temperature of the cell culture system and/or other
solution, is employed to insure that the temperature is at the correct level during the appropriate

period {e.g., virus replication, etc.).

[#114] In some embodiments herein {(e.g., wherein reassorted viruses are to be produced

from segments on vectors) vectors comprising influenza genome segments are introduced (¢.g.,

transfected) into host cells according to methods well known in the art for introducing

heterologous nucleic acids into eukaryotic cells, including, e.g., calcium phosphate co-

precipitation, electroporation, microinjection, lipofection, and transfection employing polyamine
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transtection reagents. For example, vectors, ¢.g., plasmids, can be transfected into host cells,
such as COS cells, 293T cells or combinations of COS or 2937 cells and MDCK cells, using the
polyamine transfection reagent TransIT-LT1 (Mirus) according to the manufacturer’s
instructions in order to produce reassorted viruses, ete. Thus, in one example, approximately 1
ug of each vector is introduced into a population of host cells with approximately 2 pl of
TransIT-LT1 diluted in 160 pl medium, preferably serum-free medium, in a total volume of 200
ul. The DNA transfection reagent mixiures are incubated at room temperature for 45 minuets
followed by addition of 800 ul of medium. The transfection mixture is added to the host cells,
and the cells are cultured as described via other methods well known to those skilled in the art.
Accordingly, for the production of recombinant or reassortant viruses in cell culture, vectors
incorporating cach of the 8 genome segments, (PB2, PB1, PA, NP, M, NS, HA and NA, e.g., of
the invention) are mixed with approximately 20 ul TransIT-LT! and transfected into host cells.
Optionally, serum-containing medium is replaced prior to transfection with serum-free medium,
a.g., Opti-MEM 1, and incubated for 4-6 hours.

{6115} Alternatively, electroporation can be employed to introduce such vectors
ncorporating influenza genome segments into host cells. For example, plasmid vectors
moorporating an influcnza A or influenza B virus are favorably introduced into Vero cells using
electroporation according to the following procedure. In brief, approximately 5 x 10° Vere cells,
£.8., grown in Modified Eagle’s Medium (MEM) suppiememed with 10% Fetal Bovine Serum
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micrograms of DNA in a volume of up to 25 ul is added to the cells in the cuvette, which is then
mixed gently by tapping. Electroporation is performed according to the manufacturer’s
nstructions (¢.g., BioRad Gene Pulser IT with Capacitance Extender Plus connected) at 300
volts, 930 microFarads with a time constant of between 28-33 msec. The cells are remixed by
gently tapping and approximately 1-2 minutes following electroporation 0.7 ml MEM with 10%
FBS is added directly to the cuvette. The cells are then transferred to two wells of a standard 6
well tissue culture dish containing 2 mi MEM, 10% FBS. The cuvette is washed to recover any
remaining cells and the wash suspension is divided between the two wells. Final volume is
approximately 3.5 mL. The cells are then incubated under conditions permissive for viral

growth, e.g., at approximately 33°C for cold adapted sirains.

6115} In mammalian host cells, a number of expression systems, such as viral-based
systems, can be utilized. In cases where an adenovirus is used as an expression vector, a coding

sequence 18 optionally ligated into an adenovirus transcription/transiation complex consisting of
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the late promoter and tripartite leader sequence. Insertion in a nonessential E1 or E3 region of
the viral genome will result in a viable virus capable of expressing the polypeptides of interest in
infected host cells (Logan and Shenk (1984) Proc Natl Acad Sci 81:3655-3659). In addition,
transcription enhancers, such as the rous sarcoma virus (RSV) enhancer, can be used to increase

expression in mammalian host cells.

{6117} A host cell strain is optionally chosen for its ability to modulate the expression of
the inserted sequences or to process the expressed protein in the desired fashion. Such
modifications of the protein include, but are not limited to, acetylation, carboxylation,
glycosylation, phosphorylation, lipidation and acylation. Post-translational processing, which
cleaves a precursor form into a mature form, of the protein is sometimes important for correct
insertion, folding and/or function. Additionally proper location within a host cell (e.g., on the
cell surface) is also important. Different host cells suck as COS, CHO, BHK, MDCK, 293,
293T, COS7, etc. have specific cellular machinery and characteristic mechanisms for such post-
translational activities and can be chosen to ensure the correct modification and processing of the

current introduced, foreign protein.

[6118] For long-term, high-yield production of recombinant proteins encoded by, or
having subsequences encoded by, the polynucleotides of the invention, stable expression systems
are optionally used. For example, cell lines, stably expressing a polypeptide of the invention, are
transfected using expression vectors that contain viral origins of replication or endogenous
expression elements and a selectable marker gene. For example, following the introduction of
the vector, cells are allowed to grow for 1-2 days in an enriched media before they are switched
to selective media. The purpose of the selectable marker is to confer resistance to selection, and
its presence allows growth and recovery of cells that successfully express the introduced
sequences. Thus, resistant clumps of stably transformed cells, .., derived from single cell type,

can be proliferated using tissue culture techniques appropriate to the cell type.

[6119] Host cells transformed with a nucleotide sequence encoding a polypeptide of the
invention are optionally cultured under conditions suitable for the expression and recovery of the
encoded protein from cell culture. The cells expressing said protein can be sorted, isolated
and/or purified. The protein or fragment thereof produced by a recombinant cell can be secreted,
membrane-bound, or retained intracellularly, depending on the sequence (e.g., depending upon

fusion proteins encoding a membrane retention signal or the like) and/or the vector used.
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[0120] Expression products corresponding to the nucleic acids of the invention can also
be produced in non-animal cells such as plants, yeast, fungi, bacteria and the like. In addition to
Sambrook, Berger and Ausubel, all infra, details regarding cell culture can be found in Payne et
al. (1992) Plant Cell and Tissue Culture in Liquid Systems John Wiley & Sons, Inc. New York,
NY; Gamborg and Phillips {eds.) (1995) Plant Cell, Tissue and Organ Culture; Fundamental
Methods Springer Lab Manual, Springer-Verlag (Berlin Heidelberg New York) and Atlas and
Parks (eds.) The Handbook of Microbiologicat Media {1993) CRC Press, Boca Raton, FL.

{121} In bacterial systems, a number of expression vectors can be selected depending
upon the use intended for the expressed product. For example, when large quantities of a
polypeptide or fragments thereof are needed for the production of antibodies, vectors that dirvect
high-level expression of fusion proteins that are readily purified are favorably employed. Such
vectors include, but are not limited to, multifunctional E. coli cloning and expression vectors
such as BLUESCRIPT (Stratagene}, in which the coding sequence of interest, ¢.g., sequences
comprising those found herein, etc., can be ligated into the vector in-frame with sequences for
the amino-terminal translation initiating methionine and the subsequent 7 residues of beta-
galactosidase producing a catalytically active beta galactosidase fusion protein; pIN vectors (Van
Heeke & Schuster (1989) J Biol Chem 264:5503-5509); pET vectors (Novagen, Madison WI);
and the like. Similarly, in the yeast Saccharomyces cerevisiae a number of vectors containing
constitutive or inducible promoters such as alpha factor, alcohol oxidase and PGH can be used
for production of the desired expression products. For reviews, see Ausubel, infra, and Grant et
al., {1987); Methods in Enzymology 153:516-544.

Nucleic Acid Hybridization
(6122} Comparative hybridization can be used to identify mucleic acids of the invention,

including conservative variations of nucleic acids of the invention. This comparative
hybridization method is a preferred method of distinguishing nucleic acids of the invention. In
addition, target nucleic acids which hybridize to the nucleic acids represented by, e.g., SEQ ID
NG:1,3,5,7,9,11, 13,15, 17,19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues
1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:3, residues 1059-1724 of SEQ
ID NO:3, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues
1117-1785 of SEQ ID NO:9, residuecs 78-1064 of SEQ 1D NO:13, residucs 1065-1727 of SEQ
ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17,
residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115
of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25 under high, ultra-high and ultra-
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ultra-high stringency conditions are features of the invention. Examples of such nucleic acids
include those with one or a few silent or conservative nucleic acid substitutions as compared to a

given nucleic acid sequence.

[6123] A test target nucleic acid is said to specifically hybridize to a probe nucleic acid
when it hybridizes at least one-half as well to the probe as to the perfectly matched
complementary target, i.e., with a signal to noise ratio at least one-half as high as hybridization
of the probe to the target under conditions in which the perfectly matched probe binds to the
perfectly matched complementary target with a signal to noise ratio that is at least about 5x-10x

as high as that observed for hybridization to any of the unmatched target nucleic acids.

{6124] Nucleic acids “hybridize” when they associate, typically in solution. Nucleic
acids hybridize due to a variety of well-characterized physico-chemical forces, such as hydrogen
bonding, solvent exclusion, base stacking and the like. Numerous protocols for nucleic acid
hybridization are well known in the art. An extensive guide to the hybridization of nucleic acids
is found in Tijssen (1993) Laboratory Techniques in Biochemistry and Molecular Biology--
Hybridization with Nucleic Acid Probes part I chapter 2, “Overview of principles of
hybridization and the strategy of nucleic acid probe assays,” (Elsevier, New York), as well as in
Ausubel, Sambrook, and Berger and Kimmel, all below. Hames and Higgins (1995) Gene
Probes 1 IRL Press at Oxford University Press, Oxford, England, (Hames and Higgins 1) and
Hames and Higgins (1995) Gene Probes 2 IRL Press at Oxford University Press, Oxford,
England (Hames and Higgins 2) provide details on the synthesis, labeling, detection and
quantification of DNA and RNA, including oligonucleotides.

(6125} An example of stringent hybridization conditions for hybridization of
complementary nucleic acids which have more than 100 complementary residues on a filter na
Southern or northern biot is 50% formalin with 1 mg of heparin at 42°C, with the hybridization
being carried out overnight. An example of stringent wash conditions comprises a 0.2x 88C
wash at 65°C for 15 minutes (see, Sambrook, infia for a description of 8SC buffer). Often the
high stringency wash is preceded by a low stringency wash to remove background probe signal,
An example low stringency wash is 2x SSC at 40°C for 15 minutes. In general, a signal to noise
ratio of 5x (or higher) than that observed for an unrelated probe in the particular hybridization

assay indicates detection of a specific hybridization.

[6126] After hybridization, unhybridized nucleic acids can be removed by a series of

washes, the stringency of which can be adjusted depending upon the desired results. Low
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stringency washing conditions (e.g., using higher salt and lower temperature) increase
sensitivity, but can produce nonspecific hybridization signals and high background signals.
Higher stringency conditions {e.g., using lower salt and higher temperature that is closer to the
Tw) lower the background signal, typically with primarily the specific signal remaining. See,
also, Rapley, R. and Walker, J.M. eds., Molecular Biomethods Handbook (Humana Press, Inc.
1998},

{0127} “Stringent hybridization wash conditions™ in the context of nucleic acid
hybridization experiments such as Southern and northern hybridizations are sequence dependent,
and are ditferent under different environmental parameters. An extensive guide to the
hybridization of nucleic acids is found in Tijssen (1993), supra, and in Hames and Higgins, 1
and 2. Stringent hybridization and wash conditions can easily be determined empirically for any
test nucleic acid. For example, in determining highly stringent hybridization and wash
conditions, the hybridization and wash conditions are gradually increased (e.g., by increasing
temperature, decreasing salt concentration, increasing detergent concentration and/or increasing
the concentration of organic solvents such as formalin in the hybridization or wash), until a
selected set of criteria is met. For example, the hybridization and wash conditions are gradually
increased until a probe binds to a perfectly matched complementary target with a signal to noise
ratio that is at least 5x as high as that observed for hybridization of the probe to an unmatched

farget.

{61281 In general, a signal to noise ratio of at least 2%
20x, 50z, 100x, or more) than that obscrved for an unrelated probe in the particular hybridization
assay indicates detection of a specific hybridization. Detection of at least stringent hybridization
between two sequences in the context of the present invention indicates relatively strong
structural similarity to, ¢.g., the nucleic acids of the present invention provided in the ssquence

listings herein.

(6129} “Very stringent” conditions are selected to be equal to the thermal melting point
(Tw) for a particular probe. The Ty, is the temperature (under defined ionic strength and pH) at
which 50% of the test sequence hybridizes to a perfectly matched probe. For the purposes of the
present invention, generally, “highly stringent” hybridization and wash conditions are selected to
be about 5°C lower than the Ty, for the specific sequence at a defined ionic strength and pH (as
noted below, highly stringent conditions can also be referred to in comparative terms). Target

sequences that are closely refated or identical to the nucleotide sequence of interest (e.g.,

35



10

15

20

25

30

“probe”) can be identified under stringent or highly stringent conditions. Lower siringency

conditions are appropriate for sequences that are less complementary.

[6136] “Ultra high-stringency” hybridization and wash conditions are those in which the
stringency of hybridization and wash conditions are increased until the signal 1o noise ratio for
binding of the probe to the perfectly matched complementary target nucleic acid is at least 10x as
high as that observed for hybridization to any unmatched target nucleic acids. A target nucleic
acid which hybridizes to a probe under such conditions, with a signal to noise ratio of at least
one-half that of the perfectly matched complementary target nucleic acid is said to bind to the

probe under ultra-high stringency conditions.

{0131] In determining stringent or highly stringent hybridization (or even more stringeat
hybridization) and wash conditions, the hybridization and wash conditions are gradually
increased (e.g., by increasing temperature, decreasing salt concentration, increasing detergent
concentration and/or increasing the concentration of organic solvents, such as formamide, in the
hybridization or wash), until a selected set of criteria are met. For example, the hybridization
and wash conditions are gradually increased until a probe comprising one or more
polynucleotide sequences of the invention, e.g., sequences or unique subsequences selected from
these given herein and/or complementary polynucleotide sequences, binds to a perfectly matched
complementary target {again, a nucleic acid comprising one or more nucleic acid sequences or
subsequences selected from those given herein and/or complementary polynucleotide sequences
thereof), with a signal to noise ratio that is at least 2x (and optionally 5x, 10x, or 100x or more)
as high as that observed for hybridization of the probe to an unmatched target (e.g., 2
polynucleotide sequence comprising one or more sequences or subsequences selected from
known influenza sequences present in public databases such as GenBank at the time of filing,

and/or complementary polynucleotide sequences thereof), as desired.

{0132] Using the polymucleotides of the invention, or subsequences thereof, novel target
nucleic acids can be obtained; such target nucleic acids are also a feature of the invention. For
example, such target nucleic acids include sequences that hybridize under stringent conditions to

a unique oligonucleotide probe corresponding to any of the polynucleotides of the invention.

16133} Similarly, even higher levels of stringency can be determined by gradually
increasing the hybridization and/or wash conditions of the relevant hybridization assay. For
cxample, those in which the stringency of hybridization and wash conditions are increased until

the signal to noise ratio for binding of the probe to the perfectly matched complementary target
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nucleic acid is at least 10X, 20X, 50X, 100X, or 500X or more as high as that observed for
hybridization to any unmatched target nucleic acids. The particular signal will depend on the
label used in the relevant assay, e.g., a fluorescent label, a colorimetric label, a radioactive fabel,
or the like. A target nucleic acid which hybridizes to a probe under such conditions, with a
signal to noise ratio of at least one-half that of the perfectly matched complementary target

nucleic acid, is said to bind to the probe under ultra-ultra-high stringency conditions.

6134} Nucleic acids that do not hybridize to each other under stringent conditions are
still substantially identical if the polypeptides which they encode are substantially identical. This
occurs, ¢.g., when a copy of a nucleic acid is created using the maximum codon degeneracy

permiited by the genetic code,

Cloning, Mutagenesis and Expression of Biomolecules of Interest
{6135} General texis which describe molecular biological techniques, which are

applicable to the present invention, such as cloning, mutation, cell culture and the like, include
Berger and Kimmel, Guide to Molecular Cloning Techniques, Methods in Enzymology volume
152 Academic Press, Inc., San Diego, CA (Berger); Ssmbrook et al., Molecular Cloning - A
Laboratory Manual (3rd Ed), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York, 2000 (“Sambrook”) and Current Protocols in Molecular Biology, F. M. Ausubel et
al., eds., Current Protocols, 8 joint venture between Greene Publishing Associates, Inc. and John
Wiley & Sons, Inc., (supplemented through 2002) (“Ausubel™)). These texts describe

mutagenesis, the use of vectorg

enesis, th vectorg, promn and ma vant ¢

omoters and many other relevant topics related to, e.g., the

By s

generation of HA and/or NA molecules, etc.

{6136} Various types of mutagenesis are optionally used in the present invention, £.g., to
produce and/or isolate, ¢.g., novel or newly isclated HA and/or NA molecules and/or to further
modify/mutate the polypeptides (¢.g., HA and NA molecules) of the invention. They include but
are not limited to site-direcied, random point mutagenesis, homologous recombination (DNA
shuffling), mutagenesis using uracil containing templates, oligonucleotide-directed mutagenesis,
phosphorothicate-modified DNA mutagenesis, mutagenesis using gapped duplex DNA or the
like. Additional suitable methods include point mismatch repair, mutagencsis using repair-
deficient host strains, restriction-selcction and restriction-purification, deletion mutagenesis,
mutagenesis by total gene synthesis, double-strand break repair, and the like. Mutagenesis, e.g.,
involving chimeric constructs, is also included in the present invention. In one embodiment,

mutagenesis can be guided by known information of the naturally occurring melecule or altered
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or mutated naturally occurring molecule, e.g., sequence, sequence comparisons, physical

properties, crystal siructure or the like.

18137} The above texts and examples found herein describe these procedures as well as
the following publications (and references cited within): Sicber, ot al., Nature Biotechnology,
19:456-460 (2001); Ling et al., Approaches to DNA mutagenesis: an overview, Anal Biochem
254(2): 157-178 {1997); Dale et al., Oligonucleotide-directed random mutagenesis using the
phosphorothioate method, Methods Mol Biol 57:369-374 (1996}, . A. Lorimer, I. Pastan,
Nucleic Acids Res 23, 3067-8 (1995); W. P. C. Stemmer, Nature 370, 389-91 (1994); Arnold,
Protein engineering for unusual environments, Current Opinion in Biotechnology 4:450-455
(1993); Bass et al., Mutant Trp repressors with new DNA-binding specificities, Science 242:240-
245 (1988); Fritz et al., Oligonucleotide-directed construction of mutations: a gapped duplex
DNA procedure without enzymatic reactions in vitro, Nucl Acids Res 16: 6987-6999 (1988);
Kramer et al., Jmproved enzymatic in vitro reactions in the gapped duplex DNA approach to
oligonucleotide-directed construction of mutations, Nuel Acids Res 16: 7207 (1988); Sakamar
and Khorana, Total synthesis and expression of a gene for the a-subunit of bovine rod outer
segment guanine nucleotide-binding protein (transducin), Nucl Acids Res 14: 6361-6372 (1988);
Sayers et al., ¥-T Exonucleases in phosphorothioate-based oligonucleotide-directed
mutagenesis, Nucl Acids Res 16:791-802 (1988); Sayers ct al,, Strand specific cleavage of
phosphorothioate-containing DNA by reaction with restriction endonucleases in the presence of
ethidium bromide, (1988) Nucl Acids Res 16: 803-814; Carter, Improved oligonucleotide-
directed mutagenesis using M13 vectors, Methods in Enzymol 154: 382-403 (1987); Kramer &
Fritz Oligonucleotide-directed construction of mutations via gapped duplex DNA, Methods in
Enzymol 154:350-367 (1987); Kunkel, The efficiency of oligonucleotide directed mutagenesis, in
Nucleic Acids & Molecular Biology (Eckstein, F. and Lilley, D.M.J. eds., Springer Verlag,
Berlin)) (1987); Kunkel et al., Rapid and efficient site-specific mutagenesis without phenotypic
selection, Methods in Enzymol 154, 367-382 (1987); Zoller & Smith, Oligonucleotide-directed
mutagenesis: a simple method using two oligonucleotide primers and a single-stranded DNA
template, Methods in Enzymol 154:329-350 (1987); Carter, Site-directed mutagenesis, Biochem
J237:1-7 (1986); Eghtedarzadeh & Henikoff, Use of oligonucieotides to generate large
deletions, Nuel Acids Res 14: 5115 (1986); Mandecki, Oligonucleotide-directed double-strand
break repair in plasmids of Escherichia coli: a method for site-specific mutagenesis, Proc Natl
Acad Sci USA, 83:7177-7181 (1986); Nakamaye & Eckstein, fnhibition of restriction

endonuciease Nci I cleavage by phosphorothivate groups and its application to oligomicleotide-
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directed nuutagenesis, Nucl Acids Res 14: 9679-9698 (1986); Wells et al., Importance of
hydrogen-bond formation in stabilizing the transition state of subtilisin, Phil Trans R Soc Lond
A 317 413-423 (1986}; Botstein & Shortle, Strategies and applications of in vitro mutagenesis,
Science 229:1193-1201(1985); Carter et al., Improved oligonucieotide site-divected mutagenesis
using M13 vectors, Nucl Acids Res 13: 4431-4443 (1985); Grundstrém et al., Oligonucleotide-
directed mutagenesis by microscale ‘shot-gun’ gene synthesis, Nucl Acids Res 13: 3305-3316
(1985); Kunkel, Rapid and efficient site-specific mutagenesis without phenotypic selection, Proc
MNatl Acad Sci USA 82:488-492 (1985); Smith, In vitro mutagenesis, Ann Rev Genet 19:423-
462(1985); Taylor et al., The use of phosphorothioate-modified DNA in restriction enzyme
reactions o prepare nicked DNA, Nuc! Acids Res 13: 8749-8764 (1985); Taylor et al., The rapid
generation of oligonucleotide-directed mutations at high frequency using phosphorothioate-
modified DNA, Nuel Acids Res 13: 8765-8787 (1985); Wells et al., Cassette mutagenesis: an
efficient method for generation of multiple mutations at defined sites, Gene 34:315-323 (1985);
Kramer et al,, The gapped duplex DNA approach to oligonucleotide-directed mutation
construction, Nucl Acids Res 12: 9441-9456 (1984); Kramer et al., Point Mismaich Repair, Cell
38:879-887 (1984); Nambiar et al., Total synthesis and cloning of a gene coding for the
ribonuclease S protein, Science 223: 1299-1301 (1984); Zoller & Smith, Oligonucleotide-
directed mutagenesis of DNA fragments cloned into M13 vectors, Methods in Enzymol 100:468-
500 (1983); and Zoller & Smith, Oligonucieotide-directed mutagenesis using M1 3-derived

vectors: an efficient and general procedure for the production of point mutations in any DNA

Jragment, Nucl Acids Res 10:6487-6500 (1982). Additional details on many of the above

methods can be found in Methods in Enzymol Volume 154, which also describes useful controls
for trouble-shooting problems with various mutagenesis, gene isolation, expression, and other

methods,

{6138} Oligenucleotides, e.g., for use in mutagenesis of the present invention, e.g.,
nwutating libraries of the HA and/or NA molecules of the invention, or altering such, are typically
synthesized chemically according to the solid phase phosphoramidite trisster method described
by Beaucage and Caruthers, Tetrahedron Letts 22(20):1859-1862, (1981) ¢.g., using an
automated synthesizer, as described in Needham-VanDevanter et al., Nucleic Acids Res,
12:6159-6168 (1934).

{8139] In addition, essentially any nucleic acid can be custom or standard ordered from
any of a variety of commercial sources, such ag The Midland Certificd Reagent Company

{(mere@oligos.com), The Great American Gene Company (www.genco.com), ExpressGen Ine,
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{(www.expressgen.com), Operon Technologies Inc. (Alameda, CA) and many others. Similarly,
peptides and antibodies can be custom ordered from any of a variety of sources, such as
PeptidoGenic {available at pkim@ccnet.com), HTI Bio-products, Tnc. (www htibio.com), BMA

Biomedicals Ltd. (UK.}, Bio.Synthesis, Inc., and many others.

{0148} The present invention also relates to host cells and organisms comprising a HA
and/or NA molecule or other polypeptide and/or nucleic acid of the invention or such HA and/or
NA or other sequences within various vectors such as 6:2 reassortant influenza viruses, plasmids
in plasmid rescue systems, etc. Host cells are genetically engineered (¢.g., transformed,
transduced or transfected) with the vectors of this invention, which can be, for example, a
cloning vector or an expression vector. The vector can be, for example, in the form of a plasmid,
a bacterium, a virus, a naked polynucleotide, or a conjugated polynucleotide. The vectors are
introduced into cells and/or microorganisms by standard methods including electroporation (see,
From et al., Proc Nat! Acad Sci USA 82, 5824 (1983), infection by viral vectors, high velocity
ballistic penetration by small particles with the nucleic acid cither within the matrix of small
beads or particles, or on the surface (Klein et al,, Nature 327, 70-73 (1987)). Berger, Sambrook,

and Ausubel provide a variety of appropriate transformation methods. See, above.

{8141} Several well-known methods of introducing target nucleic acids into bacterial
cells are available, any of which can be used in the present invention. These fnclude: fusion of
the recipient cells with bacterial protoplasts containing the DNA, electroporation, projectile
bombardment, and infection with viral vectors, etc. Bacterial cells can be used to amplify the
number of plasmids containing DNA counstructs of this invention. The bacteria are grown io log
phase and the plasmids within the bacteria can be isolated by a variety of methods known in the
art (see, for instance, Sambrook). In addition, a plethora of kits are commercially available for
the purification of plasmids from bacteria, (see, e.g., EasyPrep™, FlexiPrep™, both from
Pharmacia Biotech; StrataClean™, from Stratagene; and, QIAprep™ from (Jiagen). The
isolated and purified plasmids are then further manipulated to produce other plasouids, used to
transfect cells or incorporated into related vectors to infect organisms. Typical vectors contain
transcription and translation terminators, transcription and transiation initiation sequences, and
promoters useful for regulation of the expression of the particular target nucleic acid. The
vectors optionally comprise generic expression cassettes containing at least one independent
terminator sequence, sequences permitting replication of the cassette in cukaryotes, or
prokaryotes, or both, (¢.g., shuttle vectors) and selection markers for both prokaryotic and

cukaryotic systems. Vectors arc suitable for replication and integration in prokaryotes,
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eukaryotes, or preferably both. See, Giliman & Smith, Gene 8:81 (1979); Roberts, et al., Nature,
328:731 (1987); Schneider, B., et al., Protein Expr Purif 6435:10 (1995); Ausubel, Sambrook,
Berger (all supraj. A catalogue of Bacteria and Bacteriophages useful for cloning is provided,
e.8., by the ATCC, ¢.g., The ATCC Catalogue of Bacteria and Bacteriophage {1992 Ghema et
al. (eds.) published by the ATCC. Additional basic procedures for sequencing, cloning and other
aspects of molecular biology and underlying theoretical considerations are also found in Watson
et al. (1992} Recombinaunt DNA Second Edition Scientific American Books, NY. See, above.

POIYPEPTIDE PRODUCTION AND RECOVERY

6142} In some embodiments, following transduction of a suitable host cell line or strain
and growth of the host cells to an appropriate cell density, a selected promoter is induced by
appropriatc means {e.g., temperature shift or chemical induction) and cells are cultured for an
additional period. In some embodiments, a secreted polypeptide product, ¢.g., a HA and/or NA
polypeptide as in a secreted fusion protein form, etc., is then recovered from the culture medinm.
In other embodiments, a virus particle containing one or more HA and/or NA. polypeptide of the
mvention is produced from the cell. Alternatively, cells can be harvested by centrifugation,
disrupted by physical or chemical means, and the resulting crude extract retained for further
purification. Eukaryotic or microbial cells employed in expression of proteins can be disrupted
by any convenient method, including freeze-thaw cycling, sonication, mechanical disruption, or
use of cell lysing agents, or other methods, which are well know to those skilled in the art,
Additionally, cells expressing a HA and/or a NA polypeptide product of the invention can be
utitized without scparating the polypeptide from the cell. In such situations, the polypeptide of
the invention is optionally expressed on the cell surface and is examnined thus (e.g., by having
HA and/or NA molecules, or fragments thereof, e.g., comprising fusion proteins or the like) on

the cell surface bind antibodies, etc. Such cells sre also features of the invention.

{81437 Expressed polypeptides can be recovered and purified from recombinant cell
cultures by any of a number of methods well known in the art, including ammonium sulfate or
cthanol precipitation, acid extraction, anion or cation exchange chromatography,
phospheceliulose chromatography, hydrophobic interaction chromatography, affinity
chromatography (e.g., using any of the tagging systems known to those skilled in the art),
hydroxylapatite chromatography, and lectin chromatography. Protein refolding steps can be
used, as desired, in completing configuration of the mature protein. Also, high performance

tiquid chromatography (HPLC) can be employed in the final purification steps. In addition to
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the references noted herein, a variety of purification methods are well known in the art,
including, e.g., those set forth in Sandana (1997) Bioseparation of Proteins, Academic Press,
Inc.; and Bollag et al. (1996) Protein Methods, 2™ Edition Wiley-Liss, NY; Walker (1996) The
Protein Protocols Handbook Humana Press, NJ, Harris and Angal (1990) Protein Purification
Applications: A Practical Approach IRL Press at Oxford, Oxford, England; Harris and Angal
Protein Purification Methods: A Practical Approach IRL Press at Oxford, Oxford, England;
Scopes (1993) Protein Purification: Principles and Practice 3 Edition Springer Verlag, NY;
Janson and Ryden (1998) Protein Purification: Principles, High Resolution Methods and
Applications, Second Edition Wiley-VCH, NY; and Walker (1998) Protein Protocols on CD-
ROM Humana Press, NJ.

[0144] When the expressed polypeptides of the invention are produced in viruses, the
viruses are typically recovered from the culture medium, in which infected (transfected) cells
have been grown. Typically, crude medium is clarified prior to concentration of influenza
viruses. Common methods include ultrafiltration, adsorption on barium sulfate and elution, and
centrifugation. For example, crude medium from infected cultures can first be clarified by
centrifugation at, ¢.g., 1000-2000 x g for a time sufficient to remove cell debris and other large
particulate matter, e.g., between 10 and 30 minutes. Optionally, the clarified medium
supernatant is then centrifuged to pellet the influenza viruses, e.g., at 15,000 x g, for
approximately 3-5 hours. Following resuspension of the virus pellet in an appropriate buffer,
such as STE (0.01 M Tris-HCI; 0.15 M NaCl; 0.0001 M EDTA) or phosphate buffered saline
(PBS) at pH 7.4, the virus is concentrated by density gradient centrifugation on sucrose (60%-
12%) or potassium tartrate (50%-10%). Either continuous or step gradients, €.g., a sucrose
gradient between 12% and 60% in four 12% steps, are suitable. The gradients are centrifuged at
a speed, and for a time, sufficient for the viruses to concentrate into a visible band for recovery.
Alternatively, and for most large-scale commercial applications, virus is elutriated from density
pradients using a zonal-centrifuge rotor operating in continuous mode. Additional details
sufficient to guide one of skill through the preparation of influenza viruses from tissue culture
are provided, e.g., in Furminger. Vaccine Production, in Nicholson et al. {eds.) Textbook of
Influenza pp. 324-332; Merten et al. (1996) Production of influenza virus in cell cultures for
vaccine preparation, in Cohen & Shafferman (eds.) Novel Strategies in Design and Production
of Vaccines pp. 141-151, and United States Patent No. 5,690,937, If desired, the recovered
viruses can be stored at -80°C in the presence of sucrose-phosphate-glutamate (SPG) as a
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[8145] Alternatively, cell-free transcription/translation systems can be employed to
produce polypeptides comprising an amino acid sequence or subsequence of, ¢. g, SEQID
NO:2,4,6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, residues 17-345 of SEQ ID NO:2, residues
346-566 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID
NO:6, residues 18-361 of SEQ ID NO:10, residues 16-361 of SE(Q ID NO:10 and residues 362-
584 of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID
NO:14, residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18, residues 16-
362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQID NO:26
and residues 363-585 of SEQ ID NO:26, or encoded by the polynucleotide scquenccs of the
invention. A number of suitable in vitro transcription and translation systems are commercially
available. A general guide to in vitro transcription and translation protocols is found in Tymms
(1995) In vitro Transcription and Translation Protocols: Methods in Molecular Biology Volume
37, Garland Publishing, NY.

[0146] In addition, the polypeptides, or subsequences thereof, ¢.g., subsequences
comprising antigenic peptides, can be produccd manually or by using an automated system, by
direct peptide synthesis using solid-phase techniques (see, Stewart et al. (1969} Solid-Phase
Peptide Synthesis, WH Freeman Co, San Francisco; Merrifield J (1963) J Am Chem Soc
85:2149-2154). Exemplary automated systems include the Applied Biosystems 431A Peptide
Synthesizer (Perkin Elmer, Foster City, CA). If desired, subsequences can be chemically
synthesized separately, and combined using chemical methods to provide full-length

polypeptides.

Modified Amino Acids
[0147] Expressed polypeptides of the invention can contain one or more modified amino

acids. The presence of modified amino acids can be advantageous in, for example, (&) increasing
polypeptide serum half-life, (b) reducing/increasing polypeptide antigenicity, (c) increasing
polypeptide storage stability, etc. Amino acid(s) are modified, for example, co-translationally or
post-transiationally during recombinant production (e.g., N-linked glycosylation at N-X-S/T
motifs during expression in mammalian cells) or modified by synthetic means (e.g., via
PEGylation).

{6148} Non-limiting examples of 2 modified amino acid include a glycosylated amino
acid, a sulfated amino acid, a prenlyated (e.g., farnesylated, geranylgeranylated) amino acid, an
acetylated amino acid, an acylated amino acid, 2 PEG-ylated amino acid, a biotinylated amino

acid, a carboxylated amino acid, a phosphorylated amino acid, and the like, as well as amino
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acids modified by conjugation to, e.g., lipid moieties or other organic derivatizing agents.
References adequate to guide one of skill in the modification of amino acids are replete
throughout the literature. Example protocols are found in Walker (1998) Protein Protocols on
CD-ROM Human Press, Towata, NJ.

Fusion Proteins
(6149} The present invention also provides fusion proteins comprising fusions of the

sequences of the invention (e.g., encoding HA and/or NA polypeptides) or fragments thercof
with, e.g., imrmunoglobulins (or portions thereof), sequences encoding, ¢.g., GFP (green
fluorescent protein), or other similar markers, etc. Nucleotide sequences encoding such fusion
proteins are another aspect of the invention. Fusion proteins of the invention are optionally used
for, ¢.g., similar applications (including, e.g., therapeutic, prophylactic, diagnostic, experimental,
ctc. applications as described herein) as the non-fusion proteins of the invention. In addition to
fusion with immunoglobulin sequences and marker sequences, the proteins of the invention are
also optionally fused with, e.g., sequences which allow sorting of the fusion proteins and/or

targeting of the fusion proteins to specific cell types, regions, etc.

Antibodies
{0150] The polypeptides of the invention can be used to produce antibodies specific for

the polypeptides given herein and/or polypeptides encoded by the polynucleotides of the
invention, ¢.g., those shown herein, and conservative variants thereof. Antibodies specific for
the above mentioned polypeptides are useful, e.g., for diagnostic and therapeutic purposes, ¢.g.,
related to the activity, distribution, and expression of target polypeptides. For example, such
antibodies can optionally be utilized to define other viruses within the same strain(s) as the

HA/NA sequences herein.

[B151] Antibodies specific for the polypeptides of the invention can be generated by
methods well known in the art. Such antibodies can include, but are not limited to, polyclonal,
monoclonal, chimeric, humanized, single chain, Fab fragments and fragments produced by an

Fab expression library.

[6152] Polypeptides do not require biological activity for antibody production (e.g., full
length functional hemagglutinin or neuraminidase is not required). However, the polypeptide or
oligopeptide must be antigenic. Peptides used to induce specific antibodies typically have an
amino acid sequence of at least about 4 amino acids, and often at least 5 or 10 amino acids.
Short stretches of a polypeptide can be fused with another protein, such as keyhole limpet

hemocyanin, and antibody produced against the chimeric molecule.
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{0153] Numerous methods for producing polyclonal and monoclonal antibodies are
known to those of skill in the at, and can be adapted to produce antibodies specific for the
polypeptides of the invention, and/or enceded by the polynucleotide sequences of the invention,
cte. See, e.g., Coligan (1991) Current Protocols in Immunology Wiley/Greene, NY; Paul (ed.)
{1998} Fundamental Immunology, Fourth Edition, Lippincott-Raven, Lippincott Williams &
Wilkins; Harlow and Lane (1989) Antibodies: A Laboratory Manual Cold Spring Harbor Press,
NY; Stites et al. (eds.) Basic and Clinical Immunology (4th ed.) Lange Medical Publications,
Los Altos, CA, and references cited therein; Goding (1986) Monoclonal Antibodies: Principles
and Practice (2d ed.} Acadomic Press, New York, NY; and Kohler and Milstein (1975) Nature
256: 495-497. Other suitable techniques for antibody preparation include selection of libraries of
recombinant antibodies in phage or similar vectors. See, Huse et al. (1989) Science 246: 1275~
1281; and Ward, et al. (1989) Nature 341: 544-546. Specific monoclonal and polyclonal
antibodics and antisera will usually bind with a Ky of, e.g., at least about 0.1 pM, at least about

0.01 pM or better, and, typically and at least about 0.001 pM or better.

[6154] For certain therapeutic applications, humanized antibodies are desirable. Detailed
methods for preparation of chimeric (humanized) antibodies can be found in U.8. Patent
3,482,856, Additional details on humanization and other antibody production and engineering
techniques can be found in Borrebaeck (ed.) (1995) Antibody Engineering, 2™ Edition Freeman
and Company, NY (Borrebaeck); McCafferty et al. (1996) Antibody Engineering, A Practical
Approach IRL at Oxford Press, Oxford, England (McCafferty), and Paul (1995) Antibody
Engineering Protocols Humana Press, Towata, NJ (Paul). Additional details regarding specific
procedures can be found, ¢.g., in Ostberg et al. (1983), Hybridoma 2; 361-367, Ostberg, 1.8, Pat.
No. 4,634,664, and Engelman et al,, U.S. Pat. No. 4,634,666.

Defining Polypeptides by Immunoreactivity
[B155] Because the polypeptides of the invention provide a variety of new polypeptide

sequences (e.g., comprising HA and NA molecuies), the polypeptides also provide new
structural features which can be recognized, e.g., in imnunological assays. The generation of
antisera which specifically bind the polypeptides of the invention, as well as the polypeptides

which are bound by such antisera, are features of the invention,

{0156] For example, the invention includes polypeptides (e.g., HA and NA molecules)
that specifically bind to or that are specifically immunorcactive with an antibody or antisera
generated against an immunogen coreprising an amino acid sequence selected from one or more

of the sequences given herein such as in SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
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28, residues 17-345 of SEQ ID NO:2, residues 346-566 of SEQ ID NO:2, residues 18-343 of
SEQ ID NO:6, residues 344-565 of SEQ 1D NO:6, residues 18-361 of SEQ 1D NO:10, residues
16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:10, residues 17-345 of SEQ ID
NO:14, residues 346-566 of SEQ ID NO:14, residues 18-343 of SEQ ID NO:18, residues 344~
565 of SEQ ID NO:18, residues 16-362 of SEQ ID NO:22, residues 363-585 of 8EQ 1D
NO:22, residues 16-362 of SEQ ID NO:26 and residues 363-585 of SEQ ID NO:26, etc. To
climinate cross-reactivity with other homologues, the antibody or antisera is subtracted with the
HA and/or NA molecules found in public databases at the time of filing, e.g., the “control”
polypeptide(s). Where the other control sequences correspond to a nucleic acid, a polypeptide

encoded by the nucleic acid is generated and used for antibody/antisera subtraction purposes.

{8157} In one typical format, the immunoassay uses a polyclonal antiserum which was
raised against one or more polypeptide comprising one or more of the sequences corresponding
to the sequences herein, ete. or a substantial subsequence thereof (.., at least about 30% of the
full length sequence provided). The set of potential polypeptide immunogens derived from the
present sequences are collectively referred to below as “the immunogenic polypeptides.” The
resulting antisera is optionally selected to have low cross-reactivity against the conirol
hemagglutinin and/or neuraminidase homologues and any such cross-reactivity is removed, e.g.,
by imnunoabsorbtion, with one or more of the control hemagglutinin and neuraminidase

homologues, prior to use of the polyclonal antiserurn in the immunocassay.

{8158] In order to produce antisera for use in an immmunoassay, ong or more of the
immunogenic polypeptides is produced and purified as described herein. For example,
recombinant protein can be produced in a recombinant cell. An inbred strain of mice {used in
this assay because results are more reproducible due to the virtual genetic identity of the mice) is
immmumnized with the inumunogenic protein(s) in combination with a standard adjuvant, such as
Freund's adjuvant, and a standard mouse immunization protocol (see, c.g., Harlow and Lang
{1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York, fora
standard description of antibody generation, immunoassay formats and conditions that can be
used to determine specific immunoreactivity). Additional references and discussion of
antibodies is also found herein and can be applied here to defining polypeptides by
immunoreactivity. Alternatively, one or more synthetic or recombinant polypeptide derived

from the sequences disclosed herein is conjugated to a carrier protein and used as an immunogen.

[6159] Polyclonal sera are collected and titered against the immunogenic polypeptide in

an immunoassay, for example, a solid phase immunoassay with one or more of the immunogenic
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proteins immobiiized on a solid support. Polycional antisera with a titer ot 10” or greater are
selected, pooled and subtracted with the control hemagglutinin and/or neuraminidase

polypeptide(s} to produce subtracted pooled titered polyclonal antisera.

6160} The subtracted pooled titered polyclonal antisera are tested for cross reactivity
against the control horologue(s) in a comparative immunoassay. In this comparative assay,
discriminatory binding conditions are determined for the subtracted titered polyclonal antisera
which result in at least about a 5-10 fold higher signal to noise ratio for binding of the titered
polyclonal antisera to the immunogenic polypeptides as compared to binding to the control
homologues. 'Thatis, the stringency of the binding reaction is adjusted by the addition of non-
specific competitors such as albumin or non-fat dry milk, and/or by adjusting salt conditions,
terperature, and/or the like. These binding conditions are used in subsequent assays for
determining whether a test polypeptide (a polypeptide being compared to the immunogenic
polypeptides and/or the control polypeptides) is specifically bound by the pooled subtracted
polyclonal antisera. In particular, test polypeptides which show at least a 2-5x higher signal to
noise ratio than the control receptor homologues under discriminatory binding conditions, and at
least about a ; signal to noise ratio as compared to the immunogenic polypeptide(s), shares
substantial structural similarity with the immunogenic polypeptide as compared to the known

receptor, etc., and is, therefore a polypeptide of the invention.

6161} in another example, inununoassays in the competitive binding format are used for
detection of a test polypeptide. For example, as noted, cross-reacting antibodies are removed

from the pooled antisera mixture by immunoabsorbtion with the control polypeptides. The
immunogenic polypeptide(s) are then immobilized to a solid support which is exposed to the
subtracted pooled antisera. Test proteins are added to the assay to compete for binding to the
pooled subtracted antisera. The ability of the test protein(s) to compete for binding to the pooled
subtracted antisera as compared to the immobilized protein(s) is compared to the ability of the
immunogenic polypeptide(s) added to the assay to compete for binding (the immunogenic
polypeptides compete effectively with the immobilized immunogenic polypeptides for binding to
the pooled antisera). The percent cross-reactivity for the test proteins is calculated, using

siandard calculations.

6162} In a parallet assay, the ability of the control protein(s) to compete for binding to

the pooled subtracted antisera is optionally determined as compared to the ability of the

immunogenic polypeptide(s) to compete for binding to the antisera. Again, the percent Cross-

reactivity for the control polypeptide(s) is calculated, using standard calculations. Where the
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percent cross-reactivity is at least 5-10x as high for the test polypeptides as compared to the
control polypeptide(s) and or where the binding of the test polypeptides is approximately in the
range of the binding of the immunogenic polypeptides, the test polypeptides are said to

specifically bind the pooled subtracted antisera.

(8163} In general, the immunosabsorbed and pooled antisera can be used in a competitive
binding immunoassay as described herein to compare any test polypeptide to the immunogenic
and/or control polypeptide(s). In order to make this comparison, the immunogenic, test and
conirol polypeptides are each assayed at a wide range of concentrations and the amount of each
polypeptide required to inhibit 50% of the binding of the subtracted antisera to, ¢.g., an
immobilized control, test or immunogenic protein is determined using standard techniques. If
the amount of the test polypeptide required for binding in the competitive assay is less than twice
the amount of the immunogenic polypeptide that is required, then the test polypeptide is said to
specifically bind to an antibody generated to the immunogenic protein, provided the amount is at

feast about 5-10x as high as for the control polypeptide.

{B164] As an additions] determination of specificity, the pooled antisera is optionally
fully imumunosorbed with the immunogenic polypeptide(s) (rather than the control
polypeptide(s)) until little or no binding of the resulting immunogenic polypeptide subtracted
pooled antisera to the immunogenic polypeptide(s) used in the immunosorbtion is detectable.
This fully immmunosorbed antisera is then tested for reactivity with the test polypeptide. If little
or no reactivity is observed {i.e., no more than 2x the signal to noise ratio observed for binding of
the fully immunosorbed antiscra to the immunogenic polypeptide), then the test polypeptide is

specifically bound by the antisera elicited by the immunogenic protein.

NUCLEIC ACID AND POLYPEPTIDE SEQUENCE VARIANTS

{3165} As described herein, the invention provides for nucleic acid polynucleotide
sequences and polypeptide amino acid sequences, e.g., hemagghutinin and neuraminidase
sequences, and, ¢.g., compositions and methods comprising said sequences. Examples of said
sequences are disclosed hercin, However, one of skill in the art will appreciate that the invention
is not necessarily limited to those sequences disclosed herein and that the present invention also
provides many related and unrelated sequences with the functions described herein, e.g.,

encoding a HA and/or a NA molecule.

[3166] One of skill will also appreciate that many variants of the disclosed sequences are
included in the invention. For example, conservative variations of the disclosed sequences that
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yield a tunctionally identical sequence are included in the invention. Variants of the nucleic acid
polynucleotide sequences, wherein the variants hybridize to at least one disclosed sequence, are
considered to be included in the invention. Unique subsequences of the sequences disclosed
herein, as determined by, e.g., standard sequence comparison techniques, are also included in the

mvention.

Silent Variations
{6167} Due to the degeneracy of the genetic code, any of a variety of nucleic acid

sequences encoding polypeptides and/or viruses of the invention are optionally produced, some
which can bear lower levels of sequence identity to the HA and NA nucleic acid and polypeptide
sequences herein. The following provides a typical codon table specifying the genetic code,

found in many biology and biochemistry texts.

Table 1

Codon Table
Amino acids Codon
Alanine Ala A | GCA GCC GCG GCU
Cysteing Cys € {UGC UGU
Aspatticacid Asp D | GAC  GAU
Ghitamicacid Glu E | GAA GAG
Phenylalanine Phe F | UUC UUU
Glycine Gly G {GGA GGC GGG GGU
| Histidine His H i CAC CAL
- Isoleucine He I [AUA AUC AUU
Lysine Lys K [AAA  AAG
{ Leucine Len L [{UUA UUG CUA CUC CUG CUU
Methionine Met M FAUG
Asparagine Asn N | AAC AAU
Proline Po P {CCA CCC CCG CCU
Glutamine Gin Q@ {CAA CAG
Arginine Arg R [AGA AGG CGA CGC CGG CGU
Serine Ser 8§ {AGC AGU UCA UCC UCG uUCu
Threonine Thr T JACA ACC ACG ACU
Valing Yal V {GUA GUC GUG GUU
Tryptophan Trp W | UGG

Tyrosine dyr Y (UAC  UAU
[B168] The codon table shows that many amine acids are encoded by more than one

codon. For example, the codons AGA, AGG, CGA, CGC, CGG, and CGU all encode the amino

acid arginine. Thus, at every position in the nucleic acids of the invention where an arginine is

specified by a codon, the codon can be altered to any of the corresponding codons deseribed
above without altering the encoded polypeptide. It is understood that U in an RNA sequence

corresponds to T in a DNA sequence.
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[616%9] Such “silent variations” are one species of “conservatively modified variations,”
discussed below. One of skill will recognize that each codon in a nucleic acid {except ATG,
which is ordinarily the only codon for methionine, and TTG, which is ordinarily the only codon
for tryptophan) can be modified by standard techniques to encode a functionally identical
polypeptide. Accordingly, each silent variation of a nucleic acid which encodes a polypeptide is
implicit in any described sequence. The invention, therefore, explicitly provides each and every
possible variation of a nucleic acid sequence encoding a polypeptide of the invention that could
be made by selecting combinations based on possible codon choices. These combinations are
made in accordance with the standard triplet genetic code (e.g., as set forth in Table 1, oras is
commonly available in the art) as applied to the nucleic acid sequence encoding a hemagglhutinin
or a neuraminidase polypeptide of the invention. All such variations of every nucleic acid herein
are specifically provided and described by consideration of the sequence in combination with the
genetic code. One of skill is fully able to make these silent substitutions using the methods
herein.

Conservative variations
{6170} Owing to the degeneracy of the genetic code, “silent substitutions” (i.e.,
substitutions in a nucleic acid sequence which do not result in an alieration in an encoded
polypeptide) are an implied feature of every nucleic acid sequence of the invention which
encodes an amino acid. Similarly, “conservative amino acid substitutions,” inoncor a few
amino acids in an amino acid sequence are substituted with differont amino acids with highly
similar properties, are also readily identified as being highly similar to a discloscd construct such
as those herein. Such conservative variations of each disclosed sequence are a feature of the

present invention.

{8171} “Conservative variation” of a particular nucleic acid sequence refers to those
nucleic acids which encode identical or essentially identical amino acid sequences, or, where the
nucleic acid does not encode an amino acid sequence, to essentially identical sequences, see,
Table 2 below. One of skill will recognize that individual substitutions, deletions or additions
which alter, add or delete a single amino acid or a small percentage of amino acids (typically less
than 5%, more typically less than 4%, 3%, 2% or 1%) in an encoded sequence are
“conservatively modified variations” where the alterations result in the deletion of an amino acid,
addition of an amino acid, or substitution of an amine acid with a chemically similar amino acid.
Thus, “conservative variations” of a listed polypeptide sequence of the present invention include

substitutions of a small percentage, typically less than 5%, more typically less than 4%, 3%, 2%
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or 1%, of the amino acids of the polypeptide sequence, with a conservatively sclected amino acid
of the same conservative substitution group. Finally, the addition of sequences which do not
alter the encoded activity of a nucleic acid molecule, such as the addition of a non-functional

sequence, 18 a conservative variation of the basic nucleic acid.

[6172] Table 2 -- Conservative Substitution Groups

11 Alanine (&)  Serine (8) | Threonine (T)

2 “Aspartic acid (1) | Glutamic acid (E)

3 | Asparagine (N} | Glutamine (Q)

4] Arginine (R) Lysine (K}
5 | Isoleucine () }Lcuciﬁé (L) "I Methionine (M) | Valine (V)

6 Phenylalanine (}") éivarosine ) ) Tmfpmphan (W)

Unigue Polypeptide and Polynucleotide Subsequences
[6173] In one aspect, the invention provides a nucleic acid which comprises a unigue

subsequence in a nucleic acid selected from the sequence of HA and NA molecules disclosed
herein {e.g., SEQID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residucs 74-1060 of
SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 31-1058 of SEQ ID NOG:S,
tesidues 10591724 of SEQ ID NG:3, residues §5-1116 of SEQ ID NO:9, residues 79-1116 of
SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NQO:13,
residues 10631727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-
1721 of SEQ ID NO:17, residucs 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQID
NG:21, residues 75-1115 of SEQ ID NO:23, and residues 1116-1787 of SEQ ID NO:25). The
unique subsequence is unique as compared to a nucleic acids corresponding to nucleic acids such
as, €.g., those found in GenBank or other similar public databases at the time of filing (e.g., other
known or characterized hemagglutinin and/or neuraminidase nucleic acid molecules).

Alignment can be performed using, e.g., BLAST set to default parameters. Any unique

subsequence is useful, e.g., as a probe to identify the nucleic acids of the invention. See, above.

[6174] Similarly, the invention includes a polypeptide (e.g., from SEQ ID NO:2,4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, residues 17-345 of SEQID NO:2, residues 346-566 of
SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID NO:6, residues

18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID NO:10 and residues 362-584 of SEQID
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NO:10, residues 17-345 of SEQ 1D NO:14, residues 346-566 of SEQ 1D NO:14, residues 18-
343 of SEQ 1D NO:18, residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQ 1D
NO:22, residues 363-385 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26 and residues
363-585 of SEQ ID NO:26) which comprises a unigue subsequence in a polypeptide selected
from the sequence of HA and NA molccules disclosed herein. Here, the unique subsequence is
unigue as compared to a polypeptide corresponding to, €.g., the amino acid corresponding to
polynucleotide sequences found in, e.g., GenBank or other similar public databases at the time of

filing.

[8175] The invention also provides for target nucleic acids which hybridize under
stringent conditions to & unique coding oligonucleotide which encodes a unique subsequence in a
polypeptide selected from the sequences of HA and NA molecules of the invention wherein the
unigue subsequence is unique as compared to a polypeptide corresponding io any of the control
polypeptides (sequences of, e.g., the nucleic acids corresponding to those found in, e.g.,
GenBank or other similar public databases at the time of filing}). Unique sequences are
determined as noted above. The polynucleotides of the invention also comprise RNA (both

positive sense and negative sense) versions of the sequences of the sequence listing. See above,

Sequence comparison, identity, and homology
(176} The terms “identical” or percent “identity,” in the context of two or more nucleic

acid or polypeptide sequences, refer to two or more sequences or subsequences that are the same
or have a specified percentage of amino acid residues or nucleotides that are the same, when
compared and aligned for maximum correspondence, as measured using one of the sequence
comparison algorithms described below {or other algorithms available to persons of skill) or by

visual inspection.

[B177] The phrase “substantially identical,” in the context of two nucleic acids or polypeptides
(c.g., DNAs and/or RNAs enceding a HA or NA moleculs, or the amino acid sequence of a HA
or NA molecule) refers to two or more sequences or subsequences that have at least about 90%,
preferably 91%, most preferably 92%, 93%, 94%, 95%, 96%, 57%, 98%, 98.5%, 99%, 99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more nucleotide or amino acid
residue identity, when compared and aligned for maximumm correspondence, as measured using a
sequence comparison algorithm or by visual inspection. Such “substantially identical”
sequences are typically considered to be “homologous,” without reference to actual ancestry.

Preferably, “substantial identity” exists over a region of the amino acid sequences that is at least
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about 200 residues in length, more preferably over a region of at least about 250 residues, and
most preferably the sequences are substantially identical over at least about 300 residues, 350
residues, 400 residues, 425 residues, 450 residues, 475 residues, 480 residues, 490 residues, 495
residues, 499 residues, 500 residues, 502 residues, 559 residues, 565 residucs, or 566 residues, or
over the full length of the two sequences to be compared when the amino acids are
hemagglutinin or hemagglutinin fragments or which is substantially identical over at least about
330 amino acids; over at least about 400 amino acids; over at least about over at least about 436
amino acids, over at least about 450 amiuo acids; over at least about 451 amino acids; over at
least about 465 amino acids; over at least about 466 amino acids; over at lcast about 469 aming
acids; over at least about 470 amino acids; or over at least about 566 amino acids contiguous
when the amino acid is neuraminidase or a neuraminidase fragment.

[8178] For sequence comparison and homology determination, typically one sequence
acts as a reference sequence to which test sequences are compared. When using a sequence
comparison algorithm, test and reference sequences are input into a computer, subsequence
coordinates arc designated, if necessary, and sequence algorithm program parameters are
designated. The sequence comparison zlgorithm then calculates the percent sequence dentity
for the test sequence(s) relative to the reference sequence, based on the designated program

parameters.,

{8179] Optimal alignment of sequences for comparison can be conducted, e. g., by the
local homelogy algorithm of Smith & Waterman, Adv Appl Math 2:482 {1981}, by the
homology alignment algorithm of Needleman & Wunsch, J Mol Bio} 48:443 (1970), by the
search for similarity method of Pearson & Lipman, Proc Nati Acad Sci USA 85:2444 (1988}, by
computerized implementations of algorithms such as GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr.,

Madison, W1, or by visual fnspection (see generally, Ausubel et al., supra).

{61896] One example of an algorithm that is suitable for determining percent sequence
identity and sequence similarity is the BLAST algorithm, which is described in Altschul et al., J
Mol Biol 215:403-410 (1990). Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information (www.ncbi.nlm.nih. gov/). This
algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying short
words of length W in the query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a database sequence. T is

referred to as the neighborhood word score threshold {see, Altschul et al., supra). These initial
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neighborhood word hits act as seeds for initiating searches to find longer HSPs containing them.
The word hits are then extended in both directions along cach sequence for as far as the
cumulative alignment score can be increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for a pair of matching residues; always >
0) and N (penalty score for mismatching residues; always < 0). For amino acid sequences, a
scoring matrix is used to calculate the cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero or below, due to the accumulation
of one or more negative-scoring residue alignments; or the end of either sequence is reached.
The BLAST algorithm parameters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide sequences) uses as defanlts & wordlength (W)
of 11, an expectation () of 10, a cutoff of 100, M=5, N=-4, and a comparison of both strands.
For amino acid sequences, the BLASTP program uses as defaults 2 wordlength (W) of 3, an
expectation (E) of 10, and the BLOSUMS2 scoring maitrix (see, Henikoff & Henikoft (1989)
Proc Natl Acad Sci USA 89:10915).

(6181} In addition to calculating percent sequence identity, the BLAST algorithm also
performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin &
Altschul, Proc Natl Acad Sci USA 90:5873-5787 (1993)). One measure of similarity provided
by the BLAST algorithm is the smallest sum probability (P(N)), which provides an indication of
the probability by which a match between two nucleotide or amine acid sequences would occur
by chance. For example, a nucleic acid is considered similar to a reference sequence if the
smallest sum probability in a comparison of the test nucleic acid to the reference nucleic acid is
less than about 0.1, more preferably less than about 0.01, and most preferably less than about
0.001.

16182] Another example of a useful sequence alignment algorithin is PILEUP. PILEUP
creates a multiple sequence alignment from a group of related sequences using progressive,
pairwise alignments. It can also plot a tree showing the clustering relationships used to create
the alignment. PILEUP uses a simplification of the progressive alignment method of Feng &
Doolittle (1987) 1. Mol. Evol. 35:351-360. The method used is similar to the method described
by Higgins & Sharp (1989) C4ARI0S55:151-153. The program can align, ¢.g., up to 300
sequences of a maximum length of 5,000 letters. The multiple alignment procedure begins with
the pairwise alignment of the two most similar sequences, producing a cluster of two aligned

sequences. This cluster can then be aligned to the next most related sequence or cluster of

74



16

15

3{

aligned sequences. Tweo clusters of sequences can be sligned by a simple extension of the
pairwise alignment of two individual sequences. The final alignoent is achieved by a series of
progressive, pairwise alignments. The program can also be used to plot a dendogram or tree
representation of clustering relationships. The program is run by designating specific sequences

and their amino acid or nuclootide coordinates for regions of sequence coraparison,

[8183] An additional example of an algorithm that is suitable for multiple nucleic acid, or
amaino acid, sequence alignments is the CLUSTALW program (Thompson, 1. D. ct al. (1994)
Nucl. Acids. Res. 22: 4673-4680). CLUSTALW performs multiple pairwise comparisons
between groups of sequences and assembles them into a multiple alignment based on homology.
Gap open and Gap extension penalties can be, e.g., 10 and 0.05 respectively. For amino acid
alignments, the BLOSUM algorithm can be used as a protein weight matrix. See, e.g., Henikoff
and Henikoff (1992) Proc. Natl. Acad. Sci. USA 89: 10915-10919.

DIGITAL SYSTEMS

{6184] The present invention provides digital systems, ¢.g., computers, computer
readable media and integrated systems comprising character strings corresponding to the
sequence information herein for the nucleic acids and isolated or recombinant polypeptides
herein, including, e.g., the sequences shown herein, and the various silent substitutions and
conscrvative substitutions thereof. Integrated systems can further include, e. g., gene synthesis

equipment for making genes corresponding to the character strings.

[6185] Various methods known in the art can be used to detect homology or similarity
between different character strings (see ahove), or can be used to perform other desirable
functions such as to control output files, provide the basis for making presentations of
information including the sequences and the like. Examples include BLAST, discussed supra.
Computer systems of the invention can include such programs, ¢.g., in conjunction with one or

more data file or data base comprising a sequence as noted herein.

{6186} Thus, different types of homology and similarity of various stringency and length
between various HA or NA sequences or fragments, stc. can be detected and recognized in the
integrated systerns herein. For example, many homology determination methods have been
designed for comparative analysis of sequences of biopolymers, for spell-checking in word
processing, and for data retrieval from various databases, With an understanding of double-helix
pair-wise complement interactions among four principal nucleobases in natural polynucleotides,
models that simulate annealing of complementary homologous polynucleotide strings can also be
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used as a foundation of sequence alignment or other operations typically performed on the
character strings corresponding to the sequences herein (e.g., word-processing manipulations,
construction of figures comprising sequence or subsequence character strings, output tables,

etc.).

{8187} Thus, standard desktop applications such as word processing software {e.g.,
Microsoft Word™ or Corel WordPerfect™) and database sofiware (¢.g., spreadsheet software
such as Microsoft Excel™, Corel Quattro Pro™, or database programs such as Microsoft
Access™, Paradox™, GeneWorks™, or MacVector™ or other similar programs) can be adapted
to the present invention by inputting a character string corresponding to one or more
polynucleotides and polypeptides of the invention {either nucleic acids or proteins, or both). For
example, a system of the invention can include the foregoing software having the appropriate
character string information, e.g., used in conjunction with a user interface (e.g,aGUIma
standard operating system such as a Windows, Macintosh or LINUX system) to manipulate
strings of characters corresponding to the sequences herein. As noted, specialized alignment
programs such as BLAST can also be incorporated into the systems of the invention for

alignment of nucleic acids or proteins (or corresponding character strings).

[6188] Systems in the present invention typically include a digital computer with data
sets entered into the software system comprising any of the sequences herein. The computer can
be, e.g., a PC (Intel x86 or Pentium chip- compatible DOS™, 082™ WINDOWS™
WINDOWSNT™, WINDOWSS5™, WINDOWS2000™, WINDOWS98™, LINUX based
machine, a MACINTOSH™, Power PC, or a UNIX based {e.g., SUN™ work station) machine}
or other commercially available computer that is known to one of skill. Software for aligning or
otherwise manipulating sequences is available, or can easily be constructed by one of skill using

a standard programming language such as Visualbasic, PERL, Fortran, Basic, Java, or the like.

{8189} Any controller or computer optionally includes a monitor which is often a cathode
ray tube (“CRT”) display, a flat panel display (e.g., active matrix liquid crystal display, liquid
crystal display), or others. Computer circuitry is often placed in a box which includes numerous
integrated circuit chips, such as a microprocessor, memory, interface circuits, and others. The
box also optionally includes a hard disk drive, a floppy disk drive, a high capacity removable
drive such as a writeable CD-ROM, and other common peripheral elements. Inputting devices
such as a keyboard or mouse optionally provide for input from a user and for user selection of

sequences to be compared or otherwise manipulated in the relevant computer system.
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8190} The computer typically includes appropriate software for receiving user
instructions, either in the form of user input info a set parameter fields, e.g., in a GUI, or in the
form of preprogrammed instructions, ¢.g., preprogrammed for a varicty of different specific
operations. The software then converts these instructions to appropriate language for instructing
the operation, e.g., of appropriate mechanisms or transport controllers to carry out the desired
operation. The software can also include output elements for controlling nucleic acid synthesis
{e.g., based upon a sequence or an alignment of sequences herein), coroparisons of samples for

differential gene expression, or other operations.

KITS AND REAGENTS

{#191] The present invention is optionally provided to a user as a kit. For example, 2 kit
of the invention containg one or more nucleic acid, polypeptide, antibody, or cell line described
herein {e.g., comprigsing, or with, a HA and/or NA molecule of the mvention). The kit can
contain a diagnostic nucleic acid or polypeptide, e.g., antibody, probe set, e.g., a3 a cDNA micro-
array packaged in a suitable container, or other nucleic acid such as one or more expression
vector. The kit typically further comprises, one or more additional reagents, ¢.g., substrates,
labels, primers, for labeling expression products, tubes and/or other accessories, reagents for
collecting samples, buffers, hybridization chambers, cover slips, etc. The kit optionally further
comprises an instruction set or user manual detailing preferred methods of using the kit

components for discovery or application of diagnostic sets, etc.

{6192} When used according to the instructions, the kit can be used, e.g., for evaluating a
disease state or condition, for evaluating effects of a pharmaceutical agent or other treatment
mtervention on progression of a disease state or condition in a cell or organism, or foruse asa

vaccine, etc.

{8193} In an additional aspect, the present invention provides system kits embodying the
methods, composition, systems and apparatus herein. System kits of the invention optionally
comprise one or more of the following: (1) an apparatus, system, system component or apparatus
component; (2} instructions for practicing methods described herein, and/or for operating the
apparatus or apparatus components herein and/or for using the compositions herein. In a further
aspect, the present invention provides for the use of any apparatus, apparatus component,
compuosition or kit herein, for the practice of any method or assay herein, and/or for the use of

any apparatus or kit to practice any assay or method herein.
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{6194} Additionally, the kits can include one or more translation system as noted above
(c.g., a cell) with appropriate packaging material, containers for holding the components of the
kit, instructional materials for practicing the methods herein and/or the like. Similarly, products
of the translation systems (e.g., proteins such as HA and/or NA molecules) can be provided in kit
form, e.g., with containers for holding the components of the kit, instructional matcrials for
practicing the methods herein and/or the like. Furthermore, the kits can comprise various
vaccines (e.g., produced through plasmid rescue protocols) such as live attenuated vaccine (e.g.,

FluMist™) comprising the HA and/or NA sequences herein.

[6195] To facilitate use of the methods and compositions of the invention, any of the
vaccine components and/or compositions, e.g., reassorted virus in allantoic fluid, etc., and
additional components, such as, buffer, cells, culture medium, useful for packaging and infection
of influenza viruses for experimental or therapeutic vaccine purposes, can be packaged in the
form of a kit. Typically, the kit contains, in addition fo the above components, additional
materials which can include, e.g., instructions for performing the methods of the invention,

packaging material, and a container.

SPECIFC EMBODIMENTS

[619%6] 1. An isolated or recombinant polypeptide, which polypeptide is selected from the

group consisting of:

a) a polypeptide comprising an amino acid sequence encoded by a nucleotide
sequence selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15,17, 19, 21,
23,25 and 27;

b) a polypeptide comprising an amino acid sequence encoded by a nucleotide

sequence selected from residues 74-1060 of SEQ ID NO:1, residues
1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:3, residues
1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ ID NO:9, residucs
79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues
78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ 1D NO:17, residues 1056-1721 of SEQ ID
NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ
ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787
of SEQ ID NO:25;
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4

a polypeptide comprising an amino acid sequence selected from SEQ ID
NO:2,4,6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28;

a polypeptide comprising an amino acid sequence selected from residues
17-345 of SEQ ID NO:2, residues 346-366 of SEQ ID NQ:2, residues
18-343 of SEQ ID NO:6, residues 344-565 of SEQ ID NO:s, fesidues
18-361 of SEQ ID NO:10, residues 16-361 of SEQID NO:10 and
residues 362-584 of SEQ ID NO:10, residues 17-345 of SEQID NO:14,
residues 346-566 of SEQ ID NO:14, residues 18-343 of SEQ ID NO:18,
residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQID NO:22,
residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQID NO:26
and residues 363-385 of SEQ ID NG:26:and,

a polypeptide comprising an amino acid sequence selected from SEQID
NO:2,4,6,8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, residues 17-345 of
SEQ ID NO:2, residues 346-566 of SEQ ID NO:2, residues 18-343 of
SEQ ID NO:6, residues 344-565 of SEQ ID NO:6, residues 18-361 of
SEQ ID NO:10, residues 16-361 of SEQ ID NO:10 and residues 362-584
of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14, residues 346-566
of SEQ ID NO:14, residues 18-343 of SEQ ID NO:18, residues 344-565
of SEQ ID NO:18, residues 16-362 of SEQ ID NO:22, residues 363-585
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SEQ
585 of SEQ ID NO:26 in which one, two, three, four, five, six, seven,
eight, nine, ten, eleven, twelve, thirteen, fourteen or fifteen amino acid

residues were substituted, inserted or deleted.

0197} 2. An isolated or recombinant polypeptide comprising a hemaggtutinin or a

fragment thereof, the polypeptide comprising an amino acid sequence which is substantially

identical over at least about 350 amino acids; over at least about 400 amine acids; over at least

about 450 amino acids; over at least about 500 amino acids; over at least about 502 amino acids;

over at least about 550 amino acids; over at least about 559 amino acids; over at least about 565

amino acids; or over at least about 566 amino acids contiguous of one or more polypeptide ,

which polypeptide is selected from the group consisting oft

a)

a polypeptide comprising an amino acid sequence encoded by a nucleotide
sequence selected from SEQ ID NO:1, 5,9, 13, 17,21 and 25 ; and
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b) a polypeptide comprising the amino acid sequence selected from SEQ ID
NO:2, 6, 10, 14, 18, 22 and 26.

6198} 3. An isolated or recombinant polypeptide comprising a neuraminidase or a
fragment thereof, the polypeptide comprising an amino acid sequence which is substantially
identical over at least about 350 amino acids; over at least about 400 amino acids; over at least
about over at least about 436 amino acids, over at least about 450 amino acids; over at least
about 451 amino acids; over at least about 465 amino acids; over at least about 466 amino acids;
over at least about 469 amino acids; or over at least about 470 amino acids; contiguous of one or
more of the polypeptides, which polypeptide is selected from the group consisting of:

a) a polypeptide comprising an amino acid sequence encoded by a nucleotide

sequence selected from SEQ ID NO:3, 7, 11, 15, 19, 23 and 27; and
b) a polypeptide comprising the amino acid sequence selected from SEQ ID

NO:4, 8, 12, 16,20, 24 and 28,

{0199] 4. A polypeptide comprising a sequence having at least 98%, at least 98.5%, at lcast
99%, at least 99.2%, at least 99.4%, at least 99.6%, at least 99.8% or at least 99.9% sequence

identity to at least one polypeptide selected from the group consisting of:

a) a polypeptide comprising an amino acid sequence encoded by a nucleotide
sequence selected from SEQID NO: 1,3,5,7,9, 11,13, 15,17, 19, 21,
23,25 and 27;

b) a polypeptide comprising an amino acid sequence cncoded by a nucleotide

sequence selected from residues 74-1060 of SEQ ID NO:1, residues
1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues
1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues
79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues
78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID
NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ
ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787
of SEQ ID NG:25;

<) a polypeptide comprising an amino acid sequence selected from SEQ ID
NO:2,4,6,8, 10,12, 14, 16, 18, 20, 22, 24, 26 and 28; and
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d)

a polypeptide comprising an amino acid sequence selected from residues
17-345 of SEQ ID NO:2, residues 346-566 of SEQ 1D NO:2, residues
18-343 of SEQ ID NQO:6, residues 344-565 of SEQ ID NO:6, residues
18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID NO:10 and
residues 362-584 of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14,
residues 346-566 of SEQ ID NO:14, residues 18-343 of SEQ ID NO:18,
residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQID NO:22,
residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26
and residucs 363~385 of SEQ ID NO:26.

[0200] 5. A polypeptide comprising a sequence having at least 95% sequence identity to at

least one polypeptide selected from the group consisting of:

a)

b)

dy

a polypeptide comprising an amino acid sequence encoded by a nucleotide
sequence sclected from SEQID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21,
23,25 and 27,

a polypeptide comprising an amino acid sequence encoded by a nucleotide
sequence selected from residues 74-1060 of SEQ ID NO:1, residues
1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues
1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues
79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues
78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID
NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ
ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787
of SEQ ID NQO:25;

a polypeptide comprising an amino acid sequence selected from SEQ ID
NO:2,4,6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28; and

a polypeptide comprising an amino acid sequence selected from residues
17-345 of SEQ ID NO:2, residues 346-566 of SEQ ID NO:2, residues
18-343 of SEQ ID NO:6, residucs 344-565 of SEQ ID NO:6, residues
18-361 of SEQ ID NO:10, residucs 16-361 of SEQ ID NO:10 and
residues 362-384 of SEQ ID NO:10, residues 17-345 of SEQ ID NO:14,
residues 346-566 of SEQ ID NO:14, residues 18-343 of SEQ ID NO:18,
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residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQ ID NO:22,
residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID NO:26
and residues 363-585 of SEQ 1D NO:26.

[6281] 6. The polypeptide of embodiment 1, wherein the polypeptide is immunogenic.
[6262] 7. A composition comprising one or more polypeptide of embodiment 1, ora
fragment thereof.

[6203] 8. A polypeptide which is specifically bound by a polyclonal antisera raised against
at least one antigen, which antigen comprises at least one amino acid sequence of embodiment 1,

or a fragment thereof.
[6264] 9. An antibody specific for the polypeptide of embodiment 1.

[6205] 10.  Animmunogenic composition comprising an immunologically effective amount

of the polypeptide of embodiment 1.

[0206] 11. A reassortant influenza virus comprising a polynucleotide encoding the

polypeptide of embodiment 1.

{6207} 12.  The virus of embodiment 11, whercin the virus is a 6:2 reassortant virus
comprising 6 internal genome segments from one or more donor virus and 2 genome segments
encoding surface antigens of an influenza virus, wherein at least one of the 2 genome segments
comprises a nucleotide sequence selected from SEQ ID NO:1,3,5,7,9,11, 13, 15,17, 18, 21,
23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 10611723 of SEQ ID NO:1, residucs
81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:S, residues 85-1116 of SEQ ID
NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-
1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ 1D
NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues
1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of
SEQ ID NO:25 or a fragment thereof.

[6208] 13. The virus of embodiment 12, wherein the donor virus is A/Ann Arbor/6/60,
B/Ann Arbor/1/66, or A/Puerto Rico/8/34.

[6209] 14.  Animmunogenic composition comprising an immunologically effective amount

of the reassortant influenza virus of cmbodiment 13.

[0210] 15.  Anisolated or recombinant polynucleotide, which pelynucleotide is selected from

the group counsisting of:
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b)

4

a polynucleotide comprising 2 nucleotide sequence of one of SEQ ID NO:
1,3,5,7,9,11,13,15, 17,19, 21,23,25and 27, or a coraplementary

sequence thereof)

a polymucleotide comprising a nucleotide sequence of one of residues 74-
1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues
81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5, residues
85-1116 of SEQ ID N9, residues 79-1116 of SEQ ID NO:9, residues
1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13,
residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID
NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ
ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of
SEQ ID NO:2S, and residues 1116-1787 of SEQ ID NO:25

a polynucleotide sequence encoding a polypeptide comprising an amino
acid sequence of any one of SEQ ID NO: 2,4, 6, 8, 10, 12, 14, 16, 18, 20,

22,24, 26 and 28, or a complementary polynucleotide sequence thereof;

a polynucleotide sequence encoding a polypeptide comprising an amino
acid sequence of any one of residues 17-345 of SEQ ID NO:2, residues
346-566 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues
344-365 of SEQ ID NO:6, residues 18-361 of SEQ ID NO:10, residues
16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:10,
residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID NO:14,
residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18,
residues 16-362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22,
residues 16-362 of SEQ ID NO:26 and residues 363-585 of SEQ ID
NO:26; and

a polynucleotide comprising a nucleotide sequence of one of SEQ ID NO:
1,3,5,7,9,11, 13,15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID
NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQID
NO:3, residues 1059-1724 of SEQ ID NO:3, residues 85-1116 of SEQID
N9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID
NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ

1D NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of
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SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787
of SEQ TD NO:21, residues 75-1115 of SEQ ID NO:25, and residues
1116-1787 of SEQ ID NO:25 in which one, two, three, four, five, six,
seven, eight, nine, ten , eleven, twelve, thirteen, fourteen or fifieen
nucleotide residues were substituted, inserted or delcted, ora

complementary sequence thereof.
[6211] 16.  The polynucleotide of embodiment 15, wherein the polynucleotide is DNA.
[6212] 17.  The polynucleotide of embodiment 15, wherein the polynucleotide is RNA.

[6213] 18.  Anisolated or recombinant polynucleotide encoding the polypeptide of

embodiment 2.

[6214] 19.  Anisolated or recombinant polynucleotide encoding the polypeptide of

embodiment 3.

{6215] 20.  Anisolated or recombinant polynucleotide cornprising a nucleotide sequence
cncoding a hemagglutinin polypeptide or a neuraminidase polypeptide, and which nucleotide
sequence has at least 98%, at least 98.5%, at least 99%, at least 99.2%, at least 99.4%, at least
99.6%, at least 99.8% or at least 99.9% sequence identity to at least one polynucleotide selected

from the group consisting oft

aj a polynucleotide comprising a nucleotide sequence of one of SEQ ID NO:
1,3,5,7,9,11, 13, 15, 17, 19, 21, 23, 25, 27, or a complementary

sequence thereof;

b) a polynucleotide comprising a nucleotide sequence of one of residues 74-
1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residucs
81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:3, residues
85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues
1117-1785 of SEQ ID NQ:9, residues 78-1064 of SEQ ID NO:13,
residues 1065-1727 of SEQ 1D NQ:13, residues 78-1055 of SEQ ID
NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ
ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of
SEQ ID NO:28, and residues 1116-1787 of SEQ ID NO:25

<) a polynucleotide sequence encoding a polypeptide comprising an amino
acid sequence of any one of SEQ ID NO: 2,4, 6, 8, 10, 12, 14, 16, 18, 20,
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d)

22,24, 26 and 28, or a complementary polynucleotide sequence thereof:

and

a polynucleotide sequence encoding a polypeptide comprising an amino
acid sequence of any one of residues 17-345 of SEQ ID NO:2, residues
346-566 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues
344-565 of SEQ ID NO:6, residues 18-361 of SEQ ID NO:10, residues
16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:10,
residues 17-345 of SEQ 1D NO:14, residues 346-566 of SEQ ID NO:14,
residucs 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18,
residues 16-362 of SEQ ID NO:22, residues 363-585 of SEQ ID NG:22,
residues 16-362 of SEQ ID NO:26 and residues 363-585 of SEQ ID
NG:26.

[6216] 21.  An isolated or recombinant polynucleotide comprising a nucleotide sequence

which nucleotide sequence has at least 95% sequence identity to at least one polynucleotide

selected from the group consisting oft

4)

b)

a polynucleotide comprising a nucleotide sequence of one of SEQ ID NO:
1,3,5,7,9,11,13,15,17,19, 21, 23,25,27, 0ra complementary

sequence thereof]

a polynucleotide comprising a nucleotide sequence of one of residucs 74-
1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues
81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:S, residues
85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues
1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13,
residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID
NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ
ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of
SEQ ID NO:25, and residues 1116-1787 of SEQID NO:23

a polynucleotide sequence encoding a polypeptide comprising an amino
acid sequence of any one of SEQ ID NO: 2,4, 6, 8, 10, 12, 14, 16, 18, 20,
22, 24, 26 and 28, or a complementary polynucleotide sequence thereof:

and
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d) a polynucleotide sequence encoding a polypeptide comprising an amino
acid sequence of any one of residues 17-345 of SEQ 1D NO:2, residues
346-566 of SEQ ID NO:2, residues 18-343 of SEQ ID NO:6, residues
344-565 of SEQ ID NO:6, residues 18-361 of SEQ ID NO:10, residues
16-361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:16,
residues 17-345 of SEQ ID NO:14, residues 346-566 of SEQ ID NO:14,
residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO:18,
residues 16-362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22,
residues 16-362 of SEQ ID NO:26 and residues 363-585 of SEQ ID
NQO:26.

[06217] 22.  Anisolated or recombinant polynucleotide comprising a nucleotide sequence
encoding a polypeptide, which polypeptide comprises a hemagglutinin polypeptide or a
neuraminidase polypeptide produced by mutating or recombining one or more polynucleoctide

sequence of embodiment 15.

[6218] 23.  The polynucleotide of embodiment 15, wherein the polynucleotide encodes an

immunogenic polypeptide.

{6219] 24. A composition comprising one or more polynucleotide of embodiment 15, or a

fragment thereof.

[0228] 25.  Animmunogenic composition comprising an irmmunologically effective amount

of the polynucleotide of embodiment 15.
{3221] 26. A reassortant influenza virus comprising a polynucleotide of embodiment 15.

{62221 27. The virus of embodiment 26, wherein the virus is a 6:2 reassortant virus
comprising 6 internal genome segments from one or more donor virus and 2 genome segments
encoding surface antigens of an influenza virus, wherein at least one of the 2 genome segments
comprises a nucleotide sequence selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15,17, 19, 21,
23, 23, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues
81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID
NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-
1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ 1D
NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues
1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of
SEQ ID NO:25 or a fragment thereof.
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[0223] 28.  The virus of embodiment 27, wherein the donor virus is A/Ann Arbor/6/60,
B/Ann Arbor/1/66, or A/Puerto Rico/8/34.

[0224] 29.  An immunogenic composition comprising an immunoclogically effective amount

of the recombinant influenza virus of embodiment 27.

{8225] 30. A vector comprising a polynucleotide having a nucleotide sequence selected from
SEQID NO:1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1,
residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-1724
of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9,
residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727
of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17,
residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115
of SEQ ID NO:25, and residues 1116-1787 of SEQ 1D NO:25 or a fragment thereof.

{0226] 31.  The vector of embodiment 30, wherein the vector is a plasmid, a cosmid, a phage,

8 virus, or a fragment of a virus.
[6227] 32. The vector of embodiment 30, wherein the vector is an expression vector.

[6228] 33.  The vector of embodiment 30, wherein the vector is a component of a multi-

plasmid plasmid rescue method to produce one or more reassortant virus.
[6228] 34. A cell transduced by the vector of embodiment 30.

[6230] 35. A virus comprising a polynucleotide comprising a nucleotide sequence selected
from SEQID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID
NO:1, residues 1061-1723 of SEQ ID NO:1, residues 8§1-1058 of SEQ ID NO:5, residues 1059-
1724 of SEQ ID NO:5, residucs 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9,
residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727
of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17,
residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115
of SEQ ID NO:235, and residues 1116-1787 of SEQ ID NO:25 or a fragment thereof,

{0231} 36.  The virus of embodiment 35, wherein the virus is an influenza virus.

{0232] 37.  The virus of embodiment 36, wherein the polynucleotide comprises a nucleotide

sequence encoding a hemagglutinin and/or neuraminidase or a fragment thereof.

[6233] 38.  The virus of embodiment 36, wherein the virus is a reassortant virus.
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{6234} 39.  The virus of embodiment 36, wherein the virus is a 6.2 reassortant virus
comprising 6 internal genome segments from one or more donor virus and 2 genome segments
encoding surface antigens of an influenza virus, wherein at least one of the 2 genome segments
comprises a nucleotide sequence selected from SEQ 1D NO: 1,3, 5,7, 9, 11, 13, 15, 17, 19, 21,
23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues
81-1058 of SEQ ID NQO:5, residues 1059-1724 of SEQ 1D NQO:5, residues 85-1116 of SEQ ID
NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-
1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID
NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues
1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of
SEQ ID NO:25 or a fragment thereof.

[0235] 40.  The virus of embodiment 39, wherein the at least one of the 2 genome segments

encodes a hemagglutinin or neuraminidase or a fragment thereof.

{0236} 41.  The virus of embodiment 36, wherein the virus is a 7:1 reassortant virus
comprising 6 internal genome segments and a first genome segment encoding a first surface
antigen of an influenza virus from one or more donor virus and a second genome segment
encoding a second surface antigen of an influenza virus comprising a nucleotide sequence
selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of
SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5,
residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residucs 79-1116 of
SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13,
residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues 1056-
1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ ID
NQO:21, residues 75-1115 of SEQ ID NO:235, and residues 1116-1787 of SEQ ID NO:250ra
fragment thereof.

[0237] 42.  The virus of embodiment 41, wherein the sccond genome segment encodes a
gm

hemagglutinin or neuraminidase, or a fragment thereof.

{0238] 43.  The virus of embodiment 39, wherein the donor virus is a temperature-sensitive

virus, a cold-adapted virus, or an attenuated virus.

{0239] 44.  The virus of embodiment 39 or 41, wherein the donor virus comprises A/Ann
Arbor/6/60, B/Ann Arbor/1/66, or A/Puerto Rico/8/34.

[0240] 45.  The virus of embodiment 39 or 41, wherein the virus is a live virus.
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{0241} 46. A cell comprising the virus of embodiment 45,

{6242} 47. A method for producing reassortant influenza viruses in cell culture, the method
comprising:

introducing a plurality of vectors comprising polynucleotides corresponding to an
influenza virus genome into a population of host cells, which plurality of vectors comprises
polynucleotides corresponding to at least 6 internal genome segments of a first influenza strain,
and at least one genome segment of a second influenza strain, wherein the at least one genome
segment of the second influenza strain comprises a polynucleotide comprising a nucleotide
sequence selected from SEQ ID NO: 1,3,5,7,9, 11, 13,15, 17, 19, 21, 23, 25, 27, residues 74-
1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID
NQ:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-
1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID
NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17, residues
1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ
ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQID NO:250ra
fragment thereof, and wherein the population of host cells is capable of supporting replication of
influenza virus;

culturing the population of host cells; and

recovering a plurality of influenza viruses.
102431 48 The method of embodim
influenza virus strain, a cold-adapted influenza virus strain, or a temperature-sensitive influenza

virus strain.

{02441 49.  The method of embodiment 47, wherein the influenza viruses are suitable for

administration in an infranasal vaccine formulation.

{0245} 50.  The method of embodiment 47, wherein the influenza virus genome is an

mfluenza B virus genome.

[0246] 51.  The method of embodiment 47, wherein the influenza virus genome is an

influenza A virus genome.

{62471 52.  The method of embodiment 47, wherein the first influenza strain is A/Ann
Arbor/6/60, B/Ann Arbor/1/66, or A/Puerto Rico/8/34.

[6248] 53.  The method of embodiment 47, wherein the plurality of vectors is a plurality of

plasmid vectors.
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[6249] 54.  The method of embodiment 47, wherein the population of host cells comprises
one or more of: Vero cells, PerCé cells, MDCK cells, 293T cells, and COS cells.

{0230] 55.  The method of embodiment 47, comprising recovering reassortant influenza

viruses.

{6251} 56.  The method of embodiment 47, wherein the method does not comprise use of a

helper virus,
{06252] 57.  The method of embodiment 47, wherein the plurality of vectors is eight vectors.

{0253] 58.  The method of embodiment 47, wherein the at least one genome segment encodes

an immunogenic influenza surface antigen of the second influenza strain,

[0254] 59.  An immunogenic composition comprising a polypeptide comprising an amino
acid sequence selected from SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28,
residues 17-345 of SEQ ID NO:2, residues 346-566 of SEQ ID NO:2, residues 18-343 of SEQ
ID NO:6, residues 344-565 of SEQ ID NO:6, residues 18-361 of SEQ ID NO:1{, residues 16-
361 of SEQ ID NO:10 and residues 362-584 of SEQ ID NO:10, residues 17-345 of SEQ ID
NQO:14, residues 346-566 of SEQ ID NO:14, residues 18-343 of SEQ ID NO:18, residucs 344-
565 of SEQ ID NO:18, residues 16-362 of SEQ ID NO:22, residues 363-385 of SEQ ID
NO:22, residues 16-362 of SEQ ID NO:26 and residues 363-585 of SEQ ID NO:26.

[0255] 60. Animmunogenic composition comprising a polynucleotide comprising a
nucleotide sequence selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27,
residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of
SEQ ID NQO:5, residues 1059-1724 of SEQ ID NO:3, residues 85-1116 of SEQ ID NO:9,
residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ B NO:9, residues 78-1064 of
SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055 of SEQ ID NO:17,
residues 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-
1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ
ID NG:25.

[0256] 61.  The composition of embodiment 59 or 60, further comprising an excipient.

[6257] 62.  The composition of embodiment 61, wherein the excipient is a pharmaceutically
acceptable excipient.

[6258] 63. Animmunogenic composition comprising a reassortant virus comprising a
polynucleotide having a nucleotide sequence selected from SEQID NO: 1, 3,5,7,9, 11, 13, 15,
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17, 19,21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1,
residues 81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of
SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9,
residues 78-1064 of SEQ ID NQO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-1055
of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17, residucs 78-1118 of SEQ ID NO:21,
residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-
1787 of SEQ ID NO:25.

[6259] 64. The composition of embodiment 63, wherein the reassortant virus is a 6:2
reassortant virus, which virus comprises 6 internal genome segments form one or more donor
virus and 2 genome segments encoding surface antigens of an influenza virus, wherein at least
one of the 2 genome segments comprises a nucleotide sequence selected from SEQ ID NO: 1, 3,
5.7,9,11, 13,15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723
of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5,
residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of
SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118
of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25,
and residues 1116-1787 of SEQ ID NO:25.

[8268] 65. 'The composition of embodiment 64, wherein the influenza donor virus strainis a

enld adantad attanusted and/nr tomnaratira
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[6261] 66, The composition of embodiment 65, wherein the influenza donor virus strain is
A/Amm Arbor/6/60, B/Ann Arbor/1/66, or A/Pucrto Rico/8/34.

[6262] 67.  Alive attenuated influenza vaccine comprising the immunogenic composition of

embodiment 63.

{6263} 68.  The composition of embodiment 63, further comprising one or more

pharmaceutically acceptable excipient.

[6264] 69. A method of producing an influenza virus vaccine, the method comprising:
introducing a plurality of vectors comprising polynucleotides corresponding to an
influenza virus genome into a population of host cells, which plurality of vectors comprises
polynucleotides corresponding to at least 6 internal genome segments of a first influenza strain,
and at least one genome segment of a second influenza strain, wherein the at least one genome
segment of the second influenza strain comprises a polynucleotide comprising a nucleotide
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sequence selected from SEQ ID NO: 1,3,5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, residues 74-
1060 of SEQ ID NO:1, residues 1061-1723 of SEQ ID NO:1, residues 81-1058 of SEQ ID
NO:5, residues 1059-1724 of SEQ ID NO:5, residues 85-1116 of SEQ ID NO:9, residues 79-
1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID NO:9, residues 78-1064 of SEQ ID
NO:13, residucs 1065-1727 of SEQ ID NQO:13, residues 78-1055 of SEQ ID NO:17, residucs
1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID NO:21, residues 1119-1787 of SEQ
ID NO:21, residues 75-1115 of SEQ ID NO:25, and residues 1116-1787 of SEQ ID NO:25o0ra
fragment thereof, and wherein the population of host cells is capable of supporting replication of
influenza virus;

culturing the population of host cells;

recovering a plurality of influenza viruses; and

providing one or more pharmaceutically acceptable excipient.

i8265) 70. The method of embodiment 69, wherein the first influenza strain is an atienuated

influenza virus, a cold-adapted influcnza virus, or a temperature-sensitive influenza virus.

[6266] 71. The method of embodiment 62, wherein the viruses produced are suitable for

administration in an intranasal vaccine formulation.

[6267] 72.  The method of embodiment 69, wherein the influenza virus genome is an

influenza B virus genome or an influenza A virus genome.

[6268] 73.  The method of embodiment 69, wherein the at least one genome segment encodes

an immunogenic influenza surface antigen of the second influenza strain.

[6269] 74. A method of prophylactic or therapeutic treatment of a viral infection in a subject,
the method comprising: administering to the subject, a reassortant virus comprising a
polynucleotide comprising a nucleotide sequence selected from SEQ ID NO: 1,3,5,7,9, 11,
13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of SEQ
ID NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:5, residues
85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of SEQ ID
NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13, residues 78-
1055 of SEQ ID NO:17, residucs 1056-1721 of SEQ ID NO:17, residues 78-1118 of SEQ ID
NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25, and
residues 1116-1787 of SEQ ID NO:25 or a fragment thereof, in an amount effective to produce

an immunogenic respouse against the viral infection.

18276] 75. The method of embodiment 74, wherein the subject is a2 mammal.
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[6271] 76.  The method of embodiment 74, wherein the mammal is a human.

[6272] 77.  The method of embodiment 74, wherein the viral infection comprises a viral

influenza infection.

{0273] 78.  The method of embodiment 74, wherein the virus is administered in vive to the

subject or in vitro or ex vivo to one or more cells of the subject.

{6274} 79.  The method of embodiment 74, wherein a composition comprising the reassortant
virus and a pharmaceutically acceptable excipient is administered to the subject in an amount

sufficient to prophylactically or therapeutically ireat the viral infection,

{0275} 80. A DNA molecule comprising a transcription control element that binds a DNA-
directed RNA polymerase and is operatively linked to a DNA sequence that encodes an RNA
molecule, wherein the RNA molecule comprises a binding site specific for an RNA-directed
RNA polymerase of an influenza virus, operatively linked to an RNA sequence comprising the
reverse complement of an mRNA coding scquence of an influenza virus, wherein the DNA
sequence comprises a nucleic acid corresponding to one or more of SEQ ID NO: 1,3,5,7, 9,
11,13, 15,17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723 of
SEQ ID NO:1, residues 81-1058 of SEQ ID NO:5, residues 1059-1724 of SEQ ID NO:S,
residues 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of
SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ ID NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118
of SEQ ID NO:21, residues 1119-1787 of SEQ ID NQO:21, residues 75-1115 of SEQ ID NO:25,
and residues 1116-1787 of SEQ ID NO:25 or a fragment thereof,

{6276} 81. A DNA molecule comprising a nucleotide sequence that upon transcription yields
an RNA template that contains an RNA sequence comprising the reverse complement of an
mRNA coding sequence of an influenza virus, and vRNA terminal sequences, wherein the
nucleotide sequence comprises a nucleic acid corresponding to one or more of SEQ ID NO: 1, 3,
5.7,9,11, 13, 15, 17, 19, 21, 23, 25, 27, residues 74-1060 of SEQ ID NO:1, residues 1061-1723
of SEQ ID NO:1, residues 81-1058 of SEQ ID NO:3, residues 1059-1724 of SEQ ID NO:5,
residucs 85-1116 of SEQ ID NO:9, residues 79-1116 of SEQ ID NO:9, residues 1117-1785 of
SEQ ID NO:9, residues 78-1064 of SEQ ID NO:13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ 1D NO:17, residues 1056-1721 of SEQ ID NO:17, residues 78-1118
of SEQ ID NO:21, residues 1119-1787 of SEQ ID NO:21, residues 75-1115 of SEQ ID NO:25,
and residues 1116-1787 of SEQ ID NQO:25 or a fragment thereof.
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[6277] 82.  The DNA molecule of embodiment 81, wherein the RNA template is replicable.

[6278] While the foregoing invention has been described in some detail for purposes of
clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the true
scope of the invention. For example, all the techniques and apparatus described above may be
used in various combinations. All publications, patents, patent applications, or other documents
cited in this application are incorporated by reference in their entirety for all purposes to the
same extent as if each individual publication, patent, patent application, or other document were
individually indicated to be incorporated by reference for all purposes. In particular, the
following patent applications are incorporated by reference in their entirety for all purposes: US
Provisional Application Numbers 61/079,894 filed July 11, 2008, 61/110,702 filed November 3,
2008 and 61/178,592 filed May 15, 2008.
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CLAIMS:

1. A reassortant influenza virus comprising a genome segment encoding one
or more polypeptides comprising the amino acid sequences selected from SEQ
IDNOS: 2, 4,6, 8,10, 12, 14, 16, 18, 20, 22, 24, 26 and 28, residues 17-345 of
SEQ ID NO: 2, residues 346-566 of SEQ ID NO: 2, residues 18-343 of SEQ ID
NO: 6, residues 344-565 of SEQ ID NO: 6, residues 18-361 of SEQ ID NO: 10,
residues 16-361 of SEQ ID NO: 10, residues 362-584 of SEQ ID NO: 10,
residues 17-345 of SEQ ID NO: 14, residues 346-566 of SEQ ID NO: 14,
residues 18-343 of SEQ ID NO: 18, residues 344-565 of SEQ ID NO:18, residues
16-362 of SEQ ID NO: 22, residues 363-585 of SEQ ID NO: 22, residues 16-362
of SEQ ID NO: 26 and residues 363-585 of SEQ ID NO:26.

2. The virus of claim 1, wherein the amino acid sequences are selected from
SEQID NOS: 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28.

3. The virus of claim 1, wherein the polypeptides comprising an amino acid
sequence are respectively encoded by a nucleotide sequence selected from
SEQID NOS:1, 3,5,7,9,11,13,15,17, 19, 21,23, 25 and 27, residues 74-1060
of SEQ ID NO : 1, residues 1061-1723 of SEQ ID NO: 1, residues 81-1058 of
SEQ ID NO: 5, residues 1059-1724 of SEQ ID NO: 5, residues 85-1116 of SEQ
ID NO: 9, residues 79-1116 of SEQ ID NO: 9, residues 1117-1785 of SEQ ID
NO: 9, residues 78-1064 of SEQ ID NO: 13, residues 1065-1727 of SEQ ID NO:
13, residues 78-1055 of SEQ ID NO: 17, residues 1056-1721 of SEQ ID NO: 17,
residues 78-1118 of SEQ ID NO: 21, residues 1119-1787 of SEQ ID NO: 21,
residues 75-1115 of SEQ ID NO: 25, and residues 1116-1787 of SEQ ID NO: 25.

4. The virus of any of claims 1-3, wherein the virus is a 6:2 reassortant virus
comprising 6 internal genome segments from one or more donor viruses and 2
genome segments encoding surface antigens of an influenza virus.

5. The virus of claim 4, wherein the donor virus is A/ Ann Arbor/6/60, B/ Ann
Arbor/1/66, or A/Puerto Rico/8/34.

6. The virus of claim 4, wherein the donor viruses are selected for comprising
one or more phenotypic attributes selected from the group consisting of:
attenuated, cold adapted and temperature sensitive.

7. An immunogenic composition comprising an immunologically effective
amount of the reassortant influenza virus of any of claims 1-6.

8. A live attenuated influenza vaccine comprising the immunogenic
composition of claim 7.

9. A method for producing reassortant influenza viruses in cell culture, the
method comprising:
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i) introducing a plurality of vectors comprising polynucleotides
corresponding to an influenza virus genome into a population of host cells
capable of supporting replication of influenza virus, which plurality of vectors
comprises polynucleotides corresponding to at least 6 internal genome segments
of a first influenza strain, and at least one genome segment of a second influenza
strain, wherein the at least one genome segment of the second influenza strain
comprises a polynucleotide comprising a nucleotide sequence encoding an
amino acid sequence selected from amino acid sequences of SEQ ID NOS: 2, 4,
6, 8, 10,12, 14, 16, 18, 20, 22, 24, 26 and 28, residues 17-345 of SEQ ID NO: 2,
residues 346-566 of SEQ ID NO: 2, residues 18-343 of SEQ ID NO: 6, residues
344-565 of SEQ ID NO: 6, residues 18-361 of SEQ ID NO: 10, residues 16-361
of SEQ ID NO: 10, residues 362-584 of SEQ ID NO: 10, residues 17-345 of SEQ
ID NO: 14, residues 346-566 of SEQ ID NO: 14, residues 18-343 of SEQ ID NO:
18, residues 344-565 of SEQ ID NO:18, residues 16-362 of SEQ ID NO: 22,
residues 363-585 of SEQ ID NO: 22, residues 16-362 of SEQ ID NO: 26 and
residues 363-585 of SEQ ID NO: 26;

i) culturing the population of host cells; and
iii) recovering a plurality of influenza viruses.

10.  The method of claim 9, wherein the at least one genome segment of a
second influenza strain comprises a polynucleotide comprising a nucleotide
sequence selected from SEQ ID NOS: 1, 3, 5,7, 9, 11,13, 15, 17, 19, 21, 23, 25
and 27, residues 74-1060 of SEQ ID NO: 1, residues 1061-1723 of SEQ ID NO:
1, residues 81-1058 of SEQ ID NO: 5, residues 1059-1724 of SEQ ID NO: 5,
residues 85-1116 of SEQ ID NO: 9, residues 79-1116 of SEQ ID NO: 9, residues
1117-1785 of SEQ ID NO: 9, residues 78-1064 of SEQ ID NO: 13, residues
1065-1727 of SEQ ID NO: 13, residues 78-1055 of SEQ ID NO: 17, residues
1056-1721 of SEQ ID NO: 17, residues 78-1118 of SEQ ID NO: 21, residues
1119-1787 of SEQ ID NO: 21, residues 75-1115 of SEQ ID NO :25, and residues
1116-1787 of SEQ ID NO: 25.

11.  The method of claims 9 or 10, wherein the first influenza strain is an
attenuated influenza virus strain, a cold-adapted influenza virus strain, or a
temperature-sensitive influenza virus strain.

12.  The method of any of claims 9-11, wherein the plurality of vectors is eight
vectors.

13. A method of prophylactic or therapeutic treatment of a viral infection in a
subject, the method comprising: administering to the subject, a reassortant virus
comprising:

a) a polynucleotide comprising a nucleotide sequence selected from SEQ
IDNOS: 1, 3,5,7,9,11,13,15,17, 19, 21, 23, 25 and 27;
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b) a polynucleotide comprising a nucleotide sequence selected from
residues 74-1060 of SEQ ID NO: 1, residues 1061-1723 of SEQ ID NO: 1,
residues 81-1058 of SEQ ID NO: 5, residues 1059-1724 of SEQ ID NO: 5,
residues 85-1116 of SEQ ID NO: 9, residues 79-1116 of SEQ ID NO: 9, residues
1117-1785 of SEQ ID NO: 9, residues 78-1064 of SEQ ID NO: 13, residues
1065-1727 of SEQ ID NO: 13, residues 78-1055 of SEQ ID NO: 17, residues
1056-1721 of SEQ ID NO: 17, residues 78-1118 of SEQ ID NO: 21, residues
1119-1787 of SEQ ID NO: 21, residues 75-1115 of SEQ ID NO: 25, and residues
1116-1787 of SEQ ID NO: 25;

c) a polynucleotide sequence encoding a polypeptide comprising an
amino acid sequence of any one of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26 and 28, or a complementary polynucleotide sequence thereof; or

d) a polynucleotide sequence encoding a polypeptide comprising an
amino acid sequence of any one of residues 17-345 of SEQ ID NO: 2, residues
346-566 of SEQ ID NO: 2, residues 18-343 of SEQ ID NO: 6, residues 344-565
of SEQ ID NO: 6, residues 18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID
NO: 10, residues 362-584 of SEQ ID NO: 10, residues 17-345 of SEQ ID NO: 14,
residues 346-566 of SEQ ID NO: 14, residues 18-343 of SEQ ID NO:18, residues
344-565 of SEQ ID NO: 18, residues 16-362 of SEQ ID NO: 22, residues 363-
585 of SEQ ID NO: 22, residues 16-362 of SEQ ID NO: 26 and residues 363-585
of SEQ ID NO: 26;

in an amount effective to produce an immunogenic response against the
viral infection.

14.  Anisolated or recombinant polypeptide, which polypeptide is selected
from the group consisting of:

a) a polypeptide comprising an amino acid sequence encoded by a
nucleotide sequence selected from SEQ ID NOS:1, 3, 5,7, 9, 11,13, 15, 17, 19,
21, 23, 25 and 27;

b) a polypeptide comprising an amino acid sequence encoded by a
nucleotide sequence selected from residues 74-1060 of SEQ ID NO : 1,
residues 1061-1723 of SEQ ID NO: 1, residues 81-1058 of SEQ ID NO: 5,
residues 1059-1724 of SEQ ID NO: 5, residues 85-1116 of SEQ ID NO: 9,
residues 79-1116 of SEQ ID NO: 9, residues 1117-1785 of SEQ ID NO: 9,
residues 78-1064 of SEQ ID NO: 13, residues 1065-1727 of SEQ ID NO:13,
residues 78-1055 of SEQ ID NO: 17, residues 1056-1721 of SEQ IDNO: 17,
residues 78-1118 of SEQ ID NO: 21, residues 1119-1787 of SEQ ID NO: 21,
residues 75-1115 of SEQ ID NO: 25, and residues 1116-1787 of SEQ ID NO: 25;

c) a polypeptide comprising an amino acid sequence selected from SEQ
ID NOS:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 28; and

97



d) a polypeptide comprising an amino acid sequence selected from
residues 17-345 of SEQ ID NO: 2, residues 346-566 of SEQ ID NO: 2, residues
18-343 of SEQ ID NO: 6, residues 344-565 of SEQ ID NO: 6, residues 18-361 of
SEQ ID NO: 10, residues 16-361 of SEQ ID NO: 10, residues 362-584 of SEQ ID
NO: 10, residues 17-345 of SEQ ID NO: 14, residues 346-566 of SEQ ID NO: 14,
residues 18-343 of SEQ ID NO: 18, residues 344-565 of SEQ ID NO:18, residues
16-362 of SEQ ID NO: 22, residues 363-585 of SEQ ID NO: 22, residues 16-362
of SEQ ID NO: 26 and residues 363-585 of SEQ ID NO: 265

15.  Anisolated or recombinant polynucleotide, which polynucleotide is
selected from the group consisting of:

a) a polynucleotide comprising a nucleotide sequence of one of SEQ ID
NOS:1, 3,5,7,9,11,13,15,17, 19, 21, 23, 25 and 27, or a complementary
sequence thereof;

b) a polynucleotide comprising a nucleotide sequence of one of residues
74-1060 of SEQ ID NO: 1, residues 1061-1723 of SEQ ID NO:1, residues 81-
1058 of SEQ ID NO: 5, residues 1059-1724 of SEQ ID NO: 5, residues 85-1116
of SEQ ID NO: 9, residues 79-1116 of SEQ ID NO: 9, residues 1117-1785 of
SEQ ID NO: 9, residues 78-1064 of SEQ ID NO: 13, residues 1065-1727 of SEQ
ID NO: 13, residues 78-1055 of SEQ ID NO: 17, residues 1056-1721 of SEQ ID
NO: 17, residues 78-1118 of SEQ ID NO: 21, residues 1119-1787 of SEQ ID NO:
21, residues 75-1115 of SEQ ID NO: 25, and residues 1116-1787 of SEQ ID NO:
25;

c¢) a polynucleotide sequence encoding a polypeptide comprising an
amino acid sequence of any one of SEQ ID NOS: 2, 4, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26 and 28, or a complementary polynucleotide sequence thereof; and

d) a polynucleotide sequence encoding a polypeptide comprising an amino acid
sequence of any one of residues 17-345 of SEQ ID NO: 2, residues 346-566 of SEQ ID
NO: 2, residues 18-343 of SEQ ID NO: 6, residues 344-565 of SEQ ID NO: 6, residues
18-361 of SEQ ID NO:10, residues 16-361 of SEQ ID NO: 10, residues 362-584 of SEQ
ID NO: 10, residues 17-345 of SEQ ID NO: 14, residues 346-566 of SEQ ID NO: 14,
residues 18-343 of SEQ ID NO:18, residues 344-565 of SEQ ID NO: 18, residues 16-
362 of SEQ ID NO:22, residues 363-585 of SEQ ID NO:22, residues 16-362 of SEQ ID
NO: 26 and residues 363-585 of SEQ ID NO: 26.

16.  An immunogenic composition comprising an immunologically effective
amount of the polynucleotide of claim 15 or the polypeptide of claim 14.

17. A vector comprising a polynucleotide of claim 15.

18. A cell comprising a vector of claim 17.
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SEQUENCE LISTING

INFLUENZA HEMAGGLUTININ AND NEURAMINIDASE VARIANTS

FLZBOPCTS

61/079,89%4
2008-07-11

61/110,702
2008-11-03

51/178,592
2008-0%-15

<i6d> 28
<170>
<2310 1

<231>» 1757
<212> DNA
<213>

<4G0> 1
Aaageaggyg

totggtitte
graccatgoa
tactaatger
tragatoctt
tgatggetie
ctgttaccct
cacactgygag
crottettge
cttaaaattc
artgtacatt
teaageatea
tatcggatct
agtaaaaccyg
ttacticaaa
atgeaatict
tgtaaacagy
gucaacagay
gagtttcata

aaattctgag

ataattctat
getcaaaaac
gtaccaaacg
actgagetgy
gatggagaaa
caaaataaga
tatgatgtgc
thtaacaaty
ataaggagat
aaatacccag
tggggauttc
ggaagaatca
agacccagag
ggagacatac
atacgaagtg
gaatgeatca
atcacatacg
atgegaasaty
gaaaatggtt

ggaataggac

-

PatentIn version 3.3

influenza A virus

taaccatgaa
ttootggaaa
gaacgatagt
ttcagagtec
actgcacact
aatgggacet
cggattatgc
aaagertcaa
ctaataacag
cattgaacgt
ACCACLCNOY
cagtetetac
taaggaatat
trttgattaa
ggaaaagetc
ctecaaatyg
gagcctgtes
taccagagaa
gggagggaat

aagcagcaga

gactatcatt
tgacaacage
gaaaacaatc
ctCaacaggr
aatagatget
rittgttgaa
crocettagy
ttggactgga
ttictittagt
gactatgeoa
tacggacaat
Caaaagaagyc
cCoeageaga
Cageacasyg
aataatgaga
gageatteee
cagatatgtt
acaaactaga
ggrggatgygt

tctraaaage
Page 1

gerttgaget
ACYYCIACHT
acgaatgace
gaaatatgeg
crattgggag
cgcageaaag
tcactagttyg
grteactcaaa
agattgaatt
aacaatgaaa
gaccaaaten
CAACARACLY
ataagcatct
aarctaattg
tcagatgeac
datgacaaag
aageaaaaca
ggcatattty
tggtacgglt

actcaageag

acattctatyg
tgtgoottgg
aaattgaagt
acagtectea
acceteagtg
cotacageaa
ceroateeyy
acggaacaagy
ggttgaccea
aattigacaa
recegtatge
taatcccgaa
attggacaat
cteetagggy
ceatiggeaa
cattocaaaa
ctotgaaatt
gegeaatoge
tcaggcatoa

caatcgatca

60
120
180
24¢
360
360
420
480
540
600
660
720
780
840
200
960

1020
i080
1140
1200



aatcaatygug
aaaggaattc
caaaatagat
aattgatcta
ggaaaatygct
ctgcataggs
aaacaaccgy
atggatttce
grgggocigo
aacacoctty
<210 2

<21l> 5686
«212> PRY
<213>
<400> 2

?et Lys Thr

Gin Lvs Leu

His His Ala

35

Ite Glu

50

Gin

Gly Glu 1le

85

Thr Leu Ile

Asn Lys Lys

Cys Tyr

Ala Ser Sep

130

val Thr

aagetgaata
teagaagtog
ctoctggteat
actgactcag
gaggatatgg
teaatcagaa
ttccagatea
trtgecatat
caaaaaggcoa

Tiictac

Ite Tle
5

Pro
20

Gly
val Pro
val Thr
Cys

Asp

Ala
85

ASp

ASp

Tyr

Asp

Gly Thr

Gin Asn &

Ala Ley

AsSh

ASn

Asn

Ley

vat

Leu

FLZ50PCT3ESTZS
gUTtgatoyy gasaaccaac
aagggaggat tcaggacott
acaacgogua gorrettgnt
aaatgaacaa actgtitgaa
geaatggttg tttcaaaata
atggaactta tgaccacgat
agggegtiga

catgttettt

getgaagtoa
gorttgtgty

acattaggtg caacatitge

influenza A virus

1le
10

Ser Tyr Leu

ser Thr Ala

25

ASp Asn

Thr Ile val

44

Gly

ala Thr Glu

55

Leu

Pro His Glin

Lay Pro

S0

Gly Asp

Glu
105

phe val ArG S

Fro Tyr Ala Ser

Gt P
L3
ko]

Phe Asn Asn Glu

Thr Ser ser Seér Cys

155

Page 2

(3).txt

gagaaattec
gagaaatatyg
geeetggaga
Jaaacaaaga
tagcacaaat
gtatacagag
ggatacazag
gotttgtigg
atttgagtoc

Cys Leu val

The Ley

Ile
45

- Gy

Lys Asp Gly

Lys Ala Tyr

110

Leu £ Ser

ser
140

Ite Arg

ser 5

atcagattga
ttgaggacac
accaacatac
ageaactgag
gtgacaatge
atgaageatt
attggatcct
ggttcatcat

attaatiaas

rPhe Ala

15

Ley

Asn ASp

Thr

ASn Cys

80

Phe Gin

95

AShH

ey val

Trp Thr

Ser Asn

160G

1268
1320
1380
1440
1500
1560
1620
1680
1740
1757



ASn S

Tyr

Leu

Phe

Ser

225

ASD

Ty

Pro

Pro

305

Cys

Arg

Gly

phe

Ser

385

Ile

Gluy

Pro
Ty
Pro
210

Gin

Tie

Ile
280
Asn
Pro

Asn

Phe

Gly

val

Phe

Ala

Pro

Leu

Asp

Arg

val

Ile

355

His

Gin

LYS

Glu

phe

Leu
180

y Trp

Ala

Thr

ser

Lay

260

Ile

Lys

Lys

Tyr

Pro

340

Glu

Gin

Ala

Thr

Gly

Sar

165

Gy

Glin

val

Cys

Pro

val

325

Glu

ASn

ASh

Ala

Asn

4G5

Arg

Arg

val

val

Ala

Iie

230

Ile

Asn S

Ser

Asn

phe

310

LyS

Lys

Gly

Ile
399

Glu

Ite

Leu

Thr

ser
215

Pro

sSer

FLASOPCT3ISTIS

Ash

Met

3 HisS

200

Gly

ASNH

Ile

Thr ¢

Gly Lys

Ser

2535

Gin

Gin

Glin

Trp

WO
\,J_.,J
(U4

AsD

Lys

Glin

Glu

Ast

ASn

Thr

Glu

360

Gly

Gin

phe

ASE

Trp

Pro

183

Pro

Arg

Ile

val

Thr L

Arg G

345

Gly

Ile

Ile

His

Lan &

425

Leu

70

Asn

Gly

Ile

Gly

Trp

250

Asn

Ile

Asn

Met

Gly

Asn

Thr

ASn

Thr

Leu

Ile

Thr

Ile

val

Gin

(3.

His

Glu

ASB

val

220

Arg

Ite

Ile

Met

Pro

300

Ile

Leu

phe

ASp

ala

380

Lys

Glu

Ty

ASH ¢

205

Seyr

Fro

val

Thr

Ala

Gly

Gly

Ala

Lt

Lys

val

Lys

s Phe

150

Arg

Lys

Pro

270

sSer

Gly

Tyr

Thr

Trp

ASp

AsSn

Glu
430

Phe

175

Asp

Gin

Lys

val

Pro

255

Arg

ASp

Tyr

Leu

Arg

phe

415

ASp

Lys

Arg
240

Gly

Ile

Ala

320

Met

Ala

Gly

LYS

Leu

400

ser

Thr



Lys Ile

Gn
450

Asn
Lys The
i Cys Phe
Iie

Arg

ASn Asn

ile

ASp T
5

val
545

Ley

Arg Cys Asn

<2l 3

<2311> 1458
<212> DNA
<213

<400> 3
graaaageag

ctcaccattt
ttgcatitca
ceaacaataa
aaggaaatat
acaggatttg
tgggtgacaa
ggacagggaa
tatoggacee
tgcatageat
acgagguggatg
attgtttcat

ggaacttygta

Leu Trp

Thr Ile
Lys
Lys
Gly
500

Phe &ln

Leu

Trp

Leu

serp

Tyr

Ile

Ile

Phe

FLASOPCT3STZS

Asn
440

Tyr

Ley Thy

455

Leu Arg

©HIS Lys

ASp His

Lys

ser
535

Ile Met

550

Ile

gagtaaagat
ccacaataty
agcaatatga
tagaaagaaa
gCCeeasact
cacctititc
gagaacctta
caacactaaa
tattgatgaa
ggtocageote
ataaaaatgc
ggtccaaaga

cagtagtaat

Intfluenza A virus

gaatccaaat
ctrotteatg
attcaacteg
cataacagag
agcagaatac
taaggacaat
tgtgtcatge
caacgrgeat
tgagttaggt
aagtirgtcac
aactgetage
aateotcagy

gactgatgag

Ala Glu Leu

Asp Ser Glu

Ala
475

Glu Asn

Asp Asn
4

val Ty

Glu Leauy

Ata Ile ser

Trp Ala Cys

555

caaaagataa
caaactgeeoa
ceeecaaaca
atagtgtate
agaaattggt
tegattagyc
gatcctgaca
tcaaatgaca
gttechitic
gatggaaaag
ttecatitaca
accoagyagr

agtgcttcag

Page 4

(3)

Leu

L EXT

val Ala

445

Met
460

ASn Lys

Glu Asp Met

Ala Cys Ile

Glu
510

Arg

Lys Gly

C¥s 2 Ly

5490

Gin Lys Gly

taacgattag
tettgataac
accaagtgat
tgaccaacac
caaagecgea
tLtoogotyg
agtgttatca
cagracatga
atctggggac
catggctgea
atgggagyct
cagaatgege

gaaaagotga

Ley Glu

Phe

Y ASH
480

Sar

Lau

T¥F

Ley

Asn

ctotgtttet
tactgtaaca
grtgtgtgaa
caccatagag
atgtgacatt
tggggacate
atttgooott
taggaccoot
CRAgeaagty
rgtttgtata
tgtagatagt
ttgtatcaat

tactaaaata

G0

18¢
240
300
360
420
480
540
600
b6l
720
780



ctatricatig
gregaggagt
tggaaaggct
agttatgigt
agecattgtt
gatgatggaa
gaaacctica
caagteatag
aaaagetgea
gaagiottgt
acaggetcat
ttagaaaaaa
<210> 4
<211> 468
<212> PRT
<213
<d400> 4
Met Asn Pro
1

Thy

Ile ser

val Thr Leu

va'l
5¢

Gin Met

Ile val

65

Ty

Lew Ala Glu

phe Ala Pro

Asp Ile

Cys Tyr
130

aggaggggaa
gereetgeta
ccaataggec
gttcaggact
tggatcotaa
atgacgtgty
aagtcattga
ttgacagagg
tcaatoggty
ggacctcaaa

ggcctgatyg
actecttg

Asn Glin

Iie
20

Cyvs

His phe

Leu Cys

Ley Thr

Tyr Arg

85

phe
1060

ser
val Thr

Phe Ala

LysS

phe

Lys

Glu

ASH

70

AsSH

LYS

Arg

feu

FL250PCT3ST2S

aarcgrrear
tectegatat
catcgtagat
tgttggagac
caatgaagaa
gatgggaaga
aggetggrcc
taataggteo
crittatgtg
cagtatigtt

gucggacate

Influenza A virus

Ite 1le

Phe Met

Gln Tyr

40

Pro Thr

55

Thr Thr

Trp ser

Asp Asn

Glu Pro

120

Gly Gin
135

Thr

Ile

LYs

ser

185

Tyr

actageatat
cotggtgrea
ataaacataa
acacccagaa
ggtggreaty
acgatcagey
aaccotaagt
ggrratrcty
gagttgataa
grgttttgty

aatcteatge

1le
10

Gy

Thr Ala

Pphe |

Ile Glu

Glu

Pro
a0

Tie Arg

val Sser

Thy Thr

Page 5

(3).txx

tgtraggaag
gatgtgtoty
aggatcatag
aaaacgacag
gagtyaaagg
agaagtcacy
ccaaatigea
gtattttete
ggggaagaaa
geaccteagy

cratataage

val ser

Ile
30

Ile Ley

Pra Pro

45

sSer

Arg Asn I

60

Glu Ile

Cys

Ala
1310

Leu Sar

Cys Asp Pro

Led Asn

140

s Thr

> Thr

tgotcageat
cagagacaac
cattgtitec
ctocageagt
ctgggeottt
citagggrat
gataaatagg
tgtigaagac
agaggaaact
tacatatgga

tttcgoaatt

Leu Thr

15

Thr Thr

ASt Ash

Glu

Bro Lys

80

Gly
a5

Gly Gly

Asp

LYS

val His

840

900

560
1020
1080
1140
1260
1260
1320
1380
1440
1458



Ser
145

Cy's
Gly
Thr
225

Met

Ile

Cys

Ite

305

Leu

Cys

Ala

LYS

AsSn

385

Gly

AsSh

Glu

Trp

Thr

Glu

His

val

2580

Asn

val

Ley

Phe

Sar

370

Prao

Asn

ASp

Ley

Ser

Thr

195

Leu

Glu

ASD

Glu G

val

275

Cys

Ife

Gly

ASP

Lys

ATy

Thr

Ser

1860

Gly

val

Ser

Gly

Arg

Lys

ASp

Pro

340

Ley

Ser

Ser

val

- val

165

Ser

ASD

Asp

Glu

Ser

245

LYS

Glu

ASD

Asp

Thr

325

ASn

Gly

Gly

Lys

His

150

Pro

Seyp

Asp

ser

Cys

230

Ala

Ite

Cys

Asn

His

310

Pro

Asn

Asn

Tyr

Leu

390

Tyr

AsSp

Fhe

Cys

Lys

Iile

215

val

Sey

val

ser

Trp

285

ser

Arg

Glu

Asp

ser

FLZ30BCT3IET2S (3)

Arg Thr Pro Tyr

His

His

Asn

200

val

Cys

Gly

His

£ys

280

LYS

Ile

Lys

Gly

val

360

Thr

Ile

Gly

ey

seryr

Ile

Lys

Thr

265

Tyr

Gly

val

Asn

W
L

Trp

Phe

Asn

Ile

Gly

17¢

Gly

Thy

Tre

ASh

Ala

250

Ser

Pro

Ser

Ser

330

Gly

Met

LYS

Arg

Phe
410

Page 6

155

Thr

Lys

&la

Ser

Gly

ASp

Ite

Arg

ASH

Sar

315

ser

His

Gly

val

Gin

395

Ser

Arg

Lys

Ala

Sep

LYS

220

Thr

Thr

teu

Tyr

Arg

300

Tyr

Ser

Gly

Arg

Ile

380

val

val

LEXT

Thr

Gln

Trp

phe

2035

Glu

Cys

Lys

Ser

Pro

283

Pro

val

Ser

val

Thr

365

Glu

Ile

Glu

Ley

val

Ley

180

Ile

Ite

The

Ile

Gly

270

Gly

Ile

cys

Ser

Gly

val

Gly

Leu

TYYr

Leu

va'l

Leu

255

Ser

val

val

ser

Ser
335

5 Gly

Tre

ASp

Met
160

val

Arg

va'l

240

Pha

Ala

Arg

ASp

Gly

320

His

Trp

Glu

Sep



Cys

Glu Thr

Thr
450

Asn Leu

465

<210> 5
<21l>
<21Z>
<2 13>

<400> 5
aaaageagyy

BNA

catttacage
acactgttga
agaacagtca
actgeagegt
agteatggte
atticgctga
tcgaaatatt
catgetoooa
atggrtttgta
tactatgugg
aaaatgerta
CCaaaagace
aacccgggga
tegoactgag
gtgatgegaa
tacacccagt
ttacaggact
gritcattga
atgageaagg
ttacaaacaa
aagaattcaa

tratagacat

1771

426

Met Pro Ile

gaaasataaaa
tacatatgea
cacagtacty
caatggaaga
tgccgggtey
ctacattgta
ctatgaggaa
ccocaaagaa
taatggggaa
cCcaaacoty
tgtrcatcac
tgtitotgta
caaagtaaga
tacaataata
tagaggottt
grgecasaca
cacaatagga
aaggaacatc
AGg9gagtyg
atctggotat
ggtgaatte:
caaattggaa

ttggacatat

FLZ2SOPCTIST2S

440

455

Influenza A virus

acaaccagaa
gacacaatay
gaaaagaatg
ctatgtctat
atcttaggaa
gaaalaccaa
ctgagggago
agcreatygge
agcagtiite
agcaagtoct
cCgocaaaca
gtgtcttcac
gatcaagaag
tttgaggoaa
ggatcaggaa
coteagggay
gagtgtecaa
ceatocatic
actggaatyg
gergeagatc
gtaatigaga
agaaggatyg

aatgcagaac

Ite Asn Arg Cys pPhe Tyr val G¢lu Leg 1le
425

Gly val Leu Trp Thr Ser Asn Ser Ile
435

Gly Thr Tyr Gly Thr Gly Ser Trp Pro

tgasagtaaa
grataggota
tgacagtgac
taaaaggaat
acccagaaty
atg¢orgagaa
aattgagtec
cCaaccacac
acagaaattt
atgcaaacaa
taggtaacca
attatagcag
gaagaatcaa
atggaaatct
tcateaactc
ctatazacag
agtatgtcag
aatccagagg
tagatggityg
aaaaaageac
aaatgaacac
aaaacitgaa

Tgttggtiot
Page 7

(3.0t

Arg Gly Arg Lys Glu
430

val val phe Cys Gly

445

Asp Gly Ala Asp Ile

460

actactggte
Ceatgetaac
acactotgre
agceccacta
cgaattacty
tggaacatyt
agtatcreca
cgtaaccgga
gotatggotg
caaagaaaaa
aaaggeootc
aaaattcace
ctactactoy
aatagogoca
aaatgcacca
cagtertoct
gagtgcaaaa
tttgtitgga
gtatggttat
acaaaatgcee
tcaattcaca
tasaaaagtt

actggaaaat

ctgttatgea
aactegaccy
aaccrgetty
caattgggta
atttccaagy
LRCCCaguyc
cttgagaggt
gtgtcageat
acggggaaga
gaagtootig
tatcatacag
CCagaaatag
actotgotty
agatatgett
atggataaat
TECCagaacy
ttaaggatyy
geeattgooy
catcatcaga
attaatggga
gcagtgggca
gatgatgggt
gaaaggactt

60
120
180
240
300
360
420
480
540
500
660
720
780
240
800
360

1020
1080
1140
1200
1260
1326
1380



tggatttoes
ataatgcotaa
gcatggagag
taaacaggga
cgatctactc
totggatgiy
gaaatataag
<310> 6

<2il> 565
<212> PRT
<2 13>

<400> ©

tgactceaat
agaaatagga
tgtaaagaat
gaaaattgat
aacagtcgee
ttccaatygy

gaaaaacacc

FL250PCTISTES

gtgaagaatc tgtatgagaa

aatgggtgtt ttgaattcta

ggaacttaty actatccaaa

ggagtgaaat tggaatcaat

agttototog trottttogt

totttgoagt gtagaatatg

crtgtticta ¢

Influenza A virus

Met Lys Val Lvs Leu teu val Leu
1 5

ala asp Thr

val Thr
Glu

Leu

als
G5

Pro Ley

Asn Pro Glu

val ¢lu Lys

ASp

Glu Arg

val Thr

145

TYr Arg Asn

Leu Ser Lys

Cys X1

Lay G

Ash Ser Hi

G1
70

Gln Leu

Glu
85

Cys Le

Pro
100

AsSnt Pr

Glu Le
Ph

Ile

Al
15

ser

Leu Leu Tr

165

Ser Tyr Al

e Gly Tyr

U Lys Asn

44

S Asn
55

Gly
v Asn Cys
u Leu Ile
o Glu

Asnh

Glu
120

U Arg

g Pro
135

Lys

a ser
0

oys
Thr

p Leu

& ASh Asn

Leuy

His

25

val

Arg

ser

Ser

Lys

Cys

10

Ala

Thr

Leu

val

LYS

Thr

Leu

Ser

T H1S

Lys
176G

Glu Lys Glu
page 8

Asn

val

Cys

Ala

75

Glu

Cys

Ser

ser ¥

Asn
155

Ash

(3> .txt

agtaaaaagc
tcacaagtgt
atattccgaa
gggagtotat
cteectgggg

catctaagac

Fhe ala

Thr
30

Asn Sep

Thr His ser

45

Leu Leu

60

LYS

Gly Trp Ile

Ser Trp Ser

Tyr pro Gly

Ser va] sar

Pro Asn

5..1--
g g
[k o

Glu ser

Gly Leu Tyr

val ey

cagttaaaga
aacgatgaat
gaatcaaagt
cagattctgg
gcaatcaget

cagaatttca

Ty
Asp Thr
val Asn
Gly Ile
Ley
Tyr I
His Phe
Ser Leu
Thr

His

Fhe
160

Ser
Asn

Pra

val Ley

144¢
1500
156¢
1620
1680
1740
1774



Tre G

His

LYS

225

Gly

Ite

Leu

ASp

ser

305

Lys

Ile

His

Glu

ASp

Arg

Thr
230
he
Arg
Phe
Ser
LyS
2

Leu
Tyr

Pro

Gin
370
Ash
Met

Arg

Ile

The L

val
195

Glu

Thr

Ile

Glu

Fro

val

Ser

Ala

AsSn

Arg

180

His

Asnh

AsSn

Asp

Phe

Arg

Ile

Thr

Met

420

Thi

ASD

His

Ala

Glu

 pPhe

Ala

Gin

ser

325

Gin

Trp

Gin

ASit

Gin
405

Glu .

Tyr

phe

Pro

Tyr

Ile
230

" Tyr

Gly

Gly &

LysS

ASn

310

Ala

ser

Thr

Gly

ASn

His

£ro

va'l

215

Ala

Trp

Asn

Thr

Leu

ala

Asp

FLISOPCTYIST2S

ASH

200

Ser

Lys

Thr

Ley

Gly

280

Gin

His

teu

Gly

Mat
360

~ Gy

Thr

Ala

Glu
440

sSear

185

Ite

val

Arg

Leu

ite

265

Ite

Thr

Pro

Arg

Ley

345

val

Ty

ASn

ASH

Gly Asn

val ser

Pro Lys
235

Ley Glu
250

Ala Pro

Ite Asn

Pro Gin

val Thr

315

Metr val
330

phe Gly

Asp Gly

Ala Ala £

Lys val
3985

Lys

peg A
Pl
foni o

Lys val

Ley val

val Lys
page 9

(3.

Gin

Ser

220

val

Pro

Aryg

Ser

Gly

360

ile

Thr

ala

Trp

ASD

Leu

Ash

Ary

Gly

Tyr

Asht

285

aAla

Gy

Gily

Iis

TYr
365

ASD

Leuy
445

Leu

130

ala

Tyr

Asp

Iie

Gly

Ley

Ala

35¢

Gly

LYS

val

3 ASH

Tyr

Leu

ser

Gin

Thr

255

Phe

Pro

AsSnh

Lys

Arg

Gly

TYYE

ser

Ite

AsH

Glu

Tyr

Arg

Gig

240

1le

Ala

Met

Ser

Pro

320

AsSh

Phe

Thr

Glu

400

Lau

e

Glu

Lys



val
465

Serpr

Phe rhe

Asn Thr

Arg

1te Leu

530

Ser Leu

545

Gly

Cys Arg Ile

<210>
<213>
<21e»
<213

<480> 7
agcaaaagea

7
1446
DNA

gtatagcaat
crtagteacte
tcacatatga
ttgttgctgg
teagtggaty
ttrttgteat
tgacccaagy
cttataggac
tegaateagy
gaatttctgg
gaaccataaa
tgaacggygre
aaattitcaa
tteattatga

acaactggea

2 Lle

Gin Leuy

Tyr

His
4

Tyv
500

ASPD

Asp

Iie

Tyr

aAla 1le

Tyr

Gly

Sar

Seyp

FLISOPCTISTES

455

Ash
Cys Asn
Pro

Lys

val
20

W

val

Trp

550

Iie
565

Cy's

ggagtitaaa
cggaataatt
aatccazacy
ARACALCALT
agaggacaaa
ggcratatac
aagagaacet
cgctotatta
crtaatgage
tgeatggtoa
tocagacaat
aagttggaaa
atgtttcace
gatcgaaaag
ggaatgeiec

tggttcaaat

Iwfliensa A virus

atgaacceaa
agtctaatgt
ggaagtcaaa
tgggtgaatc
acttcagtga
acaaaagaca
ttcatateat
aatgacaaac
tgtoctotag
geaagogeat
ggagetgtgg
a’agcaaatat
ataatgaccy
gggaaggtta
tgttacccag

cgacctiggy

Ala

Asp Glu

Leu

ala

Mat

Lys
475

Glu Cys
490

Ser Glu

Gl

ser

ser

ser
555

{ys

atcaaaagat
tgcaaatagy
acaacactgg
acacatatgt
cattggoegy
acagcataag
gttrotoactt
attcaaatgg
gtgaagetee
gccatgatyg
ctgtactaaa
taagaacaca
atggeecgag
ctaaatcaat
acactggeat

tgtctttcaa

Glu I

©Leu

XY
. Gly Asn
Met Glu Ser

Glu S

Mat

(SN

Food cmmad

(920
<
£33
mimmd

val Leu

540

Asn Gly Ser

aataaccatt
aaatattatt
aatatgcaac
Taatattaac
caatteatct
aavtggetee
ggaatgcaga
gaccgtaaay
grooccatac
catgggetgy
atacaacgga
agagtctgaa
taataaggeco
agagttgaat
agtgatgtgt

fLLaaaactey

Page 10

Gly ys

480

val
495

Lys
Leu Asn
Tyr GIn
val

Ley

Gin
560

Leu

ggatcaatea
tcaatatygg
caaagaatca
aacactaatg
ctttgttcta
daaggagatryg
accttiitte
gacagaagtc
aattcaaagt
tiaacaatey
ataataactyg
tgtgtotgta
gcctegtaca
geacccaatt
gtatgcaggy

gattatcaaa

60
120
i8¢
240
300
360
420
480
540
600
660
720
780
840
940
360



FL
taggatacat ctgcagtoga gtgtitgots
gergoanted agtgacigrt gatggageaa
ataatggigt thtggatagga aggaccaaaa
tttgggater taatggatyg acaaatacoy
tagcaataac tgattggtoa gggtacageg
gattggactg tataagacct tgetictggs
atacaacaat ctggactagt gggageagea
caaactggic ttggocagac ggtoctgagt
aaaaaa
<210> 8
<21d»> 470
<212> PRY
<213»  Influenza A virus
<400> 8
Met Asn Pro Asn Gin Lys Ile Ile

5
Ite Gly Ile Yle Ser Lau Met Leu
20

Trp Ala ser His ser Ile ¢in Thr

35 44
Cys Asn Gin Arg Ile Ile Thr Tyr

50 55
Thr Tyr val Asn Ile Asn Asn Thr
65 70
Thr Ser val Thr teu Ala Gly asn
85
Trp Ala Tle Tyr Thr Lys ASp Asn
100

Asp val pPhe val Ile Arg Glu Pro

115 120
Cvs Arg Thr rhe phe teu Thr Glin

13¢ 135

Sar Asn Gly Thr val Lys Asp Arg
145 150
Cvs Pro Leu Gly Glu Ala Pro Ser

230PCTISTZE
Acaatoogeyg
acggagraaa
gtaacagact
acagtgattt
gaagtitegt
trgagttagt
Trretttttg

tgcegticac

Ile
ia

Thr G?y

giﬂ Iie

25

Gly

Gly Ser &lin

Glu Asn Ser

val

Asn

ser
aa

sar Ley

Ser Tlie

105

Arg

phe e Ser

Gly Ala Leu

ser Pro Tyr

155

Pro Tyr Asn

{3).txt

teecgaagat
agggtittca
Tagadagysuy
cteagtgaaa
ceaacatect
cagagggetyg
tggegttaat

cattgacaag

Ser Ile Ser

Asn Ile 11e

asn Thr

45

Thr Trp val

Ala Gly

Cys Ser X

Iie Ser

110

Gly

ser His

125

Cys

Led Asn

140

ASp

Arg Ala Leu

ser Lys Phe

Fage 11

Glu

s Serp

ggagagegca
tacaaataty
tttgagatga
caggatgtty
gagttaacag
cctagagaaa
agtgatacty
tagttegtig

i?e Ala

15

ser Ile

- Tle

Asn His

LyS
80

Gly
g5

Lys Gly

ey Glu

Lys His

Met Ser

160

Gly 5

1020
1080
1140
1200
1260
1320
1380
14490
1448



val

Iie

Asn

LyS

Ash

Mat

ser

305

val

Pro

TYr

LYS

85

Gly

Cys

Glu

Ala

Gly

Gly

Thr

Met

Ite

Phe

Cys

290

phe

Phe

val

ASBD

Gly

© ASD

TYF §

Ile

Asn

Trp

Ile

195

ile

Gln

Thr

Glu

His

275

val

ASH

Gly

Thr

ASn

355

Phe

fhe

Arg

Thi

ser
180

Seyp

Ile

Glu

ASD

LY5

Tyr

ys

Glin

Asp

val

340

Gly

Glu

ser

Gly

Pro

420

Thr

165

Ala

Gly

Thr

Gly

Glu

Arg

ASH

Ash

325

Asp

val

Met

val

ser

405

Cys

Ite

ser

Pro

f Pro

Lys

Glu

AsSp

Lay

310

Pro

Trp

Ile

Lys

380

Phe

Phe

Trp

Ala

Asp

Thr

215

Ser

val

©
<
4]

Asn

2595

ASp

Arg

Ala

Iie

Trp

375

Glin

val

Trp

Thr

FL2SOPCTISTZ2S (3)

ys

Asn

200

Ite

val

Asn

Thr

s Ser

280

Trp

Tyr

Pro

Asn

ASp

Gin

vai

ser

His
185

Gly

Lys

170

Asp Gly Mex

Ala

ser

Met

Ala
250

¥s Tyr

His

Gin

Arg

Pro

val

His

Gly 5

Tle

ASp

330

val

Thr

ASH

val

Pro

410

Ley

val

Trp

AT

235

Ala

Iie

Fro

Gly

Gy

Lys

Lys

Gly

Ala

395

Glu

val

Ala

LYS

220

Gly

Ser

Glu

ASD

Asn

300

Tyr

Glu

Gly

aer

Trp

38Q

Ile

Lau

Arg

 Ser Ser Ile
Page 12

LEXT

Gly

val

205

LYS

ser

Tyr

ey

Thr

285

Arg

Ite

Gy

Phe

Asn

365

Thr

Thr

Thr

sSer

Trp

Ley

Glin

cys

Lys

ASh

27¢

Gly

Fro

Cys

ser

Ser

350

AsSh

ASD

Gly

Ley

430

Phe

Leu

Lys

Ite

Ile

Trp

ser

Cys

335

Tyr

g Leu

Thi

Trp

Ley

415

Pro

Cys

Thr

Tyr

Ley

The
240

2 Phe

Pro

va'l

va'l

Lys

Arg

ASD

ser

400

ASp

Arg



FL2S0PCTIST2S

435 440

val

450 455

Pro Phe Thr Ile Asp Lys
485 47

<210> 9

<211> 1882

<212> DNA

<213 Influenza B virus

<400> 9

ageagaagea gagcatttte taatatccac

gtagtaacat ccaatgcaga tcgaatcrge

gltggteasaa cagocactoa

aggggaggic

acaddaacdaa aatotiatty tgdaaatctd

ceagactgte tcaactgeac agatciggat

accacacctt cggcgaaage ttcaatacic

tttectataa tgCacgacay aacaaaaatce

gaaaatatca ggetatcaac cCaaaacgre

TACAQActty gaacstcagy artcrtgegct

acaatggeott gggoiglode aaaggacaac

gaagtaccat acatttgtac agaaggggaa

gatgacaaaa ¢CCaaatgaa gaacciotat

tctgotaaty gaglaaccac acactatgrt

gactaccaca

gAAgacggay aAgeggeagqy

gggaaaacag gaacaattgt ctaccaaaga

gcgagtggea ggagcaaagt aataaaaggg

cttcatgaaa aatacggtgg attaaacaaa

aaagecatag gaaatigose aatatgouty

aaatatagac ctcgtgoaaa actattaaag

ttectagaay aggaatgatt

gaggatggga

geacatggag tygragtggs gocggacoett

aca’aaaate tcaattortt gagrgagota

gecatggatg aactocacaa cgaaatactc

gctgacacta taagctogea aatagaactt

aacagtgaag atgageatcl attggoactt

totgotgtag agataggaaa tggatgotto

aaaatgaagy
actggaataa
aatgrgactg
aaaggaacaa
gtggorttyyg
cacgaagtca
aggeaactac
atcgatgogg
aacgoracea
aacaaaaaty
gaccaaatca
ggagactcaa
tetcagatty
attgttotty
ggtgtitigt
teettgoott
ageaageott
aaaacacctt
gaaagogyutt
graggorgge
aagagracge
gaagtaaaga
gagctggatg
geagtottac
gagagaaaac

gaaaccaaac
Page 13

{33,

P
.,

Xt
45

caataattgt
gatcttcaaa
gtgtgatace
gaactagagy
gcagaccaat
aagergttac
ccaatottet
agaagygcace
gtaagageygg
caacgaaccc
ctgtttgugg
atccteaaaa
gcagortece
attacatgat
tgectcdaaa
Taattgyutga
actacacagyg
tgaagetige
TCiteggage
acggatacac
Aagaagerar
atettcaaaqg
agaaagtgga
tiiccaacga
taaagaaast

acaagtgeaa

Asit Ser Asp Thr Ala Asn Trp Ser Trp Pro Asp Gly Ala 6lu Leu
460

actactcatg
cteacctoat
actaacaaca
gaaactatgce
gtatgrgggy
atcegautygc
cagaggatat
aggaggacec
atttttogea
actaacagta
grtccattea
gttcacctca
agatcaaaca
geasaaacct
ggtgtggtyc
agcagartge
agaacatgea
caatggaace
tattgcrggt
atcteacgga
aaacaagata
actaagtggt
tgatctoaga
aggaataata
gergggtoeec

ccagaccigeo

60
120
180
240
300
360
420
480
540
600
660
720
780
240
900
360

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



ttagaca
tcactga
citctratrt
gtttata
crtgrat
gaaaaat
<210>
<211>
<212>
<213
<400

Met Lys
1

Arg Ile
Thr Ala
Thy Thr

50

Arg Gly
85

Ala Leu G

ser Ile

M2t His

Tyr Glu
130

Ala Pro
145

Ala Thr

Lys AsSp

gga
a3
agct
tgg
Tttt
get
10

584
PRT

nfluenza 8 virus

10

Ala
Cys
Thr
35

Pro

LysS

Ley
ASD
115
ASH
Gly

Ser

Asnh

Iie

Thr

20

Gin

Thr

Ley

Arg

His

100

Arg

Ile

Gly

Lys

Asn
186

tagetgetygy
tractgetge
caactgotyge
tctecagaga
ccrttattge

cttgttacta

Ile

5

Gly

Ghy

Lys

Cys

Pro

85

Glu

Thr

Arg

Pro

ser
165

Lys

val

Ite

Gluy

ser

Pro

70

Met

val

LYS

Lau

Ct

Ley

Thr

val

TYr

Asp

Cys

Lys

Ide

Seyr

135

Arg

Phea

Ala

FLZ30PCT3ST2S

Leu

Ser

Asn

40

Phe

Cys

val

Pro

Arg

Thr

Ley

phe

Thr

Met

val

Ala

Leuy

Gly

val

1035

Gin

Gin

Ghy

Ala

Asn
185

caccittaat gcaggagaat
atctttaaat gatgatggat
ttotagttty gotgraacat
caacgtttca tgctecatct

agtgcttgtt tgottgtcat

val val
10
ASn Ser
Thr Gly
ASh Lauy
Asn Cys
Thr Thr
30
Thr ser
Ley Pro
Asn val
Thr Ser
155

Thy Met

PFro Leu

(3).

Xt

tttetctece

Tggataacca

tgatgctage

gtctataagy

cattacaaag

Thr

Pro

val

Pro

Gly

Asn

Ile

140

Gly

ala

Thr

Page 14

Ser

His

Ite
45

5 Gy

© ASp

ser

Cys

Leu

125

ASp

ser

Trp

val

Ash

val

30

Pra

Thr

Ley

Ala

Phe

110

Leu

Ala

Cys

Ala

Glu
190

cacttttgat
tactatacty
tatttitart
aagattaggc

aaacgitatt

Ala

15

val

Ley

Arg

ASp

Arg

Glu

Pro

val

175

val

ASpP

Lys

Thr

Thr

val
80

Gly

Lys

ASH

160

Pro

Pro

1620
1680
1740
1800
1860
1882



Tyr

194}
o
-

Gly

Cy's

Gly G

305

Lys

ite

Pro

Tyr
385

ser

ser

Arg

Ile

LYS

Ile

Gly

Thy 11

Ala

290

Pro

Trp

Pra

Th

Thr

Glg

Leu

450

Gy

Arg

ala

Tyr

Sear

Leu

PN s
Y25 e
I

ASD

Lys

Thr s

ser

Ile
260

e val

Gly

Asp

Tyr

Lys

Glu

His

Glu

Glu

420

Asn

Thr

Glu

Thr

phe

245

val

Tyr

Arg

3
e
w

Thr
3258
Thr

Leau

Gly

ala

405

val

Glu

Ite

Gly

Gin

Sar

230

Pro

val

Gln

Leu

310

Gly

Pro

Leu

Gly

Ala

380

Iie

Lys

1le

ser

Glu

Met

215

Ala

ASp

Asp

Glu

Leu

Asn

Asn

Ley

ser
455

FLASOPRCTISTZS

Asp Gin Ile

200

Lys

ASn

Gin

Tyvr

Glu

H¥s

Lys

5 Gy

Ley

Glu
444

Gin

ASn

Gly

Thr

Met
265

 val

LyS

Ala

Leu

345

Arg

val

Iie

Leu

val E

NIy
§,. 4 et
[ang o

Met

Lay

LVs

Tyr

Gly

Met

Ala

 Thr

410

Arg

ASp

Thr

TYr

ASp

Glin

Leu

ASH

Phe

val

395

LYS

Lau

Glu

Gly

Lys

Pro

1le

Gly

phe

Ala

380

Ala

ser

Lys

Gluw Leu Ala

Page 15

460

His

Gly

Pro

Leuy

Gly

Leu

Gly

val

445

val

Gly

Say

TYr

Ley

LYS

Pro

Ash

Asn

Trp

Asp

ASn

Ala

430

ASp

Leuy

phe

ASh

val

Pro

©LYS

val

ley T

Ly

Cys

335

Ty

Tie

Ley

ser

415

Met

ASH

Ley

His

Pro

Thr

Trp

seyr

320

?ro

Ary

ala

LYS

400

Ley

ASD

Leu

Ser



Asn Glu

465

Gly

Arg Leu

Gly Cys prhe

Ala
515

Ile ala

ser
530

Ley

AsSh Thr

545

val Thr Leu

val

<# 10>
<21l
<212>
<213>

<4030

i1
1557
DNA

11

ITe 1le

ASH

FL

Ser Glu

470

Lys

Gly
500

Gly Thr

Itle

Asn

Ite Leu

s Met

" LyS

Phe

Thr

Lau

Leu Gly

His

AsSn

Tyr

550

Met Lau

565

580

Ata

Ile

phe

Cys Leu

Influenza B virus

ageagaagea gagoatctic toaaaactga

ctteaactat
atgtgtcage
Cagaaataac
tgaacogrte
ctegritate
TCggagaaac
gaccaacgga
acaatggaac
aaatcooaac
atgatggtas
aaatasaata
ggacacaaga
grecagette

aagaaataty

acaaacgtta
ttcattgtca
tgcaccaata
tgcageaaas
ttgeoogaae
caaaggaaac
atgcaaacac
EELEUEEGES S
agtagaaaac
agaatggaca
tggagaagea
aagtgeoige
agggattagt

tecaacagyga

accotattee
tacttactat
atgccattgg
gaggtgacac
teaacettte
teagetooot
ttigototaa
agaaacaage
togattttee
tatatcggag
tatactgaca
aattgcatcyg
gaatgcagat

agagtasaac

250PCTIST2S

His
475

Asp Glu

ser Ala

454

Pro

5 AShH

Giu

Leu

ser

Ser

val
570

Xlis

ggcaaatagg
tcacatcagg
attcggatat
attgtgcaaa
ttottetece
agaaageact
tgataataag
cccattatge
tgaggeatct
atatggeage
ttgatggece
cataccatte
ggggagattg
tocttaagat

atactgagga

ASH ¢

(3

ey

L IXE

Leu Ala

val Ggiu Tle

Thr Ley

510

Cys

Seyr Ley Pro

525

Asp Gly

Ala Sepr ser

Met val Ser

ccaaaaatga
gagagtgtia
attgotaaaa
cgcatcaaat
3gaACCYYAY
ccraattage
ggaacerttt
agetcaacea
aattroagtc
tTggageggg
cgacagtaat
ctatgcaaaa
ttatcttaty
tCgagagage

atgracatge

Page 16

Gly
480

ey

ASp

Thr

Leu

ASp

Ala
560

Leu

rg ASD
5

acaatgetac
ttatcactat
ttttcacaas
gttcaggetg
tggacatace
ceocatagat
attgeottyty
ggggaatact
aaattgggea
teegeatged
geattactea
aacatcctaa
ataactgatg
cgaataataa

ggatttgcea

50
120
180
240
300
360
420
480
540
600
660
720
780
844
230



geaacaaaac
tcaaattaaa
THYACACCOT
aagggagtgyg
ggtagtacte
atgatggaga
tggaagaacc
cotgtatigy
cageeatrtta
atatggetct
ttgaacaatt
<2310>
<211»
<21Z2>»
<213>

<400>

12
466
PRT

12

Met Leu Pro
1

Gly val Leu

Tvr Ser Asp

35

Met
50

Pro

arg Ser ala

65

Thr Tyr Pro

Ley Ite ser

Leu Ile Ile

Phe Ala

136

His

Gly Thr arg

catagaatgt
tgtggagact
cagaccaaat
aggceatcaag
tegaacgaty
cocatggact
toggttggtat
gatagaaatg
crgtttaatg
gtaatggagy

gtecttacty

N

Ley Ser

20

Ley
Leu Asp
Ala

LYsS

Leuy
85

Arg

Pro His

180

Arg Glu

Thr

Lau

Giu Asp

Thr Ile Gin

Ley

Leuy

ys

Gly

Ser

Arg

Pro

His

Arg

FLZ2SOPLTISTZS

gertgtagag ataacagrta

gatacagogy alataagatt

gatggaagea
ggaggattty
tctaaaacta
gacagtgaag
rectttgget
gtacatgatg
ggctcaggac
aatggttgay

agctiaattg

infiuenza B virus

Thr
val

TV

Phe
40

LYS

Ala Asn

5%

val Tthr
Cys Pro

phe Gly

Ite
120

Ala

Lys

L

S
2

S

Ala

L

Ala

L

taacagggce
ttcatcaaag
aaagaatggy
cecttgetot
tcgaaataaa
gtgggaaaac
aactgetygty
tctgtictaa

tttctgaaaa

Thr Leuy
10

U

er Ala Ser

5

er Gin Thr

ser Asn

ey Ley

ser
90

Thi Lys
Gly
Gin

Pro

Arg His
Page 17

au

- Pha

(3).txt

cacageddas
gatgtgeaca
tigogaatct
aatggeatoc
gatgggactg
tagtggagta
agataagaaa
gactiggcac
ggacacitgte
accerttgtt

atgotottgt

phe Leu Thr

Ser

Lai

1le
45

GHu

val Gin

60

Pro Pro

Lys

Gly Ser

110

Thr Glu

125

Fro

Gly
148¢

Gly Tyr

ey Ile ser

agacccttty
gagacttatt
gatggggaca
aagattggaa
tatgtaaagt
atggrttega
tgtgatgtec
tcageageaa
acaggtgttyg
cotattitot

tactact

sar
15

Ghy

Ley Lay

Ala Pro

val Asn

Trp
80

Ala
a3

Ley
Ata Pro
Cys Lys

Tyr Ash

val Lys



145

Leuy

Trp

val

Ala

Glin

Thr

Arg

His

Cys

Leu

303

Thr

Cys

val

Met

Gly

val

Asp

Gly

ser

ASD

Tyr

210

Glu

ASp

Giu

Thr

Ala

290

Asn

Tyr

Glu

His

serpr

LYS

Lys

Gly
185

Thi

Gly

Gly

N
g et
[ 5

Leu

ser

w4y
LIT i

roLys

Pro

Met

LyS

Ite

Ser

180

Pro

ASD

- Ala

Pro

260

Glu

5 APg

Glu

Asp

Thr

Trp

Glu

Cy's

?ro

165

Ala

ASp

Thi

Cys

Ala

245

Ite

Cys

Asp

Thr

Thr
325

Gly

g Met

Lys

Thre

Gly

405

ASD

150

Thr

Cys

ser

Ty

ASH

230

ser

Ile

Thr

ASH

310

Pro

AsSp

Ala

Arg

ASD

390

Pro

val

val
His
ASH
His

15
Cy's
Gly
Lys
Cys
Ser
295
Thr
Arg
Lvs
ser
Met
375
Sar

Gly

Pra

FL250PCTIST2S

Gly

ASP

Ala

200

serp

Ile

Ile

Glu

Gly

Tyr

Ala

Pro

Gly

Lys

360

Gly

Trp

Cys

Asn

Gly

Leu

Ty

Gly

ser

Ile

265

rhe

Thr

Glu

Asn

ser

345

ite

Met

Ala

Tyr

Ile

Ser
170
Lys

Leu

Ala

Ala

ala

Gly

Ley

sSer
410

155

Ile

Glu

Lys

Lys

Pro

Sey

LYS

R T
| ]
Ry

Gy

Yy Arg

Leu

£
i
s

Trp

Ite

Asn

220

Cys

Arg

Thr

Arg
300

Ley

P Ser

Ile

Trp

Tyr

a Ley

Gly

Gty Ile Gy
Page 18

His

Thr

Ty

Phe

Met

LYS

Tyr

365

val

ser

Pha

Met

Met

Leu

Leu

Leu

phe

(S8
e
fh

Ser

LYS

val

Ala
175

Ile G

Gly

APg

Met

NS I
LIl
(2]

val

val

Thr

Arg

Tyr

val

Ite

415

His

160

Ala

Thi

Ile

240

Ile

Lys

' PYo

Phe

Thr

ASp

Met

400

Lys

Asp



420

FL2S0PCTIESTZ2S (3).txt

425

Gly Gly tvs Thr Thr Trp His Ser Ala Ala The

435

440

Met Gly Ser Gly Gln Leu Leu Trp Asp Thr val
455

450

Ala bLeu
465

<2 10>
<21l>
<212>
<213>

<400 13
AgCaaaagygea

13
1763
DNA

tatgtetgyt
Trgggeacca
aagtrtactaa
ctcatcagat
agrgtgatgg
geaactgrta
ceggeacact
€aagrootic
cecacttaaa
acaaattgta
atgotcaage
cgaatatogy
caatagtaaa
ggggrtactt
geaaatgeaa
agaatgraaa
aattggraac
LCgegggtty
atcaaaattc
atcaaatcaa
ttgaaaaaga
agactaaaat

atacaatiga

gaggataatt
trtegotcaa
tgeagtacea
tgotactgay
ccitgatgga
cttccaaaat
ceettatgat
ggagritaac
tigCaaaagyg
attcaaatac
catitggugg
atcaggaaga
atoragacec
accgggagac
caaaatacga
ttctgaatyc
caggatcaca
agggatgoga
catagaaaat
tgagggaata
tgggaagety
atteteagaa
agatotctag

tetaactgac

Influenza A virus

crattaacca
daacrieocy
aacggaacga
ctggrtcaga
gaaaactgca
Aagaaatyyy
gtgccggatt
gatgaaagot
agatctaata
ccagcatiga
gttcaccace
atcacagtcy
agaataagga
atacttttga
agtgggaaaa
atcactecaa
tatggguccet
aatgtaccag
ggttgggagy
ggacaageay
aataggitga
gtagaaggaa
tcatacaacy

teagaaatga

tgaagactat
gaaatgacaa
tagtgaaaac
gttoctcaac
cactaataga
accrEiigt
atgootooet
teasttggac
acagtitcert
acgrgactat
cggtracgga
ctaccaaaag
atatococeag
ttaacageac
getcaataat
atggaageat
gtoccagata
agaaacaaac
gaatggtgga
cagatctcaa
tegggaaaac
gaattcagga
cggagettct

acaaactgte

430

Ata Ile TVr Cys Let

445

Thr ¢ly val asp Met

460

cattgctttg
cagcacggea
aatcacgaat
aggtggaata
tgctetattg
tgaacgeage
taggteacta
tggagtcact
tagtagattg
goeaaacaat
caatgaccaa
AAGCCaacaa
cagaataage
agggaatcta
gagatcagat
toccaatgac
tgttaageaa
tagaggeata
tggttggtac
aagcactcaa
caacgagaaa
cetegagaaa
Tgttoccety

tgaaagaaca

page 19

agctacatto
Acgetgtyce
gaccaaatty
tgogacagtc
ggagacoctc
aaagcotaca
gtigeotcat
caaaatggaa
aattggitga
gaaaaatrtty
atcrtoctgt
actgtaatco
atctattgoa
attgcrocta
gcacccatig
agageattte
aacactetga
titggegeaa
ggtttcaggc
gragcaatca
ttecatcaga
tatgttyagy
gagaaccaac

3AYAAYCaac

&0
120
180
240
300
360
420
480
540
600
a5
720
780
840
93¢0
9ad

1020
1080
1140
1200
1260
1320
1380
1440



tgagggaaaa
atgcetgeat
cattaaacaa
teokatggat
teatgtgyqc
taaaaacace
<210
211>
<212>
<213>
<4 {30

14
566
PRT

14
Met Lys Thr

A

Gin Lys Leu

Ala
35

His His

Ile Glu

50

Gin

Gly Ile

65

Gly

Thyr Leay

Asn Lys Lys

Cys Pro

115

Tyr

Ala Ser ser

136

val Thr

Ser Phe

Tyr Pro Ala

tgctgaggat
aggatcaatc
ccggttecag
treerttgee
ctgecaaaaa

cttgttrota

Ite Ile
5

Pro
20

Gly
val Pro
val Thr
Cys AsSp

Ala
35

ASp

Trp Asp

Tyr Asp

Gly Thr

Gin Asn

rhe Ser

165

Lay
180

AsSh

Ala teu &

Asn

AsSn

Asn

ser

76

Lay

ey

vai

Ley

Gly

150

Arg

val

FL2SOPCTAST2S
atgggcaatyg grigtttcaa
agaaatggaa cttatgacca
atcaaaggeg ttgagetgaa
atatcatgtt ttitgerttg
ggcaacatta ggtgcaacat

cia

nfluenza A virus

Tyr Ile Leu

1o

Asp Asn Sar Thr Ala

25

Thr
40

Gly Ile val

Ala Thr Glu

55

Leu

Pro His Gin Ile

Ley Pro

80

Gly Asp

Gluy
108

Phe val Arg Ser

Pro Ala ser

Tyr
120

Glu
135

Phe Asn asp Glu

Thr Ser Ser ser

Leu Asnh Leu

170

Trp

Thr Met Pro Asn

185

AsSn

5 Lys

(3).txt

aatataccac
Tgatgtatac
gtcaggatac
Tgttgettty

ttgcatttga

Cys Leu val

Thr Leu Cys

Ile Thr

45

Thr

Glin
60

Ser Ser

AsSp Glu

Cys AsSp

Ala T

Leu Arg

125

Ser Phe

140

ASH

Arg

Leu

His Lys

Phe
190

Glu Lys

Page 20

g Ser

azaatgtgaca
agagatgaag
aaagattgga
ttggggtica

gtgeattaat

Phe Ala

15

Leu Gly

Asn ASD

Ser Thr

Asn Cys

Phe Glin

g5

Ser Asn

Leu val

Trp Thr

Asn
160

Phe
175

Lys

ASp LyS



Ley

Phe

ser

225

Asn

ASp

Tyr

Pro

Pro

305

Cys

Arg 4

Gly

phe

ser

385

Ile

Glu

ASh

Tyr
Ley
210

Glin

Ile

Phe
Ile
290

ASH

Pro

phe

Arg

370

Thr

Gly

val

Ile

Gin
450

Ile

TYE

Gin

Pro

Ley

Asp

Arg

Gin

LYS

Trp

Ala

Thr

ser

Lys

Lys

Tyr

Fro

340

Glu

Gin

Ala

Thr

Gly

420

Leu

Thre

Gly

Glin

Val

1SS+
UL

Ite

Arg

Cys

Fro

vatl

325

Glu

Asn

ASn

ala

Ash

4035

Arg

Trp

Ile

val
Ala
Ite
230
Iie
Asn
Ser
Asn
Phe
310
LyS
LYS
Gly
Ser
Ile
390
Gy
Ile

Ser

Asp

His

sar

215

Pro

ser

Ser

Gly

Ser

295

Gin

Gin

Gin

Lys

Glin

Tyr

Leu
455

FL2S0PCTRST2S ()

His

200

Gly

Asnh

Ile

Thr

LyS

280

Glu

ASnN

ASn

Thr |

Gluy
160

Gly

Glin

Fhe

ASp

AST

4440

Thr

Pro

Arg

Ile

Cys

val

Thr

Iie

His

Leu

435

Ala

ASD

val Thr

Ite Thr

Gly ser

Asn Leu

ser Ile

Ile Thr

AsSn Arg

315

Leu Lvs
330

Gly Ile

Mat val

s Gly 6n

Asit Gly
395

Gin Ile
410
Glu Lys

Glu Leau

ser Glu

ASD
val
220
AT

Iile

Ite

Met ¢

Pro

300

Ile

Ley

phe

Ala

380

LyS

Glu

Tvr

Leu

Met
460

Page 21

Xt

Asn
205
sar

Fro

val

Thr

Ala

Gly

365

Ata

Leu

Lys

vVal

val
445

Asp

Thr

Arg

Gly

Tyr

Thr

Trp

ASp

AsSh

Glu

Glu

430

Ala

Lys

Glin

ASp

ser

Gly ¢

Gly

Ile

Tyr

Ley

Arg

Phe

415

ASp

Leu

Ley

Ite

ATg

Arg

240

Gly

Ala

1le

Lys

Leu

400

Seyp

Thy

Glu

phe



Arg Thr

Cys pPhe

Arg Asn

ASH ASh Arg

515

ASp Trp Ile

val Aala

545

Ley

Arg Cys Asn

<210
<21l>
212>
<213>

<403> 15
ageaaaagea

15
1445
DNA

teteaccatt
attgeatitc
agcaacaara
gaaggaaata
Tacaggaty
ctgggtgaca
£ogacaggga
ttatcggace
gtgcatagea
aacgggggat
tattgtttea
tggaacttgt
actattcatt
tgtcgaggag
CLYUARAGYC

cagriatgty

LYS LyS

Iie
485

LYS

Gly Thr

500

Phe Gln

Leu Trp

Leu Gly

ITe Cys

365

ggagtaaaga
tccacaatat
aagcaatatg
atagaaagaa
tgcoocaaac
geacchiity
agagaaccrt
acaacactaa
crattgatga
tggtecaget
gataaaaaty
Lggtocaaag
acagragtaa
gaggagagga
tgetoctget
tocaatagge

tgcteaggac

Tyr

Ile

FL2S0PCTIST2S

ey

His Lys

His

ASp

Lys

Ser
53%

1te Met

Influenza A virus

tgaatccaaa
gcrtottcat
aaticaactc
acataacaga
tagcagaata
ctaaggacaa
atgtgtcaty
acaacgtgea
atgagrtagg
caagttgtea
caactgctag
aaatccteay
tgactgatgg
aaatcgrica
atceregata
ccatagraga

ttgttggaga

oys

Trp

Arg Glu Asn Ala

475

D ASH
43¢

p val Tyr

Gly Leuy

Ile &

Ala Cys

555

tcaaaagata
geaaattges
cceoocaaac
gatagtgtat
cagaaattgy
ticgattagg
cgatectgac
ticaaatgac
tgttocattt
cgatggaaaa
crteatttac
gacccaggag
gagtgcttca
tactageaca
Tcttggtgte
tataaacata

cacacddaga

Giu

Ala Cys Ile

Asp Gluy
510

Arg
er Gly
5

Cvs phe Leu

544

Gin Lys

ataacgattg
atctigataa
aaccaagtya
ctgaccaaca
tealageege
ctitoogety
aaatgttate
acagtacaty
catctgggua
gcatggotac
aatgagagge
teagaatgey
ggaaragety
ttgteaggaa
agatgtgtet
aaggattata

aaadacgaca

Page 22

Mat G

Asn
480

Gly

E-Y
(ko)
(v

Ala Leu

Tyr Lys
Leu

Cys

Ile
560

AsSh

gototgtite
ctactgraac
tgotgtatga
ccaccataga
aatgtaacat
grggggacat
aatttgooct
ataggaccoc
ceaageaagt
atgtttatgt
ttgtagatag
titgtatcaa
atactaaaat
gtgctcagea
gcagagacaa
geattgtttc

gciccageay

&0
120
1890
240
300



tageeatige
taatgatgga
tgaaacottc
gcaagrcata
Caaaagotyc
tgaagtctig
aacaggeotea
tttag
<210>
«<211>
«212>
<213>
<400>

16
459
PRY

16

MeT Asnh Pro Ash Gin Lys
| >

Ite Ser Thr

val Thr Leu

35

val
50

Gin Meat

» val Tyr

Ley Ala Glu

phe Ala Pro

Asp Ite Trp

115

T Gin

Ser
145

Asp

Asn Glu Leu

ttggatocta
aatgacgigt
aaagrcatty
grtgacagag
atcaatcggt
tggacctcaa

tggectgaty

5

Ile
20

Cys

His pPhe

Leu

Lsu Thr

Tyr Arg

85

phe ¢
100

val Thr

Ala

Phe

val

val
165

Phe

Lys

Glu

ASH

70

AsSn

* Lys

Arg

Leu

FLASOPCT3ISTZS

acaatgaaga
guatgggaag
aaggetggre
gtaataggte
gettttatot
acagtatigt

gugcggacat

nfluenza A virus

Ite Tle

Pha set

Glin Tyr

440

£ro Thr

55

The Thr

Ser

Trp

Asn

ASp

Pro

120

Gin

Arg

phe His

aggtggteat
aacgatcage
caagectaat
cggttatict
ggagttgata
tgtgtritgt

caatcteatg

Thr Ile 6ly

Gin Ile ala

25

Phe Asn

ITe 1le Glu

ITe Glu

g
[P2h

Pro Gin

30

Lys

Ser Ile

105

Arg

Tyr val ser

Gty Thr Thr

Thr

Firo

Leu

{(3y.txt

ggagtgaaag
gagaagttac
tocaaattge
ggtattitct
agggoaagaa
ggcacctcag

CCtatataag

Ser val

Ile
3¢

ITe Leu

ser Pro Pro

Arg Asn

60

Glu 1le Qys

Ile

AsSn

Ala
1i¢

Lauy §

Cy¥s Pro

Lau Asn

140

APg Ley

val

getgggoctt
gercaggata
agataaatag
ctgttoaagy
aagaggaaac
gracatatgg

citicgcaat

Leu Thr

15

Thy Thr

ASn Asn

Thr

Pro Lys

Thr
Q5

Gly
ASp L¥sS
His

val

Met
160

Leu

Ite

1880
1140
1260
1260
1326
1380
1449
1445



Ala

Thr

225

Met

Ile

Glin

Cys

Ile

305

Lay

Cys

ala

Lys

Asn

385

Gly

Trp

val

Arg

210

Thr

Glu

His

val

290

Asn

vali

Ley

Phe

LQU

370

Pro

ASH

Ile

Thr

Ser

Thr

185

Ley

Gluy

AsSp

Glu

val

275

Cys

ASD

Asp

355

ATy

Asn

Arg

ASn

Glu
435

Ser

180

Gly

val

Ser

Gly

Gly

Glu

Arg

LYS

y Asp

¥ro
340

Asp

sey

ser

APg
420

val

ser

ASp

ASp

Glu

Ser

245

Lys

Glu

ASP

ASp

Thr

325

ASh

Gly

Gly

Lys

Ley

Ser

Asp

ser

Cys

230

Ata

Ile

Cys

Asn

Asn

Asn

Tyr

Ley

380

Tyr

Phe

Trp

Cys

Lys

Ile

215

val

ser

val

Sar

Arg

Glu

ASp

Gly

375

Gin

Ser

Thr

FL250PCTISTES

His

Asn

200

val

Cys

Gly

His

Cys

fed
0
o

Lys

Ilea

Lys

Glu

val

360

The

Ile

Gly

~ val

Ser
440

Asp

185

Ala

Ser

Ile

Lys

Thr

265

T¥YP

val

ASTt

Phe

AsSn

Ite

Gy

425

ASn

Gly

Thr

Trp

ASH

Ala

250

Sey

Pro

Ser

Ser

330

y Gly

Met

Lys

Arg

Phe

410

Leu

LyS

Ala

Ser

A K]
it

ASp

Thr

Arg

Asn

ser

315

ser

His

Gly

val

Gin

395

ser

Ile

(3
Ata

Sar

Thr

Leu

Tyr

Arg

Tyr

ser

Gly

Arg

Ile

380

val

val

Arg

ser Ite val
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SEXE

Trp
phe
205
Glu
Cys
Lys
Ser
Ley
285
Pro
val
Ser
val
Thr
365
Glu
Ile
Glu

Gly

val
445

Ley

180

1le

Ile

Thr

Ile

Gly

270

Gly

Ile

Cys

ser

Gy

Arg
430

phe

His

Tyr

Leu

val

Leu

25%

Sepr

val

val

ser

ser
335

5 Gy

ser

Trp

ASp

Cy's

val

ASH

Arg

val

240

Phe

Ala

Arg

Asp

Gly

His

Trp

Ser

Gly



Thr
450

ASn
465

<Z2310> 17
<211
<21d>

<213>

<400> 17
agaggggaa

DINA

ttacagetac
ctgttgacac
acagtcacaa
geagegrtge
catgatocta
togoegacta
aaatattecec
gotoccataa
gtttgraces
tatgoagtyge
atgcttatgt
a’agaccoaa
ccggggatac
cactgagtag
atgcgaagtg
accctgteac
caggactaag
teattgaagy
ageaaggate
caaacaaggt
aattcaacaa
tagacattiyg
atttecarga
atgocaaaga
tggagagtgt

acaggygagaa

1769

Leu Met Pro Ile

aataaaaaca
atatgcagac
agracttgag
tggaaaatta
cggatggatc
cattgtagaa
tgaggaactyg
caaagaaagc
tygggaaagc
aaacctgage
tcatcaccey
ctotgtagty
agtaagagat
aataatattt
aggctitgga
ceaaacacet
aataggagag
gaacatccoca
ggggtugact
tgaetatget
gaattctgta
attggaaaga
gacatataat
croccaatgig
aataggaaat
aaaaaatgga

aattgatgga

FL250PCTISTIS (30 otxt

455

Influenza A virus

accaaaatga
acaatatgta
aagaatgtga
tgtctattaa
ttaggaaacc
daaccaaate
agggageaat
tcatggeocca
agtttttaca
aagroectaty
cctaacatag
tottcacaty
cgagaaggaa
gaggcaaatyg
tcaggaatca
cagggageta
tgtocaaagt
tecattcaat
gagaatggtag
geagatcaaa
attgagaaaa
aggatggaaa
gcagaatigt
aagaatcigt
gggrgttityg
acttatgact

gigaaatigg

aagtaaaact
taggctacea
cagtgacaca
aaggaatagc
cagaatgoga
ctgagaatgg
tgagttcagt
accacaccac
aaaatttget
Caaacaacaa
gtgaccaaag
atagcagaaa
gaatcaacta
gaaatctaat
tCcaactcaaa
taaacageag
atgtcaggag
ccagaggttt
atggttggta
ARAYCACACA
tgaacactca
acttaaataa
tggrtotact
atgagaaagl
aattctatca
atccaaaata

aatcaatguy
Page 2%

actggreoty
tgocaacaac
ctotgteaac
cocactacaa
attactgatt
aacatgrtac
atcticatyy
aaccggagta
atggctgacy
agagaaagaa
ggctototat
attcacceca
ctactggact
agcgooaaga
tgeaccaaty
(N ooy ok o o
tgcaaaatta
grttggagec
tggttatcat
aaatgecatt
attcacaget
AaaQLLIAt
ggaaaatgaa
aaaaagocoaa
caagtataac
ttecgaagaa

agtgetateag

Ser Gly Thr Tyr Gly Thr 61y Ser Trp Pro Asp Gly Ala Asp Ile
460

ttatgeacat
teaaccgaca
CLgettgagy
ttgggtaatt
recagggaat
ceagggeatt
gagagattcg
tcageateat
gggaagaaty
gteottgrac
catacagaaa
gaaatageea
ctacttgaac
tatgetttcog
gatgaatgty
cagaatgrac
aggatggrta
atrgocggtt
catcagaatg
aatgagatta
grgggcaaay
gatgoutita
aggacttigg
ttaaagaata
gatgaatgea
tcaaagttaa

attctggoga

650
120
180
240
300
360
420
480

600
660
720
780
340
SO0
360
1020
1080
1140
1260
1260
1320
1380
1440
1500
1560
1620



FLZSOPCTISTZY (3).txt
tetactcaac agrtogecagt tetotggtte tittggtcte cotgguuuca atcagetict 1680

ggatgtgtic caatgggtet ttgeagtgta gaatatgcat ctaagatcag aattitcagaa 1740

atataaggaa aaacacccit grtictact 1769
<210> 18

<21i1> 565

<212> PRT

<213> Influenza A virus

<400> 18

Met Lys val Lys Leu Leu val Leu Leu Cys The® phe The Ala The Tyr
1 3 10 15

Ala asp Thr Ile Cys Ile Gly Tyr His Ala Asn Asn Ser Thr Asp Thr
20 25 30

val Asp Thr val Leu Glu Lys Asn val Thr val Thr His Ser val Asn
35 40 45

Leu Leu Glu Asp Ser His Asn Gly Lys Leu Cys ieu Leu Lys Gly Ile
50 55 &0

Ala Pro Leu Gin Leu Gly Asn Cys Ser val Ala 61y Trp Ile teu Gly
&5 7¢ 75 80

Asn Pro Glu Cys Glu Leu Leu Ile Ser Arg Glu Ser Trp Ser Tvr Ile
a5 a4 a5

val Glu Lys Pro Asn Pro Glu Asn Gly Thr Cys Tyr Pro Gly His Phe
100 105 110

Ala Asp Tyr Glu Glu Leu Arg Glu Glin Leu Ser ser val Ser Ser pPhe
115 120 125

Glu Arg Phe Glu Ile Phe Pro Lys Glu Ser Ser Trp Pro Asn His Thr
130 135 140

Thr Thr Gly val ser Ala Ser Cys Ser His Asn Gly Glu Ser Ser phe
145 150 1585 160

Tyr Lys Asn Leu Leu Trp Leu Thr Gly Lys Asn Gly Leu Tyr Pro Asn
165 176G 175

Leu Ser Lys Ser Tyr Ala Asn Asn Lys Glu Lys &lu val Leu val Leu
180 185 130

Trp Gly val His His Pro Pro Asn Ile Gly Asp GIn Arg Ala Leu Tyr
195 200 205

His Thr Glu Asn aAla Tyr val Ser val val Ser Ser His Tyr Ser Arg
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LyS
2258

Gly

ASp

ser
305

e
His
Glin
385
Gl
ASD
Arg
val

465

phe

210

he

Arg

 Phe

ser

Glu
290

Lay

5 Tyr

PFro

Gly

Gin

370

Asn

s Met

Arg

Ile

Thr

450

LyS

Glu

Thr

Ile

Pro

val

Ser :

Gy
355

pg
4]
o]

Ala

ASH

Arg

£
[ R 1

W3

Leu

sSer

phe

Pro

Asn T

Ala
260

S ASD

Phe

Arg
3

Ile

Thr

Met

420

Thr

ASp

Gin

Tyr

Glu

- Phe

Ala

Gin

Trp

Glin

ASH

&in

4085

Glu

Tyr

phe

Leu

His

1le

230

Gly

Gly

Lys

Asn
310

© Ala

sSer

Thr

Gly

ASH

Asn

LyS
470

Lys

215

Ala

* Trp

AsSh

Ser

Gly

sey
375

y Iie

s Thr

Ley

Ala

A

Ash

oys

FL230PCTIST2S

Lys

Thr

Leu

Gly

280

Gin

His

s Ley

Mat

360

Gly

Thr

Ala

Asn

Glu

440

Ser

Ash

Asn

Arg Pro Lvs

Ite

265

Ite

Thi

Pro

Arg

Leuy

345

vat

Ty

Ash

val

Lys

425

ey

AsSn

Ala

Asp

Ley

250

Ala

Ite

Pra

val

Met

330

Phe

ASp

ala

Leu

val

235

Glu

Pra

ASh

Glin

Thr

315

val

Gly

Gly

Ala

val
395

val

Lys

Lys Glu

Pro

Thr

Ala

Trp T

ASD

i8¢

AsSn

Gy

Asp

Leu

ASH

460

Ite

Glu Cys Met
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Arg

R RY

Tyr

ASH

285

Ala

Gy

hdd ned
T
(R

Gin

Ser

phe

ASp

Le

445

Lau

Gly

Glu

Ite |

Glu

L8y

Ala
350

Gly

val
Asn
Gly
by

Glu
Tyr
ASH

Sgr

Ary

Thr

255

phe

Fro

APG

Gly

Tyr

ser

Ile

Lys

Phe

A

Glu

Gly

val

Glu

240G

Ite

Ala

Met

Serp

Fro
320

His

Glu

400

Leu

Ile

Glu

Lys

Cys

Lys



asn Gly Thr

Arg Glu Lys
515

Ile Lsuy Ala
530

ser Leu Gly
545

Cys Arg Ile

<2 10>
<21l
<212>
<213>

<400»> 18
agcadragea

18
1463
DNA

gtatagcaat
ctagteacte
tcacatatga
ttgttgoctga
teagtgggty
Tittgteat
tgacccaagg
chtatagage
ttgaatcagt
gaatttcigg
aaaccataaa
tgaacgugte
aaattttcaa
ttcattatga
acaactggea
taggatacat
gotgeaatee
gtaatggtgt

titgggatee

Tyr

Iie

Ile

TV

Ala 1le

FL

Asp Gy val Lys Leu Glu
520

Ser Thr val Ala ser

535

Ser rhe Trp Met (ys

550

Cys
3

ggagtttaaa
cggaataatt
aatccaaact
aaacageace
aaaggacaaa
ggctatatac
aagagaacct
rgetotatta
citaatgage
tgeatggtea
tecagacaay
aagtiggaaa
atgtttcace
gatcgaaaay
ggaatgttce
tggttcaaat
crgcagtygga
agtgactgtt
ttggatagga

taatggatgg

Infliuenza A virus

atgaacceaa
agtctaatat
ggaagtcaaa
tgggtgaata
acttcagiga
acaaaagaca
tigatatcat
aatgacaaac
tgtoctetag
gcaagegeat
ggagetatyy
aagogaatat
ataatgaccy
gggaaggtta
tgttacocag
cgaccttgyy
grarttcggty
gatggagcag
aggaccaaaa

acaaataccg

250PCTISTES
490

Tyr Pro Lys Tyr Ser Glu

505

Ser

serp

Sep
355

atcaaaaaat
tgCaaatagy
accacactgg
acacatatgt
cattggoogy
acageataag
grtctcactt
attcaaatgy
grgaagetec
gccatgatyg
crgtactaaa
taagaacaca
atggeeogag
cCaaaacaat
acactggeac
tgtottttaa
acaarcegey
acggagtaaa
gtaacagact

acagtgatit

(33 .1xx

Glu ser

Met Gly
525

Leu val
540

ASH Gly

aataaccatt
aaatatitatt
aatatgcaac
taatatraacg
caattcatct
aattggeice
ggaatgraga
gaccgrtaaag
gtocceatac
catgggctog
atacaacgga
agagtctgaa
taatggggoes
agagttgaat
agtgatgtygt
teaaaacty
teecaaagat
agggtttica
tagaaagygg

ctcagtgaaa
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Lau

Ser

Asnh
Tyr Gin
val

Leu

Gin
560

Ley

ggatcaatca
tcaatatggg
caaagaatca
aacaccaaty
ctEtgticta
aaaggagatg
acetitttte
gacagaagtc
aattcaaggt
ttaacaatey
ataataacty
tgtgtetgta
geetogtaca
gracceaatt
gtatgeagag
gattatcaaa
ggggagggca
tacaaaraty
titgagatga

caggatgityg

60
120
180
240
300
360
420
480
540
500
660
720
780
840
800
260

1020
10890
1140



tagcaataac
gattagactg
atacaacaat
caaactggte
agaaaaaact
<2310
<213>
212>
<Z213>

<400>

20
470
PRT

20

Met Asn Pro
1

Tle Gly

Trp

Ala ser
35

ASH
50

Cys

Thi
65

Tyr

Thr Ser val

Trp Ala Ile

phe
115

val

Cys Thr

130

Ser Asn

145

Giy

Cys Pro Leu

vai Ala Trp

Ile Gly Ite

val

tgattggrca
tataagacct
crggactagt
ttggeeagac

cortgtitot

AsH

Ite
20

Ser

His

Ile

Ile

Lay

thr

~ Thr

Phe

phe

val

Thr

v Giu

185

Ser Ala

180

Gly

Gin Lys Ile
5

Leyu
Ite

Ile

LVS
Arg

Leu

sar

Pro

FLZ258PCTIST2S
gugtacagcyg gaagtttigt
tgottetggg ttgagrtagt
gggagcagea titotttitg
ggtgotgagt tgoogttcac

act

mnfluenza A virus

Thr

H.
o

Gin
25

Iie Lau Gly

Thr Gin

44

Gin Gly

Thr Glu

55

Tyr Asn Ser

val
73

Ast Thr val

Asn Ser SQF Leu

26

ASn ~ Tie

Fro
120

Thr Glin Ala

135

Gly Leu

Arg Ser Pro Tyr

155

Pro Ser Pro Tyr
170

Ala Cys Asp Gy

Ala val
rage 29

ASp Asn

f Ser Ile

ASnH

Asn

(3} . txt

tCaagatecy
cagagguctyg
tggegttaat

cattgacaag

ser

Iie
30

Ile

His Thr

45

Thr val

60

Trp

Ala Glu Lys

Ser Ile

Tle ¢ly Ser

110

ser
125

Cys

Lay Asn

140

ASp

Arg Ala Ley

Ser Arg phe

Met Gly Trp

195G

Ala val Leu

gagttaacay
cotagggaaa
agrggtacty

ragttogtty

Ite Ala

15

Ser Tls

Gly Ile
ASHY Asn

ASp
8

sSer
95

Gly

Lys Gly

Ley Glu

Lys His

Met Ser

160

Ser

fend £y
N |
[ ¥ oy

Leu Thr

Lys Tyr

1260
1320
1380
1440
1463



Ash £

Ile

Lys

Asn

Met

ser

305

Val

Pro

Tyr

Lys

Ser

385

Cys

Glu

val

Pro

Met

Iie

Pha

Cys

290

Phe

Phe

val

Gly

Gly

ASp

TV

Ite

Asn

Asn

450

phe

185

Ile Ite 7T

Gin Glu

Thr Asp

Glu Lys
260

His Tyr
275

val Cys

Asn Glin

Thr val
344

Asn Gly
355
rhe Glu
Phe Ser
Ser Gly
Arg Pro
420
Thr Thr

ser Gly

Thr Ile

Arg

AsSh

Asn

325

Asp

val

Met

val

ser

405

Cys

Ile

Th

AsD

Gl

Glu
230

Pro

' LYS

Glu

Asp

Ley

310

Pro

Gly

Trp

Ite

Phe

Trp

ala

Lys

Thr

215

Cys

Ser

va

AsSn

295

ASD

Arg

ala

Trp

5 Gin

val

Trp

Thr

Ash
455

FL230PCTISTZS

200

1le

val

Asn

Thr

ser

280

Tep

Tyr

Pro

ASp

Gly

360

ASD

Asp

Gin

va'l

ser

440

Trp

Lys

Cys

Gly

Cys

His

Gn

Lvs

Pro

val

His

Glu

425

Gly

Ser

Ser

Met

Tyr

Gly

Ile

Thr

Asn

val

Pro

410

Leu

ser S

Trp

Trp

Ile

Pro

ser

Lys

Lys

Gly

Pro

(33

LYS

Gly

Ser

Glu

ASD

Asn

300

Tyr

Glu

Gly

ser

Trp

380

Ile

Ley

AFg

1le

ASp
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~EXT

205

LYS

Ser

Tyr

Ley

Thre

285

Arg

ile

Gly

phe

Asn
365

Thr

Gy

Arg T

Cys

Pro

Cys

sSer

Ser

350

Arg

Asn

Asp

Gly

Leu

430

rhe

ala

Phe

P b3
157 oo
B

Ata

Thr

Trp

Sep

Cys

Tyr

Leu

Thr

Trp

Leu

415

Pro

Cys

Glu

s ey

Thr
240
Phe
Po

val

val

Lys

Arg

ASp

Sep

400

ASp

Arg

Gly

ey



465

<@ 10>
<2 1i»
<212>
<Z213>

<400> 21
gragaageagy

2%
1883
BNA

tagtaacatce
ttgtcaaaac
CACCoaceas
caaaatgoct
acataceoye
Trcctataat
aacatatcag
acaaaattgg
caatggetty
tagaagtacc
ctgatagcgs
catctgecaa
cagaagacag
ctgggaaaac
gogeaaglgy
gootecacga
caaaggeeat
ccaaatatag
gtiicttaga
gggcacatgg
taacaaaaaa
gtgccatgga
gagetgatac
taaacagtga
cetergetgt
grotegacag
attcactgaa
tgotttacta

trgtttatat

FLZSOPCTISTZS

470

agcattriet
caatgcagat
tgetacteaa
atcteatLtt
caactgcaca
gacaagagtt
geacgacaga
gttatcaact
aacctCaguy
ggcegtecca
atacatttgt
aacgcaaaty
cggagtgace
aggacracca
aggaacaatt
caggagcaag
aaaatacggt
aggaaattge
accroctgea
aggaggatgg
agtagcggty
tetcaactet
tgaactecac
aataagctea
agatgageat
agagataggg
aatagotget
rattactget
ctCaactget

ggtotecaga

Infiuenza 8 virus

aatatccaca
cgaatorgea
ggggagatca
gcaaatctea
gatctggacy
teaatactee
acaaaaatta
cataacgtta
tertgeeeta
asaaacgaca
acagaaggag
gcasagetoy
acacattacy
caaagtggta
acctatcaaa
gtaataaaag
ggattaaaca
ccaatatygg
aaactattaa
gaaggaatga
gcagcagacc
ttgagtgage
aacgaaatac
caaatagaac
crottggege
aatggatget
ggtacctitg
geatrctttaa
gootecagtt

gacaatgttt

aaatgaagge
crgggataac
atgtgactyg
aaggaacaga
tggeottygy
atgaagtcag
gacagctged
tcaatgeaga
acgttaccaa
acaacaaaac
aagaccaaat
atggagacte
tttcacagat
gaattgitgt
gaggtatttt
gatcottgec
aaagcaagec
tgaaaacace
AgYaaageyy
trgcagotty
ttaagageac
tggaagtaaa
tagaactaga
tegeagtoct
ttgaaagaaa
ttgaaaccaa
atgcaggaga
atgacgargg
tggetgtaac

crrgetoaat

{3).txt

aatraattgta
atcgteaaac
tgtaatacca
aaccagaguy
cagaccaaaa
acctgttaca
taacorictc
aaatgeaccea
tggaaacgoa
agcaacaaat
taccgttitog
aaageeccag
tggtggctic
tgattacatg
attgectoaa
rttaattgga
ttactacaca
ctigaagoty
rrtcttogga
geacggatac
TCaagaggce
gaatcttcaa
cgagaaagty
gerttocaat
gcrgaagaaa
acacaagryc
attttetete
attggavaat
attgatgata

ctgictataa

Page 31

cracteatyy
teaccacaty
ctgacaacaa
aaactatgec
tyCcacgggya
totgggtact
agaggatacg
GUaggacect
trtttegeaa
tcattaacaa
gggticcact
aagtteacce:
ccalatcaaa
gtacaaaaat
aaagtgtggt
gaagcagatt
ggggaacaty
gecaatggaa
gotattgoty
acatcecaty
ataaacaaga
agactaageg
gatgatctea
gaaggaataa
atgetgggeo
aaccagacct
cocactitiy
catactatac
getateritg

ggaaagttaa

60
120
180
240
360
360
420
480
540
500
6o0
728
780
840
900
560

1020
1080
1140
1200
1260
i320
1380
1449
1500
1560
1620
1680
1740
1800



FLZSOPCT3ST2S (3).txt

accoigtatt ttoctttatt gragtgottg ttrgettgit accattacaa alagcgitat 1860

tgaaaaatge tottgttact act 1883
«210> 22
<231> 585

<2iZs PRT )
<213 Influenza B virus

<400> 22
Met Lys Ala Ile %1& val Leu Leu Met §31 val Thr Ser Ash ﬁga Asp
1 1

Arg Ile Cys Thr Gly Ile Thr Ser Ser Asn Ser Pro His val val Lys
20 25 30

Thr Ala Thr 6ln Gly ¢lu val asn val Thr Gly val Ile Pro Leu Thr
35 40 45

Thr Thr Pro Thr Lys Ser His Phe Ala Asn Leu Lys Gly Thr 6¢lu Thr
50 55 60

Arg Gly Lys Leu Cys Pro Lys Cys Leu Asn
65 70

~dY

¥s Thr Asp Leu Asp val
3 80

Ala teu Gly Arg Pro Lys Cys Thr Gly Asn Ile Pro Ser ala arg val
&5 80 95

ser Ile Leu His Glu val Arg pro val Thr ser Gly Cys Phe Pro Ile
100 105 110

Met His Asp Arg Thr Lys Tle Arg Gln Leu Pro Asn Leu Leu Arg Gly
115 128 125

Tyr Glu His Ile Arg Leu Ser Thr His Asn val Ile Asn Ala Glu Asn
130 135 140

Ala pro Gly Gly Pro Tyr Lys Ile Gly Thr ser Gly Ser Cys Pro Asn
145 150 155 160

val Thr Asn Gly Asn Gly phe phe aAla Thr Met Ala Trp Ala val pro
165 170 175

Lys Asn Asp Asn Asn Lys Thr Ala Thr Asn Ser Ley Thr Ite &lu vai
180 185 18¢

Pro Tyr Ile Cys Thr Glu 61y Glu Asp Gin Ite Thr val Trp 6ly rhe
195 200 205

His Ser Asp Ser ¢lu Thr Gln Met Ala Lys Leu Tyr Gly Asp Ser Lys
210 215 220
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Pro Gin
225
ser Gin

Gin Ser

Thr Gly

Trp CYS

Ile Gly
305
Ser Lys

gro 1le

Arg Pro

Lys Sar

Ley Ser

Asp Glu

Leu Arg

ser Asn

465

Glu Arg

LysS

Tie

Glu

Fro

Trp

Pro

355

phe

Thr

Glu

Lau
433

Ala

phe

Gly G
3

ATY

260
Ils

ser

ala

Tyr

val

340

Ala

Leu

ser

Glin

Ley

420

ASp

Gly

Ley

Thr

Thr

Gly

Asp

TV

325

Lys

Glu

His

Glu

405

Glu

ASnH

Thr

Ser S

230

phe
val
Tyr

Arg

Thy
Leu
Gly
S
Ala

val

Ile

Iie 1ie

LYS

470

Lys

Pro

val

Gin .

Ser

295

fL.ey

Gly

Pro

Leu

Gly

Ala

Ile

Lys

Ile

Ser

455

ASH

Met

FL250PCTIST2S

Ata

Asn

Asp

Lys

His

Glu

ey

Lys

360

Trp

His

Asn

ASh

teu

440

Ser

sar

Asn Gly
Gin Thr

250
Tyr Met
Gly Ile
val Ile

Glu Lys

His Ala

[#X N o
]
(SR ¥

Glu Arg

Glu Gly

Gly val ¢

Lys Ile
410
Lteu Gin

Glu Leu

Gin 1le

Glu AsSp G

Gly Pro
430

val
235
Glu
val

Leu

TY P
315
LYS
Ala

Gy

Mey

Arg
ASp

Glu

ser

{3
Thr

Asp

Gin

Leu

Gly

300

Gly

Ata

Asn

Phe

LYS

Ley

Glu

Ley

460

His

Ala
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Thr

Gy

LYS

Fro

285

Gy

Ite

Gly

Phe
365

s Ala

Ala

Asn

Sep

Leuy

val

His

Gly

Ley

Ley

Gy

Thy

350

Gly

Gly

Ala

Leu

val

Lau

Glu

Tyr

Lau

255

Gly

Lys

Pro

ASH

Ash

335

LYS

Ala

Trp

Asp

ASH
415

s Ala

AsSp

Leu

va'l

2406

Pro

LY

val

Leu

Tyr

Ite

His

Ley

400

Ser

Met

ASp

Leu

Lay

480

Gly



Gly Cys

Ala
515

Arg Ile

Phe Sep

s B>
(S RR¥H
T3

ASH His

345

Ala val thr

Asp Asn val

<210>
<21d>
<21i2>
<213>

<40380> 23
ageagaagea

23
15386
DNA

cttcaactat
atgtygteage
cagaaattac
tgaacoglic
cgegttiatc
trggagaaac
gaccaaagga
acaatggaac
aaatqgocaac
atgatggtaa
aaataaaata
gaacacaaga
gotcagettc
aagaaatatt
gcaataaaac
TCcaaattaaa

tggacacces

[agggautyg

Phe Glu

500

Ala Gly

Asn

Lew

The 1le

Thr Lys

Thr

Ite

Ley

FL

His

phe Asp

520

Thr Ala

535

Leu Tyr

550

Met
565

Leu

Ser
80

gageatctic
acaaacgtra
tteattgtea
tgcaccaaca
tgcaacaaaa
TLHCCLggge
caaaggaaac
atgcaaacac
aagaggagac
agtagaaaac
ggaatggaca
tguagaagea
aagrgootyge
aggtgttagt
tecaacagga
catagaatgt
cgtggagact
cagaccagat

aggcatcaag

Ile

ser

Ala Ile

e Cys

Influenza B virus

traaaactga
acectatttc
tacttactat
atgecattog
gaggtgacac
Tcageoittc
tcagetoect
tttgetotaa
AGARAACAAGS
tecatitice
tatatcggag
tratactgaca
aattgeateg
gaatgcagat
agaataaaac
geetgragag
gatacageag
gatygaagea

ggaggattiy

250pCT3ISTES

Lys Cy¥s Asn
505

ala Gly Glu

Ala Ser Leu .

Tyt Ser Thr
555

Phe val val
570

ey
585

agcaaatagg
tcacatcagg
attoggatat
attgtgeaaa
Ttcictoce
agaaageact
tgataataag
cCoactatyge
tgaggeatcy
acatggcage
ttgatggeee
cataccatte
ggggaaattyg
ttcttaagat
atactgaaga
ataacagtta
aaataagatt
taacagggee

tecateaaag

{3y . txt

Gin Thr Cvs

514

Phe Ser Leu

525

Asp Asp

Ata 5

Tyr Met val

ceaaaaatga
gagagtatta
attgotaaaa
cgcatcaaat
agaaccgoag
ccraattage
ggaacertLt
AgLCcaalea
aarttcagtc
atuuageggg
tgacaataat
ctatgoaaac
ttatcttatg
tegagagguc
atgcacatge
cacagcaaaa
gatgrgoaca
Tigtgaatct

aatggeatce

page 34

LeU Asp

Pro Thr

Gly Leu

Ser Leu

560

Ser Arg
5

~4

W

acaatgetac
ttatoactat
ttoccatcaa
gticaggety
tggacatace
cctratagat
attgoitoty
gggagatacy
asattgggca
teegeatgec
geattgctea
aacatcotaa
ataactgaty
cgaataataa
ggatttgota
agacoottty
gagactiatt
aatggggaca

aagattggaa

960
104G
1080
1140



ggtgata
atgatgyg
tggaaga
cetgtat
cageeat
atatgac
ttgaaca
<210
<23i>
<i1e>
<213
<400>

Met Leu
1
Gly val
Tyr Ser
Thr Mex
5¢
Arg ser
85
The Tyr
Leu Ile
Lew Ile
His pPhe
130

Gly Thr

Leu Gly

o
o
[73)
]
-

cic
aga
ace
Rsle
tia
tct
att
24

466
PRT

influenza B virus

24

Pro

Leu

Asp

35

Pro

Ala

Pro

Ser

ite .

115

ala

Lys

Gly

Ley

Thr

Arg

Fro

100

Leu

Gly

Ile

tcgaacgatg
cecatgayet
tggttggtac
gatagagatg
ctgtttaatg
gtaatggagg

gtcottacty

* Thr

Sey

ey

Asp

LYS

Glu

Thr

Iie

Laey

ey

Cy's

Gly

70

Serp

Arg

Pro

His

Cys

Gin

Tyr

Lys

Ala

55

val

Cys

Phe

rPhe

Ty t

135

Asn

val

His

FL250PCTISTES

gacagigaty
toottigget
gracatgatg
ggcrcaggac
aatggttyag

aacttaatty

Thr

val

phe

40

Ash

Thr

Pro

Gly

Ile

128

Ala

LYS

Giu

ASp

tctaaaacta aaaggatggg

ccertgottt

tCgaaataaa

gtggaaaaga

agergotgtyg

tctgttctaa

ttrcty

Ley

ser

25

Fro

Ala

Leu

Gly

Glu

105

Ala

Ata

Leu

Asn

Gy

Thr

10

ala

Ser

ser

Lau

ser

a0

Thy

Cys

Gin

Arg

ser
170

Leu

Seyr

Th

Leu

75

Thy

LYS

aly

Proe

Ilg

{3).

XL

4atgegocty
tagtouagia

agacaagaaa

gacttggeac

ggacactgte

acccrttgtt

Phe

Lau

Glu

val

60

Pro

phe

Pro

Gly
144

s Ley

Phe

Lys Glu Trp

Page 35

Leu

ser

Ile

45

Gin

Giu

Gin

Gly

Tle

His

Thr

Thy

Pro

Lys

Seyr

110

Glu

Tyr

Ser

Met

Tyr

tatgtcaagt
atggritcaa
tgtgatgtce
tCageagota
acaggtgtta

cotatttigt

ser

15

Leu

ala

val

Glu

Ala

95

Ala

Cys

Ty

val

Ala

175

Ile

Leau

Pro

ASH

Trp

80

Leu

Pro

LYS

ASn

Gly

1200

1320
1380
1440
1500
1536



val

Ala

Glin

225

Th

Arg

His

Cys

Leu

305

Thr

Cys

val

ASD

ASp

Glu

Thr

Ala

280

Asn

Tvr

Glu

His

Met Ser

Gly

val

Asp

Gly

Met G

Ser

Lys

Gly

Gly

Thr

Ser

Gly
Glu
275
<y
val
Lay
Ser
GIn
35%
LYS
Pro
Met
Lys

LYS

Ser

180

Pro

ASp

Ala

Ser

Arg s

Gly

ASp

ASH

340

Arg

Thr

Trp

Glu

Cys

Gly

Gly

ASp

Thr

Cys

Ala

245

Ile

{ys

Thr

325

Gly

Met

Lys

Ala

Glu

405

ASD

Thr

Gin

Asn

Tyr

AsSn

230

Sayp

Ile

Thr

Asn

ASD

Ata

Arg

val

Trp

Ley

AsSn

His

215

Cys

Gly

Lys

Ser

295

Thr

Arg

Lys

Ser

Met

375

sSer

Gly

Pro

His

Leu

FLZ230PCT3ST25

185

Ala Leu Leu

200

Ser

Ite

Val

Gy

Pro

Gly

ASD

Trp

Cys

Ser

440

Trp

Tyr

Gly

Ser

Ile
265

¢ Phe

Thr

Glu

ASp 4

Serp

345

Ile

Met

Ala

Tyr

Ite

425

Ala

Asp

ala

ala

Ala

Ile

Gly

Gly

Giy

ey ¢

ser
410

Gly

Ala

Lys

ASH

ASH

235

Pro

ser

Lys

Gly

Arg

Leut T

1le

Thr

Thr

Asn L

Ser

Ite

Trp

Gly

Glu

Ala

Thr val Thr
pPage 36

LEXT

Lys

Ile

Ty

Phe

Gly

Mat

Ile

LyS

Tyr

365

val

Ser

Phe

Met

Ile
445

180

Tyr

Leu

Leu

phe

Cys

Thr

LYS

Gly

Glu

val

430

Tyr

val

Gly

! Arg

Met

Ite

val

Arg

Tyr

va'l

Ile

415

His

Cys

Asn

Glu
Thr

Ile
240

s Tle

LYs

Glu

Glu

320

Pro

Phe

Thr

ASD

Met

400

LysS

Asp

Leu

Mat



Ala Ley
465

<2310
<233
<212>
<213>

<400> 25
gaageagage

25

DNA

taacatccaa
tCaaaactge
ceaccaaatc
aatgectcaa
taccetegae
ctataatgea
atatcaggrt
aaattggaac
THYCLtgyge
aagtaccata
ACUALYAGAC
ctgccaacyy
23gacggagy
(gARAACAYY
caagtggcay
tccacgaaaa
aggecatagy
aatatagace
tcttagaagg
cacatggagt
caaaaaatey
ccatggatga
ctgatacaat
acagtgaaga
ctgotgtaga
tegacagaat

cactgaatrax

1881

attiictaat
tgcagatoga
tactcaagyg
tcatttigea
ctgeacagat
aagagtttca
cgacagaaca
atcaacceat
ctcagggtet
cgtcccaaaa
catttgraca
ccaaatggea
agtgaccaca
actaccacaa
aacaattace
gagcaaggta
atacggtgga
aaattgeeea
tectgcaaaa
aggatgggaa
ageggtggca
caactertty
actocacaac
aagctcacaa
tgaacatcto
gatagggaat
agoetgetggt

tactgotgea

455

Influsnza B virus

atccacaaaa
atctgcacty
gaggtcaatg
aatcrcaaag
ctggacgtag
atactccaty
aaaartagac
aacgttatca
tgeoctaaca
aacgacaaaa
gaaggagaag
aagerotaty
cattacgtyy
agtggtagaa
tatcaaagyy
ataaaaggat
ttaaacaaaa
atatyggotga
ctattaaagy
ggaatgattg
geagacorta
agltgagotyy
gaaatactag
atagaacteog
ttggegotty
ggatgertty
accrirgaty

tetttaaaty

tgaaggcaat
ggataacatc
tgactggtgt
gaacagaaac
cettgygeay
aagtcagacc
agetgectaa
atgcagaaaa
ttaccaatyy
acaaaacage
accaaattac
gggactcaas
cacagattgg
ttgttgttoa
glattttatt
cottgecttt
gcaagoeotta
aaacaceert
a3aqaggttt
caggttggca
agagcactca
aagtaaagaa
aactagatga
cagtootget
aaagaaagct
AAACCAARCA
caggagaaty

acgatggatt
Page 37

FLZ30PCTIST2S (3).txt
e

aarttgracia
gtcaaactca
aataccactyg
caggggdaaa
accaaaatge
tgttacatct
cCTictecga
tgeaccagga
aaacggartt
aacaaatcea
CgTTTau9gg
geoocagaag
taggetiececa
ttacatyglg
goeetcaaaag
aattggagaa
ctacacangy
gaageiggod
citcggaget
cggatacaca
agaggecata
tettcaaaga
gaaagtggat
ttecaatgaa
gaagaaaatyg
caagtgeaac
ttetetecee

ggataatcat

cteatgotag
ceacatgtey
acaacaacac
ctatgoocaa
acggggaaaa
gagtgottte
ggatacgaac
ggaccotaca
ttegeaacaa
ttaacaatag
ttecactoty
ticaccteat
aatcaaacag
Caaaaatciy
grgtggtyacg
geagattgec
gaacatgcaa
aatggaaccea
attgetggtt
teocatgggg
aacaagataa
ctaagoggry
gatetoagag
ggaataataa
crgggcccct
cagacctgte
acctttgatt

actaractgc

60
120
180
240
300
360
42¢
480
540
500



FL250PCT3STZ2S (3).1txt
Titactactc aactgotgee tocagittygg ctgtaacact gatgataget atchtigitg 1740
Tttatatggt Cctccagagac aatgtitert gotccatoty t€tataaggy aagttaages 1800

ctgtatttte ctitattgta gtgettgttt acttgttgic attacaaaga aacgttattg 1860

aaaaatgcrc ttgttactac t 1881
<210> 26

<211> 585

<212> PRT

<213> Influsnza B virus

<400» 26

Met tys Ala Ile Ile val Leu Leu Met val val Thr Ser Asn Ala Asp
i 5 1 15

Arg Ilte Cys Thr ¢ly Ile Thr Ser Ser Asn Ser Pro His val val Lys
20 25 30

Thr Ala Thr ¢1n Gly Glu val asn val Thr Gly val Ile pro Leu Thr
35 40 45

Thr Thr Pro Thr Lys Ser His Phe Ala Asn teu Lys Gly Thr Glu Thr
50 55 60

Arg Gly Lvs Leu Cys Pro Lys Cys Leu Asn
65 70

“~ESY

vs Thr Asp Leu Asp val
5 80

Ala teu Gly Arg Pro Lys Cys Thr Gly Lys Ile Pro Ser Ala Arg val
85 80 95

Ser Ile Leu His Glu val Arg Pro val Thr sSer Gly Cys phe Pro Ile
180 105 110

Met His Asp Arg Thr Lys Ile Arg Glin Leu Pro Ash Leu Leu Arg Gly
115 120 125

Tyr Glu His Ile Arg Leu Ser Thr His asn val Tle Asn Ala Glu Asn
130 135 140

Ala Pro Gly Gly Pro Tyr Lys Ile Gly Thr ser Gly Ser Cys Pro Asn
145 150 15% 160

Tle Thr Asn Gly Asn Gly Phe phe Ala Thr met Ala Trp ala val Pro
165 170 175

Lys Asn Asp Lys Asn Lys Thr Ala Thr Asn Pro Leu Thr Ile ¢lu val
180 185 190

Pro Tyr Ile Cys Thr ¢lu Gly Glu Asp Gin Ile Thr val Trp 61y phe
195 200 205

Page 38



Pro
225
Ser

Gin

Thr

Pro

Arg

Ala

Gy
385

Lys S

ASp

Ley

Sar A

485

ser
210

sar

Gly 7

Cys
290
Gly
Lys
Ite
Pro
Gly

TYE

Ser
Gluy

Arg
450

Ala

Gly

Pro

Trp

Pro

355

Phe

Thr

Thr

Glu

Glu

ASD

rhe

' Arg

260

~ Ie

ser

Ata

Tyr

val

340

Ala

Ley

ser

Gin

Leu

420

His

Asp

Glu

Thr

Thr

Gly

ASD ¢

Tyr

325

LyS

Lys

Gly

His

Glu

405

Glu

Asnh

Thr

Iie

Thr

ser

230

Phe

val

Tyr

Arg

Thr

ey

Gly

val

Glu

Ite

Ile
470

Gin

215

Pro

val

Glin

Pro

ey

(S ]

o et

e

P Ala

Ile

LyS

ite

ser

455

ASH

FL230PCT3STZS

Met Alfa Lys Leuy

Ala

AsH

ASp

Arg

280

Lys

His

vy Glu

Leu

Trp

His

Asn

AsSH

Leu

440

Sep

ser

Gin

Tyr

265

Gly

va'l

Glu

His

i g

g
ST

Glu

Leu

435

Glu

Gin

Glu

(33

TYr
220

Gly val Thr

235

Thr Gy

250

Met val

Ite Leu

Ile Lys

Lvs Tyr
315

Ala Lys

ASp

Leu
Gy
300

Gly

Ala

Leu Ala Asn

Arg Gly

Gly Met

v ¥al ala

395

Tle Thr
410

Gin Arg

Leu Asp

Ile Glu

Asp Glu
475

Page 39

Phe

LYS ¢

tew S

Glu

Leu
460

His

LEXT

Gly

Thr

Gly

Ile

Gly

phe

365

ata

Ley

ser

270

Gin

Leu

ey

Gly

Thr

350

Gly

Leu

val

Ley

sSer

Tyr

Ley

255

Gy

LYS

Fro

Asn

ASH

335

Lys

ala

Ala

ASD

Ley

Ala

LYS

val

2440

Pro

LYS

val

Leu

Ty

Ile

Leu

400

seyp

Mat

ASp

Ley

Leu
480



Glu
AsSn

Cys

Ala
515

Arg

phe Asp Ser

530

545

Ata val Thr

Asp Asn val

<210>
<21l
<21Z»
<213>

<4Q0> 27
agragaagea

27
1557
DNA

crtcaactat
atgtgtcage
cagaaataac
tgaaccgitc
cgegtitate
toggagaaas
gaccaaatga
acaatggaac
aaatCCCaae
atgatggtaa
aagtaaaata
gaacacaaga
geteagette
aagaaatatt
gCaataaaac

tcaaattaaa

Lys

Phe Glu

500

Ala Gly

Ley

Ash

Ite

Thr

FLZ30PCT3ST2S
Met Leu Gly Pro Ser
490

Lys His Lys Asn

585

Cys

Ala Glu

Ite

Ley

ASp
520

- Ala

Tyr

350

Met
365

Leu

Sar
580

Cys

gageatoitc
acaaacgtta
ttecattatea
tgeaccaaca
tgeaacaaaa
ttgeoogage
£aaaggaaac
atgcaaacac
aagaggagac
agtagaaaac
ggaatggaca
tugagaagea
adagtgeetge
aggtgitagt
Tegadacagyga
catagaatge

cgtggagact

Ite

Sar Ile

Ala 1Ile

Vs

mnfluenza B virus

tcaaaactyga
accetatitc
tacttactat
atgeeattgy
gyggtoacac
tcaacctitc
teagerooct
tttgetetaa
agaaacaage
teecattttec
tatatcggag
tatactgaca
aattgcatcy
gaatgcagat
agagtaaaac
geotgtagag

gatacagecag

Ala

TV P

Fhe

Gy
Sser Leu

ser

val
570

Ley
585

agcaaatagg
tcacatcagy
attoggatat
attgtgcaaa
Teerictace
agaaageact
tgataataag
cccattatge
tgaggeatet
acatggeage
trgatggeec
cataccattce
guggalatty
ttottaagat
acactgagga
ataacagtta

aaataggatt

» Ala

(3).1xw

Ata val

Gt Thr Cys

510

Phe Ser

525

Leu

Asn
540

Asp

Tyr Mat val

Craaaaatga
gggagtatta
attgetaaaa
cgratcaaat
agaaccgaag
cctaattage
ggaacctttt
ageecaacoa
aattteagre
atguaycygy
tgacaataat
ctatgcaaac
ttatcttaty
tegagaasgyc
atgcacatge
CACAGCAAAA

gatgtgcaca

pPage 49

Glu

Gy

ASp

Pro Thr

Gly teu

Ser Leu

560

Afg

acaatgetac
ftiatcactat
trctcaccaa
grtcaggety
tggacatace
gcoteatagat
attgottaty
gggagatact
aaattgggea
tecgogtuce
geattgotoa
adaaatcctaa
ataactgatg
cgaataataa
goatttgoea
agaccrrtty

gatacttatt



tggacacoos
aagggagtog
ggtggtactc
atgatggaga
tgaaagaacc
cotgtaticy
cageecatita
acatggcce
ttgaacaatt
<210>
<211>
«21d>»
<213

<400>

28
466
PRT

28

Met Leu Pro
1

Gly val Leu

Tyr Ser Asp

35

Thr Met Pro

cagaccaaac
aggeatcaag
tcgaacgatyg
cccatggget
tggttggtac
gatagagaty
ctgtttaatg
gtaatggagg
gtecttacta

ser Thr
5

Ley Ser

20

Ile Leu

Leu

Ley

ey

FLASOPCTISTES

gatggaagea
ggaggatttg
tetaaaacty
gacagtgatg
teetttgget
gtacatgaty
gactcaggac
aatggrtyay

aacttaattg

Influenza B virus

Iie &in Thr

Tyr val

phe
40

LYS

Ala Asn

taacaggyese
ttcatcaaay
aaaggatggy
ceetagottt
tcgaaataaa
gtggaaaaga
agetgotatyg
tetgttotaa

tttctgaaaa

Thr
10

Leu Leu

ser Ala Ser

25

Ser Pro Thr

Ala sSer Asn

{3y .txt

rtgtgaatct
aatggaatcc
gatgggacty
tagtggagta
agataagaaa
gacttggeac
ggacactgte
accetttgtt

atgototigt

Phe Leu Thr

Ley Ser Tyr

30

Ite

45

Glu

val G¢1n Ala

5¢

Arg
65

ser
Thr Tyr
Il

Leu

Ley Ile

Phe
130

His

Thr

Gly

Ala

Pro

sSey

Tie

115

ala

Arg

Lys

Thr

APy

Pro

100

Arg

Leu

Gly

Iie

Asp

Ley

&5

His

Gl

Thr

Asp

Pro

Cys
Gly
70

Ser
Arg

Pro

His

Arg

Thre

55

val

cys

Phe

Phe

val

Thr

Pro

Gly

Ile

120

Ala

Lys

Gy

Leu

Leu

Asn

P ser

60

Leu Leu Pro

75

Thr
g0

Thr Lys

Vs Pro

Gin Pro Gly

140

Arg His Leu
155

Ser Ile phe
page 41

Gly

Gin

e

His

Pro

Lys

ser

110

Glu

Tyr

Ger

Met

aatggggaca
aagattggaa
ratgtcaagt
atggtttcaa
tgegatgtec
tcageageaa
acaggtgttyg
cotgtittgt

tactact

Gly

Leu Leu

Ata Pro

val asn

Glu Trp

30

Ata
95

Leu
Ala Pro
Cys LyS
Tyr Asn

val

Ata

1080
1140
1200
1260

1380
1440
1500
1557



Trp

val

Ala T

Arg

His

Leu
305

Thr -

Cys
val
Met
Sy
val
ASp

Gly

Ser

ASD

Gly

Gty

Gly

Thr Glu

s Ala

290

ASn

His

Asp

Ser

Lvs

Gly

Cys

val

Ley

ser

Gin

355

Lys

Pro

Met

Lys

Lys

ASP

» Ala

Ser

Arg

260

Arg

Glu

ASp

AsSn

340

Arg

Thr

Trp

Lys

ASp

Thr

CYS

Ala

245

Ite

Cys

Asp

Thr

Thr

325

Gly

Met

Glu

Ala

; ASp

Thr

cys

ASH

Tyr

ASH

230

Ser

Ile

The

Asn

310

PIo

Asp

Glu

His

AsSn

His

215

Cys

Gly

Lys

Cys

ser

295

Thr

Arg

Lys

Arg Met

390

Pro

val

Trp

sey

Gly

Pro

FLZ230PCT3ST2S

176

Asp Gly Lys Glu

Ala

200

Ser

Ile

val

Gy

Ala

Pro

Gly

©Lys

360

Gly

Asp

Trp

Cys

ser

185

Ley

Tyr

Gly

ser

Ite

2635

Phe

Thr

ASH
ser
345
Ile

Met

Ala

Ile
425

Ala

ey

Ala

Gly

Glu

250

phe

Ala

Ala

Ile /

330

Gly

Gly

Gly

Leu

Ser

410

Gly

Lys

Asn

Ash

235

Cys

Pro

ser

LYS

Gly

Gly

Arg

Ley

Iie

Trp

val

Lys

220

Cys

Arg

Thr

ASn

Seyr

Ite

Trp

Tyr
380

1 Phe

Gly

Glu

Ala Thr ala
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FLEXT

Tyt

Phe

Lys

285

Pro

Met

Ile

Lys

ser

phe

Met

Tvr

Tyr

> Ley

Leuy

Ley

Arg

270

Thr

Phe

Cys

Thy

LYS

Gly

Gly

val

430

TYr

175

Ile

Gly

Arg

Met

o
s
TN

Ite

val

Thy

Arg

Tyr

val

Ile

413

His

Cys

Gly

Thr

Ite

246

Lys

Glu

LYS

ASp
320

f Pro

ASD

Met

400

Lys

Asp

Ley



FL230PCTISTES (30 .txt
435 448 445

Met Gl1v Ser Gly GIn Leuw Leu Trp Asp Thr val Thr 61y val asp Met
450 455 460

Ala Leu
465
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SEQ 1D NO:1- Nucleotide Sequence of ca Aldruguay/T18/67 HA
Entire molecule length: 1757 bp

1

51
181
151
201
251
301
381
401
451
501
551
601
851
701L
731
801
851
201
531
1001
1451
1101
1151
1201
1251
1301
1351
1401
1451

TR0
RO LV S

1551
1601
1651
1701
1751

ARAGCAGGGGE
ACATTCTATG
ACGGCAALGC
GAARACAATC
TTCAGAGTTC
GATGGAGARA
TGATGGCTTC
“CTACAGCAR
TCACTAGTTG
TTGEACTGEA
CTAATAACRG
ABATACCCASG
ATTGTACATT
TCCOGTATGC
CAACARALTG
COCCAGCAGA
TTTTGATTZ
ATACGRAGTG
ATGCAATTCT
CATTCCAAAR
BAGCAARBCA
ACRAACTAGA
GEGAGGGAAT
GGAATAGGAC
AATCAATGGG
ATCAGATTGA
GAGARATATG
GCTTCTTRTT
ABATGARCAA
GAGGATA
ATGARGCATT
GGATACRAAG
SCTTTGRETT
ACATTAGGTG
TTITCTAC

ATAATTCTAT
TCTGGTTTTC
TETGCCTTGS
ACGAATGACC
CTCAACAGET
ACTGCACACT
CAAABRTARGA
CTGTTACCCT
CCTCATCCGG
GrCACTCAAA
TTTCTTTAGT
CATTGRACGTY
TEEEEGEGETTC
TCAAGCATCA
TAATCCCGAA
ATARGCATCT
CAGCACAGGG
GGAARRGCTC
GARTGCATCA
TGTAAACAGS
CTCTGAAATYY
GGCATATTIS
GGTGGATGGET
ABGCAGCAGA
AAGCTGAATA
ARAGGRATTC
TTGAGGACAC
GCCCTGGAGA
ACTGTTTGAA
GCRATGGTTS
BARCARACCGS
ATTGGATCCT
GCTTTGTTSGG
CARCATTIGC

TAACCATGAA
GCTCARARALC
GCACCATGCA
BABATTGAAGT
GARATATGCG
AATAGATGCT
ARTGGGACCT
TATGATGTGC
CACACTGGRAG
ACGGRACAAG
AGATTGAATT
GACTATGCCA
ACCACCCGGEG
GGAAGAATCA
TATCGGATCT
ATTGGACAAT
AATCTAATTG
AATAATGAGA
CTCCARATGS
ATCACATACG
GGCAACAGEG
GCGCAATCGC
TEETACGHTTY
TCTCARAAGT
GGTTGATCGG
TCAGAAGTCG
CRAAABTAGAT
ACCAACATAC
AARBACARAGA
TTTCAARATA

piay, . Wali T b)Y

0T,
Aa ATHGGAACTTA

TTCCAGATCA
ATGGATTTICC
GGITCATCAT
ATTTGAGTGC

GACTATCATT
TTCCTEGARA
GTACCRAARCG
TACTAATGCT
ACAGTCCTICA
CTATTGGGAL
TTTTGTTGAA
CGEATTATGC
TTTAACARTG
CTCTTCTTEC
GETTGACCCA
AACAATGRAR
TACGGACAAT
CAGTCTCTAC
AGACCCAGAG
AGTARRACCS
CTCCTRGLREGE
TCAGATGCAC
GAGCATTCCC
GGEECCTGTCC
ATGCGAAATG
GGGTTTCATA
TCAGGCATCA
ACTCRAGCAG
GAAAACCAAC
AAGGGAGGAT
CTCIGGTCAT
AATTGATCTA
AGCARACTEAG
TACCACAART
TGACCACGAT
AGGGCGTTGA
TTTGCCATAT
GIGGGCCTGC
ATTAATTAAR

SEQ ID NO:2- Amine Acid Sequence of ca AfUruguay/T18/0T HA

Entira molecule length: 566 aa

1
53
101
151
201
251
30%
351
401
451
501
551

METITALSYTY
EVINATELVQ
DLFVERSKAY
TSSSCIRRSN
PGTDNDQIFP
TIVKPGRILL
NGSIPNDKPF
IAGFLERGHE
TGKTNEKFHO
HITOLIDSEM
TYDHDVYRDE
IMWACQORGNT

LCLVFAQRLE
SSSTGEICDS
SNCYRYDVED
NSFFSRINKWL
YAQASGRITV
INSTGNLIAP
DRVNRITYG
GMVDGWYGFR
IEKEFSEVEG
NKLFEKTKKQ
ALNNREFQIKG
RCNICI*

GNDNSTATLC
PHQILDGENC
YASLRSIVAS
THLKFKYPAL
STKRSQOTVI
AGYFRIRSGK
CPRYVEQNTL
HONSEGTGOA
RIQDLERYVE
LREMAEDMGN
VELKSGYKDW

Figure 1A

LGHRAVENGT
TLIDALLGDP
SGTLEFNNES
NVITMPNNEKF
PNIGSRFRVR
SSIMRSDAPI
KLATGMRNVP
ADLKSTQAATL
DTKIDLWSYN
GUEFKIYHECD
ILWISFAISC

GCTTTGAGCT
TGACARCAGC
GAACGATAGT
ACTGAGCTGGS
TCAGATCOTT
ACCCTCRAGTS
CGCAGTARAG
CTCCCTTAGE
ABAGCTTCAR
ATAAGGAGAT
CTTAAARTTC
AATTTGACAA
GACCAMRTCT
CAAAAGAAGC
TAAGGARTAT
GGAGACATAC
TTACTTCARA
CCATTGGCAR
ABRTGACARAC
CAGATATGTT
TACCAGAGAA
GAAAATGGETT
AAATTCTGARAG
CAATCGATCA
GAGAAATTCC
TCAGGRCCTT
ACAACGCGGA
ACTGACTCAG
GGARAATGCT
GYGACAATGC
GTATACAGAG
GOTGARGTCA
CATGTTTTYT
CAAARARGECA
AACACCCTTG

IVKTITNDQT
QCDGFQNKKR
FRWTGVIQNG
DELYIWGVHHE
NIPSRISIYW
GECNSECITR
ERKOTRGIFGA
DQINGKLNRL
ABLLVALENG
NACIGSIRNG
FLLCVALLGE
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SEQ ID NO:3- Nuclectide Sequence of ca AlUruguay/T16/07 NA
Entire molecule length: 1458 bp

1

51
101
151
201
251
301
351
401
451
501
551
801
651
701
751
801
851
S01
251
1001
1051
1101
1151
1201
1251
1303
1351
1401
1451

GCAAAAGCAG
CTCTETTICT
TCTTGATAAC
CCCCCARACA
CATAACAGAG
GCCCCAAACT
ACAGGATTTG
TGGGGACATC
AGTGTTATCA
TCARATGACA
TGAGTTAGGT
GGTCCAGCTC
ACGGGGGATG
TGCTAGATAGT
CAGAATGCGT
AGTGCTTCAG
BATCGTTCAT
GCTCCTGCTA
TGGAAAGGCT
CATTGTTTCC
AAAACGACAG
GGTGGTCATG
GATGGGARAGA
BAGTCATTGA
CAAGTCATAG
TETEGAAGCC
GGGGAAGAAA
GTIGTTTIGIG
GCGGACATC
ACTICCTIG

GAGTAAAGAT
CTCACCATIT
TACTGTAACA
ACCAAGTGAT
ATAGTGTATC
AGCAGAATAC
CACCTTTTITC
TGGETGACAA
ATTTGCCCTT
CAGTACATGA
GTTCCTTTIC
AAGTTGTCAC
ATBABARTGC
ATTGTTTCAT
TTGTATCARAT
GAARAGCTGA
ACTAGCATAT
TCCTCGATAT
CCAATAGGCC
AGTTATGIGT
CTCCAGCAGT
GAGTGABRAGG
ACGATCAGCG
AGGCTGGTCC
TTGACAGAGG
AAAAGCTGCA
AGAGGAAARCT
GCACCTCAGG
BATCTCATGC

GAATCCAARAT
CCACRATATG
TTGCATTTCA

CIGTGTGAA

GACCARACAC
AGABRATTIGGT
TRAGGACAAT
GAGAACCTTA
GGACAGGGAA
TAGGACCCCT
ATCTGGGGAC
GATGGARRAG
AACTGCTAGC
GGTCCAAAGA
GEAACTTGTA
TACTARBATA
TGTCAGGAAG
CCTGGTGTCA
CATCGTAGAT
GTTCAGGACT
AGCCATTGTT
CIGGGCCTTT
AGAAGTCACG
ABCCCTAAGT
TAATAGGTCC
TCAATCGGTG
GAAGTCTTGT
TACATATGGA
CTATATAAGC

CRAARGATAR
CITCTTCATG
AGCARTATGR
CCAACAATAR
CACCATAGAG
CARAGCCGTA
TCGATTAGGC
TGTGTCATGC
CAACACTARR
TATCGGACCC
CRAGCARGTG
CATGGCTGCA
TICATTTACA
ARTCCTICAGG
CAGTAGTAAT
CTATTCATTG
TGCTCAGCAT
GRTGTGICTIG
ATAARACATAR
TEGTTGGAGAC
TGGATCCTAR
GATGATGGAA
CTTAGGGTAT
CCAAATTGCA
GETTATICTIG
CTTTTATCTG
GGACCTCAAA
ACAGGCTCAT
TTTCGCAATT

SEQ ID NO:4- Amino Acid Sequence of ca AfUruguay/718/87 NA

Entire molecule length: 469 aa

d e ) G N D e e
O O O O AW
Pt frd ed bed fend hed ek fed ok ped

MNPNQRIITI
MLOEPTIIER
SKDNSIRLSA
DRTPYRTLLM
ATASFIYNGR
DTKILFIEEG
PIVDINIKDRE
GHAFDDGNDY
GNRSGYSGIF
GTYGTGESWED

GEVILTISTI
NITEIVYLIN
GGDIWVTREP
NELGVPFHLG
LVDSIVSWSK
KIVHTSILSG
SIVSSYVCSEG
WMGRTISEKS
SVEGKSCINR
GADINLMPI*

CEFMOTAILI
TTIEKEICPK
YVSCDPDKCY
TEQVCTIAWSS
EILRIQESEC
SAQHVEERCSC
LVGDTPREND
RLGYETFRVI
CFYVELIRGR

Figure 1B

TIVILHEFRQY
LAEYRNWSKY?
QFALGRGTTL
SE5CHDGKAWL
VCINGTCTVV
YPRYPGVRCV
SSSSSHCLDP
EGWSNPKSKL
KEETEVLWTS

TARCGATTGE
CAAACTGCCA
ATTCARACTCC
TAGAARGARA
AAGGABATAT
ATGTGACATT
TTTCCGCTGG
GATCCTGACA
CAACGTGCAT
TATTGATGAA
TGCATAGCAT
TGTTTGTATA
ATGGGAGGCT
ACCCAGGAGT
GACTGATGGG
AGGAGGGGAA
GTCGAGGAGT
CAGAGACAAC
AGGATCATAG
ACACCCAGAA
CBATGAAGAR
ATGACGTGTG
GAAACCTTCA
GATARATAGS
GTATTTTCTIC
GAGTTGATAR
CAGTATTGIT
GECCTEATGE
TTAGAAARRR

EFNSPPNNQV
QUDITGFAPRF
NNVHSNDTVH
HYCITGDDKN
MTDGSASGRA
CRDNWKGSHNR
NNEEGGHGVE
QINRQVIVDR
NSIVVECGTS
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SEQ ID NO:5- Nucleotide Sequence of ca A/South Dakota/§/I0THA
Entire molecule length: 1771 bp

i

51
101
151
201
251
301
351
401
451
501
551
201
651
701
751
801
851
901
951
10601
1051
1101
1151
12401
1251
1301
1351
1401
1451
1501
1551
1601
1631
1701
1751

AAAAGCAGGG
CTGTTATGCA
CCATGCTAARC
TGACAGTGAC
CTATGTCTAT
TGCCGEGTGSE
AGTCATGGIC
TACCCAGGGEC
AGTATCTTCA
CCAACCACAC
AGCAGTTTTT
CCCABRACCTG
TACTATGGGG
TATCATACAG
BRAAATTCACC
GARGAATCAA
TTTGAGGCAA
TAGAGGCTTT
GTGATGCGAA
TTCCAGAACS
GAGTGCAAAR
AAPCCAGAGS
ACTGGAATGG
ATCTGGCTAT
TTACABACAA
GCAGTGGRGCA
TAAAARAGTT
TGTTGGTTCT
GTGAAGRATC
AGARATAGGA
GCATGGAGAG
GAATCAARGT
GGGAGTCTAT
TICTTTTGET
TCTTTGCAGT
GARAAACACT

GAAAATAARA
CATTTACAGC
BACTCGACCE
ACACTCTGTC
TAARAGGAAT
ATCTTAGGARA
CTACATTGETA
ATTTICGCTGA
CTTCAGAGGT
CGTAACCGGA
ACAGAAATTT
AGCARGTCCT
TETTCATCAC
ARBBTGCTITA
CCAGARATAG
CTACTACTGG
ATGGAARATCT
GGATCAGGAA
GTGCCARACA
TACACCCAGT
TTAAGGATGG
TTTGTTIGGA
TAGATGETTIG
GCEGCAGATC
GGTGAATTCT
ARGARTTCAA
GATGATGGGT
ACTGGAARAAT
TGTATGAGAA
BAATGGGETGTT
TGTAAAGAATY
TAAACAGGGA
CAGATTCTGE
CTCCCTGGGG
GTAGAATATG
CTTIGTTTICTA

ACAACCAGAR
TACATATGCA
ACACTGTTGA
ARCCTECTIG
AGCCCCACTA
ACCCAGAATG
GARABACCAR
CTATGAGGARA
TCEAAATATT
GTGTCAGCAT
GCTATGGCTG
ATGCAAACAA
CCGCCAAACA
TGITTCTGETA
CCAAAAGACC
ACTCTGCTTG
BATAGCGCCA
TCATCAACTC
CCTCAGGGAG
CACAMATAGGA
TTACAGGACT
GCCATTGCCE
GTATGEETTAT
ARRARAGCAC
GTAATTGAGA
CARATTGGAA
TTATAGACAT
GARAGGACTT
AGTARAARGC
TTGAATTCTA
GGAACTTATS
SAAAATTGAT
CGATCTACTC
GCAATCAGCT
CATCTEBAGAL
~

.

TCGABAGTAAA
GACACAATAT
CACAGTACTY
AGAACAGTCA
CAATTGGGTA
CGAATTACTG
ATCCTGAGAA
CIGAGGGAGC
CCCCABAGAA
CATGECTCCCA
ACGGGGAAGA
CARAGARAAA
TAGGTARCCA
GTGTCTTCAC
CAAAGTAAGA
ARCCCGGGGA
AGATATGOTT
AAATGCACCA
CTATAAACAG
GAGTGTCCAR
AAGGAACATC
GTTTCATTGA
CATCATCAGA
ACABARATGCC
AAATGAACAC
AGAAGGATGG
TTGGACATAT
TGGATTTCCA
CAGTTAAAGA
TCACAAGTGT
ACTATCCARR
GGAGTGRRAY
AARCAGTCGC

TCTEGATETG
CAGAATTTCA

BEQ D NO8- Amine Acid Sequence of £a AlSouth Dakota/S/0THA

Entire molecule length: 585 aa

1
51
101
151
201
251
301
351
401
451
501
551

MEVELLVLLC
ENSHNGRLCL
NPENGTCYPG
SCSHNGESSF
IGNQKALYHY
EPGDTITFEA
AINSSLPFON
GFIEGGRTGM
KMNTQFTAVG
LDFHDSNVKN
DYPRYSEESK
TWMCENGSIQ

TFTATYADTI
LEKGIAPLQLG
HPADYEELRE
YRNLLWLTGE
ENAYVSVVSS
NGNLIAPRYA
VHPVYIGECP
VRGWYGYRHAQ
KEFNKLERRM
LYBERVKSQLK
LNREKIDGVK
CRICTI™

CIGYHANNST
NCSVAGWILG
QLSSVSSLER
NGLYPNLSKS
HYSRKFIPEY
FALSRGEGEG
KYVRSAKLRM
NEQGSGYAAD
ENLNKKVIDDG
NMAKEIGNGC
LESMGVYQIL

Figure 1C

DIVDTVLERN
NPECELLISK
FPEIFPKESSW
YANNKEKEVL
A¥XRPKVRIQE
IINSNAPMDK
VTGLRNIPSI
QESTQNAING
FIDIWTYNAE
FEFYHKCNDE
ATYSTVASSL

ACTACTGGTC
GTATAGGCTA
GAAAAGAATG
CAATGGAAGA
ACTGCAGCGT
ATTTCCARGG
TCGAACATGT
AXATTGAGTTC
AGCTCATGGC
TAATGGGEAR
ATGETTTGTA
GAAGTCCTTG
ARAGGCCCTC
ATTATAGCAG
GATCAAGAAS
TACAATAATA
TCGCACTGAG
ATGGATARAT
CAGTCTTCCTY
AGTATGTCAG
CCATCCATTC
AGGGGGGTEGE
ATGAGCAAGG
ATTAATGGGA
TCAATTCACA
ARRACTTGAA
AATGCAGRAC
TGACTCCAAT
ATAATGCTAA
ARCGATGAAT

DOTR TR R R
AT TUULAA

TGGAATCARAT

TICCAATGGG
GAAATATAAG

VIVIHSVNLL
ESWSYIVEKRP
PNATVIGVSA
VLWGVHHPPN
GRINYYWTLL
CDAKCQTPRG
QSRELFGAIA
ITNKVNSVIRE
LLVLLENERT
CMESVENGTY
VLIVSLGRIS



4/15

SEC 1D NO:7- Nucleotide Sequence of ca AlSouth Dakota/S/0TNA
Entire moleculs fength: 1446 bp

NN e
moWmo W,
o g fd g gt pe

[FS R O]
oo
P

401
451
501
551
601
651
701
751
801
851
901
851
1001
1081
1101
1151
iz201
1251
1301
1351
1401

AGCARAAGCA
GGATCAATCA
AAATATTATT
ACRACACTGG
TGGGTGAATC
AGAGGACAAA
TCAGTGGATG
AAAGGAGATG
GGAATGCAGA
ATTCAAATGG
TETCCTCTAG
TGCATGGTCA
GRATTTCTIGG
ATAATAACTG
AGAGTCTGAA
AYGGCCCGEAG
GGGAAGGTTA
GGARATGCTCC
ACAACTGGCA
GATTATCAAA
TCCCGAAGAT
ACGGAGTAAR
AGGACCAZAAR
TAATGGATGG
TAGCAATARC
GAGTTAACAG
CAGAGGGCTG
TTTCTTTTIG
GGTGCTGAGT

GGAGTTTAAA
GTATAGCAAT
TCRATATGGG
AATATGCAAC
ACACATATGT
ACTICAGTGA
GGCTATATAC
TTTTTGTCAT
ACCTTTTTITC
GACCGTAAAG
GTGAAGCTCC
GCAAGCGCAT
TCCAGACAAT
GAACCATARA
TGIGTCIGTA
TAATAAGGCC
CTAAATCAAT
TETTACCCAG
TGGTTCAART
TAGGATACAT
GGAGAGGGCA
AGGGTTTITCA
GTAACAGACT
ACRAATACCG
TGATTGGTICA
GATTGGACTS
CCTAGAGRAR
TGGCGTTAAT
TGCCGTTCAC

ATGARCCCAR
CGEAATAARTT
CTRGTCACTC
CRAAGAATCA
TAATATTAAC
CATTGGCCGG
ACAAAAGACA
AAGAGAACCT
TGACCCAAGG
GACAGADGTC
GTCCCCATAC
GCCATGATGG
GGAGCTGTGG
AAGTTGGAAA
TGAACGGGTIC
GCCTCGTACA
AGAGTTGAAT
ACACTGGCAT
CGACCTTGGG
CTGCAGTGGA
GCTGCAATCC
TACAAATATG
TAGAAAGGGG
ACAGTGATIT
GGGTACAGCG
TATAAGACCT
BTACARACAAT
AGTGATACTG
CATTGACAAG

ATCAAAAGAT
AGTCTAATGT
AATCCAARACT
TCACRTATGA
ARCACTAATG
CAATTCATCT
ACAGCATAAG
TTCATATCAT
CGCTCTATTA
CTTATAGGGC
AATTCAAAGT
CATGGEGCTGG
CTGTACTAAA
AAGCABATAT
ATGTTTCACC
AAATTTTCAR
GCACCCAATT
AGTGATGTGT
TGTCTTTCAA
GTGTTRCETG
AGTGACTGTT
ATARTGETGT
TTTGAGATGA
CTCAGTGARA
GAAGTTICGT
TGCTTCIGGG
CTGGACTAGT
CARACTGGTC
TAGTICGTTIG

SEG D NO:&- Amine Acid Sequance of ca AlSouth Dakota/GlOTHA
Entire molecule length: 470 aa

21
101
181
201
251
301
351
401
451

MMPNQRIITI

GS

ISTIAIGIX

STMLOIGNII

3IWASHSIQT

BATRACCATTY
TGCARATAGG
GGAAGTCAAR
AAACAGCACC
TTGTIGCTIGG
CTTTGTICTA
AATTGGCTCC
GTTCTCACTT
ABTGACARAC
CTTAATGAGC
TCGAATCAGT
TTAACAATCG
ATACAACGGA
TARGAACACA
ATAATGACCG
GATCGAAAAG
TTCATTATGA
GTATGCAGGE
TCAARAACTTG
ACAATCCGCG
GATGGAGCAR
TTGGATAGGA
TTTGEGATCC
CAGGATGTTIG
CCARCATCCT
TTGAGTTAGT
GGGAGCAGCA
TPGGCCAGAC
AABRRA

GEONNTGICN

ORIITYENST
THKDNSIRIGS
DRSPYRALMS
GAVAVLEKYNG
ASYKIFKIEK
RPWVSENCONL
YRYDNGVWIG
GYSGSEFVQHP
SDTANWSWPD

WVNHTYVNIN
KGDVEFVIREF
CPLGEARPSPY
TITGTIKSWE
GKVTKSTELN
DYQIGYICSG
RTKSNRLRKG
ELTGLDCIRP
GAELPFTIDK

NINVVAGEDK
FPISCSHLECR
NSKFESVAWS
KQILRTQESE
APNFHYEECS
VEGDNFREED

FEMIWDPNGW
CEFWVELVRGL

*

Figure 1D

TSVTLAGNSS
TFELTQGALL
ASACHBGMGW
CVCMNGSCET
CYPDTGIVMC
GEGSCNPVIV
TNTDRIRFSVK
PRENTTIWTS

LCSISGWATY
NDRKHSNGTVE
LTIGISGPDN
IMTDGPSNEA
VCRDNWHGSN
DGANGVEGES
QODVVAITDWS
GSSISFCGVN
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SEQ ID NO:9- Nucleotide Sequencs of ca BiFloridal6/od HA

Entire molecile length: 1882 bp

51
101
151
201
251
301
351
401
451
301
551
601
651
701
7351
801
851
0L
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851

AGCAGAAGCA
ACTACTCATG
CATCTTCAAR
BAATGTGACTG
TGCAAATCTC
TCAACTGCAC
ACCACRCCT?
ATCCGEGGTGC
CCAATCTTICT
ATCGATGCGE
ATCTTGCCCT
GGGCTGTCCC
GAAGTACCAT
GTTCCATTCA
ATCCTCARAA
TCTCAGATIC
AAGCGGCAGG
GAACAATTGT
GCGAGTGGECA
AGCAGATIGC
ACTACATCAGG
AAAACACCTT
ACTATTAAAG
GAGGATGGGA
GCACATGGAG
ARMACAAGATA
ATCTTCAAAG
GAGCTGGATG
AATAGAACTTY
ATGAGCATCT
TCTGCTGTAG
CCAGACCIGC
TTTCICICCC
GATGATGGAT
TICTAGTTTIG
TCTCCAGAGA
CTTGTATTTT
AAACGTTATT

GAGCATTTTC
GTAGTAACAT
CTCACCTCAT
GTGTGATACC
ARAGGAACAA
AGATCTGGAT
CGGCGARAAGC
TTTCCTATAA
CAGAGGATAT
ARAAGGCACC
AACGCTACCA
ARAGGACARC
ACATTTGTAC
GATGACAAAA
GTTCACCTCA
GCAGCTTCCC
ATTGTTGETTG
CTACCARAGA
GGAGCAAAGT
CTTCATGRAA
AGAACATGCA
TGAAGCTTGC
GAAAGGGGTIT
AGGAATGATT
TGGCAGTGGC
ACARARAATC
ACTAAGTGGET
AGAARGTGGA
GCAGTCTTGC
ATTGGCACTT
AGATAGGAAR
TTAGACAGGAR
CACTTTTGAT
TGGATAACCA

SCTGTAACAT
CAACGTIICA
CCTTTATTGT
GAAAAATGECT

TAATATCCAC
CCAATGCAGA
GTGGTCARAR
ACTAACAACA
GGACCAGAGS
GTGECTTTGG
TTCAATACTC
TGCACGACAG
GAABATATCA
AGGAGGACCC
GTAAGAGCGG
AACABABATG
AGAAGGGGAA
CCCAAATGAA
TCTGCTAATG
AGATCAAACA
ATTACATGAT
GGTGTTTTGY
AARTABRBAGGE
AATACGGTGG
AARGCCATAG
CAATGGAACC
TCTTCGGAGT
GCAGGCTGGC
GGCEGACCTT
TCAATTCTTT
GCCATGGATG
TGATCTCAGA
TTTCCAACGA
GAGAGAAAAC
PEGATGCTTC
TAGCTGCTIGG
TCACTGARACA
TACTATACTG
TGATGCTAGC
TGCTCCATCT
AGTGCTTGETT
CTTGTTACTA

ALBBTEAAGG
TCGAARTCTGC
CAGCCACTCA
ACACCAACAA
GARACTATGC
GCAGACCAAT
CACGAAGTCA
AACAAARATC
GGCTATCAAC
TACAGACTTS
ATTTTTCGCA
CAACGAACCC
GACCAAATCA
GAACCTCTAT
GAGTAACCAC
GABGACGGAG
GCAAARACCT
TGCCTCARRRA
TCCTTGCCTT
ATTARACARA
GAAATTGCCC
ABBRTATAGAC
TATTGCTGGET
ACGGATACAC
AAGAGTACGC
GAGTGAGCTA
ABCTCCACAR
GCTGACACTA
AGGCAATAATA
TAAAGARAAAT
GAAACCAALD
CACCTTTAAT
TTACTGCTGC
CTCTATTACT
TATTTTTATT
GTCTATAAGG
TGCTTGETCAT
cT

SEG 1D NO:10- Amnino Acid Sequence of ca BiFlorida/8/04 HA

Entire molecule length: 584 aa

1
51
101
151
201
251
301
351
401
451
501
551

MEATIVLIMV
PTKSYFANLK
EVKPVISGCT
RLGTSGSCPN
QITVWGEFHSD
DGGLPQSGRI
LPLIGEADCL
YRPPAKLLKE
STOEAINKIT
DTISSQIELA
TKHEKCNQTCL
YYSTAASSLA

VTSNADRICT
GTRTRGKLCE
PIMHDRTKIR
ATSKSGEFFAT
DKTOMKNLYG
VVDYMMQKPG
HEXYGGLNKS
RGFFGAIAGF
KNLNSLSELE
VLLSNEGIIN
DRIAAGTFNA
VILMLATIFIV

GITSSNSPHV
DCLNCTDLDV
QLPNLLRGYE
MAWAVERKDNN
DSNPQKKETSS
KTGTIVYQRG
KPYYTGEHAK
LEGGWEGMIA
VENLORLSGA
SEDEHLLALE
GEFSLPTFDS
YMVSRDNVSC

Figure 1E

VRKTATQGEVN
ALGRPMCVGT
NIRLSTONVI
KNATNPLIVE
ANGVITTHYVS
JELPQEVWCA
AIGNCPIWVE
GWHGYTSHGA
MDELHNETILE
RELEKMLGPS
LNITAASLND
SLCL*

CRATAATTYGY
ACTGGAATAA
AGGGGAGGTC
AATCTTATTT
CCAGACTGTIC
GTGTCTCEGEGE
AACCTGTTAC
AGGCAACTAC
CCABARCGTC
GAACCTCAGG
ACBATGGCTT
ACTAACAGTA
CTGTTTGGGG
GGAGACTCAA
ACACTATGTT
GACTACCACA
GGGAARACAG
GGTGTGGETGC
TAATTGGTGA
AGCAAGCCTT
AATATGGGETS
CICCTGCAAA
TICCITAGAAG
ATCICACGG

ABGAAGCTAT
GAAGTAAAGA
CGAAATACTC
TAAGCTCGCA
AACAGTGAAG
GCTGEGETCCC
ACAAGTGCAR
GCAGGAGAAT
ATCTTTARAT
CAACTGCTGC
GTTTATATGG
ARGATTAGGC
CATTACABRG

VIGVIPLITT
TPSAKASILH
DAEKAPGGPRY
VEYICTEGED
QIGSFPDOTE
SGRSKVIKGS
TPLKLANGTK
HGVAVAADLK
LDEKVDDLRA
AVEIGNGCFE
DGLDNHTILL
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SEQG 1D NG:11- Nuciestide Sequence of ca BiFionida/éiod NA
Entire molecule length: 1557 bp

SEQ ID N 12-
Entire molecule

51
101
151
201
251
3401
351
401
451

AGCAGAAGCA
ACAATGCTAC
GGGAGTGTT!
ATTCGGATAT
ATGCCATTGG
TGCAGCAAAA
CTCGTTTATC
CCCCATAGAT
GGARCCTTTIT
CCCATTATGC
AGAAACAAGC
AGTAGAAAAC
ATGATGGTAA
GCATTACECA
CTATGCAAAA
GGGGAGATIG
GAATGCAGAT
TCCARCAGGA
GCAACAAAAC
AGACCCTTTG
GATGTGCACA
TAACAGGGCC
GGAGGATTIG
TCGAACGATG
ATGATGGAGA
ATGGTTTICGA
AGATAAGAARR
GIGGGRAAAC
GGCTCAGGAC
GTAATGGAGG
TIGAACAATT
TACTACT

GAGCATCTTC
CTTCAACTAT
TTATCACTAT
ATTGCTARAR
ATTGTGCAAA
GGGGTGACAC
TTECCCGEGGEC
TCGGAGAARC
ATTGCTIGTG
AGCTCRACCA
TGAGGCATCT
TCCATTTTCC
AGAATGGACA
ABBTABAATA
ARACATCCTAA
TTATCTITATG
TCCTTAAGAT
BLGAGTARAAC
CRATAGAATGT
TCAAATTAAA
GAGACTTATT
TTGCGAATCT
TTCATCRAAG
TCTAABACTA
CCCATGGACT
TGGAAGAACC
TETGATGTICC
GACTTGGCAC
AACTGCTGTG
AATGGTTGAG
GTCCTTACTIG

TCBABACTGA
ACAAACGTTA
ATGTGTCAGC
TTTTCACAAA
CGCATCAAAT
TTCTICTCCC
TCAACCTTIIC
CAAAGGAARC
GACCAACGGA
GGGLGATACT
AATTTCAGTC
ATATGGCAGC
TATATCGGAG
TGGAGARGCA
GGACACAAGA
ATAACTGATG
TCGAGAGGGC
ATACTGAGGA
GCTTGTAGAG
TGTGGAGACT
TGGACACCCC
GATGGGGACA
AATGGCATCC
ARAGAATGGG
GACAGTGAAG
FEGTIGGTAT
CCTGTATIGG
TCAGCAGCAR
GGACACTGIC
TCTGTTCTAA
AGCTTAATTG

GGCARRTAGG
ACCCTATTTC
TTCATTGTCA
CAGAAATAAC
GITCAGGCTG
AGBRACCGGAG
AGAAAGCACT
TCAGCTCCCT
ATGCAAACAC
ACABTGGAAC
ARATTGGGCA
TTEGAGCGGEE
TTGATGGCCC
TATACTGACA
AAGTGCCTIGC
GCCCAGCTT

CGAATAATAA
ATGCACATGC
ATAACAGTTA
GATACAGCGG
CAGACCAAAT
BAGGGAGTGG
ARGATTGGAA
GATGGGRCTG
CCCTEGECICT
TCCTRTGGCT
GCATAGAARTG
CAGCCATTTA
ACAGGTGTIG
ACCCTTTIGIT
TITCTGAARA

Amine Acid Sequence of ca BiFlorida/git4 NA

length: 466 aa

MLPSTIQTLY
PLDCANASNY
HRFGETKGNS
NELRHLISVK
LLRIKYGEAY
CRFLEKIREGR
PEVKLNVETD
GFVHQRMASK
VSMEEPGWYS
SGQLLWDIVTY

LEFLTSGGVLL
QAVNRSAAKG
APLIIREPFI
LGKIPTVENS
TDTYHSYAKN
IIKEIFPTGR
TAETRLMCTE
IGRWYSRTMS
FGFEIKDKKC
GVDMAL*

SLYVSASL3Y
VILLLPEPEW
ACGPTECKHF
TEHMAAWNSGS
ILRTQESACN
VKHTEECTCG
TYLDTPREND
KTKRMGMGLY
DVPCIGIEMVY

Figure 1F

LLYSDILLEF
TYPRLSCPGS
ALTHYRAQPG
ACHDGKEWTY
CIGGDCYLMI
FASNKTIECA
GSITGPCESD
VKYDGDEWTD
HDGGKTTWHS

TCACATCAGG
TACTTACTAT
TGCACCAATA
TGAACCGTTC
TGGACATACC
CCTAATTAGC
TGATAATABRG
TITTGCTCTAR
AAGAGAAGAC
ABATCCCAAC
TCCGCATGCC
CGACAGTAAT
CATACCATTC
AATTGCATCG
AGGGATTAGT
AAGABATATT
GGATTTGCCA
CACAGCARARL
BAATAAGATT
GATGGAAGCA
AGGCATCAAG
GGTGGTACTC
TATGTAAAGT
TAGIGGAGTA
TCCAAATARR
GTACATGATG
CTGTTTARTG
ATATGGCTICT
CCTATTTTGET
ATGCTCTIGT

SQTEITAPIM
TFQRALLISP
GYYNGTREDR
IGVDGPRSNA
TDGPASGISE
CRDNSYTAKR
GIEGSGGIKG
SEALALSGVM
AATATYCIMG



715

BEQ D NO13- Nucleotide Sequence of ca A/Wisconshv§7/85 BA
Entire molacule langth: 1763 bp

L
ey

o
—t

N N =
[P B o BE 1]

N SO o

(]
s}

AGCAARRGCA
AGCTACATTC
CAGCACGGTA
TAGTGAARRE
CTGGTTCRGA
CCTTGATGGA
AGTGTIGATGG
ARAGCCTRCA
TRGATCACTA
TCRATTGGAC
AGATCTAATA
ATTCARATAC
ACARRTTGTA
ATCTTCCTGT
ARGCCAACAR
ATATCCCCAG
ATACTTTTGA
CAARRTACGA
GCRARTGCAA
RAACCATTTC
TGTTARGCRA
AGARACARAC
GETTGEGAGS
TGAGGGAATA
ATCAAATCAR
TTCCATCAGR
CCTCGAGAAR
CGGRGCTICT
TCRGAARTGA
TGCTGRGGAT
ATGCCTGCAT
AGRGATGRAG
GTCAGGATAC
TITTGCTTTG
GGCRACATTA
CTTGTTICTA

MKTIIALSYX
EVINATELVQ
DLFVERSKAY
TESSCKRRSN
PVTDNDQIFL
TIVKPGDILL
NGSIPNDKPF
IAGF IENGWE
IGKTNEKFHQ
HTIDLTDSEM
TYDRDVYRDE
IMWACQKGNI

GGGGATAATT
TATGTCTGGT
ACGCTGTGCC
AATCACGAAT
GTTCCTCARC
GAAARACTGCA
CTTCCAAAAT
GCAACTGTTA
GTTGOOTOAT
TGGAGTCACT
ACAGTTTCTT
CCAGCATTGA
CATTTGGGGSE
ATGCTCAAGC
ACTGTARATCC
CAGBATAAGC
TTRACAGCAC
AGTGGGAAAA
TTCTGAATGE
AAAATGTARA
ARCACICTGA
TAGAGGCATA
GAATGGTIGGA
GOACAAGCAG
TGGEGAAGCTG
TTGAAAAAGA
TATGTTOAGG
TETTGCCCTG
ACAAACTETT
ATGGGCARTG
AGGATCAATC
CATTAAACAR
ARAGATTGGA
TGTTGCTTTG
GGTGCAACAT
CTA

LCLVFAQRLP
S58TGGRICDS
SNCYPYDVPD
NSEFSRLNWL
YAQASGRITV
INSTGNLIAP
QRVNRITYGA
GMVDGHYGER
TEKEFSEVEG
NELFERTKK
ALNNREFQIKG
ROMICT*

CTATTRACC
TTTCGCTCAA
TTGGGCACCA
GACCARATTG
WEETGGAATA
CACTAATAGA
BAGARATGEGG
CCCTTATGAT
COGGOREALT
CABARTGGAA
TAGTAGATTG
ACGTGACTAT
GTITCACCACC
ATCAGGAAGA
CGAATATCGG
ATCTATIGGA
AGGGAATCTA
GUTCAATAAT
ATCACTCCAN
CAGGATCACA
AATTGGCAAC
TTTEECGCAR
TGETTGGTAC
CAGATCTCAA
AATAGGTTIGA
ATTCTCAGAA
ACACTAAAAT
GAGAACCAAC
TGAAAGRACH
GTTGETTICAA
AGRAATGGAA
CCEETTCCAG
TCCTATGGAT
TEGGGGTTCA
TTGCATTTGA

GNDNSTATLC
PHQILDGENC
YASLRSLVAS
THLKEKYPAL
STXRSQQIVI
RGYFKIRSGK
CPRYVEQNTL
HONSEGIGQA
RIQDLEKYVE
LEERNAEDMGN
VELKSGYKDW

TGAAGACTAT
ARACTTCCCG
TGCAGTACCA
AAGTTACTAA
TGCGACAGTC
TGCTCTATTG
ACCTTTTTGET
GIGCCGGATT
GGAGTTTARD
CAAGCTCTTC
AATTGGTTGA
GCCAAACAATY
COGTTACGGA
ATCACAGTCT
ATCTAGACCC
CAATAGTARA
ATTGCTCCTA
GAGATCAGAT
ATGGAAGCAT
TATGGGRCCT
AGGGATGRCGA
TCGCEGETTT
GGTTTCAGGC
AAGCACTCAA
TCGGGARRAC
GTAGAAGGGA
AGATCTCTGG
ATACAATTGA
BAGARGCAAC
AATATACCAC
CTTATGACCA
ATCARRAGGCG
TTCCTTTGCC
TCATGTGGGC
GTGCATTAAT

SEQ ID NOr14- Amino Acid Sequence of ca AlNisconsin/é7/05 HA
Entire molecule length: 566 aa

LGHHAVENGT
TLIDALLGDP
SGTLEFNDES
NVTMPNNEKE
PNIGSRPRIR
SSTMRSDARI
KLATGMRNVE
ADLESTQAAT
DTKIDLWSYN
GCFKIYHKCD
ITLWISFAISC

Figure 1G

CATTRCTTTG
GARATGACAA
ABCGGABCGA
TGCTACTGAG
CTCATCAGATY
GGAGACCCTC
TGARCGCAGC
ATGECCTCCCT
GATGAAAGOT
TTGCAAAAGG
CCCACTTAAA
GARARBATTYIG
CARTGACCAA
CTACCAAAAG
AGAATALGGA
ACCGGGAGAC
GGGGTTACTT
GCACCCATTG
TCCCAATGAC
GTCCCAGATA
ARTGTACCAG
CATAGAARAT
ATCAABBTTC
GCAGCAATCA
CAACGAGAAA
GAATTCAGGA
TCATACAACG
TCTAACTGAC
TGAGGGAAAA
AAATGTGACA
TGATGTATAC
TTGAGCTGAR
ATATCATGTT
CTGCCAAAAR
TARAAACACC

IVKTITNDQT
QUDGFONKKW
FNWTGVTONG

NIPSRISIYW
GKCNSECITP
EXKGTRGIFGA
NOINGELNRIL
AELLVALENQ
NACIGSIRNG
FLLCVALLGE
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SEQ ID NO:15- Nucleotide Sequence of ca AfWisconsin/B7/05 NA
Entire molecule length: 1445 bp

1

51
101
151
201
251
301
351
401
451
501
551
601
851
701
751
801
851
aQ1
a51
1001
10581
1101
1151
1201
1251
1301
1351
1401

AGCAAAAGCA
GCTCTGTTTC
ATCTTGATAA

ACATAACRGA
TGCCCCAARC
TACAGGATTT
GTGGGGACAT
AAATGTTATC
TTCAAATGAC
ATGAGTTAGG
TGGTCCAGCT
ARCGGRGGGAT
TTGTAGATAG
TCAGAATGCG
GAGTGCTTCA
AAATCGTTICA
TGCTCCTGCT
CTGGAARGGC
GCATTGTTITC
AADAACGACA
AGGTGGTCAT
GGATGGGRASG
AAAGTCATTG
GCAAGTCATA

CIGTTGAAGG C

AGGGGAAGAA
TGTGTTTIGT
GGGCGGACATY

GGAGTAAAGA
TCTCACCATT
CTACTGTAAC
ARCCAAGTGA
GATAGTGTAT
TAGCAGAATA
GCACCTTTIT
CTGGGTGACA
AATTTGCCCT
ACAGTACATG
TETTCCATTT
CAAGTTGTCA
GATARRBATG
TATTGTTTICA
TTTGTATCAA
GGARAAGCTG
TACTAGCACA
ATCCTCGATA
TCCAATAGGC
CAGTTATGTG
GCTCCAGCAG
GGAGTGARAG
ARCGATCAGC
BAAGGCTGGIC
GTTGACAGAG
AGCTGC
AAGAGGARAAC
GGCACCTCAG
CAATCTCATG

TGCAATCCAAA
TCCACAATAT
ATTGCATITC
TGCTGTGTGA
CTGACCRACA
CAGARATTIGGE
CTAAGGACAA
AGAGAACCTT
TGGGCAGGGA
ATAGGACCCC
CATCTGGGGA
CGATGGAAAA
CARACTGCIAG
TGGTCCAAAG
TGGAACTTGT
ATACTAAAAT
TTGTCAGGAA
TCTTGGTGIC
CCATAGTAGA
TGCTCAGGAC
TAGCCATIGC
GCIGGGCCTIT
GAGRAGTTAC
CRACCCTAAT
GTAATAGGTC
ATCAATCGGT
TGAAGTCTTIG
GTACATATGG
CCTATATAAG

TCAARAGATA
GCTTCTTCAT
AAGCAATATG
ACCAACAATA
CCACCATAGA
TCAAAGCCGC
TTCGATTAGG

TGTGTCATG
ACARCACTAR
TTATCGGACT
CCAAGCAAGT
GCATGGCTGC
CTTCATTTAC
AAATCCTCAG
ACAGTAGTAA
ACTATTCATT
GTGCTCAGCA
AGATGIGICT
TATARACATA
TIGTTGGAGA
TTGGATCCTA
TGATGATGGA
GCTCAGGATA
TCCAAATTGC
CGGETTATICT
GCTTTTATGT
TGGACCTCAA
ARCAGGCTECA
CTTICGCAATY

SEGQ ID NO:16- Amino Acid Sequence of ca AlWisconsin/é7/05 NA
Entire molecule length: 469 aa

1
5%
101
151
201
251
301
351
401
451

MNENQRTIITI
MLCEPTIIER
SKDNSIRLSA
DRTPYRTLLM
ATASFIYNGR
DTKILFIRRG
PIVDINIKDY
GHAFDDGNDV
GNRSGYSGIF
GTYGTGSWED

GSVSLTISTE
NITEIVYLTN
GGDIWVIREP
NELGVPFHLG
LVDSIVEWEK
KIVHTSTLSG
SIVSSYVCSG
WMGRTISEKL
SVEGKSCINR
GADINLMPIX

CFFMQIATIL

TTIEKEICPK
YVSCDPDKCY
TRQVCIAWSS
EILRTQESEC
SAQHVEECSC
LVGDTPRRKND
RSGYETFRVI
CEFYVELIRGR

TTVTLHFRQY
LAEYRNWSKP
QFALGOGTTL
SSCHDGKAWL
VCINGTCTVV
YPRYLGVRCV
S58538GHCLDP
EGWSNPNSKL
KEETEVLWTS

Figure 1H

ATARACGATTG
GCAAATTGCC
AATTCAACTC
ATAGAAAGAR
GAAGGAAATA
AATGTAACAT

CGATCCTGAC
ACAACGTCC
CTATTGATGA
GTGCATAGCA
ATGTTTGTGT
AATGGGAGGC
GACCCAGGAG
TGACTGATGG
GAGGAGGGGA
TGTCGAGGAG
GCAGAGACAA
AAGGATTATA
CACACCCAGA
ACAATGAAGA
AATGACGTGT
TGAAACCTIC
AGATAAATAG
GGTATTTICT
GGAGTIGATA
ACAGTATTGT
TGGCCTIGATG
TTTAG

EFNSPPNNGV
QUNITGFAPE
NNVHSNDTVH
RVCVTGDDRN
MTDGSASGKA
CRDNWKGSHR
NNEEGGHGVK
QINRQVIVDR
NSIVVECGTS
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SEQ D NO:i7- Nucleotide Sequence of ca A_Solomon_Isiands_3 06 HA
Entire molaculs langth: 1768 bp

1

51
101
i51
201
251
301
351
401
451
541
551
601
@51
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751

AGCAGGGGAA
TTATGCACAT
TGCCAACARAC
CAGTGACACA
TGTCTATTAA
CGGATGGATC
CATGGTCCTA
CCAGGGCATT
ATCTICATIT
ACCACACCAC
AGTTTTTACA
AAACCTGEAGC
TATGGGGTET
CATACAGRARA
ATTCACCCCA
GAATCAACTA
GAGGCAAATG
AGGCTTTGGA
ATGCGARGTG
CAGAATGTAC
TGCARRATTA
CCAGAGGTTT
GCGAATGGTAG
TGGCTATGCT
CAAACAAGGT
GTGGGCARAG
ABMBBGTTGAT
TGETTCTACT
AAGAATCTGT
AATAGGAAAT
TGGAGAGTGT
TCAAAGTTAR
AGTCTATCAG
TTTTGGTCIC
TTGCAGTGTA
AAACACCCTT

AATAAAAACA
TTACAGCTAC
TCARCCGACA
CTCTGTCAAC
AAGGAATAGC
TTAGGAARCC
CATTGTAGBA
TCGCCGACTA
GAGAGATICG
ABCCGGAGTA
ABRBATTTIGCT
AAGTCCTATG
TCATCACCCG
ATGCTTATGTY
GABATAGCCA
CTACTGGACT
GRAATCTAAT
TCAGGAATCA
CCAAACACCT
ACCCTGTCAC
AGGATGGETTA
GTTTGGAGCC
ATGGTTGGTA
GCAGATCAAR
GCAATTCTGTA
RATTCAACRA
GATGGGTTTA
GGAARATGRA
ATGAGARAAGT
GGGIGITITG
ABRARAATGGA
ACAGGGAGAA
ATTCTGGCGA
CCTGGEEEGCA
GAATATGCAT
GTTTCTACT

ACCABRAATGA
ATATGCAGAC
CEGTTGACAC

TGCTTGALG
CCCACTACRA
CAGAATGCGA
AAACCARATC
TGAGGAACTG
AMATATTCCC
TCAGCATCAT
ATGGCTGACG
CAAACBACAR
CCTAACATAG
CICTIGTAGTG
AAAGACCCAR
CTACTTGAAC
AGCGCCAAGA
TCRACTCAAA
CAGGGAGCTA
AATAGGAGAG
CAGGACTAAG
ATTGCCGGTT
TGGTTATCAT
AAAGCACACA
ATTGAGAAAR
ATTGGAAAGA
TAGACATTTG
AGGACTTTIGG
AARRAGCCAA
AATTCTATCA
ACTTATGACT
2ATTGATGGA
TCTACTCAAC
ATCAGCTECT
CTARAGACCAG

AAGTAAAACT ACTGGTCCIG
ACAATATGTA TAGGCTACCA
AGTACTTIGAG AAGAATGTGA
ACAGTCACARE TGGABARARTTA
TTGECTAATT GCAGCGETTIGC
ATTACTGATT TCCAGGGRAT
CTGAGCAATGG AACATGTTAC
AGGGAGCAAT TGAGTTCAGT
CARABGARAGC TCATGGCCCA
GCTCCCATAA TGGGGAAAGC
GGGRAGAATG GTITTIGTACCC
AGAGAAAGAA GTCCTTGTAC
GTGACCAAAG GGCICICTAT
TCTTCACATT ATAGCAGAAA
AGTARAGAGAT CGAGAAGGAR
CCGGGGATAC AATAATATTT
TATGCTTTCG CACTGAGTAG
TGCACCAATG GATGAATGTG
TAAACAGCAG TCTTICCTITIC
TGTCCRARGT ATGTCAGGAG
GAACATCCCA TCCATTCAAT
TCATTGAAGG GGGGTGGACT
CATCAGAATG AGCAAGGATC
ARATGCCATT AATGGGATTA
TGAACACTCA ATTCACAGCT
AGGATGGAAA ACTTARAATAR
GACATATAAT GCAGRATIGT
ATTTCCATGA CTCCAATGTG
TTAAAGAATA ATGCCAAAGA
CAAGTGTAAC GATGAATGCA
ATCCAARATA TTCCGAMGRA
GTGAAATTGG ARTCAATGGEG
AGTCGCCAGT TCTCTGGTIC
GGATGTGTTC CAATGGGTCT
AATTTCAGAA ATATAAGGAR

S5EQ ID NO:18- Amino Acid Sequence of ca A_Solomon_islands_3_06HA
Entire molecule length: 5685 aa

1
51
101
151
201
251
301
351
401
451
501
551

MEVKLLVLLC
EDSHNGKLCL
NPENGTICYPRG
SCSHNGESSF
IGDQRALYHT
EPGDTIIFEA
AINSSLPFQON
GEFIEGGWTGM
KMNTQOFTAVG
LDFHDSNVEN
DYPKYSEESKE
FUMCINGSLO

TETATYADTI
LEGIAPLOLG
HPADYEELRE
YENLLWLTGK
ENAYVSVVSS
NGNLIAPRYA
VHPVTIGECP
VDGWYGYHHQ
KEFNKLERRM
LYEKVKSQLK
LNREXKIDGVK
CRICI

CIGYHANNST
NCSVAGWILG
QLSSVSSFER
NGLYPNLSKS
HYSRKFTPET
FALSRGFGSG
KYVRSAKLEM
NEQGSGYAAD
ENLNKKVDDG
NNAKEIGNGC
LESMGVYQIL

DTVDTVLEKN VIVTHSVNLL
NPECELLISR ESWSYIVEK

FEIFPRESSW PNHTTTGVSA
YANNKEKEVL VLWGVHHPPN
AKRPRVRDRE GRINYYWTLL
IINSNAPMDE CDAXKCQTPOG
VIGLRNIPSI CQSRGLEFGAIA
QESTONAING ITNKVNSVIE
FIDIWTYNAE LLVLLENERT
FEFYHKCNDBE CMESVENGTY
AIYSTVASSL VLLVSLGAIS

Figure 11
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SEQ ID NO:18- Nucieotide Seguence of ca A_Solomen_islands_3_06 NA
Entire molecule length: 1446 bp

1

51
101
151
201
251
301
351
401
451
501
551
601
851
701
751
801
851
$01
851
10¢1
1031
1101
1151
1z¢1
1251
1361
1351
14¢1
1451

AGCARARGCA
GGATCAATCA
ARATATTATT
ACCACACTGG
TGGGTGAATA
AARAGGACARA
TCAGTGGGTG
AAAGGAGATG
GGAATGCAGA
ATTCAAATGG
TQTCCTCTAG
TGCATGGTCA
GAATTTCTGG
ATAATAACTG
AGAGTCTGAA
ATGGCCCGAG
GGGAAGGTTA
GGAATGTTCC
ACARACTGGECA
GATTATCAAA
TCCCAAAGAT
ACGGAGTARA
AGGACCARAA
TAATGGATGG
TAGCAATAAC
GAGTTAACAG
CAGAGGGCTG
TTTCTTTTIG
GETGCTGAGT
CCTTGTTTICT

GGAGTTTAAA
GTATAGCAAT
TCAATATGGG
AATATGCAAC
BCACATATGY
ACTTCAGTGA
GGCTATATAC
TTTTTGTCAT
ACCTTTTTIC
GACCGTAAAG
GTGAAGCTCC
GCAAGCGCAT
TCCAGACAAT
ARARCCATARA
TGTGTCTGTA
TARTGGGGCC
CCARRACAAT
TGTTACCCAG
TGGTTCAAAT
TAGGATACAT
GGGGAGGGCA
AGGETTTTCA
GTAACAGACT
ACBAATACCG
TGATTGGTCA
GATTGGACTG
CCTAGGGARA
TGGCGTTAAT
TGCCGTTCAL
ACT

ATGAACCCAA
CGGAATAATT
CTAGTCACTC
CAAAGAATCA
TAATATTAAC
CATTGGCCGG
BCABABGACH
AAGAGRACCT
TGACCCAAGG
GACAGAAGTC
GTCCCCATAC
GCCATGATGG
GGAGCTGETGE
AAGTTGGAAA
TEAACGGETC
GCCTCGTACA
AGAGTTGRAT
ACACTGGCAC
CGACCTIGG

CTGCAGTGGA
GCTGCAATCC
TACABATATG
TAGAAAGGGG
ACAGTGATTIT
GGGTACAGTG
TATAAGACCT
ATACARACAAT
AGTGGTACTG
CATTGACAAG

ATCAAARBAT
AGTCTAATAT
AATCCARACT
TCACATATGA
AACACCARTG
CAATICATCT
BCAGCATARG
TTCATATCAT
TGCTCTATTA
CTTATAGGGC
ARTTCARGGT
CATGGGCTGE
CTGTACTAAR
AAGCGAATAT
ATGTITCACC
ARATTTTCAA
GCACCCAATT
AGTGATGTGT
TGTCTTTTAA
GTGTTCGETG
AGIGACTGTT
GTAATGGTGT
TTTGAGRTGA
CTCAGTGAAR
GAAGTTITTGT
TGCTICTGGG
CTGGACTAGT
CRAACTGGTC
TAGTTCGTTG

AATAACCATT
TGCARATAGG
GGAAGTCARA
BAACAGCACC
TIGTTGCIGA
CTTTGTTCTA
ARTTGGCTCC
GTTCTCACTT
AATGACAAAC
CTTAATGAGC
TTGAATCAGT
TTAACAATCG
ATACAARCGGA
TAAGAACACA
ATAATGACCG
GATCGAAALG
TTCATTATGA
GTATGCAGAG
TCAARACTIG
ACAATCCGCG
GATGGAGCAG
TTGGATAGGA
TTTGGGATCC
CAGGATGTTG
TCARACATCCT
TPTGAGTTAGT
GGGAGCAGCA
TIGGCCAGAC
AARARAARACT

SEQ 1D NO:20- Amino Acid Sequence of ca A_Solomon_islands_3_ 08 NA
Entire molecule length: 470 aa

1
51
101
151
201
251
301
351
401
451

MNPROKIITI
QRIITYENST
TRONSIRIGS
DRSPYRALMS
GAVAVLEYNG
ASYKIFKIEK
REWVSFNONL
YRYGNGVRIG
GYSGESEVQHYP
SGTANWSWED

GSISIAIGIX
WUNNTYVNIN
RGOVEVIRER
CPLGEAPSPY
IITETIKSHK
GEVTKTIELN
DYQIGYICSG

TRSNRLRXG
ELTGLDCIRE
GABLEFTIDK

SLILOIGNIT
NTNVVAEKDK
FISCSHLECR
NSRFESVAWS
KRILRTQESE
APNFHYEECS
VFGDNPRPKD

FEMIWDPNGW
CFWVELVRGL

SIWASHSIQT
TSVITLAGNSS
TEFLTQGALL
ASACHDGMGW
CVCMNGSCET
CYPDTIGTVMC
GCEGSCNPVTV
TRTIDSDESVK
PRENTTIWTS

Figure 1J

GEQNHTGICHN
LCSISGWATLY
NDKHSNGTVK
LTIGISGPDN
IMTDGPSNGA
VCRDNWHGSN
DGADGVEGES
QDVVAITDWS
G33ISFCGVN
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SEQ 1D NO:21- Nucleotide Sequence of ca B_Malaysia_2506_ 64 Ha (1883 bp)

1

31
101
151
201
251
301
351
401
451
201
551
601
651
701
751
801
851
801
851
1001
1051
1101
1151
1201
1251
13061
1351
1401
1451
1501
1552
1601
1651
1761
1751
i801
1851

GCAGAAGCAG 2
CTACTCATGG
ATCGTCAAAC
ATGTGACTGG
GCARATCTCA
CAACTGCACA
ACATACCCTC
TCTGGGETGCY
TAACCTTCTC
TCAATGCRAGA
TCTTGCCCTA
GGCCGTCCCA
TAGAAGTACC
GGGTTCCACT
AAAGCCCCAG
TTTCACAGAT
CARAGTGGTA
AGGAACABTT
GCGCAAGTGG
GAAGCAGATT
TTACTACACA
TGAAAACACC
ARACTATTAA
AGGAGGATGEGE
GGGCACATGG
ATAAACAAGA
GAATCTTCAA
TAGAACTAGA

CAAATAGAAC TC

AGATGAGCAT
CCTCTGCTGT
AACCAGACCT
ATTTICTCTC
ATGACGATGG
GCCTCCAGTT
GGTCTCCAGA
ACCCTGTATT
AABACGTTAT

AGCATTTTCT
TAGTAACATC
TCACCACATG
TGTAATACCA
AAGGRACAGR
GATCTGGACG
GGCAAGAGTT
TTCCTATAAT
AGAGGATACG
ABATGCACCA
ACGTTACCAA
AAAAACGACA
ATACATTTGT
CTGATAGCGA
ARGTTCACCT
TGGTGGCTTC
GAATTGTTGT
ACCTATCAAR
CAGGAGCRAG
GCCTCCACGA
GGGGAACATG
CTTGAAGCTG
AGGAAAGGGEG
GARGGAATGA
AGTAGCGGTG
TAACAABAAA
AGACTALGCG
CGAGAARGTG
GCAGTCCY
CTCTTGGCGC
AGAGATAGGSE
GTCICGACAG
CCCACTTTIG
ATTGGATAAT
TGGCTGTAAC
GACAATGTT?
TTCCTTTATT
TGAAARATGC T

AATATCCACA
CAATGCAGAT
TTGTCARAAC
CTGACAKCAL
AACCAGAGGG
TGECCTTGGEG
TCAATACTCC
GCACGACAGA
BACATATCAG
GGAGGACCCT
TGGARACGGA
ACAACARAAC

ACAGABGGAG AAG

ARCCCARATG
CATCTGCCAA
CCAAATCAAR
TGATTACATG
GAGGTATTTT
GTAATABARG
AADATACGET
CAAAGGCCAT
GCCAATGGAA
TTTCTTCGGA
TIGCAGGTTG
GCAGCAGACC
CTCARRCTICTY
GTGCCATGGA
GATGATCICA
GCTTTCCAAT
TTGAALAGARAA
AATGGATGCT
AATAGCTECT
ATTCACTGAA
CATACTATAC
ATTGATGATA
CTIGCTCCAT
GTAGTGCTTG
TGTTACT

SEQID NQ 22- Amino Acid Sequence of B Maiays;a

51
101
151
201
251
301
351
401
451
501
551

MKATIVLIMY
PTRKSHFANLK
EVRPVTSGCE
KIGTSGSCPN
DQITVHGFHS
EDGGLPQOSGR
SLPLIGEADC
KYRPPAKLLK
KSTOEAINKI
ADTISSQIEL
ETKHRCNQTC
LYYSTAASSL

VTSNADRICT
GTETRGKILCE
PIMHDRTKIR
VINGNGFFAT
DSETQMARLY
IVVDYMVQKS
LHEKYGGLNK
ERGFFGAIAG
TENLNSLSEL
AVLLSNEGILI
LDRIBAGTFD
AVTILMIAIFV

GITSSNSPHV
KCLNCTDLDV
QLPNLLRGYE
MAWAVPKNDYN
GDSKPQOKFTS
GRIGTITYOR
SKPYYTGEHA
FLEGGWEGMT
EVENLORLSG
NSEDEHLLAL
AGEFSLPTFD
VYMVSRDNVS

T RIS Falalal
AAATGAAGGT

CGAATCTGCA
TGCTACTCARA
CACCCACCAR
ARACTATGCC
CAGCACCAAAR
ATGAAGTICAG
ACRAAAATTA
GTTATCARCT
ACAABATTGGE
TTTTICGCAA
AGCAACARAT
ACCAART
GCAAAGCTCT
CGGAGTGACC
CAGAAGACGG
GTGCAARAAT
ATTGCCTCAA
GATCCTTGCC
GGATTAAACA
AGGAAATTGC
CCAAATATAG
GCTATTGCTG
GCACGGATAC
TTAAGAGCAC
TIGAGTGAGC
TGAACTCCAC
GAGCTIGATAC
GAAGGAATAA
GCTGAAGAAA

GGTACCTTTG
TATTACTGCT
TGCTTTACTA
GCTATCTTITG
CIGTCTATAA
TETECTTGTT
ACT

25086 04 _HA
VETATQGEVN
ALGRPRCTGN
HIRLSTHNVI
NETATNSLTI
SANGVTTHYV
GILLPOKVHC
KATGNCPIWV
AGWHGYTSHG
AMDELHNEIL
ERKLKKMLGFE
SLNITAASLN
CSICL

Figure 1K

AATAATTGTA
CTGGGATAAC
GGGGAGGTCA
ATCTCATTTT
CARAATGCCT
TGCACGGGGA
ACCEGTTACA
GACAGCIGCC
CATAACGTTA
AACCTCAGGG
CAATGGCTIG
TCATTAACAA
TACCGTTTGG
ATGOGRACTC
ACACATTACG
AGGACTACCA
CTGGGAAARC
AAAGTGIGGT
TTTA ATTGGA
BADAGCAAGC
(‘CAATATGQ\:
ACCTCCTGCA
GTTTCTTAGA
ACATCCCAYG
TCAAG
TGGAAGTARA
ARCCGAAATAC
AATAAGCTCA
TARACAGTGA
ATGCTGEEECC
ACACBAGTGC
ATGCAGGAGA
GCATCTTTAA
CTCAACTGCT
TTGTTTATAT
GGAAAGTITAA
ACCATTACAA

lelelel
AN

(585 aa)
VIGVIPLTTT
IPSARVSILH
NAENAPGGPY
EVPYICTEGE
SQIGGEFPNQT
ASGRSKVIKG
KTPLKLANGT
AHGVAVAADL
ELDEKVDDLR
“PVEICNCCF
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SEQ ID NO:23- Nucleotide Sequence of ca B_Malaysia_ 2508 04 NA
Entire molecule langth: 1538 bp

1

51
101
151
201
281
301
351
401
451
501
551
601
851
701
751
801
851
901
951
1001
19051
1101
1151
1201
1251
13461
1351
14¢1
1451
1501

AGCAGAAGCA
ACAATGCTALC
GGGAGTATTA
ATTCGGATAT
ATGCCATTGG
TCCAACAARA
CGCEITTATC
CCTCATAGAT
GGARCCTTTT
CCCACTATGC
AGAARCARGC
AGTAGAABRAC
ATGAIGGTAA
GCATIGCTICA
CTATGCAAAC
GGGGAAATTG
GARATGCAGAT
TCCAACAGGA
GCAATABRRAC
AGACCCTTIG
GATGTGCACA
TAACAGGGCC
GGAGGATTTG
TCGAACGATG
ATGATGGAGA
ATGGTTTCAA
AGACARAGARA
GTGGAARAGA
GGUTCAGGAC
GTRATGGAGG
TTGRACAATT

GAGCATCTTIC
CTTCAACTAT
TTATCACTAT
ATTGCTARAA
ATTGTGCAAA
GGGGTGACAC
TTECCCGEGGEC
TCGGAGAAAC
ATTGCTTGTG
AGCCCAACCA
TGAGGCATCT
TCCATTTTCC
GGAATGGACA
ARATAAAATA
AACATCCTAA
TTATCTTATG
TTCTTAAGAT
AGAATALRAL
CATAGAATGT
TCARATTARAL
GAGACTTATT
TIGTIGAATCT
TCCATCARAAG
TCTAAAACTA
CCCATGGECTY
TGGARAGAACC
TGTGATGTCC
GACTTGECAC
AGCIGCICTG
AATGGTTGAG
GICCTTACTG

TCABAACTGA
ACBRACGTTA
ATGTGTCAGT
TTCCCRTICAA
CGCATCAAAT
TTCTICTCCC
TCAACCTTTC
CAAAGGARAC
GACCABRGGA
GGGGGATACT
AATTTCAGTC
ACATGGCAGC
TATATCGGAG
TGGAGAAGCA
GAACACAAGA
ATAACTGATG
TCGAGRGGGC
ATACTGAAGA
GCCTGTAGAG
CGTGGAGACT
TGGACACCCC
AATGGGGACA
ABTGGCATCC
ARAGGATGGEE
GACAGTGATG
TGGTTIGGTAC
CCTGTATTGG
TCAGCAGCTA
GGACACTGTIC
TCTGTTCTAA
AACTTAATTG

AGCARATAGG
ACCCTATTIC
TECATIGTICA
CAGBAATTAC
GTTCAGGCTG
AGRACCGGAG
AGAAAGCACT
TCAGCTCCCT
ATGCAAACAC
ACAATGGAAC
RARTTGGGCA
ATGGAGCGEE
TTGATGGCCC
TATACTGACA
AAGTGCCIGT
GCTCAGCTTC
CGAATAATAR
ATGCACATGC
ATAACAGTTA
GATACAGCAG
CAGACCAGAT
ARGGGAGTGG
AAGATTGGAA
GATGGGECTIG
CCCTIGCTTT
TCCTTTGGCT
GATAGAGATG
CAGCCATTTA
ACAGGTGTTA
ACCCTTTGTIT
TTTCTG

CCAARAATGA
TCACATCAGG
TACTTACTAT
TGCACCAACA
TGAACCGTTC
TGGACATACC
CCTAATTAGC
TGATAATAAG
TTTGCTCTAA
AAGAGGAGAC
AAMATCCCAAC
TCCGCATGCC
TGACARATAAT
CATACCATTC
AATTGCATCG
AGGTGTTAGT
ABAGPAATATT
GGATTTGCTA
CACAGCRAARA
ARATAAGATT
GATGGAAGCA
AGGCATCAAG
GGTGGTACTC
TATGTCAAGT
TAGTGGAGTA
TCGAAATAAA
GTACATGATG
CTGTTTAATIG
ATATGGCICY
CCTATTTTGT

SEQ ID NO:24- Amino Acid Seguencs of ca B_Malaysia_2506_04 NA
Entire molecule length: 468 aa

51
101
151
201
251
301
351
401
451

MLPSTIQTLY
PLDCANASNV
HREGETKGNS
NKLRHLISVK
LLKIKYGEAY
CRFLRKIREGR
PEVELRVETD
GEVHQRMASK
VSMEEPGWYS
SGQLLWDTVT

LELTSGGVLL
QAVNRSATKG
APLIIREPFI
LGKIPTVENS
TDTYHSYANN
IIXKEIFPIGR
TAETRLMCTE
IGRWYSRTMS
FGFEIKDKKC
GVNMAL

LYVSASLSY
VITLLLPEFEW
ABCGPRECKRY
IFAMAAWSGS
ILRTOESACN
IKRTEECTCG
TYLDTPRPDD
KTKRMGMGLY
DVPCIGIEMV

LLYSDILLKF
TYPRLSCPGS
ALTHYAAQPG
ACHDGKEWTY
CIGGNCYLMI
FASNKTIECA
GSITGPCESN
VKYDGDPWAD
HDGGKETWHS

Figure 1L

PSTEITAPTM
TFOKALLISP
GYYNGTRGDR
IGVDGPDNNA
TDGSASGVSE
CRDNSYTAKR
GDRGSGGIKG
SDALAFSGVM
AATATYCLMG
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SEQ ID NO125- Nucleotide Sequence of ca_B_Brisbane_80_2008 _DET HA
Entira mciecu!e fength: 1881 bp

531
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
801
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1631
1701
1751
1801
1851

gaageagage
ctecatggtay
gtcaaactca

tgactggtgt
aatctcaaay
ctgcacagat
taceoctogga
gggtgcttte
cctictooga
abglagaaaa
tgccoctaaca
cgteccaaaa
aagtaccata
tteocactetyg
goeccagaay
cacagatigg
agtggtagaa
aacaattace
caagtyggeay
gcagatigeo
ctacacaggy
aaacaccetlt
ctattaaagg
aggatgggaa
cacatggagt
aacaagataa
tcttecaaaga
aactagatga
atagaactcyg
tgaacatcte

fed ot ~r-1 fvi--lga <

agmcctgtc
ttototecce
acgatggatt
tocagtttgg
ctecagagac
ctgtattttc
aacgttattyg

attttcotaat
taacatccaa
ccacatgtog
aataccacty
gaacagaaac
ctggacgtag
aagagtttca
ctataatgca
ggatacgaac

tgcaccagga
ttaccaatgy

aacgacaaaa ¢

catttgtaca
acgacgagac
ttecacetecat
tggcttcana
ttgtigitga
tatcaaaggyg
gagoaaggta
teecacgaaaa
gaacatgcaa
gaagctggeco
aaaggggttt
ggaatgatty
ageggtggaa
caaaaaatcet
ctaagoggly
gaaagtggat
cagtectgot
ttggegettg

acctttgatt
ggataatcat
ctgtaacact
aatgtttett
ctttattgta
aaaaatgete

atccacaaaa
tgcagatega
Ltcasaactgs
acaacaacac
cagggggaaa
ccttgggeag
atactcecatyg
cgacagaaca
atatcaggtt
ggaccctana
aaacggattt
Caaaanaga
gaaggagaad
cecaaatggea
chtgecaacqgy
aatcaaacag
ttacatggtyg
gtattttatt
ataaaaggat
atacggtgga
aggccatagg
aatggaacca
cttoeggaget
caggtbggea
geagacstta
caactetityg
ceatggatga
Jatctecagag
ttccaatygaa
azagaaagct

Nm':ai'n'r‘?'f‘f‘.”
SYaLgTLLLy

agctgotggt
cactgaatat
actatactge
gatgataget
getecatotyg
gtgetbgttt
Etgttactac

tgaaggcaatl
atctgracty
tactcaagag
cecaccaaatc
ctatgoeccaa
accaaaatgc
aagteagaco
aaaattagac
atcaacooat
aaatiggaac
ttegeaacas
aacaaatcea
accaaattac
aagctctatyg
agtgaccaca
aagacggagy
caaaaatctyg
gocctecaaaaqg
cetigeottt
ttasacaaaa
aaattgecea
aatatagace
attgetyggtt
cggatacaca
agagcactea
agbtogagotyy
actccacaac
ctgatacasat
ggaataataa
"aagaaaatg
acciittgaty
tactgetgea
Littactacte
atctttgttyg
tctataaggy
acttgttgte
L

aattgtacia
ggataacate
Jgaggtcaaty
tcattitgea
aatgcctcoasa
acggggaaaa
tgttacatet
agotgoctaa
aacgttatea
cteagaggtot
tggettgggc
ttaacaatag
cgtttggggy
gggactcasaa
cattacgtitt
actaccacas
ggaaaacagyg
gtgtygtgey
aattggagaa
geaagoeetta
atatgggtga
tectgeaaaa
totiagaadsy
teccatgggy
agaggcecata
aagtaaagaa
gaaatactag
aagetcacaa
acagtgaaga
ctgggecech

for- - Toa o tor I tol
LCaaLLglaal

caggagaatt
tetttaaaty
aactgctgee
tttatatggt
aagttaagece
attacaaaga

SEQ ID NOi28- Amino Acid Sequence of ca_B_Brisbane_60_2008_DET HA

Entire moiecuia length: 585 aa

B3 ped b ed pod ok

W R R
O Do O W

iy

(€ I RN S SRS
[ I R
R S

[

MKAIIVELMY
PTKSHFANLK
EVREVISGCY
RIGTSGSCPRN
DQITVWGFHS

EDGGLPQSGR
SLPLAbbADu
KYRPPAKLLE
KSTOEAINKT
ADTISSQIEL
ETKHKCNQTC
LYYSTAASSL

VTSNADRICT
GTETRGKLLP
PIMHPRTKIR
ITNGNGFFAT
DDETOMAKLY
IVVBYMVQKS
LﬁEKVGGLNY

ERGFFGATIAG
TENLNSLSEL
AVLLSNEGII
LDORTIAAGTED
AVTIMIAIRV

GITSSNSPHY
RKCLRCTDLOV
QLENLLRGYE
MAWAVPKNDK
GDSKPQKFTS
GRKTGTITYOR
SKPYYTGERA
FLEGGWEGMI
EVENLORLSG
NSEDEHLLAL

AGEFSLPTFD
VYMVSRDNVS

VKTATQGEVN
ALGRPRCTIGR
HIRLSTHRNVI
NETATNFLTE
SANGVTTHYV
GILLPOKVWC
KAIGNCRIWY
AGWHGYTSHG
AMDELHNEIL
ERKLKKMLGE
SLNITAASLN
CSICL

Figure 1M

VIGVIPLITT
IPSARVSILH
NAEMAPGGPY
EVRYICTEGE
SQIGGFENQT
ASGRSRVIKG
KTPLEKLANGT
AHGVAVAADL
ELDPEKVDDLR
SAVEIGNGCE
DOGLDNHTIL
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SEQ ID NO:27- Nucleotide Sequence of ca_B_Brisbane_&0_2008_DET_NA
Entire molecule length: 1857 bp

1

51
101
131
201
251
301
351
401
451
501
551
501
631
701
751
801
851
301
351
1001
1051
1103
11351
1281
1251
1301
1351
1401
14351
1361
1551

agcagaagcea
acaatgctac
gggagtatta
attcggatat
atgccattgg
tgcaacaaaa
cgcgtttate
ccteatagat
ggaacctiit
cecattatgoe
agaaacaage
agtagaaaac
atgatggtaa
geoattgotcea
ctatgcaaac
ggggaaatig
gaatgcagat
tccaacagga
gcaataaaac
agaccttitg
gatgtgocaca
taacaggcecee
ggaggatity
tcgaacgatg
atgatggaga
atggtttcaa
agataagaaa
gtggaaaaga
ggctcaggac
gtaatggagyg
ttgaacaatt
tactact

gagcatetto
ctitcaactat
ttatcactat
attgctaaas
attgtgcaaa
ggggtygacac
ttgcececgggce
tocggagaaac
attgectigtyg
agoceaansa
tgaggeatet
tocattttoo
ggaatggaca
aagtaaanata
aaaatcectaa
ttatcttaty
ttcttaagat
agagtaaaac
catagaatgt
tcaaattaaa
gatacttatt
ttgtgaatct
ttcatcaaay
tctaaaacty
cccatggget
tgaaagaacc
tgegatgtcee
gacttggcac
agcetgetgtyg
aatggttgay
gtccttacta

tcaaaactga
acaaacgtta
atgtgtecage
ttcteaccaa
cgeatcaaat
ttecttetece
tcaaccttte
caaaggaaac
gaccaaatga
gggggatact
aatttecagte
acatggcage
tatatcggay
Lggagaagea
gaacacaaga
ataactgatqg
tegagagggo
acactgagga
gootgtagag
cgtggagact
tggacaccce
aatggggaca
aatggaatcee
aaaggatyyy
gacagtgatg
tggttggtac
coctgtattgyg
tcagcagcaa
ggacactgtc
tetgtictaa
aacttaattyg

agcaaatagg
accotattte
ttcattatca
cagaaataac
gttcaggcetg
agaaccggayg
agaaagcact
tcagectecocot
atgcaaacac
acaatggaac
aaattgggcea
atggagcegygy
trtgatggooco
tatactgaca
aagtgectge
gctcagettce
cgaataataa
atgcacatgce
ataacagtta
gatacagcag
cagaccaaac
aagggagtgg
aagattggaa
gatgggacty
coectagettt
tcctttgget
gatagagatg
cagecattta
acaggtgttyg
accetttgtt
tttctgaaaa

ccaaaaatga
tcacatcagy
tacttactat
tgcaccaaca
tgaacoghtitc
tggacatacc
cctaattaga
tgataataag
tttgctetaa
aagaggagac
aaatcccaac
toogoegtgee
tgacaataat
cataccatte
aattgcatoy
aggtgtiagt
aagaaatatt
ggatttgeca
cacageaaan
aaataagatt
gatggaagca
aggcatcaay
ggtggtacte
tatgtcaagt
tagtggagta
tegaaataaa
gtacatgatyg
ctgtttaaty
acatggctct
cetgttittgh
atgctoettgt

SEQ ID NO:28- Amino Acid Sequence of ca_B_Brisbane_§0_2008 DET_NA

Entire molecule length: 466 aa

51
101
151
201
251
301
351
401
451

MLPSTIQTLT
PLDCANASNV
BRYGETEGNS
NELRHLISVK
LLEVEYGEAY
CRPLEKIREGR
PEVEKLNVETD
GFVHORMESK
VSMREPGWY S
SGQLIWNDTIVT

LELTSGGVLL
QAVNRSATRG
APLIIREPFI
LGKIFTVENS
TDTYHSYANK
IIKEIFPTGR
TAEIRLMCTD
IGRWYSRTMS
FGFEIKDKKC
GVDMAL

SLYVSASLSY
VTLLLPEPEW
ACGPNECKHE
IFHMAAWSGS
ILRTQESACHN
VKHTEECTCG
TYLDEPRPND
KTERMGMGLY
DVECIGIEMV

LLYSDILLKE
TYPRLSECPGS
ALTHYAAQRG
ACHDGKEWTY
CIGGNCYLMY
FASKNRKTIECA
GRITGPCESN
VEYDGDEWAD
HDGGKETWHS

Figure 1N

SPTEITAPTM
TPQRALLISP
GYYNGTRGDR
IGVDGPDNNA
TDGESASGVSE
CRDNSYTAKR
GDKGSGGIRG
SDALAFSGVM
ARTAIYCLMG
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SEQIDNO HA or NA | Strain Name X

SEQIDNO:1 and 2 HA ca A/Uruguay/716/07

SEQIDNO:3 and4 | NA ca A/Uruguay/716/07

SEQIDNO:S and 6 HA ca A/South Dakota/6/07
SEQIDNO:7and8 | NA ca A/South Dakota/6/07

SEQIDNO:Sand 10 | HA ca B/Florida/6/04
SEQIDNO:11and 12 | NA ca B/Florida/6/04 7
SEQIDNO:13and 14 | HA ca A/Wisconsin/67/05

SEQ ID NO:15 and 16 | NA ca A/Wisconsin/67/05 ,
SEQIDNO:17and 18 | HA  ca A/Sclomon Islands/3/06
SEQ ID NO:19 and 20 | NA ' ca A/Solomon Islands/3/06

SEQIDNO:21and 22 | HA | ca B/Malaysia/2506/04

SEQ ID NO:23 and 24 | NA  ca B/Malaysia/2506/04
 SEQ IDNO:25and 26 | HA ca B/Brisbane/60/2008 DET
- SEQ ID NO:27 and 28 | NA ca B/Brisbane/60/2008 DET

Figure 2
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