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CONSERVED AND SPECIFIC STREPTOCOCCAL GENOMES

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority of U.S. provisional patent application Serial No.
60/406,237, filed August 26, 2002, U.S. provisional patent application Serial No. 60/406,676,
filed August 27, 2002 and U.S. provisional patent application Serial No. 60/406,757, filed
August 28, 2002.

FIELD OF THE INVENTION

The invention relates to polynucleotides which are conserved or specific to one or more
species of Streptococcus, Streptococcus species serofypes, and/or serotype isolates. The
conserved or specific genomic regions can be used to identify, screen and develop vaccines and
other treatments for Streptococcal infections and can be used in diagnostic assays to diagnose

and identify Streptococcal infections.

BACKGROUND OF THE INVENTION

The genus Streptococcus consists of Gram-positive, chain-forming, spherical bacterial
cells. Three species of clinical interest are S.preumoniae (“pneumococcus” or “S.pn.”),
S.pyogenes (‘group A streptococcus’ or ‘GAS’) and S.agalactiae (‘group B streptococcus’ or
‘GBS”). Infections with these three pathogenic streptococci lead to conditions including
pharyngitis, toxic shock syndrome and necrotizing fasciitis.

Once thought to infect only cows, GBS is now known to cause serious disease,
bacteraemia and meningitis in immunocompromised individuals and neonates. There are two
known types of neonatal infection. The first (early onset, usually within 5 days of birth) is
manifested by bacteraemia and infection. It is generally contracted vertically as a baby passes
through the birth canal. GBS is thought to colonize the vagina of about 25% of young women;
approximately 1% of infants born via a vaginal birth to colonised mothers will become infected.
Mortality resulting from these infections is between 50 — 70%. The second type of neonatal
infection is a meningitis that occurs 10 to 60 days after birth. If pregnant women are vaccinated
with type III capsule so that the infants are passively immunised, the incidence of the late onset

meningitis is generally reduced, although not entirely eliminated.
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The “B” in “GBS” refers to the Lancefield classification, which is based on the
antigenicity of a carbohydrate which is soluble in dilute acid and called the C carbohydrate.
Lancefield identified 13 types of C carbohydrate, designated A to O, that could be serologically
differentiated. The organisms that most commonly infect humans are found in groups A, B, D,
and G. Within group B, strains can be divided into at least 9 serotypes (Ia, Ib, II, IIL, IV, V, VI,
V11, and VIII) based on the structure of their polysaccharide capsule. Further categories based
on, for example, the expression of certain proteins have also been developed.

GBS strains of polysaccharide capsule Type V were rarely isolated before the mid-1980's
but now account for approximately one-third of clinical isolates in the US. Type V is the most
common capsular serotype associated with invasive infection in nonpregnant adults, and the
emergence of Type V strain over the past decade has been temporarily linked to an increase in
GBS disease in this population.

Group A streptococcus is a frequent human pathogen, estimated to be present in between
5 —15% of normal individuals without signs of disease. When host defences are compromised,
or when the organism is able to exert its virulence, or when it is introduced into vulnerable
tissues or hosts, however, an acute infection occurs. Diseéses include puerperal fever, scarlet
fever, erysipelas, pharyngitis, impetigo, necrotising fasciitis, myositis and streptococcal toxic
shock syndrome.

Pneumococcus is the most common cause of acute respiratory infection and otitis media
and is estimated to result in over 3 million deaths in children every year worldwide from
pneumonia, bacteremia, or meningitis. Even more deaths occur among elderly people, among
whom S. pn. is the leading cause of community-acquired pneumonia and meningitis. Since
1990, the number of penicillin-resistant strains has increased from 1 to 5% to 25 to 80% of
isolates, and many strains are now resistant to commonly prescribed antibiotics such as
penicillin, macrolides, and fluoroquinolones. See Tettelin, et al. (2001) Science 293, 248-506.

The complete genomic sequence of a virulent isolate of S. pneumoniae was published by
Tettelin, et al. (2001) Science 293, 248-506 and is available at the TIGR website at
http://www.tigr.org. as well as on GEN BANK (available through the Pub Med website at
hitp://www.ncbi.nlm.nih.gov/entrez/query.fegi). The genomic sequence, the Tettelin article and

its published supplemental material are incorporated herein by reference in their entirety.

The complete genomic sequence of an M1 strain of S. pyrogenes was published by
Ferretti, et al. (2001) Proc. Natl. Acad. Sci. USA 98, 4658 — 4663 and is available at the TIGR
website at http://www.tigr.org. The genomic sequence, the Ferretti article and its published

supplemental materials are incorporated herein by reference in their entirety.
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The complete genomic sequence of a serotype V strain of S. agalactiae (type V strain
2603 V/R) was published on August 28, 2002 at Gen Bank Accession no. AE009948 (available
through Pub Med at hitp:/www.ncbi.nlm.nih.gov/entrez/query.fcgi and/or was available on the
same day at the TIGR website at http://www.tigr.org. Most of this sequence is also availabe in
PCT International Patent Application Publication WO 02/34771. The genomic sequence, the
Tettelin article and its published supplemental materials are incorporated herein by reference in
their entirety. ‘

Current treatments for Streptococcal infections include both antibiotics and prophylactic
vaccination. Current vaccines, particularly with respect to GBS, suffer from poor
immunogenicity, while the emergence of antibiotic resistant strains has lessened the
effectiveness of currently used antibiotics. ‘Accordingly, there is an increasing need for the
development of new vaccines and antibiotics (as well as other small molecule bacterial
inhibitors) to help prevent and treat Streptococcal infections.

Applicants have identified regions of the Streptococcal genomes which can be used to
identify and develop new vaccines and treatments for Streptococcal infections. Specifically,
Applicants have identified polynucleotides of the Streptococcal genome which are conserved or
specific to Streptococcal species, species serotypes, and/or specific serotype isolates. These
polynucleotides and their expressed polypeptides can be used to screen, develop and design new
vaccines, antibiotics and other small molecule bacterial inhibitors. These polynucleotides and

their expressed polypeptides can further be used to diagnose and identify Steptococcal infections.

SUMMARY OF THE INVENTION

The invention relates to polynucleotides which are conserved or specific to one or more
species of Streptococcus, Streptococcus species serotypes, and/or serotype isolates. In particular,
the invention relates to polynucleotides from Streptococcus which are conserved or specific to
one or more of the species of S. pneumoniae (“pneumococcus” or “S. pn.”), S. pyogenes (“group
A streptococcus” or “GAS”), and S. agalactiae (“group B streptococcus” or “GBS”). The
invention further relates to polynucleotides which are conserved or specific to one or more
Streptococcal species serotypes, such as GBS serotypes Ia, Ib, II, III, IV, V, VI, VII, and VIIL
The invention still further relates to polynucleotides which are conserved or specific to one or
more clinical isolates of a Streptococcus species.

The invention is based on the identification of the following Subsets of genes. Genes
falling within each subset are described with respect to referenced tables, lists, and/or figures (in

particular the CGH map depicted in Figure 1).
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The following Subsets relate to the GBS genome:

GBS Subset 1: 1060 GBS genes which have homologs with GAS and with
pneumococcus (Table 8);

GBS Subset 2: 225 GBS genes which have homologues with GAS, but not with
pneumococcus (Table 10);

GBS Subset 3: 176 GBS genes which have homologues with pneumococcus but not
with GAS (Table 9);

GBS Subset 4: 683 GBS genes which do not have homologues with GAS or
pneumococcus (specific to GBS vs GAS and pneumococcus) (Table 11).

The invention is based on the identification of the following subsets of genes within the
GAS genome:

GAS Subset 1: 1006 GAS genes which have homologues with GBS and with
pneumococcus (Table 33);

GAS Subset 2: 212 GAS genes which have homologues with GBS but do not have
homologues with pneumococcus (Table 34);

GAS Subset 3: 62 GAS genes which have homologues with pneumococcus but do not
have homologues with GBS (Table 35);

GAS Subset 4: 416 GAS genes which do not have homologues with either GBS or
pneumococcus. This Subset can be determined by subtracting the above subsets from the
published genome.

The invention is based on the identification of the following subsets of genes within the
pneumococcus genome:

Spn Subset 1: 1034 Spn genes which have homologues with GBS and GAS (Table 36);

Spn Subset 2: 195 Spn genes which have homologues with GBS but do not have
homologues with GAS (Table 37);

Spn Subset 3: 74 Spn genes which have homologues with GAS but do not have
homologues with GBS (Table 38);

Spn Subset 4: 836 Spn genes which do not have homologues with either GBS or
pneumococcus. This Subset can be determined by substracting the above Subsets from the
published genome. '

The invention further provides polynucleotides which are conserved or specific to
Streptococcus based on a comparison with a wide range of published bacterial genomes. The

following additional Subsets are provided:
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GBS Subset 1(a): Of the 1060 GBS genes which have homologues in both GAS and
pneumococcus, 12 of those GBS genes do not have homologues with any of the other published
bacterial genomes at the time of the invention (i.e., GBS Subset 1(a) is specific to Streptococcus
vs non Streptococcus published genomes). (The 12 GBS ORF's are listed in Table 3).

GBS Subset 2(a): This Subset comprises GBS genes which have homologues with
GAS, but not with pneumococcus or any other published bacterial genomes at the time of the
invention.

GBS Subset 3(a): This Subset comprises GBS genes which have homologues with
pneumococcus, but not with GAS or any other published bacterial genomes at the time of the
invention.

GBS Subset 4(a): Of the 683 GBS genes which do not have homologues in either GAS
or pnuemococcus, 315 of these GBS genes also do not have homologues with any of the other
published bacterial genomes. These include six proteins predicted to be anchored on the cell
wall (SAG0677, SAG0771, SAG1052, SAG1331, SAG1473, and SAG1168), three of the
capsule-related genes (SAG1163, SAG1167, and SAG1168), six transcriptional regulators, and
four genes of the cyl operon (SAG0663 — SAG0673) essential for GBS hemolytic activity and
production of pigment. See Pritzlaff et al. (2001) Mol. Microbiol., 39,236 —247. The rest of the
315 proteins include 240 hypothetical proteins with no similarity to other proteins in databases.

Many of the 315 ger:es specific to S. agalactiae are located in regions likely to constitute
mobile genetic elements. Two of these regions resemble prophages (SAG0545-SAG0610 and
SAG1835-SAG1885) displaying a mosaic structure with segments most similar to different
bacteriophages, a pattern that suggests frequent recombination events. PblA and PbIB are
adhesins from a S. mitis prophage where they contribute to endocarditis by binding to human
platelets (See Bensing, et al. (2001) Infect. Immun. 69, 6186 —6192; Bensing, et al (2001) Infect.
Immun. 69, 1373 — 1380. Their orthologs in S. agalactiae are located on separate prophages and
display a different protein structure. Another region (SAG1247-SAG1299) encodes a putative
conjugative transposon that carries genes for cadmium efflux and mercury resistance.

GAS Subset 1(a): This Subset comprises GAS genes which have homologues with GBS
and with pneumococcus, but do not have homologues with any of the other published bacterial
genomes at the time of the invention.

GAS Subset 2(a): This Subset comprises GAS genes which have homologues with GBS
but do not have homologues with pneumococcus or any of the other published bacterial genomes

at the time of the invention;
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GAS Subset 3(a): This Subset comprises GAS genes which have homologues with
pneumococcus but do not have homologues with GBS or any of the other published bacterial
genomes at the time of the invention.

GAS Subset 4(a): This Subset comprises GAS genes which do not have homologues
with either GBS or pneumococcus or with any of the other published bacterial genomes at the
time of the invention.

Spn Subset 1(a): This Subset comprises Spn genes which have homologues with GBS
and GAS but which do not have homologues with any of the other published bacterial genomes
at the time of the invention;

Spn Subset 2(a): This Subset comprises Spn genes which have homologues with GBS
but do not have homologues with GAS or with any of the other published bacterial genomes at
the time of the invention;

Spn Subset 3(a): This Subset comprises Spn genes which have homologues with GAS
but do not have homologues with GBS or with any of the other published bacterial genomes at
the time of the invention;

Spn Subset 4(a): This Subset comprises Spn genes which do not have homologues with
either GBS or pneumococcus or with any of the other published bacterial genomes at the time of
the invention.

The invention also provides polynucleotides which are conserved or specific to GBS
serotypes and/or clinical isolates. Applicants have sequenced 19 GBS genes from a variety of
GBS serotypes in 11 different clinical isolates. The sequences of these genes and their
alignments are set forth in Tables 13 —31. Polynucleotide and polypeptide sequences which are
specific or conserved across one or more clinical isolates can be identified using these
alignments. The following additional subsets are provided:

GBS Subset 1(b): of the 1060 GBS genes which have homologues with GAS and with
pneumococcus, 47 of these GBS genes vary among the 11 clinical isolates (GBS Subset 1(b)(i)).
1013 of these GBS genes are conserved across the 11 clinical isolates (GBS Subset 1(b)(ii)).
These lists can be determined by comparing the genes listed in Table 8 with the Comparative
Genome Hybridization in Figure 1.

GBS Subset 2(b): of the 225 GBS genes which have homologues with GAS, but not
pneumococcus, 44 of these GBS genes vary among the 11 clinical isolates (GBS Subset 2(b)(i)).
181 of these GBS genes are conserved across the 11 clinical isolates (GBS Subset 2(b)(ii)).
These lists can be determined by comparing the genes listed in Table 10 with the Comparative

Genome Hybridization in Figure 1.
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GBS Subset 3(b): of the 176 GBS genes which have homologues with pneumococcus,
44 of these GBS genes vary among 11 clinical isolates (GBS Subset 3(b)(@)). 132 of these GBS
genes are conserved across the 11 clinical isolates (GBS Subset 3(b)(ii)). This list can be
determined by comparing the genes listed in Table 9 with the Comparative Genome
Hybridization in Figure 1.

GBS Subset 4(b): of the 683 GBS genes which do not have homologues with GAS or
pneumococcus, 260 GBS genes vary among the 11 clinical isolates (GBS Subset 4(b)(i)). 423
of these GBS genes are conserved across the 11 clinical isolates (GBS Subset 4(b)(ii)). This list
can be determined by comparing the genes listed in Table 11 with the Comparative Genome
Hybridization in Figure 1. GBS Subset 4(b)(ii) also includes the GBS ORF’s listed on Table 12
receiving a “+” under the column “GBS specific”.

An additional 63 GBS genes have been sequenced and compared in 2 — 11 clinical
isolates. These sequences and their alignments are provided in Tables 40 — 89. Polynucleotide
and polypeptide sequences which are specific or conserved across one or more clinical isolates
can be identified using these alignments.

The invention further provides polynucleotides which are likely recent genomic
duplications in GBS. These duplications include glycosyl transferases, sortases, proteins
anchored on the cell wall, 8 lactam resistance factors, and many hypothetic proteins. The GBS
genes are listed in Table 4 (GBS Subset 5).

The invention is also based on the identification of a cluster of 13 adjacent genes
(SAG1410 — SAG1424) which is believed to encode enzymes required for synthesis of the group
B carbohydrate, a coplex multiantennary structure of rhamnose, glucitol phosphate, N-
acetylglucosamine, and galactose. (GBS Subset 6). Predicted proteins encoded within this
cluster include seven putative glycoslytransferases, four of which are similar to
rhamnosyltransferases in other streptococcal species; a putative dTDP-L-rhamnose synthase; and
proteins involved in glucitol synthesis. All nine regonized GBS capsular polysaccharide types
contain sialic acid residues as part of their repeating unit structure, a feature that contributes to
virulence by inhibitng activation of the alternative complement pathway. See Edwards et al.
(1982) J. Immunol. 128, 1278 — 1283.

The type V capsular polysaccharide gene cluster consists of 18 genes. (GBS Subset
6(a)). A region of glycosyltransferases and related proteins (SAG1162 — SAG1170) that direct
the synthesis of the type V polysaccharide repeat unit is flanked on either side by genes that are
conserved in all known GBS capsule serotypes. Downstream of this region are genes that

encode enzynmes for the biosynthesis and activation of sialic acid (SAG1158 — SAG1161).
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Upstream of the serotype specific region are genes (SAG1171 — SAG1175) found not only in all
nine GBS capsular serotypes but also in a variety of other polysaccharide-producing
streptococci.

The invention is also based on the identification of GBS ORFs predicted to encode
proteins carrying a signal peptide (GBS Subset 7). These GBS ORF’s are listed in Table 2
receiving a “+” under the column “signal peptide”.

~ The invention is also based on the identification of GBS ORF's predicted to encode
proteins which are anchored on the cell wall through an LPXTG motif (GBS Subset 8). These
GBS ORF’s are listed in Table 2 receiving a “+” under the column “sortase motif”.

The invention is also based on the identification of GBS ORFs prediced to encode '
lipoproteins (GBS Subset 9). These GBS ORF’s are listed in Table 2 receiving a “+” under the
column “lipoprotein”.

The invention is also based on the identification of two GBS ORF’s predicted to encode
enzymes related to metabolism (GBS Subset 10). These GBS ORFs include a putative
pullulanase (SAG1216) and a neuraminidase-related protein (SAG1932).

The invention is also based on the identification of GBS ORF’s predicted to encode
proteins exposed on the cell surface (GBS Subset 11). These GBS ORF’s are listed in Table 2
receiving a “+” under the column “FACS”.

The invention is also based on the identification of 401 GBS ORF’s from GBS strain
2603 V/R which were not detected in at least one other of the 11 tested clinical isolates (GBS
Subset 12). See Comparative Hybridization Genome in Figure 1. 364 of these 401 ORF’s
correspond to 15 regions containing more than 5 contiguous genes. Each region is identified in
Figure 1 by numerical yellow bullets. Each region comprises a subset as defined below:

Region 1: GBS Subset 12(a). This region is unique to GBS (SAG0218 — SAG0238).
This region is a possible plasmid or remnant of a phage and contains mostly hypothetical
proteins.

Region 2: GBS Subset 12(b)

Region 3: GBS Subset 12(c)

Region 4: GBS Subset 12(d)

Region 5: GBS Subset 12(e)

Region 6: GBS Subset 12(f)

Region 7: GBS Subset 12(g)
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Region 8: GBS Subset 12(h). This region is specific to GBS (SAG1018 — SAG1037).
This regioncomprises 20 proteins of unknown function, most of which are predicted to be
membrane associated or secreted, and displays an atypical nucleotide composition.

Region 9: GBS Subset 12(i)

Region 10: GBS Subset 12(j)

Region 11: GBS Subset 12(k)

Region 12: GBS Subset 12(1)

Region 13: GBS Subset 12(m)

Region 14: GBS Subset 12(n). This region is unique to GBS and spans 33 genes
(SAG1989 —2021), including 25 proteins of unknown function, some of which carry a cell-wall
anchor.

Region 15: GBS Subset 12(0).

This invention is also based on identification of clusters of GBS genes as set forth in
Figure 5 and Table 6. In Figure 5, the presence of a particular gene or gene cluster is indicated in
the figure by a red square and the absence of a gene or cluster by a black square. The
relationship between strains based on this analysis is depicted by the tree at the top of the figure.
The strains and their serotypes are indicated (NT: nontypeable). Clusters with identical profiles
are reduced to a single horizontal line and the number of genes in each cluster is indicated on the
right. The clusters of 5 or more genes, labeled in red text and numbered, are listed in Table 6.
The 1698 genes shared by all 19 strains are labeled in green text. Applicants identified the
following subsets:

GBS Subset 13 (a): Cluster 1 (from Table 6).

GBS Subset 13 (b): Cluster 2 (from Table 6).

GBS Subset 13 (¢): Cluster 3 (from Table 6).

GBS Subset 13 (d): Cluster 4 (from Table 6).

GBS Subset 13 (e): Cluster 5 (from Table 6).

GBS Subset 13 (f): Cluster 6 (from Table 6).

GBS Subset 13 (g): Cluster 7 (from Table 6).

GBS Subset 13 (h): Cluster 8 (from Table 6).

GBS Subset 13 (i): Cluster 9 (from Table 6).

GBS Subset 13 (j): Cluster 10 (from Table 6).

GBS Subset 13 (k): Cluster 11 (from Table 6).

GBS Subset 13 (I): Cluster 12 (from Table 6).

GBS Subset 13 (m): Cluster 13 (from Table 6).
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GBS Subset 13 (n): Cluster 14 (from Table 6).

GBS Subset 13 (0): Cluster 15 (from Table 6).

GBS Subset 13 (p): Cluster 16 (from Table 6).

GBS Subset 13 (q): 1698 ORFs shared by all strains.

The invention is also based on the identification of the polynucleotide sequences of 82
genes from up to 11 different GBS strains. 19 of these genes are listed on Table 7. A further
GBS Subset 14 includes this set of polynucleotide sequences from the 11 strains and their
encoded polypeptide sequences. In particular, GBS Subset 14 contains a Subset of
polynucleotide fragments of 10 or more contiguous polynucleotides which are conserved
between two or more strains (GBS Subset 14(a)). GBS Subset 14 further includes a Subset of
polynucleotide fragments of 15 or more contiguous polynucleotides which are conserved
between two or more strains (GBS Subset 14(b)). GBS Subset 14 further includes a Subset of

polynucleotide fragments of 10 or more contiguous polynucleotides which are conserved

Dbetween three or more strains (GBS Subset 14(c)). GBS Subset 14 further includes a Subset of

polynucleotide fragments of 10 or more contiguous polynucleotides which are conserved
between four or more strains (GBS Subset 14(d)).

GBS Subset 14 further includes a Subset of polypeptide fragments of 5 or more
contiguous amino acids which are conserved between in two or more strains (GBS Subset
14(e)). GBS Subset 14 further includes a Subset of polypeptide fragments of 5 or more
contigous amino acids which are conserved between three or more strains (GBS Subset 14(f)).
GBS Subset 14 further includes a Subset of polypeptide fragments of 5 or more contiguous
amino acids which are conserved between four or more strains (GBS Subset 14(g)). GBS
Subset 14 further includes a Subset of polypeptide fragments of 10 or more contiguous amino
acids which are conserved across two or more strains (GBS Subset 14(h)).

The invention provides for methods of screening a Streptococcal genome for a conserved
or a specific genomic sequence using one or more of the Subsets of the invention.

The invention further provides for an immunogenic composition comprising a
polypeptide expressed by one or more of the polynucleotides in one or more of the Subsets of the
invention, and methods for designing an immunogenic composition by selecting one or more
polypeptides expressed by one or more of the polynucleotides in one or more of the Subsets of
the invention. Preferably, the immunogenic compositions of the invention comprise at least two,

three, four or five polypeptides encoded by polynucleotides within the same Subset.

10
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The invention further provides for methods of screening compounds for activity against a
Streptococcal bacteria, which method comprises contacting the compounds with a polypeptide
expressed by the polynucleotide from one of the Subsets of the invention.

The invention further provides for compositions comprising one or more of the
polynucleotides, and fragments thereof, selected from the group consisting of the sequences set
forth in Tables 13 — 31 or 40 - 89.

The invention further provides for compositions comprising polypeptides and fragments
thereof encoded by the polynucleotides set forth in Tables 13 — 31 or 40 -89.

The invention provides for compositions comprising polypeptides and fragments thereof

set forth in Tables 13 — 31 or 40 —89.

BRIEF DESCRIPTION OF THE TABLES AND DRAWINGS
Table 1 comprises a complete list of GBS predicted genes, listed by SAGxxxx ORF
number. The SAGxxxx ORF number corresponds to the genomic sequence for the
Streptococcus agalactiae type V strain 2603 V/R available either at the TIGR website by August
28,2002 at http://www.tigr.org or at the GenBank database at éccession number AE009948.

This table also includes the predicted amino acid size of the predicted expressed protein and the

predicted function, if known.

Table 2 comprises a list of predicted and experimentally characterized surface and
secreted proteins from GBS. The SAGxxxx ORF number corresponds to the genomic sequence
for the Streptococcus agalactiae type V strain 2603 V/R available either at the TIGR website by
August 28, 2002 at http://www.tigr.org or at the GenBank database at accession number
AE009948.

Table 3 lists GBS genes which were shared among GBS, GAS and pneumococcus, but

which were not found in any of the other completely sequenced genomes. The SAGxxxx ORF
number corresponds to the genomic sequence for the Streptococcus agalactiae type V strain 2603
V/R available either at the TIGR website by August 28, 2002 at http://www.tigr.org or at the
GenBank database at accession number AE009948.

Table 4 depicts GBS genes which are predicted to have been recently duplicated within
the genome. The SAGxxxx ORF number corresponds to the genomic sequence for the
Streptococcus agalactiae type V strain 2603 V/R available either at the TIGR website by August
28, 2002 at http://www.tigr.org or at the GenBank database at accession number AE009948.

Table 5 lists the 19 GBS strains used for comparative genome hybridisations and

phylogenetic analysis.
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Table 6 lists clusters of GBS genes derived from phylogenetic profiling of GBS strains

based on comparative genome hybridisations. The SAGxxxx ORF number corresponds to the
genomic sequence for the Streptococcus agalactiae type V strain 2603 V/R available either at the
TIGR website by August 28, 2002 at http:/www.tigr.org or at the GenBank database at
accession number AE009948.

Table 7 lists the GBS genes used for phylogenetic analyses of the 19 GBS strains. The

SAGxxxx ORF number corresponds to the genomic sequence for the Streptococcus agalactiae
type V strain 2603 V/R available either at the TIGR website by August 28, 2002
http://www.tigr.org or at the GenBank database at accession number AE009948.

Table 8 lists the 1060 GBS ORF’s which are shared with GAS and pneumococcus. The

ORFxxxxx reference number can be translated to SAGxxxx ORF number by using Table 32.

The SAGxxxx ORF number corresponds to the genomic sequence for the Streptococcus

agalactiae type V strain 2603 V/R available either at the TIGR website by August 28, 2002 at

http://www.tigr.org or at the GenBank database at accession number AE009948. !
Table 9 lists the 176 GBS ORF’s which are shared with pneumococcus but which are not

homologous to a GAS gene. The ORFxxxxx reference number can be translated to SAGxxxx
ORF number by using Table 32. The SAGxxxx ORF number corresponds to the genomic
sequence for the Streptococcus agalactiae type V strain 2603 V/R available either at the TIGR
website by August 28, 2002 at http://www.tigr.org or at the GenBank database at accession
number AE009948.

Table 10 lists the 225 GBS ORF’s which are shared with GAS but which are not

homologous with a pnuemococcus gene. The ORFxxxxx reference number can be translated to
SAGxxxx ORF number by using Table 32. The SAGxxxx ORF number corresponds to the
genomic sequence for the Streptococcus agalactiae type V strain 2603 V/R available either at the
TIGR website by August 28, 2002 at http://www.tigr.org or at the GenBank database at
accession number AE009948.

Table 11 lists 683 GBS ORF’s which are not shared with either GAS or pneumococcus.

The ORFxxxxx reference number can be translated to SAGxxxx ORF number by using Table 32.
The SAGxxxx ORF number corresponds to the genomic sequence for the Streptococcus
agalactiae type V strain 2603 V/R available either at the TIGR website by August 28, 2002 at
http://www.tigr.org or at the GenBank database at accession number AE009948.

Table 12 lists 315 GBS ORF’s which are not shared with GAS, pneumococcus or any
other published genomic sequence. The ORFxxxxx reference number can be translated to

SAGxxxx ORF number by using Table 32. The SAGxxxx ORF number corresponds to the
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genomic sequence for the Streptococcus agalactiae type V strain 2603 V/R available either at the
TIGR website by August 28, 2002 at http://www.tigr.org or at the GenBank database at
accession number AE009948.

Table 13 lists the polynucleotide sequences of the 11 strains relating to GBS ORF
SAG0466. An alignment of each of the sequences is also included.

Table 14 lists the polynucleotide sequences of the 11 strains relating to GBS ORF
SAGO0471. An alignment of each of the sequences is also included.

Table 15 lists the polynucleotide sequences of the 11 strains relating to GBS ORF
SAG0492. An alignment of each of the sequences is also included.

Table 16 lists the polynucleotide sequences of the 11 strains relating to GBS ORF
SAGO0767. An alignment of each of the sequences is also included.

Table 17 lists the polynucleotide sequences of the 11 strains relating to GBS ORF
SAG1086. An alignment of each of the sequences is also included.

Table 18 lists the polynucleotide sequences of the 11 strains relating to GBS ORF
SAG1600. An alignment of each of the sequences is also included.

Table 19 lists the polynucleotide sequences of the 11 strains relating to GBS ORF
SAG1680. An alignment of each of the sequences is also included.

Table 20 lists the polynucleotide sequences of the 11 strains relating to GBS ORF

SAG1723. An alignment of each of the sequences is also included.

Table 21 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG0079. An alignment of each of the sequences is also included.

Table 22 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG0093. An alignment of each of the sequences is also included.

Table 23 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAGO0163. An alignment of each of the sequences is also included.

Table 24 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG0290. An alignment of each of the sequences is also included.

Table 25 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG0368. An alignment of each of the sequences is also included.

Table 26 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG0503. An alignment of each of the sequences is also included.

Table 27 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG1473. An alignment of each of the sequences is also included.
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Table 28 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG1552. An alignment of each of the sequences is also included.

Table 29 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG1641. An alignment of each of the sequences is also included.

Table 30 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG2147. An alignment of each of the sequences is also included.

Table 31 lists the polynucleotide and polypeptide sequences of the 11 strains relating to
GBS ORF SAG2148. An alignment of each of the sequences is also included.

Table 32 provides a conversion table for the ORFxxxx reference numbers to the

SAGxxxx reference numbers. The SAGxxxx ORF number corresponds to the genomic sequence
for the Streptococcus agalactiae type V strain 2603 V/R available either at the TIGR website by
August 28, 2002 at http://www.tigr.org or at the GenBank database at accession number
AE009948.

Table 33 lists the 1006 GAS ORF’s which are shared with GBS and Spn. The sequences
corresponding to these ORFs were published in GenBank, Accession No. AAK33146 (protein

sequence). A link to the corresponding polynucleotide sequence is also available. The numbers
for the GAS OREF refer directly to their GenBank entries.

Table 34 lists the 212 GAS ORF’s which are shared with GBS but which do not have
homologues with pneumococcus. The sequences corresponding to these ORFs were published in
GenBank, Accession No. AAK33146 (protein sequence). A link to the corresponding
polynucleotide sequence is also available. The numbers for the GAS ORF refer directly to their
GenBank entries.

Table 35 lists the 62 GAS ORF’s which have homologues with pneumococcus but which
do not have homologues with GBS. The sequences corresponding to these ORFs were published
in GenBank, Accession No. AAK33146 (protein sequence). A link to the corresponding
polynucleotide sequence is also available. The numbers for the GAS ORF refer directly to their
GenBank entries.

Table 36 lists the 1034 Spn ORF’s which are shared with GBS and GAS. These ORF’s
were published in GenBank. The numbers for Spn correspond to the entry for AE005672.

Table 37 lists the 195 Spn ORF’s which are shared with GBS but do not have
homologues with GAS. These ORF’s were published in GenBank. The numbers for Spn
correspond to the entry for AE005672.
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Table 38 lists the 74 Spn ORF’s which are shared with GAS but do not have homologues
with GBS. These ORF’s were published in GenBank. The numbers for Spn correspond to the
entry for AE005672.

Table 40 lists the polynucleotide and polypeptide sequences of 8 strains relating to GBS
ORF SAGO0635. An alignment of the polynucleotide and polypeptide sequences is also included.

Table 41 lists the polynucleotide and polypeptide sequences of 8 strains relating to GBS

ORF SAG0649. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 42 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0764. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 43 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAGO0079. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 44 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0416. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 45 lists the polynucleotide and polypeptide sequences of 5 strains relating to GBS
ORF SAG1404. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 46 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1615. An alignment of the polynucleotide and polypeptide sequences is also included.

Table 47 lists the polynucleotide and polypeptide sequences of 10 strains relating to- GBS
ORF SAG0739. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 48 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1474. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 49 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGI1502. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 50 lists the polynucleotide and polypeptide sequences of 2 strains relating to GBS
ORF SAG1024. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 51 lists the polynucleotide and polypeptide sequences of 7 strains relating to GBS

ORF SAGO0677. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 52 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGI1823. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 53 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0755. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 54 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0949. An alignment of the polynucleotide and polypeptide sequences is also included.
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Table 55 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAG1592. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 56 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0806. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 57 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAG1488. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 58 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0182. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 59 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAG2147. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 60 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1945. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 61 lists the polynucleotide and polypeptide sequences of 2 strains relating to GBS
ORF SAG1030. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 62 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0690. An alignment of the polynucleotide and polypeptide sequences is also included.

Table 63 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1912. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 64 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0827. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 65 lists the polynucleotide and polypeptide sequences of 8 strains relating to GBS
ORF SAGO0231. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 66 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0754. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 67 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0475. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 68 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0499. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 69 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0032. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 70 lists the polynucleotide and polypeptide sequences of 2 strains relating to GBS

ORF SAG1280. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 71 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1333. An alignment of the polynucleotide and polypeptide sequences is also included.

16



10

15

20

25

30

WO 2004/018646 PCT/US2003/026827

Table 72 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAG0941. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 73 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0981. An alignment of the polynucleotide and polypeptide sequences is also included.
‘Table 74 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1572. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 75 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0671. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 76 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAG0260. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 77 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAG2059. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 78 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1016. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 79 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG2150. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 80 lists the polynucleotide and polypeptide sequences of 2 strains relating to GBS
ORF SAG1266. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 81 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS

ORF SAGO0011. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 82 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0165. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 83 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAGO0108. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 84 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0267. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 85 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1361. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 86 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1393. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 87 lists the polynucleotide and polypeptide sequences of 8 strains relating to GBS
ORF SAG0645. An alignment of the polynucleotide and polypeptide sequences is also included.
Table 88 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG0477. An alignment of the polynucleotide and polypeptide sequences is also included.
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Table 89 lists the polynucleotide and polypeptide sequences of 10 strains relating to GBS
ORF SAG1350. An alignment of the polynucleotide and polypeptide sequences is also included.

Figure 1 is a circular representation of the GBS genome and comparative hybridisations
using microarrays. A color version of Figure 1 can be found in Tettelin et al., PNAS (2002)
99(19): 12391 — 12396 and online at www.pnas.org,. A

Figure 2 is a schematic representation of in silico comparisons between streptococci. A
color version of Figure 2 can be found in Tettelin et al., PNAS (2002) 99(19): 12391 — 12396
and online at www.pnas.org.

Figure 3 depicts a phylogenetic tree of GBS strains based on PCR sequences.

Figure 4 depicts a linear representation of the GBS genome. A color version of Figure 4
can be found in the supporting information to Tettelin et al., PNAS (2002) 99(19): 12391 —
12396 available online at www.pnas.org.

Figure 5 demonstrates phylogenetic profiling of GBS strains based on comparative
genome hybridisations. A color version of Figure 5 can be found in the supporting information
to Tettelin et al., PNAS (2002) 99(19): 12391 — 12396 available online at www.pnas.org.

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to polynucleotides which are conserved or specific to one or more
species of Streptococcus, Streptococcus species serotypes, and/or serotype isolates. In particular,
the invention relates to polynucleotides from Streptococcus which are conserved or specific to
one or more of the species of S. pneumoniae (“pneumococcus” or “S. pn.”), S. pyogenes (“group
A streptococcus” or “GAS”), and S. agalactiae (“group B streptococcus™ or “GBS”). The
invention further relates to polynucleotides which are conserved or specific to one or more
Streptococcal species serotypes, such as GBS serotypes Ia, Ib, II, IIL, IV, V, VI, VII, and VIII.
The invention still further relates to polynucleotides which are conserved or specific to one or
more clinical isolates of a Streptococcus species.

In order to facilitate an understanding of the invention, selected terms used in the
application will be discussed below.

As used herein, the phrase "species of Streptococcus" generally refers to species of the

Streptoccus family, including S.prneumoniae (“pneumococcus” or “S.pn.”), S.pyogenes (‘group A
streptococcus’ or ‘GAS’) and S.agalactiae (‘group B streptococcus’ or ‘GBS’).

As used herein, the phrase "Streptococcus species serotypes" generally refers to
P g

subdivisions based on a distinguishing characteristic within a specific Streptococcus species.

The distinguishing characteristic can be identified by any of a wide range of diagnostic tools.
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For instance, GBS is generally recognized as comprising at least nine subdividing serotypes
based on the structure of their polysaccharide capsule.

As used herein, the phrases "serotype isolates" or "clinical isolates" generally refer to

specific isolated bacterial strains of a specific Streptococcal species and serotype.

As used herein in reference to bacterial genomes, the phrases "conserved" or "shared"
generally refer to genomic sequences which have homologues in the two or more genomes in the
reference. Homology references, as used in this application, are generally based on comparisons
using FASTA3. See Pearson (2000)Methods Mol. Biol. 132 185—219. When the homology
reference involves a comparison between genes in GBS, GAS or Spn, homologous or shared
genes are typically defined by using a FASTA3 P value cutoff of 107>, Where the homology
reference involves a comparison between GBS, GAS or Spn and all other completely sequenced
genomes, homologous or shared genes are typically defined by using a FASTA3 P value cutoff
of 107 or lower.

As used herein in reference to bacterial genomes, the phrases "specific to" or "not shared"
generally refer to genomic sequences which do not have homologues in the two or more
genomes in the reference.

. Other software programs to compare identity and to determine homology between
nucleotide sequences are known in the art, for example those described in section 7.7.18 of
Current Protocols in Molecular Biology (F.M. Ausubel et al., eds., 1987) Supplement 30. A
preferred alignment program is GCG Gap (Genetics Computer Group, Wisconsin, Suite Version
10.1), preferably using default parameters, which are as follows: open gap = 3; extend gap = 1.

Sequences within a Subset of the invention include sequences which hybridize to the
listed genes. Hybridization reactions can be performed under conditions of different
“stringency”. Conditions that increase stringency of a hybridization reaction of widely known
and published in the art [e.g. page 7.52 of Sambrook et al. (1989) Molecular Cloning: A
Laboratory Manual. NY, Cold Spring Harbor Laboratory]. Examples of relevant conditions
include (in order of increasing stringency): incubation temperatures of 25°C, 37°C, 50°C, 55°C
and 68°C; buffer concentrations of 10 x SSC, 6 x SSC, 1 x SSC, 0.1 x SSC (where SSC is
0.15 M NaCl and 15 mM citrate buffer) and their equivalents using other buffer systems;
formamide concentrations of 0%, 25%, 50%, and 75%; incubation times from 5 minutes to 24
hours; 1, 2, or more washing steps; wash incubation times of 1, 2, or 15 minutes; and wash
solutions of 6 x SSC, 1 x SSC, 0.1 x SSC, or de-ionized water. Hybridization techniques and
their optimization are well known in the art [e.g. see Sambrook et al.; RNA Methodologies
(Farrell, 1998) (Academic Press; ISBN 0-12-249695-7); Current Protocols in Molecular Biology
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(F.M. Ausubel et al., eds., 1987) Supplement 30; Short protocols in molecular biology (4th
edition, 1999) Ausubel et al. eds. ISBN 0-471-32938-X; US patent 5,707,829 etc.].

Identity between polypeptide sequences can be determined using software programs
known in the art, for example those described in section 7.7.18 of Current Protocols in
Molecular Biology (F.M. Ausubel et al., eds., 1987) Supplement 30. A preferred alignment is
determined by the Smith-Waterman homology search algorithm [Smith & Waterman (1981) Adv.
Appl. Math. 2: 482-489.] using an affine gap search with a gap open penalty of 12 and a gap
extension penalty of 2, BLOSUM matrix 62.

Typically, 50% identity or more between two proteins may be considered to be an
indication of functional equivalence. References to a percentage sequence identity between two
amino acid sequences means that, when aligned, that percentage of amino acids are the same in
compaﬁng the two sequences.

22 <C

The terms “polypeptide”, “protein” and “amino acid sequence” as used herein generally

refer to a polymer of amino acid residues and are not limited to a minimum length of the product.
Thus, peptides, oligopeptides, dimers, mulimers, and the like, are included within the definition.
Both full-length proteins and fragments thereof are encompassed by the definition. Minimum
fragments of polypeptides useful in the invention can be at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 18, 20, 25, 30, 35, 40 or 50 amino acids. Typically, polypeptides useful in this invention
can have a maximum length suitable for the intended application. Generally, the maximum
length is not critical and can easily be selected by one skilled in the art.

Reference to polypeptides and the like also includes derivatives of the amino acid
sequences of the invention. Such derivatives can include postexpression modifications of the
polypeptide, for example, glycosylation, acetylation, phosphorylation, and the like. Amino acid
derivatives can also include modifications to the native sequence, such as deletions, additions
and substitutions (generally conservative in nature), so long as the protein maintains the desired
activity. These modifications may be deliberate, as through site-directed mutagenesis, or may be
accidental, such as through mutations of hosts which produce the proteins or errors due to PCR
amplification. Furthermore, modifications may be made that have one or more of the following
effects: reducing toxicity; facilitating cell processing (e.g., secretion, antigen presentation, etc.);
and facilitating presentation to B-cells and/or T-cells.

A “recombinant” protein is a protein which has been prepared by recombinant DNA
techniques as described herein. In general, the gene of interest is cloned and then expressed in

transformed organisms, as described further below. The host organism expressed the foreign
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gene to produce the protein under expression conditions. The polypeptides of the invention may
be prepared by recombinant means.

The term "polynucleotide", as known in the art, generally refers to a nucleic acid
molecule. A “polynucleotide” can include both double- and single-stranded sequences and refers
to, but is not limited to, cDNA from viral, prokaryotic or eukaryotic MRNA, genomic RNA and
DNA sequences from viral (e.g. RNA and DNA viruses and retroviruses) or prokaryotic DNA,
and especially synthetic DNA sequences. The term also captures sequences that include any of
the known base analogs of DNA and RNA, and includes modifications such as deletions,
additions and substitutions (generally conservative in nature), to the native sequence, so long as
the nucleic acid molecule encodes a therapeutic or antigenic protein. These modifications may
be deliberate, as through site-directed mutagenesis, or may be accidental, such as through
mutations of hosts that produce the antigens. Modifications of polynucleotides may have any
number of effects including, for example, facilitating expression of the polypeptide product in a
host cell. |

The term “polynucleotide” further includes DNA, RNA, DNA/RNA hybrids, DNA and
RNA analogues such as those containing modified backbones (with modifications in the sugar
and/or phosphates e.g. phosphorothioates, phosphoramidites efc.), and also peptide nucleic acids
(PNA) and any other polymer comprising purine and pyrimidine bases or other natural,
chemically or biochemically modified, non-natural, or derivatized nucleotide bases efc. Nucleic
acid according to the invention can be prepared in many ways (e.g. by chemical synthesis, from
genomic or cDNA libraries, from the organism itself efc.) and can take various forms (e.g. single
stranded, double stranded, vectors, probes etc.).‘

A polynucleotide can encode a biologically active (e.g., immunogenic or therapeutic)
protein or polypeptide. Depending on the nature of the polypeptide encoded by the
polynucleotide, a polynucleotide can include as little as 10 nucleotides, e.g., where the
polynucleotide encodes an antigen. The polynucleotides of the invention may comprise at least
10, 13, 15, 18, 20, 22, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 80, 90 or 100 consecutive
polynucleotides.

By “isolated” is meant, when referring to a polynucleotide or a polypeptide, that the
indicated molecule is separate and discrete from the whole organism with which the molecule is
found in nature or, when the polynucleotide or polypeptide is not found in nature, is sufficiently
free of other biological macromolecules so that the polynucleotide or polypeptide can be used for

its intended purpose.
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“Antibody” as known in the art includes one or more biological moieties that, through
chemical or physical means, can bind to or associate with an epitope of a polypeptide of interest.
The antibodies of the invention specifically bind to infectious prion conformations. The term
“antibody” includes antibodies obtained from both polyclonal and monoclonal preparations, as
well as the following: hybrid (chimeric) antibody molecules (see, for example, Winter et al.
(1991) Nature 349: 293-299; and U.S. Patent No. 4,816,567; F(ab’), and F (ab) fragments; Fy
molecules (non-covalent heterodimers, see, for example, Inbar et al. (1972) Proc Natl Acad Sci
USA 69:2659-2662; and Ehrlich et al. (1980) Biochem 19:4091-4096); single-chain Fv molecules
(sFv) (see, for example, Huston et al. (1988) Proc Natl Acad Sci US4 85:5897-5883); dimeric
and trimeric antibody fragment constructs; minibodies (see, e.g., Pack et al. (1992) Biochem
31:1579-1584; Cumber et al. (1992) J Immunology 149B: 120-126); humanized antibody
molecules (see, for example, Riechmann et al. (1988) Nature 332:323-327; Verhoeyan et al.
(1988) Science 239:1534-1536; and UK. Patent Publication No. GB 2,276,169, published 21

September 1994); and, any functional fragments obtained from such molecules, wherein such
fragments retain immunological binding properties of the parent antibody molecule. The term
“antibody” further includes antibodies obtained through non-conventional processes, such as
phage display.

As used herein, the term “monoclonal antibody” refers to an antibody composition

having a homogeneous antibody population. The term is not limited regarding the species or
source of the antibody, nor is it intended to be limited by the manner in which it is made. Thus,
the term encompasses antibodies obtained from murine hybridomas, as well as human
monoclonal antibodies obtained using human rather than murine hybridomas. See, e.g., Cote, et
al. Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, 1985, p 77.

An "immunogenic composition" as used herein refers to a composition that comprises an

antigenic molecule where administration of the composition to a subject results in the
development in the subject of a humoral and/or a cellular immune response to the antigenic
molecule of interest. The immunogenicity of the composition or the antigenicity of the molecule
may be facilitated by the use of an adjuvant.

The practice of the present invention will employ, unless otherwise indicated,
conventional methods of chemistry, biochemistry, molecular biology, immunology and
pharmacology, within the skill of the art. Such techniques are explained fully in the literature.
See, e.8., Remington's Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack
Publishing Company, 1990); Methods In Enzymology (S. Colowick and N. Kaplan, eds.,
Academic Press, Inc.); and Handbook of Experimental Immunology, Vols. I-IV (D.M. Weir and
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C.C. Blackwell, eds., 1986, Blackwell Scientific Publications); Sambrook, et al., Molecular
Cloning: A Laboratory Manual (2nd Edition, 1989); Handbook of Surface and Colloidal
Chemistry (Birdi, K.S. ed., CRC Press, 1997); Short Protocols in Molecular Biology, 4th ed.
(Ausubel et al. eds., 1999, John Wiley & Sons); Molecular Biology Techniques: An Intensive
Laboratory Course, (Ream et al., eds., 1998, Academic Press); PCR (Introduction to
Biotechniques Series), 2nd ed. (Newton & Graham eds., 1997, Springer Verlag); Peters and
Dalrymple, Fields Virology (2d ed), Fields et al. (eds.), B.N. Raven Press, New York, NY.

It is understood that the antibodies and methods of this invention are not limited to
particular formulations or process parameters as such may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments of the invention only, and is not intended to be limiting.

All publications, patents and patent applications cited herein are hereby incorporated by

reference in their entirety.

Vaccines and Immunisation

The invention provides an immunogenic composition comprising a polypeptide, or a
fragment thereof, which is encoded by a polynucleotide sequence which is conserved across one
or more species of Streptococcus.

The polynucleotide is preferably conserved across one or more species of Streptococcus
selected from the group consisting of GBS, GAS and pneumococcus. In one embodiment, the
polynucleotide is a GBS polynucleotide which is homologous with at least one gene from both
GAS and pneumococcus. Preferably, the GBS polynucleotide is selected from GBS Subset 1,
which includes 1060 GBS genes which have homologues with both GAS and pneumococcus
(Table 8).

In another embodiment, the polynucleotide is a GAS polynucleotide which is
homologous with at least one gene from both GBS and pneumococcus. Preferably, the GAS
polynucleotide is selected from GAS Subset 1, which includes 1006 GAS genes which have
homologues with both GBS and pneumococcus.

In another embodiment, the polynucleotide is a pneumococcal polynucleotide which is
homologous with at least one gene both GAS and GBS. Preferably, the pneumococcus
polynucleotide is selected from Spn Subset 1, which includes 1034 pneumococcal genes which
have homologous with both GBS and GAS.

In another embodiment, the polynucleotide is a GBS polynucleotide which is

homologous with at least one gene from GAS. Preferably, the polynucleotide is selected from

23



10

15

20

25

30

WO 2004/018646 PCT/US2003/026827

one of the genes listed GBS Subset 2, which includes 225 GBS genes which have homologues
with GAS, but not with pneumococcus.

In another embodiment, the polynucleotide is a GBS polynucleotide which is
homologous with at least one gene from pneumococcus. Preferably, the polynucleotide is
selected from GBS Subset 3, which includes 176 GBS genes which have homologues with
pneumococcus. )

In another embodiment, the polynucleotide is a GAS polynucleotidé which is
homologous with at least one gene from GBS. Preferably, the polynucleotide is selected from
GAS Subset 2, which includes 212 GAS genes which have a homologue with GBS.

In another embodiment, the polynucleotide is a GAS polynucleotide which is
homologous with at least one gene from pneumoccus. Preferably, the polynucleotide is selected
from GAS Subset 3, which includes 62 GAS genes which have a homologue with
pneumococcus.

In another embodiment, the polynucleotide is a pneumococcus polynucleotide which is
homologous with at least one gene from GBS. Preferably, the polynucleotide is selected from
Spn Subset 2, which includes 195 Spn genes which have a homologue with GBS.

In another embodiment, the polynucleotide is a pneumococcus polynucleotide which is
homologous with at least one gene from GAS. Preferably, the polynucleotide is selected from
Spn Subset 3, which includes 74 Spn genes which have a homologue with GAS.

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is specific to one or
more species of Streptococcus.

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide which is specific to GBS, GAS and
pneumococcus. In one embodiment, the polynucleotide is a GBS polynucleotide which is
homologous to at least one gene from both GAS and pneumococcus. Preferably, the GBS
polynucleotide is selected from GBS Subset 1. In an alternative embodiment, the polynucleotide
is a GBS polynucleotide which is homologous to at least one gene from both GAS and
pneumococcus, but which is not homologous to a gene in any other published bacterial genome
a{t the time of the invention. Preferably, the GBS polynucleotide is selected from one of the 12
GBS genes included in GBS Subset 1(a). (Table 3).

In another embodiment, the polynucleotide is a GAS polynucleotide which is
homologous to at least one gene in both GBS and pneumococcus. Preferably, the GAS

polynucleotide is selected from GAS Subset 1. In another embodiment, the polynucleotide is a
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GAS polynucleotide which is homologous to at least one gene in both GBS and pneumococcus
but which is not homologous to any gene in any other published bacterial genome at the time of
the invention. Preferably, the GAS polynucleotide is selected from GAS Subset 1(a).

Alternatively, the polynucleotide is a pneumoccus polynucleotide which is homologous
to at least one gene in both GBS and GAS. Preferably, the pneumococcus polynucleotide is
selected from Spn Subset 1(a). In another embodiment, the polynucleotide is a pneumoccus
polynucleotide which is homologous to at least one gene in both GBS and GAS but which does
not have a homologue in any other published bacterial genome at the time of the invention.
Preferably, the pneumococcus polynucleotide is selected from Spn Subset 1(a).

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is specific to GBS.
In one embodiment, the polynucleotide is a GBS polynucleotide which is not homologue to a
gene in either GAS or pneumococcus. Preferably, the GBS polynucleotide is selected from one
of the 683 GBS genes included in GBS Subset 4. In a further embodiment, the polynucleotide is
a GBS polynucleotide which is not homologous to a gene in either GAS or pneumococcus or any
other published bacterial genome at the time of the invention. Preferably, the GBS
polynucleotide is selected from one of the 315 GBS genes in GBS Subset 4(a).

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is specific to GAS.
In one embodiment, the polynucleotide is a GAS polynucleotide which is not homologous to a
gene in either GBS or pneumococcus. Preferably, the GBS polynucleotide is selected from one
of the 416 GAS genes included in GAS Subset 4. In a further embodiment, the polynucleotide is
a GAS polynucleotide which does not have a homologue in either GBS or pneumococcus or in
any other published bacterial genome at the time of the invention. Preferably, the GAS
polynucleotide is selected from GAS Subset 4(a).

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is specific to
pneumococcus. In one embodiment, the polynucleotide is a pneumococcus polynucleotide
which is not homologous to a gene in either GBS or GAS. Preferably, the pneumococcus
polynucleotide is selected from one of the 836 Spn genes included in Spn Subset 4. In a further
embodiment, the polynucleotide is a pneumococcus polynucleotide which does not have a
homologue in either GBS or GAS or in any other published bacterial genome at the time of the

invention. Preferably, the pneumococcus polynucleotide is selected from Spn Subset 4(a).
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The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence Which is specific to GBS
and GAS. In one embodiment, the polynucleotide is a GBS polynucleotide which is homologous
to at least one gene from GAS but is not homologous to a gene from pneumococcus. Preferably,
the GBS polynucleotide is selected from one of the 225 GBS genes included in GBS Subset 2.
In another embodiment, the GBS polynucleotide is homologous to at least one gene from GAS
but is not homologous to any gene from pneumococcus and does not have a homologue in any
other published bacterial genome at the time of the invention. Preferably, the GBS
polynucleotide is selected from GBS Subset 2(a).

In another embodiment, the polynucleotide is a GAS polynucleotide which is
homologous to at least one gene from GBS but is not homologous to any gene from
pneumococcus. Preferably, the GAS polynucleotide is selected from one of the 212 GAS genes
included in GAS Subset 2. In another embodiment, the GAS polynucleotide is homologous to at
least one gene from GBS but is not homologous to any gene from pneumococcus and does not
have a homologous gene with any other published bacterial genome at the time of the invention.
Preferably, the GAS polynucleotide is a selected from GAS Subset 2(a).

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is specific to GBS
and pneumococcus. In one embodiment, the polynucleotide is a GBS polynucleotide which is
homologous to at least one gene from pneumococcus but is not homologous to any gene from
GAS. Preferably, the GBS polynucleotide is selected from one of the 176 GBS genes included
in GBS Subset 3. In another embodiment, the polynucleotide is a GBS polynucleotide which is
homologous with at least one gene from pneumococcus but is not homologous with any GAS
polynucleotide and does not have a homologous gene in any of the other published bacterial
genomes at the time of the invention. Preferably, the GBS polynucleotide is selected from GBS
Subset 3(a).

In another embodiment, the polynucleotide is a pneumococcus polynucleotide which is
homologous with at least one gene from GBS, but is not homologous with any gene from GAS.
Preferably, the pneumoccous polynucleotide is selected from one of the 195 Spn genes included
in Spn Subset 2. In another embodiment, the polynucleotide is a pneumococcus polynucleotide
which is homologous with at least one gene from GBS, but is not homologous with any gene
from GAS and does not have a homologous gene in any other published bacterial genome at the

time of the invention. Preferably, the pneumococcus polynucleotide is selected from Spn Subset

3(a).
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The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof which is encoded by a polynucleotide sequence which is specific to GAS
and pneumococcus. In one embodiment, the polynucleotide is a GAS polynucleotide which is
homologous with at least one gene from pneumococcus but is not homologous with any gene
from GBS. Preferably, the GAS polynucleotide is selected from one of the 62 GAS genes
included in GAS Subset 3. In another embodiment, the polynucleotide is a GAS polynucleotide
which is homologous with at least one gene from pneumococcus but is not homologous with any
gene from GBS and is not homologous with any gene of any published bacterial genome at the
time of the invention. Preferably, the GAS polynucleotide is selected from GAS Subset 3(a).

In another embodiment, the polynucleotide is a pneumococcus polynucleotide which is
homologous with at least one GAS polynucleotide, but is not homologous with any GBS gene.
Preferably, the pneumoccous polynucleotide is selected from one of the 74 Spn genes inc}uded in
Spn Subset 3. In another embodiment, the polynucleotide is a pneumococcus polynucleoﬁde
which is homologous with at least one gene from GAS, but is not homologous with any gene
from GBS or with a gene from any other published bacterial genome at the time of the invention.
Preferably, the pneumococcus polynucleotide is selected from Spn Subset 3(a).

The invention further provides an immunogenic composition comprising a polypeptide, .
or a fragment thereof, which is encoded by a polynucleotide sequence which is specific to one or
more Streptococcal species serotypes. Preferably, the polynucleotide is specific to a
Streptococcal species serotype selected from the Streptococcal species GBS, GAS and
pneumococcus. More preferably, the polynucleotide is specific to one or more GBS serotypes
selected from the group consisting of GBS serotype Ia, Ib, II, III, IV, V, VI, VII and VIIIL.

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is conserved across
one or more Streptococcal species serotypes. Preferably, the polynucleotide is specific to a
Streptococcal species serotype selected from the Streptococcal species GBS, GAS and
pneumococcus. More preferable, the polynucleotide is conserved across one or more GBS
serotypes selected from the group consisting of GBS serotype Ia, Ib, II, I1I, IV, V, VI, VII and
VIIL

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is specific to one or
more clinical isolates of a Streptococcal species. Preferably, the polynucleotide is specific to a
Streptococcal species clinical isolate selected from the Streptococcal species GBS, GAS and

pneumococcus. More preferably, the polynucleotide is specific to one or more GBS clinical

27



10

15

20

25

30

WO 2004/018646 PCT/US2003/026827

isolates selected from the clinical isolates identified in Table 5. Still more preferably, the
polynucleotide is specific to one or more GBS clinical isolates having one or more genes
selected from the genes listed in Table 7.

In another embodiment, the polynucleotide is a GBS polynucleotide which is
homologous to at least one gene from both GAS and pneumococcus and which varies among
clinical isolates. In another embodiment, the polynucleotide is a GBS polynucleotide which is
homologous to at least one gene from both GAS and pneumococcus and which is homologous
with at least one gene from at least one of the clinical isolates identified in Table 5. In another
embodiment, the polynucleotide is a GBS polynucleotide which is homologous to at least one
gene from both GAS and pneumococcus and which is homologous with at least one gene from
each of the clinical isolates identified in Table 5. Preferably, the polynucleotide is selected from
one of the genes listed in Table 7.

In one embodiment, the polynucleotide is a GBS polynucleotide which is homologous to
at least one gene from GAS and is not homologous to any gene from pneumococcus and which
varies among clinical isolates. In another embodiment, the polynucleotide is a GBS
polynucleotide which is homologous to at least one gene from GAS and is not homologous to
any gene from pneumococcus and which is homologous to at least one gene from at least one of
the clinical isolates identified in Table 5. In another embodiment, the polynucleotide is a GBS
polynucleotide which is homologous to at least one gene from GAS and is not homologous to
any gene from pneumococcus and which is homologous to at least one gene from each of the
clinical isolates identified in Table 5. Preferably, the polynucleotide is selected from one of the
genes listed in Table 7.

In one embodiment, the polynucleotide is a GBS polynucleotide which is homologous to
at least one gene from pneumococcus and is not homologous to any gene from GAS and which
varies among clinical isolates. In another embodiment, the polynucleotide is a GBS
polynucleotide which is homologous to at least one gene from pneumococcus and is not
homologous to any gene from GAS and which is homologous to at least one gene from at least
one of the clinical isolates identified in Table 5. In another embodiment, the polynucleotide is a
GBS polynucleotide which is homologous to at least one gene from pneumococcus and is not
homologous to any gene from GAS and which is homologous to at least one gene from each of
the clinical isolates identified in Table 5. Preferably, the polynucleotide is selected from one of
the genes listed in Table 7.

In one embodiment, the polynucleotide is a GBS polynucleotide which is not

homologous to any gene from GAS or pneumococcus and which varies among clinical isolates.
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In another embodiment, the polynucleotide is a GBS polynucleotide which is not homologous to
any gene from GAS or pneumococcus and which is homologous to at least one gene from at least
one of the clinical isolates identified in Table 5. In another embodiment, the polynucleotide is a
GBS polynucleotide which is not homologous to any gene from GAS or pneumococcus and
which is homologous to at least one gene from each of the clinical isolates identified in Table 5.
Preferably, the polynucleotide is selected from one of the genes listed in Table 7.

The invention further provides an immunogenic composition comprising a polypeptide,
or a fragment thereof, which is encoded by a polynucleotide sequence which is conserved across
one or more clinical isolates of a Streptococcal species. Preferably, the polynucleotide is
conserved across one or more Streptococcal clinical isolates selected from the Streptococcal
species GBS, GAS and pneumococcus. More preferable, the polynucleotide is conserved across
one or more GBS clinical isolates identified in Table 5. Still more preferably, the polynucleotide
is conserved across one or more clinical isolates having one or more genes selected from the
genes listed in Table 7.

The invention further provides for an immunogenic composition comprising a
polypeptide, or a fragment thereof, encoded by a polynucleotide selected from one or more of the
Subsets of the invention. Accordingly, the invention provides for an immunogenic composition
comprising a polypeptide encoded by a polynucleotide selected from one or more of the
following Subsets: GBS Subset 1, GBS Subset 2, GBS Subset 3, GBS Subset 4, GAS Subset 1,
GAS Subset 2, GAS Subset 3, GAS Subset 4, Spn Subset 1, Spn Subset 2, Spn Subset 3, Spn
Subset 4, GBS Subset 1(a), GBS Subset 2(a), GBS Subset 3(a), GBS Subset 4(a), GAS Subset
1(a), GAS Subset 2(a), GAS Subset 3(a), GAS Subset 4(a), Spn Subset 1(a), Spn Subset 2(a),
Spn Subset 3(a), Spn Subset 4(a), GBS Subset 1(b), GBS Subset 2(b), GBS Subset 3(b), GBS
Subset 4(b), GBS Subset 5, GBS Subset 6, GBS Subset 6(a), GBS Subset 7, GBS Subset 8, GBS
Subset 9, GBS Subset 10, GBS Subset 11, GBS Subset 12, GBS Subset 12(a), GBS Subset
12(b), GBS Subset 12(c), GBS Subset 12(d), GBS Subset 12(e), GBS Subset 12(f), GBS Subset
12(g), GBS Subset 12(h), GBS Subset 12(i), GBS Subset 12(j), GBS Subset 12(k), GBS Subset
12(1), GBS Subset 12(m), GBS Subset 12(n), GBS Subset 12(0), GBS Subset 13(a), GBS Subset
13(b), GBS Subset 13(c), GBS Subset 13(d), GBS Subset 13(e), GBS Subset 13(f), GBS Subset
13(g), GBS Subset 13(h), GBS Subset 13(i), GBS Subset 13(j), GBS Subset 13(k), GBS Subset
13(1), GBS Subset 13(m), GBS Subset 13(n), GBS Subset 13(0), GBS Subset 13(p), GBS Subset
13(q), GBS Subset 14, GBS Subset 14(a), GBS Subset 14(b), GBS Subset 14(c), GBS Subset
14(d), GBS Subset 14(e), GBS Subset 14(f), GBS Subset 14(g), and GBS Subset 14(h)7
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The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 1, GBS Subset 2, GBS Subset 3, and GBS Subset 4.

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GAS Subset 1, GAS Subset 2, GAS Subset 3, and GAS Subset 4.

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: Spn Subset 1, Spn Subset 2, Spn Subset 3, and Spn Subset 4.

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 1(a), GBS Subset 2(a), GBS Subset 3(a), and GBS Subset 4(a).

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GAS Subset 1(a), GAS Subset 2(a), GAS Subset 3(a), and GAS Subset 4(a).

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: Spn Subset 1(a), Spn Subset 2(a), Spn Subset 3(a), and Spn Subset 4(a).

The invgntion provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 1(b), GBS Subset 2(b), GBS Subset 3(b), and GBS Subset 4(b).

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from GBS Subset 5.

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 6 and GBS Subset 6(a).

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following

Subsets: GBS Subset 7.
? The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following

Subsets: GBS Subset 8.
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The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 9.

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 10.

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragmént thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 11.

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 12, GBS Subset 12(a), GBS Subset 12(b), GBS Subset 12(c), GBS Subset
12(d), GBS Subset 12(e), GBS Subset 12(f), GBS Subset 12(g), GBS Subset 12(h), GBS Subset
12(i), GBS Subset 12(j), GBS Subset 12(k), GBS Subset 12(1), GBS Subset 12(m), GBS Subset
12(n), and GBS Subset 12(0).

The invention provides for an immunogenic composition comprising a polypeptide, or a
fragment thereof, encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 13(a), GBS Subset 13(b), GBS Subset 13(c), GBS Subset 13(d), GBS
Subset 13(e), GBS Subset 13(f), GBS Subset 13(g), GBS Subset 13(h), GBS Subset 13(i), GBS
Subset 13(j), GBS Subset 13(k), GBS Subset 13(1), GBS Subset 13(m), GBS Subset 13(n), GBS
Subset 13(0), GBS Subset 13(p), GBS Subset 13(q).

The invention provides for an immunogenic composition comprising a polypeptide or a
fragment thereof encoded by a polynucleotide selected from one or more of the following
Subsets: GBS Subset 14, GBS Subset 14(a), GBS Subset 14(b), GBS Subset 14(c), GBS Subset
14(d), GBS Subset 14(e), GBS Subset 14(f), GBS Subset 14(g), and GBS Subset 14(h).

Each of the above-identified groups and subsets may be used to create immunogenic
compositions comprising two or more Streptococcus polypeptides. The invention then provides
for an immunogenic composition comprising a combination of Streptococcus polypeptides, said
combination consisting of two, three, four, five, six, seven, eight, nine, or ten polypeptides
selected from one of the groups identified above. Preferably, the combination consists of two,
three, four or five polypeptides. Preferably, the polypeptides are all selected from the same
group. Preferably, the polypeptides are selected from the same Subset described herein. The
Streptococcus polypeptides are selected from GBS, GAS and pneumococcus. Preferably, all of

the polypeptides in the combination are selected from the same species.
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For example, the composition may comprise an combination of GBS polypeptides, said
combination consisting of two, three, four, five, six, seven, eight, nine, or ten polypeptides,
wherein each polypeptide is encoded by a GBS polynucleotide sequence which is homologous to
a polynucleotide sequence of both GAS and pneumococcus. Preferably, the combination
consists of two, three, four or five polypeptides. Preferably, the GBS polynucleotide sequences
are selected from GBS Subset 1.

As another example, the composition may comprise a combination of GBS polypeptides,
said combination consisting of two, three, four or five polypeptides, wherein each polypeptide is
encoded by a GBS polynucleotide sequence which is homologous to a polynucleotide sequence
of GAS. Preferably, the GBS polynucleotide sequences are selected from GBS Subset 2.

The composition may comprise a combination of GBS polypeptides, said combination
consisting of two, three, four or five polypeptides, wherein each polypeptide is encoded by a
GBS polynucleotide sequence which is homologous to a polynucleotide sequence of
Streptococcus pneumoniae. Preferably, the GBS polynucleotide sequences selected from GBS
Subset 3.

The composition may comprise a combination of GBS polypeptides, said combination
consisting of two, three, four or five polypeptides, wherein each polypeptide is encoded by a
GBS serotype polynucleotide sequence which is homologous to at least one other GBS serotype.
Preferably, the GBS polypeptides are encoded by GBS serotype polynucleotide sequences which
are homologous to at least one other GBS serotype.

The invention further provides for an immunogenic composition comprising a
polypeptide or a fragment thereof comprising a fusion protein encoded by one or more of the
polynucleotides included in the Subsets of the invention.

The invention further provides a method for designing an immunogenic composition,
such as a vaccine, by selecting one or more polypeptides encoded by a polynucleotide selected
from one or more of the Subsets of the invention. Preferably, the immunogenic compositions of
the invention comprise at least two, three, four or five polypeptides encoded by polynucleotides
within the same Subset.

The invention provides a method for raising an immune response in a patient by
administering any one of the immunogenic compositions set forth above. The choice of
immunogenic composition means that the immune response may be reactive against all three of
GAS, GBS and streptococcus, may be reactive against only two of the three, or may be reactive

only against GBS.
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Each of the immunogenic compositions described above may be prepared and
administered instead as a polynucleotide where the polypeptide is expressed in vivo.

The immune response is preferably an antibody response. It may be a protective immune
response. The patient is preferably a human.

The immunogenic compositions of the invention may further comprise an adjuvant, as

discussed in further detail below.

Essential genes and knockouts

The invention provides a Streptococcus bacterium wherein one or more genes within any
of the Subsets of this invention have been knocked out. The choice of Subset means that the
knocked out gene may be, for instance, a gene found in GBS but not in GAS or pneumococcus
(e.g. which is involved in the pathogenesis of GBS, but not in the pathogenesis of GAS or
pneumococcus, such as binding GBS cellular targets).

Techniques for producing knockout bacteria are well known, and knockout Streptococci
of various species have been reported [e.g. Margolis et al. (2001) Antimicrob. Agents Chemother.
45:2432-2435; Zhang et al. (2000) Cell 102:827-837; Nizet et al. (2000) Infect. Immun. 63:4245-
4254; Nizet et al. (1997) Adv. Exp. Med. Biol. 418:627-630; etc.].

The knockout mutation may be situated in the coding region of the gene or may lie within
its transcriptional control regions (e.g. within its promoter).

The knockout mutation will reduce the level of mRNA encoding the corresponding
polypeptide to <1% of that produced by the wild-type bacterium, preferably <0.5%, more
preferably <0.1%, and most preferably to 0%.

The knockout mutants of the invention may be used as immunogenic compositions (e.g.
as vaccines) to prevent streptococcal infection. Such a vaccine may include the mutant as a live
attenuated bacterium.

The knockout mutants of the invention may be used to determine whether genes are

essential for bacterial survival, either under normal or stress conditions.

Antisense

The invention provides a single-stranded nucleic acid comprising a fragment of x; or
more nucleotides from a nucleotide sequence selected from one of the Subsets of the invention.
The choice of group means that the nucleic acid may be complementary to a gene sequence

found in GBS, GAS and pneumococcus, or a gene sequence specific to GBS.
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The single-stranded nucleic acid is at least x; nucleotides long. The value of x; is at least
7(e.g. 8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 etc.). The single-stranded
nucleic acid may be at most x, nucleotides long, wherein x; is 100 or less (e.g. 99, 98, 97, 96, 95,
94, 93, 92, 91, 90, 89, 88, 87, 86, 85, 84, 83, 82, 81, 80, 79, 78, 77, 76, 75, 74, 73, 72, 71, 710, 69,
68, 67, 66, 65, 64, 63, 62, 61, 60).

The nucleic acid is preferably of the formula 5~(N)~(X)-(N);—3', wherein 0>a>15,
0>b>15, N is any nucleotide, and X is the fragment as defined above. The values of a and b may
independentlybe 0, 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14 or 15. Each individual nucleotide N
in the —(N),— and —(N),— portions of the nucleic acid may be the same or different. The length of
the nucleic acid (i.e. a+b+x;) is preferably x; or less.

Antisense inhibition of streptococcal gene expression is known e.g. Sato ez al. (1998)
FEMS Microbiol Lett 159:241-245. Antibacterial antisense techniques are also disclosed in
international patent applications W099/02673 and W099/13893.

The single-stranded nucleic acid may reduce the level of polypeptide expression from the
complementary gene to <1% of that produced by the wild-type bacterium, preferably <0.5%,
more preferably <0.1%, and most preferably to 0%.

Antisense experiments may be used to determine whether genes are essential for bacterial

survival, either under normal or stress conditions.

Screening methods

The invention provides a method for screening compounds, wherein the method involves
contacting the compounds with a polypeptide expressed by one or more of the polynucleotides
selected from one of the Subsets of the invention. The method may be for screening for agonists
of the polypeptides, antagonists, antibiotics etc. The choice of group means, for instance, that
the method may be used for identifying an antibiotic with broad anti-streptococcal activity could
be identified, or for identifying an antibiotic specific to GBS.

Potential compounds for screening include small organic molecules, peptides, peptoids,
polypeptides, lipids, metals, nucleotides, nucleosides, aptamers, polyamines, antibodies, and
derivatives thereof. Small organic molecules have a molecular weight between 50 and about
2,500 daltons, and most preferably in the range 200-800 daltons. Complex mixtures of
substances, such as extracts containing natural products, compound libraries or the products of

mixed combinatorial syntheses also contain potential antagonists.
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Typically, a polypeptide is incubated with a test compound, and the mixture is then tested
to see if the polypeptide and test compound interact, or to see if the polypeptide’s activity is
inhibited.

For preferred high-throughput screening methods, all the biochemical steps for this assay
are performed in a single solution in, for instance, a test tube or microtitre plate, and the test
compounds are analysed initially at a single compound concentration. For the purposes of high
throughput screening, the experimental conditions are adjusted to achieve a proportion of test
compounds identified as “positive” compounds from amongst the total compounds screened.

The invention also provides a compound identified using these methods. These can be
used to treat or prevent streptococcal infection. The compound preferably has an affinity for the
adhesion-specific protein of at least 10" Meg 10°M, 10° M, 10™° M or tighter.

Distinguishing Streptococcal species

The invention provides a method for determining whether a Streptococcus bacterium of
interest is or is not in the species agalactiae, pyogenes or pneumoiae, comprising the step(s) of:
(a) contacting the bacterium with a nucleic acid probe comprising the sequence of a gene
selected from one of the Subsets of the invention; and/or (b) contacting the bacterium with an
antibody which binds to a polypeptide encoded by one or more of the polynucleotides of one or
more of the Subsets of the invention. The choice of group means, for instance, that the method
may be used for distinguishing GBS from GAS and from pneumococcus, or for confirming that a
bacterium is not a GAS or pneumococcus.

The method will typically include the further step of detecting the presence or absence of
an interaction between the bacterium of interest and the nucleic acid or protein.

The bacterium of interest may be in a cell culture, for example, or may be within a
biological sample believed or known to contain a streptococcus. It may be intact or may be, for
instance, lysed.

The term “biological sample” encompasses a variety of sample types obtained from an
organism and can be used in a diagnostic or monitoring assay. The term encompasses blood and
other liquid samples of biological origin, solid tissue samples, such as a biopsy specimen or
tissue cultures or cells derived therefrom and the progeny thereof. The term encompasses
samples that have been manipulated in any way after their procurement, such as by treatment
with reagents, solubilization, or enrichment for certain components. The term encompasses a
clinical sample, and also includes cells in cell culture, cell supernatants, cell lysates, serum,

plasma, biological fluids, and tissue samples.
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GBS 2603 Type V Genomic Sequence

Applicants have sequenced the complete genome sequence of GBS clinical type V isolate
2603 V/R and performed comparative analyses comparing this sequence with other GBS strains,
with other species of pathogenic Streptococci and with other known bacterial species. The entire

genomic sequence is available by August 26, 2002 at http://www.tigr.org. This genomic

sequence is incorporated herein by reference in its entirety. The genomic sequence of GBS type
V isolate 2603 V/R is also set forth in International Patent Application WO 02/34771.

In one embodiment, the invention relates to the polynucleotides, and fragments and
derivatives thereof, set forth in the GBS clinical type V isolate 2603 published genome which are
not disclosed within WO 02/34771. The invention further relates to polypeptides expressed by
the polynucleotides of the invention.

Applicants have predicted that the GBS 2603 isolate contains approximately 2,176
predicted genes. Each predicted gene is set forth in Table 1, listed by a SAGxxxx ORF number.
Table 1 also includes the predicted amino acid size of the predicted expressed protein and the
predicted function, if known. The sequence of each SAG reference can be obtained at the TIGR
website.

Figure 1 is a circular representation of the GBS genome and comparative hybridisations
using microarrays. A color version of Figure 1 can be found in Tettelin et al., PNAS (2002)
99(19): 12391 — 12396 and online at www.pnas.org. The outer circle represents predicted
coding regions on the plus strand color coded by role categories: violet indicating amino acid
biosynthesis; light blue indicating biosynthesis of cofacto{'s, prosthetic groups, and carriers; light
green indicating cell envelope; red indicating cellular processes; brown indicating central
intermediary metabolism; yellow indicating DNA metabolism; light gray indicating energy
metabolism; magenta indicating fatty acid and phospholipid metabolism; pink indicating protein
synthesis and fate; orange indicating purines, pyrimidines, nucleosides, and nucleotides; olive
indicating regulatory functions and signal transduction; dark green indicating transcription; teal
indicating transport and binding proteins; gray indicating unknown function; salmon indicating
other categories; blue indicating hypothetical proteins.

The second circle represents predicted coding regions on the minus strand. In the third
circle, black represents atypical nucleotide composition curve; green represents most atypical
regions; magenta represents insertion elements; red diamonds indicate rRNAs.

Circles 4 — 22 represent comparative hybridisations of strain 2603 V/R with 19 GBS
strains. Cy3/Cy5 (2603 V/R signal/test strain) ratio cutoffs were defined arbitrarily as Cy3/Cy5
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— 1.0 — 3.0, the gene was present in the test strain, no color was added; Cy3/Cy5 =3.0 —10.0,
ambiguous result (blue); Cy3/Cy5 > 10, gene absent in test strain (red).

Circles 4 — 9 represent type 1a strains 090, 515, A909, Davis, and DK8. Circles 10— 11
represent type 1b strains S7 7357b and H36B. Circles 12 — 13 represent type II strains 18RS21
and DK21. Circles 14 — 18 represent type IIl COH1, COH31, D136C, M732 and M781. Circle
19 represents type V strain CJB111. Circles 20 — 21 represent type VIII strains SMU014 and
JM9130013. Circle 22 represents nontypable (NT) strain CJB110. Throughout Figure 1,
varying regions of five or more consecutive genes are indicated by yellow bullets.

Figure 4 depicts a linear representation of the GBS genome. The location of predicted
coding regions color-coded by biological role (see Figure 1) is displayed. Arrowed boxes
represent the direction of transcription for each ORF. The number of membrane-spanning
domains predicted by TopPred is displayed as lipid bi-layers on top of ORFs, only for those
whose products have five or more predicted membrane spanning regions. Genes coding for
rRNAs (168, 238, 58) and tRNAs (clover leaf structure with number of genes) are indicated.
Predicted Rho-independent transcriptional terminators are represented by hairpins.

ORF’s were predicted by GLIMMER (See, Delcher, et al., (1999) Nucleic Acids Res. 27,
4636 — 4641 and Salzberg, et al., (1998) Nucleic Acids Res. 26, 544-548) trained with ORFs
Jarger than 600 base pairs from the genomic sequence and GBS genes available in GenBank. All
predicted proteins larger than 30 amino acids were searched against a nonredundant protein
database. (See Fleischmann, et al., (1995) Science 269, 496 - 512). Frame-shifts and point
mutations were detected and corrected where appropriate; those remaining were annotated as
“authentic frame-shift” or “authentic point mutation”. Protein membrane-spanning domains
were identified by TOPPRED (See Claros, et al., (1994) Comput. Appl. Biosci. 10, 685 - 686).
Candidate lipoprotein signal peptides (See Hayashi et al., (1990) J. Bioenerg. Biomembr. 22, 451
- 471) were flagged by N-terminal exact matches to the pattern {DERK} (6)-[LIVMFWSTAG]
(2)-[LIVMFYSTAGCQ] — [AGS] — C. Putative signal peptides were identified by using
SIGNALP (Nielsen, et al., (1997) Protein Eng. 10, 1 - 6). Two sets of hidden Markov models
were used to determine ORF membership in families and superfamilies: PFAM Ver. 5.5
(Bateman, et al., (2000) Nucleic Acids Res. 28, 263 - 266) and TIGRFAMS 1.0 (Haft et al.,
(2001) Nucleic Acids Res. 29, 41 - 43). Domain-based paralogous families were built by
performing all-versus-all searches on the protein sequences by using a modified version of a
previously described method. (Niermann, et al., (2001) Proc. Natl. Acad. Sci. USA 98, 4136 -
4141) Potential lineage-specific gene duplications were estimated by identification of OFRs

more similar to ORFs within the GBS genome than to ORFs from other complete genomes. All
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ORFs were searched with FASTA3 (Pearson (2000) Methods Mol. Biol. 132, 185 - 219) against
all ORF’s from the complete genomes and matches with a FASTA P value of 107" were
considered significant.

The genome consists of a circular chromosome of 2,160,266 base pairs with a G+C
content of 35.7%. Base pair one of the chromosome was assigned within the putative origin of
replication. The genome contains 80 tRNAs, 7rRNAs, and 3 sSRNAs. Approximately 78% of the
2,176 predicted genes are transcribed in the same direction as that of DNA replication, a feature
also observed in S. pn. and other low-GC Gram positive organisms.

Biological roles were assigned to 1,409 (65%) of the genome according to a classification
scheme adapted from Riley (1993) Microbiol. Rev. 57, 862 - 952. Another 527 predicted
proteins (24%) matched proteins of unknown function, and the remaining 240 (1 1%) had no
database match. The expression of 50 of these hypothetical proteins was confirmed by Western
Blot analysis, and the proteins were annotated as "proteins of unknown function." A total of 339
paralogous protein families were identified in strain 2603, containing 941 predicted proteins
(43% of the total).

The Western Blot analysis was conducted as follows. GBS strain 2603 V/R cells were
grown in Todd-Hewitt broth (Difco) to OD600nm = 0.5. The culture was centrifuged for 20
minutes at 5,000 rpm. The supernatant was discarded, and bacteria were washed once with PBS,
resuspended in 2 m1 of 50 mM Tris-HC1 pH 6.8, containing 400 units of Mutanolysin (Sigma),
and incubated 2 hours at 37°C. After three cycles of freeze and thaw, cellular debris was
removed by centrifugation at 14,000 rpm for 10 minutes, and the protein concentration of the
supernatant was measured by the Bio-Rad Protein assay, with BSA as a standard. Purified
recombinant proteins (50 ng) and total cell extracts (25 pg) derived from GBS serotype V 2603
V/R strain were separated by SDS/PADE and electroblotted onto nitrocellulose membranes for 1
hour at 100 V. The membranes were saturated by overnight incubation at 4° C in 5% skimmed
milk and 0.1% Tween 20 in PBS and incubated for 1 hour at room temperature with sera from
immunized mice diluted 1:500 - 1:1,000 in saturation buffer. To reduce background due to
antibodies raised against contaminating E. coli proteins, sera were preincubated with E. coli
protein extracts absorbed on nitrocellulose strips. The membranes were washed twice in 3%
skimmed milk and 0.1% Tween 20 in PBS and incubated for 1 hour with a 1:1,000 dilution of
horseradish peroxidase-conjugated antimouse Ig (DAKO). After washing with 0.1% Tween 20
in PBS, the membranes were developed with the Opti-4CN Substrate Kit (Bio-Rad).
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Table 2 comprises a list of predicted and experimentally characterized surface and
secreted proteins from GBS. Candidate signal peptides and lipoprotein motifs were predicted
with PSORT [Nakai, K. & Horton, P. (1999) Trends Biochem Sci 24, 34-6] and other methods
(see methods), sortase motifs (LPxTG) were detected using the FINDPATTERNS program of
the GCG Package [Devereux, J., Haeberli, P. & Smithies, O. (1984) Nucleic Acids Res 12, 387-
95] and hidden Markov models. Column “Other” indicates proteins carrying other motifs (e.g.
integrin-binding motif RGD) or are similar to characterized surface-exposed proteins. Western
blot results were considered positive when the antibodies revealed a predominant band of the
expected molecular weight on the total protein extracts of S. agalactiae strain 2603 V/R, ORFs
without + or — in this column were not tested in western blot. FACS analyses were performed
for western blot positive proteins only. Western blot and FACS data are displayed only for
proteins carrying at least one of the other motifs shown in the table. Column “GBS specific”
indicates genes unique to S. agalactiae (when compared to other completely sequenced
genomes) that are present in all the S. agalactiae strains tested in comparative genome
hybridization analyses. Finally, only proteins carrying less than 3 predicted transmembrane
domains are shown in the table, other proteins are likely to be embedded in the cytoplasmic
membrane and are probably not exposed on the organism’s surface. '

FACS data was collected as follows: GBS 2603 V/R strain cells were grown in Todd-
Hewitt broth (Difco) to OD600nm = 0.5. The culture was centrifuged for 20 minutes at 5,000
rpm, and bacteria were washed once with PBS, resuspended in PBS containing 0.05%
paraformaldehyde, and incubated for 1 hour at 37°C and then overnight at 4°C. Fifty microliters
of fixed bacteria (OD600nm 0.1) was washed once with PBS, resuspended in 20 ul of newborn
calf serum (Sigma), and incubated for 1 hour at 4°C in 100l of preimmune or immune sera and
diluted 1:200 in dilution buffer (PBS, 20% newborn calf serum, 0.1% BSA). After
centrifugation and washing with 200p1 of washing buffer (0.1% BSA in PBS), samples were
incubated for 1 hour at 4°C with 50 ul of R-phycoerythrin-conjugated F(ab)2 goat anti-mouse
IgG (Jackson ImmunoResearch) diluted 1:100 in dilution buffer. Cells were washed with 200 pl
of washing buffer and resuspended in 200 pl of PBS. Samples were analysed by using a FACS
calibur apparatus (Becton Dickinson), and data were analyzed by using CELL QUEST (Becton
Dickinson). A shift in mean fluorescence intensity of >75 channels compared with preimmune
sera from the same mice was considered positive. This cutoff was determined from the mean
plus two standard deviations of shifts obtained with control sera raised against mock purified

recombinant proteins from cultures of E. coli catrying the empty expression vector and included
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in every experiment. Artifacts due to bacterial lysis were excluded by using antisera raised

against six different known cytoplasmic proteins, all of which gave negative results.

Regions of Atypical Nucleotide Composition.

These regions were identified by the x” analysis: the distribution of all 64 trinucleotides
(3 mers) was computed for the complete genome in all six reading frames, followed by the 3-mer
distribution in 2,000-bp windows. Windows overlapped by 1,000 bp. For each window, the x*
statistic on the difference between its 3-mer content, and that of the whole genome was

computed.

In Silico Genome Comparisons

The protein sets of S. agalactiae, Streptococcus pneumoniae and S. pyogenes were
compared by using FASTA3. A general description of ;che FASTA3 sequence comparison
program is discussed in Pearson, W.R., “Flexible Sequence Similarity Searching with the
FASTA3 Program Package”, (2000) Methods Mol. Biol., 132: 185-219. Shared genes were
defined using a FASTAS3 P value cutoff of 10™%, These shared genes and genes that S. agalactiae
did not share with the other streptococci using this cutoff were subsequently searched against all
completely sequenced genomes, and genes were defined as unique to streptococci or S.
agalactiae when they did not share similarity with any other gene sets with a FASTA3 P value of
107 or lower. The use of two cutoffs provides for a more stringent analysis of shared or unique
genes.

Figure 2 is a schematic representation of in silico comparisons between streptococci. The
protein sets of GBS, S. pn., and GAS were compared by using FASTA3. Numbers under the
species name indicate genes that are not shared with the other species; values in parenthesis are
the number of proteins in each species (excluding frame-shifted and degenerated genes).
Numbers in the intersections indicate genes shared by two or three species. These are displayed
in the color corresponding to the species used as the query. (GBS: green; S.pn.: blue; GAS:
red. A color version of Figure 2 can be found in Tettelin et al., PNAS (2002) 99(19): 12391 —
12396 and online at www.pnas.org.). Numbers in any given intersection are slightly different
due to gene duplications in some species.

Table 3 lists genes which were shared among GBS, GAS and pneumococcus, but which
were not found in any of the other completely sequenced genomes. The protein sets of
S. agalactiae, S. pneumoniae, and S. pyogenes were compared using FASTA3 [Pearson, W. R.

(2000) Methods Mol Biol 132, 185-219]. Shared genes were defined using a FASTA3 p value
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cutoff of 105, These shared genes and genes that S. agalactiae did not share with the other
streptococci using this cutoff were subsequently searched against all completely sequenced
genomes and genes were defined as unique to streptococci or S. agalactiae when they did not

share similarity with any other gene sets with a FASTA3 p value of 107 or lower.

Synteny

Regions of conservation of gene synteny were computed as windows of 10 kb spanning
at least three genes whose order was conserved in the other species. Regions were merged if
they were less than 20 kb apart. The number of genes within each broad region was then

calculated.

Comparative Genome Hybridizations

Comparative genome hybridizations (See Figure 1) using DNA microarrays were
performed between the sequenced type V strain 2603 V/R and 19 other GBS strains of multiple
serotypes (See Table %). Predicted genes from strain 2603 V/R were amplified by PCR and
arrayed on glass microscope slides. See Peterson, et al., (2000) J. Bacteriol. 182, 6192-6202.
Genomic DNA was labelled according to protocols provided by J. DeRisi
(www.microarrays.org/Pdfs/Genomic-DNALabel B.pdf), except that the DNA was not digested

or sheared before labelling. Arrays were scanned with a GENEPIX 4000B scanner (Axon
Instruments, Foster City, CA), and individual hybridisation signals were quantitated with TIGR
SPOTFINDER. See Hedge, et al., (2000), Biotechnigues 29, 548-550, 552-554, 556. Cy3/Cy5
(2603 V/R signal/test strain) ratio cutoffs were defined arbitrarily as Cy3/Cy5 =1.0 — 3.0, gene
present in test strain; 3.0 — 10.0, ambiguous result; >10.0, gene absent. For ambiguous results,
the gene may be divergent in the test strain relative to 2603 V/R, or the gene may be absent in
the test strain but still produces paralogous gene family or a repetitive elemtn. Although cutoffs
are arbitrary, they fit nicely the results for the variation of the capsule locus in the strains tested
(see region 9 on Figure 1) where most genes are slightly divergent and only a few are completely
different.

The CGH detected 1,698 genes in all of the strains, whereas 401 genes from strain 2603
V/R (18% of the gene complement) were not detected in at least one other strain, suggesting that
they are absent or significantly divergent in those strains. Two hundred sixty (38%) of the 683
genes specific to S. agalactiae when compared with the other two streptococci (Fig. 2), including
virulence determinants and surface proteins, vary among S. agalactiae strains, whereas only 47

(4%) of the genes common to all three streptococcal species, including 5 of the 6 sortases
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identified in the genome, vary among strains. Thus, the in silico analysis of genes shared by the
streptococci that are not expected to vary among this genus is consistent with the CGH analysis.
Forty-four (25%) of the genes shared by S. agalactiae and S. pneumoniae and 44 (20%) of those
shared by S. agalactiae and S. pyogenes vary in the CGH analysis. The first set contains many
glycosyl transferases and proteins carrying a cell-wall anchor, whereas the second set displays
many phage-related genes. One hundred thirty-six of the 315 genes unique to S. agalactiae
when compared with all sequenced genomes vary among strains. These include RS, three
capsular genes, two cell wall-anchored proteins, and three transcriptional regulators. Three
hundred sixty-four (91%) of the 401 varying genes correspond to 15 regions containing more
than 5 contiguous genes. Ten of these regions display an atypical nucleotide composition in
strain 2603 V/R (Fig. 1), consistent with the possibility that they were horizontally transferred -
into this strain. Two of the largest regions (region 4, a prophage and region 7, similar to Tn916
from Enterococcus faecalis) are flanked by insertion sequence elements. The 15 regions contain
many proteins predicted to be anchored on the cell wall or surface exposed, including Rib
(region 3), sortases, glycosyl transferases, the capsule locus (region 9, divergent in all strains bﬁt
the other type V strain CJB111), and phage-related genes. Region 14 is unique to S. agalactiae
and spans 33 genes (SAG1989- SAG2021), including 25 proteins of unknown function, some of
which carry a cell-wall anchor. It is flanked by an ISL3 transposase and displays an atypical
nucleotide composition. Region 1, unique to S. agalactiae, is a possible plasmid or remnant ofa
phage (SAG0218-SAG0238), contains mostly hypothetical proteins, and is flanked by a site-
specific recombinase. Region 8 is specific to S. agalactiae, comprises 20 proteins of unknown
function (SAG1018- SAG1037), most of which are predicted to be membrane associated or

secreted, and displays an atypical nucleotide composition.

The CGHresults were analyzed by profile clustering where genes are grouped based on
their distribution patterns (Fig. 5). Sixteen clusters of five or more contiguous and
noncontiguous genes comprising a total of 300 genes were identified (Table 6). Several clusters
correspond to regions of contiguous genes described above. Some clusters of genes that do not
share sequence similarity and are located at different loci in the genome display an identical
profile. For instance, a cluster of genes containing a surface antigen (SAG0674-SAG0681)
follows the same distribution as another cluster containing only hypothetical proteins (SAG0247-
SAG0249). A putative pathogenicity protein (SAG2063) also clusters with a region containing
several glycosyl transferases and Sec proteins (SAG1447-SAG1462).
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Profile clustering was also used to group strains based on similarity of gene content (Fig.
5). In addition, the sequences of 19 genes from each of 11 S. agalactiae strains were determined
after PCR amplification and used for phylogenetic analyses. The strains were the following: type
Ia, 090 and A909; type Ib, H36B; type II, 18RS21; type III, COH1, M732 and M781; type V,
2603 V/R and 1169NT1; type VIII, IM9130013; and nontypeable strain CJB110. The set
comprised 8 housekeeping genes and 11 genes coding for proteins predicted to be surface-
exposed (Table 7).

The profile clustering was conducted as follows. The information and absence of genes
based on the comparative genome hybridisation results was used to group genes based on their
distribution patterns. The analysis used was essentially identical to that used for phylogenetic
profile analysis. See Pellegrinie, et al., (1999) Proc. Natl. Acad. Sci. USA 96, 4285 — 4288.
Each gene was assigned a binary profile based on its presence or absence across the different
strains, with presence determined by a Cy3/Cys5 ratio < 3.0 and absence > 3.0. The gene profiles
were then clustered by using the single-linkage clustering algorithm with column weighting (all
with default settings) of CLUSTER (http://rana.lbl.gov). The CLUSTER program also groups

the strains (columns) based on similarity of gene profiles. Clusters of genes and strains were

viewed by using TREEVIEW (hitp://rana.lbl.gov).

Phylogenetic trees were inferred for the complete set of 19 genes and for the subsets of
housekeeping and surface-exposed genes. Because the branching patterns in all three trees were
identical, only the tree of the 19 genes is shown in Fig. 3. The degree of polymorphism of the
housekeeping and the surface-exposed genes is similar (~1 variable site among all of the strains
per 100 bp).

The sequences of genes from the different strains were aligned by using CLUSTALW
(See Thompson (1994), Nucleic Acids Res. 22, 4673 — 4680.) and trimmed to remove
ambiguously aligned regions. Phylognetic trees of individual genes and of concatenated
alignments of multiple genes were inferred by using maximum likelihood methods of PAUP*
4.0 b10 (Sinauer, Sunderland, MA). Bootstrap analysis was carried out using PAUP* as well.
The possibility of recombination among strains was examined by using analysis of sequence
variation using SIMPLOT (S.C. Ray) and analysis of phylogenetic heterogeneity by using
MACCLADE (Sinauer).

Analysis of this variation showed no evidence for major recombination events between
the strains. There were no long stretches of polymorphic sites that strongly supported other trees

(analysis with MACCLADE), and there were no significant crossover events in plots of sequence
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similarity between strains (analysis with SIMPLOT). Some strain groupings (clades) generated
by phylogenetic analysis were similar to clusters from the profile analysis (type Il strains M781,
M?732 and COH1; type la strain 090 and nontypable strain CJB110), whereas others were
different, possibly because of the aforementioned problems with the profile clustering. In both
the phylogenetic analysis and the profile clustering, there is serotypedependent and -independent
clustering (Figs. 3 and 5). The presence of strains of the same serotype in different clades or
clusters could be due to lateral gene transfer.

Figure 5 demonstrates phylogenetic profiling of GBS strains based on comparative
genome hybridisations. The information on presence and absence of genes based on the
microarray comparative genome hybridization results was used for phylogenetic profile analysis.
The presence of a particular gene or gene cluster is indicated in the figure by a red square and the
absence of a gene or cluster by a black square. The relationship between strains based on this
analysis is depicted by the tree at the top of the figure. The strains and their serotypes are
indicated (NT: nontypeable). Clusters with identical profiles are reduced to a single horizontal
line and the number of genes in each cluster is indicated on the right. The clusters of 5 or more
genes, labeled in red text and numbered, are listed in Table 6. The 1698 genes shared by all 19
strains are labeled in green text.

Figure 3 depicts a phylogenetic tree of GBS strains based on PCR sequences. The
sequences of 19 genes (Table 7) from each of 11 GBS strains were aligned and trimmed to
remove ambiguously aligned regions, and phylogenetic trees were inferred. Strain names are
indicated in bold, and serotypes are indicated under the strain names. Bootstrap values are

indicated on the branches.

Techniques
A summary of standard techniques and procedures which may be employed in order to

perform the invention (e.g. to utilise the disclosed sequences for vaccination or diagnostic
purposes) follows. This summary is not a limitation on the invention, but gives examples that

may be used, but are not required.

General

The practice of the present invention will employ, unless otherwise indicated, conventional techniques of
molecular biology, microbiology, recombinant DNA, and immunology, which are within the skill of the art.
Such techniques are explained fully in the literature eg. Sambrook Molecular Cloning; A Laboratory
Manual, Second Edition (1989) or Third Edition (2000); DNA Cloning, Volumes I and I (D.N Glover ed.
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1985); Oligonucleotide Synthesis (M.J. Gait ed, 1984); Nucleic Acid Hybridization (B.D. Hames & S.J.
Higgins eds. 1984); Transcription and Translation (B.D. Hames & S.J. Higgins eds. 1984); Animal Cell
Culture (R.I. Freshney ed. 1986); Immobilized Cells and Enzymes (IRL Press, 1986); B. Perbal, 4 Practical
Guide to Molecular Cloning (1984); the Methods in Enzymology series (Academic Press, Inc.), especially
volumes 154 & 155; Gene Transfer Vectors for Mammalian Cells (J.H. Miller and M.P. Calos eds. 1987,
Cold Spring Harbor Laboratory); Mayer and Walker, eds. (1987), Immunochemical Methods in Cell and
Molecular Biology (Academic Press, London); Scopes, (1987) Protein Purification: Principles and
Practice, Second Edition (Springer-Verlag, N.Y.), and Handbook of Experimental Immunology, Volumes
-1V (D.M. Weir and C. C. Blackwell eds 1986).

Standard abbreviations for nucleotides and amino acids are used in this specification.

Further Definitions

A composition containing X is “substantially free of” Y when at least 85% by weight of the total X+Y in
the composition is X. Preferably, X comprises at least about 90% by weight of the total of X+Y in the
composition, more preferably at least about 95% or even 99% by weight.

The term “comprising” means “including” as well as “consisting” e.g. a composition “comprising” X may
consist exclusively of X or may include something additional e.g. X + Y.

The singular forms "a", "and", and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a polynucleotide" includes a plurality of such polynucleotides
and reference to "an epithelial cell” includes reference to one or more cells and equivalents thereof known
to those skilled in the art, etc.

The term “heterologous™ refers to two biological components that are not found together in nature. The
components may be host cells, genes, or regulatory regions, such as promoters. Although the heterologous
components are not found together in nature, they can function together, as when a promoter heterologous
to a gene is operably linked to the gene. Another example is where a Streptococcal sequence is heterologous
to a mouse host cell. A further examples would be two epitopes from the same or different proteins which
have been assembled in a single protein in an arrangement not found in nature.

An “origin of replication” is a polynucleotide sequence that initiates and regulates replication of
polynucleotides, such as an expression vector. The origin of replication behaves as an autonomous unit of
polynucleotide replication within a cell, capable of replication under its own control. An origin of
replication may be needed for a vector to replicate in a particular host cell. With certain origins of
replication, an expression vector can be reproduced at a high copy number in the presence of the appropriate
protéins within the cell. Examples of origins are the autonomously replicating sequences, which are

effective in yeast; and the viral T-antigen, effective in COS-7 cells.
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A “mutant” sequence is defined as DNA, RNA or amino acid sequence differing from but having sequence
identity with the native or disclosed sequence. Depending on the particular sequence, the degree of
sequence identity between the native or disclosed sequence and the mutant sequence is preferably greater
than 50% (eg. 60%, 70%, 80%, 90%, 95%, 99% or more, calculated using the Smith-Waterman algorithm
as described above). As used herein, an “allelic variant” of a nucleic acid molecule, or region, for which
nucleic acid sequence is provided herein is a nucleic acid molecule, or region, that occurs essentially at the
same locus in the genome of another or second isolate, and that, due to natural variation caused by, for
example, mutation or recombination, has a similar but not identical nucleic acid sequence. A coding region
allelic variant typically encodes a protein having similar activity to that of the protein encoded by the gene
to which it is being compared. An allelic variant can also comprise an alteration in the 5’ or 3” untranslated
regions of the gene, such as in regulatory control regions (eg. see US patent 5,753,235).

Expression systems

The Streptococcal nucleotide sequences can be expressed in a variety of different expression systems; for
example those used with mammalian cells, baculoviruses, plants, bacteria, and yeast.

i. Mammalian Systems

Mammalian expression systems are known in the art. A mammalian promoter is any DNA sequence capable
of binding mammalian RNA polymerase and initiating the downsiream (3') transcription of a coding
sequence (eg. structural gene) into mRNA. A promoter will have a transcription initiating region, which is
usually placed proximal to the 5' end of the coding sequence, and a TATA box, usually located 25-30 base
pairs (bp) upstream of the transcription initiation site. The TATA box is thought to direct RNA polymerase
II to begin RNA synthesis at the correct site. A mammalian promoter will also contain an upstream
promoter element, usually located within 100 to 200 bp upstream of the TATA box. An upstream promoter
element determines the rate at which transcription is initiated and can act in either orientation [Sambrook et
al. (1989) "Expression of Cloned Genes in Mammalian Cells." In Molecular Cloning: A Laboratory
Manual, 2nd ed.].

Mammalian viral genes are often highly expressed and have a broad host range; therefore sequences
encoding mammalian viral genes provide particularly useful promoter sequences. Examples include the
SV40 early promoter, mouse mammary tumor virus LTR promoter, adenovirus major late promoter (Ad
MLP), and herpes simplex virus promoter. In addition, sequences derived from non-viral genes, such as the
murine metallotheionein gene, also provide useful promoter sequences. Expression may be either
constitutive or regulated (inducible), depending on the promoter can be induced with glucocorticoid in
hormone-responsive cells.

The presence of an enhancer element (enhancer), combined with the promoter elements described above,

will usually increase expression levels. An enhancer is a regulatory DNA sequence that can stimulate
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transcription up to 1000-fold when linked to homologous or heterologous promoters, with synthesis
beginning at the normal RNA start site. Enhancers are also active when they are placed upstream or
downstream from the transcription initiation site, in either normal or flipped orientation, or at a distance of
more than 1000 nucleotides from the promoter [Maniatis et al. (1987) Science 236:1237; Alberts et al.
(1989) Molecular Biology of the Cell, 2nd ed.]. Enhancer elements derived from viruses may be particularly
useful, because they usually have a broader host range. Examples include the SV40 early gene enhancer
[Dijkema et al (1985) EMBO J. 4:761] and the enhancer/promoters derived from the long terminal repeat
(LTR) of the Rous Sarcoma Virus [Gorman et al. (1982b) Proc. Natl. Acad. Sci. 79:6777] and from human
cytomegalovirus [Boshart et al. (1985) Cell 41:521]. Additionally, some enhancers are regulatable and
become active only in the presence of an inducer, such as a hormone or metal ion [Sassone-Corsi and
Borelli (1986) Trends Genet. 2:215; Maniatis et al. (1987) Science 236:1237].

A DNA molecule may be expressed intracellularly in mammalian cells. A promoter sequence may be
directly linked with the DNA molecule, in which case the first amino acid at the N-terminus of the recom-
binant protein will always be a methionine, which is encoded by the ATG start codon. If desired, the N-
terminus may be cleaved from the protein by in vitro incubation with cyanogen bromide.

Alternatively, foreign proteins can also be secreted from the cell into the growth media by creating chimeric
DNA molecules that encode a fusion protein comprised of a leader sequence fragment that provides for
secretion of the foreign protein in mammalian cells. Preferably, there are processing sites encoded between
the leader fragment and the foreign gene that can be cleaved either in vivo or in vitro. The leader sequence
fragment usually encodes a signal peptide comprised of hydrophobic amino acids which direct the secretion
of the protein from the cell. The adenovirus triparite leader is an example of a leader sequence that provides
for secretion of a foreign protein in mammalian cells.

Usually, transcription termination and polyadenylation sequences recognized by mammalian cells are
regulatory regions located 3' to the translation stop codon and thus, together with the promoter elements,'
flank the coding sequence. The 3' terminus of the mature mRNA is formed by site-specific post-
transcriptional cleavage and polyadenylation [Birnstiel et al. (1985) Cell 41:349; Proudfoot and Whitelaw
(1988) "Termination and 3' end processing of eukaryotic RNA. In Transcription and splicing (ed. B.D.
Hames and D.M. Glover); Proudfoot (1989) Trends Biochem. Sci. 14:105]. These sequences direct the
transcription of an mRNA which can be translated into the polypeptide encoded by the DNA. Examples of
transcription terminater/polyadenylation signals include those derived from SV40 [Sambrook et al (1989)
"Expression of cloned genes in cultured mammalian cells." In Molecular Cloning: A Laboratory Manual].
Usually, the above described components, comprising a promoter, polyadenylation signal, and transcription
termination sequence are put together into expression constructs. Enhancers, introns with functional splice

donor and acceptor sites, and leader sequences may also be included in an expression construct, if desired.
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Expression constructs are often maintained in a replicon, such as an extrachromosomal element (eg.
plasmids) capable of stable maintenance in a host, such as mammalian cells or bacteria. Mammalian
replication systems include those derived from animal viruses, which require trans-acting factors to
replicate. For example, plasmids containing the replication systems of papovaviruses, such as SV40
[Gluzman (1981) Cell 23:175] or polyomavirus, replicate to extremely high copy number in the presence of
the appropriate viral T antigen. Additional examples of mammalian replicons include those derived from
bovine papillomavirus and Epstein-Barr virus. Additionally, the replicon may have two replicaton systems,
thus allowing it to be maintained, for example, in mammalian cells for expression and in a prokaryotic host
for cloning and amplification. Examples of such mammalian-bacteria shuttle vectors include pMT2
[Kaufman et al. (1989) Mol. Cell. Biol. 9:946] and pHEBO [Shimizu et al. (1986) Mol. Cell. Biol. 6:1074].
The transformation procedure used depends upon the host to be transformed. Methods for introduction of
heterologous polynucleotides into mammalian cells are known in the art and include dextran-mediated
transfection, calcium phosphate precipitation, polybrene mediated transfection, protoplast fusion,
electroporation, encapsulation of the polynucleotide(s) in liposomes, and direct microinjection of the DNA
into nuclei.

Mammalian cell lines available as hosts for expression are known in the art and include many immortalized
cell lines available from the American Type Culture Collection (ATCC), including but not limited to, -
Chinese hamster ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells
(COS), human hepatocellular carcinoma cells (eg. Hep G2), and a number of other cell lines.

ii. Baculovirus Systems

The polynucleotide encoding the protein can also be inserted into a suitable insect expression vector, and is
operably linked to the control elements within that vector. Vector construction employs techniques which
are known in the art. Generally, the components of the expression system include a transfer vector, usually a
bacterial plasmid, which contains both a fragment of the baculovirus genome, and a convenient restriction
site for insertion of the heterologous gene or genes to be expressed; a wild type baculovirus with a sequence
homologous to the baculovirus-specific fragment in the transfer vector (this allows for the homologous
recombination of the heterologous gene in to the baculovirus genome); and appropriate insect host cells and
growth media.

After inserting the DNA sequence encoding the protein into the transfer vector, the vector and the wild type
viral genome are transfected into an insect host cell where the vector and viral genome are allowed to
recombine. The packaged recombinant virus is expressed and recombinant plaques are identified and

purified. Materials and methods for baculovirus/insect cell expression systems are commercially available

~ in kit form from, inter alia, Invitrogen, San Diego CA ("MaxBac" kit). These techniques are generally
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known to those skilled in the art and fully described in Summers & Smith, Texas Agricultural Experiment
Station Bulletin No. 1555 (1987) ("Summers & Smith").

Prior to inserting the DNA sequence encoding the protéin into the baculovirus genome, the above described
components, comprising a promoter, leader (if desired), coding sequence, and transcription termination
sequence, are usually assembled into an intermediate transplacement construct (transfer vector). This may
contain a single gene and operably linked regulatory elements; multiple genes, each with its owned set of
operably linked regulatory elements; or multiple genes, regulated by the same set of regulatory elements.
Intermediate transplacement constructs are often maintained in a replicon, such as an extra-chromosomal
element (e.g. plasmids) capable of stable maintenance in a host, such as a bacterium. The replicon will have
a replication system, thus allowing it to be maintained in a suitable host for cloning and amplification.
Currently, the most commonly used transfer vector for introducing foreign genes into AcCNPV is pAc373.
Many other vectors, known to those of skill in the art, have also been designed. These include, for example,
pVL985 (which alters the polyhedrin start codon from ATG to ATT, and which introduces a BamHI
cloning site 32 basepairs downstream from the ATT; see Luckow and Summers, Virology (1989) 17:31.

The plasmid usually also contains the polyhedrin polyadenylation signal (Miller et al. (1988) Ann. Rev.
Microbiol., 42:177) and a prokaryotic ampicillin-resistance (amp) gene and origin of replication for,
selection and propagation in E. coli.

Baculovirus transfer vectors usually contain a baculovirus promoter. A baculovirus promoter is any DNA
sequence capable of binding a baculovirus RNA polymerase and initiating the downstream (5' to 3')
transcription of a coding sequence (eg. structural gene) into mRNA. A promoter will have a transcription
initiation region which is usually placed proximal to the 5' end of the coding sequence. This transcription
initiation region usually includes an RNA polymerase binding site and a transcription initiation site. A
baculovirus transfer vector may also have a second domain called an enhancer, which, if present, is usually-
distal to the structural gene. Expression may be either regulated or constitutive.

Structural genes, abundantly transcribed at late times in a viral infection cycle, provide particularly useful
promoter sequences. Examples include sequences derived from the gene encoding the viral polyhedron
protein, Friesen et al., (1986) "The Regulation of Baculovirus Gene Expression," in: The Molecular Biology
of Baculoviruses (ed. Walter Doerfler); EPO Publ. Nos. 127 839 and 155 476; and the gene encoding the
p10 protein, Viak et al., (1988), J. Gen. Virol. 69:765.

DNA encoding suitable signal sequences can be derived from genes for secreted insect or baculovirus
proteins, such as the baculovirus polyhedrin gene (Carbonell et al. (1988) Gene, 73:409). Alternatively,
since the signals for mammalian cell posttranslational modifications (such as signal peptide cleavage,
proteolytic cleavage, and phosphorylation) appear to be recognized by insect cells, and the signals required

for secretion and nuclear accumulation also appear to be conserved between the invertebrate cells and
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vertebrate cells, leaders of non-insect origin, such as those derived from genes encoding human o-
interferon, Maeda et al., (1985), Nature 315:592; human gastrin-releasing peptide, Lebacq-Verheyden et al.,
(1988), Molec. Cell. Biol. 8:3129; human IL-2, Smith et al., (1985) Proc. Nat'l Acad. Sci. US4, 82:3404;
mouée IL-3, (Miyajima et al., (1987) Gene 58:273; and human glucocerebrosidase, Martin et al. (1988)
DNA, 7:99, can also be used to provide for secretion in insects.

A recombinant polypeptide or polyprotein may be expressed intracellularly or, if it is expressed with the
proper regulatory sequences, it can be secreted. Good intracellular expression of nonfused foreign proteins
usually requires heterologous genes that ideally have a short leader sequence containing suitable translation
initiation signals preceding an ATG start signal. If desired, methionine at the N-terminus may be cleaved
from the mature protein by in vitro incubation with cyanogen bromide.

Alternatively, recombinant polyproteins or proteins which are not naturally secreted can be secreted from
the insect cell by creating chimeric DNA molecules that encode a fusion protein comprised of a leader
sequence fragment that provides for secretion of the foreign protein in insects. The leader sequence
fragment usually encodes a signal peptide comprised of hydrophobic amino acids which direct the
translocation of the protein into the endoplasmic reticulum.

After insertion of the DNA sequence and/or the gene encoding the expression product precursor of the
protein, an insect cell host is co-transformed with the heterologous DNA of the transfer vector and the
genomic DNA of wild type baculovirus -- usually by co-transfection. The promoter and transcription
termination sequence of the construct will usually comprise a 2-5kb section of the baculovirus genome.
Methods for introducing heterologous DNA into the desired site in the baculovirus virus are known in the
art. (See Summers & Smith supra; Ju et al. (1987); Smith et al., Mol. Cell. Biol. (1983) 3:2156; and Luckow
and Summers (1989)). For example, the insertion can be into a gene such as the polyhedrin gene, by
homologous double crossover recombination; insertion can also be into a restriction enzyme site engineered
into the desired baculovirus gene. Miller et al., (1989), Bioessays 4:91.The DNA sequence, when cloned in
place of the polyhedrin gene in the expression vector, is flanked both 5' and 3' by polyhedrin-specific
sequences and is positioned downstream of the polyhedrin promoter.

The newly formed baculovirus expression vector is subsequently packaged into an infectious recombinant
baculovirus. Homologous recombination occurs at low frequency (between about 1% and about 5%); thus,
the majority of the virus produced after cotransfection is still wild-type virus. Therefore, a method is
necessary to identify recombinant viruses. An advantage of the expression system is a visual screen
allowing recombinant viruses to be distinguished. The polyhedrin protein, which is produced by the native
virus, is produced at very high levels in the nuclei of infected cells at late times after viral infection.

Accumulated polyhedrin protein forms occlusion bodies that also contain embedded particles. These
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occlusion bodies, up to 15 um in size, are highly refractile, giving them a bright shiny appearance that is
readily visualized under the light microscope. Cells infected with recombinant viruses lack occlusion
bodies. To distinguish recombinant virus from wild-type virus, the transfection supernatant is plaqued onto
a monolayer of insect cells by techniques known to those skilled in the art. Namely, the plaques are
screened under the light microscope for the presence (indicative of wild-type virus) or absence (indicative
of recombinant virus) of occlusion bodies. "Current Protocols in Microbiology" Vol. 2 (Ausubel et al. eds)
at 16.8 (Supp. 10, 1990); Summers & Smith, supra; Miller et al. (1989).

Recombinant baculovirus expression vectors have been developed for infection into several insect cells. For
example, recombinant baculoviruses have been developed for, infer alia: Aedes aegypti Autographa
californica, Bombyx mori, Drosophila melanogaster, Spodoptera frugiperda, and Trichoplusia ni (WO
89/046699; Carbonell et al., (1985) J. Virol. 56:153; Wright (1986) Nature 321:718; Smith et al., (1983)
Mol. Cell. Biol. 3:2156; and see generally, Fraser, et al. (1989) In Vitro Cell. Dev. Biol. 25:225).

Cells and cell culture media are commercially available for both direct and fusion expression of
heterologous polypeptides in a baculovirus/expression system; cell culture technology is generally known to
those skilled in the art. See, eg. Summers & Smith supra.

The modified insect cells may then be grown in an appropriate nuirient medium, which aliows for stable
maintenance of the plasmid(s) present in the modified insect host. Where the expression product gene is
under inducible control, the host may be grown to high density, and expression induced. Alternatively,
where expression is constitutive, the product will be continuously expressed into the medium and the
nutrient medium must be continuously circulated, while removing the product of interest and augmenting
depleted nutrients. The product may be purified by such techniques as chromatography, eg. HPLC, affinity
chromatography, ion exchange chromatography, efc.; electrophoresis; density gradient centrifugation;
solvent extraction, efc. As appropriate, the product may be further purified, as required, so as to remove
substantially any insect proteins which are also present in the medium, so as to provide a product which is at
least substantially free of host debris, eg. proteins, lipids and polysaccharides.

In order to obtain protein expression, recombinant host cells derived from the transformants are incubated
under conditions which allow expression of the recombinant protein encoding sequence. These conditions
will vary, dependent upon the host cell selected. However, the conditions are readily ascertainable to those
of ordinary skill in the art, based upon what is known in the art.

iii. Plant Systems

There are many plant cell culture and whole plant genetic expression systems known in the art. Exemplary
plant cellular genetic expression systems include those described in patents, such as: US 5,693,506; US
5,659,122; and US 5,608,143. Additional examples of genetic expression in plant cell culture has been
described by Zenk, Phytochemistry 30:3861-3863 (1991). Descriptions of plant protein signal peptides may
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be found in addition to the references described above in Vaulcombe et al., Mol. Gen. Genet. 209:33-40
(1987); Chandler et al., Plant Molecular Biology 3:407-418 (1984); Rogers, J. Biol. Chem. 260:3731-3738
(1985); Rothstein et al., Gene 55:353-356 (1987); Whittier et al., Nucleic Acids Research 15:2515-2535
(1987); Wirsel et al., Molecular Microbiology 3:3-14 (1989); Yu et al., Gene 122:247-253 (1992). A
description of the regulation of plant gene expression by the phytohormone, gibberellic acid and secreted
enzymes induced by gibberellic acid can be found in R.L. Jones and J. MacMillin, Gibberellins: in:
Advanced Plant Physiology,. Malcolm B. Wilkins, ed., 1984 Pitman Publishing Limited, London, pp. 21-
52. References that describe other metabolically-regulated genes: Sheen, Plant Cell, 2:1027-1038(1990);
Maas et al., EMBO J. 9:3447-3452 (1990); Benkel and Hickey, Proc. Natl. Acad. Sci. 84:1337-1339 (1987).
Typically, using techniques known in the art, a desired polynucleotide sequence is inserted into an
expression cassette comprising genetic regulatory elements designed for operation in plants. The expression
cassette is inserted into a desired expression vector with companion sequences upstream and downstream
from the expression cassette suitable for expression in a plant host. The companion sequences will be of
plasmid or viral origin and provide necessary characteristics to the vector to permit the vectors to move
DNA from an original cloning host, such as bacteria, to the desired plant host. The basic bacterial/plant
vector construct will preferably provide a broad host range prokaryote replication origin; a prokaryote
selectable marker; and, for Agrobacterium transformations, T DNA sequences for Agrobacterium-mediated
transfer to plant chromosomes. Where the heterologous gene is not readily amenable to detection, the
construct will preferably also have a selectable marker gene suitable for determining if a plant cell has been
transformed. A general review of suitable markers, for example for the members of the grass family, is
found in Wilmink and Dons, 1993, Plant Mol. Biol. Reptr, 11(2):165-185.

Sequences suitable for permitting integration of the heterologous sequence into the plant genome are also
recommended. These might include transposon sequences and the like for homologous recombination as
well as Ti sequences which permit random insertion of a heterologous expression cassette into a plant
genome. Suitable prokaryote selectable markers include resistance toward antibiotics such as ampicillin or
tetracycline. Other DNA sequences encoding additional functions may also be present in the vector, as is
known in the art.

The nucleic acid molecules of the subject invention may be included into an expression cassette for
expression of the protein(s) of interest. Usually, there will be only one expression cassette, although two or
more are feasible. The recombinant expression cassette will contain in addition to the heterologous protein
encoding sequence the following elements, a promoter region, plant 5' uniranslated sequences, initiation
codon depending upon whether or not the structural gene comes equipped with one, and a transcription and
translation termination sequence. Unique restriction enzyme sites at the 5' and 3' ends of the cassette allow

for easy insertion into a pre-existing vector.
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A heterologous coding sequence may be for any protein relating to the present invention. The sequence
encoding the protein of interest will encode a signal peptide which allows processing and translocation of
the protein, as appropriate, and will usually lack any sequence which might result in the binding of the
desired protein of the invention to a membrane. Since, for the most part, the transcriptional initiation region
will be for a gene which is expressed and translocated during germination, by employing the signal peptide
which provides for translocation, one may also provide for translocation of the protein of interest. In this
way, the protein(s) of interest will be translocated from the cells in which they are expressed and may be
efficiently harvested. Typically secretion in seeds are across the aleurone or scutellar epithelium layer into
the endosperm of the seed. While it is not required that the protein be secreted from the cells in which the
protein is produced, this facilitates the isolation and purification of the recombinant protein.

Since the ultimate expression of the desired gene product will be in a eucaryotic cell it is desirable to
determine whether any portion of the cloned gene contains sequences which will be processed out as introns
by the host's splicosome machinery. If so, site-directed mutagenesis of the "in"tron" region may be
conducted to prevent losing a portion of the genetic message as a false intron code, Reed and Maniatis, Cell
41:95-105, 1985.

The vector can be microinjected directly into plant cells by use of micropipettes to mechanically transfer the
recombinant DNA. Crossway, Mol. Gen. Genet, 202:179-185, 1985. The genetic material may also be
transferred into the plant cell by using polyethylene glycol, Krens, et al., Nature, 296, 72-74, 1982. Another
method of introduction of nucleic acid segments is high velocity ballistic penetration by small particles with
the nucleic acid either within the matrix of small beads or particles, or on the surface, Klein, et al., Nature,
327, 70-73, 1987 and Knudsen and Muller, 1991, Planta, 185:330-336 teaching particle bombardment of
barley endosperm to create transgenic barley. ‘Yet another method of introduction would be fusion of
protoplasts with other entities, either minicells, cells, lysosomes or other fusible lipid-surfaced bodies,
Fraley, et al., Proc. Natl. Acad. Sci. USA, 79, 1859-1863, 1982.

The vector may also be introduced into the plant cells by electroporation. (Fromm et al., Proc. Natl Acad.
Sci. USA 82:5824, 1985). In this technique, plant protoplasts are electroporated in the presence of plasmids
containing the gene construct. Electrical impulses of high field strength reversibly permeabilize
biomembranes allowing the introduction of the plasmids. Electroporated plant protoplasts reform the cell
wall, divide, and form plant callus.

All plants from which protoplasts can be isolated and cultured to give whole regenerated plants can be
transformed by the present invention so that whole plants are recovered which contain the transferred gene.
It is known that practically all plants can be regenerated from cultured cells or tissues, including but not
limited to all major species of sugarcane, sugar beet, cotton, fruit and other trees, legumes and vegetables.

Some suitable plants include, for example, species from the genera Fragaria, Lotus, Medicago, Onobrychis,

53



10

15

20

25

30

WO 2004/018646 PCT/US2003/026827

Trifolium, Trigonella, Vigna, Citrus, Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica,
Raphanus, Sinapis, Atropa, Capsicum, Datura, Hyoscyamus, Lycopersion, Nicotiana, Solanum, Petunia,
Digitalis, Majorana, Cichorium, Helianthus, Lactuca, Bromus, Asparagus, Antirrhinum, Hererocallis,
Nemesia, Pelargonium, Panicum, Pennisetum, Ranunculus, Senecio, Salpiglossis, Cucumis, Browaalia,
Glycine, Lolium, Zea, Triticum, Sorghum, and Datura.

Means for regeneration vary from species to species of plants, but generally a suspension of transformed
protoplasts containing copies of the heterologous gene is first provided. Callus tissue is formed and shoots
may be induced from callus and subsequently rooted. Alternatively, embryo formation can be induced from
the protoplast suspension. These embryos germinate as natural embryos to form plants. The culture media
will generally contain various amino acids and hormones, such as auxin and cytokinins. It is also
advantageous to add glutarhic acid and proline to the medium, especially for such species as corn and
alfalfa. Shoots and roots normally develop simultaneously. Efficient regeneration will depend on the
medium, on the genotype, and on the history of the culture. If these three variables are controlled, then
regeneration is fully reproducible and repeatable.

Tn some plant cell culture systems, the desired protein of the invention may be excreted or alternatively, the
protein may be extracted from the whole plant. Where the desired protein of the invention is secreted into
the medium, it may be collected. Alternatively, the embryos and embryoless-half seeds or other plant tissue
may be mechanically disrupted to release any secreted protein between cells and tissues. The mixture may
be suspended in a buffer solution to retrieve soluble proteins. Conventional protein isolation and
purification methods will be then used to purify the recombinant protein. Parameters of time, temperature
pH, oxygen, and volumes will be adjusted through routine methods to optimize expression and recovery of
heterologous protein.

iv. Bacterial Systems

Bacterial expression techniques are known in the art. A bacterial promoter is any DNA sequence capable of
binding bacterial RNA polymerase and initiating the downstream (3’) transcription of a coding sequence
(eg. structural gene) into mRNA. A promoter will have a transcription initiation region which is usually
placed proximal to the 5' end of the coding sequence. This transcription initiation region usually includes an
RNA polymerase binding site and a transcription initiation site. A bacterial promoter may also have a
second domain called an operator, that may overlap an adjacent RNA polymerase binding site at which
RNA synthesis begins. The operator permits negative regulated (inducible) transcription, as a gene
repressor protein may bind the operator and thereby inhibit transcription of a specific gene. Constitutive
expression may occur in the absence of negative regulatory elements, such as the operator. In addition,
positive regulation may be achieved by a gene activator protein binding sequence, which, if present is

usually proximal (5 to the RNA polymerase binding sequence. An example of a gene activator protein is
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the catabolite activator protein (CAP), which helps initiate transcription of the lac operon in Escherichia coli
(E. coli) [Raibaud et al. (1984) Annu. Rev. Genet. 18:173]. Regulated expression may therefore be either
positive or negative, thereby either enhancing or reducing transcription.

Sequences encoding metabolic pathway enzymes provide particularly useful promoter sequences. Examples
include promoter sequences derived from sugar metabolizing enzymes, such as galactose, lactose (lac)
[Chang et al. (1977) Nature 198:1056], and maltose. Additional examples include promoter sequences
derived from biosynthetic enzymes such as tryptophan (trp) [Goeddel et al. (1980) Nuc. Acids Res. 8:4057,
Yelverton et al. (1981) Nucl. Acids Res. 9:731; US patent 4,738,921; EP-A-0036776 and EP-A-0121775].
The g-laotamase (bla) promoter system [Weissmann (1981) "The cloning of interferon and other mistakes."
In Interferon 3 (ed. L. Gresser)], bacteriophage lambda PL [Shimatake ef al. (1981) Nature 292:128] and T5
[US patent 4,689,406] promoter systems also provide useful promoter sequences.

In addition, synthetic promoters which do not occur in nature also function as bacterial promoters. For
example, transcription activation sequences of one bacterial or bacteriophage promoter may be joined with
the operon sequences of another bacterial or bacteriophage promoter, creating a synthetic hybrid promoter
[US patent 4,551,433]. For example, the tac promoter is a hybrid #rp-lac promoter comprised of both trp
promoter and Jac operon sequences that is regulated by the lac repressor [Amann et al. (1983) Gene 25:167,
de Boer et al. (1983) Proc. Natl. Acad. Sci. 80:21]. Furthermore, a bacterial promoter can include naturally
occurring promoters of non-bacterial origin that have the ability to bind bacterial RNA polymerase and
initiate transcription. A naturally occurring promoter of non-bacterial origin can also be coupled with a
compatible RNA polymerase to produce high levels of expression of some genes in prokaryotes. The
bacteriophage T7 RNA polymerase/promoter system is an example of a coupled promoter system [Studier
et al. (1986) J. Mol. Biol. 189:113; Tabor et al. (1985) Proc Natl. Acad. Sci. 82:1074]. In addition, a hybrid
promoter can also be comprised of a bacteriophage promoter and an E. coli operator region (EPO-A-0 267
851).

In addition to a functioning promoter sequence, an efficient ribosome binding site is also useful for the
expression of foreign genes in prokaryotes. In E. coli, the ribosome binding site is called the Shine-
Dalgarno (SD) sequence and includes an initiation codon (ATG) and a sequence 3-9 nucleotides in length
located 3-11 nucleotides upstream of the initiation coéon [Shine et al. (1975) Nature 254:34]. The SD
sequence is thought to promote binding of mRNA to the ribosome by the pairing of bases between the SD
sequence and the 3' and of E. coli 16S rRNA [Steitz ef al. (1979) "Genetic signals and nucleotide sequences
in messenger RNA." In Biological Regulation and Development: Gene Expression (ed. R.F. Goldberger)].
To express eukaryotic genes and prokaryotic genes with weak ribosome-binding site [Sambrook ef al.

(1989) "Expression of cloned genes in Escherichia coli." In Molecular Cloning: A Laboratory Manual].
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A DNA molecule may be expressed intracellularly. A promoter sequence may be directly linked with the
DNA molecule, in which case the first amino acid at the N-terminus will always be a methionine, which is
encoded by the ATG start codon. If desired, methionine at the N-terminus may be cleaved from the protein
by in vitro incubation with cyanogen bromide or by either in vivo on in vitro incubation with a bacterial
methionine N-terminal peptidase (EPO-A-0 219 237).

Fusion proteins provide an alternative to direct expression. Usually, a DNA sequence encoding the N-
terminal portion of an endogenous bacterial protein, or other stable protein, is fused to the 5' end of
heterologous coding sequences. Upon expression, this construct will provide a fusion of the two amino acid
sequences. For example, the bacteriophage lambda cell gene can be linked at the 5' terminus of a foreign
gene and expressed in bacteria. The resulting fusion protein preferably retains a site for a processing
enzyme (factor Xa) to cleave the bacteriophage protein from the foreign gene [Nagai ez al. (1984) Nature
309:810]. Fusion proteins can also be made with sequences from the lacZ [Jia et al. (1987) Gene 60:1971,
trpE [Allen et al. (1987) J. Biotechnol. 5:93; Makoff et al. (1989) J. Gen. Microbiol. 135:11], and Chey
[EP-A-0 324 647] genes. The DNA sequence at the junction of the two amino acid sequences may or may
not encode a cleavable site. Another example is a ubiquitin fusion protein. Such a fusion protein is made
with the ubiquitin region that preferably retains a site for a processing enzyme (eg. ubiquitin specific
processing-protease) to cleave the ubiquitin from the foreign protein. Through this method, native foreign
protein can be isolated [Miller et al. (1989) Bio/Technology 7:698].

Alternatively, foreign proteins can also be secreted from the cell by creating chimeric DNA molecules that
encode a fusion protein éomprised of a signal peptide sequence fragment that provides for secretion of the
foreign protein in bacteria [US patent 4,336,336]. The signal sequence fragment usually encodes a signal
peptide comprised of hydrophobic amino acids which direct the secretion of the protein from the cell. The
protein is either secreted into the growth media (gram-positive bacteria) or into the periplasmic space,
located between the inner and outer membrane of the cell (gram-negative bacteria). Preferably there are
processing sites, which can be cleaved either in vivo or in vifro encoded between the signal peptide
fragment and the foreign gene.

DNA encoding suitable signal sequences can be derived from genes for secreted bacterial proteins, such as
the E. coli outer membrane protein gene (ompA) [Masui et al. (1983), in: Experimental Manipulation of
Gene Expression; Ghrayeb et al. (1984) EMBO J. 3:2437] and the E. coli alkaline phosphatase signal
sequence (phod) [Oka et al. (1985) Proc. Natl. Acad. Sci. 82:7212]. As an additional example, the signal
sequence of the alpha-amylase gene from various Bacillus strains can be used to secrete heterologous
proteins from B. subtilis [Palva et al. (1982) Proc. Natl. Acad. Sci. USA 79:5582; EP-A-0 244 042].
Usually, transcription termination sequences recognized by bacteria are regulatory regions located 3' to the

translation stop codon, and thus together with the promoter flank the coding sequence. These sequences
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direct the transcription of an mRNA which can be translated into the polypeptide encoded by the DNA.
Transcription termination sequences frequently include DNA sequences of about 50 nucleotides capable of
forming stem loop structures that aid in terminating transcription. Examples include transcription
termination sequences derived from genes with strong promoters, such as the #p gene in E. coli as well as
other biosynthetic genes.

Usually, the above described components, comprising a promoter, signal sequence (if desired), coding
sequence of interest, and transcription termination sequence, are put together into expression constructs.
Expression constructs are often maintained in a replicon, such as an extrachromosomal element (eg.
plasmids) capable of stable maintenance in a host, such as bacteria. The replicon will have a replication
system, thus allowing it to be maintained in a prokaryotic host either for expression or for cloning and
amplification. In addition, a replicon may be either a high or low copy number plasmid. A high copy
number plasmid will generally have a copy number ranging from about 5 to about 200, and usually about 10
to about 150. A host containing a high copy number plasmid will preferably contain at least about 10, and
more preferably at least about 20 plasmids. Either a high or low copy number vector may be selected,
depending upon the effect of the vector and the foreign protein on the host.

Alternatively, the expression constructs can be integrated into the bacterial genome with an integrating
vector. Integrating vectors usually contain at least one sequence homologous to the bacterial chromosome
that allows the vector to integrate. Integrations appear to result from recombinations between homologous.
DNA in the vector and the bacterial chromosome. For example, integrating vectors constructed with DNA
from various Bacillus strains integrate into the Bacillus chromosome (EP-A- 0 127 328). Integrating vectors
may also be comprised of bacteriophage or transposon sequences.

Usually, extrachromosomal and integrating expression constructs may contain selectable markers to allow
for the selection of bacterial strains that have been transformed. Selectable markers can be expressed in the
bacterial host and may include genes which render bacteria resistant to drugs such as ampicillin,
chloramphenicol, erythromycin, kanamycin (neomycin), and tetracycline [Davies et al. (1978) Annu. Rev.
Microbiol. 32:469]. Selectable markers may also include biosynthetic genes, such as those in the histidine,
tryptophan, and leucine biosynthetic pathways.

Alternatively, some of the above described components can be put together in transformation vectors.
Transformation vectors are usually comprised of a selectable market that is either maintained in a replicon
or developed into an integrating vector, as described above.

Expression and transformation vectors, either extra-chromosomal replicons or integrating vectors, have
been developed for transformation into many bacteria. For example, expression vectors have been
developed for, inter alia, the following bacteria: Bacillus subtilis [Palva et al. (1982) Proc. Natl. Acad. Sci.
USA 79:5582; EP-A-0 036 259 and EP-A-0 063 953; WO 84/04541], Escherichia coli [Shimatake et al.
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(1981) Nature 292:128; Amann et al. (1985) Gene 40:183; Studier et al. (1986) J. Mol. Biol. 189:113; EP-
A-0 036 776,EP-A-0 136 829 and EP-A-0 136 907), Streptococcus cremoris [Powell et al. (1988) Appl.
Environ. Microbiol. 54:655]; Streptococcus lividans [Powell et al. (1988) Appl. Environ. Microbiol.
54:655], Streptomyces lividans [US patent 4,745,056].

Methods of introducing exogenous DNA into bacterial hosts are well-known in the art, and usually include
either the transformation of bacteria treated with CaCl, or other agents, such as divalent cations and DMSO.
DNA can also be introduced into bacterial cells by electroporation. Transformation procedures usually vary
with the bacterial species to be transformed. See eg. [Mésson et al. (1989) FEMS Microbiol. Lett. 60:273;
Palva et al. (1982) Proc. Natl. Acad. Sci. USA 79:5582; EP-A-0 036 259 and EP-A-0 063 953; WO
84/04541, Bacillus], [Miller et al. (1988) Proc. Natl. Acad. Sci. 85:856; Wang et al. (1990) J. Bacteriol.
172:949, Campylobacter], [Cohen et al. (1973) Proc. Natl. Acad. Sci. 69:2110; Dower et al. (1988) Nucleic
Acids Res. 16:6127; Kushner (1978) "An improved method for transformation of Escherichia coli with
ColE1-derived plasmids. In Genetic Engineering: Proceedings of the International Symposium on Genetic
Engineering (eds. H.W. Boyer and S. Nicosia); Mandel et al. (1970) J. Mol. Biol. 53:159; Taketo (1988)
Biochim. Biophys. Acta 949:318; Escherichia], [Chassy et al. (1987) FEMS Microbiol. Lett. 44:173
Lactobacillus]; [Fiedler et al. (1988) Anal. Biochem 170:38, Pseudomonas]; [Augustin et al. (1990) FEMS
Microbiol. Lett. 66:203, Staphylococcus], [Batany et al. (1980) J. Bacteriol. 144:698; Harlander (1987)
"Transformation of Streptococcus lactis by electroporation, in: Streptococcal Genetics (ed. J. Ferreti and R.
Curtiss IIT); Perry et al. (1981) Infect. Immun. 32:1295; Powell et al. (1988) Appl. Environ. Microbiol.
54:655; Somkuti et al. (1987) Proc. 4th Evr. Cong. Biotechnology 1:412, Streptococcus].

v. Yeast Expression

Yeast expression systems are also known to one of ordinary skill in the art. A yeast promoter is any DNA
sequence capable of binding yeast RNA polymerase and initiating the downstream (3") transcription of a
coding sequence (eg. structural gene) into mRNA. A promoter will have a transcription initiation region
which is usually placed proximal to the 5' end of the coding sequence. This transcription initiation region
usually includes an RNA polymerase binding site (the "TATA Box") and a transcription initiation site. A
yeast promoter may also have a second domain called an upstream activator sequence (UAS), which, if
present, is usually distal to the structural gene. The UAS permits regulated (inducible) expression. Constitu-
tive expression occurs in the absence of a UAS. Regulated expression may be either positive or negative,
thereby either enhancing or reducing transcription.

Yeast is a fermenting organism with an active metabolic pathway, therefore sequences encoding enzymes in
the metabolic pathway provide particularly useful promoter sequences. Examples include alcohol
dehydrogenase (ADH) (EP-A-0 284 044), enolase, glucokinase, glucose-6-phosphate isomerase,
glyceraldehyde-3-phosphate-dehydrogenase (GAP or GAPDH), hexokinase, phosphofructokinase, 3-
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phosphoglycerate mutase, and pyruvate kinase (PyK) (EPO-A-0 329 203). The yeast PHOS gene, encoding
acid phosphatase, also provides useful promoter sequences [Myanohara et al. (1983) Proc. Natl. Acad. Sci.
US4 80:1].

Tn addition, synthetic promoters which do not occur in nature also function as yeast promoters. For
example, UAS sequences of one yeast promoter may be joined with the transcription activation region of
another yeast promoter, creating a synthetic hybrid promoter. Examples of such hybrid promoters include
the ADH regulatory sequence linked to the GAP transcription activation region (US Patent Nos. 4,876,197
and 4,880,734). Other examples of hybrid promoters include promoters which consist of the regulatory
sequences of either the ADH2, GAL4, GALI0, OR PHOS genes, combined with the transcriptional
activation region of a glycolytic enzyme gene such as GAP or PyK (EP-A-0 164 556). Furthermore, a yeast
promoter can include naturally occurring promoters of non-yeast origin that have the ability to bind yeast
RNA polymerase and initiate transcription. Examples of such promoters include, inter alia, [Cohen et al.
(1980) Proc. Natl. Acad. Sci. USA 77:1078; Henikoff et al. (1981) Nature 283:835, Hollenberg et al. (1981)
Curr. Topics Microbiol. Immunol. 96:119; Hollenberg et al. (1979) "The Expression of Bacterial Antibiotic
Resistance Genes in the Yeast Saccharomyces cerevisiae," in: Plasmids of Medical, Environmental and
Commercial Importance (eds. K.N. Timmis and A. Puhler); Mercerau-Puigalon et al. (1980) Gene 11:163;
Panthier et al. (1980) Curr. Genet. 2:109;].

A DNA molecule may be expressed intracellularly in yeast. A promoter sequence may be directly linked
with the DNA molecule, in which case the first amino acid at the N-terminus of the recombinant protein
will always be a methionine, which is encoded by the ATG start codon. If desired, methionine at the N-
terminus may be cleaved from the protein by in vitro incubation with cyanogen bromide.

Fusion proteins provide an alternative for yeast expression systems, as well as in mammalian, baculovirus,
and bacterial expression systems. Usually, a DNA sequence encoding the N-terminal portion of an
endogenous yeast protein, or other stable protein, is fused to the 5' end of heterologous coding sequences.
Upon expression, this construct will provide a fusion of the two amino acid sequences. For example, the
yeast or human superoxide dismutase (SOD) gene, can be linked at the 5' terminus of a foreign gene and
expressed in yeast. The DNA sequence at the junction of the two amino acid sequences may or may not
encode a cleavable site. See eg. EP-A-0 196 056. Another example is a ubiquitin fusion protein. Such a
fusion protein is made with the ubiquitin region that preferably retains a site for a processing enzyme (eg.
ubiquitin-specific processing protease) to cleave the ubiquitin from the foreign protein. Through this
method, therefore, native foreign protein can be isolated (eg. WO88/024066).

Alternatively, foreign proteins can also be secreted from the cell into the growth media by creating chimeric
DNA molecules that encode a fusion protein comprised of a leader sequence fragment that provide for

secretion in yeast of the foreign protein. Preferably, there are processing sites encoded between the leader
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fragment and the foreign gene that can be cleaved either in vivo or in vitro. The leader sequence fragment
usually encodes a signal peptide comprised of hydrophobic amino acids which direct the secretion of the
protein from the cell.

DNA encoding suitable signal sequences can be derived from genes for secreted yeast proteins, such as the
yeast invertase gene (EP-A-0 012 873; JPO. 62,096,086) and the A-factor gene (US patent 4,588,684).
Alternatively, leaders of non-yeast origin, such as an interferon leader, exist that also provide for secretion
in yeast (EP-A-0 060 057).

A preferred class of secretion leaders are those that employ a fragment of the yeast alpha-factor gene, which
contains both a "pre" signal sequence, and a "pro" region. The types of alpha-factor fragments that can be
employed include the full-length pre-pro alpha factor leader (about 83 amino acid residues) as well as
truncated alpha-factor leaders (usually about 25 to about 50 amino acid residues) (US Patents 4,546,083 and
4,870,008; EP-A-0 324 274). Additional leaders employing an alpha-factor leader fragment that provides
for secretion include hybrid alpha-factor leaders made with a presequence of a first yeast, but a pro-region
from a second yeast alphafactor. (eg. see WO 89/02463.)

Usually, transcription termination sequences recognized by yeast are regulatory regions located 3' to the
translation stop codon, and thus together with the promoter flank the coding sequence. These sequences
direct the transcription of an mRNA which can be translated into the polypeptide encoded by the DNA.
Examples of transcription terminator sequence and other yeast-recognized termination sequences, such as
those coding for glycolytic enzymes.

Usually, the above described components, comprising a promoter, leader (if desired), coding sequence of
interest, and transcription termination sequence, are put together into expression constructs. Expression
constructs are often maintained in a replicon, such as an extrachromosomal element (eg. plasmids) capable
of stable maintenance in a host, such as yeast or bacteria. The replicon may have two replicatibn systems,
thus allowing it to be maintained, for example, in yeast for expression and in a prokaryotic host for cloning
and amplification. Examples of such yeast-bacteria shuttle vectors include YEp24 [Botstein et al. (1979)
Gene 8:17-24], pCl/1 [Brake et al. (1984) Proc. Natl. Acad. Sci USA 81:4642-4646], and YRpl7
[Stinchcomb et al. (1982) J. Mol. Biol. 158:157]. In addition, a replicon may be either a high or low copy
number plasmid. A high copy number plasmid will generally have a copy number ranging from about 5 to
about 200, and usually about 10 to about 150. A host containing a high copy number plasmid will
preferably have at least about 10, and more preferably at least about 20. Enter a high or low copy number
vector may be selected, depending upon the effect of the vector and the foreign protein on the host. See eg.
Brake et al., supra.

Alternatively, the expression constructs can be integrated into the yeast genome with an integrating vector.

Integrating vectors usually contain at least one sequence homologous to a yeast chromosome that allows the
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vector to integrate, and preferably contain two homologous sequences flanking the expression construct.
Integrations appear to result from recombinations between homologous DNA in the vector and the yeast
chromosome [Orr-Weaver et al. (1983) Methods in Enzymol. 101:228-245]. An integrating vector may be
directed to a specific locus in yeast by selecting the appropriate homologous sequence for inclusion in the
vector. See Orr-Weaver ef al., supra. One or more expression construct may integrate, possibly affecting
levels of recombinant protein produced [Rine et al. (1983) Proc. Natl. Acad. Sci. USA 80:6750]. The
chromosomal sequences included in the vector can occur either as a single segment in the vector, which
results in the integration of the entire vector, or two segments homologous to adjacent segments in the
chromosome and flanking the expression construct in the vector, which can result in the stable integration
of only the expression construct.

Usually, extrachromosomal and integrating expression constructs may contain selectable markers to allow
for the selection of yeast strains that have been transformed. Selectable markers may include biosynthetic
genes that can be expressed in the yeast host, such as ADE2, HIS4, LEU2, TRP1, and ALG7, and the G418
resistance gene, which confer resistance in yeast cells to tunicamycin and G418, respectively. In addition, a
suitable selectable marker may also provide yeast with the ability to grow in the presence of toxic
compounds, such as metal. For example, the presence of CUPI allows yeast to grow in the presence of
copper ions [Buit et al. (1987) Microbiol, Rev. 51:351].

Alternatively, some of the above described components can be put together into transformation vectors..
Transformation vectors are usually comprised of a selectable marker that is either maintained in a replicon
or developed into an integrating vector, as described above.

Expression and transformation vectors, either extrachromosomal replicons or integrating vectors, have been
developed for transformation into many yeasts. For example, expression vectors have been developed for,
inter alia, the following yeasts:Candida albicans [Kurtz, et al. (1986) Mol. Cell. Biol. 6:142], Candida
maltosa [Kunze, ef al. (1985) J. Basic Microbiol. 25:141]. Hansenula polymorpha [Gleeson, et al. (1986) J.
Gen. Microbiol. 132:3459; Roggenkamp et al. (1986) Mol. Gen. Genet. 202:302], Kluyveromyces fragilis
[Das, et al. (1984) J. Bacteriol. 158:1165], Kluyveromyces lactis [De Louvencourt et al. (1983) J.
Bacteriol. 154:737; Van den Berg et al. (1990) Bio/Technology 8:135], Pichia guillerimondii [Kunze ez al.
(1985) J. Basic Microbiol. 25:141], Pichia pastoris [Cregg, et al. (1985) Mol. Cell. Biol. 5:3376; US Patent
Nos. 4,837,148 and 4,929,555], Saccharomyces cerevisiae [Hinnen et al. (1978) Proc. Notl. Acad. Sci. USA
75:1929; Tto ef al. (1983) J. Bacteriol. 153:163], Schizosaccharomyces pombe [Beach and Nurse (1981)
Nature 300:706], and Yarrowia lipolytica [Davidow, et al. (1985) Curr. Genet. 10:380471 Gaillardin, et al.
(1985) Curr. Genet. 10:49].

Methods of introducing exogenous DNA into yeast hosts are well-known in the art, and usually include

either the transformation of spheroplasts or of intact yeast cells treated with alkali cations. Transformation
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procedures usually vary with the yeast species to be transformed. See eg. [Kurtz et al. (1986) Mol. Cell.
Biol. 6:142; Kunze et al. (1985) J. Basic Microbiol. 25:141; Candidal; [Gleeson et al. (1986) J. Gen.
Microbiol. 132:3459; Roggenkamp et al. (1986) Mol. Gen. Genet. 202:302; Hansenula]; [Das et al. (1984)
J. Bacteriol. 158:1165; De Louvencourt ef al. (1983) J. Bacteriol. 154:1165; Van den Berg et al. (1990)
Bio/Technology 8:135; Kluyveromyces]; [Cregg ef al. (1985) Mol. Cell. Biol. 5:3376; Kunze et al. (1985) J.
Basic Microbiol. 25:141; US Patent Nos. 4,837,148 and 4,929,555; Pichia]; [Hinnen et al. (1978) Proc.
Natl. Acad. Sci. US4 75;1929; Tto et al. (1983) J. Bacteriol. 153:163 Saccharomyces]; [Beach and Nurse
(1981) Nature 300:706; Schizosaccharomyces); [Davidow et al. (1985) Curr. Genet. 10:39; Gaillardin ef al.
(1985) Curr. Genet. 10:49; Yarrowia].

Antibodies

As used herein, the term “antibody” refers to a polypeptide or group of polypeptides composed of at least
one antibody combining site. An “antibody combining site” is the three-dimensional binding space with an
internal surface shape and charge distribution complementary to the features of an epitope of an antigen,
which allows a binding of the antibody with the antigen. “Antibody” includes, for example, vertebrate
antibodies, hybrid antibodies, chimeric antibodies, humanised antibodies, altered antibodies, univalent
antibodies, Fab proteins, and single domain antibodies.

Antibodies against the proteins of the invention are useful for affinity chromatography, immunoassays, and
distinguishing/identifying Streptococcal proteins.

Antibodies to the proteins of the invention, both polyclonal and monoclonal, may be prepared by
conventional methods. In general, the protein is first used to immunize a suitable animal, preferably a
mouse, rat, rabbit or goat. Rabbits and goats are preferred for the preparation of polyclonal sera due to the
volume of serum obtainable, and the availability of labeled anti-rabbit and anti-goat antibodies.
Immunization is generally performed by mixing or emulsifying the protein in saline, preferably in an
adjuvant such as Freund’s complete adjuvant, and injecting the mixture or emulsion parenterally (generally
subcutaneously or intramuscularly). A dose of 50-200 pg/injection is typically sufficient. Inmunization is
generally boosted 2-6 weeks later with one or more injections of the protein in saline, preferably using
Freund's incomplete adjuvant. One may alternatively generate antibodies by in vitro immunization using
methods known in the art, which for the purposes of this invention is considered equivalent to in vivo
immunization. Polyclonal antisera is obtained by bleeding the immunized animal into a glass or plastic
container, incubating the blood at 25°C for one hour, followed by incubating at 4°C for 2-18 hours. The
serum is recovered by centrifugation (eg. 1,000g for 10 minutes). About 20-50 ml per bleed may be

obtained from rabbits.
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Monoclonal antibodies are prepared using the standard method of Kohler & Milstein [Nature (1975)
256:495-96], or a modification thereof. Typically, a mouse or rat is immunized as described above.
However, rather than bleeding the animal to extract serum, the spleen (and optionally several large lymph
nodes) is removed and dissociated into single cells. If desired, the spleen cells may be screened (after
removal of nonspecifically adherent cells) by applying a cell suspension to a plate or well coated with the
protein antigen. B-cells expressing membrane-bound immunoglobulin specific for the antigen bind to the
plate, and are not rinsed away with the rest of the suspension. Resulting B-cells, or all dissociated spleen
cells, are then induced to fuse with myeloma cells to form hybridomas, and are cultured in a selective
medium (eg. hypoxanthine, aminopterin, thymidine medium, “HAT”). The resulting hybridomas are plated
by limiting dilution, and are assayed for production of antibodies which bind specifically to the immunizing
antigen (and which do not bind to unrelated antigens). The selected MAb-secteting hybridomas are then
cultured either in vitro (eg. in tissue culture bottles or hollow fiber reactors), or in vivo (as ascites in mice).
If desired, the antibodies (whether polyclonal or monoclonal) may be labeled using conventional
techniques. Suitable labels include fluorophores, chromophores, radioactive atoms (particularly 2p and
1257y, electron-dense reagents, enzymes, and ligands having specific binding partners. Enzymes are typically
detected by their activity. For example, horseradish peroxidase is usually detected by its ability to convert
3,3' 5,5'-tetramethylbenzidine (TMB) to a blue pigment, quantifiable with a spectrophotometer. “Specific
binding partner” refers to a protein capable of binding a ligand molecule with high specificity, as for
example in the case of an antigen and a monoclonal antibody specific therefor. Other specific binding
partners include biotin and avidin or streptavidin, IgG and protein A, and the numerous receptor-ligand
couples known in the art. It should be understood that the above description is not meant to categorize the
various labels into distinct classes, as the same label may serve in several different modes. For example, 1251
may serve as a radioactive label or as an electron-dense reagent. HRP may serve as enzyme or as antigen for
a MAD. Further, one may combine various labels for desired effect. For example, MAbs and avidin also
require labels in the practice of this invention: thus, one might label a MAb Wwith biotin, and detect its
presence with avidin labeled with 1351 or with an anti-biotin MAb labeled with HRP. Other permutations
and possibilities will be readily apparent to those of ordinary skill in the art, and are considered as
equivalents within the scope of the instant invention.

Pharmaceutical Compositions

Pharmaceutical compositions can comprise either polypeptides, antibodies, or nucleic acid of the invention.
The pharmaceutical compositions will comprise a therapeutically effective amount of either polypeptides,
antibodies, or polynucleotides of the claimed invention.

The term “therapeutically effective amount” as used herein refers to an amount of a therapeutic agent to

treat, ameliorate, or prevent a desired disease or condition, or to exhibit a detectable therapeutic or
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preventative effect. The effect can be detected by, for example, chemical markers or antigen levels.
Therapeutic effects also include reduction in physical symptoms, such as decreased body temperature. The
precise effective amount for a subject will depend upon the subject's size and health, the nature and extent
of the condition, and the therapeutics or combination of therapeutics selected for administration. Thus, it is
not useful to specify an exact effective amount in advance. However, the effective amount for a given
situation can be determined by routine experimentation and is within the judgement of the clinician.

For purposes of the present invention, an effective dose will be from about 0.01 mg/ kg to 50 mg/kg or 0.05
mg/kg to about 10 mg/kg of the DNA constructs in the individual to which it is administered.

A pharmaceutical composition can also contain a pharmaceutically acceptable carrier. The term
“pharmaceutically acceptable carrier” refers to a cartier for administration of a therapeutic agent, such as
antibodies or a polypeptide, genes, and other therapeutic agents. The term refers to any pharmaceutical
carrier that does not itself induce the production of antibodies harmful to the individual receiving the
composition, and which may be administered without undue toxicity. Suitable carriers may be large, slowly
metabolized macromolecules such as proteins, polysaccharides, polylactic acids, polyglycolic acids,
polymeric amino acids, amino acid copolymers, and inactive virus particles. Such carriers are well known to
those of ordinary skill in the art.

Pharmaceutically acceptable salts can be used therein, for example, mineral acid salts such as
hydrochlorides, hydrobromides, phosphates, sulfates, and the like; and the salts of organic acids such as
acetates, propionates, malonates, benzoates, and the like. A thorough discussion of pharmaceutically
acceptable excipients is available in Remington's Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991).
Pharmaceutically acceptable carriers in therapeutic compositions may contain liquids such as water, saline,
glycerol and ethanol. Additionally, auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances, and the like, may be present in such vehicles. Typically, the therapéutic compositions
are prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for solution in, or
suspension in, liquid vehicles prior to injection may also be prepared. Liposomes are included within the
definition of a pharmaceutically acceptable carrier.

Delivery Methods

Once formulated, the compositions of the invention can be administered directly to the subject. The subjects
to be treated can be animals; in particular, human subjects can be treated.

Direct delivery of the compositions will generally be accomplished by injection, either subcutaneously,
intraperitoneally, intravenously or intramuscularly or delivered to the interstitial space of a tissue. The
compositions can also be administered into a lesion. Other modes of administration include oral and

pulmonary administration, suppositories, and transdermal or transcutaneous applications (eg. see
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W098/20734), needles, and gene guns or hyposprays. Dosage treatment may be a single dose schedule or a
multiple dose schedule.

See also Delivery Strategies for Antisense Oligonucleotide Therapeutics (ed. Akhtar) ISBN 0849347785.
Vaccines

Vaccines according to the invention may either be prophylactic (ie. to prevent infection) or therapeutic (le.
to treat disease after infection).

Such vaceines comprise immunising antigen(s), immunogen(s), polypeptide(s), protein(s) or nucleic acid,
usually in combination with “pharmaceutically acceptable carriers,” which include any carrier that does not
itself induce the production of antibodies harmful to the individual receiving the composition. Suitable
carriers are typically large, slowly metabolized macromolecules such as proteins, polysaccharides,
polylactic acids, polyglycolic acids, polymeric amino acids, amino acid copolymers, lipid aggregates (such
as oil droplets or liposomes), and inactive virus particles. Such carriers are well known to those of ordinary
skill in the art. Additionally, these carriers may function as immunostimulating agents (“adjuvants”).
Furthermore, the antigen or immunogen may be conjugated to a bacterial toxoid, such as a toxoid from
diphtheria, tetanus, cholera, H. pylori, efc. pathogens.

Vaccines of the invention may be administered in conjunction with other immunoregulatory

agents. In particular, compositions will usually include an adjuvant.

Preferred further adjuvants include, but are not limited to, one or more of the following set forth

below:

A. Mineral Containing Compositions

Mineral containing compositions suitable for use as adjuvants in the invention include mineral
salts, such as aluminium salts and calcium salts. The invention includes mineral salts such as
hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphoshpates, orthophosphates),
sulphates, efc. {e.g. see chapters 8 & 9 of ref. 1}), or mixtures of different mineral compounds,
with the compounds taking any suitable form (e.g. gel, crystalline, amorphous, etc.), and with
adsorption being preferred. The mineral containing compositions may also be formulated as a

particle of metal salt. See ref. 2.
B. QOil-Emulsions

Oil-emulsion compositions suitable for use as adjuvants in the invention include squalene-water
emulsions, such as MF59 (5% Squalene, 0.5% Tween 80, and 0.5% Span 85, formulated into

submicron particles using a microfluidizer). See ref. 3.

Complete Freund’s adjuvant (CFA) and incomplete Freund’s adjuvant (IFA) may also be used as

adjuvants in the invention.
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C. Saponin Formulations

Saponin formulations, may also be used as adjuvants in the invention. Saponins are a
heterologous group of sterol glycosides and triterpenoid glycosides that are found in the bark,
leaves, stems, roots and even flowers of a wide range of plant species. Saponin from the bark of
the Quillaia saponaria Molina tree have been widely studied as adjuvants. Saponin can also be
commercially obtained from Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil),
and Saponaria officianalis (soap root). Saponin adjuvant formulations include purified

formulations, such as QS21, as well as lipid formulations, such as ISCOMs.

Saponin compositions have been purified using High Performance Thin Layer Chromatography
(HP-LC) and Reversed Phase High Performance Liquid Chromatography (RP-HPLC). Specific
purified fractions using these techniques have been identified, including QS7, QsS17, QS18,
QS21, QH-A, QH-B and QH-C. Preferably, the saponin is QS21. A method of production of
QS21 is disclosed in U.S. Patent No. 5,057,540. Saponin formulations may also comprise a
sterol, such as cholesterol (see WO 96/33739).

Combinations of saponins and cholesterols can be used to form unique particles called
Immunostimulating Complexs (ISCOMs). ISCOMs typically also include a phospholipid such
as phosphatidylethanolamine or phosphatidylcholine. ~Any known saponin can be used in
ISCOMs. Preferably, the ISCOM includes one or more of Quil A, QHA and QHC. ISCOMs are
further described in EP 0 109 942, WO 96/11711 and WO 96/33739. Optionally, the ISCOMS
may be devoid of additional detergent. See ref. 4.

A review of the development of saponin based adjuvants can be found at ref. 5.

C. Virosomes and Virus Like Particles (VLPs)

Virosomes and Virus Like Particles (VLPs) can also be used as adjuvants in the invention.
These structures generally contain one or more proteins from a virus optionally combined or
formulated with a phospholipid. They are generally non-pathogenic, non-replicating and
generally do not contain any of the native viral genome. The viral proteins may be recombinantly
produced or isolated from whole viruses. These viral proteins suitable for use in virosomes or
VLPs include proteins derived from influenza virus (such as HA or NA), Hepatitis B virus (such
as core or capsid proteins), Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-
Mouth Disease virus, Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages,
QB-phage (such as coat proteins), GA-phage, fr-phage, AP205 phage, and Ty (such as
retrotransposon Ty protein pl). VLPs are discussed further in WO 03/024480, WO 03/024481,
and Refs. 6,7, 8 and 9. Virosomes are discussed further in, for example, Ref. 10

D. Bacterial or Microbial Derivatives
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Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as:
(1)  Non-toxic derivatives of enterobacterial lipopolysaccharide (LPS)

Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL (3dMPL).
3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains.
A preferred “small particle” form of 3 De-O-acylated monophosphoryl lipid A is disclosed in EP
0 689 454. Such “small particles” of 3dMPL are small enough to be sterile filtered through a
0.22 micron membrane (see EP 0 689 454). Other non-toxic LPS derivatives include
monophosphoryl lipid A mimics, such as aminoalkyl glucosaminide phosphate derivatives e.g.
RC-529. See Ref. 11.

(2)  Lipid A Derivatives

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. OM-
174 is described for example in Ref. 12 and 13.

(3)  Immunostimulatory oligonucleotides

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include
nucleotide sequences containing a CpG motif (a sequence containing an unmethylated cytosine
followed by guanosine and linked by a phosphate bond). Bacterial double stranded RNA or
oligonucleotides containing palindromic or poly(dG) sequences have also been shown to be

immunostimulatory.

The CpG’s can include nucleotide modifications/analogs such as phosphorothioate modifications
and can be double-stranded or single-stranded. Optionally, the guanosine may be replaced with
an analog such as 2’-deoxy-7-deazaguanosine. See ref. 14, WO 02/26757 and WO 99/62923 for
examples of possible analog substitutions. The adjuvant effect of CpG oligonucleotides is further
discussed in Refs. 15, 16, WO 98/40100, U.S. Patent No. 6,207,646, U.S. Patent No. 6,239,1 16,
and U.S. Patent No. 6,429,199.

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT. See ref.
17. The CpG sequence may be specific for inducing a Th]l immune response, such as a CpG-A
ODN, or it may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A
and CpG-B ODNSs are discussed in refs. 18, 19 and WO 01/95935. Preferably, the CpG is a CpG-
A ODN.

Preferably, the CpG oligonucleotide is constructed so that the 5’ end is accessible for receptor
recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3’ ends to
form “immunomers”. See, for example, refs. 20, 21, 22 and WO 03/035836.

(4)  ADP-ribosylating toxins and detoxified derivatives thereof.
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Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in
the invention. Preferably, the protein is derived from E. coli (i.e., E. coli heat labile enterotoxin
“LT), cholera (“CT”), or pertussis (“PT”). The use of detoxified ADP-ribosylating toxins as
mucosal adjuvanis is described in WO 95/17211 and as parenteral adjuvants in WO 98/42375.
The toxin or toxoid is preferably in the form of a holotoxin, comprising both A and B subunits.
Preferably, the A subunit contains a detoxifying mutation; preferably the B subunit is not
mutated. Preferably, the adjuvant is a detoxified LT mutant such as LT-K63, LT-R72, and
LTR192G. The use of ADP-ribosylating toxins and detoxified derivaties thereof, particularly
LT-K63 and LT-R72, as adjuvants can be found in Refs. 23, 24, 25, 26, 27, 28, 29 and 30 each
of which is specifically incorporated by reference herein in their entirety. Numerical reference
for amino acid substitutions is preferably based on the alignments of the A and B subunits of
ADP-ribosylating toxins set forth in Domenighini et al., Mol. Microbiol (1995) 15(6):1165 —

1167, specifically incorporated herein by reference in its entirety.

E. Human Immunomodulators

Human immunomodulators suitable for use as adjuvants in the invention include cytokines, such
as interleukins (e.g. IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12, etc.), interferons (e.g. interféron—?),

macrophage colony stimulating factor, and tumor necrosis factor.

F. Bioadhesives and Mucoadhesives

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable
bioadhesives include esterified hyaluronic acid microspheres (Ref. 31) or mucoadhesives such as
cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone,
polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used

as adjuvants in the invention. E.g., ref. 32.

G. Microparticles

Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a particle of
~100nm to ~150pm in diameter, more preferably ~200nm to ~30um in diameter, and most
preferably ~500nm to ~10pm in diameter) formed from materials that are biodegradable and
non-toxic (e.g. a poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a
polyanhydride, a polycaprolactone, efc.), with poly(lactide-co-glycolide) are preferred,
optionally treated to have a negatively-charged surface (e.g. with SDS) or a positively-charged
surface (e.g. with a cationic detergent, such as CTAB).

H. Liposomes

Examples of liposome formulations suitable for use as adjuvants are described in U.S. Patent No.

6,090,406, U.S. Patent No. 5,916,588, and EP 0 626 169.
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I. Polyoxvyethylene ether and Polyoxyethylene Ester Formulations

Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene
esters. Ref. 33. Such formulations further include polyoxyethylene sorbitan ester surfactants in
combination with an octoxynol (Ref. 34) as well as polyoxyethylene alkyl ethers or ester
surfactants in combination with at least one additional non-ionic surfactant such as an octoxynol
(Ref. 35).

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-
lauryl ether (laureth 9), polyoxyethylene-O-steoryl ether, polyoxytheylene-8-steoryl ether,
polyoxyethylene-4-lauryl ether, polyoxyethylene-3 5-lauryl ether, and polyoxyethylene-23-lauryl

ether.

J. Polyphosphazene (PCPP)

PCPP formulations are described, for example, in Ref. 36 and 37.

K. Muramyl peptides

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl-
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine
(nor-MDP), and N-acetylmuramyl-L-alanyl-D-iso glutaminyl-1-alanine-2-(1'-2"-dipalmitoyl-sn-
glycero-3-hydroxyphosphoryloxy)-ethylamine MTP-PE).

L. Imidazoguinolone Compounds.

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include

Imiquamod and its homologues, described further in Ref. 38 and 39.

The invention may also comprise combinations of aspects of one or more of the adjuvants
identified above. For example, the following adjuvant compositions may be used in the

invention:

(1)  asaponin and an oil-in-water emulsion (ref. 40);

(2)  asaponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) (see WO
94/00153);

(3) a saponin (e.g., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) + a

cholesterol;
(4)  asaponin (e.g. QS21) + 3dMPL + IL-12 (optionally + a sterol) (Ref. 41);

combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (Ref. 42);
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(5)  SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic-block polymer
L121, and thr-MDP, either microfluidized into a submicron emulsion or vortexed to generate a

larger particle size emulsion.

(6) Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene,
0.2% Tween 80, and one or more bacterial cell wall components from the group consisting of
monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS),
preferably MPL + CWS (Detox™); and

(7)  one or more mineral salts (such as an aluminum salt) + a non-toxic derivative of
LPS (such as 3dPML).

Aluminium salts and MF59 are preferred adjuvants for parenteral immunisation. Mutant bacterial
toxins are preferred mucosal adjuvants.

The immunogenic compositions (eg. the immunising antigen/immunogen/polypeptide/protein/ nucleic acid,
pharmaceutically acceptable carrier, and adjuvant) typically will contain diluents, such as water, saline,
glycerol, ethanol, etc. Additionally, auxiliary substances, such as wetting or emulsifying agents, pH
buffering substances, and the like, may be present in such vehicles.

Typically, the immunogenic compositions are prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or suspension in, liquid vehicles prior to injection may also
be prepared. The preparation also may be emulsified or encapsulated in liposomes for enhanced adjuvant
effect, as discussed above under pharmaceutically acceptable carriers.

Immunogenic compositions used as vaccines comprise an immunologically effective amount of the
antigenic or immunogenic polypeptides, as well as any other of the above-mentioned components, as
needed. By “immunologically effective amount”, it is meant that the administration of that amount to an
individual, either in a single dose or as part of a series, is effective for treatment or prevention. This amount
varies depending upon the health and physical condition of the individual to be treated, the taxonomic group
of individual to be treated (eg. nonhuman primate, primate, efc.), the capacity of the individual's immune
system to synthesize antibodies, the degree of protection desired, the formulation of the vaccine, the treating
doctor's assessment of the medical situation, and other relevant factors. It is expected that the amount will
fall in a relatively broad range that can be determined through routine trials.

The immunogenic compositions are conventionally administered parenterally, eg. by injection, either subcu-
taneously, intramuscularly, or transdermally/transcutaneously (eg. W098/20734). Additional formulations
suitable for other modes of administration include oral and pulmonary formulations, suppositories, and
transdermal applications. Dosage treatment may be a single dose schedule or a multiple dose schedule. The

vaccine may be administered in conjunction with other immunoregulatory agents.
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As an alternative to protein-based vaccines, DNA vaccination may be used [eg. Robinson & Torres (1997)
Seminars in Immunol 9:271-283; Donnelly et al. (1997) Annu Rev Immunol 15:617-648; later herein].

Gene Delivery Vehicles

Gene therapy vehicles for delivery of constructs including a coding sequence of a therapeutic of the
invention, to be delivered to the mammal for expression in the mammal, can be administered either locally
or systemically. These constructs can utilize viral or non-viral vector approaches in in vivo or ex vivo
modality. Expression of such coding sequence can be induced using endogenous mammalian or
heterologous promoters. Expression of the coding sequence in vivo can be either constitutive or regulated.
The invention includes gene delivery vehicles capable of expressing the contemplated nucleic acid
sequences. The gene delivery vehicle is preferably a viral vector and, more preferably, a retroviral,
adenoviral, adeno-associated viral (AAV), herpes viral, or alphavirus vector. The viral vector can also be an
astrovirus, coronavirus, orthomyxovirus, papovavirus, paramyxovirus, parvovirus, picornavirus, poxvirus,
or togavirus viral vector. See generally, Jolly (1994) Cancer Gene Therapy 1:51-64; Kimura (1994) Human
Gene Therapy 5:845-852; Connelly (1995) Human Gene Therapy 6:185-193; and Kaplitt (1994) Nature
Genetics 6:148-153.

Retroviral vectors are well known in the art and we contemplate that any retroviral gene therapy vector is
employable in the invention, including B, C and D type retroviruses, xenotropic retroviruses (for example,
NZB-X1, NZB-X2 and NZB9-1 (see O'Neill (1985) J. Virol. 53:160) polytropic retroviruses eg. MCF and
MCE-MLV (see Kelly (1983) J. Virol. 45:291), spumaviruses and lentiviruses. See RNA Tumor Viruses,
Second Edition, Cold Spring Harbor Laboratory, 1985.

Portions of the retroviral gene therapy vector may be derived from different retroviruses. For example,
retrovector LTRs may be derived from a Murine Sarcoma Virus, a tRNA binding site from a Rous Sarcoma
Virus, a packaging signal from a Murine Leukemia Virus, and an origin of second strand synthesis from an
Avian Leukosis Virus.

These recombinant retroviral vectors may be used to generate transduction competent retroviral vector
particles by introducing them into appropriate packaging cell lines (see US patent 5,591,624). Retrovirus
vectors can be constructed for site-specific integration into host cell DNA by incorporation of a chimeric
integrase enzyme into the retroviral particle (see WO096/37626). It is preferable that the recombinant viral
vector is a replication defective recombinant virus.

Packaging cell lines suitable for use with the above-described retrovirus vectors are well known in the art,
are readily prepared (see W095/30763 and W092/05266), and can be used to create producer cell lines
(also termed vector cell lines or “VCLs”) for the production of recombinant vector particles. Preferably, the
packaging cell lines are made from human parent cells (eg. HT1080 cells) or mink parent cell lines, which

eliminates inactivation in human serum.
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Preferred retroviruses for the construction of retroviral gene therapy vectors include Avian Leukosis Virus,
Bovine Leukemia, Virus, Murine Leukemia Virus, Mink-Cell Focus-Inducing Virus, Murine Sarcoma
Virus, Reticuloendotheliosis Virus and Rous Sarcoma Virus. Particularly preferred Murine Leukemia
Viruses include 4070A and 1504A (Hartley and Rowe (1976) J Virol 19:19-25), Abelson (ATCC No.
VR-999), Friend (ATCC No. VR-245), Graffi, Gross (ATCC Nol VR-590), Kirsten, Harvey Sarcoma Virus
and Rauscher (ATCC No. VR-998) and Moloney Murine Leukemia Virus (ATCC No. VR-190). Such
retroviruses may be obtained from depositories or collections such as the American Type Culture Collection
(“ATCC”) in Rockville, Maryland or isolated from known sources using commonly available techniques.
Exemplary known retroviral gene therapy vectors employable in this invention include those described in
patent applications GB2200651, EP0415731, EP0345242, EP0334301, W089/02468; W089/05349,
WO089/09271, WO090/02806, W090/07936, W094/03622, W093/25698, WO93/25234, W093/11230,
W093/10218, W091/02805, W091/02825, W095/07994, US 5,219,740, US 4,405,712, US 4,861,719, US
4,980,289, US 4,777,127, US 5,591,624. See also Vile (1993) Cancer Res 53:3860-3864; Vile (1993)
Cancer Res 53:962-967; Ram (1993) Cancer Res 53 (1993) 83-88; Takamiya (1992) J Neurosci Res
33:493-503; Baba (1993) J Neurosurg 79:729-735; Mann (1983) Cell 33:153; Cane (1984) Proc Natl Acad
Sci 81:6349; and Miller (1990) Human Gene Therapy 1.

Human adenoviral gene therapy vectors are also known in the art and employable in this invention. See, for
example, Berkner (1988) Biotechniques 6:616 and Rosenfeld (1991) Science 252:431, and W093/07283,
W093/06223, and W093/07282. Exemplary known adenoviral gene therapy vectors employable in this
invention include those described in the above referenced documents and in W094/12649, W093/03769,
W093/19191, W094/28938, W095/11984, W095/00655, W095/27071, W095/29993, W095/34671,
W096/05320, W094/08026, W094/11506, W093/06223, W094/24299, W095/14102, W095/24297,
W095/02697, WO94/28152, WO94/24299, W095/09241, W095/25807, WO95/05835, W094/18922 and
W095/09654. Alternatively, administration of DNA linked to killed adenovirus as described in Curiel
(1992) Hum. Gene Ther. 3:147-154 may be employed. The gene delivery vehicles of the invention also
include adenovirus associated virus (AAV) vectors, Leading and preferred examples of such vectors for use
in this invention are the AAV-2 based vectors disclosed in Srivastava, W093/09239. Most preferred AAV
vectors comprise the two AAV inverted terminal repeats in which the native D-sequences are modified by
substitution of nucleotides, such that at least 5 native nucleotides and up to 18 native nucleotides, preferably
at least 10 native nucleotides up to 18 native nucleotides, most preferably 10 native nucleotides are retained
and the remaining nucleotides of the D-sequence are deleted or replaced with non-native nucleotides. The
native D-sequences of the AAV inverted terminal repeats are sequences of 20 consecutive nucleotides in
each AAV inverted terminal repeat (fe. there is one sequence at each end) which are not involved in HP

formation. The non-native replacement nucleotide may be any nucleotide other than the nucleotide found in
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the native D-sequence in the same position. Other employable exemplary AAV vectors are pWP-19,
pWN-1, both of which are disclosed in Nahreini (1993) Gene 124:257-262. Another example of such an
AAYV vector is psub201 (see Samulski (1987) J. Virol. 61:3096). Another exemplary AAV vector is the
Double-D ITR vector. Construction of the Double-D ITR vector is disclosed in US Patent 5,478,745. Still
other vectors are those disclosed in Carter US Patent 4,797,368 and Muzyczka US Patent 5,139,941,
Chartejee US Patent 5,474,935, and Kotin W094/288157. Yet a further example of an AAV vector
employable in this invention is SSV9AFABTKneo, which contains the AFP enhancer and albumin
promoter and directs expression predominantly in the liver. Its structure and construction are disclosed in Su
(1996) Human Gene Therapy T:463-470. Additional AAV gene therapy vectors are described in US
5,354,678, US 5,173,414, US 5,139,941, and US 5,252,479.

The gene therapy vectors of the invention also include herpes vectors. Leading and preferred examples are
herpes simplex virus vectors containing a sequence encoding a thymidine kinase polypeptide such as those
disclosed in US 5,288,641 and EP0176170 (Roizman). Additional exemplary herpes simplex virus vectors
include HFEM/ICP6-LacZ disclosed in W095/04139 (Wistar Institute), pHSVlac described in Geller
(1988) Science 241:1667-1669 and in W090/09441 and W(092/07945, HSV Us3::pgC-lacZ described in
Fink (1992) Human Gene Therapy 3:11-19 and HSV 7134, 2 RH 105 and GAL4 described in EP 0453242
(Breakefield), and those deposited with the ATCC with accession numbers VR-977 and VR-260.

Also contemplated are alpha virus gene therapy vectors that can be employed in this invention. Preferred
alpha virus vectors are Sindbis viruses vectors. Togaviruses, Semliki Forest virus (ATCC VR-67; ATCC
VR-1247), Middleberg virus (ATCC VR-370), Ross River virus (ATCC VR-373; ATCC VR-1246),
Venezuelan equine encephalitis virus (ATCC VR923; ATCC VR-1250; ATCC VR-1249; ATCC VR-532),
and those described in US patents 5,091,309, 5,217,879, and W092/10578. More particularly, those alpha
virus vectors described in US Serial No. 08/405,627, filed March 15, 1995, W094/21792, W092/10578,
W095/07994, US 5,091,309 and US 5,217,879 are employable. Such alpha viruses may be obtained from
depositories or collections such as the ATCC in Rockville, Maryland or isolated from known sources using
commonly available techniques. Preferably, alphavirus vectors with reduced cytotoxicity are used (see
USSN 08/679640).

DNA vector systems such as eukaryotic layered expression systems are also useful for expressing the
nucleic acids of the invention. See W095/07994 for a detailed description of eukaryotic layered expression
systems. Preferably, the eukaryotic layered expression systems of the invention are derived from alphavirus
vectors and most preferably from Sindbis viral vectors.

Other viral vectors suitable for use in the present invention include those derived from poliovirus, for
example ATCC VR-58 and those described in Evans, Nature 339 (1989) 385 and Sabin (1973) J. Biol.
Standardization 1:115; rhinovirus, for example ATCC VR-1110 and those described in Arnold (1990) J

73



10

15

20

25

30

WO 2004/018646 PCT/US2003/026827

Cell Biochem 1.401; pox viruses such as canary pox virus or vaccinia virus, for example ATCC VR-111 and
ATCC VR-2010 and those described in Fisher-Hoch (1989) Proc Natl Acad Sci 86:317; Flexner (1989) Ann
NY Acad Sci 569:86, Flexner (1990) Vaccine 8:17; in US 4,603,112 and US 4,769,330 and WO89/01973;
SV40 virus, for example ATCC VR-305 and those described in Mulligan (1979) Nature 277:108 and
Madzak (1992) J Gen Virol 73:1533; influenza virus, for example ATCC VR-797 and recombinant
influenza viruses made employing reverse genetics techniques as described in US 5,166,057 and in Enami
(1990) Proc Natl Acad Sci 87:3802-3805; Enami & Palese (1991) J Virol 65:2711-2713 and Luytjes (1989)
Cell 59:110, (see also McMichael (1983) NEJ Med 309:13, and Yap (1978) Nature 273:238 and Nature
(1979) 277:108); human immunodeficiency virus as described in EP-0386882 and in Buchschacher (1992)
J. Virol. 66:2731; measles virus, for example ATCC VR-67 and VR-1247 and those described in EP-
0440219; Aura virus, for example ATCC VR-368; Bebaru virus, for example ATCC VR-600 and ATCC
VR-1240; Cabassou virus, for example ATCC VR-922; Chikungunya virus, for example ATCC VR-64 and
ATCC VR-1241; Fort Morgan Virus, for example ATCC VR-924; Getah virus, for example ATCC VR-369
and ATCC VR-1243; Kyzylagach virus, for example ATCC VR-927; Mayaro virus, for example ATCC
VR-66; Mucambo virus, for example ATCC VR-580 and ATCC VR-1244; Ndumu virus, for example
ATCC VR-371; Pixuna virus, for example ATCC VR-372 and ATCC VR-1245; Tonate virus, for example
ATCC VR-925; Triniti virus, for example ATCC VR-469; Una virus, for example ATCC VR-374;
Whataroa virus, for example ATCC VR-926; Y-62-33 virus, for example ATCC VR-375; O'Nyong virus,
Eastern encephalitis virus, for example ATCC VR-65 and ATCC VR-1242; Western encephalitis virus, for
example ATCC VR-70, ATCC VR-1251, ATCC VR-622 and ATCC VR-1252; and coronavirus, for
example ATCC VR-740 and those described in Hamre (1966) Proc Soc Exp Biol Med 121:190.

Delivery of the compositions of this invention into cells is not limited to the above mentioned viral vectors.
Other delivery methods and media may be employed such as, for example, nucleic acid expression vectors,
polycationic condensed DNA linked or unlinked to killed adenovirus alone, for example see US Serial No.
08/366,787, filed December 30, 1994 and Curiel (1992) Hum Gene Ther 3:147-154 ligand linked DNA, for
example see Wu (1989) J Biol Chem 264:16985-16987, eucaryotic cell delivery vehicles ceils, for example
see US Serial No.08/240,030, filed May 9, 1994, and US Serial No. 08/404,796, deposition of
photopolymerized hydrogel materials, hand-held gene transfer particle gun, as described in US Patent
5,149,655, ionizing radiation as described in US5,206,152 and in W092/11033, nucleic charge
neutralization or fusion with cell membranes. Additional approaches are described in Philip (1994) Mol Cell
Biol 14:2411-2418 and in Woffendin (1994) Proc Natl Acad Sci 91:1581-1585.

Particle mediated gene transfer may be employed, for example see US Serial No. 60/023,867. Briefly, the
sequence can be inserted into conventional vectors that contain conventional control sequences for high

level expression, and then incubated with synthetic gene transfer molecules such as polymeric
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DNA-binding cations like polylysine, protamine, and albumin, linked to cell targeting ligands such as
asialoorosomucoid, as described in Wu & Wu (1987) J. Biol. Chem. 262:4429-4432, insulin as described in
Hucked (1990) Biochem Pharmacol 40:253-263, galactose as described in Plank (1992) Bioconjugate Chem
3:533-539, lactose or transferrin.

Naked DNA may also be employed. Exemplary naked DNA introduction methods are described in WO
90/11092 and US 5,580,859. Uptake efficiency may be improved using biodegradable latex beads. DNA
coated latex beads are efficiently transported into cells after endocytosis initiation by the beads. The method
may be improved further by treatment of the beads to increase hydrophobicity and thereby facilitate
disruption of the endosome and release of the DNA into the cytoplasm.

Liposomes that can act as gene delivery vehicles are described in US 5,422,120, W095/13796,
W094/23697, WO91/14445 and EP-524,968. As described in USSN. 60/023,367, on non-viral delivery, the
nucleic acid sequences encoding a polypeptide can be inserted into conventional vectors that contain
conventional control sequences for high level expression, and then be incubated with synthetic gene transfer
molecules such as polymeric DNA-binding cations like polylysine, protamine, and albumin, linked to cell
targeting ligands such as asialoorosomucoid, insulin, galactose, lactose, or transferrin. Other delivery
systems include the use of liposomes to encapsulate DNA comprising the gene under the control of a
variety of tissue-specific or ubiquitously-active promoters. Fufther non-viral delivery suitable for use
includes mechanical delivery systems such as the approach described in Woffendin et al (1994) Proc. Natl.
Acad. Sci. USA 91(24):11581-11585. Moreover, the coding sequence and the product of expression of such
can be delivered through deposition of photopolymerized hydrogel materials. Other conventional methods
for gene delivery that can be used for delivery of the coding sequence include, for example, use of
hand-held gene transfer particle gun, as described in US 5,149,655; use of ionizing radiation for activating
transferred gene, as described in US 5,206,152 and W092/11033

Exemplary liposome and polycationic gene delivery vehicles are those described in US 5,422,120 and
4,762,915; in WO 95/13796; W094/23697; and WO91/14445; in EP-0524968; and in Stryer, Biochemistry,
pages 236-240 (1975) W.H. Freeman, San Francisco; Szoka (1980) Biochem Biophys Acta 600:1; Bayer
(1979) Biochem Biophys Acta 550:464; Rivnay (1987) Meth Enzymol 149:119; Wang (1987) Proc Natl
Acad Sci 84:7851; Plant (1989) Anal Biochem 176:420.

A polynucleotide composition can comprises therapeutically effective amount of a gene therapy vehicle, as
the term is defined above. For purposes of the present invention, an effective dose will be from about 0.01
mg/ kg to 50 mg/kg or 0.05 mg/kg to about 10 mg/kg of the DNA constructs in the individual to which it is

administered.
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Delivery Methods

Once formulated, the polynucleotide compositions of the invention can be administered (1) directly to the
subject; (2) delivered ex vivo, to cells derived from the subject; or (3) in vitro for expression of recombinant
proteins. The subjects to be treated can be mammals or birds. Also, human subjects can be treated.

Direct delivery of the compositions will generally be accomplished by injection, either subcutaneously,
intraperitoneally, intravenously or intramuscularly or delivered to the interstitial space of a tissue. The
compositions can also be administered into a lesion. Other modes of administration include oral and
pulmonary administration, suppositories, and transdermal or transcutaneous applications (eg. see
W098/20734), needles, and gene guns or hyposprays. Dosage treatment may be a single dose schedule or a
multiple dose schedule.

Methods for the ex vivo delivery and reimplantation of transformed cells into a subject are known in the art
and described in eg. W093/14778. Examples of cells useful in ex vivo applications include, for example,
stem cells, particularly hematopoetic, lymph cells, macrophages, dendritic cells, or tumor cells.

Generally, delivery of nucleic acids for both ex vivo and in vitro applications can be accomplished by the
following procedures, for example, dextran-mediated transfection, calcium phosphate precipitation,
polybrene mediated transfection, protoplast fusion, electroporation, encapsulation of the polynucleotide(s)
in liposomes, and direct microinjection of the DNA into nuclei, all well known in the art.

Polynucleotide and polypeptide pharmaceutical compositions

The terms "polynucleotide” and "nucleic acid", used interchangeably herein,

Tn addition to the pharmaceutically acceptable carriers and salts described above, the following additional
agents can be used with polynucleotide and/or polypeptide compositions.

A.Polypeptides

One example are polypeptides which include, without limitation: asioloorosomucoid (ASOR); transferrin;
asialoglycoproteins; antibodies; antibody fragments; ferritin; interleukins; interferons, granulocyte,
macrophage colony stimulating factor (GM-CSF), granulocyte colony stimulating factor (G-CSF),
macrophage colony stimulating factor (M-CSF), stem cell factor and erythropoietin. Viral antigens, such as
envelope proteins, can also be used. Also, proteins from other invasive organisms, such as the 17 amino
acid peptide from the circumsporozoite protein of plasmodium falciparum known as RIL

B.Hormones, Vitamins, efc.

Other groups that can be included are, for example: hormones, steroids, androgens, estrogens, thyroid
hormone, or vitamins, folic acid.

C.Polvalkylenes, Polysaccharides, etc.

Also, polyalkylene glycol can be included with the desired polynucleotides/polypeptides. In a preferred
embodiment, the polyalkylene glycol is polyethlylene glycol. In addition, mono-, di-, or polysaccharides
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can be included. In a preferred embodiment of this aspect, the polysaccharide is dextran or DEAE-dextran.
Also, chitosan and poly(lactide-co-glycolide)
D.Lipids, and Liposomes

The desired polynucleotide/polypeptide can also be encapsulated in lipids or packaged in liposomes prior to
delivery to the subject or to cells derived therefrom.

Lipid encapsulation is generally accomplished using liposomes which are able to stably bind or entrap and
retain nucleic acid. The ratio of condensed polynucleotide to lipid preparation can vary but will generally be
around 1:1 (mg DNA:micromoles lipid), or more of lipid. For a review of the use of liposomes as carriers
for delivery of nucleic acids, see, Hug and Sleight (1991) Biochim. Biophys. Acta. 1097:1-17; Straubinger
(1983) Meth. Enzymol. 101:512-527.

Liposomal preparations for use in the present invention include cationic (positively charged), anionic
(negatively charged) and neutral preparations. Cationic liposomes have been shown to mediate intracellular
delivery of plasmid DNA (Felgner (1987) Proc. Natl. Acad. Sci. US4 84:7413-7416); mRNA (Malone
(1989) Proc. Natl. Acad. Sci. USA 86:6077-6081); and purified transcription factors (Debs (1990) J. Biol.
Chem. 265:10189-10192), in functional form.

Cationic liposomes are readily available. For example,
N[1-2,3-dioleyloxy)propyl]-N,N,N-triethylammonium (DOTMA) liposomes are available under the
trademark Lipofectin, from GIBCO BRL, Grand Island, NY. (See, also, Felgner supra). Other
commercially available liposomes include transfectace (DDAB/DOPE) and DOTAP/DOPE (Boethinger).
Other cationic liposomes can be prepared from readily available materials using techniques well known in
the art. See, eg. Szoka (1978) Proc. Natl. Acad. Sci. USA 75:4194-4198; WO90/11092 for a description of
the synthesis of DOTAP (1,2-bis(oleoyloxy)—3-(trimethylammonié)propane) liposomes.

Similarly, anionic and neutral liposomes are readily available, such as from Avanti Polar Lipids
(Birmingham, AL), or can be easily prepared using readily available materials. Such materials include
phosphatidyl choline, cholesterol, phosphatidyl ethanolamine, dioleoylphosphatidyl choline (DOPC),
dioleoylphosphatidyl glycerol (DOPG), dioleoylphoshatidyl ethanolamine (DOPE), among others. These
materials can also be mixed with the DOTMA and DOTAP starting materials in appropriate ratios. Methods
for making liposomes using these materials are well known in the art.

The liposomes can comprise multilammelar vesicles (MLVs), small unilamellar vesicles (SUVSs), or large
unilamellar vesicles (LUVs). The various liposome-nucleic acid complexes are prepared using methods
known in the art. See eg. Straubinger (1983) Meth. Immunol. 101:512-527; Szoka (1978) Proc. Natl. Acad.
Sci. USA 75:4194-4198; Papahadjopoulos (1975) Biochim. Biophys. Acta 394:483; Wilson (1979) Cell
17:77); Deamer & Bangham (1976) Biochim. Biophys. Acta 443:629; Ostro (1977) Biochem. Biophys. Res.
Commun. 76:836; Fraley (1979) Proc. Natl. Acad. Sci. USA 76:3348); Enoch & Strittmatter (1979) Proc.
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Natl. Acad. Sci. USA 76:145; Fraley (1980) J. Biol. Chem. (1980) 255:10431; Szoka & Papahadjopoulos
(1978) Proc. Natl. Acad. Sci. USA 75:145; and Schaefer-Ridder (1982) Science 215:166.

E.Lipoproteins

In addition, lipoproteins can be included with the polynucleotide/polypeptide to be delivered. Examples of
lipoproteins to be utilized include: chylomicrons, HDL, IDL, LDL, and VLDL. Mutants, fragments, or
fusions of these proteins can also be used. Also, modifications of naturally occurring lipoproteins can be
used, such as acetylated LDL. These lipoproteins can target the delivery of polynucleotides to cells
expressing lipoprotein receptors. Preferably, if lipoproteins are including with the polynucleotide to be
delivered, no other targeting ligand is included in the composition.

Naturally occurring lipoproteins comprise a lipid and a protein portion. The protein portion are known as
apoproteins. At the present, apoproteins A, B, C, D, and E have been isolated and identified. At least two of
these contain several proteins, designated by Roman numerals, AT, All, AIV; CI, CII, CIIL

A lipoprotein can comprise more than one apoprotein. For example, naturally occurring chylomicrons
comprises of A, B, C & E, over time these lipoproteins lose A and acquire C & E. VLDL comprises A, B, C
& E apoproteins, LDL comprises apoprotein B; and HDL comprises apoproteins A, C, & E.

The amino acid of these apoproteins are known and are described in, for example, Breslow (1985) Annu
Rev. Biochem 54:699; Law (1986) Adv. Exp Med. Biol. 151:162; Chen (1986) J Biol Chem 261:12918;
Kane (1980) Proc Natl Acad Sci USA 77:2465; and Utermann (1984) Hum Genet 65:232.

Lipoproteins contain a variety of lipids including, triglycerides, cholesterol (free and esters), and
phospholipids. The composition of the lipids varies in naturally occurring lipoproteins. For example,
chylomicrons comprise mainly triglycerides. A more detailed description of the lipid content of naturally
occurring lipoproteins can be found, for example, in Meth. Enzymol. 128 (1986). The composition of the
lipids are chosen to aid in conformation of the apoprotein for receptor binding activity. The composition of
lipids can also be chosen to facilitate hydrophobic interaction and association with the polynucleotide
binding molecule.

Naturally occurring lipoproteins can be isolated from serum by ultracentrifugation, for instance. Such
methods are described in Meth. Enzymol. (supra); Pitas (1980) J. Biochem. 255:5454-5460 and Mahey
(1979) J Clin. Invest 64:743-750. Lipoproteins can also be produced by in vitro or recombinant methods by
expression of the apoprotein genes in a desired host cell. See, for example, Atkinson (1986) Annu Rev
Biophys Chem 15:403 and Radding (1958) Biochim Biophys Acta 30: 443. Lipoproteins can also be
purchased from commercial suppliers, such as Biomedical Techniologies, Inc., Stoughton, Massachusetts,

USA. Further description of lipoproteins can be found in Zuckermann et al. PCT/US97/14465.
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F.Polvcationic Agents

Polycationic agents can be included, with or without lipoprotein, in a composition with the desired
polynucleotide/polypeptide to be delivered.

Polycationic agents, typically, exhibit a net positive charge at physiological relevant pH and are capable of
neutralizing the eléctrical charge of nucleic acids to facilitate delivery to a desired location. These agents
have both in vitro, ex vivo, and in vivo applications. Polycationic agents can be used to deliver nucleic acids
to a living subject either intramuscularly, subcutaneously, efc.

The following are examples of useful polypeptides as polycationic agents: polylysine, polyarginine,
polyornithine, and protamine. Other examples include histones, protamines, human serum albumin, DNA
binding proteins, non-histone chromosomal proteins, coat proteins from DNA viruses, such as (X174,
transcriptional factors also contain domains that bind DNA and therefore may be useful as nucleic aid
condensing agents. Briefly, transcriptional factors such as C/CEBP, c-jun, c-fos, AP-1, AP-2, AP-3, CPF,
Prot-1, Sp-1, Oct-1, Oct-2, CREP, and TFIID contain basic domains that bind DNA sequences.

Organic polycationic agents include: spermine, spermidine, and purtrescine.

The dimensions and of the physical properties of a polycationic agent can be extrapolated from the list
above, to construct other polypeptide polycationic agents or to produce synthetic polycationic agents.
Synthetic polycationic agents which are useful include, for example, DEAE-dextran, polybrene.
Lipofectin™, and lipofect AMINE™ are monomers that form polycationic complexes when combined with
polynucleotides/polypeptides.

Immunodiagnostic Assays

Streptococcus antigens of the invention can be used in immunoassays to detect antibody levels (or,
conversely, anti-Streptococcus antibodies can be used to detect antigen levels). Immunoassays based on
well defined, recombinant antigens can be developed to replace invasive diagnostics methods. Antibodies to
Streptococcus proteins within biological samples, including for example, blood or serum samples, can be
detected. Design of the immunoassays is subject to a great deal of variation, and a variety of these are
Inown in the art. Protocols for the immunoassay may be based, for example, upon competition, or direct
reaction, or sandwich type assays. Protocols may also, for example, use solid supports, or may be by
immunoprecipitation. Most assays involve the use of Jabeled antibody or polypeptide; the labels may be, for
example, fluorescent, chemiluminescent, radioactive, or dye molecules. Assays which amplify the signals
from the probe are also known; examples of which are assays which utilize biotin and avidin, and enzyme-
labeled and mediated immunoassays, such as ELISA assays.

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by

packaging the appropriate materials, including the compositions of the invention, in suitable containers,
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along with the remaining reagents and materials (for example, suitable buffers, salt solutions, etc.) required
for the conduct of the assay, as well as suitable set of assay instructions.

Use of Polypentides to Screen for Peptide Analogs and Antagonists

Polypeptides encoded by the instant polynucleotides and corresponding full length genes can be used to
screen peptide libraries to identify binding partners, such as receptors, from within the library. Peptide
libraries can be synthesized according to methods known in the art (e.g. Us patent 5,010,175;
WO091/17823). Agonists or antagonists of the polypeptides if the invention can be screened using any
available method known in the art, such as signal transduction, antibody binding, receptor binding,
mitogenic assays, chemotaxis assays, efc. The assay conditions ideally should resemble the conditions under
which the native activity is exhibited in vivo, that is, under physiologic pH, temperature, and ionic strength.
Suitable agonists or antagonists will exhibit strong inhibition or enhancement of the native activity at
concentrations that do not cause toxic side effects in the subject. Agonists or antagonists that compete for
binding to the native polypeptide can require concentrations equal to or greater than the native
concentration, while inhibitors capable of binding irreversibly to the polypeptide can be added in
concentrations on the order of the native concentration.

Such screening and experimentation can lead to identification of a polypeptide binding partner, such as a
receptor, encoded by a gene or a cDNA corresponding to a polynucleotide described herein, and at least one
peptide agonist or antagonist of the binding partner. Such agonists and antagonists can be used to modulate,
enhance, or inhibit receptor function in cells to which the receptor is native, or in cells that possess the
receptor as a result of genetic engineering. Further, if the receptor shares biologically important
characteristics with a known receptor, information about agonist/antagonist binding can facilitate
development of improved agonists/antagonists of the known receptor.

Identification of anti-bacterial agents

Drug Screening Assays

Of particular interest in the present invention is the identification of agents that have activity in modulating
expression of one or more of the adhesion-specific genes described herein, so as to inhibit infection and/or
disease. Of particular interest are screening assays for agents that have a low toxicity for human cells.

The term "agent" as used herein describes any molecule with the capability of altering or mimicking the
expression or physiological function of a gene product of a differentially expressed gene. Generally a
plurality of assay mixtures are run in parallel with different agent concentrations to obtain a differential
response to the various concentrations. Typically, one of these concentrations serves as a negative control
i.e. at zero concentration or below the level of detection.

Candidate agents encompass numerous chemical classes, including, but not limited to, organic molecules

(e.g. small organic compounds having a molecular weight of more than 50 and less than about 2,500
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daltons), peptides, antisense polynucleotides, and ribozymes, and the like. Candidate agents can comprise
functional groups necessary for structural interaction with proteins, particularly hydrogen bonding, and
typically include at least an amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the
functional chemical groups. The candidate agents often comprise cyclical carbon or heterocyclic structures
and/or aromatic or polyaromatic structures substituted with one or more of the above functional groups.
Candidate agents are also found among biomolecules including, but not limited to: polynucleotides,
peptides, saccharides, fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or
combinations thereof.

Candidate agents are obtained from a wide variety of sources including libraries of synthetic or natural
compounds. For example, numerous means are available for random and directed synthesis of a wide
variety of organic compounds and biomolecules, including expression of randomized oligonucleotides and
oligopeptides. Alternatively, libraries of natural compounds in the form of bacterial, fungal, plant and
animal extracts are available or readily produced. Additionally, natural or synthetically produced libraries
and compounds are readily modified through conventional chemical, physical and biochemical means, and
may be used to produce combinatorial libraries. Known pharmacological agents may be subjected to
directed or random chemical modifications, such as acylation, alkylation, esterification, amidification, efc.
to produce structural analogs.

Screening of Candidate Agents In Vitro

A wide variety of in vitro assays may be used to screen candidate agents for the desired biological activity,
including, but not limited to, labeled in vitro protein-protein binding assays, protein-DNA binding assays
(e.g. to identify agents that affect expression), electrophoretic mobility shift assays, immunoassays for
protein binding, and the like. For example, by providing for the production of large amounts of a
differentially expressed polypeptide, one can identify ligands or substrates that bind to, modulate or mimic
the action of the polypeptide. The purified polypeptide may also be used for determination of three-
dimensional crystal structure, which can be used for modeling intermolecular interactions, transcriptional
regulation, etc.

The screening assay can be a binding assay, wherein one or more of the molecules may be joined to a label,
and the label directly or indirectly provide a detectable signal. Various labels include radioisotopes,
fluorescers, chemiluminescers, enzymes, specific binding molecules, particles, e.g. magnetic particles, and
the like. Specific binding molecules include pairs, such as biotin and streptavidin, digoxin and antidigoxin
etc. For the specific binding members, the complementary member would normally be labeled with a
molecule that provides for detection, in accordance with known procedures.

A variety of other reagents may be included in the screening assays described herein. Where the assay is a

binding assay, these include reagents like salts, neutral proteins, e.g. albumin, detergents, efc. that are used
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to facilitate optimal protein-protein binding, protein-DNA binding, and/or reduce non-specific or
background interactions. Reagents that improve the efficiency of the assay, such as protease inhibitors,
nuclease inhibitors, anti-microbial agents, etc. may be used. The mixture of components are added in any
order that provides for the requisite binding. Incubations are performed at any suitable temperature,
typically between 4 and 40°C. Incubation periods are selected for optimum activity, but may also be
optimized to facilitate rapid high-throughput screening. Typically between 0.1 and 1 hours will be
sufficient.

Many mammalian genes have homologs in yeast and lower animals. The study of such homologs'
physiological role and interactions with other proteins in vivo or in vitro can facilitate understanding of
biological function. In addition to model systems based on genetic complementation, yeast has been shown
to be a powerful tool for studying protein-protein interactions through the two hybrid system.

Nucleic Acid Hybridisation

“Hybridization” refers to the association of two nucleic acid sequences to one another by hydrogen bonding.
Typically, one sequence will be fixed to a solid support and the other will be free in solution. Then, the two
sequences will be placed in contact with one another under conditions that favor hydrogen bonding. Factors
that affect this bonding include: the type and volume of solvent; reaction temperature; time of hybridization;
agitation; agents to block the non-specific attachment of the liquid phase sequence to the solid support
(Denhardt's reagent or BLOTTO); concentration of the sequences; use of compounds to increase the rate of
association of sequences (dextran sulfate or polyethylene glycol); and the stringency of the washing
conditions following hybridization. See Sambrook et al. [supra] Volume 2, chapter 9, pages 9.47 to 9.57.
“Stringency” refers to conditions in a hybridization reaction that favor association of very similar sequences
over sequences that differ. For example, the combination of temperature and salt concentration should be
chosen that is approximately 120 to 200°C below the calculated Tm of the hybrid under study. The
temperature and salt conditions can often be determined empirically in preliminary experiments in which
samples of genomic DNA immobilized on filters are hybridized to the sequence of interest and then washed
under conditions of different stringencies. See Sambrook ef al. at page 9.50.

Variables to consider when performing, for example, a Southern blot are (1) the complexity of the DNA
being blotted and (2) the homology between the probe and the sequences being detected. The total amount
of the fragment(s) to be studied can vary a magnitude of 10, from 0.1 to 1pg for a plasmid or phage digest
to 107 to 10® g for a single copy gene in a highly complex eukaryotic genome. For lower complexity
polynucleotides, substantially shorter blotting, hybridization, and exposure times, a smaller amount of
starting polynucleotides, and lower specific activity of probes can be used. For example, a single-copy yeast

gene can be detected with an exposure time of only 1 hour starting with 1 pg of yeast DNA, blotting for two
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hours, and hybridizing for 4-8 hours with a probe of 10% cpm/pg. For a single-copy mammalian gene a
conservative approach would start with 10 pg of DNA, blot overnight, and hybridize overnight in the
presence of 10% dextran sulfate using a probe of greater than 108 cpm/pg, resulting in an exposure time of
~24 hours.
Several factors can affect the melting temperature (Tm) of a DNA-DNA hybrid between the probe and the
fragment of interest, and consequently, the appropriate conditions for hybridization and washing. In many
cases the probe is not 100% homologous to the fragment. Other commonly encountered variables include
the length and total G+C content of the hybridizing sequences and the ionic strength and formamide content
of the hybridization buffer. The effects of all of these factors can be approximated by a single equation:
Tm= 81 + 16.6(log1oCi) + 0.4[%(G + C)]-0.6(%formamide) - 600/n-1.5(%mismatch).
where Ci is the salt concentration (monovalent ions) and # is the length of the hybrid in base pairs (slightly
modified from Meinkoth & Wahl (1984) Anal. Biochem. 138: 267-284).
In designing a hybridization experiment, some factors affecting nucleic acid hybridization can be
conveniently altered. The temperature of the hybridization and washes and the salt concentration during the
washes are the simplest to adjust. As the temperature of the hybridization increases (fe. stringency), it
becomes less likely for hybridization to occur between strands that are nonhomologous, and as a result,
background decreases. If the radiolabeled probe is not completely homologous with the immobilized
fragment (as is frequently the case in ‘gene family and interspecies hybridization experiments), the
hybridization temperature must be reduced, and background will increase, The temperature of the washes
affects the intensity of the hybridizing band and the degree of background in a similar manner. The
stringency of the washes is also increased with décreasing salt concentrations.
In general, convenient hybridization temperatures in the presence of 50% formamide are 42°C for a probe
with is 95% to 100% homologous to the target fragment, 37°C for 90% to 95% homology, and 32°C for
85% to 90% homology. For lower homologies, formamide content should be lowered and temperature
adjusted accordingly, using the equation above. If the homology between the probe and the target fragment
are not known, the simplest approach is to start with both hybridization and wash conditions which are
nonstringent. If non-specific bands or high background are observed after autoradiography, the filter can be
washed at high stringency and reexposed. If the time required for exposure makes this approach impractical,
several hybridization and/or washing stringencies should be tested in parallel.

Nucleic Acid Probe Assays

Methods such as PCR, branched DNA probe assays, or blotting techniques utilizing nucleic acid probes

according to the invention can determine the presence of cDNA or mRNA. A probe is said to “hybridize”
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with a sequence of the invention if it can form a duplex or double stranded complex, which is stable enough
to be detected.

The nucleic acid probes will hybridize to the Streptococcus nucleotide sequences of the invention (including
both sense and antisense strands). Though many different nucleotide sequences will encode the amino acid
sequence, the native Streptococcal sequence is preferred because it is the actual sequence present in cells.
mRNA represents a coding sequence and so a probe should be complementary to the coding sequence;
single-stranded cDNA is complementary to mRNA, and so a cDNA probe should be complementary to the
non-coding sequence.

The probe sequence need not be identical to the Streptococcal sequence (or its complement) — some
variation in the sequence and length can lead to increased assay sensitivity if the nucleic acid probe can
form a duplex with target nucleotides, which can be detected. Also, the nucleic acid probe can include
additional nucleotides to stabilize the formed duplex. Additional Streptococcus sequence may also be
helpful as a label to detect the formed duplex. For example, a non-complementary nucleotide sequence may
be attached to the 5' end of the probe, with the remainder of the probe sequence being complementary to a
Streptococeus sequence. Alternatively, non-complementary bases or longer sequences can be interspersed
into the probe, provided that the probe sequence has sufficient complementarity with the a Streptococcus
sequence in order to hybridize therewith and thereby form a duplex which can be detected.

The exact length and sequence of the probe will depend on the hybridization conditions (e.g. temperature,
salt condition efc.). For example, for diagnostic applications, depending on the complexity of the analyte
sequence, the nucleic acid probe typically contains at least 10-20 nucleotides, preferably 15-25, and more
preferably at least 30 nucleotides, although it may be shorter than this. Short primers generally require
cooler temperatures to form sufficiently stable hybrid complexes with the template.

Probes may be produced by synthetic procedures, such as the triester method of Matteucei et al. [J. Am.
Chem. Soc. (1981) 103:3185], or according to Urdea et al. [Proc. Natl. Acad. Sci. USA (1983) 80: 7461], or
using commercially available automated oligonucleotide synthesizers.

The chemical nature of the probe can be selected according to preference. For certain applications, DNA or
RNA are appropriate. For other applications, modifications may be incorporated eg. backbone
modifications, such as phosphorothioates or methylphosphonates, can be used to increase in vivo half-life,
alter RNA affinity, increase nuclease resistance efc. [eg. see Agrawal & Iyer (1995) Curr Opin Biotechnol
6:12-19; Agrawal (1996) TIBTECH 14:376-387]; analogues such as peptide nucleic acids may also be used
[eg. see Corey (1997) TIBTECH 15:224-229; Buchardt et al. (1993) TIBTECH 11:384-386].

Alternatively, the polymerase chain reaction (PCR) is another well-known means for detecting small
amounts of target nucleic acid. The assay is described in Mullis et al. [Meth. Enzymol. (1987) 155:335-350]
& US patents 4,683,195 & 4,683,202. Two “primer” nucleotides hybridize with the target nucleic acids and
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are used to prime the reaction. The primers can comprise sequence that does not hybridize to the sequence
of the amplification target (or its complement) to aid with duplex stability or, for example, to incorporate a
convenient restriction site. Typically, such sequence will flank the desired Streptococcus sequence.
A thermostable polymerase creates copies of target nucleic acids from the primers using the original target
nucleic acids as a template. After a threshold amount of target nucleic acids are generated by the
polymerase, they can be detected by more traditional methods, such as Southern blots. When using the
Southern blot method, the labelled probe will hybridize to the Streptococcus sequence (or its complement).
Also, mRNA or cDNA can be detected by traditional blotting techniques described in Sambrook et
al {supra]. mRNA, or cDNA generated from mRNA using a polymerase enzyme, can be purified and
separated using gel electrophoresis. The nucleic acids on the gel are then blotted onto a solid support, such
as nitrocellulose. The solid support is exposed to a labelled probe and then washed to remove any
unhybridized probe. Next, the duplexes containing the labeled probe are detected. Typically, the probe is

labelled with a radioactive moiety.
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SEQUENCE LISTING

SEQ ID NO. 1301: SAG0466 FROM THE 2603V/R GBS STRAIN
CTCCTGCCCCTGCAATGGCAGTTAGACCCATAGGTTTATTTTTATATTTTAATGCCTGCATAAGATGAAGGATATTAATAATTCCT
GAGCAGGCATAAGGGTGTCCGTAAGCTAATGTCCCTCCAARAATATTGAATTTTTCTCTCTCTTCAGGATAATAATGATTAAATAG
AGCATCAATCGCTGCAAATGGTTCATTCCATTCAATTGCATCATAATCCGATATTTTAGTATGAGTTTCTGTTAATAGTTTTTCCG
TAGCCGTGTGAACCAATTCTGGACTAAGCTTGGGATCTCCTGCTACTTCTACAATGTGAACAATCCGGAATTCTGTTTTCTGACTC
TGAAGCGTTAGARATGCAGCAGCATCGTGCATTAAACAAACATTTCCAATAGTGAGCARAGGTGAATTTTCCATCAATCTTGGTAA
TTTTTGAARAAATGTTtCTTTTaGTTTTCTAACGCCTTGATCTCGCATCCCTTCCATTGGTAAGATTACYTCTTCTAAATAGCCAC
CTTGTTTAGCTGTTAAGGCGCGTTTATGGCTCAAGAATGCCAATTTATCTAACATTTCTCTTCTAAARAaCCATATTTTTGACAGACT
CTCTGGGCCCCTTCTAACATTACAGTTTCAGCATAAGAGTCAGGAGAARACTGAGCAACTGTATATTCTCCGTTACGATTATCTTC
TTTAGCATAACGTCTCATAGGTTGAAGAGAACTACTTTCAATCCCCCCAACAAGAACTTTTTCATTAATACCGGTACTGATTTTTA
GATAACCARARAACAAGGCAGAACTTGATGAAGCACACTGCATATCAATCGTTTGTACTGGAATATAGGATTCATAATCAGARAAA
AGAGTCATCAAACGACCAATATTGCCCCCAGTACCAACTGTGTTCCCACAAATAATACTATCAATGTTAGATTCTGATTCTATTTT
TTTTATTTGATTTAAAAGGTGTGCTCCTAAAAGTTCTGGACGGTAAGTTTAAATTGCTT

SEQ ID NO. 1302: SAG0466 FROM THE M732 GBS TYPE III STRAIN
TCGGTATAAAAGGGAAGCAATTTAAACATTACCGTCCAGAACTTTTAGGAGCACACCTCTTAAATCAAATAAAAAAAATAGAATCA
GAATCTAATATTGATAGTATTATTTGTGGGAACACAGTTGGTACTGGGGGCAATATTGGTCGTTTGATGACTCTTTTTTCTGATTA
TGAATCCTATATTCCAGTACAAACGATTGATATGCAGTGTGCTTCATCAAGTTCTGCCTTGTTTTTTGGTTATCTARAAATCAGTG
CCGGTATTAATGAAAAAGTTCTTGTTGGGGGGATTGAAAGTAGTTCTCTTCAACCTATGAGACGTTACGCTAAAGAAGATAATCGT
AACGGAGAATATACCGTTGCTCAGTTTTCTCCTGACTCTTATGCTGAAACTGTAATGTTAGAAGGGGCACARAGAGTCTGTCAAAA
ATATGGTTTTAGAAGAGAAATGTTAGATAAATTGGCATTCTTGAGCCATAAACGCGCCTTAACAGCTAAACAAGGTGGCTATTTAG
AAGAGGTAATCTTACCAATGGAAGGGATGCGAGATCAAGGCGTTAGAAAACTAAAAGAAGCATTTTTTCAARAATTACCAAGATTG
ATGGARAAATTCACCTTTGCTCACTATTGGAAATGTTTGTTTAATGCACGATGCTGCTGCATTTCTAACGCTTCAGAGTCAGAAAAC
AGAATTCCGGATTGTTCACATTGTAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAGAATTGGTTCACACGGCTACGGAAAAACTAT
TAACAGAAACTCATACTAAAATATCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGCGATTGATGCTTTATTTAATCAT
TATTATCCTGAAGAGAGAGAAAAATTCAATATTTTTGGAGGGGCATTAGCTTACGGACACCCTTATGCCTGCTCAGGAATTA

SEQ ID NO. 1303: SAG0466 FROM THE 090 GBS TYPE Ia STRAIN
TTGTGGGAACACAGTTGGTACTGGGGGCAATATTGGTCGTTTGATGACTCTTTTTTCTGATTATGAATCCTATATTCCAGTACAAA
CGATTGATATGCAGTGTGCTTCATCAAGTTCTGCCTTGTTTTTTGGTTATCTAAARAATCAGTGCCGGTATTAATGARAAAGTTCTT
GTTGGGGGGATTGAAAGTAGTTCTCTTCAACCTATGAGACGTTACGCTAAAGAAGATAATCGTAACGGAGAATATACCGTTGCTCA
GTTTTCTCCTGACTCTTAKGCTGAAACTGTAATGtTAGAAGGGGCACAAAGAGTCTGTCAAAAATATGGTTTtAGAAGAGAAATGT
TAGATAAATTGGCATTCTTGAGCCATAAACGCGCCTTAACAGCTAAACAAGGTGGCTATTTAGAAGAGGTAATCTTACCAATGGAA
GGGATGCGAGATCAAGGCGTTAGAAAACTAAAAGAAGCATTTTTTCAAAAATTACCAAGATTGATGGrAAATTCACCTTTGCTCAC
TATTGGAAATGTTTGTTTAATGCACGATGCTGCTGCATTTCTWACGCTTCAGAGTCAGAAAACAGAATTCCGGATTGTTCACATTG
TAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAGAATTGGTTCACACGGCTACGGAAAAACTATTAACAGAAACTCATACTAAAATA
TCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGCGATTGATGCTTTATTTAATCATTATTATCCTGAAGAGAGAGAAAA
ATTCAATATTTTTGGAGGGGCATTAGCTTACGGACACCCTTATGCCTGCTCAGG

SEQ ID NO. 1304: SAG0466 FROM THE COHl GBS TYPE Ia STRAIN
ATCGGTATAARAAGGGAAGCAATTTAAAATTACCGTCCAGAACTTTTAGGAGCACACCTCTTARATCAAATAAAAAARATAGAATCA
GAATCTAATATTGATAGTATTATTTGTGGGAACACAGT TGGTACTGGGGGCAATATTGGTCGTTTGATGACTCTTTTTTCTGATTA
TGAATCCTATATTCCAGTACAAACGATTGATATGCAGTGTGCTTCATCAAGTTCTGCCTTGTTTTTTGGGTATCTAARARA

SEQ ID NO. 1305 : SAG0466 FROM THE CJB GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
TTTTCAAAAATTACCAAGATTGATGGAAAATTCACCTTTGCTCACTATTGGAAATGTTTGTTTAATGCACGATGCTGCTGCATTTC
TAACGCTTCAGAGTCAGAAAACAGAATTCCGGATTGTTCACATTGTAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAGAATTGGTT
CACACGGCTACGGAAAAACTATTAACAGAAACTCATACTAARATATCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGC
GATTGATGCTTTATTTAATCATTATTATCCTGAAGAGAGAGAAARATT CAATATTTTTGGAGGGGCATTAGCTTACGGACACCCTT
AATGCCTGCTCAGGAATTATTAATATCC

SEQ ID NO. 1306: sag0466 FROM THE CJB110 GBS NONTYPEABLE STRAIN
GGTATAAAAGGGAAGCAATTTAAACATTACCGTCCAGAACTTTTAGGAGCACACCTCTTAAATCAAATAAAAAAAATATAACCAGA
ATCTAACATTGATAGTATTATTTGTGGGAACACAGTTGGTACTGGGGGCAATATTGGTCGTTTGATGACTCTTTTTTCTGATTATG
AATCCTATATTC

SEQ ID NO. 1307: SAGO0466 FROM THE 1169NT1 GBS TYPE V STRAIN REVERSE COMPLEMENT
CAAGATTGATGGAAARATTCACCTTTGCTCACTATTGGAAATGTTTGTTTAATGCACGATGCTGCTGCATTTCTAACGCTTCAGAGT
CAGAAAACAGAATTCCGGATTGTTCACATTGTAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAGAATTGGTTCACACGGCTACGGA
AAAACTATTAACAGAAACTCATACTAAAATATCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGCGATTGATGCTTTAT
TTAATCATTATTATCCTGAAGAGAGAGAAAAATTCAATATTT TTGGAGGGGCATTAGCTTACGGACACCCTTATGCCTGCTCAGGA
ATTATTAATATCCTTCATCTTATGCAGGCATTAAAATATAAARAATAAACCTATGGGCCTAACTGCCATTGCAGGGGCA

SEQ ID NO. 1308: SAG0466 FROM THE 18RS21 GBS TYPE II STRAIN
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CCTTAACAGTTAAACAAGGTGGCTATTTAGAAGAGGTAATCTTACCAATGGAAGGGATGCGAGATCAAGGCGTTAGARAACTAAAA
GAAACATTTTTTCAAAAATTACCAAGATTGATGGAARATTCACCTTTGCTCACTATTGGAAATGTTTGTTTARATGCACGATGCTGC
TGCATTTCTAACGCTTCAGAGTCAGAAAACAGAATTCCGGATTGTTCACATTGTAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAG
AATTGGTTCACACGGCTACGGAAAAACTATTAACAGAAACTCATACTAAAATATCGGATTATGATGCAATTGAATGGAATGAACCA
TTTGCAGCGATTGATGCTCTATTTAATCATTATTATCCTGAAGAGAGAGAARAAATTCAATATTTTTGGAGGGACATTAGCTTACGG
ACACCCTTATGCCTGCTCAGGAATTATTAATATCCTTCATCTTATGCAGGCATTAAAATATAAAAATAAACCTATGGGTCTAACTG
CCATTGCAGGGGCAG

SEQ ID NO. 1309: SAG0466 FROM THE 18RS21 GBS TYPE II STRAIN
TCGGTATAAAAGGGAAGCAATTTAAACATTACCGTCCAGAACTTTTAGGAGCACACCTTTTAAATCAAATAAAAAAAATAGAATCA
GAATCTAACATTGATAGTATTATTTGTGGGAACACAGTTGGTACTGGGGGCAATATTGGTCGTTTGATGACTCTTTTTTCTGATTA
TGAATCCTATATTCCAGTACAAACGATTGATATGCAGTGTGCTTCATCAAGTTCTGCCTTGTTTTTTGGTTATCTAAAAATCAGTA
CCGGTATTAATGAAAAAGTTCTTGTTGGGGGGATTGAAAGTAGTTCTCTTCAACCTATGAGACGTTATGCTAAAGAAGATAATCGT
AACGGAGAATATACAGTTGCTCAGTTTTCTCCTGACTCTTATGCTGAAACTGTAATGTTAGAAGGGGCCCAGAGAGTCTGTCARAA
ATATGGTTTTAGAAGAGAAATGTTAGATAAATTGGCATTCTTGAGCCATAAACGCGCCTTAACAGCTAAACA

SEQ ID NO. 1310: SAG0466 FROM THE H36b GBS TYPE Ib STRAIN
TTTGGGCTACGAACACCTATCGGTATARAAGGGAAGCAATTTAAACATTACCGTCCAGAACTTTTAGGAGCACACCTTTTAAATCA
AATAAAAAAAATAGAATCAGAATCTAACATTGATAGTATTATTTGTGGGAACACAGTTGGTACTGGGGGCAATATTGGTCGTTTGA
TGACTCTTTTTTCTGATTATGAATCCTATATTCCAGTACARACGATTGATATGCAGTGTGCTTCATCAAGTTCTGCCTTGTTTTTT
GGTTATCTAAAAATCAGTACCGGTATTAATGAAAAAGTTCTTGTTGGGGGGATTGAAAGTAGTTCTCTTCAACCTATGAGACGTTA
TGCTAAAGAAGATAATCGTAACGGAGAATATACAGTTGCTCAGTTTTCTCCTGACTCTTATGCTGAAACTGTAATGTTAGAAGGGG
ccce

SEQ ID NO. 1311: SAG0466 FROM THE H36b GBS TYPE Ib STRAIN (REVERSE COMPLEMENT)
GAAAATTCACCTTTGCTCACTATTGGAAATGTTTGTTTAATGCACGATGCTGCTGCATTTCTAACGCTTCAGAGTCAGAAAACAGA
ATTCCGGATTGTTCACATTGTAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAGAATTGGTTCACACGGCTACGGAAAAACTATTAA
CAGAAACTCATACTAAAATATCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGCGATTGATGCTCTATTTAATCATTAT
TATCCTGAAGAGAGAGAAAAATTCAATATTTTTGGAGGGACATTAGCTTACGGACACCCTTATGCCTGCTCAGGAATTATTAATAT
CCTTCATCTTATGCAGGCATTAAAATATARAAATAAACCTATGGGTCTAACTGCCATTGCAGGGGCAGGA

SEQ ID NO. 1312: SAGO0466 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
CCTTTGCTCACTATTGGAAATGTTTGTTTAATGCACGATGCTGCTGCATTTCTAACGCTTCAGAGTCAGARAACAGAATTCCGGAT
TGTTCACATTGTAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAGAATTGGTTCACACGGCTACGGAAARACTATTAACAGAAACTC
ATACTAAAATATCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGCGATTGATGCTTTATTTAATCATTATTATCCTGAA
GAGAGAGAAAAATTCAATATTTTTGGAGGGGCATTAGCTTACGGACACCCTTATGCCTGCTCAGGAATTATTAATATCCTTCATCT
TATGCAGGCATTAAAATATAAAAATARACCTATGGGTTCTAACTGC

SEQ ID NO. 1313: SAG0466 FROM THE M781 GBS TYPE III STRAIN
GCAATTTAAACATTACCGTCCAGAACTTTTAGGAGCACACCTCTTAAATCAAATAAAAAAAATAGAATCAGAATCTAATATTGATA
GTATTATTTGTGGGAACACAGTTGGTACTGGGGGCAATATTGGTCGTTTGATGACTCTTTTTTCTGATTATGAATCCTATATTCCA
GTACAAACGATTGATATGCAGTGTGCTTCATCAAGTTCTGCCTTGTTTTTTGGTTATCTAAAAATCAGTGCCGGTATTAATGARAR
AGTTCTTGTTGGGGGGATTGAAAGTAGTTCTCTTCAACCTATGAGACGTTACGCTARAGAAGATAATCGTAACGGAGAATATACCG
TTGCTCAGTTTTCTCCTGACTCTTATGCTGAAACTGTAATGTTAGA

SEQ ID NO 1314: SAG0466 FROM THE AS09 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
CCTTTGCTCACTATTGGAAATGTTTGTTTAATGCACGATGCTGCTGCATTTCTAACGCTTCAGAGTCAGAAAACAGAATTCCGGAT
TGTTCACATTGTAGAAGTAGCAGGAGATCCCAAGCTTAGTCCAGAATTGGTTCACACGGCTACGGAAAAACTATTAACAGARACTC
ATACTAARATATCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGCGATTGATGCTCTATTTAATCATTATTATCCTGAA
GAGAGAGAAAAATTCAATATTTTTGGAGGGACATTAGCTTACGGACACCCTTATGCCTGCTCAGGAATTATTAATATCCTTCATCT
TATGCAGGCATTAAAATATAAAAATAAARCCTATGGGTCTAACTGCCATTGCAGGGGC

SEQ ID NO. 1315: SAG0466 FROM THE JM9130013 GBS TYPE VIII STRAIN REVERSE COMPLEMENT
GCTCACTATTGGARATGTTTGTTTAATGCACGATGCTGCTGCATTTCTAACGCTTCAGAGT CAGAARACAGAATTCCGGATTGTTC
ACATTGTAGAAGTAGCAGGAGATCCCRAGCTTAGTCCAGAATTGGTTCACACGGCTACGGAAAAACTATTAACAGAAACTCATACT
AAAATATCGGATTATGATGCAATTGAATGGAATGAACCATTTGCAGCGATTGATGCTCTATTTAATCATTATTATCCTGAAGAGAG
AGAAAAATTCAATATTTTTGGAGGGGCATTAGCTTACGGACACCCTTATGCCTGCTCAGGRAATTATTAATATCCTTCATCTTATGC
AGGCATTAAAATATAAAAATAAACCTATGGGTCTAACTGCCATTGCAGGGGCAGGA

SEQ ID NO. 1316: SAG0466 FROM THE JM9130013 GBS TYPE VIII STRAIN

TTTGGGCTACGAACACCTATCGGTATAAAAGGGAAGCAATTTAAACATTACCGTCCAGAACTTTTAGGAGCACACCTTTTAAATCA
AATAAAAAAAATAGAATCAGAATCTAACATTGATAGTATTATTTGTGGGRACACAGTTGGTACTGGGGGCAATATTGGTCGTTTGA
TGACTCTTTTTTCTGATTATGAATCCTATATTCCAGTACAAACGATTGATATGCAGTGTGCTTCATCAAGTTCTGCCTTGTTTTTT
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GGTTATCTAAAAATCAGTACCGGTATTAATGAARAAGTTCTTGT TGGGGGGATTGAAAGTAGTTCTCTTCAACCTATGAGACGTTA
TGCTAAAGAAGATAATCGTAACGGAGAATATA

SEQ ID NO. 1401: SAGO471 FROM THE 18RS21 GBS TYPE II STRAIN
TTAAATTTGGTATCTTGACGCTTGAGGGAGAAGTACAAGAAAAATGGGCAATTGAGACCAATACTTTAGAAAACGGAAGACATATC
GTTTCTGATATCGTTGAATCTCTCAAACATCGTTTGAGCCTCTATGGATTAACARAAGATGACTTTCTCGGTATCGGTATGGGTTC
TCCAGGAGCTGTTGATAGAACTAGTAAAACAGTAACAGGTGCTTTTAATCTARATTGGGCTGATACTCAAGAAGTAGGTTCAGTTA
TTGAAAAAGAAGTTGGAATTCCATTTTTTATTGATAACGATGCTAATGTTGCAGCACTTGGTGAACGCTGGGTAGGTGCTGGTGCC
AATAATCCCGACGTTGTTTTCGTAACCCTCGGAACAGGAGTAGGTGGAGGTGTTATCGCAGATGGTAACCTCATCCATGGTGTTGT
AGGAGCAGGTGGAGAAATTGGGCATATGATTGTTGATCCAGAAAATGGATTTACGTGCACATGTGGTAACAAAGGCTGCCTTGAGA
CAGTTGCATCAGCGACAGGTGTTGTTAGAGTAGCACGTCAACTCGCAGAACAATATGAGGGTTCGTCTGCCATTAAAGCAGCGATT
GACACCGGTGATACTGTTACAAGTAAAGATATTTTTATAGCAGCAGAAGATGGGGATAAATTTGCTAATTCTGTTGTTGAACGTGT
ATCACGTTACCTTGGACTGGCAGCAGCTAATATTTCAARATATTTTAAACCCTGATTCTGT GGTTATTGGTGGCGGTGTCTCAGCAG
CAGGTGAATTTTTACGTAGTCGCGTTGAGAAATACTTTGTCACATTTGCTTTCCCACAAGTTAAAAAGTCAACTAAAATTAAGAT

SEQ ID NO. 1402: SAGO471 FROM THE 090 GBS TYPE Ia STRAIN
CGTTTCTGATATCGTTGAATCTCTCAAACATCGTTTGAGCCTCTATGGATTAACAAAAGATGACTTTCTCGGTATCGGTATGGGTT
CTCCAGGAGCTGTTGATAGAACTAGTAAAACAGTAACAGGTGCTTTTAATCTAAATTGGGCTGATACTCAAGAAGTAGGTTCGGTT
ATTGAAAAAGAAGTTGGAATTCCATTTTTTATTGATAACGATGCTAATGTTGCAGCACTTGGTGAACGCTGGGTAGGTGCTGGTGC
CAATAATCCCGATGTTGTTTTCGTAACCCTCGGAACAGGAGTAGGTGGAGGTGTTATCGCAGATGGTAACCTCATCCATGGTGTTG
CAGGAGCAGGTGGAGARATTGGGCATATGATTGTTGATCCAGAKAATGGATTTACGTGCACATGTGGTAACAAAGGCTGTCTTGAG
ACAGTTGCATCAGCGACAGGTGTTGTTAGAGTAGCACGTCAACTCGCAGAACAATATGRAAGGTTCGTCTGCCATTAAAGCAGCGAT
TGACAACGGTGATACTGTTACAAGTAAAGATAT TTTTATAGCAGCAGAAGATGGGGATAAATTTGCTAATTCTGTTGTTGAACGTG
TATCACGTTACCTTGGACTGGCAGCAGCTAATATTTCAAATATTTTAAACCCTGATTCTGTGGTTATTGGTGGCGGTGTCTCAGCA
GCAGGTGAATTTTTACGTAGTCGCGTTGAGAAATACTTTGTCACATTTG

SEQ ID NO. 1403: SAG0471 FROM THE COH1 GBS TYPE Ia STRAIN
ACAAGAAAAATGGGCAATTGAGACCAATACTTTAGAAAACGGAAGACATATCGTTTCTGATATCGTTGAATCTCTCAAACATCGTT
TGAGCCTCTATGGATTAACAAAAGATGACTTTCTCGGTATCGGTATGGGTTCTCCAGGAGCTGTTGATAGAACTAGTAAAACAGTA
ACAGGTGCTTTTAATCTAARATTGGGCTGATACTCAAGA

SEQ ID NO. 1404: SAG0471 FROM THE CJB110 GBS NONTYPEABLE STRAIN
TTGGTATCTTGACGCTTGAGGAGAAGTACAAGAAAAATGGGCAATTGAGACCAATACTTTAGARAACGGAAGACATATCGTTTCTG
ATATCGTTGAATCTCTCAAACATCGTTTGAGCCTCTATGGATTAACARAAGATGACTTTCTCGGTATCGGTATGGGGTCTCCAGGA
GCTGTTGATAGAACTAGTAAAAC

SEQ ID NO. 1405: SAGO471 FROM THE CJB110 GBS NONTYPEABLE STRAIN
CACCAGCTAATATTTCAAATATTTTAAACCCTGATTCTGTGGTTATTGGTGGCGGTGTCTCAGCAGCAGGTGAATTTTTACGTAGT
CGCGTTGAGAAATACTTTGTCACATTTGCTTTCCCACAAGTTAAARAAGTCAACTA

SEQ ID NO. 1406: SAG0471 FROM THE 2603V/R GBS TYPE V STRAIN
GGGCAATTGAGACCAATACTTTAGAAAACGGAAGACATATCGTTTCTGATATCGTTGAATCTCTCAAACATCGTTTGAGCCTCTAT
GGATTAACAAAAGATGACTTTCTCGGTATCGGTATGGGTTCTCCAGGAGCTG

SEQ ID NO. 1407: SAG0471 FROM THE H36b GBS TYPE Ib STRAIN
GGCAATTGAGACCAATACTTTAGAAAACGGAAGACATATCGTTTCTGATATCGTTGAATCTCTCARACATCGTTTGAGCCTCTATG
GATTAACAAAAGATGACTTTCTCGGTATCGGTATGGGTTCTCCAGGAGCTGTTGATAGAACTAGTAAAACAGTAACAGGTGCTTTT
AATCTAAATTGGGCTGATACTCAAGAAGTAGGTTCAGTTATTGAAAAAGAAGTTGGAATTCCATTTTTTATTGATAACGATGCTAA
TGTTGCAGCACTTGGTGAACGCTGGGTAGGTGCTGGTGCCAATAATCCCGACGTTGTTTTCGTAACC

SEQ ID NO. 1408: sSAG0471 FROM THE H36 GBS TYPE Ib STRAIN (REVERSE COMPLEMENT)
GAGACAGTTGCATCAGCGACAGGTGTTGTTAGAGTAGCACGTCAACTCGCAGAACAATATGAGGGTTCGTCTGCCATTARAGCAGC
GATTGACAACGGTGATACTGTTACAAGTAAAGATATTTTTATAGCAGCAGAAGATGGGGATARATTTGCTAATTCTGTTGTTGAAC
GTGTATCACGTTACCTTGGACTGGCAGCAGCTAATATTTCAAATATTTTAAACCCTGATTCTGTGGTTATTGGTGGCGGTGTCTCA
GCAGCAGGTGAATTTTTACGTAGTCGCGTTGAGAARATACTTTGTCACATTTGCTTTCCCACA

SEQ ID NO. 1409: SAGO0471 FROM THE M732 GBS TYPE III STRAIN
ACAAGAAAAATGGGCAATTGAGACCATACTTAGAAAACGGAAGACATATCGTTTCTGATATCGTTGAATCTCTCAAACATCGTTTG
AGCCTCTATGGATTAACAAAAGATGACTTTCTCGGTATCGGTATGGGTTCTCCAGGAGCTGTTGATAGAACTAGTARAACAGTAAC
AGGTGCTTTTAATCTAAATTGGGCTGATACT CARGAAGTAGGTTCGGTTATTGAAAAAGAAGTTGGAATTCCATTTTTTATTGATA
ACGATGCTAATGTTGCAGCACTTGGTGRACGCTGGGTAGGTGCTGGTGCCAATAATCCCGATGTTGTTTTCGTAACCCTCGGAACA
GGAGTAGGTGGAGGTGTTATCGCAGATGGTAACCTCATCCATGGTGTTGCAAGAGCAGGTGGAGAAATTGGGCATATGATT

SEQ ID NO. 1410: SAGO0471 FROM THE M732 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
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CAGCAGCAGGTGAATTTTTACGTAGTCGCGTTGAGARATACT TTGTCACATTTGCTTTCCCACAAGTTARAAAGTCAACTAAAATT
AAGATTGCTGAACTAGGTAATGAT

SEQ ID NO. 1411: SAGO0471 FROM THE M781 GBS TYPE III STRAIN
AGAAGTACAACARAAATGGGCAATTGAGACCATACTTAGARAACGGAAGACATATCGTTTCTGATATCGTTGAATCTCTCAAACATC
GTTTGAGCCTCTATGGATTAACAAAAGATGACTTTCTCGGTATCGGTATGGGTTCTCCAGGAGCTGTTGATAGAACTAGTARRACA
GTAACAGGTGCTTTTAATCTAAATTGGGCTGATACT CAAGARGTAGGTTCGGTTATTGARARAGAAGT TGGAATTCCATTTTTTAT
TGATAACGATGCTAATGTTGCAGCACTTGGTGAACGCTGGGTAGGTGCTGGTGCCAATAATCCCGATGTTGTTTTCGTAACCCTCG
GAACAGGAGTA

SEQ ID NO. 1412: SAG0471 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
GATACTGTTACARGTAAAGATATTTTTATAGCAGCAGAAGATGGGGATARATTTGCTAATTCTGTTGTTGAACGTGTATCACGTTA
CCTTGGACTGGCAGCAGCTAATATTTCARATATTTTARACCCTGATTCTGTGGTTATTGGTGGCGGTGTCTCAGCAGCAGGTGAAT
TTTTACGTAGTCGCGTTGAGAAATACTTTGTCACATTTGCTTTCCCACRAGTTAARAA

SEQ ID NO. 1413: SAG0471 FROM THE 090 GBS TYPE Ia STRAIN
AAATTTGGTATCTTGACGCTTGAGGGAGAAGTACAAGAAAAATGGGCATTGAGACCATACTTAGAAAACGGAAGACATATCGTTTC
TGATATCGTTGAATCTCTCAAACATCGTTTGAGCCTCTATGGATTARCARAAGATGACT TTCTCGGTATCGGTATGGGTTCTCCAG
GAGCTGTTGATAGAACTAGTAAAACAGTAACAGGTGCTTT TAATCTARATTGGGCTGATACTCAAGAAGTAGGTTCAGTTATTGAR
ARAGAAGTTGGAATTCCATTTTTTATTGATAACGATGCTAATGTTGCAGCACTTGGTGAACGCTGGGTAGGTGCTGGTGCCAATAA
TCCCGACGTTGTTTTCGTAACCCTCGGAACAGGAGTAGGTGGAGG

SEQ ID NO. 1414: SAG0471 FROM THE 090 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
GTGATACTGTTACAAGTAAAGATATTTTTATAGCAGCAGAAGATGGGGATARATTTGCTARTTCTGTTGTTGAACGTGTATCACGT
TACCTTGGACTGGCAGCAGCTAATATTTCAAATATTTTAAACCCTGATTCTGTGGTTATTGGTGGCGGTGTCTCAGCAGCAGGTGA
ATTTTTACGTAGTCGCGTTGAGARATACTTTATCACATTTGCTTTCCCACRAGTTARAAAGTCAACTAAAATTAARGATTG

SEQ ID NO. 1415: SAG0471 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
GTTATCGCAGATGGTAACCTCATCCATGGTGTTGCAGGAGCAGGTGGAGAAATTGGGCATATGATTGT TGATCCAGAARATGGATT
TACGTGCACATGTGGTAACAAAGGCTGCCTTGAGACAGT TGCATCAGCGACAGGTGTTGT TAGAGTAGCACGTCARCTCGCAGAAC
AATATGAGGGTTCGTCTGCCATTARAGCAGCGATTGACCACGGTGATACTGT TACARGTAAAGATATTTTTATAGCAGCAGAAGAT
GGGGATAAATTTGCTAATTCTGT TGTTGAACGTGTATCACGTTACCTTGGACTGGCAGCAGCTAATATTTCARATATTTTARACCC
TGATTCTGTGGTTATTGGTGGCGGTGTCTCAGCAGCAGGTGAATTTTTACGTAGTCGCGTTGAGAAATACTTTGTCACATTTGCTT
TCCCACAAGTTAAAAAGTCAACTAA

SEQ ID NO. 1416: SAG0471 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
TGGTATCTTGACGCTTGAGGGAGAAGTACAAGAAAAATGGGCAATTGAGACCATACT TAGAAAACGGAAGACATATCGTTTCTGAT
ATCGTTGAATCTCTCARACATCGTTTGAGCCTCTATGGATTAACARAAGATGACTT TCTCGGTATCGGTATGGGTTCTCCAGGAGC
TGTTGATAGAACTAGTAAAACAGTCACAGGTGCTTTTAATCTARATTGGGCTGATACTCARGAAGTAGGTTCAGT TATTGARARAG
AAGCTGGAATTCCATTTTTTATTG

SEQ ID NO. 1417: SAG0471 FROM THE 2603V/R TYPE V GBS STRAIN (REVERSE COMPLEMENT)
AGCAGCTAATATTTCAAATATTTTAAACCCTGATTCTGTGGTTAT TGGTGGCGGTGTCTCAGCAGCAGGTGAATTTTTACGTAGTC
GCGTTGAGAAATACTTTGTCACATTTGTTTTCCCACAAGGT

SEQ ID NO. 1501: SAG0492 FROM THE 1169NT1 GBS NONTYPEABLE STRAIN
TGACTTGGATATTCATCAAGGAGAAGTGGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACATTTTTARGAACRATGARTC
TCTTGGAAGTACCAACAAAGGGAACAGTGACTTTTGAAGGAAT TGATATAACAGACAAAAAARATGATAT TTTTARAATGCGCGAA
ARAATGGGCATGGTTTTTCARCAGTTCAATCTATTTCCCAATATGACTGTACTAGAARATATTACTT TATCACCTATTAAGACARA
GEGACTTTCTAAGCTTGATGCTCAGACARAAGCATACGAGCTACTTGARARAGTTGGACTCARAGAGAAGGCTARTGCTTATCCAG
CTAGCTTATCTGGAGGACAACAACAACGGATTGCTATTGCARAGAGGTCTTGCAATGARTCCTGATGT CCTTCTTTTTGATGAACCT
ACTTCAGCTCTTGATCCTGARATGGTAGGTGAAGTCTTGACTGT TATGCAAGATTTAGCTARATCTGGTATGACGATGGT TATTGT
CACTCATGAAATGGGTTTTGCACGTGAAGTAGCGGATCGTGTCATTTTTATGGATGCAGGCAT TATTGTGAGCAAGGGACCCCTAA
GGAAGTAT

SEQ ID NO. 1502: SAG0492 FROM THE 18RS21 GBS TYPE II STRAIN

TTCGGAAAAATGAGGT TTTAAAAGGCATTGACTTGGATATTCATCARGGAGARAGTAGTGGTTATTATTGGCCCTTCTGGCTCTGGT
AAGTCAACATTTTTAAGAACAATGAATCTCTTGGAAGTACCAACAAAGGGAACAGTGACTTTTGAAGGGATTGATATAACAGACAA
AAAGAATGATATTTTTAAAATGCGCGAAAAAATGGGCATGGTTTTTCAACAGTTCAATCTATTTCCCAATATGACTGTACTAGAAA
ATATTACTTTATCACCTATTAAGACAAAGGGGCTTTCTAATCTTGATGCTCAGACAARAGCATATGAGCTACTTGAARARGTTGGA
CTCAAAGAGAAGGCTAATACTTATCCAGCTAGCTTATCTGGAGGACAACARCAARCGAATTGCTATTGCAAGAGGTCTTGCAATGAA
TCCTCATGTCCTTCTTTTTGATGAACCTACTTCAGCTCTTGAT CCTGAAATGGTAGGTGAAGTCTTGACTGTTATGCARGATTTAG
CTAAATCTGGTATGACGATGGTTATTGTCACTCATGARATGGGTTTTGCACGTGARGTAGCGGAT CGTGTCATTTTTATGGACGCA
GAAATTAT

92



WO 2004/018646 PCT/US2003/026827

SEQUENCE LISTING

SEQ ID NO. 1503: SAGO0492 FROM THE 2603V/R GBS TYPE V STRAIN (REVERSE COMPLEMENT)
ARAAATGAGGTTTTAAAAGGCATTGACTTGGATATTCATCAAGGAGAAGTAGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTC
AACATTTTTAAGAACAATGAATCTCTTGGAAGTACCAACAAAGGGAACAGTGACTTTTGAAGGGATTGATATAACAGACAAAARAGA
ATGATATTTTTAARATGCGCGAAAAAATGGGCATGGTTTTTCAACAGTTCAATCTATTTCCCAATATGACTGTACTAGAARRATATT
ACTTTATCACCTATTAAGACAAAGGGGCTTTCTAATCTTGATGCTCAGACARAAGCATATGAGCTACTTGAAARAGTTGGACTCAA
AGAGAAGGCTAATACTTATCCAGCTAGCTTATCTGGAGGACAACAACAACGAATTGCTATTGCAAGAGGTCTTGCAATGAATCCTG
ATGTCCTTCTTTTTGATGAACCTACTTCAGCTCTTGATCCTGAAATGGTAGGTGAAGTCTTGACTGTTATGCAAGATTTAGCTARA
TCTGGTATGACGATGGTTATTGTCACTCATGAAATGGGTTTTGCACGTGAAGTAGCGGATCGTGTCATTTTTATGGATGCAGGAAT
TATTGTTGAGCAAGGGGCCC

SEQ ID NO. 1504: SAG0492 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
GAGGTTTTAARARAGGCATTGACTTGGATATTCATCAAGGAGAAGTGGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACATT
TTTAAGAACAATGAATCTCTTGGAAGTACCAACAAAGGGAACAGTGACTTTTGAAGGGATTGATATAACAGACRAAARGAATGATA
TTTTTAARAATGCGCGAAAAAATGGGCATGGTTTTTCAACAGTTCAATCTATTTCCCAATATGACTGTACTAGAAAATATTACTTTA
TCACCTATTAAGACAAAGGGACTTTCTAAGCTTGATGCTCAGACARAAGCATACGAGCTACTTGAAAAAGTTGGACTCARAGAGAA
GGCTAATGCTTATCCAGCAAGCTTATCTGGAGGACAACARACAACGGATTGCTATTGCAAGAGGT CTTGCAATGAATCCTGATGTCC
TTCTTTTTGATGAACCTACTTCAGCTCTTGATCCTGAAATGGTAGGTGAAGTCTTGACTGTTATGCAAGATTTAGCTAAATCTGGT
ATGACGATGGTTATTGTCACTCATGAAATGGGTTTTGCACGTGAAGTAGCGGATCGTGTCATTTTTATGGATGCAGGGATTATTGT
TGAGCAAGGGACCCCTAAGAAAGTAT

SEQ ID NO. 1505: SAG0492 FROM THE 090 GBS TYPE Ia STRAIN
TGGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACATTTTTAAGAACAATGAATCTCTTGGAAGTACCAACARAGGGAACA
GTGACTTTTGAAGGGATTGATATAACAGACAAAAAGAATGATATTTTTAAAATGCGCGAAAAAATGGGCATGGTTTTTCAACAGTT
CAATCTATTTCCCAATATGACTGTACTAGAAAATATTACTTTATCACCTATTAAGACAAAGGGACTTTCTAAGCTTGATGCTCAGA
CAAAAGCATACGAGCTACTTGAAAAAGTTGGACTCAAAGAGAAGGCTAATGCTTATCCAGCTAGCTTATCTGGAGGGCAACAACAA
CGAATTGCTATTGCAAGAGGTCTTGCAATGAATCCTGATGTCCTTCTTTTTGATGAACCTACTTCAGCTCTTGATCCTGARATGGT
AGGTGAAGTCTTGACTGTTATGCAAGATTTAGCTAAATCTGGTATGACGATGGTTATTGTCACTCATGAAATGGGTTTTGCACGTG
AAGTAGCGGATCGTGTCATTTTTATGGATGCAGGCATTATTGTTgAsCAAGGGACCCCTAAGGAAGTA

SEQ ID NO. 1506: SAG0492 FROM THE A909 GBS TYPE Ia STRAIN
CAATACAAGGACTTCATAAAAGTTTTGGGAAAAATGAGGTTTTAAAAGGCATTGACTTGGATATTCATCAAGGAGAAGTAGTGGTT
ATTATTGGCCCTTCTGGCTCTGGTAAGT CAACATTTTTAAGAACAATGAATCTCTTGGAAGTACCAACAAAGGGAACAGTGACTTT
TGAAGGGATTGATATAACAGACAAAAAGAATGATATTTTTAAAATGCGCGAARAAAATGGGCATGGTTTTTCAACAGTTCAATCTAT
TTCCCAATATGACTGTACTAGAAAATATTACTTTATCACCTATTAAGACAAAGGGGCTTTCTAAGCTTGATGCTCAGACAARAAGCA
TATGAGCTACTTGAAAAAGTTGGACTCAAAGAGAAGGCTAATACTTATCCAGCTAGCTTATCTGGAGGACAACAACAACGAATTGC
TATTGCAAGAGGTCTTGCAATGAATCCTGATGTCCTTCTTTTTGATGAACCTACTTCAGCTCTTGATCCTGAAATGGTAGGTGAAG
TCTTGACTGTTATGCAAGATTTAGCTARAATCTGGTATGACGATGGTTATTGTCACTCATGARATGGGTTTTGCACGTGAAGTAGCG
GATCGTGTCATTTTTATGGATGCAGGAATTATTGTgAGCAAGGGGCCCCTAAGGAAGTATTTGAGCAGACAAAAGAAATCCGCACA
AGAGATTTCTT

SEQ ID NO. 1507: SAG0492 FROM THE CJBl110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
GACTTGGATATTCATCAAGGAGAAGTGGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACATTTTTAAGAACAATGAATCT
CTTGGAAGTACCAACARAAGGGAACAGTGACTTTTGAAGGGATTGATATAACAGACAARAAAGAATGATATTTTTAAAATGCGCGAAA
AAATGGGCATGGTTTTTCAACAGTTCAATCTATTTCCCAATATGACTGTACTAGAARATATTACTTTATCACCTATTAAGACARAAG
GGACTTTCTAAGCTTGATGCTCAGACAARAAGCATACGAGCTACTTGARAAAGT TGGACTCARAGAGAAGGCTAATGCTTATCCAGC
TAGCTTATCTGGAGGACAACAACAACGAATTGCTATTGCAAGAGGTCTTGCAATGAATCCTGATGTCCTTCTTTTTGATGAACCTA
CTTCAGCTCTTGATCCTGARATGGTAGGTGAAGTCTTGACTGTTATGCAAGATTTAGCTAAATCTGGTATGACGATGGTTATTGTC
ACTCATGAAATGGGTTTTGCACGTGAAGTAGCGGATCGTGTCTTTTTATGGATGCGGGAATTATTGTGAGCAAGGGACC

SEQ ID NO. 1508: SAG0492 FROM THE H36b GBS TYPE Ib STRAIN
ATGAGGTTTTAAARAGGCATTGACTTGGATATTCATCAAGGAGAAGTAGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACA
TTTTTAAGAACAATGAATCTCTTGGAAGTACCAACAAAGGGAACAGTGACTTTTGAAGGGATTGATATAACAGACARAAAGAATGA
TATTTTTAARATGCGCGAAAAAATGGGCATGGTTTTTCAACAGTTCAATCTATTTCCCAATATGACTGTACTAGAAAATATTACTT
TATCACCTATTAAGACAAAGGGGCTTTCTAAGCTTGATGCTCAGACAARAGCATATGAGCTACTTGAAAAAGTTGGACTCARAGAG
AAGGCTAATACTTATCCAGCTAGCTTATCTGGAGGACAACAACAACGAATTGCTATTGCAAGAGGTCTTGCAATGAATCCTGATGT
CCTTCTTTTTGATGAACCTACTTCAGCTCTTGATCCTGAAATGGTAGGTGAAGTCTTGACTGTTATGCAAGATTTAGCTAAATCTG
GTATGACGATGGTTATTGTCACTCATGAAATGGGTTTTGCACGTGAAGTAGCGGATCGTGTCATTTTTATGGATGCASGAATTATT
GTTGAGCAAGGGGCCCCTAAGGAAGTAT

SEQ ID NO. 1509: SAG0492 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
GGTTTTAAAAGGCATTGACTTGGATATTCATCAAGGAGAAGTAGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACATTTT
TAAGAACAATGAATCTCTTGGARGTACCAACAAAGGGAACAGTGACTTTTGAAGGGATTGATATAACAGACAAAAAGAATGATATT
TTTAAAATGCGCGARAAAATGGGCATGGTTTTTCAACAGTTCAATCTATTTCCCAATATGACTGTACTAGAAAATATTACTTTATC
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ACCTATTAAGACAAAGGGGCTTTCTAAGCTTGATGCTCAGACARARGCATATGAGCTACTTGAAARAGTTGGACT CAAAGAGAAGG
CTAATACTTATCCAGCTAGCTTATCTGGAGGACAACAACAACGAATTGCTATTGCAAGAGGTCTTGCAATGAATCCTGATGTCCTT
CTTTTTGATGAACCTACTTCAGCTCTTGATCCTGAAATGGTAGGTGAAGTCTTGACTGT TATGCAAGATTTAGCTAAATCTGGTAT
GACGATGGTTATTGTCACTCATGAAATGGGTTTTGCACGTGAAGTAGCGGAT CGTGTCATTTTTATGGATGCAGGAATTATTGTTG
AGCAAGGGGCCCCTAAGGAAGTATTTAGCAAAACAARAGARAT

SEQ ID NO. 1510: SAG0492 FROM THE M732 GBS TYPE III STRAIN
GGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACATTTTTAAGAACAATGAATCTCTTGGAAGTACCAACARAGGGAACAG
TGACTTTTGAAGGGATTGATATAACAGACAAAAAGAATGATATTTTTAAAATGCGCGAARARATGGGCATGETTT TTCAACAGTTC
AATCTATTTCCCAATATGACTGTACTAGAARATATTACTTTATCACCTATTAAGACAAAGGGACTTTCTAAGCTT GATGCTCAGAC
AAAAGCATACGAGCTACTTGAAARAAGTTGGACTCAAAGAGAAGGCTAATGCTTATCCAGCAAGCTTATCTGE

SEQ ID NO. 1511: SAG0492 FROM THE COHl GBS TYPE Ia STRAIN
ATTGACTTGGATATTCATCAAGGAGAAGTGGTGGTTATTATTGGCCCTTCTGGCTCTGGTAAGTCAACATTT TTAAGAACAATGAA
TCTCTTGGAAGTACCAACAAAGGGAACAGTGACTTTTGRAAGGGAT TGATATAACAGACAARAAGAATGATATTTTTAAAATGCGCG
AARAAATGGGCATGGTTTTTCAACAGTTCAATCTATTTCCCAATATGACTGTACTAGARAATATTACT TTAT CACCTATTAAGACA
AAGGGACTTTCTAAGCTTGATGCTCAGACAARAAGCATACGAGCTACTTGAAARAAGT TGGACTCAAAGAGAAGGCTAATGCTTATCC
AGCAAGCTTATCTGG

SEQ ID NO. 1601: SAG0767 FROM THE M781 GBS TYPE III STRAIN
TGGTCGCTCTGTCGGAACGTGAAGTATCTGTACTGTCTGCAGARAGCGTCATGCGTGCTATTAATTATGATAAAT TTTT TGTTAAA
ACTTATTTTATCACGCAAGTAGGTCAATTTATTAAAACACAAGAATTTGATGAAATGCCATCTTCAGATGARAAGTTAATGACAAA
CCAAACTGTTGATTTAGACAARATGGTTCGTCCAAGTGATATCTATGATGATAATGCAATTGTTTTCCCCGT TTTACATGGACCAR
TGGGGGAARGATGGTTCTATCCAAGGAT TTTTAGRAGTTTTAAGGATGCCTTATGTTGGGACTAATATTCTATCTT CAAGCGTGGCT
ATGGATARAATTACAACARAACAAGTCCTTGCAACAGTAGGTGTACCTCAGGTTGCATATCAAACTTATTTTGAGGGTGATGATTT
GGAACATGCGATTAAACTCTCTTTAGAAACTTTAAGTTTCCCAATTTTTGTARAACCGGCTAATATGGGGTCATCAGTAGGTATTT
CAAAAGCGACAGATGAATCCTCACTTCGCTCTGCAATTGACTTAGCTCTCAAGTATGATAGCCGTATTTTGATTGAACAAGGCGTG
ACAGCTCGTGARATTGAAGTAGGTATTTTAGGCAATAATGATGTTARGACAACTTTTCCTGGCCAAGTTGTTARAGACGTCGATTT
CTATGACTATGACGCCAAATATATTGATAATAAAATTACTATGGATATTCCAGCTAAAGTTGATGAAGCAACTATGGARGCAATGC
GTCAATATGCAAGTAAAGCTTTTAAAGCAAT CGGGGCTTGTGGTTTATCACGCTGTGATTTCTTTTTGACGAAAGATGGACAAATC
TTCTTAAACGAACTGAATACAATGCCCGGTTTTACTCAGTGGTCAATGTATCCT CTGCTTTGGGAARATATGGGGCTAACTTATAG
TGATTTGATTG

SEQ ID NO. 1602: SAG0767 FROM THE 090 GBS TYPE Ia STRAIN
AARCCGGGCATTGTATTCAGTTCGTTTAAGAAGACTTGT CCATCT TTCGTCARAAAGAAATCACAGCGTGATARACCACAAGCCCC
GATTGCTTTAAAAGCTTTACTTGCATATTGACGCATTGCTTCCATAGTTGCTTCATCAACTTTAGCTGGAATATCCATAGTAATTT
TATTATCAATATATTTGGCGTCATAGTCATAGARATCGACGTCTTTAACGACTTCGCCAGGARAAGTTGTCT TAACATCATTATTG
CCTAAAATACCTACTTCAATTTCACGAGCTGTCACGCCTTGTTCAATCAAAATACGGCTATCATACT TGAGAGCTAAGTCAATkKSC
AGAGCGAAGTGAGGATTCATCTGTCGCTTTTGAAATACCTACTGATGACCCCATATTAGCCGGT TTTACAAAAATTGGGARACTTA
AAGTTTCTAAAGAGAGTTTAATCGCATGTTCCAAATCATCACCCTCAAAATAAGT T TGATATGCAACCTGAGGTACACCTACTGTT
GCAAGGACTTGTTTTGTTGTAATTTTATCCATAGCCACGCT TGAAGATAGAATATTAGTCCCAACATARGGCATCCTTAABACTTC
TAAARATCCTTGGATAGAACCATCTTCCCCCATTGGTCCATGTAAAACGGGGAAAACAATTGCATTATCATCATAGATATCACTTG
GACGAACCATTTTGTCTAAATCAACAGTTTGGTTTGTCATTAACT TTTCATCTGAAGATGGCATTTCATCAAATTCTTGTGTTTTA
ATAAATTGACCTACTTGCGTG

SEQ ID NO. 1603: SAG0767 FROM THE COHl TYPE Ia STRAIN
TCGCTCTGCGGAACGTGAAGTATCTGTACTGTCTGCAGAAAGCGTCATGCGTGCTATTAAT TATGATARATT TTTTGTTAAAACTT
ATTTTATCACGCRAAGTAGGTCAATTTATTAAAACACAAGAATTTGATGAAATGCCATCTTCAGATGARAAGT TAATGACAAACCAR
ACTGTTGATTTAGACAAAATGGTTCGTCCAAGTGATATCTATGATGATAATGCAAT TGTTTTCCCCGTTTTACATGGACCAATCGS
GGAAGATGGTTCTATCCAAGGATTTTTAGAAGT TTTAAGGATGCCTTATGT TGGGACTAATATTCTATCTTCARGCGTGGCTAT

SEQ ID NO. 1604: SAG0767 FROM THE CJB110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
CGTCGATTTCTATGACTATGACGCCARATATATTGATAATAAAATTACTATGGATATTCCAGCTAAAGT TGATGARGCAACTATGGE
AAGCARTGCGTCAATATGCAAGTAAAGCTTTTAAAGCAATCGGGGCTTGTGGTTTATCACGCTGTGATTTCTTTTTGACGAAAGAT
GGACAAATCTTCTTAAACGAACTGAATACAATGCCC

SEQ ID NO. 1605: SAGO0767 FROM THE CJB110 GBS NONTYPEABLE STRAIN
ARCGTGAAGTATCTGTACTGCTCTGCAGAAAAGCGTCATGCGTGCTATTAATTATGATAAAT TT TTTGT TAAAACTTAT TTTATCA
CGCAAGTAGGTCAATTTATTAARAACACAAGAATTTGATGAAATGCCATCTTCAGATGAARA

SEQ ID NO. 1606: SAG0767 FROM THE 1169NT1l GBS TYPE V STRAIN (REVERSE COMPLEMENT )

CTAATATGGGGTCATCAGTAGGTATTTCARARAGCGACAGATGAATCCTCACTTCGCTCTGCAATTGACTTAGCTCTCAAGTATGAT
AGCCGTATTTTGAT TGAACAAGGCGTGACAGCTCGTGARAT TGAAGTAGGTAT TTTAGGCAATAATGATGTTAAGACAACTTTTCC
TGGCGAAGTCGTTAAAGACGTCGATTTCTATGACTATGACGCCARATATATTGATAATAAAATTACTATGGATATTCCAGCTARAG
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TTGATGAAGCAACTATGGAAGCAATGCGTCAATATGCAAGTAAAGCTTTTAAAGCAATCGGGGCTTGTGGTTTATCACGCTGTGAT
TTCTTTTTGACGAAAGATGGACAAATCTTCTTAAACGAACTGAATACRATGCCCGGTTTTACTCAGTGGTCAATGTATCCTCTGCT
TTGGGAAAAT

SEQ ID NO. 1607: SAG0767 FROM THE 18RS21 GBS TYPE II STRAIN (REVERSE COMPLEMENT)
TTGACTTAGCTCTCAAGTATGATAGCCGTATTTTGATTGAACAAGGCGTGACAGCTCGTGAAATTGAAGTAGGTATTTTAGGCAAT
AATGATGTTAAGACAACTTTTCCTGGCGAAGTCGTTAARAGACGTCGATTTCTATGACTATGACGCCARATATATTGATAATAAAAT
TACTATGGATATTCCAGCTAAAGTTGATGAAGCAACTATGGAAGCAATGCGTCAATATGCAAGTARAGCTTTTAAAGCAATCGGGG
CTTGTGGTTTATCACGCTGTGATTTCTTTTTGACGAAAGATGGACAAATCTTCTTARACGAACTGAATACAATGCCCGGTTTTACT
CAGTGGTCAATGTATCCCCTGCTTTGGGAAAAGTATGGGGCTAACCTT

SEQ ID NO. 1608: SAG0767 FROM THE 18RS21 GBS TYPE II STRAIN
ATCTGTACTGTCTGCAGAAAAGCGTCATGCGTGCTATTAATTATGATAAATTTTTTGT TAAAACTTATTTTATCACGCAAGTAGGT
CAATTTATTAAAACACAAGAATTTGATGAAATGCCATCTTCAGATGARAAGTTAATGACAAACCAAACTGTTGATTTAGACAARAT
GGTTCGTCCAAGTGATATCTATGATGATAATGCAATTGTTTTCCCCGTTTTACATGGACCAATGGGGGAAGATGGTTCTATCCAAG
GATTTTTAGAAGTTTTAAGGATGCCTTATGTTGGGACTAATATTCTATCTTCAA

SEQ ID NO. 1609: SAG0767 FROM THE 2603V/R GBS TYPE V STRAIN (REVERSE COMPLEMENT)
GGCTATGGATAAAATTACAACAAAACAAGTCCTTGCAACAGTAGGTGTACCTCAGGTTGCATATCAAACTTATTTTGAGGGTGATG
ATTTGGAACATGCGATTAAACTCTCTTTAGAAACTTTAAGTTTCCCAATTTTTGTAAAACCGGCTAATATGGGGTCATCAGTAGGT
ATTTCAAAAGCGACAGATGAATCCTCACTTCGCTCTGCAATTGACTTAGCTCTCAAGTATGATAGCCGTATTTTGATTGAACAAGG
CGTGACAGCTCGTGAAATTGAAGTAGGTATTTTAGGCAATAATGATGTTAAGACAACTTTTCCTGGCGARGTCGTTAAAGACGTCG
ATTTCTATGACTATGACGCCARATATATTGATAATAAAATTACTATGGATATTCCAGCTAAAGTTGATGAAGCAACTATGGAAGCA
ATGCGTCAATATGCAAGTAAAGCTTTTAAAGCAATCGGGGCTTGTGGTTTATCACGCTGTGATTTCTTTTTGACGAAAGAATGGAC
AAATCTTCTTAAACGAACTGAAATAC

SEQ ID NO. 1610: SAG0767 FROM THE 2603V/R GBS TYPE V STRAIN
TCTGTACTGTCTGCAGAAAGCGTCATGCGTGCTATTAATTATGATAAATTTTTTGTTARAAACTTATTTTATCACGCAAGTAGGTCA
ATTTATTAAAACACAAGAATTTGATGAAATGCCATCTTCAGATGAAAAGTTAATGACAAACCAAACTGTTGATTTAGACAAAATGG
TTCGTCCAAGTGATATCTATGATGATAAT

SEQ ID NO. 1611l: SAG0767 FROM THE H36b GBS TYPE Ib STRAIN (REVERSE COMPLEMENT)
AAAACCGGCTAATATGGGGTCATCAGTAGGTATTTCAAAAGCGACAGATGAATCCTCACTTCGCTCTGCAATTGACTTAGCTCTCA
AGTATGATAGCCGTATTTTGATTGAACAAGGCGTGACAGCTCGTGAAATTGAAGTAGGTAT TTTAGGCAATAATGATGTTAAGACA
ACTTTTCCTGGCGAAGTCGTTAAAGACGTCGATTTCTATGACTATGACGCCAAATATATTGATAATAARATTACTATGGATATTCC
AGCTAAAGTTGATGAAGCAACTATGGAAGCAATGCGTCAATATGCAAGTAARAGCTTTTAAAGCAATCGGGGCTTGTGGTTTATCAC
GCTGTGATTTCTTTTTGACGAAAGATGGACAAATCTTCTTAAACGAACTGAATACAATGCCCGGTTTTACTCAGTGGTCAATGTAT
CCCCTGCTTTGGGARAATATGGGGCTAACTTATAG

SEQ ID NO. 1612: SAG0767 FROM THE H36b TYPE 1lb STRAIN
CGTGAAGTATCTGTACTGTCTGCAGAAAGCGTCATGCGTGCTATTAATTATGATAAATTTTTTGTTAAAACTTATTTTATCACGCA
AGTAGGTCAATTTATTAAAACACAAGAATTTGATGAAATGCCATCTTCAGATGAAAAGTTAATGACAAACCAAACTGTTGATTTAG
ACAAAATGGTTCGTCCAAGTGATATCTATGATGATAATGCAATTGTTTTCCCCGTTTTACATGGACCAATGGGGGARGATGGTTCT
ATCCAAGGATTTTTAGAAGTTTTAAGGATGCCTTATGTTGGGACTAATATTCTATCTTCAAGCGTGGCTATGGATARAATTACAAC
AAAACAAGTCCTTGCAACAGTAG

SEQ ID NO. 1613: SAG0767 FROM THE M732 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
ATGCGATTAARACTCTCTTTAGAACCTTTAAGTTTCCCAATTTTTGTAAACCCGGCTAATATGGGGTCATCAGTAGGTATTTCARAA
GCGACAGATGAATCCTCACTTCGCTCTGCAATTGACTTAGCTCTCAAGTATGATAGCCGTATTTTGATTGAACAAGGCGTGACAGC
TCGTGAAATTGAAGTAGGTATTTTAGGCAATAATGATGTTAAGACAACTTTTCCTGGCGAAGTTGTTAAAGACGTCGATTTCTATG
ACTATGACGCCAAATATATTGATAATAAAATTACTATGGATATTCCAGCTAAAGTTGATGAAGCAACTATGGAAGCAARTGCGTCAA
TATGCAAGTAAAGCTTTTAAAGCAATCGGGGCTTGTGGTTTATCACGCTGTGATTTCTTTTTGACGARAGATGGACARATCTTCTT
AAACGAACTGAATACAATGCCCGGTTTTACTCAGTGGTCAATGTATCCTCTGCTTTGGGAARATATGGGGCTAACTT

SEQ ID NO. 1614: SAGO0767 FROM THE M732 GBS TYPE III STRAIN
GTCATGCCGTGCTATTAATTATGATAAATTTTTTGTTAAAACTTATTTTATCACGCAAGTAGGTCAATTTATTAARACACAAGAAT
TTGATGAAATGCCATCTTCAGATGAAAAGTTAATGACAAACCARACTGTTGATTTAGACAAAATGGTTCGTCCAAGTGATATCTAT
GATGATAATGCAATTGTTTTCCCCGTTTTACATGGACCAATGGGGGAAGATGGTTCTATCCAAGGATTTTTAGAAGTTTTAAGGAT
GCCTTATGTTGGGACTAATATTCTATCTTCAAGCGTGGCTATGGATAAAATTACAACAAAACAAGTCCTTGCAACAGTAGGTGTAC
CTCAGG

SEQ ID NO. 1615: SAG0767 FROM THE A909 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)

TTTTGAGGGTGATGATTTGGAACATGCGATTAAACTCTCTTTAGAAACTTTAAGTTTCCCAATTTTTGTAARAACCGGCTAATATGG
GGTCATCAGTAGGTATTTCAAAAGCGACAGATGAATCCTCACTTCGCTCTGCAATTGACTTAGCTCTCAAGTATGATAGCCGTATT
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TTGATTGAACAAGGCGTGACAGCTCGTGARATTGAAGTAGGTATTTTAGGCAATAATGATGTTAAGACAACTTTTCCTGGCGAAGT
CGTTAARGACGTCGATTTCTATGACTATGACGCCAAATATATTGATAATARAATTACTATGGATATTCCAGCTAAAGTTGATGAAG
CAACTATGGAAGCAATGCGTCAATATGCAAGTAAAGCTTTTAAAGCAAT CGGGGCTTGTGGTTTATCACGCTGTGATTTCTTTITTG
ACGAAAGATGGACAAATCTTCTTAAACGAACTGAATACAATGCCCGGTTTTACTCAGTGGTCAATGTATCCCCTGCTTTGGGAARA
TATGGGGCTAACTTATAGTGA

SEQ ID NO. 1616: SAG0767 FROM THE A909 GBS TYPE Ia STRAIN
TGGTCGCTCTGCGGAACGTGAAGTATCTGTACTGTCTGCAGAAAGCGTCATGCGTGCTATTAATTATGATAAATTTTTTGTTAARA
CTTATTTTATCACGCAAGTAGGTCAATTTATTAAAACACAAGAATTTGATGARATGCCATCTTCAGATGARAAGTTAATGACARAC
CAAACTGTTGATTTAGACAARRATGGTTCGTCCAAGTGATATCTATGATGATAATGCAATTGTTTTCCCCGTTTTACATGGACCAAT
GGGGGAAGATGGTTCTATCCAAGGATTTTTAGAAGTTTTAAGGATGCCTTATGTTGGGACTAATATTCTATCTTCAAGCGTGGCTA
TGGATAAAATTACAACAARACAAGTCCTTGCAACAGTAGG

SEQ ID NO. 1617: SAG0767 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
AAGCAGGGGATACATTGACCACTGAGTAAAACCGGGCATTGTATTCAGTTCGTTTAAGAAGATCTGTCCATCTTTCGTCAAAAAGA
AATCACAGCGTGATAAACCACAAGCCCCGATTGCTTTAAAAGCTTTACTTGCATATTGACGCATTGCTTCCATAGATGCTTCATCA
ACTTTAGCTGGAATATCCATAGCAATTTTATTATCAATATATTTGGCG

SEQ ID NO. 1701: SAG1086 FROM THE116S9NT1 GBS NONTYPEABLE STRAIN
TTTAAAGGTTGATTCCTTTTTGACTCATCAGGTAGAT TTTGAGTTAATGCAGGAAATAGGTAAAGTTTTTGCTGATAAATATAAAG
AAGCCGGCATTACGAAGGTTGTTACGATTGAAGCATCTGGAATTGCGCCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATG
ATATTTGCTAAAAAGGCTAAGAACATTACTATGACTGAAGGTATCTTAACTGCTGAAGTGTATTCTTTTACAAAGCARGWTACGAG
TCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGTACTCATCATTGATGACTTTTTAGCARACGGT CAAGCGGCTA
AAGGATTACTTGAAATTATTGGTCAAGCTGGAGCTAAGGTTGCTGGTATCGGAATCGTTATTGAAAAATCTTTCCAAGATGGGCGT
GATTTGTTAGAAAAAACAGGTGTTCCAGT

SEQ ID NO. 1702: SAG0767 FROM THE 18RS21 GBS TYPE II STRAIN
TTTAGGTGAGAACATTTTAAAGGTTGATTCTTTTTTGACTCATCAGGTAGATTTTGAGTTAATGCAGGAAATAGGTARAGTTTTTG
CTGATARATATAAAGAAGCCGGCATTACGAAGGTTGTTACGATTGAAGCATCTGGAATTGCACCAGCAGTGTACGCAGCTCAAGCA
TTGGGCGKACCAATGATATTTGCTAAARAAAGCTAAGAACATTACTATGACTGAAGGTATCTTAACTGCTGAAGTGTATTCTTTTAC
AAAGCAAGTTACGAGTCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGTACTCATCATTGATGACTTTTTAGCAA
ACGGTCAAGCGGCTAAAGGATTACTTGAAATTATTGGTCAAGCTGGAGCTAAGGTTGCTGGTATCGGAATCGTTATTGAAAAATCT
TTCCAAGATGGGCGTGATTTGTTAGAAAAAACA

SEQ ID NO. 1703: SAG0767 FROM THE H36bl GBS TYPE Ib STRAIN
AAGAACGTATTCTTAAAGATGGTGATGTTTTAGGTGAGAACATTTTARAAGTTGATTCTTTTTTGACTCATCAGGTAGATTTTGAG
TTAATGCAGGAAATAGGTAAAGTTTTTGCTGATAAATATAAAGAAGCCGGCATTACGAAGGTTGTTACAATTGAAGCATCTGGAAT
TGCGCCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATGATATTTGCTAAAAAAGCTAAGAACATTACTATGACTGAAGGTA
TCTTAACTGCTGAAGTGTATTCTTTTACAARAGCAAGTTACGAGTCAAGT TTCTATTGTGAGTCGCTTTTTATCTAACGATGATACT
GTACTCATCATTGATGACTTTTTAGCAAACGGTCAAGCGGCTARAGGATTACTTGAAAT TATTGGTCAAGCTGGAGCTAAGGTTGC
TGGTATCGGAATCYTTATTGAAAAATCTTTCCAAGATGGGCGTGATT

SEQ ID NO. 1704: SAG0767 FROM THE M732 GBS TYPE III STRAIN
ATTCTTTTTTGACTATCAGGTAAATTTTGAGTTAATGCAGGAAATAGGTAAAGTTTTTGCTGATARATATAAAGAAGCCGGCATTA
CGAAGGTTGTTACAATTGAAGCATCTGGAATTGCGCCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATGATATTTGCTAAA
AAAGCTAAGAACATTACTATGACTGAAGGTATCTTAACTGCTGAAGTGTATTCTTTTACARAGCAAGTTACGAGTCAAGTTTCTAT
TGTGAGTCGCTTTTTATCTAACGATGATACTGTACTCATCATTGATGACTTTTTAGCARACGGTCAAGCGGCTAAAGGATTACTTG
ARAATTATTGGTCAAGCTGAAGCTAAGGTTGCTGGTATCGGAATCGTTATTGAAAAATCTTTCCAAGATGGGCGTGATTTGTTAGAA
AAAACAGGTGTTCCGGTTACTTCTCTTGCTCGT

SEQ ID NO. 1705: SAGO0767 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
GAACGTATTCTTRAAAGATGGTGATGTTTTAGGTGAGAACATTTTARAAAGTTGATTCTTTTTTGACT CATCAGGTAAATTTTGAGTT
AATGCAGGAAATAGGTAAAGTTTTTGCTGATAAATATAAAGAAGCCGGCATTACGAAGGTTGTTACAATTGAAGCATCTGGARATTG
CGCCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATGATATTTGCTAAAAAAGCTAAGAACATTACTATGACTGAAGGTATR
TTAACTGCTGAAGTGTATTCTTTTACAAAGCAAGTTACGAGTCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGT
ACTCATCATTGATGACTTTTTAACAAACGGTCAAGC

SEQ ID NO. 1706: SAG0767 FROM THE 090 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
ACATTTTAAAGGTTGATTCTTTTTTGACT CATCAGGTAGATTTTGAGTTAATGCAGGAAATAGGTARAGTTTTTGCTGATAAATAT
AAAGAAGCCGGCATTACGAAGGTTGTTACGATTGAAGCATCTGGAATTGCACCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACC
AATGATATTTGCTAAAARAAGCTAAGAACATTACTATGACTGAAGGTATCTTAACTGCTGAAGTGTATTCTTTTACARAGCAAGTTA
CGAGTCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGTACTCATCATTGATGACTTTTTAGCARACMGTCYAGCG
GCTAAAGGATTACTTGAAATTATTGGTCAAGCTGGAGCTAAGGTTGCTGGTATCGGAATCGTTATTGAARAATCTTTCCAAGATGG
GCGTGATTTGTTAGAAAA
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SEQ ID NO. 1707: SAGO0767 FROM THE A909 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
ACGTATTCTTAAAGATGGTGATGTTTTAGGTGAGAACATTTTAARAGTTGATTCTTTTTTGACTCATCAGGTAGATTTTGAGTTAA
TGCAGGARATAGGTAAAGTTTTTGCTGATAAATATAAAGAAGCCGGCATTACGAAGGTTGTTACAATTGAAGCATCTGGAATTGCG
CCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATGATATTTGCTAAAAAAGCTAAGAACATTACTATGACTGAAGGTATCTT
AACTGCTGAAGTGTATTCTTTTACAAAGCAAGTTACGAGTCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGTAC
TCATCATTGATGACTTTTTAGCAAACGGKCAAGCGGSTAAAGGATTACTTGAAATTATTGGTCAAGCTGGAGCTA

SEQ ID NO. 1708: SAGO0767 FROM THE COH1 GBS TYPE Ia STRAIN
TTTAARAGTTGATTCTTTTTTGACTCATCAGGTAAATTTTGAGTTAATGCAGGAAATAGGTAAAGTTTTTGCTGATAARATATAAAG
AAGCCGGCATTACGAAGGTTGTTACAATTGAAGCATCTGGAATTGCGCCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATG
ATATTTGCTAAAAAAGCTAAGAACATTACTATGACTGAAGGTATCTTAACTGCTGAAGTGTATTCTTTTACAAAGCAAGTTACGAG
TCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGTACTCATCATTGATGACTTTTTAGCAAACGGTCAAGCGGCTA
AAGGATTACTTGAAATTATTGGTCARAGCTGAAGCTAAGGTTGCTGGTATCGGAATCGTTATTGAAAAAT CTTTCCAAGATGGGCGT
GATTTGTTAGAAAAAACAGGTGTTCCGGTTAC :

SEQ ID NO. 1709: SAG0767 FROM THE CJB11l0 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
GCTGATAAATATARAGAAGCCGGCATTACGAAGGTTGTTACAATTGAAGCATCTGGAATTGCGCCAGCAGTGTACGCAGCTCAAGC
ATTGGGCGTACCAATGATATTTGCTAAAAAAGCTAAGAACATTACTATGACTGAAGGTATCTTAACTGCTGAAGTGTATTCTTTTA
CAAAGCAAGTTACGAGTCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGTACTCATCATTGATGACTTTTTAGCA
AACGGTCAAGCGGCTAAAGGATTACTTGAAATTTATTGGTCAAGCTGGAGCTAAGGTTGCTGGTATCGGAATCGTTATTGAAAAAT
CTTTCCAAGATGGGCGTGATTTGTTAGAAAAAACAGGTGTTCCAGT

SEQ ID NO. 1710: SAG0767 FROM THE 2603 V/R GBS TYPE V STRAIN
AACGTATTCTTAAAGATGGTGATGTTTTAGGTGAGAACATTTTARAAGTTGATTCTTTTTTGACTCATCAGGTAGATTTTGAGTTA
ATGCAGGAAATAGGTAAAGTTTTTGCTGATAAATATAAAGAAGCCGGCATTACGAAGGTTGTTACAATTGAAGCATCTGGAATTGC
GCCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATGATATTTGCTAAAAAAGCTAAGAACATTACTATGACTGAAGGTATCT
TAACTGCTGAAGTGTATTCTTTTACARAGCAAGTTACGAGTCAAGTTTCTATTGTGAGTCGCTTTTTATCTAACGATGATACTGTA
CTCATCATTGATGACTTTTTAGCAAACGGTCAAGCGGCTARAGGATTACTTGAAATTATTGGTCAAGCTGGAGCTAAGGTTGCTGG
TATCGGAATCGTTATTGAAAAATCTTTCCAAGATGGGCGTGATTTGTTAGAAAAAACAGGTGTTCCAG

SEQ ID NO. 1711: SAGO767 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
ACGAAGGTTGTTACAATTGAAGCATCTGGAATTGCGCCAGCAGTGTACGCAGCTCAAGCATTGGGCGTACCAATGATATTTGCTAA
ARAAGCTAAGAACATTACTATGACTGAAGGTATCTTAACTGCTGAAGTGTATTCTTTTACAAAGCAAGTTACGAGTCAAGTTTCTA
TTGTGAGTCGCTTTTTATCTAACGATGATACTGTACTCATCATTGATGACTTTTTAGCAAACGGTCAAGCGGCTAAAGGATTACTT
GAAATTATTGGTCAAGCTGGAGCTAAGGTTGCTGGTATCGGA

SEQ ID NO. 180l1: SAG1600 FROM THE H36b GBS TYPE Ib STRAIN (REVERSE COMPLEMENT)
AATCTTCATTGGAGATCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACAGATTAGAGAGTTTACCTGGCAGATGGT TAATT
TCTTATTGACTAAARATGTTAAGATGATTGTTATAGCTTGTAATACAGCAACTGCAGTTGCCTGGCAAGAAATTARAGAAAAACTA
GACGTGCCTGTTTTAGGCGTTATTTTACCAGGAGCTAGCGCAGCTATCAAATCAACTAATTCAGGGAAAGTTGGTATTATAGGTAC
TCCCATGACTGTTAAATCAGATGCTTATCGTCAAAAAATTCAAGCTTTGTCTCCAAATACTGCTGTGGTATCCCTTGCTTGTCCGA
AATTTGTTCCAATTGTGGAATCAAATCAGATGTCTTCTAGTTTAGCCAAAAAGGTGGTTTATGAAACGTTGTCCCCATTAGTTGGT
AAATTAGATACTTTAATTTTAGGTTGCACGCATTATCCCTTATTACGTCCCATCATTCARAATGTTATGGGGGCTGAGGTTAAATT
AATTGATAGTGGCGCAGAAACCGTTCGTGATATTTCTGTTTTATTGAACTATTTTGAGATAARACCATAATTGGCAAAATARACACG
GTGGTCATCACTTTTACACAACCGCCAGCCCAA

SEQ ID NO. 1802: SAGl600 FROM THE M732 GBS TYPE III STRAIN (REVERSE COMPLEMENT)

AAMATGTTCCGTCAACTTCCAGAAGAGGAAGTAATCTTCATTGGAGATCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACAG
ATTAGAGAGTTTACCTGGCAGATGGTTAACTTCTTATTGACTAAAAATGTTAAGATGATTGTTATAGCTTGTARTACAGCAACTGC
AGTTGCCTGGCAAGAAATTAAAGAAAAACTAGACATCCCTGTTTTAGGCGTTATTTTACCAGGAGCTAGCGCAGCTATCAAATCAA
CTAATTTAGGGAAAGTTGGTATTATAGGTACTCCCATGACTGTTAAATCAGATGCTTATCGTCAAAAAATTCAAGCTTTGTCTCCA
AATACTGCTGTGGTATCCCTTGCTTGTCCGARATTTGTTCCAATTGTGGAATCAAATCAGATGTCTTCTAGTTTAGCCARARAGGT
GGTTTATGARACGTTGTCCCCATTAGTTGGTAAATTAGATACTTTAATTTTAGGTTGCACGCATTATCCCCTATTACGTCCCATCA
TTCAAAATGTTATGGGGGCTGAGGTTAAAT TAATTGATAGTGGCGCAGAAACCGTTCGTGATATTTCTGTTTTATTGAACTATTTT
GAGATAAACCATAATTGGCAAAATAAACACGGTGGTCATCACTTTTACACAACCGCCAGCCCARAAGGTTTTAAAGAAA

SEQ ID NO. 1803: SAGL600 FROM THE 090 GBS TYPE Ia STRAIN

AATCTTCATTGGAGACCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACAGATTAGAGAGTtACCTGGCAGATGGTTAATTT
CTTATTGACTAAAAATGTTAAGATGATTGTTATAGCTTGTAATACAGCAACTGCAGTTGCCTGGCAAGAAATTAAAGARARAACTAG
ACATACCTGTTTTAGGCGTTATTTTACCAGGAGCTAGCGCAGCTATCAAATCAACTAATTCAGGGAAAGTTGGTATTATAGGTACT
CCCATGACTGTTAAATCAGATGCTTATCGTCAAAAAATTCAAGCTTTGTCT CCAAATACTGCTGTGGTATCCCTTGCTTGTCCGAA
ATTTGTTCCAATTGTGGAATCAARATCAGATGTCTTCTAGTTTAGCCAAAAAGGTGGTTTATGAARACGCTGTCCCCATTAGTTGGTA
AATTAGATACTTTAATTTTAGGTTGCACGCATTATCCCTTATTACGTCCCATCATTCAAAATGTTATGGGGGCTGAGGTTAAATTA
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ATTGATAGTGGCGCAGAAACCGTTCGTGATATTTCTGTTTTATTGAACTATTTTGAGATaAMCCATaATTGGSMAAATAAACACGG
TGGTCATCACTTTTACACAACCGsCAGCCCARAAGGTTTTTAAGGAAATTGCAGAACARATGGCTTAATCAAGAAATAAAT

SEQ ID NO. 1804: SAGl600 FROM THE A909 GBS TYPE Ia STRAIN
GCGGTTGTGTAAAAGTGATGACCACCGTGTTTATTTTGCCAATTATGGTTTATCTCAAAATAGTTCAATAAAACAGAAATATCACG
AACGGTTTCTGCGCCACTATCAATTAATTTAACCTCAGCCCCCATAACATTTTGAATGATGGGACGTAATAGGGGATAATGCGTGC
AACCTAAAATTAARAGTATCTAATTTACCAACTAATGGGGACAACGTTTCATAAACCACCTTTTTGGCTARACTAGAAGACATCTGA
TTTGATTCCACAATTGGAACAAATTTCGGACARAGCAAGGGATACCACAGCAGTATTTGGAGACARAGCTTGAATTTTTTGACGATA
AGCATCTGATTTAACAGTCATGGGAGTACCTATAATACCAACTTTCCCTAAATTAGTTGATTTGATAGCTGCGCTAGCTCCTGGTA
AAATAACGCCTAAAACAGGGATGTCTAGTTTTTCTTTAATTTCTTGCCAGGCARACTGCAGTTGCTGTATTACAAGCTATAACAATC
ATCTTAACATTTTTAGTCAATAAGAAGTTAACCATCTGCCAGGTAAACTCTCTAATCTGTTGAGCAGGTCTAGGACCATACGGAGC
TCTAGCCTGATCTCCAATGAAGATTACTTCCTCTTCTGGAAGTTGACGGAACATTTCCTTAACAACCGTTAAACCACCT

SEQ ID NO. 1805: SAG1600 FROM THE COHL GBS TYPE Ia STRAIN
TTCCGTCAACTTCCAAAATATGAAGTAATCTTCATTGGAGATCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACAGATTAG
AGAGTTTACCTGGCAGATGGTTAACTTCTTATTGACTAAAAATGTTAAGATGATTGTTATAGCTTGTAATACAGCAACTGCAGTTG
CCTGGCAAGAAATTAAAGAAAAACTAGACATCCCTGTTTTAGGCGTTATTTTACCAGGAGCTAGCGCAGCTATCAAATCAACTAAT
TTAGGGAAAGTTGGTATTATAGGTACTCCCATGACTGTTAAATCAGATGCTTATCGTCAAAAAATTCAAGCTTTGTCTCCAAATAC
TGCTGTGGTATCCCTTGCTTGTCCGAAAT

SEQ ID NO. 1806: SAG1l600 FROM THE CJB110 GBS NONTYPEABLE STRAIN
GTAATCTTCATTGGAGATCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACAGATTAGAGAGTTTACCTGGCAGATGGTTAA
TTTCTTATTGACTAAAAATGTTAAGATGATTGTTATAGCTTGTAATACAGCAACTGCAGTTGCCTGGCAAGAAATTAAAGAAAAAC
TAGACATAC

SEQ ID NO. 1807: SAGl1600 FROM THE 1169NT1 GBS TYPE V STRAIN
CTTTTGGGCTGGCGGTTGTGTAAAATTGATGACCACCGTGTTTATTTTGCCAATTATGGTTTATCTCAAAATAGTTCAATAARACA
GAAATATCACGAACGGTTTCTGCGCCACTATCAATTAATTTAACCTCAGCCCCCATAACATTTTGAATAATGGGACGTAATAGGGG
ATAATGCGTGCAACCTAAAATTAAAGTATCTAATTTACCAACTAATGGGGACAATGTTTCATAAACCACCTTTTTGGCTAAACTAG
AAGACATCTGATTTGATTCCACAATTGGAACAAATTTCGGACAAGCAAGGGATACCACAGCAGTATTTGGAGACAAAGCTTGAATT
TTTTGACGATAAGCATCTGATTTAACAGTCATGGGAGTACCTATAA

SEQ ID NO. 1808: SAGL600 FROM THE 1169NT1l GBS TYPE V STRAIN
GTAATCTTCATTGGGGATCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACAGATTAGAGAGTTTACCTGGCAGATGGTTAA
TTTCTTATTGACTAAAAATGTTAAGATGATTGTTATAGCTTGTAATACAGCAACTGCAGTT

SEQ ID NO. 1809: SAG1600 FROM THE 18RS21 GBS TYPE II STRAIN
GAAATGTTCCGTCAACTTCCAGAAGAGGAAGTAATCTTCATTGGAGATCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACA
GATTAGAGAGTTTACCTGGCAGATGGTTAACTTCTTATTGACTAAAAATGTTAAGATGATTGTTATAGCTTGTAATACAGCAACTG
CAGTTGCCTGGCAAGAAATTAAAGAAAAACTAGACATCCCTGTTTTAGGCGTTATTTTACCAGGAGCTAGCGCAGCTATCAAATCA
ACTAATTTAGGGAAAGTTGGTATTATAGGTACTCCCATGACTGTTAAATCAGATGCTTATCGTCAAAAAATTCAAGC

SEQ ID NO. 1810: SAG1l600 FROM THE 18RS21 TYPE II STRAIN
ATTTCTTTAAAACCTTTTGGGCTGGCGGTTGTGTAATATTGATGACCACCGTGTTTATTTTGCCAATTATGGTTTATCTCAARATA
GTTCAATAAAACAGAAATATCACGAACGGTTTCTGCGCCACTATCAATTAATTTAACCTCAGCCCCCATAACATTTTGAATGATGG
GACGTAATATGGGATAATGCGTGCAACCTAAAATTARAGTA

SEQ ID NO. 1811: SAGl600 FROM THE 2603 V/R GBS TYPE V STRAIN
ATTTCTTTAAAACCTTTTGGGCTGGCGGTTGTGTAATAAGTGATGACCACCGTGTTTATTTTGCCAATTATGGTTTATCTCARAAT
AGTTCAATAAAACAGAAATATCACGAACGGTTTCTGCGCCACTATCAATTAATTTARCCTCAGCCCCCATAACATTTTGAATGATG
GGACGTAATAGGGGATAATGCGTGCAACCTAAAATTAAAGTATCTAATTTACCAACTAATGGGGACAACGTTTCATAAACCACCTT
TTTGGCTAAACTAGAAGACATCTGATTTGATTCCACAATTGGAACAA

SEQ ID NO. 1812: SAG1600 FROM THE M781 GBS TYPE III STRAIN
GGCGGTTGTGTAAAAGTGATGACCACCGTGTTTATTTTGCCAATTATGGTTTATCTCAAAATAGTTCAATAAAACAGAAATATCAC
GAACGGTTTCTGCGCCACTATCAATTAATTTAACCTCAGCCCCCATAACATTTTCGAATGATGGGACGTAATAGGGGATAATGCGTG
CAACCTAAAATTAAAGTATCTAATTTACCAACTAATGGGGACAACGTTTCATAARACCACCTTTTTGGCTAAACTAGAAGA

SEQ ID NO. 1813: SAG1600 FROM THE M 781 GBS TYPE III STRAIN ‘
AATCTTCATTGGAGATCAGGCTAGAGCTCCGTATGGTCCTAGACCTGCTCAACAGATTAGAGAGTTTACCTGGCAGATGGTTAACT
TCTTATTGACTAAAAATGTTAAGATGATTGTTATAGCTTGTAATACAGCAACTGC

SEQ ID NO. 1814: SAG1600 FROM THE JM9130013 GS TYPE VIII STRAIN
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TGGGCTGGCGGTTGTGTAARAGTGATGACCACCGTGTTTATTTTGCCAATTATGGTTTATCTCAAAATAGTTCAATAAAACAGARAA
TATCACGAACGGTTTCTGCGCCACTATCAATTAATTTAACCTCAGCCCCCATAACATTTTGAATGATGGGACGTAATAAGGGATAA
TGCGTGCAACCTAAAATTAAAGTATCTAATTTACCAACTAATGGGGACAACGTTTCATAAACCACCTTTTTGGCTARACTAGAAGA
CATCTGATTTGATTCCACAATTGGAACARATTTCGGACAAGCAAGGGATACCACAGCAGTATTTGGAGACAAAGCTTGAATTTTTT
GACGATAAGCATCTGATTTAACAGTCATGGGAGTACCTATAATACCAACTTTCCCTGAA

SEQ ID NO. 1901: SAG1680 FROM THE 2603 V/R GBS TYPE V STRAIN
ATCCCTAGACCATTATAAGCATGTTTCACTCCATTTTGTCTAACAAATCGTAACAATGCTGTTTCTTTAGGCTTGTAARACCAAGTC
GACAACTACTAAATTCGGTGTTAARATTTCTGGATCGTTAATTAAACTATAATTATCTAATGGCCTCATTCCTAAACTAGTAGCAT
CAATATARAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGTCTTATTTTCTAGATAATCAACGACTACCTTTATTTGAAACTGT
TTTTTAATTTTATCTGATAAGT CAATGACCTTATCGTAATTTGAGCTGTTACGATTARATAATCTAATTTCCGCAACTCCCTCCAT
AGCTGCTTGAACTGCAACTGCTTTACCTGAACCACCAATACCAGCTATTGTAATTATTTTATTTTTAGCACTGAAACCTTGAGCTG
CTAAAGCTTTAAAACAACCAATGCCATCTGTCATATGGCCTACTAAACGTCCGGTTCCACCTTGAT TAACGATAGTATTTACAGCA
CCCACTAATTTAGCTTGAGGAGATAAATCATCTAGCAAAGGGATAACACTCTGTTTAAATGGCATTGAAACATTAACACCACGAAT
ACCCAATGCCCTGACACCTCGAACAGCTTCTGTTAATTTACCCTCTTCTACTTCAAATGTCAGATAGGCATAATTCATGTTTTTTT
CTTGAARAGAGGTATTCCACATTAACGGGGATAGAGAGTGGCGTGCAGG

SEQ ID NO. 1902: SAG1l680 FROM THE H36b GBS TYPE Ib STRAIN
GTTATTAATTGAAATGCTTCTGCTCCTTGATAAATCAGCATCCCTAGACCATTATAAGCATGTTTCACTCCATTTTGTCTAACARA
TCGTAACAATGCTGTTLCTTTAGGCTTGTAAACCAAGT CGACAACTACTARATTCGGTGTTAARATTTCTGGATCGTTAATTARAC
TATAATTATCTAATGGCCTCATTCCTAAACTAGTAGCATCAATATAAAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGTCTTA
TTTTCTAGATAATCAACGACTACCTTTATTTGAAACTGTTTTTTAATTTTATCTGATAAGTCAATGACCTTATCGTAATTTGAGCT
GTTACGATTAAATAATCTAATTTCCGCAACTCCCTCCATAGCTGCTTGAACTGCAACTGCTTTACCTGAACCACCAATACCAGCTA
TTGTAATTATTTTATTTTTAGCACTGAARACCTTGAGCTGCTAAAGCTTTAARACAACCAATGCCATCTGTCATATGGCCTACTARA
CGTCCGGTTCCACCTTGATTAACGATAGTATTTACAGCACCCACTAATTTAGCTTGAGGAGATAAATCATCTAGCAARGGGATAAC
ACTCTGTTTAAATGGCATTGAAACATTAACACCACGAATACCCAATGCCCTGACACCTCGAACAGCTTCTGTTAATTTACCCTCTT
CTACTTCAAATGTCAGATAGGCATAATTCATGTTTTTTTCTTGAARAGAGGTATTCCACATTAACGGGGATAGAGAGTGGCGTGCA
GGA

SEQ ID NO. 1903: SAGl680 FROM THE M732 GBS TYPE III STRAIN
CTGGTCTAATTGCCAATCCTGCACGCCACTCTCTATCCCCGTTAATGTGGAATACCTCTTTTCAARGAAARAARACATGAATTATGCC
TATCTGACATTTGAAGTAGAAGAGGGTAAATTAACAGAAGCTGTTCGAGGTGTCAGGGCATTGAGTATTCGTGGTGTTAATGTTTC
AATGCCATTTAAACAGAGTGTTATCCCTTTGCTAGATGATTTATCTCCTCAAGCTARATTAGTGGGTGCTGTAAATACTATCGTTA
ATCAAGGTGGAACCGGACGTTTAGTAGGCCATATGACAGATGGCATTGGTTGTTTTARAGCTTTAGCAGCTCAAGGTTTCAGTGCT
AAAAATAAAATAATTACAATAGCTGGTATTGGTGGTTCAGGTAAAGCAGTTGCAGTTCAAGCAGCTATGGAGGGAGTTGCGGAAAT
TAGATTATTTAATCGTAACAGCTCAAATTACGATAAGGTCATTGACTTATCAGATAAAATTAAAAAACAGTTTCARATARAGGTAG
TCGTTGATTATCTAGAAAATAAGACAGCATTTAAAGACGCTATTAGAACTAGTCATTTTTATATTGATGCTACTAGTTTAGGAATG
AGGCCATTAGATAATTATAGTTTAATTAACGATCCAGATATTTTAACACCGAATTTAGTAGTTGTCGACTT

SEQ ID NO. 1904: SAGl680 FROM THE M781 GBS TYPE III STRAIN
AAATCAGCATCCCTAGACATTATAAGCATGTTTCACTCCATTTTGTCTAACAAATCGTAACAATGCTGTTTCTTTAGGCTTGTARA
CCAAGTCGACAACTACTAAATTCGGTGTTAAAATTTCTGGATCGTTAATTARACTATAATTATCTAATGGCCTCATTCCTAAACTA
GTAGCATCAATATAAAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGTCTTATTTTCTAGATAATCAACGACTACCTTTATTTG
AAACTGTTTTTTAATTTTATCTGATAAGTCAATGACCTTATCGTAATTTGAGCTGTTACGATTARATAATCTAATTTCCGCAACTC
CCTCCATAGCTGCTTGAACTGCAACTGCTTTACCTGAACCACCAATACCAGCTATTGTAATTATTTTATTTTTAGCACTGAAACCT
TGAGCTGCTAAAGCTTTAAAACAACCAATGCCATCTGTCATATGGCCTACTAAACGTCCGGTTCCACCTTGATTAACGATAGTATT
TACAGCACCCACTAATTTAGCTTGAGGAGATARATCATCTAGCAAAGGGATAACACTCTGTTTAAATGGCATTGAAACATTAACAC
CACGAATACTCAATGCCCTGACACCTCGAACAGCTTCTGTTAATTTACCCTCTTCTACTTCAAATGTCAGATAGGCATAATTCATG
TTTTTTTCTTGARAAGAGGTAT TCCACATTAACGGGGATAGAGAGTGGCGTGCA

SEQ ID NO. 1905: SAGL680 FROM THE 090 GBS TYPE Ia STRAIN
GTTCGAGGTGTCAGGGCATTGGGTATTCGTGGTGTTAATGTTTCAATGCCATTTAAACAGAGTGTTATCCCLTTGCTAXrATGATTT
ATCTCCTCAAGCTAAATTAGTGGGTGCTGTAAATACTATCGTTAATCAAGGTGGAACCGSACGTTTAGTAGGCCATATGACAGATG
GCATTGGTTGTTTTAAAGCTTTAGCAGCTCAAGGTTTCAGTGCTARAAATARAATAGTTACAATAGCTGGTATTGGTGGTTCAGGT
AAAGCAGTTGCAGTTCAAGCAGCTATGGAGGGAGTTGCGGAAATTAGAT TATTTAATCGTAATAGCTCARATTACGATAAGGTCAT
TGACTTATCAGATAAAATTAAAARACAGTTTCAAATAAAGGTAGTCGTTGATTATCTAGARAAATAAGACAGCATTTAAAGACGCTA
TTAGAACTAGTCATTTTTATATTGATGCTACTAGTTTAGGAATGArGCCATTAGATAATTATAGTTTAATTAACGATCCAGAAATT
TTAACACCCAATTTAGTAGTTGTCGACTTGGTTTACAAGCCTARAGAAACAGCATTGTTACGATTTGTTAGACARAATGGAGT GAA
ACATGCTTATAATGGTCTAGGGATGCTGATTTATCAAGGAGCAGA

SEQ ID NO. 1906: SAGl680 FROM THE A909 GBS TYPE Ia STRAIN

CCCTAGACCATTATAATCATGTTTCACTCCATTTTGTCTAACARATCGTAACAATGCTGTTTCTTTAGGCTTGTAAACCARGTCGA
CAACTACTAAATTCGGTGTTAARAATTTCTGGATCGTTAATTAAACTATAATTATCTAATGGCCTCATTCCTAAACTAGTAGCATCA
ATATAAAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGTCTTATTTTCTAGATAAT CAACGACTACCTTTATTTGAAACTGTTT
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TTTAATTTTATCTGATAAGTCAATGACCTTATCGTAATTTGAGCTGTTACGATTAAATAATCTAATTTCCGCAACTCCCTCCATAG
CTGCTTGAACTGCAACTGCTTTACCTGAACCACCAATACCAGCTATTGTAATTATTTTATTTTTAGCACTGAAACCTTGAGCTGCT
AAAGCTTTAAAACAACCAATGCCATCTGTCATATGGCCTACTAAACGTCCGGTTCCACCTTGATTAACGATAGTATTTACAGCACC
CACTAATTTAGCTTGAGGAGATAAATCATCTAGCAAAGGGATAACACTCTGTTTAAATGGCATTGAAACATTAACACCACGAATAC
CCAATGCCCTGACACCTCGAACAGCTTCTGTTAATTTACCCTCTTCTACTTCAAATGTCAGATAGGCATAATTCATGTTTTTTTCT
TGAAAAGAGGTATTCCACATTAACGGGGATAG

SEQ ID NO. 1907: SAGl680 FROM THE COHl GBS TYPE Ia STRAIN
TGCACGCCACTCTCTATCCCCGTTAATGTGGAATACCTCTTTTAAGAAAAARACATGAATTATGCCTATCTGACATTTGAAGTAGA
AGAGGGTAAATTAACAGAAGCTGTTCGAGGTGTCAGGGCATTGAGTATTCGTGGTGTTAATGTTTCAATGCCATTTARACAGAGTG
TTATCCCTTTGCTAGATGATTTATCTCCTCAAGCTAAATTAGTGGGTGCTGTAAATACT

SEQ ID NO. 1908: SAG1680 FROM THE CJB110 GBS NONTYPEABLE STRAIN
ATTCGTTATTAATTGAAATGCTTCTGCTCCTTGATAAATCAGCATCCCTAGACCATTATAAGCATGTTTCACTCCATTTTGTCTAA
CAAATCGTAACAATGCTGTTTCTTTAGGCTTGTARACCAAGTCGACAACTACTAAATTGGGTGTTAAAATTTCTGGATCGTTAATT
AAACTATAATTATCTAATGGCCTCATTCCTAAACTAGTAGCATCAATATAAAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGT
CTTATTTTCTAGATAATCAACGACTACCTTTATTTGAAACTGTTTTTTAATTTTATCTGATAAGTCAATGACCTTATCGTAATTTG
AGCTATTACGATTAAATAATCTAATTTCCGCAACTCCCTCCATAACTGCTTGAACTGCAACTGCTTTACCTGAACCACCAATACCA
GCTATTGTAACTATTTT

SEQ ID NO. 1909: SAG1680 FROM THE CJB110 GBS NONTYPEABLE STRAIN
ACTCTCTATCCCCGTTAATGTGGAATACCTCTTTTCAAGAARAAAACATGAATTATGCCTATCTGACATTTGAAGTAGAAGAGGGT
AAATTAACAGAAGCTGTTCGAGGTGTCAGGGCATTGGGTATTCGTGGTGTTAATGTTTCAATGCCATTTAAACAGAGTGTTATCCC
TTTGCTAGATGATTTATCTCCTCAAGCTAAATTAGTGGGTGCTGTAAATACTATCGTTAATCAAGGTGGAACCGGACGTTTAGTAG
GCCATATGACAGATGGCATTGGTTGTTTTARAGCTTTAGCAGCTCAAGGTTTCAGTGCTAAAAATAAAATAGTTACAATAGCTGGT
ATTGGTG

SEQ ID NO. 1910: SAGl1l680 FROM THE 1169NT1l GBS TYPE V STRAIN
ATTCGTTATTAATTGAAATGCTTCTGCTCCTTGATAAATCAGCATCCCTAGACCATTATAAGCATGTTTCACTCCATTTTGTCTAA
CAAATCGTAACAATGCTGTTTCTTTAGGCTTGTAARAACCAAGTCGACAACTACTAAATTCGGTGTTAAAATTTCTGGATCGTTAATT
AAACTATAATTATCTAATGGCCTCATTCCTAARACTAGTAGCATCAATATAAAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGT
CTTATTTTCTAGATAATCAACGACTACCTTTATTTGAAACTGTTTTT TAATTTTATCTGATAAGTCAATGACCTTATCGTAATTTG
AGCTGTTACGAT

SEQ ID NO. 1911: SAGl680 FROM THE 1169NT1 GBS TYPE V STRAIN
ACTTCTCTATTCCCCGTTAATGTGGAATACCTCTTTTCAAGAAAAAAACATGAATTATGCCTATCTGACATTTGAAGTAGAAGAGG
GTAAATTAACAGAAGCTGTTCGAGGTGTCAGGGCATTGGGTATTCGTGGTGTTAATGTTTCAATGCCATTTAAACAGAGTGTTATC
CCTTTGCTAGATGATTTATCTCCTCAAGCTARAATTAGTGGGTGCTGTAARATACTATCGTTAATCAAGGTGGAACC

SEQ ID NO. 1912: SAGl680 FROM THE 18RS21 GBS TYPE II STRAIN
TCGTTATTAATTGAAATGCTTCTGCTCCTTGATAAATCATCATCCCTAGACCATTATAAGCATGTTTCACTCCATTTTGTCTAACA
AATCGTAACAATGCTGTTTCTTTAGGCTTGTAAACCAAGTCGACAACTACTAAATTCGGTGTTAAAATTTCTGGATCGTTAATTAA
ACTATAATTATCTAATGGCCTCATTCCTAAACTAGTAGCATCAATATAAAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGTCT
TATTTTCTAGATAATCAACGACTACCTTTATTTGAAACTGTTTTTTAATTTTATCTGATAAGTCAATGACCTTATCGTAATTTGAG
CTGTTACGATTAAATAATCTAATTTCCGCAAC

SEQ ID NO. 1913: SAG1680 FROM THE 18RS21 GBS TYPE II STRAIN
ATGCCTATCTGACATTTGAAGTAGAAGAGGGTAAATTAACAGAAGCTGTTCGAGGTGTCAGGGCATTGGGTATTCGTGGTGTTAAT
GTTTCAATGCCATTTAAACAGAGTGTTATCCCTTTGCTAGATGATTTATCTCCTCAAGCTAAATTAGTGGGTGCTGTAAATACTAT
CGTTAATCAAGGTGGAACCGGACGTTTAGTAGGCCATATGACAGATGGCATTGGTTGTTTTARAGCTTTAGCAGCTCAAGGTTTCA
GTGCTAAAAATAAAATAATTACAATAGCTGGTATTGGTGGTTCAGGTAAAGCAGTTGCAGTTCAAGCAGCTATGGAGGGAGTTGCG
G

SEQ ID NO. 1914: SAG1680 FROM THE JM9130013 GBS TYPE VIII STRAIN
CCCTAGACCATTATAAGTCATGTTTCACTCCATTTTGTCTAACAAATCGTAACRATGCTGTTTCTTTAGGCTTGTARACCAAGTCG
ACAACTACTAAATTGGGTGTTAAAATTTCTGGATCGTTAATTAAACTATAATTATCTAATGGCCTCATTCCTAAACTAGTAGCATC
AATATAAAAATGACTAGTTCTAATAGCGTCTTTAAATGCTGTCTTATTTTCTAGATAATCAACGACTACCTTTATTTGAAACTGTT
TTTTAATTTTATCTGATAAGTCAATGACCTTATCGTAAT TTGAGCTATTACGATTARATAATCTAATTTCCGCAACTCCCTCCATA
GCTGCTTGAACTGCAACTGCTTTACCTGAACCACCAATACCAGCTATTGTAACTATTTTATTTTTAGCACTGAAACCTTGAGCTGC
TAAAGCTTTAAAACAACCAATGCCATCTGTCAT

SEQ ID NO. 2001: SAG1723 FROM THE COHl1l GBS TYPE Ia STRAIN

ATCGATTCGATATTGTAGTGGCTARACGAAGAAGAAGGCGGCCAAAAGAARARAAATTGTTAAACGTGTCATTGGTATGCCAGGTGAT
GTCATCAAATATAAAAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAARATTATTTAA
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AAAGGATAAATTACAGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACCACTGACAGCA
ATGGCAGCAGCGAATTTACTACTGTCGTGCCTAAAGGCCACTACTATCTTGTTGGTGATGACCGAATTGTCTCTAAAGATAGTCGT
GCCGTCGGTTCCTTCARAAL

SEQ ID NO. 2002: SAG1680 FROM THE CJB110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
TAAAGTTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGATTCG
ATATTGTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAA
TATAAAAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGGATAA
ATTACAGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACTACTGACAGCAATGGCAGCA
GCGAATTTACTACTGTCGTGCCTAAAGGCCACTATTATCTTGTTGGTGATGACCGAATTGTCTCTAAAGATAGTCGTGCCGTCGGT
CCCTTCAAAAAATCAACAATTGTGGGAG

SEQ ID NO. 2003: SAG1680 FROM THE 18RS21 GBS TYPE II STRAIN
TTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGATTCGATATT
GTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAATATAA
AAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGGATAAATTAC
AGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACCACTGACAGCAATGGCAGCAGCGAA
TTTACTACTGTCGTGCCTAAAGGCCACTACTATCTTGTTGGTGATGACCGAATTGTCTCTAAAGATAGTCGTGCCGTCGGTCCCTT
CAAAAAATCAACGATTGTGGGAGAGGT

SEQ ID NO. 2004: SAG1680 FROM THE 2603 V/R GBS TYPE V STRAIN (REVERSE COMPLEMENT)

AAGTTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGATTCGAT
ATTGTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAATA
TAAAAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGGATAAAT
TACAGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACCACTGACAGCAATGGCAGCAGC

!

GAATTTACTACTGTCGTGCCTAAAGGCCACTACTATCTTGTTGGTGATGACCGAATTGTCTCTAAAGATAGTCGTGCCGTCGGT

SEQ ID NO. 2005: SAGLl680 FROM THE M732 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
TTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAATAATCGATTCGATATTGT
AGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAATATAAAA
ATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGGATAAATTACAG
GAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACCACTGACAGCAATGGCAGCAGCGAATT
TACTACTGTCGTGCCTARAGGCCACTACTATCTTGTTGGTGATGACCGA

SEQ ID NO. 2006: SAG1680 FROM THE M781 GBS TYPE III STRAIN
TTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGATTCGATATT
GTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAATATAA
AAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTTAAAAAGGATAAATTA
CAGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACCACTGACAGCAATGGCAGCAGCGA
ATTTACT

SEQ ID NO. 2007: SAGl680 FROM THE 1169NT1 GBS TYPE V STRAIN (REVERSE COMPLEMENT')
TTGGTAAAGTTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGA
TTCGATATTGTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCAT
CAAATATAAAAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGG
ATAAATTACAGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACTACTGACAGCAATGGC
AGCAGCGAATTTACCACTGTCGTGCCTAAAGGCCACTACTATCTTGTTGGTGATGACCGAATTGTCTCTAAAGATAGTCGTGCCGT
CGGCCCCTTCAAAAAATCAACG

SEQ ID NO. 2008: SAG1680 FROM THE H36b GBS TYPE Ib STRAIN (REVERSE COMPLEMENT)
TTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGATTCGATATT
GTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAATATAA
AAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGGATAAATTAC
AGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACCACTGACAGCAATGGCAGCAGCGAA
TTTACTACTGTCGTGCCTARAGGCCACTACTATCTTGTTGGTGATGACCGA

SEQ ID NO. 2009: SAGl680 FROM THE 090 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)

TAAAGTTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGATTCG
ATATTGTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAA
TATAAAAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGGATAA
ATTACAGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACTACTGACAGCAATGGCAGCA
GCGAATTTACTACTGTCGTGCCTAAAGGCCACTATTATCTTGTTGGTGATGACCGAATTGTCTCTAAAGATAGTCGTGCCGTCGGT

SEQ ID NO. 2010: SAG1680 FROM THE A909 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
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AAAGTTGACGGACACTCCATGGATCCAACTTTAGCTGACAAGGAACAGCTAGTAGTTCTCAAACAAACAAAAATCAATCGATTCGA
TATTGTAGTGGCTAACGAAGAAGAAGGCGGCCAAAAGAAAAAAATTGTTAAACGTGTCATTGGTATGCCAGGTGATGTCATCAAAT
ATAAAAATGACACCTTAACTATTAACAATAAAAAAACAGAAGAACCTTACCTCAAGGAATATACTAAATTATTTAAAAAGGATAAA
TTACAGGAAAAATATTCGTATAACCCACTTTTCCAAGACCTAGCACAAAGCTCTACCGCTTTCACCACTGACAGCAATGGCAGCAG
CGAATTTACTACTGTCGTGCCTAAAGGCCACTACTATCTTGTTGGTGATGACCGAATTGTCTCTAAAGATAGTCGTGCCGTCGGTC
CCTTCAAAAAATCAACG

SEQ ID NO. 2101: SAG0079 FROM THE 2603V/R GBS TYPE V STRAIN
AATCTTTTAATTATGGGTTTGCCTGGTGCTGGTARAGGTACTCAAGCAGCTAAGATCGTTGAAGAATTTGGTGTTGCTCACATCTC
AACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGAAATGGGACGT TTAGCTAAAAGTTATATTGATARAGGTGAATTGG
TTCCTGATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACTTGATGGATAT
CCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCAC
CAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGT CAAACGTCGCTTGGACGTTAATATTGCT
CAAGGAGAACCTATTCTTGAACACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGARATAACAGAAGTTTTTGC
AGATGTTGAAAAAGCGTTG ’

SEQ ID NO. 2102: SAG0079 FROM THE 090 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
AATCTTTTAATTATGGGTTTGCCTGGTGCTGGTARAGGTACTCAAGCAGCTAAGATCGTTGAAGAATTTGGTGTTGCTCACATCTC
AACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGAAATGGGACGTTTAGCTARAAGTTATATTGATAAAGGTGAATTGG
TTCCTGATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACTTGATGGATAT
CCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACARAGTGTTCAACCCAC
CAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCT
CAAGGAGAACCTATTCTTGAACACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGAAATAACAGAAGTTTTTGC
AGATGTTGAAAAAGCGTTGCTAGAACTCAAA

SEQ ID NO. 2103: SAGQ079 FROM THE 1169NT1 GBS TYPE V STRAIN (REVERSE COMPLEMENT)
TGGTAAAGGGACTCAAGCAGCTAAGATTGTTGAAGAATTTGGCTGTTGCGCACATCTCAACAGGGGATATGTTCCGCGCCGCAATGG
CTAATCAAACCGAAATGGGACGTTTAGCTAAAAGTTATATTGATARAGGTGAATTGGTTCCTGATCAAGTAACAAACGGGATTGTA
AAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACTTGATGGGTATCCACGTACTATTGAACAAGCACACGCCTT
AGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTGGATCCATCATGT CTTATAGAGCGTTTGA
GTGGTCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCACCAGTAGATTATARAGAAGAAGATTACTAT
CAACGTGAAGATGATAAGCCTGAAACTGTCARACGTCGCTTGGACGTTCATATTGCTCAAGGAGAACCTATTCTTGAACACTATAG
TAAGCTTGGCCTTGTTACAGATATTGARGGTAATCAAGAAATAA

SEQ ID NO. 2104: SAGO079 FROM THE 18RS21 GBS TYPE II STRAIN (REVERSE COMPLEMENT)
AATCTTTTAACCACGGGTTCGCCTGGTGCTGGTARAGGTACTCAAGCAGCTAAGATCGTTGAAGAATTTGGTGTTGCTCACATCTC
AACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGAAATGGGACGTTTAGCTARAAAGTTATATTGATAAAGGTGAATTGG
TTCCTGATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGARAAAGGTTTTTTACTTGATGGATAT
CCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTARAACTGGTGAAACTTTCCACAAAGTGTTCAACCCAC
CAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAARACTGTCARACGTCGCTTGGACGTTAATATTGCT
CAAGGAGAACCTATTCTTGAACACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGAAATAACAGAAGTTTTTGC
AGATGTTGAAAAAGCGTTGCTAGAA

SEQ ID NO. 2105: SAG0079 FROM THE 2603V/R GBS TYPE V STRAIN (REVERSE COMPLEMENT)
AATCTTTTAATTATGGGTTTGCCTGGTGCTGGTAAAGGTACTCAAGCAGCTAAGATCGTTGAAGAATTTGGTGTTGCTCACATCTC
AACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGGTGAATTGG
TTCCTGATGAAGTAACARACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACTTGATGGATAT
CCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTARAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCAC
CAGTAGATTATAARAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCT
CAAGGAGAACCTATTCTTGAACACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGAAATAACAGAAGTTTTTGC
AGATGTTGAAAAAGCGTTG

SEQ ID NO. 2106: SAG0079 FROM THE A909 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
AATCTTTTAATTATGGGTTTGCCTGGTGCTGGTAAAGGTACTCAAGCAGCTAAGATCGTTGAAGAATTTGGTGT TGCTCACATCTC
AACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGAAATGGGACGT TTAGCTAARAGTTATATTGATAAAGGTGAATTGG
TTCCTGATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGAAARAGGTTTTTTACTTGATGGATAT
CCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCAC
CAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCT
CAAGGAGAATCTATTCTTGAACACTATCGAAAGCTTGGTCTTGTTACAGATATTGAAGGTAA
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SEQ ID NO. 2107: SAG0079 FROM THE CJB110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
AATCTTTTAACCACGGGTTTGCTTGGTGCTGGTAAAGGTACTCAAGCAGCTAAGATCGTTGAAGRAATTTGGTGTTGCTCACATCTC
AACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGARATGGGACGTTTAGCTAAAAGT TATATTGATAAAGGTGAATTGG
TTCCTGATGAAGTAACAAACGGGATTGTARAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACT TGATGGATAT
CCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTAT TAATATTAAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACARAGTGTTCAACCCAC
CAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCARACGTCGCTTGGACGTTAATATTGCT
CAAGGAGAACCTATTCTTGAACACTATAG

SEQ ID NO. 2108: SAGO079 FROM THE COHl GBS TYPE III STRAIN (REVERSE COMPLEMENT)
ATCTTTTAATTATGGGTTTGCCTGGTGCTGGTAAAGGTACTCAAGCAGCTAAGATTGT TGAAGAATTTGGTGTTGCTCACATCTCA
ACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCCAAATGGGACGTTTAGCTAAARAGTTATATTGATAAAGGTGAATTGGT
TCCTGATGAAGTAACAAACGGGATTGTARAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGT TTTTTACTTGATGGATATC
CACGTACTATTGAGCAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTG
GATCCAACATGCCTTATAGAGCGTTTGAGTGGCCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCACC
AGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCTC
AAGGAGAACCTATTCTTGAACACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAAT CAAGARATAACAGAAGTTTTTGCA
GATGTTGAAAAAGCGTTGCTAG

SEQ ID NO. 2109: SAG0079 FROM THE H36b GBS TRYP Ib STRAIN (REVERSE COMPLEMENT)
CAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGGTGAATTGGTT
CCTGATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATAT CGCAGAARAAGGTTTTTTACT TGATGGATATCC
ACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTGG
ATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGARACTTTCCACAAAGTGTTCAACCCACCA
GTAGATTATAAAGARGAAGATTACTAT CAACGTGAAGATGATAAGCCTGAAACTGTCARACGTCGCTTGGACGTTAATATTGCTCA
AGGAGAATCTATTCTTGAACACTATCGTAAGCTTGGT CTTGTTACAGATATTGAAGGTAATCAAGAAATAACAGAAGT TTTTGCAG
ATGTTGAAAAAGCGTTGCT

SEQ ID NO. 2110: SAG0079 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
AATCTTTTAATTATGGGTTTGCCTGGTGCTGGTAAAGGTACTCAAGCAGCTAAGATCGTTGAAGARTTTGGTGTTGCTCACATCTC
AACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCGARATGGGACGTTTAGCTARAAGTTATATTGATAAAGGTGAATTGG
TTCCTGATGAAGTAACAARACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGARAAAGGTTTTTTACTTGATGGATAT
CCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCAC
CAGTAGATTATAAAGARGAAGATTACTATCAACGTGAAGATGATAAGCCTGARACTGTTAAACGTCGCTTGGACGTTAATATTGCT
CAAGGAGAACCTATTCTTGAACACTATAARAAGCTTGGTCTTGTTACAGATAT TGAAGGTAATCA

SEQ ID NO. 2111: SAG0079 FROM THE M732 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
CTTTTAATTATGGGTTTGCCTGGTGCTGGTAARGGTACTCAAGCAGCTAAGATTGTTGAAGAAT TTGGTGTTGCTCACATCTCAAC
AGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCCARATGGGACGTTTAGCTAAAAGTTATAT TGATARAGGTGAATTGGTTC
CTGATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACTTGATGGATATCCA
CGTACTATTGAGCAAGCACACGCCTTAGATGCTACGCTTGARGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTGGA
TCCAACATGCCTTATAGAGCGTTTGAGTGGCCGTATTATCAATCGTAAAACTGGTGAAACTTTCCACARAGTGTTCAACCCACCAG
TAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCTCAA
GGAGAACCTATTCTTGAACACTATCGTAAGCTTGGTCTTGT TACAGATATTGAAGGTAATCAAGAAATAACAGAAGTTTTTGCAGA
TGTTGAAAAAGCGTTGCTAGAACTCAAA

SEQ ID NO. 2112: SAGO0079 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
AATCTTTTAATTACGGGTTTGCCTGGTGCTGGTARAGGTACTCAAGCAGCTAAGATTGTTGAAGAATTTGGTGTTGCTCACATCTC
ARCAGGGGATATGTTCCGCGCCGCAATGGCTAATCAAACCCAAATGGGACGTTTAGCTARAAGTTATATTGATARAGGTGAATTGG
TTCCTGATGAAGTAACAAACGGGATTGTARAAGAGCGCTTAGCTGAGGATGATATCGCAGARAAAGGTTTTTTACTTGATGGATAT
CCACGTACTATTGAGCAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATAT TARAGT
GGATCCAACATGCCTTATAGAGCGTTTGAGTGGCCGTATTATCAATCGTAAAACTGGTGARACTTTCCACARAGTGTTCAACCCAC
CAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCT
CAA

>SEQ ID NO 2150:090 frame: 1
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
YRKLGLVTDIEGNQEITEVFADVEKALLELK

>SEQ ID NO 2151:114_1169NT frame: 2
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GKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSY IDKGELVPDQVTNGIVKER
LAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCLIERLSGRIIN
RKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVHIAQGEPILEHYSKLGLVTDI
EGNQET

>SEQ ID NO 2152: 114 _18RS21 frame: 1
NLLTTGSPGAGKGTQARKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
YRKLGLVTDIEGNQEITEVFADVEKALLE

>SEQ ID NO 2153: 114 2603 frame: 1
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
YRKLGLVTDIEGNQEITEVFADVEKAL

>SEQ ID NO 2154: 114 A909 frame: 1
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGESILEH
YRKLGLVTDIEG

>SEQ ID NO 2155:114 A909 frame: 1
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVTNGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGESILEH
YRKLGLVTDIEG

>SEQ ID NO 2156: 114 CJB11l0 frame: 1
NLLTTGLLGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVTNGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
TERLSGRIINRKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
Y

>SEQ ID NO 2157: 114_COHl1 frame: 3
LLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTOMGRLAKSY IDKGELVPDE
VINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPTCLI
ERLSGRIINRKTGETFHKVEFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEHY
RKLGLVTDIEGNQEITEVFADVEKALL

>SEQ ID NO 2158: 114 H36B frame: 3
GDMFRAAMANQTEMGRLAKSYIDKGELVPDEVTNGIVKERLAEDDIAEKGFLLDGYPRT
EQAHALDATLEELGLRLDGVINIKVDPSCLIERLSGRIINRKTGETFHKVENPPVDYKEE
DYYQREDDKPETVKRRLDVNIAQGESILEHYRKLGLVTDIEGNQEITEVFADVEKAL

>SEQ ID NO 2159: 114 JM9130013 frame: 1
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVEFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
YKKLGLVTDIEGN

>SEQ ID NO 2160:114 M732 frame: 1
LLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTOMGRLAKSYIDKGELVPDE
VINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPTCLI
ERLSGRIINRKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEHY
RKLGLVTDIEGNQEITEVFADVEKALLELK

>SEQ ID NO 2161: 114 M781 frame: 1
NLLITGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTQOMGRLAKSYIDKGELVPD
EVTNGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPTCL
IERLSGRIINRKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQ

PCT/US2003/026827
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AAGCCTAACAGTCAACAATCATCATCTCAAAAGTTGAGGAATGAGGATATAAAAAAGATATCCTCTCAAAAAAGAAATAARGAAATT
ACAATTACCAGCTGTATCATCAARAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGG
TTCCTGTTGAAAATATTTATTTGGATARACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGA
GAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAAGAGATGACTAGTAACCC
TAATTTGACGAGGGGACAAGCAGAAAAGTTGGTAAAAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGA
TGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGT CAGTTGAARAAGATAGCTCCACAATATGGTTTT
GTCTTACGGTTTCCGGATGGTARAAACAGCAGAAACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGC
AAAATATATGGCCAAACATCATTTAACATTAGAAGAATACATAACTTTATTAAAGGAGAATAACCAA

SEQ ID NO. 2202: SAG0093 FROM THE 1169NT1 GBS TYPE V STRAIN (REVERSE COMPLEMENT)
AAGCCTAACAGTCAACAATCATCACCTCAAAAGTTGAGGAATGAGGATATAAAAAAGATATCCTCTCAAAAAAGAAATAAGAAATT
ACGATTACCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGG
TGCCTGTTGARAATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGA
GAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAAGAGATGACTAGTAACCC
TAATTTGACGAGGGGACRAAGCAGAAAAGTTGGTAAAAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGA
TGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGTTGAAARAGATAGCTCCACAATATGGTTTT
GTCTTACGGTTTCCGGATGGTAAAACAGCAGAAACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGC
AAAATATATGGCCGAACATCGTTTAACATTAGAAGAATACATAACTTTATTAAAGGAGAATAACCAA

SEQ ID NO. 2203: SAG0093 FROM THE 18RS21 GBS TYPE II STRAIN
AAGCCTAACAGTCAACAATCATCATCTCAAAAGTTGAGGAATGAGGATATARAAAAGATATCCTCTCARAAAAGAAATAAGAAATT
ACAATTACCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGG
TTCCTGTTGAAAATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGA
GAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAAGAGATGACTAGTAACCC
TAATTTGACGAGGGGACAAGCAGAAAAGTTGGTARAARACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGA
TGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGTTGAAAAAGATAGCTCCACAATATGGTTTT
GTCTTACGGTTTCCGGATGGTAAAACAGCAGAAACAGGGGTAGGTTATGARAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGC
AAAATATATGGCCAAACATCATTTAACATTAGAAGAATACATAACTTTATTARAGGAGAATAACCAA

SEQ ID NO. 2204: SAG0093 FROM THE 2603V/R GBS TYPE V STRAIN
ACAGTCAACAATCATCATCTCAAAAGTTGAGGAATGAGGATATAAAAAAGATATCCTCTCAAAAAAGARATAAGAAATTACAATTA
CCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATARACATGAAGAATTAAGTCCAGATGTGGTTCCTGT
TGAAAATATTTATTTGGATARACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGAGAACATT
TAATTTCGGGTTATCGTAGT GTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACT CAAGAGATGACTAGTAACCCTAATTTG
ACGAGGGGACAAGCAGARAAGTTGGTAARAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGATGGATAT
GAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGTTGAAAAAGATAGCTCCACAATATGGTTTTGTCTTAC
GGTTTCCGGATGGTAARACAGCAGAAACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGCAAAATAT
ATGGCCAAACATCATTTAACATTAGAAGAATACATAACTTTATTAAAGGAGAATAACCAAAACCCAGCTTTCTTGTACAA

SEQ ID NO. 2205: SAG0093 FROM THE A909 GBS TYPE Ia STRAIN
AAGCCTAACAGTCAACAATCATCATCTCAAAAGTTGAGGAATGAGGATATAAAARAGACATCCTCTCAAAAAAGAAATAAGAAATT
ACGATTACCAGCTGTATCATCAARAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGG
TGCCTGTTGAARATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGA
GAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAAGAAATGACTAGTAACCC
TAATTTGACGAAGGAACAAGCAGAAAAGTTGGTAAAAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGA
TGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGT TGARARAGATAGCTCCACAATATGGTTTT
GTCTTACGGTTTCCGGATGGTARAACAGCAGAARCAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGC
AAAATATATGGCCAAACATCATTTAACATTAGAAGAATACATAACTTTATTARAGGAGAATAACCAA

SEQ ID NO. 2206: SAGO093 FROM THE CJB110 GBS NONTYPEABLE STRAIN
AAGCCTAACAGTCAACAATCATCATCTCARAAGTTGAGGAATGAGGATATAAAAAAGATATCCTCTCAARARAGAAATAAGAAATT
TACAATTACCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTG
GTTCCTGTTGAARATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACG
AGAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCARGAGATGACTAGTAACC
CTAATTTGACGAGGGGACAAGCAGAAAAGTTGGTAAARACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCG
ATGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGAT CCTAGAGTAGTCAGTCAGTTGAARAAGATAGCTCCACAATATGGTTT
TGTCTTACGETTTCCGGATGGTAAAACAGCAGARACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTG
CAAAATATATGGCCAAACATCATTTAACATTAGAAGAATACATAACTTTATTARAGGAGAATAACCAA

SEQ ID NO. 2207: SAG0093 FROM THE COHl1l GBS TYPE III STRAIN

CCTAACAGTCAACAATCATCATCTCAAAAGTTGAGGAATGAGGATATARAAAAGACATCCTCTCAAAARAGAAATTAAGAAATTAC
GATTACCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGGTG
CCTGTTGAAAATATTTATTTGGATAARACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGAGA
ACATTTAATTTCGGCTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCARGAGATGACTAGTAACCCTA
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ATTTGACGAGGGGACAAGCAGAAAAGTTGGTARAAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGATG
GATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGTTGAAAAAGATAGCTCCACRATATGGTTTTGT
CTTACGGTTTCCGGATGGTAAAACAGCAGAAACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGCAA
AATATATGGTCARACATCATTTAACATTAGAAGAATACATAACTTTATTARAGGAGAATAACCAAAACCCAGCTTTCTTGTACAA

SEQ ID NO. 2208: SAG0093 FROM THE H36b GBS TYPE Ib STRAIN
AAGCCTAACAGTCAACRATCATCATCTCAAAAGTTGAGGAATGAGGATATAAAAAAGACATCCTCTCARAAAAGAAATAAGAAATT
ACGATTACCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGG
TGCCTGTTGAAAATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGA
GAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAWGAAATGACTAGTAACCC
TAATTTGACGAAGGAACAAGCAGAAAAGTTGGTAARAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGA
TGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGTTGAAAAAGATAGCTCCACAATATGGTTTT
GTCTTACGGTTTCCGGATGGTAAAACAGCAGARACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGC
AAAATATATGGCCAAACATCATTTAACATTAGAAGAATACATAACTTTATTAAAGGAGAATAACCAA

SEQ ID NO. 2209: SAG0093 FROM THE JM9130013 GBS TYPE VIII STRAIN
AAGCCTAACAGTCAACAATCATCATCTCAAAAGTTGAGGAATGAGGATATAAAAAAGATATCCTCTCAAAAAAGAARATAAGAAATT
ACAATTACCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGG
TTCCTGTTGARAATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGA
GAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAAGAGATGACTAGTAACCC
TAATTTGACGAGGGGACAAGCAGAAAAGTTGGTAAAAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGA
TGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGT CAGTTGAAAAAGATAGCTCCACRATATGGTTTT
GTCTTACGGTTTCCGGATGGTAAAACAGCAGARACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGC
AAAATATATGGCCARACATCATTTAACATTAGAAGAATACATAACTTTATTARAGGAGAATAACCAA

SEQ ID NO. 2210: SAG0093 FROM THE M732 GBS TYPE III STRAIN
AGCCTAACAGTCAACAATCATCATCTCAAAAGTTGAGGAATGAGGATATAAAAAAGACATCCTCTCAAAAAAGAAATAAGARATTA
CGATTACCAGCTGTATCATCAAAAGATTGGAACTTGATTTTGGTCAATCGTGACCATAAACATGAAGAATTAAGTCCAGATGTGGT
GCCTGTTGAAAATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGAG
AACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAAGAGATGACTAGTAACCCT
AATTTGACGAGGGGACRAGCAGAAAAGTTGGTAAAAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGAT
GGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGTTGAARAAGATAGCTCCACAATATGGTTTTG
TCTTACGGTTTCCGGATGGTAAAACAGCAGARACAGGGGTAGGTTATGAAGAT TGGCATTACCGCTATGTTGGGGTAGAGTCTGCA
AAATATATGGTCAAACATCATTTAACATTAGAAGAATACATAACTTTATTAAAGGAGAATAACCAAAACCCAGCTTTCTT

SEQ ID NO. 2211: SAG0093 FROM THE M781 GBS TYPE III STRAIN
AAGCCTAACAGTCARCAATCATCATCTCAAAAGTTGAGGAATGAGGATATAAAAAAGACATCCTCTCAAAAAAGAAATAAGAAATT
ACGATTACCAGCTGTATCATCAAARGATTGGAACTTGATTTTGGTCAATCGTGACCATARACATGAAGAATTAAGTCCAGATGTGG
TGCCTGTTGAARATATTTATTTGGATAAACGTATTACGAAGCAAGCTACTCAGTTTTTAGAGGCTGCTAGAGCAATTGATTCACGA
GAACATTTAATTTCGGGTTATCGTAGTGTTGCCTATCAGGAGAAGTTGTTCAATTCTTATGTTACTCAAGAGATGACTAGTARCCC
TAATTTGACGAGGGGACAAGCAGARAAGTTGGTAAAAACTTACTCTCAGCCTGCAGGTGCTAGTGAACACCAGACTGGATTAGCGA
TGGATATGAGTACTGTAGATTCTTTGAATGAGAGCGATCCTAGAGTAGTCAGTCAGTTGAAAAAGATAGCTCCACAATATGGTTTT
GTCTTACGGTTTCCGGATGGTAAAACAGCAGAAACAGGGGTAGGTTATGAAGATTGGCATTACCGCTATGTTGGGGTAGAGTCTGC
AARATATATGGTCAAACATCATTTAACATTAGAAGAATACATAACTTTATTARAAGGAGAATAACCAA

>SEQ ID NO 2250: 18_090 frame: 1
KPNSQQSSSQKLRNEDIKKISSQKRNKKLQLPAVSSKDWNLILVNRDHKHEELSPDVVEV
ENIYLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLENSYVTQEMTSNPNLTRG
QAEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGFVLRFPDGK
TAETGVGYEDWHYRYVGVESAKYMAKHHLTLEEYITLLKENNQ

>SEQ ID NO 2251: 18_l169NT frame: 1
KPNSQQSSPOKLRNEDIKKISSQKRNKKLRLPAVSSKDWNLILVNRDHKHEELSPDVVPV
ENIYLDKRITKQATQFLEAARATIDSREHLISGYRSVAYQEKLENSYVTQEMTSNPNLTRG
QAEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGFVLRFPDGK
TAETGVGYEDWHYRYVGVESAKYMAEHRLTLEEYITLLKENNQ

>SEQ ID NO 2252: 18 18RS21 frame: 1
KPNSQQSSSQKLRNEDIKKISSQKRNKKLOLPAVSSKDWNLILVNRDHKHEELSPDVVPV
ENIYLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLENSYVTQEMTSNPNLTRG
QAEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGFVLREPDGK
TAETGVGYEDWHYRYVGVESAKYMAKHHLTLEEYITLLKENNQ

>SEQ ID NO 2253: 18 2603 frame: 3
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SQQSSSQKLRNEDIKKISSQKRNKKLQLPAVS SKDWNLILVNRDHKHEELSPDVVPVENI
YLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLENSYVTQEMT SNPNLTRGQAE
KLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGFVLREPDGKTAE
TGVGYEDWHYRYVGVESAKYMAKHHLTLEEYITLLKENNQNPAFLY

>SEQ ID NO 2254: 18 _A909 frame: 1

KPNSQQSSSQKLRNEDIKKTS SQKRNKKLRLPAVSSKDWNLILVNRDHKHEELS PDVVEV
ENIYLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLFNSYVTQEMTSNPNLTKE
QAEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGFVLRFPDGK
TAETGVGYEDWHYRYVGVESAKYMAKHHLT LEEY TTLLKENNQ

>SEQ ID NO 2255:18 CJB110 frame: 1
KPNSQQSSSQKLRNEDIKKISSQKRNKKFTITSCIIKRLELDEGQS

>SEQ ID NO 2256:18 COHl1 frame: 1
PNSQQSSSQKLRNEDIKKTSSQKRN

>SEQ ID NO 2257: 18 H36B frame: 1 )
KPNSQQSSSOKLRNEDIKKTS SQKRNKKLRLPAVSSKDWNLILVNRDHKHEELSPDVVEV
ENIYLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLFNSYVTXEMTSNPNLTKE
QAEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGEFVLRFPDGK
TAETGVGYEDWHYRYVGVESAKYMAKHHLTLEEYITLLKENNQ

>SEQ ID NO 2258: 18_JM9130013 frame: 1
KPNSQQSSSQKLRNEDIKKISSQKRNKKLQLPAVSSKDWNLILVNRDHKHEELSPDVVEV
ENIYLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLENSYVTQEMTSNPNLTRG
QAEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGEFVLRFPDGK
TAETGVGYEDWHYRYVGVESAKYMAKHHLTLEEYITLLKENNQ

>SEQ ID NO 2259:18 M732 frame: 3
PNSQQSSSQKLRNEDIKKTSSQKRNKKLRLPAVSSKDWNLILVNRDHKHEELSPDVVPVE
NIYLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLFNSYVTQEMT SNPNLTRGQ
AEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGEFVLRFPDGKT
AETGVGYEDWHYRYVGVESAKYMVKHHLTLEEYITLLKENNONPAF

>SEQ ID NO 2260: 18 M781 frame: 1
KPNSQQOSSSQKLRNEDIKKTSSQKRNKKLRLPAVSSKDWNLILVNRDHKHEELSPDVVEV
ENIYLDKRITKQATQFLEAARAIDSREHLISGYRSVAYQEKLENSYVTQEMTSNPNLTRG
QAEKLVKTYSQPAGASEHQTGLAMDMSTVDSLNESDPRVVSQLKKIAPQYGFVLREFPDGK
TAETGVGYEDWHYRYVGVESAKYMVKHHLTLEEYITLLKENNQ

SEQ ID NO. 2301: SAG0163 FROM THE 090 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
GGCAGTAGAAGTAARATGCTCAAGATATTTATATCATTCCCAAAGGTGATTGTTATGAACTCTATATGCGTATTGATGATGAAAGGC
GGTTTATTGATGTTTTTGAGTTTAATAGGATGGCTAGTCTTAT TAGTCACTTTAAATTTGTGGCAGGCATGAACGTTGGAGAAARAA
AGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGAGGGAAGACTGGTTTCATTACGACTATCGAGTGTGGGAGATTATCG
TGGTCAAGAATCTTTAGTTATTCGTATTTTGTATTCAGGTCATCAGGACTTAAAATATTGGTTTGATAATATAAAGCAAATGAAGG
AAGTACTGGGTACAAGAGGGCTATATCTTTTTTCCGGCCCTGTGGGGAGTGGTARAACAACTCTCATGTATCAATTAGCTTCAGAA
GTATTTAAAAATAAGCAAATTATCACGATTGAAGATCCGGTAGAAATCAAGAATGACAAGATGT TACAACTCCAATTGAATGAGGA
TATTGGAATGACTTATGATGCTTTAATCARACTGTCTTTACGGCATCGTCCAGATATTTTAATTATCGGAGAGATTAGAGATCAAG
CGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTGATGGTTTTTTCTACTATTCATGCTAAAAGTATTTCCGGAGTCTAT
GATAGGCTTATAGAATTAGGGGTTAARCTATCAAGAGTTAGAAAATAGTCTARARATTAATAGCATATCAACGTTTAATTGGAGGAGG
AAGCCTAATTGACTTTGAGACAGGTAACTTTAAAAAACACTCATCAGACAARGTGGAATAGACAAGTGGATATCTTGGCTGAAGAAG
GACATATCAGTAAGAAACAGGCACAAGTCGARARAAATTATCCCTCAAGAAACAACGGAAAGTAGTCCAACTTTT

SEQ ID NO. 2302: SAG0163 FROM THE 1169NT1 GBS TYPE V STRAIN (REVERSE COMPLEMENT)

GGTGATTGTTATGAAACCTCTACTATTGCGTATTTGATGATGAAAGGCGGTTTATTGATGTTTTTGAGTT TAATAGGATGGCTAGT
CTTATTAGTCACTTTARATTTGTGGCAGGCATGAACGTTGGAGAARAAAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTC
AGAGGGAAGACTGGTTTCATTACGACTATCGAGTGTGGGAGATTATCGTGGTCAAGAATCTTTAGTTATTCGTATTTTGTATTCAG
GTCATCAGGACTTAAAATATTGGTTTGATAATATAAAGCAAATGAAGGARGTACTGGGTACAAGAGGGCTATATCTTTTTTCCGGC
CCTGTGGGGAGTGGTARAACAACTCTCATGTATCARTTAGCTT CAGAAGTATTTAARAAATAAGCAAATTATCACGATTGAAGATCC
GGTAGAAATCAAGAATGACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCARACTGTCTT
TACGGCATCGTCCAGATATTTTAATTATCGGAGAGATTAGAGATCAAGCGACGGCTCGTGCTGTTATTCGTGCAAGTTTAACGGGA
GTGATGGTTTTTTCTACTATTCATGCTAAAAGTATTCCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTATCAAGAGTT
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AGAAAATAGTCTAAAATTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACAAGTAACTTTAAAAAAC
ACTCATCAGACAAGTGGAATAGACAAGTGGATATCTTGGCTGAAGAAGGATATATCAGTAAGAAACAGGCACAAGTCGAARAAATT
ATCCCTCAAGAAACAACGGAAAGTAGTCCAACTTTT

SEQ ID NO. 2303: SAGO0163 FROM THE 18RS21 GBS TYPE II STRAIN (REVERSE COMPLEMENT)
GTTCAATCATTAGCAAAGCAAGTCATTCATCAGGCAGTAGAAGTAAATGCTCAAGATATTTATATCATTCCCARAGGTGATTGTTA
TGAACTCTATATGCGTATTGATGATGAAAGGCGGTTTATTGATGTTTTTGAGTTTAATAGGATGGCTAGTCTTATTAGTCACTTTA
AATTTGTGGCAGGCATGAACGTTGGAGAARANAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGAGGGAAGACTGGTT
TCATTACGACTATCGAGTGTGGGAGATTATCGTGGTCAAGAATCTTTAGTTATTCGTATTTTGTATTCAGGTCATCAGGACTTAARA
ATATTGGTTTGATAATATAAAGCAAATGAAGGAAGTACTGGGTATAAGAGGGCTATATCTTTTTTCCGGCCCTGTGGGGAGTGGTA
AAACAACTCTCATGTATCAATTAGCTTCAGAAGTATTTAAAAATAAGCARATTATCACGATTGAAGATCCGGTAGAAATCAAGAAT
GACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCAAACTGTCTTTACGGCATCGTCCAGA
TATTTTAATTATCGGAGAGATTAGAGATCAAGCGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTGATGGTTTTTTCTA
CTATTCATGCTAARAGTATTCCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTAT CAAGAGTTAGAAAATAGTCTAAAA
TTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACAGGTAATTTTAAAAAACACTCATCAGACAAGTG
GAATAGACAAGTGGATATCTTGGCTGAAGAAGGACATATCAGTAAGAAACAGGCACAAGT CGAAAAAATTATCCCTCAAGAAACAA
CGGAAAGTAGTCCAACTTTT

SEQ.ID NO. 2304: °'SAG0163 FROM THE 2603 V/R GBS TYPE V STRAIN (REVERSE COMPLEMENT)
GATATTTATATCATTCCCAAAGGTGATTGTTATGAACTCTATATGCGTATTGATGATGAARAGGCGGTTTATTGATGTTTTTGAGTT
TAATAGGATGGCTAGTCTTATTAGTCACTTTARAATTTGTGGCAGGCATGAACGT TGGAGAAAAAAGACGAAGTCAATTAGGTTCTT
GTGACTATGAACTGTCAGAGGGAAGACTGGTTTCATTACGACTATCGAGTGTGGGAGATTAT CGTGGTCAAGRATCTTTAGTTATT
CGTATTTTGTATTCAGGTCATCAGGACTTAAAATATTGGTTTGATAATATAAAGCAAATGAAGGAAGTACTGGGTATAAGAGGGCT
ATATCTTTTTTCCGGCCCTGTGGGGAGTGGTAAAACAACTCTCATGTATCAATTAGCTTCAGAAGTATTTAAAARATAARGCAAATTA
TCACGATTGAAGATCCGGTAGAAATCAAGAATGACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCT
TTAATCAAACTGTCTTTACGGCATCGTCCAGATATTTTAATTATCGGAGAGATTAGAGAT CAAGCGACGGCCCGTGCTGTTATTCG
TGCAAGTTTAACGGGAGTGATGGTTTTTTCTACTATTCATGCTAAAAGTATTCCCGGAGT CTATGATAGGCTTATAGAATTAGGGG
TTAACTATCAAGAGTTAGAARAATAGTCTAAAATTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACA
GGTAATTTTAAAAAACACTCATCAGACAAGTGGAATAGACAAGTGGATATCTTGGCTGAAGAAGGACATATCAGTAAGAAACAGGC
ACAAGTGCGAAAAAATTATCCCTCAAGAAACAACGGAAAGTAGTCCAACTTTT

SEQ ID NO. 2305: SAG0163 FROM THE A909 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
GTTCAATCATTAGCAAAGCAAGTCATTCATCAGGCAGTAGAAGTAAATGCTCAAGATATTTATATCATTCCCAAAGGTGATTGTTA
TGAACTCTATATGCGTATTGATGATGAAAGGCGGTTTATTGATGTTTTTGAGTTTAATAGGATGGCTAGTCTTATTAGTCACTTTA
AATTTGTGGCAGGCATGAACGTTGGAGAAAAAAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGAGGGAAGACTGGTT
TCATTACGACTATCGAGTGTGGGAGATTATCGTGGTCAAGAATCTTTAGTTATTCGTATTTTGTATTCAGGTCATCAGGACTTAAA
ATATTGGTTTGATAATATAAAGCAAATGAAGGAAGTACTGGGTATAAGAGGGCTATATCTTTTTTCCGGCCCTGTGCGGAGTGGTA
AAACAACTCTCATGTATCAATTAGCTTCAGAAGTATTTAAAAATAAGCAAATTATCACGATTGAAGATCCGGTAGAAATCAAGAAT
GACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCAAACTGTCTTTACGGCATCGTCCAGA
TATTTTAATTATCGGAGAGATTAGAGATCAAGCGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTGATGGTTTTTTCTA
CTATTCATGCTAAAAGTATTCCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTATCAAGAGTTAGAAAATAGTCTARAA
TTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACAGGTAATTTTAAAAAACACTCATCAGACAAGTG
GAATAGACAAGTGGATATCTTGGCTGAAGAAGGACATATCAGTAAGAAACAGGCACAAGTCGAAAAAATTATCCCTCAAGAAACAA
CGGAAAGTAGTCCAACTTTT

SEQ ID NO. 2306: SAG0163 FROM THE CJB110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
GTTCAATCATTAGCAAAGCAAGTCATTCATCAGGCAGTAGAAGTAAATGCTCAAGATATTTATATCATTCCCAAAGGTGATTGTTA
TGAACTCTATATGCGTATTGATGATGAAAGGCGGTTTATTGATGTTTTTGAGTTTAATAGGATGGCTAGTCTTATTAGTCACTTTA
AATTTGTGGCAGGCATGAACGTTGGAGAAAAAAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGAGGGAAGACTGGTT
TCATTACGACTATCGAGTGTGGGAGATTATCGTGGTCAAGAATCTTTAGTTATTCGTATTTTGTATTCAGGTCATCAGGACTTARA
ATATTGGTTTGATAATATAAAGCAAATGAAGGAAGTACTGGGTACAAGAGGGCTATATCTTTTTTCCGGCCCTGTGGGGAGTGGTA
AAACAACTCTCATGTATCAATTAGCTTCAGAAGTATTTAAAAATAAGCAAATTATCACGATTGAAGATCCGGTAGAAATCAAGAAT
GACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCAAACTGTCTTTACGGCATCGTCCAGA
TATTTTAATTATCGGAGAGATTAGAGATCAAGCGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTGATGGTTTTTTCTA
CTATTCATGCTAAARAGTATTTCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTATCAAGAGTTAGAAAATAGTCTAARAA
TTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACAGGTAACTTTAAAAAACACTCATCAGACAAGTG
GAATAGACAAGTGGATATCTTGGCTGAAGAARGGACATATCAGTAAGRAAACAGGCACAAGTCGAAAAAATTATCCCTCAAGARACAA
CGGAAAGTAGTCCAACTTTT

SEQ ID NO. 2307: SAG0163 FROM THE COHl GBS TYPE III STRAIN (REVERSE COMPLEMENT)

AGGTGATTGTTATGAAATTCTATATGCGTATTGATGATGAAAGGCGGTTTATTGATGTTTTTGAGTTTAATAGGATGGCTAGTCTT
ATTAGTCACTTTARATTTGTGGCAGGCATGAACGTTGGAGAAAAAAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGA
GGGAAGACTGGTTTCATTACGACTATCAAGTGTGGGAGATTATCGTGGTCAAGAATCTTTAGTTATTCGTACTTTGTATTCAGGTC
ATCAGGACTTAAAATATTGGTTTGATAATATAAAGTARATGAAGGAAGTACTGTGTGCAAGAGGGCTATATCTTTTTTCCGGCCCT
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GTGGGGAGTGGTAAAACAACTCTCATGTATCAATTAGCTTCAGAAGTATTTAAAAATAAGCAAATTATCACGATTGARGATCCGGT
AGAAATCAAGAATGACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCARACTGTCTTTAC
GGCATCGTCCAGATATTTTAATTATCGGAGAGATTAGAGATCAAGCGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTA
ATGGTTTTTTCTACTATTCATGCTAAAAGTATTCCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTATCAAGAGTTAGA
AAATAGTCTAAAATTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACAAGTAACTTTARAAAACACT
CATCAGACAAGTGGAATAGACAAGTGGATATCTTGGCTGAAGAAGGACATATCAGTAAGARACAGGCACAAGTCGAARARATTATC
CCTCAAGAAACAACGGARAGTAGTCCAACTTTT

SEQ ID NO. 2308: SAG0163 FROM THE H36b GBS TYPE Ib STRAIN (REVERSE COMPLEMENT)
TCATTAGCAAAGCAAGTCATTCATCAGGCAGTAGAAGTAAATGCTCAAGATATTTATATCATTCCCARAGGTGATTGTTATGAACT
CTATATGCGTATTGATGATGAAAGGCGGTTTATTGATGTTTTTGAGT TTAATAGGATGGCTAGTCTTATTAGTCACTTTARATTTG
TGGCAGGCATGAACGTTGGAGAABRARAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGAGGGAAGACTGGTTTCATTA
CGACTATCGAGTGTGGGAGAT TATCGTGGTCAAGAATCTTTAGTTATTCGTATTTTGTATTCAGGTCATCAGGACTTAAARATATTG
GTTTGATAATATAAAGCAAATGAAGGAAGTACTGGGTATARGAGGGCTATATCTTTTTTCCGGCCCTGTGGGGAGTGGTAAAACAA
CTCTCATGTATCAATTAGCTTCAGAAGTATTTAARAATAAGCABRATTATCACGATTGAAGATCCGGTAGAAATCAAGAATGACAAG
ATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCAAACTGTCTTTACGGCATCGTCCAGATATTTT
AATTATCGGAGAGAAATAGAGATCAAGCGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTGATGTTTTTTTCTACTATT
CATGCTAAAAGTATTCCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTATCAAGAGTTAGAAAATAGTCTARAATTAAT
AGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACAGGTAATTTTAAAAAACACTCATCAGACAAGTGGAATA
GACAAGTGGATATCTTGGCTGAAGARGGACATATCAGTAAGARACAGGCACAAGT CGAAAAAATTATCCCTCAAGARACAACGGAA
AGTAGTCCAACTTTT )

SEQ ID NO. 2309: SAG0163 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
GTTCAATCATTAGCAAAGCAAGTCATTCATCAGGCAGTAGAAGTARATGCTCAAGATATTTATATCATTCCCAAAGGTGATTGTTA
TGAACTCTATATGCGTATTGATGATGAAAGGCGGTTTATTGATGTTITTGAGTTTAATAGGATGGCTAGTCTTATTAGTCACTTTA
AATTTGTGGCAGGCATGAACGTTGGAGAAAAAAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGAGGGAAGACTGGTT
TCATTACGACTATCGAGTGTGGGAGATTATCGTGGTCAAGAATCTTTAGTTATTCGTATTTTGTATTCAGGTCATCAGGACTTAAA
ATATTGGTTTGATAATATAAAGCAAATGAAGGAAGTACTGGGCTATAAGAGGGCTATATCTTTTTTCCGGCCCTGTGGGGAGTGGTA
AAACAACTCTCATGTATCAATTAGCTTCAGAAGTATTTAAAAATAAGCAAATTATCACGATTGAAGATCCGGTAGARATCAAGAAT
GACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCAAACTGTCTTTACGGCATCGTCCAGA
TATTTTAATTATCGGAGAGATTAGAGATCAAGCGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTGATGGTTTTTTCTA
CTATTCATGCTAAAAGTATTCCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTATCAARGAGTTAGARAATAGTCTAAAR
TTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTT TGAGACAGGTAATTTTAAAAAACACTCATCAGACAAGTG
GAATAGACAAGTGGATATCTTGGCTGAAGAAGGACATATCAGTAAGAAACAGGCACAAGTCGAARAAAATTATCCCTCAAGAAACAA
CGGAAAGTAGTCCAACTTTT

SEQ ID NO. 2310: SAGO163 FROM THE M732 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
TGACTTGTTATGAAACTCTATATGCGTATTTGATGATGAAAAGGCGGTTTATTGATGTTTTTGAGT TTAATAGGATGGCTAGTCTT
ATTAGTCACTTTAAATTTGTGGCAGGCATGAACGTTGGAGAAAAAAGACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGA
GGGAAGACTGGTTTCATTACGACTATCAAGTGTGGGAGATTATCGTGGTCAAGAATCTTTAGTTATTCGTACTTTGTATTCAGGTC
ATCAGGACTTAAAATATTGGTTTGATAATATAAAGTAAATGAAGGAAGTACTGTGTGCAAGAGGGCTATATCTTTTTTCCGGCCCT
GTGGGGAGTGGTAAAACAACTCTCATGTATCAATTAGCTTCAGAAGTATTTAAARATAAGCAAATTATCACGATTGAAGATCCGGT
AGAAATCAAGAATGACAAGATGTTACAACTCCAATTGAATGAGGATATTGGAATGACTTATGATGCTTTAATCAAACTGTCTTTAC
GGCATCGTCCAGATATTTTAATTATCGGAGAGATTAGAGATCAAGCGACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTA
ATGGTTTTTTCTACTATTCATGCTARAAGTATTCCCGGAGTCTATGATAGGCTTATAGAATTAGGGGTTAACTATCAAGAGTTAGA
ARATAGTCTAAAATTAATAGCATATCAACGTTTAATTGGAGGAGGAAGCCTAATTGACTTTGAGACAAGTAACTT TAAAAAACACT
CATCAGACAAGTGGAATAGACAAGTGGATATCTTGGCTGAAGAAGGACATATCAGTAAGAAACAGGCACAAGTCGAAAAAATTATC
CCTCAAGAAACAACGGAAAGTAGTCCAACTTTT

SEQ ID NO. 2311: SAGO0163 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
CAGTAGAAGTAAATGCTCAAGATATTTATATCATTCCCARAGGTGATTGT TATGAATTCTATATGCGTATTGATGATGAAAGGCGG
TTTATTGATGTTTTTGAGTTTAATAGGATGGCTAGTCTTATTAGTCACTTTARATTTGTGGCAGGCATGAACGTTGGAGAARAARG
ACGAAGTCAATTAGGTTCTTGTGACTATGAACTGTCAGAGGGAAGACTGGTTTCATTACGACTATCAAGT GTGGGAGATTATCGTG
GTCAAGAATCTTTAGTTATTCGTACTTTGTATTCAGGTCATCAGGACT TAAARATATTGGTTTGATAATATARAAGCAAATGAAGGAA
GTACTGTGTGCAAGAGGGCTATATCTTTTTTCCGGCCCTGTGGGGAGTGGTARAACAACTCTCATGTATCAATTAGCTTCAGAAGT
ATTTAAAAATAAGCAAATTATCACGATTGAAGATCCGGTAGAAATCAAGAATGACAAGATGTTACAACTCCAATTGAATGAGGATA
TTGGAATGACTTATGATGCTTTAATCAAACTGTCTTTACGGCATCGTCCAGATATTTTAATTAT CGGAGAGATTAGAGATCAAGCG
ACGGCCCGTGCTGTTATTCGTGCAAGTTTAACGGGAGTAATGGTTTTTTCTACTATTCATGCTAAAAGTATTCCCGGAGTCTATGA
TAGGCTTATAGAATTAGGGGTTAACTATCAAGAGTTAGAAAATAGTCTAAAATTAATAGCATATCAACGTTTAATTGGAGGAGGAA
GCCTAATTGACTTTGAGACAAGTAACTTTAAAAAACACTCATCAGACRAGTGGAATAGACAAGTGGATATCTTGGCTGARAGAL.GGA
CATATCAGTAAGARACAGGCACAAGTCGAAAAAATTATCCCTCAAGAAACAACGGAAAGTAGTCCAACTTTT

>SEQ ID NO 2350:63_090 frame: 2
AVEVNAQDIYIIPKGDCYELYMRIDDERRFIDVFEFNRMASLISHFKFVAGMNVGEKRRS
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QLGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWFDNIKQMKEVLGTR
GLYLFSGPVGSGKTTLMYQLASEVFKNKQIITIEDPVEIKNDKMLQLOLNEDIGMTYDAL
IKLSLRHRPDILIIGEIRDQATARAVIRASLTGVMVFSTIHAKSISGVYDRLIELGVNYQ
ELENSLKLIAYQRLIGGGSLIDFETGNFKKHSSDKWNRQVDILAEEGHISKKQAQVEKII
PQETTESSPTF

>SEQ ID NO 2351:63 1169NT frame: 3
.LL.NLYYCVFDDERRFIDVFEFNRMASLISHFKFVAGMNVGEKRRSQLGSCDYELSEGR
LVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWFDNIKOMKEVLGTRGLYLFSGPVGSGK
TTLMYQLASEVFKNKQIITIEDPVEIKNDKMLOLQLNEDIGMTYDALIKLSLRHRPDILI
IGEIRDQATARAVIRASLTGVMVESTTHAKSIPGVYDRLIELGVNYQELENSLKLIAYQR
LIGGGSLIDFETSNFKKHSSDKWNRQVDILAEEGY ISKKQAQVEKIIPQETTESSPTFEF

>SEQ ID NO 2352:63_18RS21 frame: 1
VQSLAKQVIHQAVEVNAQDIYIIPKGDCYELYMRIDDERRFIDVFEENRMASLISHFKEV
AGMNVGEKRRSQLGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWEFDN
IKQMKEVLGIRGLYLFSGPVGSGKTTLMYQLASEVFKNKQITTIEDPVEIKNDKMLOLQL
NEDIGMTYDALIKLSLRHRPDILIIGEIRDQATARAVIRASLTGVMVFSTIHAKSIPGVY
DRLIELGVNYQELENSLKLIAYQRLIGGGSLIDFETGNFKKHSSDKWNRQVDILAEEGHT
SKKQAQVEKIIPQETTESSPTF

>SEQ ID NO 2353: 63_2603 frame: 1
DIYIIPKGDCYELYMRIDDERRFIDVFEFNRMASLISHFKFVAGMNVGEKRRSQLGSCDY
ELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWEDNIKOMKEVLGIRGLYLESG
PVGSGKTTLMYQLASEVFKNKQIITIEDPVEIKNDKMLOLQLNEDIGMTYDALIKLSLRH
RPDILIIGEIRDQATARAVIRASLTGVMVESTIHAKSIPGVYDRLIELGVNYQELENSLK
LIAYQRLIGGGSLIDFETGNFKKHSSDKWNRQVDILAEEGHISKKQAQVRKNYPSRNNGK
. SNF

>SEQ ID NO 2354:63_A909 frame: 1
VQSLAKQVIHQAVEVNAQDIYIIPKGDCYELYMRIDDERRFIDVFEFNRMASLISHFKEV
AGMNVGEKRRSQLGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWEDN
IKOMKEVLGIRGLYLEFSGPVGSGKTTLMYQLASEVFKNKQIITIEDPVEIKNDKMLQLOL
NEDIGMTYDALIKLSLRHRPDILIIGEIRDQATARAVIRASLTGVMVESTIHAKSIPGVY
DRLIELGVNYQELENSLKLIAYQRLIGGGSLIDFETGNFKKHS SDKWNRQVDILAEEGHI
SKKQAQVEKIIPQETTESSPTFE

>SEQ ID NO 2355:63 CUB110 frame: 1
VQSLAKQVIHQAVEVNAQDIYIIPKGDCYELYMRIDDERRFIDVFEFNRMASLISHFKFV
AGMNVGEKRRSQLGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWEDN
IKOMKEVLGTRGLYLFSGPVGSGKTTLMYQLASEVFKNKQIITIEDPVEIKNDKMLQLQL
NEDIGMTYDALIKLSLRHRPDILIIGEIRDQATARAVIRASLTGVMVESTIHAKSISGVY
DRLIELGVNYQELENSLKLIAYQRLIGGGSLIDFETGNFKKHSSDKWNRQVDILAEEGHI
SKKQAQVEKIIPQETTESSPTE

>SEQ ID NO 2356:63_CJB110 frame: 1
VQSLAKQVIHQAVEVNAQDIYITPKGDCYELYMRIDDERRFIDVEFEFNRMASLISHFKEV
AGMNVGEKRRSQLGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWEDN
IKQMKEVLGTRGLYLFSGPVGSGKTTLMYQLASEVFKNKQIITIEDPVEIKNDKMLQLOL
NEDIGMTYDALIKLSLRHRPDILITIGEIRDQATARAVIRASLTGVMVFSTIHAKSISGVY
DRLIELGVNYQELENSLKLIAYQRLIGGGSLIDFETGNFKKHS SDKWNRQVDILAEEGHT
SKKQAQVEKIIPQETTESSPTF

>SEQ ID NO 2357: 63 H36B frame: 1
SLAKQVIHQAVEVNAQDIYIIPKGDCYELYMRIDDERRFIDVFEFNRMASLISHFKEVAG
MNVGEKRRSQLGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHODLKYWEDNIK
QMKEVLGIRGLYLFSGPVGSGKTTLMYQLASEVFKNKQIITIEDPVE IKNDKMLQLOLNE
DIGMTYDALIKLSLRHRPDILIIGEK

>SEQ ID NO 2358:63_JM9130013 frame: 1

VQSLAKQVIHQAVEVNAQDIYIIPKGDCYELYMRIDDERRFIDVFEFNRMASLISHFKFV
AGMNVGEKRRSQLGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRILYSGHQDLKYWEDN
IKQMKEVLGIRGLYLFSGPVGSGKTTLMYQLASEVFKNKQIITIEDPVE IKNDKMLQOLQL
NEDIGMTYDALIKLSLRHRPDILIIGEIRDQATARAVIRASLTGVMVFSTIHAKSIPGVY
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DRLIELGVNYQELENSLKLIAYQRLIGGGSLIDFETGNFKKHSSDKWNRQVDILAEEGHTI
SKKQAQVEKIIPQETTESSPTE

>SEQ ID NO 2359:63 M732 frame: 3
TCYETLYAYLMMKRRFIDVFEFNRMASLISHFKFVAGMNVGEKRRSQLGSCDYELSEGRL
VSLRLSSVGDYRGQESLVIRTLYSGHQDLKYWFDNIK.MKEVLCARGLYLFSGPVGSGKT
TLMYQLASEVFKNKQIITIEDPVEIKNDKMLOLOLNEDIGMTYDALIKLSLRHRPDILII
GEIRDQATARAVIRASLTGVMVFSTIHAKSIPGVYDRLIELGVNYQELENSLKLIAYQRL
IGGGSLIDFETSNFKKHSSDKWNRQVDILAEEGHISKKQAQVEKIIPQETTESSPTFE

>SEQ ID NO 2360:63 M781 frame: 3
VEVNAQDIYIIPKGDCYEFYMRIDDERRFIDVFEFNRMASLISHFKEVAGMNVGEKRRSQ
LGSCDYELSEGRLVSLRLSSVGDYRGQESLVIRTLYSGHQDLKYWFDNIKQMKEVLCARG
LYLFSGPVGSGKTTLMYQLASEVFKNKQIITIEDPVEIKNDKMLOLOLNEDIGMTYDALI
KLSLRHRPDILIIGEIRDQATARAVIRASLTGVMVFSTIHAKSIPGVYDRLIELGVNYQE
LENSLKLIAYQRLIGGGSLIDFETSNFKKHSSDKWNRQVDILAEEGHISKKQAQVEKIIP
QETTESSPTF

>SEQ ID NO 2361:63_COHl frame: 3
VIVMKFYMRIDDERRFIDVFEFNRMASLISHFKFVAGMNVGEKRRSQLGSCDYELSEGRL
VSLRLSSVGDYRGQESLVIRTLYSGHQDLKYWEFDNIK

SEQ ID NO. 2401: SAG0290 FROM THE 1169NT1 GBS TYPE V STRAIN (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAARAGACGGGAA
ATTCAAAGGTTATGATGTTGATGTTGTCAAAGCTGTTTTTAAAGGTAGTAAGTACAAAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAARATTTGATTTATCAGCTAATGATTTTTCATACAATAAAGAAAGAGCAGAAAAATATCTC
TTCTCAGACCCTATATCCCGTTCARATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAA
ATCAACAGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGARAAATTGGAATAAAAATCATCCTAATARAAAACCAATAARAA
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTARAAAATATTGAGAGTGGGARAATTGACTTTATCCTATATGATGCC
ATTTCATCTGACTATATTGTAAAAGATCAATCATTAAACTTAAGCGTTTCTCCTTTGAAAGGTAAAATTGGTAATAATAAGGATGG
ATTAGAATACCTCCTTTTACCAARAGATARAAARAGGTAAAACTCTACAGAAATTTATAAATAAGCGTATTARAGTTTTGAAAGAAG
ATGGTACTTTGGCACGTTTAAGTAAACAATATTTCGGTGGAGATTACGTTTCAAACATTGATAAA

SEQ ID NO. 2402: SAG0290 FROM THE 18RS21 GBS TYPE II STRAIN (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTARAGTAGCTACAGATTCTGACACGGCACCATTTACTTATRAAAARAGACGGGAA
ATTCAAAGGTTATGATGTTGATGTTGTCAAAGCTGTTTTTAAAGGTAGTAAGTACAAAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATACAATAAAGAAAGAGCAGAAAAATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAR
ATCAACCGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAAAATTGGAATAAAAATCATCCTAATAAAAAACCAATAAARA
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGGARAATTGACTTTATCCTATATGATGCC
ATTTCATCCGACTATATTGTAAAAGACCAATCATTAAACTTAAGCGTTTCTCCTTTGAAAGGTAAAATTGGTAATAATAAGGATGG
ACTAGAATACCTCCTTTTACCAAAAGATAAAAARAGGTARAACTCTACAGAAATTTATAAATAAGCGTATTAAAGTTTTGAAAGARA
ATGGTACTTTGGCACGTTTAAGTAAACAATATTTCGGTGGAGATTACGTTTCAAACATTGATARA '

SEQ ID NO. 2403: SAG0290 FROM THE 2603 V/R GBS TYPE V STRAIN (REVERSE COMPLEMENT)
ATTCAAAGGTTATGATGTTGATGTTGTCAAAGCTGTTTTTARAGGTAGTAAGTACAAAGTAACCTTCARGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATACAATAAAGAAAGAGCAGAARAATATITC
TTCTCAGATCCTATATCCCGTTCARATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAA
ATCAACCGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAAAATTGGAATAAARATCATCCTAATAAAAAACCAATARAAR
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGGAAAATTGACTTTATCCTATATGATGCC
ATTTCATCCGACTATATTGTAAAAGACCAATCATTARACTTAAGCGTTTCTCCTTTGAAAGGTAAAATTGGTAATAATAAGGATGG
ACTAGAATACCTCCTTTTACCAAAAGATAAAAAAG

SEQ ID NO. 2404: SAG0290 FROM THE 090 GBS TYPE Ia STRAIN (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTARAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAAAAGACGGGAA
ATTCAAAGGTTATGATGTTGATGTTGTCARAGCTGTTTTTARAAGGTAGTAAGTACAAAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATACAATAAAGAAAGAGCAGAAARATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAA
ATCAACCGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAAAATTGGAATAAAAATCATCCTAATAAARANCCAATARRRA
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGGAAAATTGACTTTATCCTATATGATGCC
ATTTCATCCGACTATATTGTAAAAGACCAATCATTAAACTTAAGCGTTTCTCCTTTGARAGGTARAATTGGTAATAATAAGGATGG
ACTAGAATACCTCCTTTTACCAARAGATAARAARAGGTAARAACTCTACAGAAATTTATAAATAAGCGTATTAAAGTTTTGARAGAAA
ATGGTACTTTGGCACGTTTAAGTAAACAATATTTCGGTGGAGATTACGTTTCAAACATTGATAAA
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SEQ ID NO. 2405: SAG0290 FROM THE A909 GBS TYPE Ya STRAIN (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAAAAGACGGGAA
ATTCAAAGGTTATGATGTTGATGTTGTCAAAGCTGTTTTTAAAGGTAGTAAGTACARAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGARATTTGATTTATCAGCTAATGATTTTTCATACAATAAAGAAAGAGCAGARARAATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAA
ATCAACCGAAGTTTTATCTGGCGTTAACTATGCACAGGT TCTAGAAAATTGGAATAAARATCATNNTAATAAAAAACCANTAAAAA
TNAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGGAARATTGACTTTATCCTATATGATGCC
ATTTCATCCGACTATATTGTAAAAGACCAATCATTARACTTAAGCGTTTCTCCTTTGAAAGGTAAAATTGGTAATAATAAGGATGG
ACTAGAATACCTCCTTTTACCAAAAGATAAAARAGGTAAAACTCTACAGAAATTTATAAATAAGCGT

SEQ ID NO. 2406: SAG0290 FROM THE CJB110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCARAAAGACGGGAA
ATTCAAAGGTTATGATGTTGATGTTGTCAAAGCTGTTTTTARAGGTAGTAAGTACARAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATACAATARAGAAAGAGCAGAAAAATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACARATCATTAAGTGACCTCTCTGGAAA
ATCAACCGRAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAAAATTGGAATAAAAATCATCCTAATARAAAACCAATAAAAA
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGT GGGAAAATTGACTTTATCCTATATGATGCC
ATTTCATCCGACTATATTGTAAAAGACCAATCATTAAACTTAAGCGTTTCTCCTTTGARAGGTAAAATTGGTAATAATAAGGATGG
ACTAGAATACCTCCTTTTACCAARAAGATAAAAAAGGTAAAACTCTACAGAAATTTATAAATAAGCGTATTARAGTTTTGARAAGAAA
ATGGTACTTTGGCACGTTTAAGTAAACAATATTTCGGTGGAGATTACGTTTCAAACATTGATAAA

SEQ ID NO. 2407: SAG0290 FROM THE COH1 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAARAGACGGGAA
ATTCAAAGGTTATGACGTTGATGTTGTCARAGCTGTTTTTAAAGGTAGTAAGTACAAAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATATAATARAGAAARGAGCAGAAAAATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGARA
ATCAACAGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAARATTGGAATAAAAATCATCCTAATAAAAAACCAATAAARA
TCAARATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGAAARAATTGACTTTATCCTATATGATGCC
ATTTCATCTGACTATATTGTAAAAGATCAATCATTAAACTTAAGCGTTTCTCCTTTGARAGGTAAAATTGGTAATAATAAGGATGG
ATTAGAATACCTCCTTTTACCAARAGATAAAAAAGGTAAAACT CTACAGAAATTTATAARATAAGCGTATTAAAGTTTTGAAAGAAG
ATGGTACTTTGGCACGTTTAAGTAAACAATATTTCGGTGGAGATTACGTTTCARACATTGATAAA

SEQ ID NO. 2408: SAG0290 FROM THE H36b GBS TYPE Ib STRAIN

(REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAAAAGACGGGAA
ATTCAAAGGTTATGATGTTGATGTTGTCAAAGCTGTTTTTAAAGGTAGTAAGTACAAAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATACAATAAAGAAAGAGCAGAAAAATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAA
ATCAACCGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAARATTGGAATARARATCATCCTAATARAAAACCAATARARA
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGAT TAAAAAATATTGAGAGTGGGAARATTGACTTTATCCTATATGATGCC
ATTTCATCCGACTATATTGTAAAAGACCAATCATTARACTTAAGCGTTTCTCCTTTGAAAGGTAAAATTGGTAATAATAAGGATGG
ACTAGAATACCTCCTTTTACCAAAAGATAAAAAAGGTAAAACTCTACAGAAATTTATAAATAAGCGTATTARAGTTTTGAAAGARA
ATGGTACTTTGGCACGTTTAAGTAAACAATATTTCGGTGGAGATTACGTTTCARACATTGATAAA

SEQ ID NO. 2409: SAG0290 FROM THE JM9130013 GBS STRAIN VIII (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAAAAGACGGGAA
ATTCAAAGGTTATGATGTTGATGTTGTCAAAGCTGTTTTTAAAGGTAGTAAGTACAAAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGARATTTGATTTAT CAGCTAATGATTTTTCATACAATAAAGAAAGAGCAGAAARATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAARGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAA
ATCAACCGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAAAATTGGAATAAAAATCATCCTAATARAAAACCAATARAAR
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGGAARATTGACTTTATCCTATATGATGCC
ATTTCATCCGACTATATTGTAAAAGACCAATCATTARACTTAAGCGTTTCTCCTTTGAAAGGTAAAATTGGTAATAATAAGGATGG
ACTAGAATACCTCCTTTTACCAAAAGATAAAAAAGGTAAAACTCTACAGAAATTTATAAATAAGCGTAATAAAGTTTTGAAAGARA
ATGGTA

SEQ ID NO. 2410: SAG0290 FROM THE M732 GBS TYPE III STRAIN (REVERSE COMPLEMENT)

GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAAARAGACGGGAA
ATTCAAAGGTTATGACGTTGATGTTGTCARAGCTGTTTT TAAAGGTAGTAAGTACAAAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATATAATAAAGAAAGAGCAGAAAAATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAARGTGACCTCTCTGGAAA
ATCAACAGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGARAAATTGGAATAAARAATCATCCTAATAAAAAACCAATAAARA
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGAAAAATTGACTTTATCCTATATGATGCC
ATTTCATCTGACTATATTGTAAAAGATCAATCATTAARACTTAAGCGTTTCTCCTTTGAAAGGTAARATTGGTAATAATAAGGATGG
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ATTAGAATACCTCCTTTTACCAAAAGATARAAAAGGTAAAACTCTACAGAAATTTATAAATAAGCGTATTAAAGTTTTGAAAGAAG
ATGGTACTTTGGCACGTTTAAGTAAACAATATTTCGGTGGAGATTACGTTTCAAACATTGATAAA

SEQ ID NO. 2411: SAG0290 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
GTATCAGTTCAGGCGTCAGAGAAAGTAGAACTTAAAGTAGCTACAGATTCTGACACGGCACCATTTACTTATCAAAAAGACGGGAA
ATTCAAAGGTTATGACGTTGATGTTGTCAAAGCTGTTTTTAAAGGTAGTAAGTACARAGTAACCTTCAAGACAGTTCCTTTTGATA
CTATTTCAACAGGTATTGATGCAGGGAAATTTGATTTATCAGCTAATGATTTTTCATATAATAAAGAAAGAGCAGARRAATATCTC
TTCTCAGATCCTATATCCCGTTCAAATTATGCCGTAGTAGGGAAGAAGGGGAGCCATTACAAATCATTAAGTGACCTCTCTGGAAA
ATCAACAGAAGTTTTATCTGGCGTTAACTATGCACAGGTTCTAGAAAATTGGAATAAARATCATCCTAATAAAAAACCAATAAARA
TCAAATATGTTTCTGGGACAACTGGTGTTACTAGCAGATTAAAAAATATTGAGAGTGGAARAATTGACTTTATCCTATATGATGCC
ATTTCATCTGACTATATTGTAAAAGATCAATCATTAAACTTAAGCGTTTCTCCTTTGAAAGGTAAAATTGGTAATAATAAGGATGG
ATTAGAATACCTCCTTTTACCAAAAGATAAAAAAGGTAAAACTCTACAGAAATTTATAAATAAGCGTATTAAAGTTTTGAAAGAAG
ATGGTACTTTGGCACGTTTAAGTARACAATATTTCGGTGGAGATTACGTTTCARACATTGATAAR

>SEQ ID NO 2450: 8 1169NT frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPFDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLQKFINKRIKVLKEDGTLARLSKQY
FGGDYVSNIDK

>SEQ ID NO 2451:8 18RS21 frame: 1
VSVQASEKVELKVATDSDTAPFTYXKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPFDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLOKFINKRIKVLKENGTLARLSKQY
FGGDYVSNIDK

>SEQ ID NO 2452:8 2603 frame: 2
FKGYDVDVVKAVFKGSKYKVTFKTVPFDTISTGIDAGKFDLSANDFSYNKERAEKYLEFSD
PISRSNYAVVGKKGSHYKSLSDLSGKSTEVLSGVNYAQVLENWNKNHPNKKPIKIKYVSG
TTGVTSRLKNIESGKIDFILYDAISSDYIVKDQSLNLSVSPLKGKIGNNKDGLEYLLLPK
DKK

>SEQ ID NO 2453:8_090 frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPEDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKT LOQKFINKRIKVLKENGTLARLSKQY
FGGDYVSNIDK

>SEQ ID NO 2454:8 A909 frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPFDTIS
TGIDAGKFDLSANDFSYNKERAEKYLEFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHXNKKPXKXKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLOKEFINKR

>SEQ ID NO 2455: 8 CJB110 frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPEFDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLOQKFINKRIKVLKENGTLARLSKQY
FGGDYVSNIDK

>SEQ ID NO 2456: 8 COHl frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPEDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDEFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLQKFINKRIKVLKEDGTLARLSKQY
FGGDYVSNIDK

>SEQ ID NO 2457:8 H36B frame: 1

VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPEFDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL

113



WO 2004/018646 PCT/US2003/026827

SEQUENCE LISTING

SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQOSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLOKFINKRIKVLKENGTLARLSKQY
FGGDYVSNIDK ‘

>SEQ ID NO 2458:8 JM9130013 frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPEDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DOSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLOKFINKRNKVLKENG

>SEQ ID NO 2459:8 M732 frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPEFDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLOQKFINKRIKVLKEDGTLARLSKQY
FGGDYVSNIDK

>SEQ ID NO 2460:8 M781 frame: 1
VSVQASEKVELKVATDSDTAPFTYQKDGKFKGYDVDVVKAVFKGSKYKVTFKTVPFDTIS
TGIDAGKFDLSANDFSYNKERAEKYLFSDPISRSNYAVVGKKGSHYKSLSDLSGKSTEVL
SGVNYAQVLENWNKNHPNKKPIKIKYVSGTTGVTSRLKNIESGKIDFILYDAISSDYIVK
DQSLNLSVSPLKGKIGNNKDGLEYLLLPKDKKGKTLOKFINKRIKVLKEDGTLARLSKQY
FGGDYVSNIDK

SEQ ID NO. 2501: SAG0368 FROM THE 090 GBS TYPE Ia STRAIN
TATAATTTTTCGACTAATGAATTGTCTAAGACTTTTAAAGATTTTAAGCTAGCTARATCAARAAAGTCATGCTATTGAAGAAACAAA
GCCGTTTTCAATACTATTAATGGGGGTGGACACAGGTTCAGAGCATCGARAATCTAAGTGGTCAGGAAATAGCGATTCTATGATCT
TAGTCACTATAAATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTAAATTGAGTGGTCCCAAAAAT
AATGGACAGACTGGAGTAGAAGCAAAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGARATGGCATTGATGACTGTTCAAGACTT
ATTAGATATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGT TGATTTAGT CAATGCTGTTGGTGGTATAACAGTAA
CTAATAAATTTGACTTTCCAATATCAATTGCTGCCAATGAACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATAARATAAAT
GGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGAT TATGGGCGTCAAAARAGACAACGTGAAGTAAT
TCAAAAAGTCCTTAAAAAAATATTGGCGTTAAATAGTATTAGTTCATACAAAAAAATTCTTTCCGCAGTAAGTAATAACATGCAAA
CTAATATTGAGATATCATCAAAAACGATTCCTAATTTGTTAGCTTATAAAGATTCATTGGAACATATTARATCTTATCAGTTGAAG
GGTGAAGACGCTACTTTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGARACATCTACTTGCAGTTCAAAATAGAATTAAGAA
AGAACTGGATAAAAAGCGTAGTAAAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATT
CTTCTACTTATTCATCAACACAAGAGAATAATTATAATACAACACCTTATTCAGAAGCACCACCAAGTTACAGTGGTAATACTACT
TATAGTTCTGAGACTAATCAAACAACTCATCAAAATTACTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACAC
AGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATAACGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2502: SAG0368 FROM THE 1169NT1 GBS TYPE V STRAIN
TATAATTTTTCGACTAATGAATTGTCTAAGACT TTTAAAGATTTTAAGCTAGCTAAAT CAARAAGTCATGCTATTGAAGAAACAAA
GCCGTTTTCRAATACTATTAATGGGGGTGGACACAGGTTCAGAGCATCGAAAATCTAAGTTGGTCAGGARATAGCGATTCTATGATC
TTAGTCACTATAAATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTAAATTGAGTGGTCCCAAAAA
TAATGGACAGACTGGCGTAGAAGCAAAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGARAATGGCATTGATGACTGTTCAAGACT
TATTAGATATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGTTGATTTAGT CAATGCTGTTGGTGGTATAACAGTA
ACTAATAARATTTGACTTTCCAATATCAATTGCTGCCAATGAACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATAARATAAA
TGGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCARAARAGACAACGTGAAGTAA
TTCAAAAAGTCCTTAAAAAAATATTGGCGTTAAATAGTATTAGTTCATACAAAAAAATTCTTTCCGCAGTAAGTAATAACATGCAA
ACTAATATTGAGATATCATCAAAAACGATTCCTAATTTGTTAGCTTATAAAGATTCATTGGAACATATTAARATCTTATCAGTTGAA
AGGTGAAGACGCTACTTTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGARACATCTACTTGCAGTTCAAAATAGAATTAAGA
AAGAACTAGATAAAAAGCGTAGTAAAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGAT
TCTTCTACTTATTCATCAACACAAGAGAATAATTATAATACAACACCTTATTCAGAAGCACCACCAAGTTACAGTGGTAATACTAC
TTATAGTTCTGAGACTAATCAAACAACTCATCAARAGTTACTATAATAGTAGCACTCCTGCTAATAACTATAGCAGTAACACTAACA
CAGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATAATGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2503 SAG0368 FROM THE 18RS21 GBS TYPE II STRAIN

TATAATTTTTCGACTAATGAATTGTCTAAGACTTTTAARAGATTTTAAGCTAGCTAAATCAARAAGTCATGCTATTGAAGARACAAA
GCCGTTTTCAATACTATTAATGGGCGGTGGACACAGGTTCAGAGCATCGAAAATCTAAGTGGT CAGGARATAGCGATTCTATGATCT
TAGTCACTATARATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTAAATTGAGTGGTCCCAAAAAT
AATGGACAGACTGGAGTAGAAGCAAAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGAAATGGCATTGATGACTGTTCAAGACTT
ATTAGATATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGTTGATTTAGTCAATGCTGTTGGTGGTATAACAGTAA
CTAATAAATTTGACTTTCCAATATCAATTGCTGCCAATGAACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATAARAATARAAT
GGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCAAAAAAGACAACGTGAAGTAAT
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TCAAAAAGTCCTTAAAAAAATATTGGCGTTARATAGTATTAGTTCATACAAARAAATTCTTTCCGCAGTAAGTAATAACATGCARA
CTAATATTGAGATATCATCAAAAACGATTCCTAATTTGTTAGCTTATARAGAT TCATTGGAACATATTAAATCTTATCAGTTGAAG
GGTGAAGACGCTACTTTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGAAACATCTACTTGCAGTTCARAATAGAATTAAGAA
AGAACTGGATARAAAGCGTAGTAAAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATT
CTTCTACTTATTCATCAACACAAGAGAATAATTATAATACAACACCTTATTCAGAAGCACCACCAAGTTACAGTGGTAATACTACT
TATAGTTCTGAGACTAATCAAACAACTCATCAAAATTACTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACAC
AGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATAACGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2504: SAG0368 FROM THE 2603 V/R GBS TYPE V STRAIN

TATAATTTTTCGACTAATGAATTGTCTAAGACTTTTAAAGATTTTAAGCTAGCTARAATCARAAAGTCATGCTATTGAAGAAACAAA
GCCGTTTTCAATACTATTAATGGGGGTGGACACAGGTTCAGAGCATCGAARATCTAAGTGGTCAGGAAATAGCGATTCTATGATCT
TAGTCACTATAAATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTAAATTGAGTGGTCCCARAARAT
AATGGACAGACTGGAGTAGAAGCAAAGCTARATGCAGCCTATGCTTCTGGTGGTGCGGARATGGCATTGATGACTGTTCAAGACTT
ATTAGATATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGTTGATTTAGTCAATGCTGTTGGTGGTATAACAGTAA
CTAATAAATTTGACTTTCCAATATCAATTGCTGCCAATGAACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATAAAATAAAT
GGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCARAAAAAGACAACGTGAAGTAAT
TCAAABAGTCCTTAAAAAAATATTGGCGTTAAATAGTATTAGTTCATACAAAAAAATTCTTTCCGCAGTAAGTAATAACATGCAAA
CTAATATTGAGATATCATCAARAACGATTCCTAATTTGTTAGCTTATARAGATTCATTGGAACATATTARATCTTATCAGTTGAAG
GGTGRAGACGCTACTTTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGAAACATCTACTTGCAGTTCAAAATAGAATTAAGAA
AGAACTGGATAAAAAGCGTAGTAAAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATT
CTTCTACTTATTCATCAACACAAGAGAATAATTATAATACAACACCTTATTCAGAAGCACCACCAAGTTACAGTGGTAATACTACT
TATAGTTCTGAGACTAATCAAACAACTCATCARAATTACTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTARCAC
AGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATAACGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2505: SAG0368 FROM THE AS09 GBS TYPE Ia STRAIN
TATAATTTTTCGACTAATGAATTGTCTAAGACTTTTARAGATTTTAAGCTAGCTAAATCAAAAAGTCATGCTATTGAAGAAACARA
GCCGTTTTCAATACTATTAATGGGGGTGGACACAGGTTCAGAGCATCGARARATCTAAGTGGTCAGGARATAGCGATTCTATGATCT
TAGTCACTATAARATCCTARAACTAATAAAACAACGATGACAAGCT TAGAACGTGACGTATTGATTAAATTGAGTGGTCCCAARRAT
AATGGACAGACTGGAGTAGAAGCAAAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGAAATGGCATTGATGACTGTTCAAGACTT
ATTAGATATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGTTGATTTAGTCAATGCTGTTGGTGGTATAACAGTAA
CTAATAAATTTGACTTTCCAATATCAATTGCTGCCAATGAARCCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATAAAATAAAT
GGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCAAAAAAGACAACGTGAAGTAAT
TCAAAAAGTCCTTAAAAAAATATTGGCGTTAAATAGTATTAGTTCATACAAAAAAATTCTTTCCGCAGTAAGTAATAACATGCARAA
CTAATATTGAGATATCATCAARAACGATTCCTAATTTGTTAGCTTATAARAGATTCATTGGAACATATTAAATCTTATCAGTTGAAG
GGTGAAGACGCTACTTTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGAAACATCTACTTGCAGTTCARAATAGAATTAAGAA
AGAACTGGATAAAAAGCGTAGTAAAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATT
CTTCTACTTATTCATCAACACAAGAGAATAATTATAATACAACACCTTATTCAGAAGCACCACCAAGTTACAGTGGTAATACTACT
TATAGTTCTGAGACTAATCAAACAACTCATCAAAATTACTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACAC
AGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATAACGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2506: SAG0368 FROM THE CJB110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
TATAATTTTTCGACTAATGAATTGTCTAAGACTTTTAAAGATTTTAAGCTAGCTAAATCAAAAAGTCATGCTATTGAAGAAACAAA
GCCGTTTTCAATACTATTAATGGGGGTGGACACAGGTTCAGAGCATCGARAAT CTAAGTGGTCAGGAARTAGCGATTCTATGATCT
TAGTCACTATAAATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTARATTGAGTGGTCCCAAAAAT
AATGGACAGACTGGAGTAGAAGCAAAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGARATGGCATTGATGACTGTTCAAGACTT
ATTAGATATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGTTGATTTAGTCAATGCTGTTGGTGGTATAACAGTAA
CTAATAAATTTGACTTTCCAATATCAATTGCTGCCAATGARCCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATARRATAAAT
GGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCAAAAAAGACAACGTGAAGTAAT
TCAAAAAGTCCTTAAAAAAATATTGGCGTTARATAGTATTAGTTCATACAAAAAAATTCTTTCCGCAGTAAGTAATAACATGCARA
CTAATATTGAGATATCATCAAAAACGATTCCTAATTTGTTAGCTTATAAAGATTCATTGGAACATATTAAATCTTATCAGTTGAAG
GGTGAAGACGCTACTTTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGAAACATCTACTTGCAGTTCARAATAGAATTAAGAA
AGAACTGGATAAAAAGCGTAGTARAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATT
CTTCTACTTATTCATCAACACAAGAGAATAATTATAATACAACACCTTATTCAGARAGCACCACCAAGTTACAGTGGTAATACTACT
TATTAGTTCTGAGACTAATCAAACAACTCATCAAAATTACTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACA
CAGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATAACGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2507: SAG0368 FROM THE COHl GBS TYPE III STRAIN (REVERSE COMPLEMENT)

GATTTTAAGCTAGATAAATCAAAAAGTCATGCTATTGAAGAAACARAGCCGTTTTCAATACTATTAATGGGTGTGGACACAGGTTC
AGAGCATCGAARATCTAAGTGGTCAGGAAATAGCGATTCTATGATCTTAGTCACTATAAATCCTAAAACTAATAAAACAACGATGA
CAAGCTTAGRACGTGACGTATTGATTAAATTGAGTGGTCCCAAARATAATGGACAGACTGGCGTAGAAGCAAAGCTARATGCAGCC
TATGCTTCTGGTGGTGCGGAAATGGCATTGATGACTGTTCAAGACTTATTAGATATTAATGTTGATTACTTTATGCAAATTAATAT
GCAAGGATTAGTTGATTTGGTCAATGCTGTTGGTGGTATAACAGTAACTAATAAATTTGACTTTCCAATATCAATTGCTGCCRATG
AACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATARAATAAATGGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGAT
GATCCAGAGGGAGATTATGGGCGTCARARAAGACAACGTGAAGTAATTCARAAAGTCCTTAAAAAAATATTGGCGTTARATAGTAT
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TAGTTCATACAAAAAAATTCTTTCCGCAGTAAGTAATAACATGCAAACTAATATTGAGATATCATCAAAAACGATTCCTAATTTGT
TAGCTTATAAAGATTCATTGGAACATATTAAATCTTATCAGT TGAAGGGTGARGACGCTACTCTATCAGATGGTGGCTCTTATCAA
ATTTTAACTAAGARACATCTACTTGCAGTTCARAATAGAATTAAGAAAGAGCTGGATAAAAAGCGTAGTAAAACTCTGAAGACAAG
CGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATTCTTCTACTTATTCATCAACACAAGAGAATTATTATTATA
CAACACCCTTATTCAGAAGCACCACCAAGTTACAGTGGTAATACTACTTATAGTTCTGAGACTAATCAAACAACTCATCAAAGTTA
CTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACACAGGT CAGGCTGATTCAAGTGGAAGTGTTAATAATTATA
ACGGGGCTGCAACGCCTAATCCAAACACAGGAACGCAACCAGTACCAGGTCAAACTAATCCA

SEQ ID NO. 2508: SAG0368 FROM THE H36b GBS TYPE Ib STRATIN
TATAATTTTTCGACTAATGAATTGTCTAAGACTTTTAAAGATTTTAAGCTAGCTAAATCAAAAAGTCATGCTATTGAAGAAACAAA
GCCGTTTTCAATACTATTAATGGGGGTGGACACAGGTTCAGAGCATCGARAATCTAAGTGGTCAGGARATAGCGATTCTATGATCT
TAGTCACTATAAATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTAAATTGAGTGGTCCCAAAAAT
AATGGACAGACTGGAGTAGAAGCAAAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGARATGGCATTGATGACTGTTCAAGACTT
ATTAGATATTAATGTTGATTACTTTATGCARATTAATATGCAAGGATTAGTTGATTTAGT CAATGCTGTTGGTGGTATAACAGTAA
CTAATAAATTTGACTTTCCAATATCAATTGCTGCCAATGAACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATAAAATAAAT
GGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCAAAAAAGACAACGTGAAGTAAT
TCAAAAAGTCCTTAAAAAAATATTGGCGTTAAATAGTA

SEQ ID NO. 2509: SAG0368 FROM THE
TTAGTTCATACAARARAATTCTTTCCGCAGTARGTARTARCATGCARACTAATATTGAGATATCATCAAAAACGATTCCTAATTTG
TTAGCTTATAAAGATTCATTGGAACATATTAAATCTTATCAGTTGAAGGGTGAAGACGCTACTTTATCAGATGGTGGCTCTTATCA
AATTTTAACTAAGAAACATCTACTTGCAGTTCAAAATAGAATTAAGAAAGAACTGGATAAAAAGCGTAGTAARAACTCTGAAGACAA
GCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATTCTTCTACTTATTCATCAACACAAGAGAATAATTATAAT
ACBACACCTTATTCAGAAGCACCACCAAGTTACAGTGGTAATACTACTTATAGTTCTGAGACTAATCAAACAACTCATCAAAATTA
CTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACACAGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATA
ACGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2510: SAG0368 FROM THE JM9130013 GBS TYPE VIII STRAIN (REVERSE COMPLEMENT)
TATAATTTTTCGACTAATGAATTGTCTAAGACTTTTARAGATTTTAAGCTAGCTARATCARARARGTCATGCTATTGARGARACAAA
GCCGTTTTCAATACTATTAATGGGGGTGGACACAGGTTCAGAGCATCGAAAAT CTAAGTGGTCAGGAAATAGCGATTCTATGATCT
TAGTCACTATAAATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTAAATTGAGTGGTCCCAAAAAT
AATGGACAGACTGGAGTAGAAGCARAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGAAATGGCATTGATGACTGT TCAAGACTT
ATTAGATATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGTTGATTTAGTCAATGCTGTTGGTGGTATAACAGTAA
CTAATAAATTTGACTTTCCAATATCAATTGCTGCCAATGAACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATARAATAAAT
GGAGAACAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCARAAAAGACAACGTGAAGTAAT
TCAAAAAGTCCTTAAAAAAATATTGGCGTTARATAGTATTAGTTCATACARAAARATTCTTTCCGCAGTAAGTAATAACATGCARA
CTAATATTGAGATATCATCAAAAACGATTCCTAATTTGTTAGCTTATAAAGATTCATTGGAACATATTAAATCTTATCAGTTGAAG
GGTGAAGACGCTACTTTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGAAACAT CTACTTGCAGTTCAARATAGARTTAAGAR
AGAACTGGATAAARAAGCGTAGTARAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATT
CTTCTACTTATTCATCAACACARGAGAATAATTATAATACAACACCTTATTCAGRAGCACCACCAAGTTACAGTGGTAATACTACT
TATAGTTCTGAGACTAATCAAACAACTCATCAAAATTACTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACAC
AGGTCAGGCTGATTCAAGTGGAAGTGTCAATAATCATAACGGGGCTGCAACGCCTAATCCA

SEQ ID NO. 2511: SAG0368 FROM THE M781 GBS TYPE III STRAIN (REVERSE COMPLEMENT)
TTCAATACTATTAATGGGTGTGGACACAGGTTCAGAGCATCGAARATCTAAGTGGTCAGGAAATAGCGATTCTATGATCTTAGTCA
CTATAAATCCTAAAACTAATAAAACAACGATGACAAGCTTAGAACGTGACGTATTGATTAARTTGAGTGGTCCCARAAATAATGGA
CAGACTGGCGTAGAAGCAAAGCTAAATGCAGCCTATGCTTCTGGTGGTGCGGARATGGCATTGATGACTGTTCAAGACTTATTAGA
TATTAATGTTGATTACTTTATGCAAATTAATATGCAAGGATTAGTTGATTTGGTCAATGCTGTTGGTGGTATAACAGTAACTAATA
AATTTGACTTTCCAATATCAATTGCTGCCAATGAACCAGAGTACAAGGCTGTTGTTGAACCAGGGACACATARARATARATGGAGAA
CAAGCACTTGTTTATTCTCGTATGCGCTATGATGATCCAGAGGGAGATTATGGGCGTCARAAAAGACAACGTGAAGTAATTCAARA
AGTCCTTARAAAAATATTGGCGTTARATAGTATTAGTTCATACAAAAAAATTCTTTCCGCAGTAAGTAATAACATGCARACTAATA
TTGAGATATCATCAAABACGATTCCTAATTTGTTAGCTTATAAAGATTCATTGGAACATATTARATCTTATCAGTTGAAGGGTGAA
GACGCTACTCTATCAGATGGTGGCTCTTATCAAATTTTAACTAAGAAACATCTACTTGCAGTTCARAATAGAATTAARGAAAGAGCT
GGATAARAAGCGTAGTAAAACTCTGAAGACAAGCGCGATTCTATATGAAGATTACTATGGTACTACTGCTAGTAATGATTCTTCTA
CTTATTCATCAACACAAGAGAATAATTATAATACAACACCTTATT CAGAAGCACCACCAAGTTACAGTGGTAATACTACTTATAGT
TCTGAGACTAATCAAACAACTCATCAAAGTTACTATAATAGTAGCACTCCTGCTAGTAACTATAGCAGTAACACTAACACAGGTCA
GGCTGATTCAAGTGGAAGTGTTAATAATTATAACGGGGCTGCAACGCCTAATCCAAACACAGGAACGCAACCAGTACCAGGTCAAA
CTAATCCA :

>SEQ ID NO 2550: 54 090 frame: 1

YNFSTNELSKTFKDFKLAKSKSHAIEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVT
INPKTNKTTMTSLERDVLIKLSGPKNNGQTGVEAKLNAAYASGGAEMALMTVQDLLDINV
DYFMQINMQGLVDLVNAVGGITVTNKFDFPISIAANEPEYKAVVEPGTHKINGEQALVYS
RMRYDDPEGDYGRQKRQREVIQKVLKKILALNSISSYKKILSAVSNNMOTNIEISSKTIP
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NLLAYKDSLEHIKSYQLKGEDATLSDGGSYQILTKKHLLAVONRIKKELDKKRSKTLKTS
AILYEDYYGTTASNDSSTYSSTQENNYNTTPYSEAPPSYSGNTTYSSETNQTTHONYYNS
STPASNYSSNTNTGOADSSGSVNNHNGAATPNP

>SEQ ID NO 2551:54_1169NT frame: 1

YNFSTNELSKTFKDFKLAKSKSHAIEETKPFSILLMGVDTGSEHRKSKLVRK.RFYDLSH
YKS.N..NNDDKLRT.RID.IEWSQK.WTDWRRSKAKCSLCFWWCGNGIDDCSRLIRY.C
.LLYAN.YARIS.FSQCCWWYNSN. .I.LSNINCCQ.TRVQGCC.TRDT.NKWRTSTCLF
SYAL. . SRGRLWASKKTT. SNSKSP.KNIGVK.Y.FIQKNSFRSK. .HAN.Y.DITKNDS
.FVSL.RFIGTY.ILSVER.RRYFIRWWLLSNEFN.ETSTCSSK.N.ERTR.KA. .NSEDK
RDSI.RLLWYYC...FFYLFINTRE.L.YNTLFRSTTKLQW.YYL. F.D.SNNSSKLL. .
.HSC..L.Q.H.HRSG.FKWKCQ.S.WGCNA. S

>SEQ ID NO 2552:54 18RS21 frame: 1

YNFSTNELSKTFKDFKLAKSKSHAIEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVT
INPKTNKTTMTSLERDVLIKLSGPKNNGQTGVEAKLNAAYASGGAEMALMTVQDLLDINV
DYFMQINMQGLVDLVNAVGGITVTNKFDFPISIAANEPEYKAVVEPGTHKINGEQALVYS
RMRYDDPEGDYGRQKROREVIQKVLKKILALNSISSYKKILSAVSNNMQTNIEISSKTIP
NLLAYKDSLEHIKSYQLKGEDATLSDGGSYQILTKKHLLAVONRIKKELDKKRSKTLKTS
AILYEDYYGTTASNDSSTYSSTQENNYNTTPYSEAPPSYSGNTTYSSETNQTTHONYYNS
STPASNYSSNTNTGQADSSGSVNNHNGAATPNP

>SEQ ID NO 2553:54_2603 frame: 1

YNFSTNELSKTFKDFKLAKSKSHATEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVT
INPKTNKTTMT SLERDVLIKLSGPRKNNGQTGVEAKLNAAYASGGAEMALMTVQDLLDINV
DYFMQINMQGLVDLVNAVGGITVTNKFDFPISIAANEPEYKAVVEPGTHKINGEQALVYS
RMRYDDPEGDYGRQKRQREVIQKVLKKILALNSISSYKKILSAVSNNMQTNIEISSKTIP
NLLAYKDSLEHIKSYQLKGEDATLSDGGSYQILTKKHLLAVONRIKKELDKKRSKTLKTS
AILYEDYYGTTASNDSSTYSSTQENNYNTTPYSEAPPSYSGNTTYSSETNQTTHONYYNS
STPASNYSSNTNTGQADSSGSVNNHNGAATPNP

>SEQ ID NO 2554: 54 A9%09 frame: 1

YNFSTNELSKTFKDFKLAKSKSHAIEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVT
INPKTNKTTMTSLERDVLIKLSGPKNNGQTGVEAKLNAAYASGGAEMALMTVQDLLDINV
DYFMQINMQGLVDLVNAVGGITVTNKEFDFPISTAANEPEYKAVVEPGTHKINGEQALVYS
RMRYDDPEGDYGRQKRQREVIQKVLKKILALNSISSYKKILSAVSNNMOTNIEISSKTIP
NLLAYKDSLEHIKSYQLKGEDATLSDGGSYQILTKKHLLAVONRIKKELDKKRSKTLKTS
AILYEDYYGTTASNDSSTYSSTQENNYNTTPYSEAPPSYSGNTTYSSETNQTTHONYYNS
STPASNYSSNTNTGQADSSGSVNNHNGAATPNP

>SEQ ID NO 2555:54_CJB110 frame: 1

YNFSTNELSKTFKDFKLAKSKSHAIEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVT
INPKTNKTTMTSLERDVLIKLSGPEKNNGQTGVEAKLNAAYASGGAEMALMTVQDLLDINV
DYFMQINMQGLVDLVNAVGGITVTNKFDFPISIAANEPEYKAVVEPGTHKINGEQALVYS
RMRYDDPEGDYGRQKRQREVIQKVLKKILALNSISSYKKILSAVSNNMOTNIEISSKTIP
NLLAYKDSLEHIKSYQLKGEDATLSDGGSYQILTKKHLLAVONRIKKELDKKRSKTLKTS
AILYEDYYGTTASNDSSTYSSTQENNYNTTPYSEAPPSYSGNTTY.F.D.SNNSSKLL. .

>SEQ ID NO 2556:54_COH1l frame: 1
DFKLDKSKSHAIEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVTINPKTNKTTMTSL
ERDVLIKLSGPKNNGQTGVEAKLNAAYASGGAEMALMTVQDLLDINVDYFMQINMQGLVD
LVNAVGGITVTNKEFDFPISIAANEPEYKAVVEPGTHKINGEQALVYSRMRYDDPEGDYGR
QKRQREVIQKVLKKILALNSISSYKKILSAVSNNMQTNIEISSKTIPNLLAYKDSLEHIK
SYQLKGEDATLSDGGSYQILTKKHLLAVONRIKKELDKKRSKTLKTSAILYEDYYGTTAS
NDSSTYSSTQENYYYTTPLFRSTTKLOW.YYL.F.D.SNNSSKLL...HSC..L.Q.H.H
RSG.FKWKC. .L.RGCNA. SKHRNATSTRSN. S

>SEQ ID NO 2557:54 H36B frame: 1

YNESTNELSKTFKDFKLAKSKSHAIEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVT
INPKTNKTTMTSLERDVLIKLSGPKNNGQTGVEAKLNAAYASGGAEMALMTVQDLLDINV
DYFMQINMQGLVDLVNAVGGITVINKFDFPISTAANEPEYKAVVERPGTHKINGEQALVYS
RMRYDDPEGDYGRQKRQREVIQKVLKKILALNSISSYKKILSAVSNNMQTNIEISSKTIP
NLLAYKDSLEHIKSYQLKGEDATLSDGGSYQILTKKHLLAVQNRIKKELDKKRSKTLKTS
AILYEDYYGTTASNDSSTYSSTQENNYNTTPYSEAPPSYSGNTTYSSETNQTTHQONYYNS
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STPASNYSSNTNTGQADSSGSVNNHNGAATPNP

>SEQ ID NO 2558:54 JMS130013 frame: 1
YNFSTNELSKTFKDFKLAKSKSHAIEETKPFSILLMGVDTGSEHRKSKWSGNSDSMILVT
INPKTNKTTMTSLERDVLIKLSGPKNNGOTGVEAKLNAAYASGGAEMALMTVODLLDINV
DYEMQINMQGLVDLVNAVGGITVTNKFDFPISIAANEPEYKAVVEPGTHKINGEQALVYS
RMRYDDPEGDYGRQKRQREVIQKVLKKILALNSISSYKKILSAVSNNMOTNIEISSKTIP
NLLAYKDSLEHIKSYQLKGEDATLSDGGSYQILTKKHLLAVONRIKKELDKKRSKTLKTS
AILYEDYYGTTASNDSSTYSSTQENNYNTTPYSEAPPSYSGNTTYSSETNQTTHONYYNS
STPASNYSSNTNTGQADSSGSVNNHNGAATPNP

>SEQ ID NO 2559:54 M781 frame: 2
SILLMGVDTGSEHRKSKWSGNSDSMILVTINPKTNKTTMT SLERDVLIKLSGPKNNGQTG
VEAKLNAAYASGGAEMALMTVQDLLDINVDYFMQINMOGLVDLVNAVGGITVINKFDFPI
SIAANEPEYKAVVEPGTHKINGEQALVYSRMRYDDPEGDYGRQKROQREVIQKVLKKILAL
NSISSYKKILSAVSNNMQOTNIEISSKTIPNLLAYKDSLEHIKSYQLKGEDATLSDGGSYQ
ILTKKHLLAVONRIKKELDKKRSKTLKTSAILYEDYYGTTASNDSSTYSSTQENNYNTTP
YSEAPPSYSGNTTYSSETNQTTHQSYYNSSTPASNYSSNTNTGQADSSGSVNNYNGAATP
NPNTGTQPVPGQTNP

SEQ ID NO. 2601: SAG0503 FROM THE 090 GBS TYPE Ia STRAIN

(REVERSE COMPLEMENT)
GGGCACAAGTTTGTACAAAAAAGCAGGCTCTATTTTTTCCTTGATCATTCCAARATCARATCCTARATTAACAAARARAGACTTCC
TAACAAAGAAAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGAAGGTGTGEGCGATACAACCTCTCAAGGTGGT
TTTGTCCCACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAG
TCAACAAATTTTAAAACGTATGACGACAGATCCTCAAATCGAARAAGATTTAGAGARAGCTGATTTATTGACGCTAACTGTTGGTG
GTAATGATGTCTTGGCTGTTATTCGTAAAGAGCTCAGTCATTTATCACTAAATTCCTTTGAGARACCAGCAGAAGCATATARGGAA
CGTTTGAAAGAAATACTTGCAAAAGCAAGACAAGATAATCCTAAAT TGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCT
AAACTTTCCACAATTAACTAAAATGCAAACCGTTATTGATAAT TGGAATARAGCTACAAAAGAAGTAGTTGATGCTTCAGABAATG
TTTATTTTGTCCCAATTAATGACCGCCTTTATAAGGGAATARATGGTAAAGAGGGTATTACAGAGTCATCAAATAGTCAGGCAAGT
ATCACTAATGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCAAATCATGTCTAACGCCGTTATGGAGAA
AATARATGAAACAAGABAAAACTGGCCGAACCCAGCTTTCTTGTACARAG

SEQ ID NO. 2602: SAG0503 FROM THE H36b GBS TYPE Ib STRAIN

(REVERSE COMPLEMENT) '
TTTGTACAAAAAAGCAGGCTCTATTTTTTCCTTGATCATTCCAAAATCAAATCCTAAATTAACAAAAAAAQACTTCCTAACAAAGA
AAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGAAGGTGTGGGCGATACAACCTCTCAAGGTGGTTTTGTTCCA
CTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTCAACAAAT
TTTARAACGTATGACGACAGATCCTCARATCGAAAAAGATTTAGAGARAGCTGATTTATTGACGCTAACTGTTGGTGGTAATGATG
TCTTGGCTGTTATTCGTARAGAGCTCAGTCATTTATCACTAAATTCCTTTGAGAAACCAGCAGAAGCATATAAGGAACGTTTGARAA
GAAATCCTTGCAAAAGCAAGACAAGATAATCCTAAATTGCCTATTTATGT TTTAGGCATTTATAATCCTTTTTACCTAAACTTTCC
ACAATTAACTAAAATGCAAACCGTTATTGATAATTGGAATAAAGCTACAAAAGAAGTAGTTGATGCTTCAGAARATGTTTATTTTG
TCCCRATTAATGACCGCCTTTATAAGGGAATAAATGGTAAAGAGGGTATTATAGAGTCATCAARATAGTCAGGCAAGTATCACTAAT
GATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCARATCATGTCTAACGCCGTTATGGAGAARATARATGA
AACRAGAAAAARCTGGCCGAACCCAGCTTTCTTGTACAAAGTGGTCC

SEQ ID NO. 2603: SAG(0503 FROM THE 18RS21 GBS TYPE II STRAIN (REVERSE COMPLEMENT)
GTTTGTACAAAAAAGCAGGCTCTATTTTTTCCTTGATCATTCCAAAATCAAATCCTAAATTAACAAAAARAGACTTCCTAACAAAG
ARAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGARAGGTGTGGGCGATACAACCTCTCAAGGTGGTTTTGTTCC
ACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTCAACAAA
TTTTAARACGTATGACGACAGATCCTCARATCGAARAAGATTTAGAGARAGCTGATTTATTGACGCTARCTGTTGGTGGTAATGAT
GTCTTGGCTGTTATTCGTAAARGAGCTCAGTCATTTATCACTAAATTCCTTTGAGAAACCAGCAGAAGCATATAAGGAACGTTTGAA
AGAAATCCTTGCRAAAGCARGACAAGATAATCCTAAATTGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCTARACTTTC
CACAATTAACTAAAATGCAAACCGTTATTGATAATTGGAATAAAGCTACAAAAGAAGTAGTTGATGCTTCAGARAATGTTTATTTT
GTCCCAATTAATGACCGCCTTTATAAGGGAATAAATGGTARAGAGGGTATTACAGAGCTCATCARATAGTCAGGCARGTATCACTAA
TGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCAAATCATGTCTAACGCCGTTATGGAGARAATAAATG
AAACAAGARAARACTGGCCGAACCCAGCTTTCTTGTACAR

SEQ ID NO. 2604: SAGO0503 FROM THE COHl1l GBS TYPE III STRAIN (REVERSE COMPLEMENT)

GGACAAGTTTGTACAAAAAAGCAGGCTCTATTTTTTCCTTGATCATTCCAAAATCAAATCCTAAATTAACAAAAARAGACTTCCTA
ACAAAGAAAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGAAGGTGTGGGGGATACAACCTCTCAAGGTGGTTT
TGTCCCACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTC
AACAAATTTTAAAACGTATGACGACAGATCCTCAAATCGAAARAGATTTAGAGAAAGCTGATTTATTGACGCTAACTGTTGGTGGT
AATGATGTCTTGGCTGTTATTCGTAAAGAGCTCAGTCATTTATCACTAAATTCCTTTGAGAARACCAGCAGAAGCATATAAGGAACG
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TTTGARAGARATTCTTGCAARAAGCAAGACAAGATAATCCTAAATTGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCTAA
ACTTTCCACAATTAACTAAAATGCAAACCGTTATTGATAATTGGAATAAAGCTACARAAGAAGTAGTTGATGCTTCAGAAAATGTT
TATTTTGTCCCAATTAATGACCGCCTTTATAAGGGAATAAATGGTAAAGAGGGTATTACAGAGTCATCARATAGTCAGGCAAGTAT
CACTAATGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCAAATCATGTCTAACGCCGTTATGGAGARAA
TAAATGAAACAAGAAAAAACTGGCCGAACCCAGCTTTCTTGTACAAA

SEQ ID NO. 2605: SAGO0503 FROM THE CJB110 GBS NONTYPEABLE STRAIN (REVERSE COMPLEMENT)
GTTTGTACAAAAAAGCAGGCTCTATTTTTTCCTTGATCATTCCARAATCAAATCCTAAATTAACAAAAAAAGACTTCCTAACARAG
AAAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGAAGGTGTGGGCGATACAACCTCTCAAGGTGGTTTTGTCCC
ACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTCAACAAA
TTTTAAAACGTATGACGACAGATCCTCAAATCGAAAAAGATTTAGAGAAAGCTGATT TATTGACGCTAACTGTTGGTGGTAATGAT
GTCTTGGCTGTTATTCGTARAGAGCTCAGTCATTTATCACTAARATTCCTTTGAGAAACCAGCAGAAGCATATAAGGAACGTTTGAA
AGAAATACTTGCAAAAGCAAGACAAGATAATCCTAAATTGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCTAAACTTTC
CACAATTAACTAAAATGCARACCGTTATTGATAATTGGAATAAAGCTACAAAAGAAGTAGTTGATGCTTCAGAAAATGTTTATTTT
GTCCCAATTAATGACCGCCTTTATAAGGGAATAAATGGTAAAGAGGGTATTACAGAGTCATCAAATAGTCAGGCAAGTATCACTAA
TGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCAAATCATGTCTAACGCCGTTATGGAGARAATAAATG
AAACAAGAAARARACTGGCCGAACCCAGCTTTCTTGTACAA

SEQ ID NO. 2606: SAGO0503 FROM THE 1169NT1 GBS TYPE V STRAIN (REVERSE COMPLEMENT)
GTTTGTACAAAAAAGCAGGCTCTATTTTTTCCTTGATCATTCCAAAATCAAATCCTAAATTAACAAARRAAGACTTCCTAACARAG
AAAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGAAGGTGTGGGGGATACAACCTCTCAAGGTGGTTTTGTCCC
ACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTCAACAAA
TTTTAARAACGTATGACGACAGATCCTCAAATCGAAAAAGATTTAGAGAAAGCTGATTTATTGACGCTAACTGTTGGTGGTAATGAT
GTCTTGGCTGTTATTCGTAAAGAGCTCAGTCATTTATCACTAAATTCCTTTGAGAAACCAGCAGAAGCATATAAGGAACGTTTGAA
AGAAATTCTTGCAAAAGCAAGACAAGATAATCCTAAATTGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCTAAACTTTC
CACAATTAACTAAAATGCARACCGTTATTGATAATTGGAATARAGCTACAAAAGAAGTAGTTGATGCTTCAGAAAATGTTTATTTT
GTCCCAATTAATGACCGCCTTTATAAGGGAATARATGGTAAAGAGGGTATTACAGAGT CATCAAATAGTCAGGCAAGTATCACTAA
TGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCARATCATGTCTAACGCCGTTATGGAGARAATAAATG
AAACAAGAAMARACTGGCCGAACCCAGCTTTCTTGTACAAA

SEQ ID NO. 2607: SAG0503 FROM THE JM9130013 GBS TYPE VIII STRAIN

(REVERSE COMPLEMENT)
GTTTGTACAAAARAGCAGGCTCTATTTTTTCCTTGATCATTCCAAAATCARATCCTAAATTAACAAAAAAAGACTTCCTAACAAAG
AAAGTTATCCCACTTAACTATGTTGCTCTTGGAGATT CTCTGACCGAAGGTGTGGGCGATACAACCTCTCAAGGTGGTTTTGTTCC
- ACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTCAACAAA
TTTTARAACGTATGACGACAGATCCTCAAATCGAAAAAGATTTAGAGAAAGCTGATTTATTGACGCTAACTGTTGGTGGTAATGAT
GTCTTGGCTGTTATTCGTAAAGAGCTCAGTCATTTATCACTAARATTCCTTTGAGAAACCAGCAGAAGCATATAAGGAACGTTTGAA
AGARATCCTTGCARAAGCAAGACAAGATAATCCTAAATTGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCTAAACTTTC
CACAATTAACTAAAATGCAAACCGTTATTGATAATTGGAATAAAGCTACAARAAGAAGTAGTTGATGCTTCAGAAAATGTTTATTTT
GTCCCAATTAATGACCGCCTTTATAAGGGAATAAATGGTAAAGAGGGTATTACAGAGTCATCAAATAGTCAGGCAAGTATCACTAA
TGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCARATCATGTCTAACGCCGTTATGGAGAAAATARATG
AAACRAGAAAAARACTGGCCGAACCCAGCTTTCTTGTACAAA

SEQ ID NO. 2608: SAG0503 FROM THE 2603 V/R GBS TYPE V STRAIN

(REVERSE COMPLEMENT)
AGTTTGTACAAARAAGCAGGCTCTATTTTTTCCTTGATCATTCCAAAATCAAATCCTAAATTAACARAAAAAAGACTTCCTAACAAA
GAAAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGAAGGTGTGGGCGATACAACCTCTCAAGGTGGTTTTGTTC
CACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTCAACAA
ATTTTAAAACGTATGACGACAGATCCTCAAATCGAAAAAGATTTAGAGAAAGCTGATTTATTGACGCTAACTGTTGGTGGTAATGA
TGTCTTGGCTGTTATTCGTAAAGAGCTCAGTCATTTATCACTAAATTCCTTTGAGAAACCAGCAGAAGCATATAAGGAACGTTTGA
AAGAAATCCTTGCAAAAGCAAGACAAGATAATCCTAAATTGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCTAAARCTTT
CCACAATTAACTAARAATGCAAACCGTTATTGATAATTGGAATAAAGCTACAAAAGAAGTAGTTGATGCTTCAGAAAATGTTTATTT
TGTCCCAATTAATGACCGCCTTTATAAGGGAATAAATGGTAAAGAGGGTATTACAGAGTCATCAAATAGTCAGGCAAGTATCACTA
ATGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCAAATCATGTCTAACGCCGTTATGGAGAARATAAAT
GAAACAAGAAAAAACTGGCCGAACCCAGCTTTCTTGTACAAAGTGG

SEQ ID NO. 2609: SAG0503 FROM THE M781 GBS TYPE III STRAIN

(REVERSE COMPLEMENT)
GGACAAGTTTGTACAARAAAAGCAGGCTCTATTTTTTCCTTGATCATTCCARAATCAAATCCTAAATTAARCAAAARAAGACTTCCTA
ACAAAGAAAGTTATCCCACTTAACTATGTTGCTCTTGGAGATTCTCTGACCGAAGGTGTGGGGGATACAACCTCTCAAGGTGGTTT
TGTCCCACTGCTATCAGAATCACTCCATAATCGATACTCTTACCAAGTGACTTCTGTTAATTATGGTGTGTCTGGGAATACTAGTC
AACAAATTTTAARACGTATGACGACAGATCCTCAAATCGAAAAAGATTTAGAGAARAGCTGATTTATTGACGCTAACTGTTGGTGGT
AATGATGTCTTGGCTGTTATTCGTAAAGAGCTCAGTCATTTATCACTAAATTCCTTTGAGA%ACCAGCAGAAGCATATAAGGAACG
TTTGAAAGAAATTCTTGCAAAAGCAAGACAAGATAATCCTAAATTGCCTATTTATGTTTTAGGCATTTATAATCCTTTTTACCTAA
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ACTTTCCACAATTAACTAAAATGCAAACCGTTATTGATAATTGGAATAAAGCTACAAAAGAAGTAGTTGATGCTTCAGARRATGTT
TATTTTGTCCCARTTAATGACCGCCTTTATAAGGGAATAAATGGTARAGAGGGTATTACAGAGTCATCAAATAGTCAGGCAAGTAT
CACTAATGATGCTCTCTTTACTGGAGACCATTTTCATCCCAATAATATTGGCTATCAAATCATGTCTAACGCCGTTATGGAGAAAA
TAAATGAAACAAGAAAAAACTGGCCGAACCCAGCTTTCTTGTACAAA

>SEQ ID NO 2650:103_ 090 frame: 2
IFSLIIPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGEVP
LLSESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLA
VIRKELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPFYLNFPQLTKM
QTVIDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALEFTGDH
FHPNNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2651:103_H36B frame: 2
IFSLITIPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGEFVPLLS
ESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAVIR
KELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPFYLNFPQLTKMQTV
IDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGIIESSNSQASITNDALFTGDHFHP
NNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2652:103_18RS21 frame: 3
IFSLIIPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGEFVPLLS
ESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAVIR
KELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPEFYLNFPQLTKMQTV
IDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALFTGDHFHP
NNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2653:103 COHl1 frame: 3
IFSLIIPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGFVPL
LSESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAV
IRKELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPFYLNFPQLTKMQ B
TVIDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALEFTGDHFE
HPNNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2654:103 CJB110 frame: 3
IFSLIIPKSNPKLTKKDEFLTKKVIPLNYVALGDSLTEGVGDTTSQGGEFVPLLS
ESLHNRYSYQVTSVNYGVSGNTSQOILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAVIR
KELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPEFYLNFPQLTKMQTV
IDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALFTGDHFHP
NNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2655:103_1169NT frame: 3
IFSLIIPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGFVPLLS
ESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAVIR
KELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPFYLNEFPQLTKMQTV
IDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALFTGDHFHP
NNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2656:103 JM9130013 frame: 3
IFSLIIPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGEVPLLS
ESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAVIR
KELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPEFYLNEPQLTKMQTV
IDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALFTGDHFHP
NNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2657:103 2603 frame: 1
IFSLIIPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGEFVPLL
SESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAVI
RKELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPEFYLNFPQLTKMQT
VIDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALFTGDHFH
PNNIGYQIMSNAVMEKINETRKNWP

>SEQ ID NO 2658:103 M781 frame: 3

IFSLITPKSNPKLTKKDFLTKKVIPLNYVALGDSLTEGVGDTTSQGGEFVPL
LSESLHNRYSYQVTSVNYGVSGNTSQQILKRMTTDPQIEKDLEKADLLTLTVGGNDVLAV
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IRKELSHLSLNSFEKPAEAYKERLKEILAKARQDNPKLPIYVLGIYNPFYLNFPQLTKMQ
TVIDNWNKATKEVVDASENVYFVPINDRLYKGINGKEGITESSNSQASITNDALFTGDHE
HPNNIGYQIMSNAVMEKINETRKNWP

SEQ ID NO. 2701: SAGl473 FROM THE 1169NT1 GBS TYPE V STRAIN

(REVERSE COMPLEMENT)
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGATCAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAAAATGAATCGAGTTCATCAAGTGAACCAGARACARATCCGTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGAACGAAGACAGAAATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGATCGCGATGAAT CATCATC
TTCARAAGCAAGTGATGGGAAAAAAGGCCACAGTAAGCCTAAARAGGAA

SEQ ID NO. 2702: SAG1473 FROM THE 18RS21 GBS TYPE II STRAIN
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCT TATCTGAGGAGAAAAGAT CAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAAAATGAATCGAGTTCATCAAGTGAACCAGAAACARATCCGTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGAACGAAGACAGARATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGATCGCGATGAATCATCATC
TTCAAAAGCAAATGATGGGAAAAARGGCCACAGTAAGCCTAAAAAGGAA

SEQ ID NO. 2703: SAGl1473 FROM THE 2603 V/R GBS TYPE V STRAIN
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGATCAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAARATGAATCGAGTTCATCAAGTGAACCAGAAACAAATCCGTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGAACGAAGACAGARATTGGCAATAATAAGGATATTTCTAGTGGAACA
AARAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGATCGCGATGAATCATCATC
TTCAAAAGCAAATGATGGGAAAAAAGGCCACAGTAAGCCTAAAAAGGARA

SEQ ID NO. 2704: SAGl473 FROM THE 090 GBS TYPE Ia STRAIN .
GACCAGTCTAGTACTGGTTCTTCTTCTGAARATGAAT CGAGTTCATCAAGTGAACCAGAAACAAATCCGTCAACTAATCCACCTAC
AACAGAACCATCGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGAACGAAGACAGAAATTGGCAATAATAAGGATATTT
CTAGTGGAACAAAAGTATTAATTTCAGAAGATAGTATTAAGAATTT TAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGATCGCGAT
GAATCATCATCTTCAAAAGCAAATGATGGGAAAAAAGGCCACAGTAAGCCTARARAGGAA

SEQ ID NO. 2705: SAGl473 FROM THE A909 GBS TYPE Ia STRAIN
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGATTAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAARATGAATCGAGT TCATCAAGTGAACCAGAAACARATCCCTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGCACGAAGACAGAAATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGARAGTGGATCGCGATGAATCATCATC
TTCAAAAGCAAATGATGAGAAAAAAGGCCACAGTAAGCCTAAARAGGAA

SEQ ID NO. 2706: SAGl1473 FROM THE CJB110 GBS NONTYPEABLE STRAIN
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGARAAGATCAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAAAATGAATCGAGTTCATCAAGTGAACCAGAAACAAATCCGTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGAACGAAGACAGARATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGATCGCGATGAATCATCATC
TTCAAAAGCAAATGATGGGAAAAAAGGCCACAGTAAGCCTAARAAGGAA

SEQ ID NO. 2707: SAG1473 FROM THE COH1 GBS TYPE III STRAIN

(REVERSE COMPLEMENT)
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGATCAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAARATGAATCAAGTTCATCAAGTGAACCAGARACAAATCCCTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGGAGCACGAAGACAGAAATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGAACGCGATGAATCATCATC
TTCAAAAGCAAATGATGAGAAAARAGGCCACAGTAAGCCTAAARAGGAA

SEQ ID NO. 2708: SAG1473 FROM THE H36b GBS TYPE Ib STRAIN
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGATTAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAAAATGAATCGAGTTCATCAAGTGAACCAGAAACARATCCCTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGCACGAAGACAGAAATTGGCAATAATAAGGATATTTCTAGTGGAACA
AARAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTARAGCAAGTAGTGATCAAGAArAAGTGGATCGCGATGAATCATCATC
TTCAAAAGCAAATGATGAGAAAAAAGGCCACAGTAAGCCTAAARAGGAA

SEQ ID NO. 2709: SAGl473 FROM THE JM910013 GBS TYPE VIII STRAIN

GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGATTAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAARAATGAATCGAGTTCATCAAGTGAACCAGAAACAAATCCCTCAACTAATCCACCTACAACAGAACCAT
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CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGTAGCACGAAGACAGARATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGATCGCGATGAATCATCATC
TTCAARAAGCAAATGATGAGAAAAAAGGCCACAGTAAGCCTAAAAAGGAA

SEQ ID NO. 2710: SAG1473 FROM THE M732 GBS TYPE III STRAIN
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGARAAGAT CAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAAAATGAATCAAGTTCATCAAGTGAACCAGAAACAAATCCCTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGGAGCACGAAGACAGAAATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGAACGCGATGAATCATCATC
TTCAARAGCAAATGATGAGAAAARAAGGCCACAGTAAGCCTAAAAAGGAA

SEQ ID NO. 2711: SAGl1473 FROM THE M781 GBS TYPE III STRAIN
GATACAAGTGATAAGAATACTGACACGAGTGTCGTGACTACGACCTTATCTGAGGAGAAAAGAT CAGATGAACTAGACCAGTCTAG
TACTGGTTCTTCTTCTGAAAATGAATCAAGTTCATCAAGTGAACCAGAAACAAATCCCTCAACTAATCCACCTACAACAGAACCAT
CGCAACCCTCACCTAGTGAAGAGAACAAGCCTGATGGGAGCACGAAGACAGAAATTGGCAATAATAAGGATATTTCTAGTGGAACA
AAAGTATTAATTTCAGAAGATAGTATTAAGAATTTTAGTAAAGCAAGTAGTGATCAAGAAGAAGTGGATCGCGATGAATCATCATC
TTCAAAAGCAAATGATGAGAAAAAAGGCCACAGTAAGCCTAAAAAGGAA

>SEQ ID NO 2750:4_1169NT frame: 1
DTSDKNTDTSVVTTTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGRTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKASD
GKKGHSKPKKE

>SEQ ID NO 2751:4_18RS21 frame: 1
DTSDKNTDTSVVTTTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGRTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKAND
GKKGHSKPKKE

>SEQ ID NO 2752:4 2603 frame: 1
DTSDKNTDTSVVITTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGRTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKAND
GKKGHSKPKKE

>SEQ ID NO 2753:4_090 frame: 1
DQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQPSPSEENKPDGRTKTEIGNNKDISSG
TKVLISEDSIKNFSKASSDQEEVDRDESSSSKANDGKKGHSKPKKE

>SEQ ID NO 2754:4 A909 frame: 1
DTSDKNTDTSVVTTTLSEEKRLDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGSTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKAND
EKKGHSKPKKE

>SEQ ID NO 2755:4_CJBl1l0 frame: 1
DTSDKNTDTSVVTTTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGRTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKAND
GKKGHSKPKKE

>SEQ ID NO 2756:4_COHl frame: 1
DTSDKNTDTSVVTTTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGSTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVERDESSSSKAND
EKKGHSKPKKE

>SEQ ID NO 2757:4_H36B frame: 1
DTSDKNTDTSVVTTTLSEEKRLDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGSTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEXVDRDESSSSKAND
EKKGHSKPKKE

>SEQ ID NO 2758:4 JM9130013 frame: 1
DTSDKNTDTSVVTTTLSEEKRLDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGSTKTE IGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKAND
EKKGHSKPKKE

>SEQ ID NO 2759:4_M732 frame: 1
DTSDKNTDTSVVTTTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
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SPSEENKPDGSTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVERDESSSSKAND
EKKGHSKPKKE

>SEQ ID NO 2760:4_M781 frame: 1
DTSDKNTDTSVVTTTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQP
SPSEENKPDGSTKTEIGNNKDISSGTKVLISEDSIKNEFSKASSDQEEVDRDESSSSKAND
EKKGHSKPKKE

SEQ ID NO. 2801: SAG1552 FROM THE 116S9NT1 GBS TYPE V STRAIN

(REVERSE COMPLEMENT)
TTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATARACCTTTTGTTGTTARAGGAGTAGACGTTGAGTCTTCCTTAGC
AGGTTATCATCACAACGATTTTCCTATTACTCAAAAAACGTATCGTGAGTGGTTCCATTTAATTTCCAACATGGGGGCAAATACTG
TAAGAGTCAAAGTACCGATGAATGTTGCATTTTACGATGCTTTATATCACCACARCARAGCATCAARGAGGCCACTGTATTTGTTG
CAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAGCTTTTAATGATAATTATAGGGGGTATTTAAAACGAGAAGC
ARAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAATACTGATTTTGGTAGCCGTCATTATCATTATGATCTTAGTC
CTTGGGTACTTGGTTATGTCGTAGGGGATGATTGGAATAGTGGTACTGTCGCTTATACTAATCATCAARGAGAARARAACGCAATAT
AAAGGACGTTATTTTAAAACTTCTGCGGCAGCTAATCCATTTGAGGTCATGCTAGCTCAAGTTATGGATGAATTGACACATTATGA
GACAGCTAAATATGGTTGGCAACATTTGATTAGTTTTTCAAACTCACCAACAACAGACCCTTTTCGTTATCGAARACCATTTGAGG
CACAGGCTCCTAAATACGTACAACTAAATGTAGAAAATATTCAAGCTAATTCGAATGTTAAAGCAGGTATTTTTGCAGCATATARA
GCTATTGATTTCCATCCTCGATACAAGGATTATCTATTATTTGATARAGAGAATATCAGTAARAGAAGATAGACAAAAGATTAAAGA
ACTTTCTTTGTCACAGGGATACGTTAAACTGCTAAATGCTTATCACARAATCCCTGTTCTAGTCACGGGTTATGGCTATTCGACAG
CGAGAGGTATTGCCCAAAAAGAAATTGATAAACGTCCTCTGCCGATTAATGAAAAAGAACAAGGTCAGCGTTTACTAGAAGATTAT
GAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCATGGCAAGACGATTGGAATGCAAGGGCGTGGAATACATCCTT
CGCCACAAATAAACATAGTCAATTCCTATGGGGGGATGCACAAGTATTTAATCAAGGTTATGGTTTATTAGGCTTTAAAAACGCAA
AACATCATTATCAAGTTGATGGTAAAAGAGGCAAAGGAGAGTGGAAACATCCTCTG

SEQ ID NO. 2802: SAG1552 FROM THE )
ATGACTAGTGCAACAGGAGATGACTTATATGCTAGCAGTGATGAAAGCTATCTCTACCTTGCGATTAAAACAAAACCTGAAAAACT
AAAAGAAAAACGATTATTACCAATAGATATTACACCAAAATCTGGTAGTAGAARAATGAATGGTAGTAAGGTCACATTTTCTAAAT
CTAGTGACTTTGTATTGTCTATTGATCCAAATGGCAAGTCTGAATTATTTGTCCAAGAGCGCTATAATGCCTTAAAAGCGAACTAT
CTTCGACAGCTTAACGGTAAAGATTTTTATGCTTTCCCACCAAAGAAGAACAGTAGTAATTTTGAGCAGAT CAATATGGTATTGAG
AAATACAAAGATTGTTGAAGACATGGAAAAAGTAAAAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTTCTCAARACAG
GAACAATTGATAGGCACCAAAAAACATTTGATTCACAAACAGATATTTCGT TTGGARAGGACTTTATAGAGGTCAGAATTCCGTGG
CAGTTGTTGAATTTTTCTGATCCATCATCTCAAAARATTCACGATGATTACTTTAAACATTATGGT GTGAAGGAGTTAGAAATTGA
GAGCATTGCTTTAGGATTAGGTGCTAATAGCAAAGAAAACACACTGATAAAGATGGCAGATTATCGTTTGAAAAATTGGGAGAGAC
CCGATACCAAAACCTTTTTAAAAGACTCCTATTATAGTATTTAAGAAAGAA

SEQ ID NO. 2803: SAGl552 FROM THE 18RS21 GBS TYPE II STRAIN
AAGGGCTTATTAAAAGAAAATACAAGAACTAACTTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATAAACCTTTTGT
TGTTAAAGGAGTAGACGTTGAGTCTTCCTTAGCGGGTTATCATCACAACGATTTTCCTATTACTCAAAAAACGTATCGTGAATGGT
TCCATTTAATTTCCAACATGGGGGCAAATACTGTAAGAGTCAAGGTACCGATGAATGTTGCATTTTACGATGCCTTATATCACCAC
AACARAGCATCAAAGAGGCCACTGTATTTGTTGCAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAGCTTTTAA
TGATAATTATAGGGGGTATTTAAAACGAGAAGCAAAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAATACTGATT
TGGGTAGCCGTCATTATCATTATGATCTTAGTCCTTGGGTACTTGGTTATGT CGTAGGGGATGATTGGAATAGTGGTACTGTCGCT
TATACTAATCATCAAGAGAAAAAAACGCAATATAAAGGACGTTATTTTAARACTTCTGTGGCAGCTAATCCATTTGAGGTCATGCT
AGCTCAAGTAATGGATGAATTGACACATTATGAGACAGCTAAATATGGTTGGCAACATTTGATTAGTTTTTCAAACTCACCAACAA
CAGACCCTTTTCATTATCGAAAACCATTTGAGGCACAGGCTCCTAAATACGTACAACTAAATGTAGAAAATATTCAAGCTAATTCA
AATGTTAAAGCAGGTATGTTTGCAGCATATAAAGCTATTGATTTCCATCCTCGATACAAGGATTATCTATTATTTGATAAAGAGAA
TATCAGTAAAGAAGATAGACAAAAGATTAAAGAACTTTCTTTGTCACAGGGATACGTTAAACTGCTAAATGCTTATCACAARATCC
CTGTTCTAGTCACGGGTTATGGCTATTCGACAGCGAGAGGTATTGCCCAAARAGAAATTGATAAACGTCCTCTGCCGATTAATGAR
AAAGAACAAGGTCAGCGTTTACTAGAAGATTATGAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCATGGCAAGA
CGATTGGAATGCARGGGCGTGGAATACATCTTTCGCCACAAATAAACATAGTCAATTCCTATGGGGGGATGCACAAGTATTTAATC
AAGGTTATGGTTTATTAGGCTTTAAAAACGCAAAACATCATTATCAAGTTGATGGTAARAGAGGCARAGGAGAGTGGAAACATCCT
CTGATGACTAGTGCAACAGGAGATGACTTATATGCTAGCAGTGATGARAGCTATCTCTACCTTGCGATTARAACAAAACCTGAARA
ACTAAAAGAAAAACGATTATTACCAATAGATATTACACCAAAATCTGGTAGTAGAAAAATGAATGGTAGTAAGGTCACATTTTCTA
AATCTAGTGACTTTGTATTGTCTATTGATCCARATGGCAAGTCTGAATTATTTGTCCAAGAGCGCTATAATGCCTTAARAGCGAAC
TATCTTCGACAGCTTAACGGTAAAGATTTTTATGCTTTCCCACCAAAGAAGAACAGTAGTAATTTTGAGCAGATAAATATGGTATT
GAGAAATACAAAGATTGTTGAAGACATGGAAAAAGTAAAAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTTCTCAAAA
CAGGAACAACTGATAGGCACCAAARAAACATTTGATTCACAAACAGATATTTCGTTTGGARAGGACTTTATAGAGGTCAGAATTCCG
TGGCAGTTGTTGAATTTTTCTGATCCATCATCTCAAAAAATTCACGATGATTACTTTARACATTATGGTGTGAAGGAGTTAGAAAT
TGAGAGCATTGCTTTAGGATTAGGTGCTAATAGCAAAGAAAACACACTGATARAGATGGCAGATTATCGTTTGAAARATTGGGAGA
GACCCGATACCAAAACCTTTTTAAAAGACTCCTATTATGTATTAAGARAGAA

SEQ ID NO. 2804: SAGl552 FROM THE 2603 V/R GBS TYPE V STRAIN
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TATTAAAAGAAAATACAAGAACTAACTTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATAAACCTTTTGTTGTTAAA
GGAGTAGACGTTGAGTCTTCCTTAGCGGGTTATCATCACAACGATTTTCCTATTACT CARARAACGTATCGTGAATGGTTCCATTT
AATTTCCAACATGGGGGCAAATACTGTAAGAGTCAAGGTACCGATGAATGTTGCATTTTACGATGCCTTATATCACCACAACAARG
CATCAAAGAGGCCACTGTATTTGTTGCAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAGCTTTTAATGATAAT
TATAGGGGGTATTTAAAACGAGAAGCAAAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAATACTGATTTGGGTAG
CCGTCATTATCATTATGATCTTAGTCCTTGGGTACTTGGTTATGT CGTAGGGGATGATTGGAATAGTGGTACTGTCGCTTATACTA
ATCATCAAGAGAAAAAAACGCAATATAAAGGACGTTATTTTAARACTTCTGTGGCAGCTAATCCATTTGAGGTCATGCTAGCTCAA
GTAATGGATGAATTGACACATTATGAGACAGCTAAATATGGTTGGCAACATTTGATTAGTTTTTCAAACT CACCAACAACAGACCC
TTTTCATTATCGAARAACCATTTGAGGCACAGGCTCCTARATACGTACAACTAAATGTAGAAAATATTCAAGCTAATTCAAATGTTA
AAGCAGGTATGTTTGCAGCATATARAGCTATTGATTTCCATCCTCGATACAAGGATTAT CTATTATTTGATARAGAGAATATCAGT
AAAGAAGATAGACAARAGATTAAAGAACTTTCTTTGTCACAGGGATACGTTAAACTGCTARATGCTTATCACAAAATCCCTGTTCT
AGTCACGGGTTATGGCTATTCGACAGCGAGAGGTATTGCCCAARRAAGARATTGATAAACGTCCTCTGCCGATTAATGAAARARGAAC
AAGGTCAGCGTTTACTAGAAGATTATGAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCATGGCAAGACGATTGG
AATGCAAGGGCGTGGAATACATCTTTCGCCACAARATAAACATAGTCAATTCCTATGGGGGGATGCACAAGTATTTAATCAAGGTTA
TGGTTTATTAGGCTTTARARACGCARAACATCATTATCAAGTTGATGGTAAAAGAGGCAAAGGAGAGTGGARACATCCTCTGATGA
CTAGTGCAACAGGAGATGACTTATATGCTAGCAGTGATGAAAGCTATCTCTACCTTGCGATTAAAACAAAACCTGAAAAACTARAR
GAAAAACGATTATTACCAATAGATATTACACCAAAATCTGGTAGTAGAAAAATGAATGGTAGTAAGGTCACATTTTCTAAATCTAG
TGACTTTGTATTGTCTATTGATCCAAATGGCAAGTCTGAATTATTTGTCCAAGAGCGCTATAATGCCTTARARGCGAACTATCTTC
GACAGCTTAACGGTAAAGATTTTTATGCTTTCCCACCAAAGAAGAACAGTAGTAATTTTGAGCAGATAAATATGGTATTGAGAAAT
ACAAAGATTGTTGAAGACATGGAAAAAGTARAAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTTCTCAAAACAGGAAC
BACTGATAGGCACCAAAAARCATTTGATTCACAAACAGATATTTCGTTTGGARAGGACT TTATAGAGGTCAGARTTCCGTGGCAGT
TGTTGAATTTTTCTGATCCATCATCTCAAAAAATTCACGATGATTACTTTARACATTATGGTGTGAAGGAGT TAGARATTGAGAGC
ATTGCTTTAGGATTAGGTGCTAATAGCAAAGAAAACACACTGATAAAGATGGCAGATTATCGTTTGAAAAATTGGGAGAGACCCGA
TACCAAAACCTTTTTAARAGACTCCTATTATAGTATTAAGAAAGAATGGTCTAAAGARAGAGAGAGAACATATGGTCCA

SEQ ID NO. 2805: SAG1552 FROM THE A909 GBS TYPE Ia STRAIN

(REVERSE COMPLEMENT)
BAGGGCTTATTAAAAGAAAATACAAGAACTAACTTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATARACCTTTTGT
TGTTAAAGGAGTAGACGTTGAGTCTTCCTTAGCGGGTTATCATCACAACGATTTTCCTATTACTCARAAAACGTATCGTGAATGGT
TCCATTTAATTTCCAACATGGGGGCARATACTGTAAGAGTCAAGGTACCGATGAATGTTGCATTTTACGATGCCTTATATCACCAC
AACAAAGCATCABRAGAGGCCACTGTATTTGTTGCAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAGCTTTTAA
TGATAATTATAGGGGGTATTTAAAACGAGAAGCAAAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAATACTGATT
TGGGTAGCCGTCATTATCATTATGATCTTAGTCCTTGGGTACTTGGT TATGTCGTAGGGGATGATTGGAATAGTGGTACTGTCGCT
TATACTAATCATCAAGAGAAAAAARACGCAATATAAAGGACGTTATTTTAARACTTCTGTGGCAGCTAATCCATTTGAGGTCATGCT
AGCTCAAGTAATGGATGAATTGACACATTATGAGACAGCTAARATATGGTTGGCAACATTTGATTAGT TTTTCAAACTCACCAACAA
CAGACCCTTTTCATTATCGAAAACCATTTGAGGCACAGGCTCCTAAATACGTACAACTAAATGTAGAAAATATTCAAGCTAATTCA
AATGTTAAAGCAGGTATGTTTGCAGCATATAAAGCTATTGATTTCCATCCTCGATACAAGGATTATCTATTATTTGATARAGAGAA
TATCAGTAAAGAAGATAGACAAAAGATTAAAGAACTTTCTTTGTCACAGGGATACGTTAAACTGCTAAATGCTTATCACAAAATCC
CTGTTCTAGTCACGGGTTATGGCTATTCGACAGCGAGAGGTATTGCCCARAAAGARATTGATAAACGTCCTCTGCCGATTAATGAA
AAAGAACAAGGTCAGCGTTTACTAGAAGATTATGAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCATGGCAAGA
CGATTGGAATGCAAGGGCGTGGAATACATCTTTCGCCACARATAAACATAGT CAATTCCTATGGGGGGATGCACAAGTATTTAATC
AAGGTTATGGTTTATTAGGCTTTAAAAACGCARAACATCATTATCAAGTTGATGGTAARAGAGGCAAAGGAGAGTGGAARACATCCT
CTGATGACTAGTGCAACAGGAGATGACTTATATGCTAGCAGTGATGAAAGCTATCTCTACCTTGCGATTAAAACARAACCTGAAAA
ACTAAARAGAARAACGATTATTACCAATAGATATTACACCAAAATCTGGTAGTAGAARARATGAATGGTAGTARGGTCACATTTTCTA
AATCTAGTGACTTTGTATTGTCTATTGATCCARATGGCAAGTCTGAATTATTTGTCCAAGAGCGCTATAATGCCTTAAAAGCGAAC
TATCTTCGACAGCTTAACGGTARAGATTTTTATGCTTTCCCACCAAAGAAGAACAGTAGTAATTTTGAGCAGATARATATGGTATT
GAGAAATACAAAGATTGTTGAAGACATGGAAARAGTAAAAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTTCTCAAAA
CAGGAACAACTGATAGGCACCAAAAAACATTTGATTCACAAACAGATATTTCGTTTGGARAGGACTTTATAGAGGTCAGAATTCCG
TGGCAGTTGTTGAATTTTTCTGATCCATCATCTCARAGAATTCACGATGATTACTTTAAACATTATGGTGTGAAGGAGTTAGAARAA
TTGAGAGCCATTGCTTTAGGATTAGGTGCTAATAGCAAAGAARACACACTGATAAAGATGGCAGATTATCGTTTGAAAAATTGGGA
GAGACCCGATACCAAAACCTTTTTAARAAGA

SEQ ID NO. 2806: SAG1552 FROM THE CJB110 GBS NONTYPEABLE STRAIN

TATTACTTTGATGGTAGTTTGTATTTACCARAGGGCTTATTAAAAGAAAATACAAGAACTAACTTTGTTGTTARAGGTGATACTGT
ACTTCACAAGCCCACCAATABRACCTTTTGTTGTTARAGGAGTAGACGTTGAGTCTTCCTTAGCGGGTTATCATCACAACGATTTTC
CTATTACTCAAAAAACGTATCGTGAATGGTTCCATTTAATTTCCAACATGGGGGCARATACTGTAAGAGTCAAGGTACCGATGAAT
GTTGCATTTTACGATGCCTTATATCACCACAACAAAGCATCARAGAGGCCACTGTATTTGTTGCAAGGAARTACGTATAGATTCTTA
TCGCAATAATGCTTCTATAACAGCTTTTAATGATAATTATAGGGGGTATTTAAAACGAGAAGCAAAAGGCGTTGTGGATATTCTCC
ATGGGCGTARGCAAGTATGGAATACAGATTTTGGTAGCCGTCATTATCATTATGATCTTAGTCCTTGGGTACTTGGTTATGTCGTA
GGGGATGATTGGAATAGTGGTACTGTCGCTTATACTAATCATCAAGAGAAAAAARACGCAATATAAAGGACGTTATTTTARAAACTTC
TGTGGCAGCTAATCCATTTGAGGTCATGCTAGCTCAAGTAATGGATGAATTGACACATTATGAGACAGCTAARATATGGTTGGCAAC
ATTTGATTAGTTTTTCAAACTCACCAACAACAGACCCTTTTCATTATCGAAAACCATTTGAGGCACAGGCTCCTAAATACGTACAA
CTAAATGTAGAARATATTCAAGCTAATTCAAATGTTAAAGCAGGTATGTTTGCAGCATATAAAGCTATTGATTTCCATCCTCGATA
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CAAGGATTATCTATTATTTGATAAAGAGAATATCAGTAAAGAAGATAGACAAAAGATTARAGAACTTTCTTTGTCACAGGGATACG
TTAAACTGCTAAATGCTTATCACAAAATCCCTGTTCTAGTCACGGGTTATGGCTATTCGACAGCGAGAGGTATTGCCCARAAAGAA
ATTGATAAACGTCCTCTGCCGATTAATGAARAAGAACAAGGTCAGCGTTTACTAGAAGATTATGAATCTTTTATATCATCCGGTAG
TTTTGGAGCGACTATCAATGCATGGCAAGACGATTGGAATGCAAGGGCGTGGAATACATCTTTCGCCACAAATARACATAATCAAT
TCCTATGGGGGGATGCACAAGTATTTAATCAAGGTTATGGTTTATTAGGCTTTAAAAACGCAAAACATCATTATCAAGTTGATGGT
AAARAGAGGCARAGGAGAGTGGAAACATCCTCTGATGACTAGTGCAACAGGAGATGACTTATATGCTAGCAGTGATGARAGCTATCT
CTACCTTGCGATTAAAARCARAACCTGARAAACTAAAAGAAAAACGATTATTACCAATAGATATTACACCAAAATCTGGTAGTAGAA
AAATGAATGGTAGTAAGGTCACATTTTCTAAATCTAGTGACTTTGTATTGTCTATTGATCCARATGGCANGTCTGAATTATTTGTC
CAAGAGCGCTATARATGCCTTAAAAGCGAACTATCTTCGACAGCTTAACGGTARAGATTTTTATGCTTTCCCACCAAAGAAGAACAG
TAGTAATTTTGAGCAGATARATATGGTATTGAGAARATACAAAGATTGTTGAAGACATGGAARAAGTAARAGCAACAGAGAGGTTCT
TACCAACTCATCCTACTGGTCTTCTCAAAACAGGAACAACTGATAGGCACCAAAAAACATTTGATTCACAAACAGATATTTCGTTT
GGRAAGGACTTTATAGAGGTCAGAATTCCGTGGCAGTTGTTGAATTTTTCTGATCCATCATCTCAAAAAATTCACGATGATTACTT
TAAACATTATGGTGTGAAGGAGT TAGAAATTGAGAGCATTGCTTTAGGATTAGGTGCTAATAGCAAAGAARACACACTGATAAAGA
TGGCAGATTATCGTTTGAARAAATTGGGAGAGACCCGATACCAAAACCTTTTTAAAAGACTCCTATTATGTATTAAGAAAGA

SEQ ID NO. 2807: SAGl552 FROM THE COH1l GBS TYPE III STRAIN
TTTACCACAGGGCTTATTAAAAGAAAATACAAGAACTAACTTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATAAAC
CTTTTGTTGTTAAAGGAGTAGACGTTGAGTCTTCCTTAGCGGGTTATCATCACAACGATTTTCCTATTACTCAAAAAACGTATCGT
GAATGGTTCCATTTAATTTCCAACATGGGGGCAAATACTGTAAGAGTCAAGGTACCGATGAATGTTGCATTTTACGATGCCTTATA
TCACCACAACAAAGAATCAAAGAGGCCACTGTATTTGTTGCAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAG
CTTTTAATGATAATTATAGGGGGTATTTAARACGAGAAGCARAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAAT
ACTGATTTTGGTAGCCGTCATTATCAT TATGAT CTTAGTCCTTGGGTACTTGGTTATGTCGTAGGGGATGATTGGAATAGTGGTAC
TGTCGCTTATACTAATCATCAAGAGAAAAAAACGCAATATAARAGGACGTTATTTTARAACTTCTGTGGCAGCTAATCCATTTGAGG
TCATGCTAGCTCAAGTAATGGATGAATTGACACATTATGAGACAGCTAAATATGGTTGGCAACATTTGATTAGTTTTTCAAACTCA
CCAACAACAGACCCTTTTCATTATCGAAAACCATTTGAGGCACAGGCTCCTARATACGTACAACTAAATGTAGAAAATATTCAAGC
TAATTCAAATGTTAARAGCAGGTATGTTTGCAGCATATAAAGCTATTGATTTCCATCCTCGATACAAGGATTATCTATTATTTGATA
AAGAGAATATCAGTAAAGAAGATAGACAARAGATTAAAGAACTTTCTTTGTCACAGGGATACGTTAAACTGCTAARATGCTTATCAC
AAAATCCCTGTTCTAGTCACGGGTTATGGCTATTCGACAGCGAGAGGTATTGCCCAAAAAGAAATTGATAAACGTCCTCTGCCGAT
TAATGAAAAAGAACAAGGTCAGCGTTTACTAGAAGATTATGAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCAT
GGCAAGACGATTGGAATGCAAGGGCGTGGAATACATCTTTCGCCACAAATAAACATAGTCAATTCCTATGGGGGGATGCACAAGTA
TTTAATCAAGGTTATGGTTTATTAGGCTTTAAAAACGCAAAACATCATTAT CAAGTTGATGGTAAAAGAGGCAAAGGAGAGTGGAA
ACATCCTCTGATGACTAGTGCAACAGGAGATGACTTATATGCTAGCAGTGATGARAGCTATCTCTACCTTGCGATTAAAACAARAC
CTGAAAAACTAAAAGAAAAACGATTATTACCAATAGATATTACACCAAAATCTGGTAGTAGAAAAATGAATGGTAGTAAGGTCACA
TTTTCTAAATCTAGTGACTTTGTATTGTCTATTGATCCAAATGGCAAGTCTGAATTATTTGTCCAAGAGCGCTATAATGCCTTAAA
AGCGAACTATCTTCGACAGCTTAACGGTAAAGATTTTTATGCTTTCCCACCRAAAGAAGAACAGTAGTAATTTTGAGCAGATARAATA
TGGTATTGAGAAATACAAAGATTGTTGAAGACATGGAAAAAGTAAAAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTT
CTCARAACAGGAACAACTGATAGGCACCAAARAAACATTTGATTCACAACCAGATATTTCGTTTGGARAGGACTTTATAGAGGTCAG
AATTCCGTGGCAGTTGTTGAATTTTTCTGATCCATCATCTCARAAAATTCACGATGAT TACT TTARACATTATGGTGTGAAGGAGT
TAGAAATTGAGAGCATTGCTTTAGGATTAGGTGCTAATAGCAAAGAAAACACACTGATAAAGATGGCAGATTATCGTTTGAAAAAT
TGGGAGAGACCCGATACCAAAACCTTTTTAAAAGACT

SEQ ID NO. 2808: SAGl552 FROM THE H36b GBS TYPE Ib STRAIN

AAGGGGCTTATTAAAAGAAAATACAAGAACTAACTTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATAAACCTTTTG
TTGTTAAAGGAGTAGACGTTGAGTCTTCCTTAGCGGGTTATCATCACAACGATTTTCCTATTACTCAAAAAACGTATCGTGAATGG
TTCCATTTAATTTCCAACATGGGGGCAAATACTGTAAGAGTCAAGGTACCGATGAATGTTGCATTTTACGATGCCTTATATCACCA
CAACAAAGCATCAAAGAGGCCACTGTATTTGTTGCAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAGCTTTTA
ATGATAATTATAGGGGGTATTTAARACGAGAAGCAAAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAATACTGAT
TTTGGTAGCAGTCATTATCATTATGATCTTAGTCCTTGGGTACTTGGTTATGTCGTAGGGGATGATGGACATAGTGGTACTGTCGC
TTTATACTAATCATCAAGAGGAGAAAAACGCAATATARAGGACGTTATTTTARAACTTCTGTGGCAGCTAATCCATTTGAGGTCAT
GCTAGCTCAAGTAATGGATGAATTGACACATTATGAGACAGCTAAATATGGTTGGCAACATTTGATTAGTTTTTCAAACTCACCAA
CAACAGACCCTTTTCATTATCGAAAACCATTTGAGGCACAGGCTCCTAAATACGTACAACTARATGTAGAAAATATTCAAGCTAAT
TCGAATGTTAAAGCAGGTATGTTTGCAGCATATAAAGCTATTGATTTCCATCCTCGATACAAGGATTATCTATTATTTGATAAAGA
GAATATCAGTAAAGARAGATAGACAAAAGATTAAAGAACTTTCTTTGTCACAGGGATACGTTAAACTGCTAAATGCTTATCACAARA
TCCCTGTTCTAGTCACGGGTTATGGCTACTCGACAGCGAGAGGTATTGCCCAAARAGAAATTGATAAACGTCCTCTGCCGATTAAT
GAAAAAGAACAAGGTCAGCGTTTACTAGAAGATTATGAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCATGGCA
AGACGATTGGAATGCAAGGGTGTGGAATACATCCTTCGCCACAAATAAACATAGTCAATTCCTATGGGGGGATGCACAAGTATTTA
ATCAAGGTTATGGTTTATTAGGCTTTAAAARACGCAAAACATCATTATCAGGT TGATGGTAAAAGAGGCARAGAAGAGTGGARACAT
CCTCTGATGACTAGTGCRACAGGAGATGACTTATATGCTAGCAGTGATGAAAGCTATCTCTACCTTGCGATTAAAACAAAACCTGA
AAAACTARAAGAAAAACGATTAT TACCAATAGATATTACACCARAATCTGGTAGTAGAAAAATGAATGGTAGTAAGGTCACATTTT
CTAAATCTAGTGACTTTGTATTGTCTATTGATCCAAATGGCAAGTCTGAATTAT TTGTCCAAGAGCGCTATAACGCCTTAAAAGTZG
AACTATCTTCGACAGCTTAATGGTAARAGATTTTTATGCTTTCCCACCAAAGAAGAACAGTAGTAATTTTGAGCAGATAAATATGGT
ATTGAGAAATACAAAGATTGTTGAAGACATGGARARAGTARAAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTTCTCA
AARACAGGAACAACTGATAGGCACCAAAARACATTTGATTCACARACAGATATTTCGTTTGGAAAGGACTTTATAGAGGTCAGAATT
CCGTGGCAGTTGTTGARATTTTTCTGATCCATCATCTCAAAAAATTCACGATGATTACTTTAAACATTATGGTGTGAAGGAGTTAGA
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AATTGAGAGCATTGCTTTAGGATTAGGTGCTAATAGCAAAGAAAACACACTGATARAGATGGCAGATTATCGTTTGAARAATTGGG
AGAGACCCGATACCAAAACCTTTTTAAAAGACTCCTATTATAGT

SEQ ID NO. 2809: SAGl1552 FROM THE JM9130013 GBS TYPE VIII STRAIN
ACTTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATAAACCTTTTGTTGTTAAAGGAGTAGACGTTGAGTCTTCCTTA
GCGGGTTATCATCACAACGATTTTCCTATTACTCAAAARACGTATCGTGAATGGTTCCATTTAATTTCCAACATGGGGGCAAATAC
TGTAAGAGTCAAGGTACCGATGAATGTTGCATTTTACGATGCCTTATATCACCACAACAAAGCATCAAAGAGGCCACTGTATTTGT
TGCAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAGCTTTTAATGATAATTATAGGGGGTATTTAAAACGAGAA
GCAAAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAATACTGATTTTGGTAGCAGTCATTATCATTATGATCTTAG
TCCTTGGGTACTTGGTTATGT CGTAGGGGATGATTGGAATAGTGGTACTGTCGCTTATACTAATCATCAAGAGAAARAAACGCAAT
ATAAAGGACGTTATTTTAARACTTCTGTGGCAGCTAATCCATTTGAGGTCATGCTAGCTCAAGTAATGGATGAATTGACACATTAT
GAGACAGCTAAATATGGTTGGCAACATTTGATTAGTTTTTCAAACTCACCAACAACAGACCCTTTTCATTATCGARARACCATTTGA
GGCACAGGCTCCTAAATACGTACAACTAAATGTAGAAAATATTCAAGCTAATTCGAATGTTAAAGCAGGTATGTTTGCAGCATATA
AAGCTATTGATTTCCATCCTCGATACAAGGATTATCTATTATT TGATAAAGAGAATATCAGTAAAGAAGATAGACAARAGATTAAA
GAACTTTCTTTGTCACAGGGATACGTTAAACTGCTAAATGCTTATCACAAAATCCCTGTTCTAGTCACGGGTTATGGCTACTCGALC
AGCGAGAGGTATTGCCCAAAAAGAAATTGATAAACGTCCTCTGCCGATTAATGAARAAAAGAACAAGGTCAGCGTTTACTAGAAGATT
ATGAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCATGGCAAGACGATTGGAATGCAAGGGTGTGGAATACATCC
TTCGCCACAAATAAACATAGTCAATTCCTATGGGGGGATGCACAAGTATTTAATCAAGGTTATGGTTTATTAGGCTTTARAAACGC
AAAACATCATTATCAGGTTGATGGTAAAAGAGGCAAAGAAGAGTGGAAACATCCTCTGATGACTAGTGCAACAGGAGATGACTTAT
ATGCTAGCAGTGATGAAAGCTATCTCTACCTTGCGATTARAACAAAACCTGAAAAACTAAAAGAAAARACGATTATTACCAATAGAT
ATTACACCAAAATCTGGTAGTAGAAAAATGAATGGTAGTAAGGTCACATTTTCTAAATCTAGTGACTTTGTATTGTCTATTGATCC
AAATGGCAAGTCTGAATTATTTGTCCAAGAGCGCTATAACGCCTTAAAAGCGAACTATCTTCGACAGCTTAATGGTAAAGATTTTT
ATGCTTTCCCACCAAAGAAGAACAGTAGTAATTTTGAGCAGATAAATATGGTATTGAGAAATACAAAGATTGTTGAAGACATGGAA
AAAGTAAAAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTTCTCAAAACAGGAACAACTGATAGGCACCARAAAACATT
TGATTCACAAACAGATATTTCGTTTGGAAAGGACTTTATAGAGGTCAGAATTCCGTGGCAGTTGTTGAATTTTTCTGATCCATCAT
CTCAAAAAATTCACGATGATTACTTTAAACATTATGGTGTGAAGGAGT TAGAAATTGAGAGCATTGCTTTAGGATTAGGTGCTAAT
AGCAAAGAAAACACACTGATAAAGATGGCAGATTATCGTTTGAAAAATTGGGAGAGACCCGATACCAAAACCTTTTTAAAAGACTC
CTATTATAGTATTAAGAAAG

SEQ ID NO. 2810: SAGl552 FROM THE M732 GBS TYPE III STRAIN
TACAAGAACTAACTTTGTTGTTAAAGGTGATACTGTACTTCACAAGCCCACCAATARACCTTTTGTTGTTAAAGGAGTAGACGTTG
AGTCTTCCTTAGCGGGTTATCATCACAACGATTTTCCTATTACTCAAAAAACGTATCGTGAATGGTTCCATTTAATTTCCAACATG
GGGGCAAATACTGTAAGAGTCAAGGTACCGATGAATGTTGCATTTTACGATGCCTTATATCACCACAACAAAGAATCARAGAGGCC
ACTGTATTTGTTGCAAGGAATACGTATAGATTCTTATCGCAATAATGCTTCTATAACAGCTTTTAATGATAATTATAGGGGGTATT
TAAAACGAGAAGCAAAAGGCGTTGTGGATATTCTCCATGGGCGTAAGCAAGTATGGAATACTGATTTTGGTAGCCGTCATTATCAT
TATGATCTTAGTCCTTGGGTACTTGGTTATGTCGTAGGGGATGATTGCAATAGTGGTACTGTCGCTTATACTAATCATCAAGAGAA
AAAAACGCAATATAAAGGACGTTATTTTAAAACTTCTGTGGCAGCTAATCCATTTGAGGTCATGCTAGCTCAAGTAATGGATGAAT
TGACACATTATGAGACAGCTAAATATGGTTGGCAACATTTGATTAGT TTTTCAAACTCACCAACAACAGACCCTTTTCATTATCGA
AAACCATTTGAGGCACAGGCTCCTAAATACGTACAACTAAATGTAGAARATATTCAAGCTAATTCAAATGTTAAAGCAGGTATGTT
TGCAGCATATAAAGCTATTGATTTCCATCCTCGATACAAGGATTATCTATTATTTGATARAGAGAATATCAGTARAGAAGATAGAC
AAAAGATTAAAGAACTTTCTTTGTCACAGGGATACGTTAAACTGCTAAATGCTTATCACAAAATCCCTGTTCTAGTCACGGGTTAT
GGCTATTCGACAGCGAGAGGTATTGCCCAAAAAGAAATTGATAAACGTCCTCTGCCGATTAATGAAAAAGAACAAGGTCAGCGTTT
ACTAGAAGATTATGAATCTTTTATATCATCCGGTAGTTTTGGAGCGACTATCAATGCATGGCAAGACGATTGGAATGCAAGGGCGT
GGAATACATCTTTCGCCACARATAAACATAGTCAATTCCTATGGGGGGATGCACAAGTATTTAATCAAGGTTATGGTTTATTAGGC
TTTAAAAACGCAAAACATCATTATCAAGTTGATGGTAAAAGAGGCAARAGGAGAGTGGAAACATCCTCTGATGACTAGTGCAACAGG
AGATGACTTATATGCTAGCAGTGATGAAAGCTATCTCTACCTTGCGATTAAAACAAAACCTGAAAAACTAAAAGAAAAACGATTAT
TACCAATAGATATTACACCAAAATCTGGTAGTAGAAAAATGAATGGTAGTAAGGTCACATTTTCTAAATCTAGTGACTTTGTATTG
TCTATTGATCCARATGGCAAGTCTGAATTATTTGTCCARGAGCGCTATAATGCCTTAAAAGCGAACTATCTTCGACAGCTTAACGG
TAAAGATTTTTATGCTTTCCCACCAAAGAAGAACAGTAGTAATTTTGAGCAGATAAATATGGTATTGAGAAATACAAAGATTGTTG
ARGACATGGAARAAGTAARAGCAACAGAGAGGTTCTTACCAACTCATCCTACTGGTCTTCTCARAACAGGAACAACTGATAGGCAC
CAAAAAACATTTGATTCACAAACAGATATTTCGTTTGGAAAGGACT TTATAGAGGT CAGAATTCCGTGGCAGTTGTTGAATTTTTC
TGATCCATCATCTCAAAAAATTCACGATGATTACTTTAAACATTATGGTGTGAAGGAGTTAGAAATTGAGAGCATTGCTTTAGGAT
TAGGTGCTAATAGCAAAGAAAACACACTGATAAAGATGGCAGATTATCGTTTGAAAAATTGGGAGAGACCCGATACCAARACCTTT
TTAAAAGACTCCTATTATAGTATTAAG

SEQ ID NO. 2811: SAG1552 FROM THE M781 GBS TYPE III STRAIN

TTTGATGGTAGTTTGTATTTACCACAGGGCTTATTAAAAGAARATACAAGAACTAACTTTGTTGTTAAAGGTGATACTGTACTTCA
CAAGCCCACCAATAAACCTTTTGTTGTTAAAGGAGTAGACGTTGAGTCTTCCTTAGCGGGTTATCATCACAACGATTTTCCTATTA
CTCAARAAACGTATCGTGAATGGTTCCATTTAATTTCCAACATGGGGGCAAATACTGTAAGAGTCAAGGTACCGATGAATGTTGCA
TTTTACGATGCCTTATATCACCACAACARAGAATCAAAGAGGCCACTGTATTTGTTGCAAGGAATACGTATAGATTCTTATCGCAA
TAATGCTTCTATAACAGCTTTTAATGATAATTATAGGGGGTATTTARAAACGAGAAGCAARAGGCGTTGTGGATATTCTCCATGGGC
GTAAGCAAGTATGGAATACTGATTTTGGTAGCCGTCATTATCATTATGATCTTAGTCCTTGGGTACTTGGTTATGTCGTAGGGGAT
GATTGGAATAGTGGTACTGTCGCTTATACTAATCATCAAGAGAARARAAACGCAATATAAAGGACGTTATTTTAAAACTTCTGTGGC
AGCTAATCCATTTGAGGTCATGCTAGCTCAAGTAATGGATGAATTGACACATTATGAGACAGCTAAATATGGTTGGCAACATTTGA
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TTAGTTTTTCAAACTCACCAACAACAGACCCTTTTCATTATCGARBACCATTTGAGGCACAGGCTCCTARATACGTACAACTAAAT
GTAGAARATATTCAAGCTAATTCAAATGTTAAAGCAGGTATGTTTGCAGCATATAAAGCTATTGATTTCCATCCTCGATACAAGGA
TTATCTATTATTTGATAAAGAGAATATCAGTAAAGAAGATAGACAARAGATTAAAGAACTTTCTTTGTCACAGGGATACGTTAAAC
TGCTAAATGCTTATCACAAAATCCCTGTTCTAGTCACGGGTTATGGCTATTCGACAGCGAGAGGTATTGCCCAARAAGAAATTGAT
AAACGTCCTCTGCCGATTAATGAAAAAGAACAAGGTCAGCGTTTACTAGAAGATTATGAATCTTTTATATCATCCGGTAGTTTTGG
AGCGACTATCAATGCATGGCAAGACGATTGGAATGCAAGGGCGTGGAATACATCTTTCGCCACARATARACATAGTCAATTCCTAT
GGGGGGATGCACAAGTATTTAATCAAGGTTATGGTTTATTAGGCTTTAAARACGCAAAACATCATTATCAAGTTGATGGTARAAGA
GGCAAAGGAGAGTGGAAACATCCTCTGATGACTAGTGCAACAGGAGATGACTTATATGCTAGCAGTGATGAAAGCTATCTCTACCT
TGCGATTAAAACAAAACCTGAAAAACTAARAGAAAAACGATTATTACCAATAGATATTACACCAAARATCTGGTAGTAGARARATGA
ATGGTAGTAAGGTCACATTTTCTAAATCTAGTGACTTTGTATTGT CTATTGATCCAAATGGCAAGTCTGAATTATTTGTCCAAGRG
CGCTATAATGCCTTAAAAGCGAACTATCTTCGACAGCTTAACGGTAAAGATTTTTATGCTTTCCCACCAAAGARGAACAGTAGTAA
TTTTGAGCAGATAAATATGGTATTGAGAAATACAAAGATTGTTGAAGACATGGAARAAAGTAAAAGCAACAGAGAGGTTCTTACCAA
CTCATCCTACTGGTCTTCTCAAAACAGGAACAACTGATAGGCACCAAAAAACATTTGATTCACARACAGATATTTCGTTTGGARAG
GACTTTATAGAGGTCAGAATTCCGTGGCAGTTGTTGAATTTTTCTGATCCATCATCTCAAAAARTTCACGATGATTACTTTAAACA
TTATGGTGTGAAGGAGTTAGAAATTGAGAGCATTGCTTTAGGATTAGGTGCTAATAGCAAAGAARACACACTGATARAGATGGCAG
ATTATCGTTTGAAAAATTGGGAGAGACCCGATACCAAAACCTTTTTARAAGACTCCTATTATAGTATTAAGARAGAATGG

>SEQ ID NO 2850:62_1169NT frame: 1 \
FVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWFHLISNMGANTVRV
KVPMNVAFYDALYHHNKASKRPLYLLQGIRIDSYRNNASITAFNDNYRGYLKREAKGVVD
ILHGRKQVWNTDFGSRHYHYDLSPWVLGYVVGDDWNSGTVAYTNHQEKKTQYKGRYFKTS
AAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDPFRYRKPFEAQAPKYVQLNV
ENIQANSNVKAGIFAAYKAIDFHPRYKDYLLFDKENISKEDRQKIKELSLSQGYVKLLNA
YHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGOQRLLEDYESFISSGSFGATINAW
QDDWNARAWNTSFATNKHSQFLWGDAQVFNQGYGLLGFKNAKHHYQVDGKRGKGEWKHPL
MTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRKMNGSKVTEFSKSSD
FVLSIDPNGKSELFVQERYNALKANYLRQLNGKDEFYAFPPKKNSSNFEQINMVLRNTKIV
EDMEKVKATERFLPTHPTGLLKTGTIDRHQKTFDSQTDISFGKDFIEVRIPWQLLNEFSDP
SSQKIHDDYFKHYGVKELETIESIALGLGANSKENTLIKMADYRLKNWERPDTKTELKDSY
YSI.ER

>SEQ ID NO 2851:62 18RS21 frame: 1
KGLLKENTRTNFVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWFHL
ISNMGANTVRVKVPMNVAFYDALYHHNKASKRPLYLLQGIRIDSYRNNASITAFNDNYRG
YLKREAKGVVDILHGRKQVWNTDLGSRHYHYDLSPWVLGYVVGDDWNSGTVAYTNHQEKK
TQYKGRYFKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDPFHYRKPFE
AQAPKYVQLNVENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISKEDRQKIKELS '
LSQGYYKLLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLLEDYESFIS
SGSFGATINAWQDDWNARAWNT SFATNKHSQFLWGDAQVFNQGYGLLGFKNAKHHYQVDG
KRGKGEWKHPLMTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRKMN
GSKVTFSKSSDEFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDFYAFPPKKNSSNFEQ
INMVLRNTKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHQKTFDSQTDISFGKDFIEVR
IPWQLLNFSDPSSOKIHDDYFKHYGVKELEIESIALGLGANSKENTLIKMADYRLKNWER
PDTKTFLKDSYYVLRK

>SEQ ID NO 2852:62 2603 frame: 3
LKENTRTNFVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWFHLISN
MGANTVRVKVPMNVAFYDALYHHNKASKRPLYLLQGIRIDSYRNNASITAFNDNYRGYLK
REAKGVVDILHGRKQVWNTDLGSRHYHYDLSPWVLGYVVGDDWNSGTVAYTNHQEKKTQY
KGRYFKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLI SFSNSPTTDPFHYRKPFEAQA
PKYVQLNVENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISKEDRQKIKELSLSQ
GYVKLLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLLEDYESFISSGS
FGATINAWODDWNARAWNT S FATNKHSQFLWGDAQVFNQGYGLLGFKNAKHHYQVDGKRG
KGEWKHPLMTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRKMNGSK
VTFSKSSDFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDFYAFPPKKNSSNFEQINM
VLRNTKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHQKTFDSQTDISFGKDFIEVRIPW
QLLNFSDPSSQKIHDDYFKHYGVKELEIESIALGLGANSKENTLIKMADYRLKNWERPDT
KTFLKDSYYSIKKEWSKERERTYGP

>SEQ ID NO 2853:62 A909 frame: 1

KGLLKENTRTNFVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWFHL
ISNMGANTVRVKVPMNVAFYDALYHHNKASKRPLYLLOGIRIDSYRNNASITAFNDNYRG
YLKREAKGVVDILHGRKQVWNTDLGSRHYHYDLSPWVLGYVVGDDWNSGTVAYTNHQEKK
TQYKGRYFKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDPFHYRKPFE
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AQAPKYVQLNVENIQANSNVKAGMFAAYKATIDFHPRYKDYLLEDKENISKEDRQKIKELS
LSQGYVKLLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLLEDYESFIS
SGSFGATINAWQDDWNARAWNT SFATNKHSQFLWGDAQVFNQGYGLLGFKNAKHHYQVDG
KRGKGEWKHPLMTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRKMN
GSKVTFSKSSDFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDFYAFPPKKNSSNFEQ
INMVLRNTKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHOKTFDSQTDISFGKDFIEVR
IPWQLLNFSDPSSQRIHDDYFKHYGVKELEN.EPLL.D.VLIAKKTH. .RWQIIV.KIGR
DPIPKPF.K

>SEQ ID NO 2854:62_A909 frame: 1
KGLLKENTRTNEFVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWFHL
TSNMGANTVRVKVPMNVAFYDALYHHNKASKRPLYLLOGIRIDSYRNNASITAFNDNYRG
YLKREAKGVVDILHGRKQVWNTDLGSRHYHYDLSPWVLGYVVGDDWNSGTVAYTNHQEKK
TQYKGRYFKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDPFHYRKPFE
AQAPKYVQLNVENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISKEDRQKIKELS
LSQGYVKLLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLLEDYESFIS
SGSFGATINAWQDDWNARAWNT SFATNKHSQFLWGDAQVENQGYGLLGFKNAKHHYQVDG
KRGKGEWKHPLMTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRKMN
GSKVTFSKSSDFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDEFYAFPPKKNSSNFEQ
INMVLRNTKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHQKT FDSQTDISFGKDFIEVR
TPWQLLNFSDPSSQRIHDDYFKHYGVKELEN.EPLL.D.VLIAKKTH. ., RWQIIV.KIGR
DPIPKPF.K

>SEQ ID NO 2855:62_CJB110 frame: 1
YYFDGSLYLPKGLLKENTRTNEVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPIT
QKTYREWFHLISNMGANTVRVKVPMNVAFYDALYHHNKASKRPLYLLOQGIRIDSYRNNAS
ITAFNDNYRGYLKREAKGVVDILHGRKQVWNTDEFGSRHYHYDLSPWVLGYVVGDDWNSGT
VAYTNHQEKKTQYKGRYFKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTT
DPFHYRKPFEAQAPKYVQLNVENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISK
EDRQKIKELSLSQGYVKLLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQOR
LLEDYESFISSGSEFGATINAWQDDWNARAWNTSFATNKHNQFLWGDAQVENQGYGLLGFK
NAKHHYQVDGKRGKGEWKHPLMTSATGDDLYASSDESYLYLATKTKPEKLKEKRLLPIDI
TPKSGSRKMNGSKVTFSKSSDFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDEYAFP
PKKNSSNFEQINMVLRNTKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHQKTEFDSQTDI
SFGKDFIEVRIPWQLLNFSDPSSQKIHDDYFKHYGVKELEIESTIALGLGANSKENTLIKM
ADYRLKNWERPDTKTFLKDSYYVLRK

>SEQ ID NO 2856:62_COHl frame: 2
LPQGLLKENTRTNFVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWF
HLISNMGANTVRVKVPMNVAFYDALYHHNKESKRPLYLLQGIRIDSYRNNASITAFNDNY
RGYLKREAKGVVDILHGRKQVWNTDFGSRHYHYDLSPWVLGYVVGDDWNSGTVAYTNHQE
KKTQYKGRYFKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDPFHYRKP
FEAQAPKYVQLNVENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISKEDRQKIKE
LSLSQGYVKLLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLLEDYESFE
ISSGSFGATINAWQDDWNARAWNT SFATNKHSQFLWGDAQVEFNQGYGLLGFKNAKHHYQV
DGKRGKGEWKHPLMT SATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRK
MNGSKVTFSKSSDFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDEFYAFPPKKNSSNF
EQINMVLRNTKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHQKTFDSQPDISFGKDFIE
VRIPWQLLNFSDPSSQKIHDDYFKHYGVKELEIESIALGLGANSKENTLIKMADYRLKNW
ERPDTKTFLKD

>SEQ ID NO 2857:62 H36B frame: 2
RGLLKENTRTNFVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWFHL
ISNMGANTVRVKVPMNVAFYDALYHHNKASKRPLYLLOQGIRIDSYRNNASITAFNDNYRG
YLKREAKGVVDILHGRKQVWNTDFGSSHYHYDLSPWVLGYVVGDDGHSGTVALY

>SEQ ID NO 2858:62_JM9130013 frame: 3

FVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQKTYREWFHLISNMGANTVRV
KVPMNVAFYDALYHHNKASKRPLYLLQGIRIDSYRNNASITAFNDNYRGYLKREAKGVVD
ILHGRKQVWNTDFGSSHYHYDLSPWVLGYVVGDDWNSGTVAYTNHQEKKTQYKGRYFKTS
VAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDPFHYRKPFEAQAPKYVQLNV
ENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISKEDRQKIKELSLSQGYVKLLNA
YHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLLEDYESFISSGSFGATINAW
QDDWNARVWNT SFATNKHSQFLWGDAQVFNQGYGLLGFKNAKHHYQVDGKRGKEEWKHPL
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MTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRKMNGSKVTFSKSSD
FVLSIDPNGKSELFVQERYNALKANYLRQLNGKDEYAFPPKKNSSNFEQINMVLRNTKIV
EDMEKVKATERFLPTHPTGLLKTGTTDRHQKTFDSQTDISFGKDFIEVRIPWQLLNFSDP
SSQKIHDDYFKHYGVKELEIESIALGLGANSKENTLIKMADYRLKNWERPDTKTFLKDSY
YSIKK

>SEQ ID NO 2859:62 M732 frame: 2
TRTNEVVKGDTVLHKPTNKPEFVVKGVDVESSLAGYHHNDFPITQKTYREWFHLI SNMGAN
TVRVKVPMNVAFYDALYHHNKESKRPLYLLOGIRIDSYRNNASITAFNDNYRGYLKREAK
GVVDILHGRKQVWNTDFGSRHYHYDLSPWVLGYVVGDDCNSGTVAYTNHQEKKTQYKGRY
FKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDPFHYRKPFEAQAPKYV
QLNVENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISKEDRQKIKELSLSQGYVK
LLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLLEDYESFISSGSFGAT
INAWQDDWNARAWNTSFATNKHSQFLWGDAQVENQGYGLLGFKNAKHHYQVDGKRGKGEW
KHPLMTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITPKSGSRKMNGSKVTFES
KSSDFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDFYAFPPKKNSSNFEQINMVLRN
TKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHQKTFDSQTDISFGKDFIEVRIPWQLLN
FSDPSSQKIHDDYFKHYGVKELEIESIALGLGANSKENTLIKMADYRLKNWERPDTKTFL
KDSYYSIK

>SEQ ID NO 2860:62 M781 frame: 1
FDGSLYLPQGLLKENTRTNFVVKGDTVLHKPTNKPFVVKGVDVESSLAGYHHNDFPITQK
TYREWFHLISNMGANTVRVKVPMNVAFYDALYHHNKESKRPLYLLOQGIRIDSYRNNASIT
AFNDNYRGYLKREAKGVVDILHGRKQVWNTDFGSRHYHYDLSPWVLGYVVGDDWNSGTVA
YTNHQEKKTQYKGRYFKTSVAANPFEVMLAQVMDELTHYETAKYGWQHLISFSNSPTTDP
FHYRKPFEAQAPKYVQLNVENIQANSNVKAGMFAAYKAIDFHPRYKDYLLFDKENISKED
RQKIKELSLSQGYVKLLNAYHKIPVLVTGYGYSTARGIAQKEIDKRPLPINEKEQGQRLL
EDYESFISSGSFGATINAWQDDWNARAWNTSFATNKHSQFLWGDAQVENQGYGLLGFKNA
KHHYQVDGKRGKGEWKHPLMTSATGDDLYASSDESYLYLAIKTKPEKLKEKRLLPIDITP
KSGSRKMNGSKVTFSKSSDEFVLSIDPNGKSELFVQERYNALKANYLRQLNGKDEFYAFPPK
KNSSNFEQINMVLRNTKIVEDMEKVKATERFLPTHPTGLLKTGTTDRHQKTFDSQTDISF
GKDFIEVRIPWQLLNFSDPSSQKIHDDYFKHYGVKELEIESIALGLGANSKENTLIKMAD
YRLKNWERPDTKTFLKDSYYSIKKEW

SEQ ID NO. 2901: SAGl641 FROM THE 090 GBS TYPE Ia STRAIN
AATCAAGAAGTTTCAGCAAGCTCAACTTCAAGTAAAGTTGTTAAAGTTGGTGTTATGACCTTTTCTGACACTGAAARAGCACGTTG
GGATAAAATTGAAAAGCTAGTAGGCGATARAGCTARAATCARATTCACAGAATTTACAGATTATACACAACCAAATCAAGCGACAG
CCAATAAGGATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAAACTGGAATAAGGARAATAAGAAAAACTTAATTCCA
CTTGAAAAGACTTACTTAGCCCCAATTCGTATCTATTCTGAGAAGGTAAAATCTCTTAAAAAATTGARAAAAGGAGCCACTATTGC
AATTCCAAATGATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGA
AGGTTGCAACAGTTGCTAATATCACATCTAATAAARAAGATATTAATATTCAGGAGTTAGATGCGAGTCARACACCACGTGCACTC
ARAGATGTAGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGARATC
AGATAAAAATTCARAACAATGGATTAATATCATTGCGGGACGTARAAATTGGAAAAAGCARAAGAACGCTAAAGCTATCCAAGCTA
TCTTGGATGCTTATCACACAGATGAAGTGAAARAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGGAACCCAGCTTTCTTG
TACAA

SEQ ID NO. 2902: SAGl641 FROM THE 1169NT1 GBS TYPE V STRAIN

(REVERSE COMPLEMENT)
ATCAAGAAGTTTCAGCAAGCTCAACTTCAAGTAAAGTTGTTAAAGTTGGTGTTATGACCTTTTCTGACACTGAARAAGCACGTTGG
GATAAAATTGAAAAGCTAGTAGGTGATAAAGCTAARATCAAATTTACAGAATTTACAGATTATACACAACCARATCAAGCGACAGC
CAATAAGGATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAARACTGGAATAAGGAAAATAAGAAAARCTTAATTCCAC
TTGAAAAGACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTARAATCTCTTAAAAAATTGARARAAGGAGCCACTATTGCA
ATTCCAAATGATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGAA
GGTTGCAACAGTTGCTAATATCACATCTAATAAAAAGGATATTAATATTCAGGAGT TAGATGCGAGTCAARACACCACGTGCACTCA
AAGATGTAGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTARAACCTTCAGATGCTATCTTTGTTGAGARATCA
GATAAAAATTCAAAACAATGGATTAATATCATTGCGGGACGTAARAATTGGARAAAGCAARAGAACGCTAAAGCTATCCAAGCTAT
CTTGGATGCTTATCACACAGATGAAGTGAAAAAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGG

SEQ ID NO. 2903: SAGl641 FROM THE 18RS21 GBS TYPE II STRAIN

AATCAAGAAGTTTCAGCAAGCTCAACTTCAAGTAAAGTTGTTARAGTTGGTGTTATGACCTTTTCTGACACTGAAAAAGCACGTTG
GGATAAAATTGAAAAGCTAGTAGGTGATAAAGCTAAAATCAAATTTACAGAATTTACAGATTATACACAACCAAATCAAGCGACAG
CCAATAAGGATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAARACTGGAATAAGGAAAATAAGAARAACTTAATTCCA
CTTGARAAGACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAAAATCTCTTARAAAATTGAARARAGGAGCCACTATTGC
AATTCCAAATGATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGA
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AGGTTGCAACAGTTGCTAATATCACATCTAATAAAAAGGATATTAATATTCAGGAGTTAGATGCGAGT CAAACACCACGTGCACTC
AAAGATGTAGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATC
AGATAAAAATTCAAAACAATGGATTAATATCATTGCGGGACGTAARAATTGGAAAAAGCAAAAGAACGCTAAAGCTATCCAAGCTA
TCTTGGATGCTTATCACACAGATGAAGTGAAAAAAGTTATCARAGATACTTCAGCTGATATTCCAC

SEQ ID NO. 2904: SAGl1641 FROM THE 2603 V/R GBS TYPE V STRAIN
AATCAAGAAGTTTCAGCAAGCTCAACTTCAAGTAAAGT TGTTAAAGTTGGTGTTATGACCTTTTCTGACACTGAAAARGCACGTTG
GGATAAAATTGAAAAGCTAGTAGGTGATAAAGCTAAAATCAAATTTACAGAATTTACAGATTATACACAACCAAATCAAGCGACAG
CCAATAAGGATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAARACTGGAATAAGGAAAATAAGAAAAACTTAATTCCA
CTTGAAAAGACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAAAATCTCTTAAAAAATTGARAAAAGGAGCCACTATTGC
AATTCCAAATGATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCARATTGAATGTTTCTGGTAAGA
AGGTTGCAACAGTTGCTAATATCACATCTAATAARAAAGGATATTAATATTCAGGAGTTAGATGCCAGTCAAACACCACGTGCACTC
AAAGATGTAGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATC
AGATARAAATTCAAAACARATGGATTAATATCATTGCGGGACGTAAAAATTGGAAAAAGCAAAAGAACGCTAAAGCTATCCAAGCTA
TCTTGGATGCTTATCACACAGATGAAGTGAAAAAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGG

SEQ ID NO. 2905: SAG1641 FROM THE A909 GBS TYPE Ia STRAIN
AATCAAGAAGTTTCAGCAAGCTCAACTTCAAGTAAAGTTGTTARAGTTGGTGTTATGACCTTTTCTGACACTGARAAAGCACGTTG
GGATAAARATTGAAAAGCTAGTAGGTGATAAAGCTAAAATCAAATTTACAGAATTTACAGATTATACACAACCAAATCAAGCGACAG
CCAATAAGGATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAAACTGGAATAAGGAAAATAAGAAAAACTTAATTCCA
CTTGAAAAGACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAARARATCTCTTAAAAAATTGAAAAAAGGAGCCACTATTGC
AATTCCAAATGATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCARAATTGAATGTTTCTGGTAAGA
AGGTTGCAACAGTTGCTAATATCACATCTAATAAAARAGGATATTAATATTCAGGAGTTAGATGCGAGTCAAACACCACGTGCACTC
AAAGATGTAGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATC
AGATAAARAATTCAAAACAATGGATTAATATCATTGCGGGACGTAAARATTGGAARAAGCAAAAGAACGCTAAAGCTATCCAAGCTA
TCTTGGATGCTTATCACACAGATGAAGTGAAAAAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGG

SEQ ID NO. 2906: SAGLl641 FROM THE CJB1l10 GBS NONTYPEABLE STRAIN
AAGTAAAGTTGTTAAAGTTGGTGTTATGACCTTTTCTGACACTGAAAAAGCACGTTGGGATAAAATTGAAAAGCTAGTAGGCGATA
AAGCTAAAATCAAATTCACAGAATTTACAGATTATACACAACCAAATCAARGCGACAGCCAATAAGGATGTGGATATTAATGCCTTT
CAACATTACAATTTCTTAGAAAACTGGAATAAGGARAATAAGAAAAACTTAATTCCACTTGAAAAGACTTACTTAGCCCCARTTCG
TATCTATTCTGAGAAGGTAAAATCTCTTAARAAAATTGARAAAAGGAGCCACTATTGCAATTCCARATGATGCAACAAATGGTAGCC
GTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGAAGGTTGCAACAGTTGCTAATATCACATCT
AATAAAAAAGATATTAATATTCAGGAGTTAGATGCGAGTCAARACACCACGTGCACTCAAAGATGTAGATGCAGCTATTATTAATAA
TACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATCAGATAAAAATTCAAAACAATGGATTAATA
TCATTGCGGGACGTAAAAATTGGAARARAAGCAAAAGAACGCTAARAGCTATCCAAGCTATCTTGGATGCTTATCACACAGATGAAGTG
AAAAAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGGAA '

SEQ ID NO. 2307: SAGl641 FROM THE COHl1l GBS TYPE III STRAIN

(REVERSE COMPLEMENT)
AGTTTCAGCAAGCTCAACTTCAAGTAAAGTTGTTARAAGTTGGTGTTATGACCTTTTCTGACACTGAAAAAGCACGTTGGGATAARA
TTGARAAGCTAGTAGGTGATAAAGCTARAATCAAATTTACAGAATTTACAGATTATACACAACCARATCAAGCGACAGCCAATAAG
GATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAAACTGGAATAAGGAAAATAAGAAAAACTTAATTCCACTTGARAA
GACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAAAATCTCTTAAAAAATTGAAAAAAGGAGCCACTATTGCAATTCCAA
ATGATGCAACAAATGGTAGCCGTGCATTGTATGTACTTCAGTCAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGAAGGTTGCA
ACAGTTGCTAATATCACATCTAATAAARAGGATATTAATATTCAGGAGTTAGATGCGAGTCARACACCACGTGCACTCAAAGATGT
AGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAARACCTTCAGATGCTATCTTTGTTGAGAAATCAGATAAAA
ATTCAAAACAATGGATTAATATCATTGCGGGACGTAAAAATTGGAAAANGCAAAAGAACGCTAAAGCTATCCAAGCTATCTTGGAT
GCTTATCACACAGATGAAGTGAAAAAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGG

SEQ ID NO. 2908: SAGl641 FROM THE H36b GBS TYPE Ib STRAIN
AAGAAGTTTCAGCAAGCTCAACTTCAAGTAAAGTTGTTARAAGTTGGTGTTATGACCTTTTCTGACACTGAAAAAGCACGTTGGGAT
AARATTGAARAGCTAGTAGGTGATAAAGCTAAAATCAAATTTACAGAATTTACAGATTATACACAACCAAATCAAGCGACAGCCAA
TAAGGATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAAACTGGAATAAGGAAAATAAGAAAAACTTAATTCCACTTG
AARAGACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAAAATCTCTTAAARAAATTGAAAAAAGGAGCCACTATTGCAATT
CCAAATGATGCRACAAATGGTAGCCGTGCATTGTATGTCCTTCAGT CAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGAAGGT
TGCAACAGTTGCTAATATCACATCTAATRAAAAGGATATTAATATTCAGGAGTTAGATGCGAGTCAAACACCACGTGCACTCAAAG
ATGTAGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATCAGAT
AAAAATTCAAAACAATGGATTAATATCATTGCGGGACGTARARAATTGGAARAAGCARAAGAACGCTAAAGCTATCCAAGCTATCTT
GGATGCTTATCACACAGATGAAGTGAAAAAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGG

SEQ ID NO. 2909: SAG1641 FROM THE JM3190013 GBS TYPE VIII STRAIN

TTCAGCAAGCTCAACTTCAAGTARAGTTGTTAAAGTTGGTGTTATGACCTTTTCTGACACTGARAAAGCACGTTGGGATAARATTG
ARAAGCTAGTAGGTGATAAAGCTAAAATCAAATTTACAGAATTTACAGATTATACACAACCAAATCAAGCGACAGCCAATAAGGAT
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GTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAAACTGGAARTAAGGAARATAAGARAAACTTAATTCCACTTGAARAGAC
TTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAAAATCTCTTAAAAAATTGAAAAAAGGAGCCACTATTGCAATTCCAAATG
ATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGAAGGTTGCAACA
GTTGCTAATATCACATCTAATAAAAAGGATATTAATATTCAGGAGTTAGATGCGAGTCARACACCACGTGCACTCARAGATGTAGA
TGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATCAGATAAAAATT
CAAAACAATGGATTAATATCATTGCGGGACGTAAARAATTGGAAARAGCARAAGAACGCTARAGCTATCCAAGCTATCTTGGATGCT
TATCACACAGATGAAGTGAAARAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGG

SEQ ID NO. 2910: SAG1641 FROM THE M732 GBS TYPE III STRAIN
AATCAAGAAGTTTCAGCAAGCTCAACTTCAAGTAAAGT TGTTAAAGTTGGTGTTATGACCTTTTCTGACACTGAAAAAGCACGTTG
GGATAAAATTGAAAAGCTAGTAGGTGATAAAGCTAAAATCAAATTTACAGAATTTACAGATTATACACAACCAAATCAAGCGACAG
CCAATAAGGATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAAACTGGAATAAGGARAATAAGAAAAACTTAATTCCA
CTTGAAAAGACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAARARATCTCTTARAAAATTGAAARAAGGAGCCACTATTGC
AATTCCAAATGATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCARATTGAATGTTTCTGGTAAGA
AGGTTGCAACAGTTGCTAATATCACATCTAATAAAAAGGATATTAATATTCAGGAGTTAGATGCGAGTCARACACCACGTGCACTC
AAAGATGTAGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATC
AGATAAAAATTCAAAACAATGGATTAATATCATTGCGGGACGTAAAAATTGGAAAAAGCAAAAGAACGCTAAAGCTATCCAAGCTA
TCTTGGATGCTTATCACACAGATGAAGTGAAARAAGTTATCAAAGATAC

SEQ ID NO. 2911: SAGl641 FROM THE M781 GBS TYPE III STRAIN
AGTTTCAGCARAGCTCAACTTCAAGTAAAGTTGTTAAAGTTGGTGTTATGACCTTTTCTGACACTGAAAAAGCACGTTGGGATAAAA
TTGAARAGCTAGTAGGTGATAAAGCTAAAATCAAATTTACAGAATTTACAGATTATACACAACCAAAT CAAGCGACAGCCAATAAG
GATGTGGATATTAATGCCTTTCAACATTACAATTTCTTAGAAAACTGGAATAAGGAARATAAGAAAAACTTAATTCCACTTGAAAA
GACTTACTTAGCTCCAATTCGTATCTATTCTGAGAAGGTAARATCTCTTAAAAAATTGAAARAAGGAGCCACTATTGCAATTCCAA
ATGATGCAACAAATGGTAGCCGTGCATTGTATGTCCTTCAGTCAGCAGGTTTAATCAAATTGAATGTTTCTGGTAAGAAGGTTGCA
ACAGTTGCTAATATCACATCTAATAAAAAGGATATTAATATTCAGGAGTTAGATGCGAGTCAAACACCACGTGCACTCAAAGATGT
AGATGCAGCTATTATTAATAATACATACATTGAGCAAGCTAATTTAAAACCTTCAGATGCTATCTTTGTTGAGAAATCAGATAARAA
ATTCAAAACAATGGATTAATATCATTGCGGGACGTAARAATTGGAAAAAGCAAAAGAACGCTAAAGCTATCCAAGCTATCTGGGAT
GCTTATCACACAGATGAAGTGAAAAAAGTTATCAAAGATACTTCAGCTGATATTCCACAATGG

>SEQ ID NO 2950: 35_090 frame: 1
NQEVSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANK
DVDINAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDA
TNGSRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAAIT
NNTYIEQANLKPSDAIFVEKSDKNSKOWINI IAGRKNWKKQKNAKATIQATLDAYHTDEVK
KVIKDTSADIPQWNPAFLY

>SEQ ID NO 2951: 35 1169NT frame: 3
QEVSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANKD
VDINAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIATPNDAT
NGSRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAATIIN
NTYIEQANLKPSDAIFVEKSDKNSKQWINIIAGRKNWKKQKNAKATIQATILDAYHTDEVKK
VIKDTSADIPQW

>SEQ ID NO 2952: 35_18RS21 frame: 1
NQEVSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANK
DVDINAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDA
TNGSRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAATIL
NNTYIEQANLKPSDAIFVEKSDKNSKQWINIIAGRKNWKKQKNAKAIQAILDAYHTDEVK
KVIKDTSADIP

>SEQ ID NO 2953:35 2603 frame: 1
NQEVSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKEFTEFTDYTQPNQATANK
DVDINAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDA
TNGSRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAAIT
NNTYIEQANLKPSDAIFVEKSDKNSKQWINIIAGRKNWKKQKNAKAIQATILDAYHTDEVK
KVIKDTSADIPOW

>SEQ ID NO 2954:35 A909 frame: 1
NQEVSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANK
DVDINAFQHYNFLENWNKENKKNLIPLEKTYLAPTRIYSEKVKSLKKLKKGATIAIPNDA
TNGSRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAAIL
NNTYIEQANLKPSDAIFVEKSDKNSKOWINIIAGRKNWKKQKNAKAIQAILDAYHTDEVK
KVIKDTSADIPQW
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>SEQ ID NO 2955:35_CJB110 frame: 2
SKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANKDVDINAFQHY
NFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGAT IATPNDATNGSRALYVL
QSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAAIINNTYIEQANL
KPSDAIFVEKSDKNSKQWINITAGRKNWKKQKNAKATQAILDAYHTDEVKKVIKDT SADI
POW

>SEQ ID NO 2956:35_COH1l frame: 2
VSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDY TQPNQATANKDVD
INAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDATNG
SRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAAIINNT
YIEQANLKPSDAIFVEKSDKNSKOWINIIAGRKNWKKQKNAKATQATLDAYHTDEVKKVI
KDTSADIPQW

>SEQ ID NO 2957:35 H36B frame: 3
EVSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANKDV
DINAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDATN
GSRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAATIINN
TYIEQANLKPSDAIFVEKSDKNSKQWINI IAGRKNWKKQKNAKAIQAILDAYHTDEVKKV
IKDTSADIPQW

>SEQ ID NO 2958:35_JM9130013 frame: 2
SASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANKDVDI
NAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDATNGS
RALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAALINNTY
IEQANLKPSDAIFVEKSDKNSKQWINI TAGRKNWKKQKNAKAIQAILDAYHTDEVKKVIK
DTSADIPQW

>SEQ ID NO 2959:35 M732 frame: 1
NQEVSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANK
DVDINAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDA
TNGSRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAATII
NNTYIEQANLKPSDAIFVEKSDKNSKQWINI IAGRKNWKKQKNAKATIQATILDAYHTDEVK
KVIKD

>SEQ ID NO 2960:35 M781 frame: 2

VSASSTSSKVVKVGVMTFSDTEKARWDKIEKLVGDKAKIKFTEFTDYTQPNQATANKDVD

INAFQHYNFLENWNKENKKNLIPLEKTYLAPIRIYSEKVKSLKKLKKGATIAIPNDATNG

SRALYVLQSAGLIKLNVSGKKVATVANITSNKKDINIQELDASQTPRALKDVDAATIINNT

YIEQANLKPSDAIFVEKSDKNSKQWINIIAGRKNWKKQKNAKATQATWDAYHTDEVKKVI
KDTSADIPQW

SEQ ID NO. 3001: SAG2147 FROM THE 1169NT1 GBS TYPE V STRAIN
(REVERSE COMPLEMENT)
AAAAGTTCACAAGTTACTACTGAATCTTTGTCAAAAGCAGATAAAGTTCGCGTAGCC
AAAAAATCARARATGACTAAGGCGACATCTAAATCAAAAGTAGAAGATGTAAAACAGGCT
CCAAAACCTTCTCAGGCATCTAATGAAGTCCCAAAATCAAGTTCTCAATCTACAGAAGCT
AATTCTCAGCARCAAGTTACTGCGAGTGAAGAGGCGGCTGTAGAACAAGCAGTTGTAACA
GAARAATACCCCTGCTACCAGTCAGGCACAACAAACTTATGCTGTTACTGAGACAACTTAC
AAACCTGCTCAACACCAGACAAGTGGCCAAGTATTGAGCAATGGAAATACTGCAGGGGCG
GTCGGATCTGCTGCTGCAGCACARATGGCTGCTGCAACAGGAGTCCCTCAGTCTACTTGG
GAACATATTATTGCCCGTGAATCAAATGGTAATCCTAATGTTGCTAATGCCTCAGGAGCT
TCAGGACTTTTCCAAACGATGCCAGGTTGGGGTTCAACAGCTACAGTTCAGGATCAAGTT
AATTCAGCTATTAAAGCTTATCGTGCTCAAGGTTTATCAGCTTGGGGTTAC

SEQ ID NO. 3002: SAG2147 FROM THE 18RS21 GBS TYPE II STRAIN
(REVERSE COMPLEMENT)
AAAAGTTCACAAGTTACTACTGAATCTTTGTCAAAAGCAGATAAAGTTC
GCGTAGCCAAAARAATCAAAAATGACTAAGGCGACATCTAAATCAAAAGTAGAAGATGTAA
AACAGGCTCCAAAACCTTCTCAGGCATCTAATGAAGCCCCAAAATCAAGTTCTCAATCTA
CAGAAGCTAATTCTCAGCAACRAGTTACTGCGAGTGAAGAGGCAGCTGTAGAACAAGCAG
TTGTAACAGAARACACCCCTGCTACCAGTCAGGCACAACAAGCTTATGCTGTTACTGAGA
CAACTTATAGACCTGCTCAACACCAGACGAGTGGCCAAGTATTGAGTAATGGARAATACTG
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CAGGGGCTATTGGCTCAGCAGCTGCAGCACARATGGCTGCTGCAACAGGAGTCCCTCAGT
CTACTTGGGAACATATTATTGCCCGTGAATCAAATGGTAATCCTAATGTTGCTAATGCCT
CAGGAGCTTCAGGACTTTTCCAAACGATGCCAGGTTGGGGTTCAACAGCTACAGTTCAGG
ATCAAGTTAATTCAGCTATTAAAGCTTATCGTGCTCAAGGTTTATCAGCTTGGGGTTAC

SEQ ID NO. 3003: SAG2147 FROM THE 2603 V/R GBS TYPE V STRAIN
(REVERSE COMPLEMENT)
AAAAGTTCACAAGTTACTACTGAATCTTTGTCAAAAGCAGATAAAGT
TCGCGTAGCCAAAAAATCAAAAATGACTAAGGCGACATCTAAATCAAAAGTAGAAGATGT
AAAACAGGCTCCARAACCTTCTCAGGCATCTAATGAAGCCCCAAAATCAAGTTCTCAATC
TACAGAAGCTAATTCTCAGCAACAAGTTACTGCGAGTGAAGAGGCAGCTGTAGAACAAGC
AGTTGTAACAGAAAACACCCCTGCTACCAGTCAGGCACAACAAGCTTATGCTGTTACTGA
GACAACTTATAGACCTGCTCAACACCAGACGAGTGGCCAAGTATTGAGTAATGGARATAC
TGCAGGGGCTATTGGCTCAGCAGCTGCAGCACAAATGGCTGCTGCAACAGGAGTCCCTCA
GTCTACTTGGGAACATATTATTGCCCGTGAATCAAATGGTAATCCTAATGTTGCTAATGC
CTCAGGAGCTTCAGGACTTTTCCAAACGATGCCAGGTTGGGGTTCAACAGCTACAGTTCA
GGATCAAGTTAATTCAGCTATTAAAGCTTATCGTGCTCAAGGTTTATCAGCTTGGGGTTA
C

SEQ ID NO. 3004: SAG2147 FROM THE 090 GBS TYPE Ia STRAIN
(REVERSE COMPLEMENT)
TAGCCAAAAAATCAAAAATGATTAAGGCGACATCTAAATCAAAAGTAGAAGATGTAAAAC
AGGCTCCAAAACCTTCTCAGGCATCTAATGAAGCCCCAAAATCAAGTTCTCAATCTACAG
AAGCTAATTCTCAGCAACAAGTTACTGCGAGTGAAGAGGCAGCTGTAGAACAAGCAGTTG
TAACAGAAAACACCCCTGCTACCAGTCAGGCACAACAAGCTTATGCTGTTACTGAGACAA
CTTATAGACCTGCTCAACACCAGACGAGTGGCCAAGTATTGAGTAATGGARATACTGCAG
GGGCTATTGGCTCAGCAGCTGCAGCACAAATGGCTGCTGCAACAGGAGTCCCTCAGTCTA
CTTGGGAACATATTATTGCCCGTGAATCAAATGGTAATCCTAATGTTGCTAATGCCTCAG
GAGCTTCAGGACTTTTCCAAACGATGCCAGGTTGGGGTTCAACAGCTACAGTTCAGGA

SEQ ID NO. 3005: SAG2147 FROM THE AS909 GBS TYPE Ia STRAIN
(REVERSE COMPLEMENT)
AAGGCGACATCTAAATCAAAAGTAGAAGATGTAAAACAGGCTCCARAACCTTCTCAGGCA
TCTAATGAAGCCCCAAAATCAAGTTCTCAATCTACAGAAGCTAATTCTCAGCAACAAGTT
ACTGCGAGTGAAGAGGCAGCTGTAGAACAAGCAGTTGTAACAGAAAACACCCCTGCTACC
AGTCAGGCACAACAAGCTTATGCTGTTACTGAGACAACTTATAGACCTGCTCAACACCAG
ACAAGTGGCCAAGTATTGAGTAATGGAAATACTGCAGGGGCTATTGGCTCAGCAGCTGCA
GCACAAATGGCTGCTGCAACAGGAGTCCCTCAGTCTACTTGGGAACATATTATTGCCCGT
GAATCAAATGGTAATCCTAATGTTGCTAATGCCTCAGGAGCTTCAGGACTTTTCCAAACG
ATGCCAGGTTGGGGTTCAACAGCTACAGTTCAGAATCAAGTTAATTCAGCTATTAAAGCT
TATCGTGCTCAAGGTTTATCA

SEQ ID NO. 3006: SAG2147 FROM THE CJB110 GBS NONTYPEABLE STRAIN

(REVERSE COMPLEMENT)
AATCTTTGTCAAAAGCAGATAAAGTTCGCGTAGCCAAAAAATCAAAAATGACTAAGGCGA
CATCTAAATCAAAAGTAGAAGATGTAAAACAGGCTCCAAAACCTTCTCAGGCATCTAATG
AAGCCCCAAAATCAAGTTCTCAATCTACAGAAGCTAATTCTCAGCAACAAGTTACTGCGA
GTGAAGAGGCAGCTGTAGAACAAGCAGTTGTAACAGAAAACACCCCTGCTACCAGTCAGG
CACAACAAGCTTATGCTGTTACTGAGACAACTTATAGACCTGCTCAACACCAGACGAGTG
GCCAAGTATTGAGTAATGGAAATACTGCAGGGGCTATTGGCTCAGCAGCTGCAGCACAAA
TGGCTGCTGCAACAGGAGTCCCTCAGTCTACTTGGGAACATATTATTGCCCGTGAATCAA
ATGGTAATCCTAATGTTGCTAATGCCTCAGGAGCTTCAGGACTTTTCCAAACGATGCCAG
GTTGGGGTTCAACAGCTACAGTTCAGGATCAAGTTAATTCAGCTATTAAAGCTTATCGTG
CTCAAGGTTTATCAGCTTGGGGTTAC

SEQ ID NO. 3007: SAG2147 FROM THE COHl GBS TYPE III STRAIN
(REVERSE COMPLEMENT)
AAAAGTTCACAAGTTACTACTGAATCTTTGTCAAAAGCAGATAA
AGTTCGCGTAGCCAAAAAATCAAARATGACTAAGGCGACATCTAAATCAAARAGTAGAAGA
TGTAARACAGGCTCCAAAACCTTCTCAGGCATCTAARTGAAGCCCCAAAATCAAGTTCTCA
ATCTACAGAAGCTAATTCTCAGCAACAAGTTACTGCGAGTGAAGAGGCGGCTGTAGAACA
AGCAGTTGTAACAGARAATACCCCTGCTACCAGTCAGGCACAACAAACTTATGCTGTTAC
TGAGACAACTTACAAARCCTGCTCAACACCAGACAAGTGGCCAAGTATTGAGCAATGGARA
TACTGCAGGGGCGGTCGGATCTGCTGCTGCAGCACAAATGGCTGCTGCAACAGGAGTCCC
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TCAGTCTACTTGGGAACATATTATTGCCCGTGAATCAAATGGTAATCCTAATGTTGCTAA
TGCCTCAGGAGCTTCAGGACTTTTCCAAACGATGCCAGGTTGGGGTTCAACAGCTACAGT
TCAGGATCAAGTTAATTCAGCTATTAAAGCTTATCGTGCTCAAGGTTTATCAGCTTGGGG
TTAC

SEQ ID NO. 3008: SAG2147 FROM THE H36b GBS TYPE Ib STRAIN
(REVERSE COMPLEMENT)

ARAAGTTCACAAGTTACTACTGAATCTTTGTCAAAAGC
AGATARAGTTCGCGTAGCCAAAAAAT CARAAAATGACTAAGGCGACATCTAARATCAAAAGT
AGAAGATGTAAAACAGGCTCCAAAACCTTCTCAGGCATCTAATGAAGCCCCAAAATCAAG
TTCTCAATCTACAGAAGCTAATTCTCAGCAACAAGTTACTGCGAGTGAAGAGGCAGCTGT
AGAACAAGCAGTTGTAACAGAAAACACCCCTGCTACCAGTCAGGCACAACAAGCTTATGC
TGTTACTGAGACAACTTATAGACCTGCTCAACACCAGACARAGTGGCCAAGTATTGAGTAA
TGGARATACTGCAGGGGCTATTGGCTCAGCAGCTGCAGCACAAATGGCTGCTGCAACAGG
AGTCCCTCAGTCTACTTGGGAACATATTATTGCCCGTGAATCARATGGTAATCCTAATGT
TGCTAATGCCTCAGGAGCTTCAGGACTTTTCCAAACGATGCCAGGTTGGGGTTCAACAGC
TACAGTTCAGGATCAAGTTAATTCAGCTATTAAAGCTT

SEQ ID NO. 3009: SAG2147 FROM THE M732 GBS TYPE III STRAIN
(REVERSE COMPLEMENT)

AAAAGTTCACAAGTTACTACTGAATCTTTGT CAAAAGCAGATAAAGTTCGCGTAGC
CAAAARATCARAARATGACTAAGGCGACATCTAAATCAAAAGTAGAAGATGTAAAACAGGC
TCCAAAACCTTCTCAGGCATCTAATGAAGCCCCAARATCAAGTTCTCAATCTACAGAAGC
TAATTCTCAGCAACAAGTTACTGCGAGTGAAGAGGCGGCTGTAGAACAAGCAGTTGTAAC
AGAARATACCCCTGCTACCAGTCAGGCACAACAAACTTATGCTGTTACTGAGACAACTTA
CAAACCTGCTCAACACCAGACAAGTGGCCAAGTATTGAGCAATGGARATACTGCAGGGGC
GGTCGGATCTGCTGCTGCAGCACAAATGGCTGCTGCAACAGGAGTCCCTCAGTCTACTTG
GGAACATATTATTGCCCGTGAATCAAATGGTAATCCTAATGTTGCTAATGCCTCAGGAGC
TTCAGGACTTTTCCARAACGATGCCAGGTTGGGGTTCAACAGCTACAGTTCAGGATCAAGT
TAATTCAGCTATTAAAGCTTATCGTGCTCAAGGTTTATCAGCTTGGGGTTA

SEQ ID NO. 3010: SAG2147 FROM THE M78l GBS TYPE III STRAIN
(REVERSE COMPLEMENT)
GTAACCCCAAGCTGATAAACCTTGAGCACGATAAGCTTTAATAGCTGAATTAACTTGATC
CTGAACTGTAGCTGTTGAACCCCAACCTGGCATCGTTTGGAARAGTCCTGAAGCTCCTGA
GGCATTAGCAACATTAGGATTACCATTTGATTCACGGGCAATAATATGTTCCCAAGTAGA
CTGAGGGACTCCTGTTGCAGCAGCCATTTGTGCTGCAGCAGCAGATCCGACCGCCCCTGC
AGTATTTCCATTGCTCAATACTTGGCCACTTGTCTGGTGTTGAGCAGGTTTGTAAGTTGT
CTCAGTAACAGCATAAGTTTGTTGTGCCTGACTGGTAGCAGGGGTATTTTCTGTTACAAC
TGCTTGTTCTACAGCCGCCTCTTCACTCGCAGTAACTTGTTGCTGAGAATTAGCTTCTGT
AGATTGAGAACTTGATTTTGGGGCTTCATTAGATGCCTGAGAAGGTTTTGGAGCCTGTTT
TACATCTTCTACTTTTGATTTAGATGTCGCCTTAGTCATTTTTGATTTTTTGGCTACGCG
AACTTTATCTGCTTTTGACAAAGA

>SEQ ID NO 3050: 25 1169NT frame: 1
KSSQVTTESLSKADKVRVAKKSKMTKATSKSKVEDVKQAPKPSQASNEVPKSSSQSTEAN
SQQQVTASEEAAVEQAVVTENTPATSQAQQTYAVTETTYKPAQHQTSGQVLSNGNTAGAV
GSARAAQMAAATGVPQSTWEHITARESNGNPNVANASGASGLFQTMPGWGSTATVQDQVN
SAIKAYRAQGLSAWGY

>SEQ ID NO 3051:25 18RS21 frame: 1
KSSQVTTESLSKADKVRVAKKSKMTKATSKSKVEDVKQAPKPSQASNEAPKSSSQSTEAN
SQQQVTASEEAAVEQAVVTENTPATSQAQQAYAVTETTYRPAQHQTSGQVLSNGNTAGAL
GSAARRQMAAATGVPQSTWEHITARESNGNPNVANASGASGLEFQTMPGWGSTATVODQVN
SATKAYRAQGLSAWGY

>SEQ ID NO 3052:25 2603 frame: 1
KSSQVTTESLSKADKVRVAKKSKMTKAT SKSKVEDVKQAPKPSQASNEAPKSSSQSTEAN
SQQQVTASEEAAVEQAVVTENTPATSQAQQAYAVTETTYRPAQHQTSGQVLSNGNTAGATL
GSAARAQMAAATGVPQSTWEHIIARESNGNPNVANASGASGLEFQTMPGWGSTATVQDQVN
SATKAYRAQGLSAWGY

>SEQ ID NO 3053:25 090 frame: 3
AKKSKMIKATSKSKVEDVKQAPKPSQASNEAPKSSSQSTEANSQQQVTASEEAAVEQAVV
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TENTPATSQAQQAYAVTETTYRPAQHQTSGQVLSNGNTAGAIGSAARAQMAAATGVPQST
WEHIIARESNGNPNVANASGASGLFQTMPGWGSTATVQ

>SEQ ID RO 3054:25 A909 frame: 1
KATSKSKVEDVKQAPKPSQASNEAPKSSSQSTEANSQQQVTASEEAAVEQAVVTENTPAT
SQAQQAYAVTETTYRPAQHQTSGQVLSNGNTAGAIGSAAAAQMAAATGVPQSTWEHIIAR
ESNGNPNVANASGASGLFQTMPGWGSTATVONQVNSAIKAYRAQGLS

>SEQ ID NO 3055:25 CJUB110 frame: 3
SLSKADKVRVAKKSKMTKATSKSKVEDVKQAPKPSQASNEAPKSSSQSTEANSQQQVTAS
EEAAVEQAVVTENTPATSQAQQAYAVTETTYRPAQHQOTSGQVLSNGNTAGAIGSAAAAQM
AAATGVPQSTWEHIIARESNGNPNVANASGASGLFQTMPGWGSTATVQDQVNSAIKAYRA
QGLSAWGY

>SEQ ID NO 3056:25_ COHl1 frame: 1
KSSQVTTESLSKADKVRVAKKSKMTKAT SKSKVEDVKQAPKPSQASNEAPKSSSQSTEAN
SQQQOVTASEEAAVEQAVVTENTPATSQAQQTYAVTETTYKPAQHQTSGQVLSNGNTAGAV
GSAAAAQMAAATGVPQSTWEHIIARESNGNPNVANASGASGLFQTMPGWGSTATVQDQVN
SAIKAYRAQGLSAWGY

>SEQ ID NO 3057:25 H36B frame: 1
KSSQVTTESLSKADKVRVAKKSKMTKATSKSKVEDVKQAPKPSQASNEAPKSSSQSTEAN
SQQOQVTASEEAAVEQAVVTENTPATSQAQQAYAVTETTYRPAQHQTSGQVLSNGNTAGAT
GSAAAAQMAAATGVPQSTWEHI IARESNGNPNVANASGASGLEFQTMPGWGSTATVQDQVN
SAIKA

>SEQ ID NO 3058:25 M732 frame: 1
KSSQVTTESLSKADKVRVAKKSKMTKATSKSKVEDVKQAPKPSQASNEAPKSSSQSTEAN
SQQOVTASEEAAVEQAVVTENTPATSQAQQTYAVTETTYKPAQHQTSGQVLSNGNTAGAV
GSAAAAQMAAATGVPQSTWEHIIARESNGNPNVANASGASGLFQTMPGWGSTATVQDQVN
SAIKAYRAQGLSAWG

>SEQ ID NO 3059:25 M781 frame: 4
SLSKADKVRVAKKSKMTKATSKSKVEDVKQAPKPSQASNEAPKSSSQSTEANSQQQVTAS
EEAAVEQAVVTENTPATSQAQQTYAVTETTYKPAQHQTSGQVLSNGNTAGAVGSAAAAQM
AAATGVPQSTWEHIITARESNGNPNVANASGASGLFQTMPGWGSTATVQDQVNSATKAYRA
QOGLSAWGY

SEQ ID NO. 3101: SAG2148 FROM THE 1169NT1 GBS TYPE V STRAIN
GCATCTTATACCGTGAARATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATARAACTACGGTACAAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTARAATTGGATAATTCTACAGCTAGTCAAGCAGAAGCARAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCARATTTGAGTTCAAGTGATT CAGCTGCAAAAGAAGAAATAGCTCGTCGTGARA
TCARATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTAAATGGCGACTTATCTCC
TGAAAATCAAGAAAAAGTAGCGGACAATTATGTGGCTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3102: SAG2148 FROM THE 18RS21 GBS TYPE II STRAIN
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATAAAACTACGGTACAAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTAAAATTGGATAATTCTACAGCTAGTCAAGCAGAAGCAAAATCTC
AACCAACAATTGARAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCCGCARAAAGAAGAAATAGCTCGTCGTGAA
TCARATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTARATGGCGACTTATCTCC
TGAAAATCAAGARAAAGTAGCGGACAATTATGTGGTTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3103: SAG2148 FROM THE 2603 V/R GBS TYPE V STRAIN
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATAAAACTACGGTACAAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTAAAATTGGATAATTCTACAGCTAGTCAAGCAGAAGCAAAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCCGCAAAAGAAGAAATAGCTCGTCGTGAA
TCARATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTAAATGGCGACTTATCTCC
TGAAAATCAAGAAAAAGTAGCGGACAATTATGTGGTTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3104: SAG2148 FROM THE 090 GBS TYPE Ia STRAIN
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GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATAAAACTACGGTACAAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTARAATTGGATAATTCTAAAGCTAGTCAAGCAGAAGCAAAATCTC
DAACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCCGCAARRAGAAGAAATAGCTCGTCGTGAA
TCARATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTARATGGCGACTTATCTCC
TGARAATCAAGARAAAGTAGCGGACAATTATGTGGTTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3105: SAG2148 FROM THE A909 GBS TYPE Ia STRAIN
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATAAAACTACGGTACAAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTAARATTGGATAATTCTACAGCTAGTCAAGCAGAAGCAAAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCCGCARAAGAAGAAATAGCTCGTCGTGAA
TCAAATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTARATGGCGACTTATCTCC
TGAAAATCAAGAAAAAGTAGCGGACAATTATGTGGCTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3106: SAG2148 FROM THE CJBl1l0 GBS NONTYPEABLE STRAIN
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAAT CATAAAACTACGGTACRAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTAAAATTGGATAATTCTAAAGCTAGTCAAGCAGAAGCAAAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCCGCAARAGAAGAAATAGCTCGTCGTGAA
TCAAATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTAAATGGCGACTTATCTCC
TGAAAATCAAGAAAAAGTAGCGGACAATTATGTGGTTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3107: SAG2148 FROM THE COHl GBS TYPE III STRAIN
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATAAAACTACGGTACAATAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTAARAATTGGATAATTCTACAGCTAGTCAAGCAGAAGCAAAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCTGCARAAGAAGAAATAGCTCGTCGTGAA
TCAAATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTAAATGGCGACTTATCTCC
TGAARATCAAGAAAAAGTAGCGGACAATTATGTGGCTTCTCGTTACGGAT CTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3108: SAG2148 FROM THE H36b GBS TYPE Ib STRAIN

(REVERSE COMPLEMENT)

GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAAT CATAAAACTACGGTACAAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTAAAATTGGATAATTCTACAGCTAGTCAAGCAGAAGCAARATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCCGCARAAGAAGAAATAGCTCGTCGTGAA
TCAAATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTARATGGCGACTTATCTCC
TGAAAATCAAGAAAAAGTAGCGGACAATTATGTGGCTTCTCGTTACGGAT CTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3109: SAG2148 FROM THE JM9130013 GBS TYPE VIII STRAIN

(REVERSE COMPLEMENT)
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATAAAACTACGGTACAAGAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGACGTCATCAGTATAGGTGATGTTTTARAAATTGGATAATTCTACAACTAGTCAAGCAGAAGCAAAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCCGCAAAAGAAGAAATAGCTCGTCGTGAA
TCAAATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTARATGGCGACTTATCTCC
TGAAAATCAAGAAAAAGTAGCGGACAATTATGTGGCTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3110: SAG2148 FROM THE M732 GBS TYPE III STRAIN
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAARAATCATAAAACTACGGTACAATAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTAAAATTGGATAATT CTACAGCTAGTCAAGCAGAAGCAAAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCAAATTTGAGTTCAAGTGATTCAGCTGCAAAAGAAGAAATAGCTCGTCGTGAA
TCAAATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTARATGGCGACTTATCTCC
TGAAAATCAAGAARAAGTAGCGGACAATTATGTGGCTTCTCGTTACGGAT CTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

SEQ ID NO. 3111: SAG2148 FROM THE M781 GBS TYPE III STRAIN

(REVERSE COMPLEMENT)
GCATCTTATACCGTGAAATCAGGTGATACCTTATCAGCTATTGCTAAAAATCATARAACTACGGTACAATAGTTAGTGTCTCTCAA
TAGTATCAGTAACGCTGATGTCATCAGTATAGGTGATGTTTTARAATTGGATAATTCTACAGCTAGTCAAGCAGAAGCARAATCTC
AACCAACAATTGAAAATTCAATGAATTCTTCATCARATTTGAGTTCAAGTGATTCAGCTGCAAAAGAAGAAATAGCTCGTCGTGAA
TCAAATGGTAGTTATACTGCACAGAATGGACAATATTATGGAAGATATCAACTGTCTCAATCTTACCTARATGGCGACTTATCTCC
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TGAAAATCAAGAAAAAGTAGCGGACAATTATGTGGCTTCTCGTTACGGATCTTGGTCGGCAGCGCTATCATTTTGGAATAGTAACG
GCTGGTAT

>SEQ ID NO 3150:15_1169N'1‘ frame: 1
ASYTVKSGDTLSATAKNHKTTVQELVSLNSISNADVISIGDVLKLDNSTASQARAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQONGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVASRYGSWSAALSFWNSNGWY

>SEQ ID NO 3151:15 18RS21 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQELVSLNSISNADVISIGDVLKLDNSTASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVVSRYGSWSAALSFWNSNGWY

>SEQ ID NO 3152:15 2603 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQELVSLNSISNADVISIGDVLKLDNSTASQAEAKSQPT
TENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQONGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVVSRYGSWSAALSEFWNSNGWY

>SEQ ID NO 3153:15 090 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQELVSLNSISNADVISIGDVLKLDNSKASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVVSRYGSWSAALSFWNSNGWY

>SEQ ID NO 3154:15 A909 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQELVSLNSISNADVISIGDVLKLDNSTASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVASRYGSWSAALSFWNSNGWY

>SEQ ID NO 3155:15 CJB110 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQELVSLNSTISNADVISIGDVLKLDNSKASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVVSRYGSWSAALSEFWNSNGWY

>SEQ ID NO 3156:15 COH1 frame: 1
ASYTVKSGDTLSATAKNHKTTVQ.LVSLNSISNADVISIGDVLKLDNSTASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQONGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVASRYGSWSAALSFWNSNGWY

>SEQ ID NO 3157:15 H36B frame: 1
ASYTVKSGDTLSAIAKNHKTTVQELVSLNSISNADVISIGDVLKLDNSTASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVASRYGSWSAALSFWNSNGWY

>SEQ ID NO 3158:15 JM9130013 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQELVSLNSISNADVISIGDVLKLDNSTTSQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVASRYGSWSAALSFWNSNGWY

>SEQ ID NO 3159:15 M732 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQ.LVSLNSISNADVISIGDVLKLDNSTASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVASRYGSWSAALSFWNSNGWY

>SEQ ID NO 3160:15 M781 frame: 1
ASYTVKSGDTLSAIAKNHKTTVQ.LVSLNSISNADVISIGDVLKLDNSTASQAEAKSQPT
IENSMNSSSNLSSSDSAAKEEIARRESNGSYTAQNGQYYGRYQLSQSYLNGDLSPENQEK
VADNYVASRYGSWSAALSFWNSNGWY

SEQ ID NO 4001 : SAG0653 FROM THE 2603 V/R GBS TYPE V STRAIN
ATGAAGRAAGTGTTAGTGAGTAGTCTTTTGGTTTTAGGGATTACGATA

ACGTTACAAACAGTAGTTGAGGCTAAGGGGCCARAAGTAGCTTATACACAAGAGGGAATG
ACTGCTCTTTCGGACACAAATAAAGATARAGTCACTACTATTTCTATTGACGAGATTCAA
AAAAGCTTAGAAGGTAAGAAGCCGATTACTGTTAGTTTTGATATTGATGATACACTGCTT
TTCAGTAGTCAATATTTTCAATATGGTARAGAATATGTAACTCCTGGATCGTTTGATTTT
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CTTCATAAACAAAAATTCTGGGATCTTGTTGCARAACGAGGAGATCAAGATTCCATTCCC

AAAGAATATGCTAAAAAATTAATTGCTATGCATCAAAAACGAGGAGATAAAATTGTTTTT

ATAACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCGAGGTTGATAAAACAGCTAAA
GCCTTAGCTAAAGATTTTAAATTAGACAAACCAATTGCTGTAAATTATACAGGCGATAAA
CCTAAARAAGCCATACAAATATGATAAATCATATTATATTAAGAAATATGGTTCAGACATT

CATTATGGAGATAGTGATGACGATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATT
AGAATTTTAAGAGCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGGAGGCTACGGT

GAAGAGGTTCTCGAAARATTCAGCTTAC

SEQ ID NO 4002 : SAG0653 FROM THE 090 GBS TYPE III STRAIN

AAGGGGCCAAAAGTAGCTTATACACAAGAGGGAATGAC
TGCTCTTTCGGACACAAATAANGATAARAGTCACTACTATTTCTATTGACG
AGATTCAAARAAGCTTAGAAGGTAAGAAGCCGATTACTGTTAGTTTTGAT
ATTGATGATACACTACTTTTCAGTAGTCAATATTTTCAATATGGTAAAGA
ATATGTAACTCCTGGATCGTTTGATTTTCTTCATAAACAAAAATTCTGGG
ATCTTGTTGCAAAACGAGGAGATCAAGATTCCATTCCCAAAGAATATGCT
AAAAAATTAATTGCTATGCATCAAAAACGAGGAGATAAAATTGTTTTTAT
AACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCGAGGTTGATAARA
CAGCTAAAGCCTTAGCTAAAGATTTTAAATTAGACARACCAATTGCTGTA
AATTATACAGGCGATAAACCTAAAAAGCCATACAAATATGATAAATCATA
TTATATTAAGAAATATGGTTCAGACATTCATTATGGAGATAGTGATGACG
ATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATTAGAATTTTAAGA
GCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGGAGGCTACGGTGA
AGAGGTTCTCGAAAATTCAGCTTAC

SEQ ID NO 4003 : SAG0653 FROM THE A909 GBS TYPE Ia STRAIN

AAGGGGCCAAAAGTAGCTTATACACA
AGAGGGAATGACTGCTCTTTCGGACACAAATAAAGATAAAGTCACTACTA
TTTCTATTGACGAGATTCAARARAAGCTTAGAAGGTAAGAAGCCGATTACT
GTTAGTTTTGATATTGATGATACACTGCTTTTCAGTAGTCAATATTTTCA
ATATGGTAAAGAATATGTAACTCCTGGATCGTTTGATTTTCTTCATAAAC
AAAAATTCTGGGATCTTGTTGCAAAACGAGGAGATCAAGATTCCATTCCC
AAAGAATATGCTAAAAAATTAATTGCTATGCATCAAAAACGAGGAGATAA
AATTGTTTTTATAACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCG
AGGTTGATAAAACAGCTAAAGCCTTAGCTAAAGATTTTAAATTAGACAAA
CCAATTGCTGTAAATTATACAGGCGATAAACCTAAAAAGCCATACAAATA
TGATAAATCATATTATATTAAGAAATATGGTTCAGACATTCATTATGGAG
ATAGTGATGACGATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATT
AGAATTTTAAGAGCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGG
AGGCTACGGTGAAGAGGTTCTCGAAAATTCAGCTTAC

SEQ ID NO 4004 : SAGO0653 FROM THE 18RS21 GBS TYPE
AAGGGGCCAAAAGTAGCTTATACACAAGA
GGGAATGACTGCTCTTTCGGACACAAATAAAGATAAAGT CACTACTATTT
CTATTGACGAGATTCAAAAAAGCTTAGAAGGTAAGAAGCCGATTACTGTT
AGTTTTGATATTGATGATACACTGCTTTTCAGTAGTCAATATTTTCAATA
TGGTARAGAATATGTAACTCCTGGATCGTTTGATTTTCTTCATAAACAAA
AATTCTGGGATCTTGTTGCAAAACGAGGAGATCAAGATTCCATTCCCAAA
GAATATGCTAAAAAATTAATTGCTATGCATCAAAAACGAGGAGATAAAAT
TGTTTTTATAACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCGAGG
TTGATAAAACAGCTAAAGCCTTAGCTAAAGATTTTAAATTAGACARACCA
ATTGCTGTAAATTATACAGGCGATAAACCTAAAAAGCCATACAAATATGA
TAAATCATATTATATTAAGAAATATGGTTCAGACATTCATTATGGAGATA
GTGATGACGATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATTAGA
ATTTTAAGAGCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGGAGG
CTACGGTGAAGAGGTTCTCGAARAATTCAGCTTAC

ITI STRAIN

SEQ ID NO 4005 : SAG0653 FROM THE M732 GBS TYPE III STRAIN

AAGGGGCCAAAAGTAGCTTATACACAAGA

GGGAATGACTGCTCTTTCGGACACAAATAAAGATAAAGTCACTACTATTT
CTATTGACGAGATTCAAAARAAGCTTAGAAGGTAAGAAGCCGATTACTGTT
AGTTTTGATATTGATGATACACTGCTTTTCAGTAGTCAATATTTTCAATA
TGGTAAAGAATATGTAACTCCTGGATCGTTTGATTTTCTTCATARACAAA
AATTCTGGGATCTTGTTGCAAAACGAGGAGATCAAGATTCCATTCCCARA

138

PCT/US2003/026827



WO 2004/018646

SEQUENCE LISTING

GRATATGCTAAARAATTAATTGCTATGCATCARAAACGAGGAGATAAAAT
TGTTTTTATAACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCGAGG
TTGATAARACAGCTAAAGCCTTAGCTAAAGATTTTAAATTAGACARACCA
ATTGCTGTAAATTATACAGGCGATARACCTAARAAAGCCATACARATATGA
TAAATCATATTATATTAAGAAATATGGTTCAGACATTCATTATGGAGATA
GTGATGACGATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATTAGA
ATTTTAAGAGCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGGAGG
CTACGGTGAAGAGGTTCTCGAAARATTCAGCTTAC

SEQ ID NO 4006 : SAG0653 FROM THE COHl GBS TYPE III STRAIN

AAGGGGCCAAAAGTAGCTTATACACAAGAGGGAATGACT
GCTCTTTCGGACACAAATAAAGATAARAGTCACTACTATTTCTATTGACGA
GATTCAAAAAAGCTTAGAAGGTAAGAAGCCGATTACTGTTAGTTTTGATA
TTGATGATACACTGCTTTTCAGTAGTCAATATTTTCAATATGGTAAAGAR
TATGTAACTCCTGGATCGTTTGATTTTCTTCATAAACAAARAATTCTGGGA
TCTTGTTGCAARACGAGGAGATCAARGATTCCATTCCCARAGAATATGCTA
AARAATTAATTGCTATGCATCAAAAACGAGGAGATAARATTGTTTTTATA
ACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCGAGGTTGATAAAAC
AGCTAAAGCCTTAGCTAAAGATTTTAAATTAGACAAACCAATTGCTGTAA
ATTATACAGGCGATARACCTAAAAAGCCATACARATATGATAAATCATAT
TATATTAAGAAATATGGTTCAGACATTCATTATGGAGATAGTGATGACGA
TATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATTAGAATTTTAAGAG
CACCTAATTCTACAAATCTACCTTTACCAGAAGCTGGAGGCTACGGTGAA
GAGGTTCTCGAAAATTCAGCTTAC

SEQ ID NO 4007 : SAG0653 FROM THE M781 GBS TYPE III STRAIN

AAGGGGCCAARAGTAGCTTATACACA
AGAGGGAATGACTGCTCTTTCGGACACAAATAAAGATAAAGTCACTACTA
TTTCTATTGACGAGATTCAAAAAAGCTTAGAAGGTAAGAAGCCGATTACT
GTTAGTTTTGATATTGATGATACACTGCTTTTCAGTAGTCAATATTTTCA
ATATGGTAAAGAATATGTAACTCCTGGATCGTTTGATTTTCTTCATAAAC
AAAAATTCTGGGATCTTGTTGCAAAACGAGGAGATCAAGATTCCATTCCC
AARGARATATGCTARAAAATTAATTGCTATGCATCAAARACGAGGAGATAA
AATTGTTTTTATAACAGGTAGGACARGAGGGTCAATGTATAAGGAGGGCG
AGGTTGATARAACAGCTARAGCCTTAGCTARAGATTTTAAATTAGACAAR
CCAATTGCTGTAAATTATACAGGCGATAAACCTAAARAGCCATACAAATA
TGATAAATCATATTATATTAAGAAATATGGTTCAGACATTCATTATGGAG
ATAGTGATGACGATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATT
AGAATTTTAAGAGCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGG
AGGCTACGGTGAAGAGGTTCTCGAAARATTCAGCTTAC

SEQ ID NO 4008 : SAG0653 FROM THE CJB110 GBS NONTYPEABLE STRAIN

BAGGGGCCAAAAGTAGCTTATACACAAGA
GGGAATGACTGCTCTTTCGGACACAAATAAAGATAAAGTCACTACTATTT
CTATTGACGAGATTCAAAAAAGCTTAGAAGGTAAGAAGCCGATTACTGTT
AGTTTTGATATTGATGATACACTGCTTTTCAGTAGTCAATATTTTCAATA
TGGTAAAGAATATGTAACTCCTGGATCGTTTGATTTTCTTCATAAACAAA
AATTCTGGGATCTTGTTGCAAAACGAGGAGATCAAGATTCCATTCCCARAA
GAATATGCTAAAAARATTAATTGCTATGCATCAAAAACGAGGAGATAAAAT
TGTTTTTATAACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCGAGG
TTGATAAAACAGCTAAAGCCTTAGCTAAAGATTTTAAATTAGACAAACCA
ATTGCTGTARATTATACAGGCGATAARACCTARAAAGCCATACARATATGA
TAAATCATATTATATTAAGAAATATGGTTCAGACATTCATTATGGAGATA
GTGATGACGATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATTAGA
ATTTTAAGAGCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGGAGG
CTACGGTGAAGAGGTTCTCGAAAATTCAGCTTAC

SEQ ID NO 4009 : SAG0653 FROM THE JM9130013 GBS TYPE VIII STRAIN

BAGGGGCCAAAAGTAGCTTATACACAAGAGGGAAT

GACTGCTCTTTCGGACACAAATAAAGATAARAGTCACTACTATTTCTATTG
ACGAGATTCAAAAAAGCTTAGAAGGTAAGAAGCCGATTACTGTTAGTTTT
GATATTGATGATACACTGCTTTTCAGTAGTCAATATTTTCAATATGGTAA
AGAATATGTAACTCCTGGATCGTTTGATTTTCTTCATAAACAARAATTCT
GGGATCTTGTTGCAAAACGAGGAGATCAAGATTCCATTCCCARAGAATAT
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GCTAAAAAATTAATTGCTATGCATCAAARAACGAGGAGATAAAATTGTTTT
TATAACAGGTAGGACAAGAGGGTCAATGTATAAGGAGGGCGAGGTTGATA
AAACAGCTAAAGCCTTAGCTAAAGATTTTAAATTAGACAAACCAATTGCT
GTAAATTATACAGGCGATAAACCTAAAAAGCCATACAAATATGATARATC
ATATTATATTAAGARATATGGTTCAGACATTCATTATGGAGATAGTGATG
ACGATATTCATGCAGCTAGGGAGGCCGGTGCTAGACCAATTAGAATTTTA
AGAGCACCTAATTCTACAAATCTACCTTTACCAGAAGCTGGAGGCTACGG
TGAAGAGGTTCTCGAARATTCAGCTTAC

SEQ ID NO 4010 : SAGO653 FROM THE 2603 V/R GBS TYPE V STRAIN
KGPKVAYTQEGMTALSDTNKDKVTTISIDEIQKSLEGKKPITVSFDIDDTLLESSQYFQY

GKEYVTPGSFDFLHKQKFWDLVAKRGDQODSTPKEYAKKLIAMHQKRGDKIVFITGRTRGS

MYKEGEVDKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD

IHAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4011 : SAG0653 FROM THE 090 GBS TYPE III STRAIN
KGPKVAYTQEGMTALSDTNKDKVTTISIDEIQKSLEGKKPITVSFDIDDTLLEFSSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVFITGRTRGS
MYKEGEVDKTAKALAKDFKLDKPTAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
IHAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4012 : SAGO0653 FROM THE AS09 GBS TYPE Ia STRAIN
KGPKVAYTQEGMTALSDTNKDKVTTISIDEIQKSLEGKKPITVSFDIDDTLLESSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVFITGRTRGS
MYKEGEVDKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
THAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4013 : SAGO0653 FROM THE 18RS21 GBS TYPE II STRAIN
KGPKVAYTQEGMTALSDTNKDKVITISIDEIQKSLEGKKPITVSFDIDDTLLFSSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVEITGRTRGS
MYKEGEVDKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
IHAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4014 : SAG0653 FROM THE COHl1l GBS TYPE III STRAIN
KGPKVAYTQEGMTALSDTNKDRKVTTISIDEIQKSLEGKKPITVSFDIDDTLLESSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVFITGRTRGS
MYKEGEVDKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
IHARREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4015 : SAG0653 FROM THE M781 GBS TYPE III STRAIN
KGPKVAYTQEGMTALSDTNKDKVTTISIDEIQKSLEGKKPITVSFDIDDTLLESSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVEFITGRTRGS
MYKEGEVDRKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
IHAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4016 : SAG0653 FROM THE CJB110 GBS NONTYPEABLE STRAIN

KGPKVAYTQEGMTALSDTNKDKVTTISIDEIQKSLEGKKPITVSFDIDDTLLESSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVFITGRTRGS
MYKEGEVDKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
THAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4017 : SAGO653 FROM THE JM9130013 GBS TYPE VIII STRAIN

KGPKVAYTQEGMTALSDTNKDKVTTISIDEIQKSLEGKKPITVSEFDIDDTLLESSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVEITGRTRGS
MYKEGEVDKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
IHAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO 4018 : SAG0653 FROM THE M732 GBS TYPE III STRAIN
KGPKVAYTQEGMTALSDTNKDKVTTISIDEIQKSLEGKKFITVSFDIDDTLLESSQYFQY
GKEYVTPGSFDFLHKQKFWDLVAKRGDQDSIPKEYAKKLIAMHQKRGDKIVEITGRTRGS
MYKEGEVDKTAKALAKDFKLDKPIAVNYTGDKPKKPYKYDKSYYIKKYGSDIHYGDSDDD
IHAAREAGARPIRILRAPNSTNLPLPEAGGYGEEVLENSAY

SEQ ID NO. 4101: SAG0649 FROM 2603 V/R GBS TYPE V STRAIN
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ATGARAAAGAGACARAAAATA
TGGAGAGGGTTATCAGTTACTTTACTAATCCTGTCCCAAATTCCATTTGGTATATTGGTA
CAAGGTGAAACCCAAGATACCAATCAAGCACTTGGAARAGTAATTGTTAAAAAAACGGGA
GACAATGCTACACCATTAGGCAAAGCGACTTTTGTGTTAARAAATGACAATGATAAGTCA
GAAACAAGTCACGAAACGGTAGAGGGTTCTGGAGAAGCAACCTTTGAARACATAAAACCT
GGAGACTACACATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAAAACC
TGGAAAGTTAAAGTTGCAGATAACGGAGCAACAATAATCGAGGGTATGGATGCAGATAAA
GCAGAGAAACGAARAGAAGTTTTGAATGCCCAATATCCAAAATCAGCTATTTATGAGGAT
ACAAAAGAAAATTACCCATTAGTTAATGTAGAGGGTTCCARAGTTGGTGAACAATACARA
GCATTGAATCCAATAAATGGAARAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCA
AAAAAAATTACAGGGGTCAATGATCTCGATAAGAATAAATATAAAATTGAATTAACTGTT
GAGGGTAAAACCACTGTTGARACGARAGAACTTAATCAACCACTAGATGTCGTTGTGCTA
TTAGATAATTCAAATAGTATGAATAATGAAAGAGCCAATAATTCTCAAAGAGCATTAAAA
GCTGGGGRAGCAGTTGAAAAGCTGATTGATAAAATTACATCAAATAAAGACAATAGAGTA
GCTCTTGTGACATATGCCTCAACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGA
GTTGCCGATCAAARATGGTABRAGCGCTGAATGATAGTGTATCATGGGATTATCATAAAACT
ACTTTTACAGCAACTACACATAATTACAGTTATTTAAATTTAACARATGATGCTAACGAA
GTTAATATTCTARAGTCAAGAATTCCRAAAGGAAGCGGAGCATATAAATGGGGATCGCACG
CTCTATCAATTTGGTGCGACATTTACTCAAAAAGCTCTAATGAAAGCAAATGARATTTTA
GAGACACARAGTTCTARATGCTAGAAAAARACTTATTTTTCACGTAACTGATGGTGTCCCT
ACGATGTCTTATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAAAACCAGTTT
AATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTCCAAGAGGATTTTATAATC
AATGGTGATGATTATCARATAGTARAAGGAGATGGAGAGAGTTTTARACTGTTTTCGGAT
AGAAAAGTTCCTGTTACTGGAGGARCGACACRAGCAGCTTATCGAGTACCGCAAAATCAA
CTCTCTGTAATGAGTAATGAGGGATATGCAATTAATAGTGGATATATTTATCTCTATTGG
AGAGATTACAACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTGCAACGAAA
CAAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAATGGAAATATAAGACCTAAR
GGTTATGACATTTTTACTGTTGGGATTGGTGTARACGGAGATCCTGGTGCAACTCCTCTT
GAAGCTGAGAAATTTATGCAATCAATATCAAGTAARACAGAAAATTATACTAATGTTGAT
GATACAAATAAAATTTATGATGAGCTAAATAAATACTTTAARAACAATTGTTGAGGAAAAA
CATTCTATTGTTGATGGARATGTGACTGATCCTATGGGAGARGATGATTGAATTCCAATTA
AAAAATGGTCAAAGTTTTACACATGATGATTACGTTTTGGTTGGAAATGATGGCAGTCAA
TTARAAAATGGTGTGGCTCTTGGTGGACCARACAGTGATGGGGGAATTTTAARAGATGTT
ACAGTGACTTATGATAAGACATCTCAAACCATCAAAATCAATCATTTGAARCTTAGGAAGT
GGACAAAAAGTAGTTCTTACCTATGATGTACGTTTAARAGATAACTATATAAGTAACARA
TTTTACAATACAAATAATCGTACAACGCTAAGTCCGAAGAGTGAAARAGBRACCAARTACT
ATTCGTGATTTCCCAATTCCCARAATTCGTGATGTTCGTGAGTTTCCGGTACTAACCATC
AGTAATCAGAAGAAAATGGGTGAGGTTGAATTTATTAAAGTTAATARAGACARACATTCA
GAATCGCTTTTGGGAGCTAAGTTTCAACTTCAGATAGARARAGATTTTTCTGGGTATARG
CAATTTGTTCCAGAGGGAAGTGATGTTACAACAAAGAATGATGGTARAATTTATTTTAAA
GCACTTCAAGATGGTAACTATAAATTATATGAAATTTCAAGTCCAGATGGCTATATAGAG
GTTAAAACGAAACCTGTTGTGACATTTACAATTCARRATGGAGAAGTTACGAACCTGAAA
GCAGATCCAAATGCTAATAAAAATCAAATCGGGTATCTTGAAGGAAATGGTAAACATCTT
ATTACCAACACTCCCAAACGCCCACCAGGTGTTTTTCCTARAACAGGGGGAATTGGTACA
ATTGTCTATATATTAGTTGGTTCTACTTTTATGATACTTACCATTTGTTCTTTCCGTCGT
AAACRATTG

SEQ ID NO. 4102: SAG0649 FROM 090 GBS TYPE Ia STRAIN
GGTGAAACCCAAGATACCAATCAAGCACTTGGAAAAG
TAATTGTTARAARAACGGGAGACAATGCTACACCATTAGGCARAGCGACT
TTTCTGTTAAAAAATGACAATGATAAGTCAGARACAAGTCACGAAACGGT
AGAGGGTTCTGGAGAAGCAACCTTTGAAAACATAAAACCTGGAGACTACA
CATTAAGAGAAGAAACAGCACCAATTGGTTATAAARAAACTGATAAAACC
TGGAAAGTTARAGTTGCAGATAACGGAGCAACAATAATCGAGGGTATGGA
TGCAGATARAGCAGAGAAACGAAAAGAAGTTTTGAATGCCCAATATCCAA
AATCAGCTATTTATGAGGATACAAAARGAAAATTACCCATTAGTTAATGTA
GAGGGTTCCAAAGTTGGTGAACAATACAAAGCATTGAATCCAATAAATGG
AAMAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCAAAAARRATTA
CAGGGGTCAATGATCTCGATAAGAATAAATATAAAATTGAATTAACTGTT
GAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGT
CGTTGTGCTATTAGATAATTCARATAGTATGAATAATGAAAGAGCCAATA
ATTCTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAAAAGCTGATTGAT
AAAATTACATCAAATARAGACAATAGAGTAGCTCTTGTGACATATGCCTC
AACCATTTTTGATGGTACTGAAGCGACCGTATCARAAGGGAGTTGCCGATC
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AARAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTATCATAAAACT
ACTTTTACAGCAACTACACATAATTACAGTTATTTAAATTTAACARATGA
TGCTAACGAAGTTAATATTCTARAGT CARGAATTCCARAGGARGCGGAGC
ATATAAATGGGGATCGCACGCTCTATCAATTTGGTGCGACATTTACTCAA
AAAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACARAGTTCTAATGC
TAGAAAAAAACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCTT
ATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAAAACCAGTTT
AATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTCCAAGAGGA
TTTTATAATCAATGGTGATGATTATCARATAGTAARAGGAGATGGAGAGA
GTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTGGAGGAACGACA
CAAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATGA
GGGATATGCAATTAATAGTGGATATATTTaTCTCTATTGGAGAGATTACA
ACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTGCAACGAAA
CAAATCAAAACTCATGGTGAGCCAACARACATTATACTTTAATGGARATAT
AAGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTGTAAACGGAG
ATCCTGGTGCAACTCCTCTTGAAGCTGAGAAATTTATGCAATCAATATCA
AGTAAAACAGAARATTATACTAATGTTGATGATACARATAAAATTTATGA
TGAGCTAAATAAATACTTTAAAACAATTGTTGAGGAAAAACATTCTATTG
TTGATGGAAATGTGACTGAT CCTATGGGAGAGATGATTGAATTCCAATTA
AARAATGGTCAAAGTTTTACACATGATGATTACGETTTGGtTGGAAATGA
tGGCAGTCAATTARAAAATGGTGTGGCTCTTGGTGGACCARACAGTGATG
GGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACATCTCAAACC
ATCAAAATCAATCATTTGAACTTAGGAAGTGGACAAAAAGTAGTTCTTAC
CTATGATGTACGTTTAAAAGATAACTATATAAGTAACAAATTTTACAATA
CARATAATCGTACAACGCTAAGTCCGAAGAGTGAAAAAGAACCAAATACT
ATTCGTGATTTCCCAATTCCCAAAATTCGTGATGTTCGTGAGTTTCCGGT
ACTAACCATCAGTAATCAGAAGARAATGGGTGAGGTTGAATTTATTAAAG
TTAATAAAGACAAACATTCAGAATCGCTTTTGGGAGCTAAGTTTCAACTT
CAGATAGAAARAGATTTTTCTGGGTATAAGCAATTTGTTCCAGAGGGAAG
TGATGTTACAACARAGAATGATGGTAARAATTTATTTTARAGCACTTCAAG
ATGGTAACTATAAATTATATGAAATTTCAAGTCCAGATGGCTATATAGAG
GTTAAAACGAAACCTGTTGTGACATTTACAATTCAAAATGGAGAAGTTAC
GAACCTGAAAGCAGATCCAAATGCTAATAAARAATCARATCGGGTATCTTG
AAGGARATGGTAAACATCTTATTACCAACACTCCCAAACGCCCACCAGGT
GTT

SEQ ID NO. 4103: SAG0649 FROM A909 GBS TYPE la STRAIN

GGTGAAACCCAAGATACCAATCAAGCACTTGGAARA

GTAATTGTTARAAARACGGGGGACAATGCTACACCATTAGGCARAGCGAC
TTTTGTGTTAAAAAATGACAATGATAAGTCAgAAACAAGTCACGARACGG
TAGAGGGTTCTGGAGAAgCAACCTTTGAARACATAAAACCTGGAGACTAC
ACATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAARAC
CTGGAAAGTTAAAGTTGCAGATAACGGAGCAACAATAATCGAGGGTATGG
ATGCAGATAAAGCAGAGAAACGAAAAGAAGTTTTGAATGCCCAATATCCA
ARATCAGCTATTTATGAGGATACAARAGAAAATTACCCATTAGTTAATGT
AGAGGGTTCCAAAGTTGGTGAACAATACAAAGCATTGAATCCAATARATG
GAAAAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCAAAAAAAATT
ACAGGGGTCAATGATCTCGATAAGAATAAATATAAAATTGAATTAACTGT
TGAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATG
TCGTTGTGCTATTAGATAATTCAARATAGTATGAATAATGARAGAGCCAAT
AATTCTCAAAGAGCATTARAAGCTGGGGAAGCAGTTGAAAAGCTGATTGA
TAAAATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATATGCCT
CAACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGAGTTGCCGAT
CAAAATGGTARAGCGCTGAATGATAGTGTATCATGGGATTAT CATAARAC
TACTTTTACAGCAACTACACATAATTACAGTTATTTAAATTTAACAAATG
ATGCTAACGAAGTTAATATTCTAAAGTCAAGAATTCCARAGGAAGCGGAG
CATATAAATGGGGATCGCACGCTCTATCAATTTGGTGCGACATTTACTCA
AARAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACAAAGTTCTAATG
CTAGARAAAAAACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCT
TATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAAAACCAGTT
TAATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTCCAAGAGG
ATTTTATAATCAATGGTGATGATTATCARATAGTAAARGGAGATGGAGAG
AGTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTGGAGGAACGAC
ACRAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATG
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AGGGATATGCAATTAATAGTGGATATATTTATCTCTATTGGAGAGATTAC
AACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTGCAACGAR
ACAAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAATGGAAATA
TAAGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTGTAAACGGA
GATCCTGGTGCAACTCCTCTTGAAGCTGAGAAATTTATGCAATCAATATC
ARGTAAAACAGARAATTATACTAATGTTGATGATACAAATARAATTTATG
ATGAGCTAAATARATACTTTAAAACAATTGTTGAGGAAAAACATTCTATT
GTTGATGGAAATGTGACTGATCCTATGGGAGAGATGAT TGAATTCCAATT
AAAARATGGTCAAAGTTTTACACATGATGATTACGtTTTGGLTGGARAATG
AtGGCAGTCAATTAAAAAATGGTGTGGCTCTTGGTGGACCAAACAGTGAT
GGGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACATCTCAAAC
CATCAARATCAATCATTTGAACTTAGGAAGTGGACAAAARGTAGTTCTTA
CCTATGATGTACGTTTAAAAGATAACTATATAAGTAACAAATTTTACAAT
ACAAATAATCGTACAACGCTAAGTCCGAAGAGTGAAAAAGAACCAAATAC
TATTCGTGATTTCCCAATTCCCAAAATTCGTGATGTTCGTGAGTTTCCGG
TACTAACCATCAGTAATCAGAAGAAAATGGGTGAGGTTGAATTTATTAAA
GTTAATAAAGACAAACATTCAGAATCGCTTTTGGGAGCTAAGTTTCAACT
TCAGATAGAAAAAGATTTTTCTGGGTATAAGCAATTTGTTCCAGAGGGAA
GTGATGTTACAACAAAGAATGATGGTAAAATTTATTTTAAAGCACTTCAA
GATGGTAACTATAAATTATATGARATTTCAAGTCCAGATGGCTATATAGA
GGTTAAAACGAAACCTGTTGTGACATTTACAATTCAARATGGAGAAGTTA
CGAACCTGAAAGCAGATCCAAATGCTAATAAAAATCAAATCGGGTATCTT
GAAGGAAATGGTAAACATCTTATTACCAACACTCCCARACGCCCACCAGG
TGTT

SEQ ID NO. 4104: SAG0649 FROM 18RS21 GBS TYPE II STRAIN

GGTGAAACCCAAGATACCAATCAAGCAC

TTGGAAAAGTAATTGTTAAAAAARACGGGAGACAATGCTACACCATTAGGC
ARRAGCGACTTTTGTGTTARAARATGACAATGATAAGTCAGAAACAAGTCA
CGAAACGGTAGAGGGTTCTGGAGAAGCAACCTTTGAABRACATAARAACCTG
GAGACTACACATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACT
GATAAAACCTGGAAAGTTAAAGTTGCAGATAACGGAGCAACAATAATCGA
GGGTATGGATGCAGATARAGCAGAGAAACGARAaAGAAGTTTTGAATGCCC
AATATCCAAAATCAGCTATTTATGAGGATACAAAAGAAAATTACCCATTA
GTTAATGTAGAGGGTTCCAAAGTTGGTGAACAATACAARAGCATTGAATCC
AATAAATGGAAAAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCAA
ARAARAATTaCaGGGGTCAATGATCTCGATAAGAATAAATATAAAATTGAA
TTAACTGTTGAGGGTAAAACCACTGTTGARACGAAAGAACTTAATCAACC
ACTAGATGTCGTTGTGCTATTAGATAATTCAAATAGTATGAATAATGARA
GAGCCAATAATTCTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAAAAG
CTGATTGATAAAATTACATCAAATARAGACAATAGAGTAGCTCTTGTGAC
ATATGCCTCAACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGAG
TTGCCGATCAAAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTAT
CATAAAACTACTTTTACAGCAACTACACATAATTACAGTTATTTAARATTT
AACAAATGATGCTARCGAAGTTAATATTCTAAAGTCAAGAATTCCARAGG
ARGCGGAGCATATAAATGGGGATCGCACGCTCTATCAATTTGGTGCGACA
TTTACTCAAAAAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACARAG
TTCTAATGCTAGAAAAAAACT TATTTTTCACGTAACTGATGGTGTCCCTA
CGATGTCTTATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAA
AACCAGTTTAATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCT
CCAAGAGGATTTTATAATCAATGGTGATGATTATCAAATAGTAARAGGAG
ATGGAGAGAGTTTTAAACTGTTTTCGGATAGAARAGTTCCTGTTACTGGA
GGAACGACACAAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAAT
GAGTAATGAGGGATATGCAATTAATAGTGGATATATTTATCTCTATTGGA
GAGATTACAACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCT
GCAACGAAACAAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAA
TGGARATATAAGACCTARAGGTTATGACATTTTTACTGTTGGGATTGGTG
TAAACGGAGATCCTGGTGCAACTCCTCTTGAAGCTGAGAAATTTATGCAA
TCAATATCAAGTAAAACAGAAAATTATACTAATGTTGATGATACAAATAA
AATTTATGATGAGCTAAATAAATACTTTAAAACAATTGTTGAGGAAARAC
ATTCTATTGTTGATGGAAATGTGACTGATCCTATGGGAGAGATGATTGAA
TTCCAATTAAAAAATGGTCAAAGTTTTACACATGATGATTACGTTTTGGT
TGGAAATGATGGCAGTCAATTAAAARATGGTGTGGCTCTTGGTGGACCAA
ACAGTGATGGGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACA
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TCTCAAACCATCAAAATCAATCATTTGAACTTAGGAAGTGGACAAAAAGT
AGTTCTTACCTATGATGTACGTTTAAAAGATAACTATATAAGTAACAAAT
TTTACAATACARATAATCGTACAACGCTABGTCCGAAGAGTGAAAARGAA
CCAAATACTATtCGtgATTtCCCAATTCCCAARATTCGTGATGTTCGTGA
GTTTCCGGTACTAACCATCAGTAATCAGAAGAAAATGGGTGAGGTTGAAT
TTATTAAAGTTAATARAGACAAACATTCAGAATCGCTTTTGGGAGCTAAG
TTTCAACTTCAGATAGAAARAGATTTTTCTGGGTATAAGCAATTTCTTCC
AGAGGGAAGTGATGTTACAACAAAGAATGATGGTAAAATTTATTTTARAG
CACTTCAAGATGGTAACTATAAATTATATGAAATTTCAAGTCCAGATGEC
TATATAGAGGTTAAAACGAAACCTGTTGTGACATTTACAATTCAAAATGG
AGAAGTTACGAACCTGAAAGCAGATCCAAATGCTAATAAAAATCAAATCG
GGTATCTTGAAGGRAATGGTAAACATCTTATTACCAACACTCCCAAACGC
CCACCAGGTGTT

SEQ ID NO. 4105: SAG0649 FROM M732 GBS TYPE IITI STRAIN

GGTGAARACCCAAGATACCAATCAAGCACT

TGGAAAAGTAATTGTTAAAAAARACGGGAGACAATGCTACACCATTAGGCA
AARGCGACTTTTGTGTTAARAAATGACAATGATAAGTCAGARACAAGTCAC
GAAACGGTAGAGGGTTCTGGAGAAGCAACCTTTGAAAACATAAAACCTGG
AGACTACACATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTG
ATAAAACCTGGAAAGTTAAAGTTGCAGATAACGGAGCAACAATAATCGAG
GGTATGGATGCAGATAAAGCAGAGAAACGAARAGAAGTTTTGAATGCCCA
ATATCCAAAATCAGCTATTTATGAGGATACAAAAGAAAATTACCCATTAg
TTAATGTAGAGGGTTCCAAAGTTGGTGAACAATACAAAGCATTGAATCCA
ATAAATGGAAAAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCARA
AAARRaTaCaGGGGTCAATGATCTCGATAAGAATAAATATAAAATTGAAT
TAACTGTTGAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCA
CTAGATGTCGTTGTGCTATTAGATAATTCAAATAGTATGAATAATGAAAG
AGCCAATAATTCTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAAAAGC
TGATTGATAAAATTACATCAARATAAAGACAATAGAGTAGCTCTTGTGACA
TATGCCTCRACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGAGT
TGCCGATCAARATGGTARAGCGCTGAATGATAGTGTATCATGGGATTATC
ATAAAACTACTTTTACAGCAACTACACATAATTACAGTTATTTAAATTTA
ACARATGATGCTAACGAAGTTAATATTCTAAAGTCAAGARATTCCAAAGGA
AGCGGAGCATATARATGGGGATCGCACGCTCTATCAATTTGGTGCGACAT
TTACTCAAAAAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACAAAGT
TCTAATGCTAGARAAARACTTATTTTTCACGTAACTGATGGTGTCCCTAC
GATGTCTTATGCCATAAATTTTAATCCTTATATATCAACATCTTACCARA
ACCAGTTTAATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTC
CAAGAGGATTTTATAATCAATGGTGATGATTATCAAATAGTAAAAGGAGA
TGGAGAGAGTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTGGAG
GAACGACACAAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATG
AGTAATGAGGGATATGCAATTAATAGTGGATATATTTATCTCTATTGGAG
AGATTACAACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTG
CAACGAAACAAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAAT
GGAAATATAAGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTGT
AAACGGAGATCCTGGTGCAACTCCTCTTGAAGCTGAGARATTTATGCAAT
CAATATCAAGTAAAACAGAAAATTATACTAATGTTGATGATACAAATAARA
ATTTATGATGAGCTAAATAAATACTTTAAAACAATTGTTGAGGAAAAACA
TTCTATTGTTGATGGAARATGTGACTGATCCTATGGGAGAGATGATTGAAT
TCCAATTAAAAAATGGTCAAAGTTTTACACATGATGATTACGETTTGGET
GGAAATGAtGGCAGTCAATTAAAARATGGTGTGGCTCTTGGTGGACCAAA
CAGTGATGGGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACAT
CTCAAACCATCAAAATCAATCATTTGAACTTAGGAAGTGGACAAAAAGTA
GTTCTTACCTATGATGTACGTTTAARAGATAACTATATAAGTAACAAATT
TTACAATACAAATAATCGTACAaCGCTAAGTCCGAAGAGTGAAAAAGAAC
CAAATACTATTCGTGATTTCCCAATTCCCAAAATTCGTGATGTTCGTGAG
TTTCCGGTACTAACCATCAGTAATCAGAAGAAAATGGGTGAGGTTGAATT
TATTAAAGTTAATAAAGACAAACATTCAGAATCGCTTTTGGCGAGCTAAGT
TTCAACTTCAGATAGAARAAGATTTTTCTGGGTATAAGCAATTTGTTCCA
GAGGGAAGTGATGTTACAACAAAGAATGATGGTAAAATTTATTTTAAAGC
ACTTCAAGATGGTAACTATAAATTATATGARATTTCAAGTCCAGATGGCT
ATATAGAGGTTAAARACGAAACCTGTTGTGACATTTACAATTCAAAATGGA
GAAGTTACGAACCTGAAAGCAGATCCAAATGCTAATAAAAATCARATCGG
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GTATCTTGAAGGAAATGGTAAACATCTTATTACCAACACTCCCAAACGCC
CACCAGGTGTT

SEQ ID NO. 4106: SAG0649 FROM COHl1 GBS TYPE III STRAIN

GGTGAAACCCAAGATACCAATCAAGCACTTGGAARAG
TAATTGTTARAAARACGGGAGACAATGCTACACCATTAGGCAAAGCGACT
TTTGTGTTAAAAAATGACAATGATAAGTCAGARACAAGTCACGAAACGGT
AGAGGGTTCTGGArAAGCAACCTTTGAAAACATAAAACCTGGAGACTACA
CATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAARACC
TGGAAAGTTAAAGTTGCAGATAACGGAGCAACAATAATCGAGGGTATGGA
TGCAGATARAGCAGAGAAACGAAAAGAAGTTTTGAATGCCCAATATCCAA
AATCAGCTATTTATGAGGATACAARAGAAAATTACCCATTAGTTAATGTA
GAGGGTTCCARAGTTGGTGAACAATaCAAAGCATTGAATCCAATARATGG
AAAAGATGGTCGAAGAGAGATTGCTGAAGGT TGGTTATCAAAARAAAATA
CAGGGGTCAATGATCTCgATAAGAATAAATATAAAATTGAATTAACTGTT
GAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGT
CGTTGTGCTATTAGATAATTCAAATAGTATGAATAATGAAAGAGCCAATA
ATTCTCAAAGAGCATTARAAGCTGGGGAAGCAGTTGAARAGCTGATTGAT
AAAATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATATGCCTC
AACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGAGTTGCCGATC
AARAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTATCATAAAACT
ACTTTTACAGCAACTACACATAATTACAGTTATTTAAATTTAACAAATGA
TGCTAACGAAGTTAATATTCTAAAGTCAAGAATTCCAAAGGAAGCGGAGC
ATATARATGGGGATCGCACGCTCTATCAATTTGGTGCGACATTTACTCAA
AAAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACAAAGTTCTAATGC
TAGAAAAAAACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCTT
ATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAARAACCAGTTT
AATTCTTTTTTAAATAARATACCAGATAGAAGTGGTATTCTCCAAGAGGA
TTTTATAATCAATGGTGATGATTATCAAATAGTAAAAGGAGATGGAGAGA
GTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTGGAGGAACGACA
CAAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATGA
GGGATATGCAATTAATAGTGGATATATTTATCTCTATTGGAGAGATTACA
ACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTGCAACGAAA
CAAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAATGGARATAT
AAGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTGTAAACGGAG
ATCCTGGTGCAACTCCTCTTGAAGCTGAGAAATTTATGCAATCAATATCA
AGTAAAACAGAAAATTATACTAATGTTGATGATACAAATAAAATTTATGA
TGAGCTAAATAAATACTTTAARAACAATTGTTGAGGAAAAACATTCTATTG
TTGATGGAAATGTGACTGATCCTATGGGAGAGATGATTGAATTCCAATTA
AAAAATGGTCAAAGTTTTACACATGATGATTACGTTTTGGTTGGAAATGA
TGGCAGTCAATTAAAAAATGGTGTGGCT CTTGGTGGACCAAACAGTGATG
GGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACATCTCAAACC
ATCAAAATCAATCATTTGAACTTAGGAAGTGGACAAAAAGTAGTTCTTAC
CTATGATGTACGTTTAAAAGATAACTATATAAGTAACAAATTTTACAATA
CAAATAATCGTACAACGCTAAGTCCGAAGAGTGAAARAGAACCAAATACT
ATTCGTGATTTCCCAATTCCCAAAATTCGTGATGTTCGTGAGTTTCCGGT
ACTAACCATCAGTAATCAGAAGAAAATGGGTGAGGTTGAATTTATTARAG
TTAATAAAGACAAACATTCAGAATCGCTTTTGGGAGCTAAGTTTCAACTT
CAGATAGAAAAAGATTTTTCTGGGTATAAGCAATTTGTTCCAGAGGGAAG
TGATGTTACAACAAAGAATGATGGTAAAATTTATTTTAAAGCACTTCAAG
ATGGTAACTATAAATTATATGAAATTTCAAGTCCAGATGGCTATATAGAG
GTTAAAACGAAACCTGTTGTGACATTTACAATTCAAAATGGAGAAGTTAC
GAACCTGAARAGCAGATCCAAATGCTAATAAAAATCAAATCGGGTATCTTG
AAGGAAATGGTAAACATCTTATTACCAACACTCCCAAACGCCCACCAGGT
GTT

SEQ ID NO. 4107: SAG0649 FROM M781 GBS TYPE III STRAIN

TTGGAAAAGTAATTGTTARAAAAACGGGAGACACTGCTACACCATTAGGC
AAAGCGACTTTTGTGTTAAAAAATGACAATGATAAGTCAGAAACAAGTCA
CGAAACGGTAGAGGGTTCTGGAARAGCAACCTTTGAAAACATAAAACCTG
GAGACTACACATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACT
GATAAAACCTGGAAAGTTAARAGTTGCAGATAACGGAGCAMCAATAATCGA
GGGTATGGATGCAGATAAAGCAGAGAAACGARAAGAAGTTTTGAATGCCC
AATATCCAAAATCAGCTATTTATGAGGATACAAAAGAAAATTACCCATTA
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gTTAATGTAGAGGGTTCCARAGTTGGTGAACAATACAAAGCATTGAATCC
AATAAATGGAAAAGATGGTCgAAGAGAGATTGCTGAAGGTTGGTTATCAA
ARARAATTACaGGGGTCAATGATCTCGATAAGAATAAATATAARATTGAA
TTAACTGTTGAGGGTAAAACCACTGTTGARACgARAGAACTTAATCAACC
ACTAGATGTCGTTGTGCTATTAGATAATTCARATAGTATGAATAATGARA
GAGCCAATAATTCTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAARAG
CTGATTGATAAAATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGAC
ATATGCCTCAACCATTTTTGATGGTACTGAAGCGACCGTATCARAGGGAG
TTGCCGATCAAAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTAT
CATAAAACTACTTTTACAGCAACTACACATAATTACAGTTATTTAAATTT
AACAAATGATGCTAACGAAGTTAATATTCTARAAGTCAAGAATTCCAAAGG
AAGCGGAGCATATAAATGGGGATCGCACGCTCTATCAATTTGGTGCGACA
TTTACTCAAAAAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACAAAG
TTCTAATGCTAGAAAAAAACTTATTTTTCACGTAACTGATGGTGTCCCTA
CGATGTCTTATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAA
AACCAGTTTAATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCT
CCAAGAGGATTTTATAATCAATGGTGATGATTATCAAATAGTAAAAGGAG
ATGGAGAGAGTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTGGA
GGAACGACACAAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAAT
GAGTAATGAGGGATATGCAATTAATAGTGGATATATTTATCTCTALTGGA
GAGATTACAACTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCT
GCAACGAAACAAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAA
TGGAAATATAAGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTG
TAAACGGAGATCCTGGTGCAACTCCTCTTGAAGCTGAGAAATTTATGCAA
TCAATATCAAGTARAACAGAAAATTATACTAATGTTGATGATACAAATAA
AATTTATGATGAGCTAAATAAATACTTTAARACAATTGTTGAGGAAAAAC
ATTCTATTGTTGATGGAAATGTGACTGATCCTATGGGAGAGATGATTGAA
TTCCAATTAAAAAATGGTCAAAGT TTTACACATGATGATTACGTTTTGGT
TGGAAATGATGGCAGTCAATTAAAAAATGGTGTGGCTCTTGGTGGACCAA
ACAGTGATGGGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACA
TCTCAAACCATCAAAATCAATCATTTGAACT TAGGAAGTGGACAAARAGT
AGTTCTTACCTATGATGTACGTTTAAAAGATAACTATATAAGTAACAAAT
TTTACAATACAAATAATCGTACAACGCTAAGTCCGAAGAGTGAAAAAGAA
CCAAATACTATTCGTGATTTCCCAATTCCCAAAATTCGTGATGTTCGTGA
GTTTCCGGTACTAACCATCAGTAATCAGAAGAAAATGGGTCGAGGTTGAAT
TTATTAAAGTTAATAAAGACAAACATTCAGAATCGCTTTTGGGAGCTAAG
TTTCAACTTCAGATAGAARAAGATTTTTCTGGGTATAAGCAATTTGTTCC
AGAGGGAAGTGATGTTACAACAAAGAATGATGGTAAAATTTATTTTAAAG
CACTTCAAGATGGTAACTATARATTATATGAAATTTCAAGTCCAGATGGC
TATATAGAGGTTAAAACGAAACCTGTTGTGACATTTACAATTCAARATGG
AGAAGTTACGAACCTGAAAGCAGATCCAAATGCTAATAAAAATCAAATCG
GGTATCTTGAAGGAAATGGTAAACATCTTATTACCAACACTCCCAAACGC
CCACCAGGTGTT

SEQ ID NO. 4108: SAG0649 FROM CJB GBS NONTYPEABLE STRAIN

GGTGAAACCCAAGATACCAATCAAGCACTTGGARAAGT

AATTGTTAAAAAAACGGGAGACRaTGCTACACCATTAGGCAAAGCGACTT
TTGTGTTAARAAATGACAATGATAAGTCAGARACAAGTCACGAAACGGTA
GAGGGTTCTGGArAAGCAACCTTTGARAACATAAAACCTGGAGACTACAC
ATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAAAACCT
GGAAAGTTAAAGTTGCAGATAACGGAGCAACAATAATCGAGGGTATGGAT
GCAGATAAAGCAGAGAAACGAARAGAAGTTTTGAATGCCCAATATCCAAA
ATCAGCTATTTATGAGGATACAAAAGAAAATTACCCATTAGTTAATGTAG
AGGGTTCCAAAGTTGGTGAACARATACAAAGCATTGAATCCAATAAATGGA
ARAAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCAAAAAARRATTAC
aGGGGTCAATGATCTCGATAAGRATAAATATAARATTGAATTAACTGTTG
AGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGTC
GTTGTGCTATTAgATAATTCAAATAGTATGAATAATGAAAGAGCCAATAA
TTCTCAAAGAGCATTARAAGCTGGGGAAGCAGTTGAAAAGCTGATTGATA
AAATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATATGCCTCA
ACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGAGTTGCCGATCA
AAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTATCATARAACTA
CTTTTACAGCAACTACACATAATTACAGTTATTTAAATTTAACAAATGAT
GCTAACGAAGTTAATATTCTAAAGTCAAGAATTCCAAAGGAAGCGGAGCA
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TATAAATGGGGATCGCACGCTCTAT CAATTTGGTGCGACATTTACTCAAA
AAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACAAAGTTCTAATGCT
AGAARAAAACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCTTA
TGCCATAAATTTTAATCCTTATATATCAACATCTTACCAAAACCAGTTTA
ATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTCCAAGAGGAT
TTTATAATCRATGGTGATGATTATCAAATAGTAAAAGGAGATGGAGAGAG
TTTTAAACTGTTTTCGGATAGAAAAGTTCCTGT TACTGGAGGAACGACAC
AAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATGAG
GGATATGCAATTAATAGTGGATATATTTATCTCTATTGGAGAGATTACAR
CTGGGTCTATCCATTTGATCCTAAGACAAAGAAAGTTTCTGCAACGAAAC
AAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAATGGAAATATA
AGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTGTAAACGGAGA
TCCTGGTGCAACTCCTCTTGAAGCTGAGAAAT TTATGCAATCAATATCAA
GTAAAACAGAAAATTATACTAATGTTGATGATACAAATAAAATTTATGAT
GAGCTAAATAAATACTTTAAAACAATTGTTGAGGARAAACATTCTATTGT
TGATGGAAATGTGACTGATCCTATGGGAGAGATGATTGAATTCCAATTAA
AARATGGTCAAAGTTTTACACATGATGATTACGTTTTGGTTGGAAATGAL
GGCAGTCAATTAAAAAATGGTGTGGCTCTTGGTGGACCAAACAGTGATGG
GGGAATTTTAARAGATGT TACAGTGACTTATGATAAGACATCTCAAACCA
TCAAAATCAATCATTTGAACTTAGGAAGTGGACABARAGTAGTTCTTACC
TATGATGTACGTTTAAAAGATAACTATATAAGTAACAAATTTTACAATAC
AARTAATCGTACAACGCTAAGTCCGAAGAGTGAAABRAGAACCAAATACTA
TTCGTGATTTCCCAATECCCAAAATTCGTGATGTTCGTGAGTTTCCGGTA
CTAACCATCAGTAATCAGRAGAAAATGGGTGAGGTTGAATTTATTAAAGT
TAATAAAGACAAACATTCAGARATCGCTTTTGGGAGCTAAGTTT CAACTTC
AGATAGAAAAAGATTTTTCTGGGTATAAGCAATTTGTTCCAGAGGGAAGT
GATGTTACAACAARGAATGATGGTAAAATTTATTTTAAAGCACTTCAAGA
TGGTAACTATAAATTATATGAAATTTCAAGTCCAGATGGCTATATAGAGG
TTAAAACGAAACCTGTTGTGACATTTACAATTCAaAATGGAGAAGTTACG
AACCTGAAAGCAGATCCAAATGCTAATAAARATCARATCGGGTATCTTGA
AGGAAATGGTAAACATCTTATTACCAACACTCCCAAACGCCCACCAGGTG
TT

SEQ ID NO. 4109: SAG0649 FROM JM9130013 GBS TYPE VIII STRAIN

GGTGAAACCCAAGATACCAATCAAGCACTTGGARANG

TARTTGTTARAARARACGGGAGACAATGCTACACCATTAGGCARAGCGACT
TTTGTGTTAAAARATGACAATGATAAGTCAGAAACAAGTCACGARACGGT
AGAGGGTTCTGGAGAAGCAACCTTTGAAAACATAARACCTGGAGACTACA
CATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAAAACC
TGGAAAGTTARAGTTGCAGATAACGGAGCAACAATAAT CGAGGGTATGGA
TGCAGATAAAGCAGAGAAACGAAAAGAAGTTTTGAATGCCCAATATCCAA
AATCAGCTATTTATGAGGATACAAAAGAAAATTACCCATTAGTTAATGTA
GAGGGTTCCARAGTTGGTGAACAATACAAAGCATTGAATCCAATARATGG
ARRAGATGGTCGAAGAGAGATTGCTGAAGGTTGGTTATCAAAARAAATTA
CAGGGGTCAATGATCTCGATAAGAATAAATATAAAATTGAATTAACTGTT
GAGGGTAARACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGT
CGTTGTGCTATTAGATAATTCAAATAGTATGAATAATGARAGAGCCAATA
ATTCTCAAAGAGCATTAAAAGCTGGGGAAGCAGTTGAAAAGCTGATTGAT
AAAATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATATGCCTC
AACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGAGTTGCCGATC
AAAATGGTAAAGCGCTGAATGATAGTGTATCATGGGATTATCATAAAACT
ACTTTTACAGCAACTACACATAATTACAGTTATTTAAATTTAACAAATGA
TGCTAACGAAGTTAATATTCTARAGT CAAGAATTCCAAAGGAAGCGGAGE
ATATAAATGGGGATCGCACGCTCTATCAATTTGGTGCGACATTTACTCAA
AAAGCTCTAATGAAAGCAAATGAAATTTTAGAGACACAARGTTCTAATGC
TAGAAAAARACTTATTTTTCACGTAACTGATGGTGTCCCTACGATGTCTT
ATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAAAACCAGTTT
AATTCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTCCAAGAGGA
TTTTATAATCAATGGTGATGATTATCAAATAGTAAAAGGAGATGGAGAGA
GTTTTAAACTGTTTTCGGATAGAARAAGTTCCTGTTACTGGAGGAACGACA
CAAGCAGCTTATCGAGTACCGCARRATCAACTCTCTGTAATGAGTAATGA
GGGATATGCAATTAATAGTGGATATATTTATCTCTATTGGAGAGATTACA
ACTGGGTCTATCCATTTGATCCTAAGACARAGAAAGTTTCTGCAACGAAR
CARATCAAAACTCATGGTGAGCCAACAACATTATACTTTAATGGARATAT
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ARGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTGTAAACGGAG
ATCCTGGTGCAACTCCTCTTGAAGCTGAGAAATTTATGCAATCAATATCA
AGTAAAACAGRAAAATTATACTAATGTTGATGATACAAATAAAATTTATGA
TGAGCTAAATAAATACTTTAAAACAATTGTTGAGGAAAAACATTCTATTG
TTGATGGAAATGTGACTGATCCTATGGGAGAGATGATTGAATTCCAATTA
AAAAATGGTCAAAGTTTTACACATGATGATTACGTTTTGGTTGGARATGA
TGGCAGTCAATTAAAAAATGGTGTGGCTCTTGGTGGACCARACAGTGATG
GGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACATCTCAAACC
ATCAAAATCAATCATTTGAACTTAGGAAGTGGACAAAAAGTAGTTCTTAC
CTATGATGTACGTTTAAAAGATAACTATATAAGTAACAAATTTTACAATA
CAARTAATCGTACAACGCTAAGTCCGAAGAGTGARAAAGAACCAARATACT
ATTCGTGATTTCCCAATTCCCAARATTCGTGATGTTCGTGAGTTTCCGGT
ACTAACCATCAGTAATCAAAAGAAAATGGGTGAGGTTGAATTTATTARAG
TTAATAAAGACAAACATTCAGAATCGCTTTTGGGAGCTAAGTTTCAACTT
CAGATAAARAARGATTTTTCTGGGTATAAGCAATTTGTTCCAGAGGGAAG
TGATGTTACARACAAAGAATGATGGTAAAATTTATTTTARAGCACTTCAAG
ATGGTAACTATAAATTATATGAAATTTCAAGTCCAGATGGCTATATAGAG
GTTAAAACGARACCTGTTGTGACATTTACAATTCAAAATGGAGAAGTTAC
GAACCTGAAAGCAGATCCAAATGCTAATAAAAATCABATCGGGTATCTTG
AA

SEQ ID NO. 4110: SAG0649 FROM 2603 V/R GBS TYPE V STRAIN
MKKRQKIWRGLSVTLLILSQIPFGILVQGETQDTNQALGKVIVKKTGDNATPLGKATEVI,
KNDNDKSETSHETVEGSGEATFENIKPGDYTLREETAPIGYKKTDKTWKVKVADNGATI I
EGMDADKAEKRKEVLNAQYPKSAIYEDTKENYPLVNVEGSKVGEQYKALNPINGKDGRRE
IAEGWLSKKITGVNDLDKNKYKIELTVEGKTTVETKELNQPLDVVVLLDNSNSMNNERAN
NSQRALKAGEAVEKLIDKITSNKDNRVALVTYASTIFDGTEATVSKGVADQONGKALNDSV
SWDYHKTTFTATTHNYSYLNLTNDANEVNILKSRIPKEAEHINGDRTLYQFGATFTOKAL
MKANEILETQSSNARKKLIFHVTDGVPTMSYAINFNPYISTSYQONQFNSFLNKIPDRSGI
LOEDFIINGDDYQIVKGDGESFKLFSDRKVPVTGGTTQAAYRVPONQLSVMSNEGYATINS
GYIYLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNG
DPGATPLEAEKFMOSISSKTENYTNVDDTNKIYDELNKYFKTIVEEKHSIVDGNVTDPMG
EMIEFQLKNGQSFTHDDYVLVGNDGSQLKNGVALGGPNSDGGILKDVTVTYDKTSQTIKT
NHLNLGSGQKVVLTYDVRLKDNYISNKFYNTNNRTTLS PKSEKEPNTIRDFPIPKIRDVR
EFPVLTISNQKKMGEVEFIKVNKDKHSESLLGAKFQLOIEKDFSGYKQFVPEGSDVTTKN
DGKIYFKALQDGNYKLYEISSPDGYIEVKTKPVVTFTIQNGEVTNLKADPNANKNQIGYL
EGNGKHLITNTPKRPPGVFPKTGGIGTIVYILVGSTFMILTICSFRRKQL

SEQ ID NO. 4111: SAG0649 FROM 090 GBS TYPE Ta STRAIN
GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATFENIKPG
DYTLREETAPIGYKKTDKTWKVKVADNGATITEGMDADKAEKRKEVLNAQYPKSATYEDT
KENYPLVNVEGSKVGEQYKALNPINGKDGRRE IAEGWLSKKITGVNDLDKNKYKIELTVE
GKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVA
LVTYASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNYSYLNLTNDANEYV
NILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPT
MSYAINFNPYISTSYQONQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLEFSDR
KVPVTGGTTQAAYRVPONQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQ
IKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDD
TNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSOL
KNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNY I SNKF
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVE FIKVNKDKHSE
SLLGAKFQLOIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQODGNYKLYEISSPDGYIEV
KTKPVVTFTIQNGEVTNLKADPNANKNQIGYLEGNGKHLITNTPKRPPGV

SEQ ID NO. 4112: SAG0649 FROM A909 GBS TYPE Ia STRAIN

GETODTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATFENIKPG
DYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKEVLNAQYPKSAIYEDT
KENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVE
GKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVA
LVTYASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNYSYLNLTNDANEV
NILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPT
MSYAINFNPYISTSYONQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFESDR
KVPVTGGTTQAAYRVPONQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKV SATKQ
IKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDD
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TNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQL
KNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNYISNKF
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSE
SLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALODGNYKLYEISSPDGYIEV
KTKPVVTFTIQNGEVTNLKADPNANKNQIGYLEGNGKHL ITNTPKRPPGV

SEQ ID NO. 4113: SAG0649 FROM 18RS21 GBS TYPE II STRAIN
GETQDTNQALGKVIVKKTGDNAT PLGKATFVLKNDNDKSETSHETVEGSGEATFENIKPG
DYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKEVLNAQYPKSAIYEDT
KENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVE
GKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVA
LVTYASTIFDGTEATVSKGVADQONGKALNDSVSWDYHKTTFTATTHNYSYLNLTNDANEV
NILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPT
MSYAINFNPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDR
KVPVTGGTTQAAYRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQ
IKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDD
TNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQOL
KNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNYISNKF
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSE
SLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGNYKLYEISSPDGYIEV
KTKPVVTFTIQNGEVTNLKADPNANKNQIGYLEGNGKHLITNTPKRPPGV

SEQ ID NO. 4114: SAG0649 FROM M732 GBS TYPE III STRAIN
GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATFENIKPG
DYTLREETAPIGYKKTDKTWKVKVADNGATI IEGMDADKAEKRKEVLNAQYPKSATYEDT
KENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKNTGVNDLDKNKYKIELTVE
GKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVA
LVTYASTIFDGTEATVSKGVADONGKALNDSVSWDYHKTTFTATTHNYSYLNLTNDANEV
NILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPT
MSYAINENPYISTSYQNQFNSFLNKIPDRSGILQOEDFIINGDDYQIVKGDGESFKLFSDR
KVPVTGGTTQAAYRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQ
IKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDD
TNKIYDELNKYFKTIVEEKHS IVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQL
KNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNY I SNKF
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNOKKMGEVEFIKVNKDKHSE
SLLGAKFQLOIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGNYKLYEISSPDGYIEV
KTKPVVTFTIONGEVTNLKADPNANKNQIGYLEGNGKHLITNT PKRPPGV

SEQ ID NO. 4115: SAG0649 FROM COH1l GBS TYPE III STRAIN
GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGXATFENIKPG
DYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKEVLNAQYPKSATIYEDT
KENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKNTGVNDLDKNKYKIELTVE
GKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVA
LVTYASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKT TETATTHNYSYLNLTNDANEV
NILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLTFHVTDGVET
MSYAINENPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDR
KVPVTGGTTQAAYRVPONQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQ
IKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDD
TNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQL
KNGVALGGPNSDGGILKDVIVTYDKTSQTIKINHLNLGSGOKVVLTYDVRLKDNY ISNKF
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSE
SLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGNYKLYEISSPDGYIEV
KTKPVVTFTIQONGEVTNLKADPNANKNQIGYLEGNGKHLITNTPKRPPGV

SEQ ID NO. 4115: SAG0649 FROM M781 GBS TYPE III STRAIN

GKVIVKKTGDTATPLGKATFVLKNDNDKSETSHETVEGSGKATFENIKPGDYTLREETAP

IGYKKTDKTWKVKVADNGAXTIIEGMDADKAEKRKEVLNAQYPKSAIYEDTKENYPLVNVE
GSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVEGKTTVETKEL
NQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVALVTYASTIFD
GTEATVSKGVADQNGKALNDSVSWDYHKTTETATTHNYSYLNLTNDANEVNILKSRI PKE
AEHINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPTMSYAINENPY
ISTSYQNQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDRKVPVTGGTTQ
AAYRVPONQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPTTL
YENGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDDTNKIYDELNK
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YFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQLKNGVALGGPN
SDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNYISNKFYNTNNRTTLS
PKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSESLLGAKFQLQ
IEKDFSGYKQFVPEGSDVTTKNDGKIYFKALODGNYKLYEISSPDGYIEVKTKPVVTFTT
ONGEVTNLKADPNANKNQIGYLEGNGKHLITNTPKRPPGV

SEQ ID NO. 4117: SAG0649 FROM CJB1l10 GBS NONTYPEABLE STRAIN
GETQDTNQALGKVIVKKTGDNATPLGKAT FVLKNDNDKSETSHETVEGSGXATFENIKPG
DYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKEVLNAQYPKSAIYEDT
KENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVE
GKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKL I DKITSNKDNRVA
LVTYASTIFDGTEATVSKGVADQONGKALNDSVSWDYHKTTFTATTHNY SYLNT.TNDANEV
NILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANE ILETQSSNARKKLI FHVTDGVET
MSYAINFNPYISTSYQNQFNSFLNKIPDRSGILOEDFIINGDDYQIVKGDGESFKLFSDR
KVPVTGGTTQAAYRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQ
IKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMOSISSKTENYTNVDD
TNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQL
KNGVALGGPNSDGGILKDVTVTYDKTSQT IKINHLNLGSGQKVVLTYDVRLKDNY I SNKF
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSE
SLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGNYKLYEISSPDGYIEV
KTKPVVTEFTIQNGEVTNLKADPNANKNQIGYLEGNGKHL ITNTPKRPPGV

SEQ ID NO. 4118: SAG0649 FROM JM9130013 GBS TYPE VIIT STRAIN
GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATFENIKPG
DYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKEVLNAQYPKSAIYEDT
KENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVE
GKTTVETKELNQPLDVVVLLDNSNSMNNERANNSQRALKAGEAVEKL I DKITSNKDNRVA
LVTYASTIFDGTEATVSKGVADONGKALNDSVSWDYHKTTFTATTHNY SYLNLTNDANEV
NILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANE ILETQSSNARKKLIFHVTDGVET
MSYAINFNPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDR
KVPVTGGTTQAAYRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVSATKQ
IKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDD
TNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQL
KNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKVVLTYDVRLKDNY I SNKF
YNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNOKKMGEVEFIKVNKDKHSE
SLLGAKFQLQIKKDFSGYKQFVPEGSDVTTKNDGKIYFKALODGNYKLYEISSPDGYTEV
KTKPVVIFTIQNGEVTNLKADPNANKNQIGYLE

SEQ ID NO. 4201: 2603 V/R STRAIN
ATGGTARAATTAGTATTCGCACGCCACGGTGAATCTGAGTGGAATARAGCTAACCTTTTC
ACTGGATGGGCTGACGTAGATCTTTCAGAAAAAGGTACACAACAAGCTATTGATGCTGGG
ARATTAATTCAAGCAGCAGGTATTGAGTTCGACCTTGCTTTTACATCAGTTCTTAAACGT
GCCATCAAAACAACTAACCTTGCCCTTGAAGCAGCTGATCARCTTTGGGTACCAGTTGAA
AAATCATGGCGCTTGAACGAACGTCATTACGGTGGATTGACAGGAAARAATARAGCAGAA
GCAGCTGAACAATTTGGTGATGAGCAAGTTCATATTTGGCGTCGTTCATATGATGTATTG
CCTCCAGATATGGCTAAAGATGATGAACATTCAGCACATACTGATCGTCGCTATGCTTCA
CTAGATGATTCTGTTATTCCAGATGCAGAAAACCTAAAAGTTACTTTAGAGCGTGCTCTT
CCTTTCTGGGAAGATAAAATTGCTCCTGCTCTTAAAGATGGTAAAAATGTGTTTGTTGGT
GCACACGGTAACTCAATCCGTGCTCTTGTAAAACATATCAAACAATTGTCAGATGATGAA
ATCATGGACGTTGAAATTCCTAACTTCCCACCACTTGTTTTCGAATTTGATGAAARAATTA
AACCTTGTTTCAGAATATTACTTAGGTAAA

SEQ ID NO. 4202: 090 STRAIN
GTAARATTAGTATTCGCACGCCACGGTGAATCTGAGTG
GAATAAAGCTAACCTTTTCACTGGATGGGCTGACGTAGATCTTTCAGAAA
AAGGTACACAACAAGCTATTGATGCTGGGARATTAATTCAAGCAGCAGGT
ATTGAGTTCGACCTTGCTTTTACATCAGTTCTTAAACGTGCCATCAAAAC
AACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGGTACCAGTTGARA
AATCATGGCGCTTGAACGAACGTCATTACGGTGGATTGACACGAAARAAT
AAAGCAGARGCAGCTGAACAATTTGGTGATGAGCAAGTTCATATTTGGCGE
TCGTTCATATGATGTATTGCCTCCAGATATGGCTAAAGATGATGAACATT
CAGCACATACTGATCGTCGCTATGCTTCACTAGATGATTCTCTTATTCCA
GATGCAGAAAACCTAAAAGTTACTTTAGAGCGTGCTCTTCCTTTCTGGGA
AGATAAAATTGCTCCTGCTCTTARAGATGGTARAAATGTGTTTGTTGGTG
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CACACGGTAACTCAATCCGTGCTCTTGTAAAACATATCAAACAATTGTCA
GATGATGAAATCATGGACGTTGAAATTCCTAACTTCCCACCACTTGTTTT
CGAATTTGATGAAAAATTAAACCTTGTTTCAGAATATTACTTAGGTAAA

SEQ ID NO. 4203: A909 STRAIN
GTAAAATTAGTATTCGCACGCCACGGTGAATCTGAGTGG
AATAAAGCTAACCTTTTCACTGGATGGGCTGACGTAGATCTTTCAGAAAA
AGGTACACAACAAGCTATTGATGCTGGGAAATTAATTCAAGCAGCAGGTA
TTGAGTTCGACCTTGCTTTTACATCAGTTCTTARACGTGCCATCAARACA
ACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGGTACCAGTTGAARA
ATCATGGCGCTTAAACGAACGTCATTACGGTGGATTGACAGGAAAAAATA
AAGCAGAAGCAGCTGAACAATTTGGTGATGAGCAAGTTCATATTTGGCGT
CGTTCATATGATGTATTGCCTCCAGATATGGCTARAGATGATGAACATTC
AGCACATACTGATCGTCGCTATGCTTCACTAGATGATTCTGTTATTCCAG
ATGCAGARAACCTAAAAGTTACTTTAGAGCGTGCTCTTCCTTTCTGGGAA
GATAAAATTGCTCCTGCTCTTAAAGATGGTAAAAATGTGTTTGTTGGTGC
ACACGGTAACTCAATCCGTGCTCTTGTAAAACATATCAAACAATTGTCAG
ATGATGAAATCATGGACGTTGARATTCCTAACTTCCCACCACTTGTTTTC
GAATTTGATGAAAAATTAARACCTTGTTTCAGAATATTACTTAGGTAAA

SEQ ID NO. 4204: H36B STRAIN
GTAAAATTAGTATTCGCACGCCACGGTGAATCTGAG
TGGAATAAAGCTAACCTTTTCACTGGATGGGCTGACGTAGATCTTTCAGA
AAAAGGTACACAACAAGCTATTGATGCTGGGAAATTAATTCAAGCAGCAG
GTATTGAGTTCGACCTTGCTTTTACATCAGTTCTTAAACGTGCCATCAAA
ACAACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGGTACCAGTTGA
AAAATCATGGCGCTTGAACGAACGTCATTACGGTGGATTGACAGGARAAA
ATAAAGCAGAAGCAGCTGAACAATTTGGTGATGAGCAAGTTCATATTTGG
CGTCGTTCATATGATGTATTGCCTCCAGATATGGCTAARAGATGATGAACA
TTCAGCACATACTGATCGTCGCTATGCTTCACTAGATGATTCTGTTATTC
CAGATGCAGAAAACCTAAAAGTTACTTTAGAGCGTGCTCTTCCTTTCTGG
GAAGATAAAATTGCTCCTGCTCTTAAAGATGGTAAAAATGTGTTTGTTGG
TGCACACGGTAACTCAATCCGTGCTCTTGTAARACATATCAAACAATTGT
CAGATGATGAAATCATGGACGTTGAAATTCCTAACTTCCCACCACTTGTT
TTCGAATTTGATGAAAAATTAAACCTTGTTTCAGAATATTACTTAGGTAA
A

SEQ ID NO. 4205: 18RS21 STRAIN
GTAAAATTAGTATTCGCACGCCACGGTGAATCTGAGTGG
AATARAGCTAACCTTTTCACTGGATGGGCTGACGTAGATCTTTCAGAARA
AGGTACACAACAAGCTATTGATGCTGGGAAATTAATTCAAGCAGCAGGTA
[TTGAGTTCGACCTTGCTTTTACATCAGTTCTTAAACGTGCCATCAAAACA
ACTRACCTTGCCCTTGAAGCAGCTGATCAACTTTGGGTACCAGTTGAAAA
ATCATGGCGCTTGAACGAACGTCATTACGGTGGATTGACAGGAARAAATA
AAGCAGAAGCAGCTGAACAATTTGGTGATGAGCAAGTTCATATTTGGCGT
CGTTCATATGATGTATTGCCTCCAGATATGGCTAAAGATGATGAACATTC
AGCACATACTGATCGTCGCTATGCTTCACTAGATGATTCTGTTATTCCAG
ATGCAGAAAACCTAAAAGTTACTTTAGAGCGTGCTCTTCCTTTCTGGGAA
GATAARATTGCTCCTGCTCTTAAAGATGGTAAAAATGTGTTTGTTGGTGC
ACACGGTAACTCAATCCGTGCTCTTGTAARACATATCARRCAATTGTCAG
ATGATGAAATCATGGACGTTGAAATTCCTAACTTCCCACCACTTGTTTTC
GAATTTGATGAAAAATTARACCTTGTTTCAGAATATTACTTAGGTAAR

SEQ ID NO. 4206: M732 STRAIN
GTAAAATTAGTATTCGCACGCCACGGTGAATCTGAGTGG
AATARAGCTAACCTTTTCACTGGATGGGCTGACGTAGATCTTTCAGARAA
AGGTACACAACAAGCTATTGATGCTGGGAAATTAATTCAAGCAGCAGGTA
TTGAGTTCGACCTTGCTTTTACATCAGTTCTTAAACGTGCCATCARAACA
ACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGGTACCAGTTGAAAA
ATCATGGCGCTTGAACGAACGTCATTACGGTGGATTGACAGGAAAAAATA
AAGCAGAAGCAGCTGAACAATTTGGTGATGAGCAAGTTCATATTTGGCGT
CGTTCATATGATGTATTGCCTCCAGATATGGCTAAAGATGATGAACATTC
AGCACATACTGATCGTCGCTATGCTTCACTAGATGATTCTGTTATTCCAG
ATGCAGAAAACCTAAAAGTTACTTTAGAGCGTGCTCTTCCTTTCTGGGAA
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GATAAAATTGCTCCTGCTCTTAAAGATGGTAAAAATGTGTTTGTTGGTGC
ACACGGTAACTCAATCCGTGCTCTTGTAARACATATCAAACAATTGTCAG
ATGATGAAATCATGGACGTTGAAATTCCTAACTTCCCACCACTTGTTTTC
GAATTTGATGAAAAATTAAACCTTGTTTCAGAATATTACTTAGGTAAA

SEQ ID NO. 4207: COH1 STRAIN
GTAAAATTAGTATTCGCACGCCACGG
TGAATCTGAGTGGAATAAAGCTAACCTTTTCACTGGATGGGCTGACGTAG
ATCTTTCAGAAAAAGGTACACAACAAGCTATTGATGCTGGGAAATTAATT
CAAGCAGCAGGTATTGAGTTCGACCTTGCTTTTACATCAGTTCTTAAACG
TGCCATCAAAACAACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGG
TACCAGTTGAAAAATCATGGCGCTTGAACGAACGTCATTACGGTGGATTG
ACAGGAAAAMATAAAGCAGAAGCAGCTGAACAATTTGGTGATGAGCAAGT
TCATATTTGGCGTCGTTCATATGATGTATTGCCTCCAGATATGGCTAAAG
ATGATGAACATTCAGCACATACTGATCGTCGCTATGCTTCACTAGATGAT
TCTGTTATTCCAGATGCAGAAAACCTAARAGTTACTTTAGAGCGTGCTCT
TCCTTTCTGGGAAGATAARATTGCTCCTGCTCTTARAGATGGTARARATG
TGTTTGTTGGTGCACACGGTAACTCAATCCGTGCTCTTGTAAAACATATC
AAACAATTGTCAGATGATGAAATCATGGACGTTGAAATTCCTAACTTCCC
ACCACTTGTTTTCGAATTTGATGAAAAATTAAACCTTGTTTCAGAATATT
ACTTAGGTAAA

SEQ ID NO. 4208: CJB110 STRAIN
GTAAAATTAGTATTCGCACGCCACGG
TGAATCTGAGTGGAATAAAGCTAACCTTTTCACTGGATGGGCTGACGTAG
ATCTTTCAGAAAAAGGTACACAACAAGCTATTGATGCTGGGAAATTAATT
CAAGCAGCAGGTATTGAGTTCGACCTTGCTTTTACATCAGTTCTTARACG
TGCCATCAAAACAACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGG
TACCAGTTGAAAAATCATGGCGCTTGAACGAACGTCATTACGGTGGATTG
ACAGGAAAAAATAAAGCAGAAGCAGCTGAACAATTTGGTGATGAGCAAGT
TCATATTTGGCGTCGTTCATATGATGTATTGCCTCCAGATATGGCTARAG
ATGATGAACATTCAGCACATACTGATCGTCGCTATGCTTCACTAGATGAT
TCTGTTATTCCAGATGCAGAAAACCTAAAAGTTACTTTAGAGCGTGCTCT
TCCTTTCTGGGAAGATARAATTGCTCCTGCTCTTAAAGATGGTARARATG
TGTTTGTTGGTGCACACGGTAACTCAATCCGTGCTCTTGTAARACATATC
AAACAATTGTCAGATGATGAAATCATGGACGTTGAAATTCCTAACTTCCC
ACCACTTGTTTTCGAATTTGATGAAAAATTAAACCTTGTTTCAGAATATT
ACTTAGGTAAA

SEQ ID NO. 4209: 1169NT STRAIN
AGTATTCGCACGCCACGGTGAATCTGAGTGGAATAAAGCTAACCTTTTCA
CTGGATGGGCTGACGTAGATCTTTCAGAAAAAGGTACACAACAAGCTATT
GATGCTGGGAAATTAATTCAAGCAGCAGGTATTGAGTTCGACCTTGCTTT
TACATCAGTTCTTAAACGTGCCATCAAAACAACTAACCTTGCCCTTGAAG
CAGCTGATCAACTTTGGGTACCAGTTGAAAAATCATGGCGCTTGAACGAA
CGTCATTACGGTGGATTGACAGGAAAAAATARAGCAGAAGCAGCTGAACA
ATTTGGTGATGAGCAAGTTCATATTTGGCGTCGTTCATATGATGTATTGC
CTCCAGATATGGCTAAAGATGATGAACATTCAGCACATACTGATCGTCGC
TATGCTTCACTAGATGATTCTGTTATTCCAGATGCAGAAAACCTAAAAGT
TACTTTAGAGCGTGCTCTTCCTTTCTGGGAAGATARAATTGCTCCTGCTC
TTAAAGATGGTAAAAATGTGTTTGTTGGTGCACACGGTAACTCAATCCET
GCTCTTGTAAAACATATCAAACAATTGTCAGATGATGARATCATGGACGT
TGAAATTCCTAACTTCCCACCACTTGTTTTCGAATTTGATGAAAARATTAR
ACCTTGTTTCAGAATATTACTTAGGTAAA

SEQ ID NO. 4210: M781 STRAIN
GTAAAATTAGTATTCGCACGCCACGGT
GAATCTGAGTGGAATAAAGCTAACCTTTTCACTGGATGGGCTGACGTAGA
TCTTTCAGAAAAAGGTACACAACAAGCTATTGATGCTGGGARATTAATTC
AAGCAGCAGGTATTGAGTTCGACCTTGCTTTTACATCAGTTCTTARACGT
GCCATCAAAACAACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGGT
ACCAGTTGAAAAATCATGGCGCTTGAACGAACGTCATTACGGTGGATTGA
CAGGAARAAATARAGCAGAAGCAGCTGAACAATTTGGTGATGAGCAAGTT
CATATTTGGCGTCGTTCATATGATGTATTGCCTCCAGATATGGCTAAAGA
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TGATGAACATTCAGCACATACTGATCGTCGCTATGCTTCACTAGATGATT
CTGTTATTCCAGATGCAGARAACCTARAAGT TACTTTAGAGCGTGCTCTT
CCTTTCTGGGAAGATAAAATTGCTCCTGCTCTTAAAGATGGTAAARATGT
GTTTGTTGGTGCACACGGTAACTCAATCCGTGCTCTTGTARAACATATCA
. AARCAATTGTCAGATGATGAAATCATGGACGTTGAAATTCCTAACTTCCCA
CCACTTGTTTTCGAATTTGATGAAAAATTARACCTTGTTTCAGAATATTA
CTTAGGTAAA '

SEQ ID NO. 4211: JM930013 STRAIN
GTAAAATTAGTATTCGCACGCCACGGTGAATCT
GAGTGGAATAAAGCTAACCTTTTCACTGGATGGGCTGACGTAGATCTTTC
AGAAAAAGGTACACAACAAGCTATTGATGCTGGGAAATTAATTCAAGCAG
CAGGTATTGAGTTCGACCTTGCTTTTACATCAGTTCTTARACGTGCCATC
AARACAACTAACCTTGCCCTTGAAGCAGCTGATCAACTTTGGGTACCAGT
TGAAAAATCATGGCGCTTGAACGAACGTCATTACGGTGCATTGACAGGAA
ARRATAAAGCAGAAGCAGCTGRACAATTTGGTGATGAGCAAGTTCATATT
TGGCGTCGTTCATATGATGTATTGCCTCCAGATATGGCTAAAGATGATGA
ACATTCAGCACATACTGATCGTCGCTATGCTTCACTAGATGATTCTGTTA
TTCCAGATGCAGAAAACCTAAAAGTTACTTTAGAGCGTGCTCTTCCTTTC
TGGGAAGATAAAATTGCTCCTGCTCTTAAAGATGGTAAAAATGTGTTTGT
TGGTGCACACGGTAACTCAATCCGTGCTCTTGTARAACATATCAAACAAT
TGTCAGATGATGAAATCATGGACGTTGAAATTCCTAACTTCCCACCACTT
GITTTCGAATTTGATGAAAAATTAAACCTTGTTTCAGAATATTACTTAGG
TAAA

SEQ ID NO. 4212: 2603 V/R STRAIN
VKLVFARHGESEWNKANLFTGWADVDLSEKGTQQATDAGKLIQAAGIEFDLAFT SVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAREQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4213: 090 STRAIN
VKLVFARHGESEWNKANLFTGWADVDLSEKGTQQAIDAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVFVGA
HGNSIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4214: A909 STRAIN )

VKLVFARHGE SEWNKANLFTGWADVDLSEKGTQQAIDAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSTRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4215: H36B STRAIN
VKLVFARHGESEWNKANLFTGWADVDLSEKGTQQAIDAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4216: 18RS21 STRAIN
VKLVFARHGESEWNKANLFTGWADVDLSEKGTQQAIDAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVFVGA
HGNSTRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4217: M732 STRAIN
VKLVFARHGESEWNKANLFTGWADVDLSEKGTQQATIDAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4218: COH1 STRAIN

VKLVFARHGE SEWNKANLEFTGWADVDLSEKGTQQAIDAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
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PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4219: CJB110 STRAIN

VKLVFARHGE SEWNKANLFTGWADVDLSEKGTQQAI DAGKL IQAAGIEFDLAFTSVL.KRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4220: 1169NT STRAIN

VFARHGE SEWNKANLFTGWADVDLSEKGTQQAIDAGKLIQAAGIEFDLAFTSVLKRAIKT
TNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAREAAEQFGDEQVHIWRRSYDVLPPDM
AKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGAHGN
SIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4221: M781 STRAIN

VKLVFARHGE SEWNKANLFTGWADVDLSEKGTQQAT DAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSIRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4222: JM9130013 STRAIN

VKLVFARHGE SEWNKANLFTGWADVDLSEKGTQQATIDAGKLIQAAGIEFDLAFTSVLKRA
IKTTNLALEAADQLWVPVEKSWRLNERHYGGLTGKNKAEAAEQFGDEQVHIWRRSYDVLP
PDMAKDDEHSAHTDRRYASLDDSVIPDAENLKVTLERALPFWEDKIAPALKDGKNVEVGA
HGNSTRALVKHIKQLSDDEIMDVEIPNFPPLVFEFDEKLNLVSEYYLGK

SEQ ID NO. 4301: 2603 V/R STRAIN
ATGRATCTTTTAATTATGGGTTTGCCTGGTGCTGGTARAGGTACTCAAGCAGCTARGATC
GTTGAAGAATTTGGTGTTGCTCACATCTCAACAGGGGATATGTTCCGCGCCGCAATGGCT
AATCAAACCGARATGGGACGTTTAGCTAAAAGTTATATTGATARAGGTGAATTGGTTCCT
GATGAAGTARCAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAA
GGTTTTTTACTTGATGGATATCCACGTACTATTGAACAAGCACACGCCTTAGATGCTACG
CTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTGGATCCATCATGT
CTTATAGAGCGTTTGAGTGKTCGTATTATCAATCGTAAAACTGGTGARACTTTCCACAAA
GTGTTCAACCCACCAGTAGATTATAAAGARGAAGATTACTATCAACGTGAAGATGATAAG
CCTGAAACTGTCARACGTCGCTTGGACGTTAATATTGCTCAAGGAGAACCTATTCTTGAA
CACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAAT CAAGAAATAACAGAAGTT
TTTGCAGATGTTGAAAAAGCGTTGCTAGAACTCAAA

SEQ ID NO. 4302: 090 STRAIN (reverse complement)
AATCTTTTAATTATGGGTTTGCCTGGTGCTGGTAAAGGTACTCA
AGCAGCTAAGATCGTTGAAGAATTTGGTGTTGCTCACATCTCAACAGGGGATATGTTCCG
CGCCGCAATGGCTAATCAAACCGAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGG
TGAATTGGTTCCTGATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGA
TATCGCAGAAAAAGGTTTTTTACTTGATGGATATCCACGTACTATTGAACAAGCACACGC
CTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGT
GGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGA
AACTTTCCACAAAGTGTTCAACCCACCAGTAGATTATAAAGAAGAAGATTACTATCAACG
TGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCTCAAGGAGA
ACCTATTCTTGAACACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGA
AATAACAGAAGTTTTTGCAGATGTTGAAAAAGCGTTG

SEQ ID NO. 4303: 1169NT STRAIN (REVERSE COMPLEMENT)
TGGTAAAGGGACTCAAGCAGCTAAGATTGTTGAAGAATTTGGTGTTGCGCACATCTCAAC
AGGGGATATGTTCCGCGCCGCAATGGCTAATCARACCGAAATGGGACGTTTAGCTAAAAG
TTATATTGATAAAGGTGAATTGGTTCCTGATCAAGTAACARACGGGATTGTAARAGAGCG
CTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACTTGATGGGTATCCACGTACTAT
TGAACARGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGT
TATTAATATTAAAGTGGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAA
TCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCACCAGTAGATTATAAAGAAGA
AGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACCTTCA
TATTGCTCAAGGAGAACCTATTCTTGAACACTATAGTAAGCTTGGCCTTETTACAGATAT
TGAAGGTAATCAAGAAATAA
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SEQ ID NO. 4304: 18RS21 STRAIN (REVERSE COMPLEMENT)
ARTCTTTTAACCACGGGTTCGCCTGGTGCTGGTAAAGGTACTCAAGCAGCTAAGATCG
TTGAAGAATTTGGTGTTGCTCACATCTCAACAGGGGATATGTTCCGCGCCGCAATGGCTA
ATCAAACCGAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGGTGAATTGGTTCCTG
ATGAAGTAACAAACGGGATTGTAAAAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAG
GTTTTTTACTTGATGGATATCCACGTACTATTGAACAAGCACACGCCTTAGATGCTACGC
TTGAAGRAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTGGATCCATCATGTC
TTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGETGAAACTTTCCACARAG
TGTTCAACCCACCAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGC
CTGAAACTGTCARAACGTCGCTTGGACGTTAATATTGCTCAAGGAGAACCTATTCTTGAAC
ACTATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGAAATAACAGAAGTTT
TTGCAGATGTTGAARAAGCGTTG

SEQ ID NO. 4305: A909 STRAIN (REVERSE COMPLEMENT)

AATCTTTTAATTATGGGT TTGCCTGGTGCTGGTAAAGGTACTCAAGCAG

CTAAGATCGTTGAAGAATTTGGTGTTGCTCACATCTCAACAGGGGATATCTTCCECECCE
CAATGGCTAATCAAACCGAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGGTGAAT
TGGTTCCTGATGARGTAACAAACGGGAT TGTAAAAGAGCGCTTAGCTGAGGATGATATCG
CAGAAAARGGTTTTTTACTTGATGGATATCCACGTACTATTGAACAAGCACACGCCTTAG
ATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTGGATC
CATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAAT CGTAARACTGCTGAAACTT
TCCACAAAGTGTTCAACCCACCAGTAGATTATAAAGAAGAAGATTACTATCAACGTGARG
ATGATARGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATAT TGCTCAAGGAGAATCTA
TTCTTGAACACTATCGAAAGCTTGGTCTTGTTACAGATATTGAAGGTAA

SEQ ID NO. 4306: CJB110 STRAIN (REVERSE COMPLEMENT)
AATCTTTTAACCACGGGTTTGCTTGGTGCTGGTAAAGGTACTCAAGCAGCTAA
GATCGTTGAAGAATTTGGTGTTGCTCACATCTCAACAGGGGATATGTTCCGCGCCGCAAT
GGCTAATCAAACCGAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGGTGAATTGGT
TCCTGATGAAGTAACAAACGGGAT TGTARAAGAGCGCTTAGCTGAGGATGATATCGCAGA
AAAAGGTTTTTTACTTGATGGATATCCACGTACTATTGAACAAGCACACGCCTTAGATGC
TACGCTTGAAGAACTAGGACTACGCT TAGATGGETGTTATTAATATTAAAGTGGATCCATC
ATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACTGGTGARACTTTCCA
CAAAGTGTTCAACCCACCAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGA
TAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCTCAAGGAGAACCTATTCT
TGAACACTATAG

SEQ ID NO. 4307: COHl1l STRAIN (REVERSE COMPLEMENT)
ATCTTTTAATTATGGGTTTGCCTGGTGCTGGTAAAGGTACTCAAGCAGCTAAGATTGTTG
AAGAATTTGGTGTTGCTCACATCTCAACAGGGGATATGTTCCGCGCCGCAATGGCTAATC
AAACCCAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGGTGAATTGGTTCCTGATG
AAGTAACAAACGGGATTGTAAARAGAGCGCTTAGCTGAGGATGATATCGCAGAAAAAGGTT
TTTTACTTGATGGATATCCACGTACTATTGAGCAAGCACACGCCTTAGATGCTACGCTTE
AAGARCTAGGACTACGCTTAGATGGTGT TATTAATATTAAAGTGGATCCAACATGCCTTA
TAGAGCGTTTGAGTGGCCGTATTATCAATCGTAARACTGGTGAAACTTTCCACAAAGTGT
TCAACCCACCAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTG
AARCTGTCAAACGTCGCTTGGACGTTAATATTGCTCARGGAGAACCTATTCTTGAACACT
ATCGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGAAATAACAGAAGTTTTTG
CAGATGTTGAAAAAGCGTTG

SEQ ID NO. 4308: H36B STRAIN (REVERSE COMPLEMENT)
CAGGGGATATGTTCCGCGCCGCAATGGCTAAT CAAACCGARATGGGACGTTTAGCTARAR
GTTATATTGATAAAGGTGAATTGGTTCCTGATGAAGTAACAAACGGGATTCTAAAAGAGC
GCTTAGCTGAGGATGATATCGCAGAAAAAGGTTTTTTACT TGATGGATATCCACGTACTA
TTGAACAAGCACACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGETG
TTATTAATATTAAAGTGGATCCATCATGTCTTATAGAGCGT TTGAGTGGTCGTATTATCA
ATCGTAAAACTGGTGAAACTTTCCACAAAGTGTTCAACCCACCAGTAGATTATARAGAAG
ARGATTACTATCAACGTGAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTA
ATATTGCTCAAGGAGAATCTATTCTTGAACACTATCGTAAGCTTGGTCTTCTTACAGATA
TTGAAGGTAATCAAGAAATAACAGAAGTTTTTGCAGATGTTGAAAAAGCGTTG

SEQ ID NO. 4309: JM9130013 STRAIN (REVERSE COMPLEMENT)

AATCTTTTAATTATGGGTTTGCCTGGTGCTGGTARAGGT
ACTCAAGCAGCTAAGATCGTTGAAGAATTTGGTGTTGCTCACATCTCAACAGGGGATATG
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TTCCGCGCCGCAATGGCTAATCAAACCGAAATGGGACGTTTAGCTAAMAGTTATATTGAT
AAAGGTGAATTGGTTCCTGATGAAGTAACAAACGGGAT TGTAAAAGAGCGCTTAGCTCAG
GATGATATCGCAGAAAAAGGTTTTTTACT TGATGGATATCCACGTACTATTGAACAAGCA
CACGCCTTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATT
AAAGTGGATCCATCATGTCTTATAGAGCGTTTGAGTGGTCGTATTATCAATCGTAAAACT
GGTGAAACTTTCCACAAAGTGTTCAACCCACCAGTAGATTATAAAGAAGAAGATTACTAT
CAACGTGAAGATGATAAGCCTGAAACTGTTAAACGTCGCTTGGACGTTAATATTGCTCAA
GGAGAACCTATTCTTGAACACTATAAAAAGCTTGGTCTTGT TACAGATATTGAAGGTAAT
CA

SEQ ID NO. 4310: M732 STRAIN (REVERSE COMPLEMENT)
CTTTTAATTATGGGTTTGCCTGGTGCTGGTAAAGGTACT CAAGCAGCTAAGATTGTTGAA
GAATTTGGTGTTGCTCACATCTCAACAGGGGATATGTTCCGCGCCGCAATGGCTAATCAA
ACCCAAATGGGACGTTTAGCTAAAAGTTATATTGATAAAGGTGAATTGGTTCCTGATGAA
GTAACAAACGGGATTGTAARAGAGCGCTTAGCTGAGGATGATATCGCAGARAAAGGTTTT
TTACTTGATGGATATCCACGTACTATTGAGCAAGCACACGCCTTAGATGCTACGCTTGAA
GAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTGGATCCAACATGCCTTATA
GAGCGTTTGAGTGGCCGTATTATCAATCGTAAAACTGGTGARACTTTCCACAAAGTGTTC
AACCCACCAGTAGATTATAAAGAAGAAGATTACTATCAACGTGAAGATGATAAGCCTGAR
ACTGTCAAACGTCGCTTGGACGTTAATATTGCT CAAGGAGAACCTATTCT TGAACACTAT
CGTAAGCTTGGTCTTGTTACAGATATTGAAGGTAATCAAGAAATAACAGAAGTTTTTGCA
GATGTTGAAAAAGCGTTG

SEQ ID NO. 4311: M781 STRAIN (REVERSE COMPLEMENT)
AATCTTTTAATTACGGGTTTGCCTGGTGCTGGTARAGGTACTCAA
GCAGCTAAGATTGTTGAAGAATTTGGTGTTGCTCACATCT CAACAGEGGATATGTTCCGC
GCCGCAATGGCTAATCAAACCCAAATGGGACGTTTAGCTAAAAGTTATATTCGATAAAGGT
GAATTGGTTCCTGATGAAGTAACARACGGGATTGTAARAGAGCGCTTAGCTGAGGATGAT
ATCGCAGARAAAGGTTTTTTACT TGATGGATATCCACGTACTATTGAGCAAGCACACGCC
TTAGATGCTACGCTTGAAGAACTAGGACTACGCTTAGATGGTGTTATTAATATTAAAGTG
GATCCAACATGCCTTATAGAGCGTTTGAGTGGCCGTATTATCAATCGTARAACTGGTGAA
ACTTTCCACAAAGTGTTCAACCCACCAGTAGATTATARAGAAGAAGATTACTATCAACGT
GAAGATGATAAGCCTGAAACTGTCAAACGTCGCTTGGACGTTAATATTGCTCAA

SEQ ID NO. 4312: 2603 V/R STRAIN
MNLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVE
DEVTNGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSC
LIERLSXRIINRKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILE
HYRKLGLVTDIEGNQEITEVFADVEKALLELK

SEQ ID NO. 4313: 090 STRAIN
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVTNGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVENPPVDYKEEDYYQOREDDKPETVKRRLDVNIAQGEPILEH
YRKLGLVTDIEGNQEITEVFADVEKALLELK

SEQ ID NO. 4314: 1169NT STRAIN
GKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPDQVTNGIVKER
LAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCLIERLSGRIIN
RKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVHIAQGEPILEHYSKLGLVTDT
EGNQETI

SEQ ID NO. 4315: 18RS21 STRAIN

NLLTTGSPGAGKGTQAAKIVEEFGVAHI STGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
YRKLGLVTDIEGNQEITEVFADVEKALLE

SEQ ID NO. 4316: A909 STRAIN
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVPD
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVEFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGESILEH
YRKLGLVTDIEG
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SEQ ID NO. 4317: A909 STRAIN
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKS YIDKGELVED
EVTNGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVENPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGESILEH
YRKLGLVTDIEG

SEQ ID NO. 4318: CJB110 STRAIN
NLLTTGLLGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVED
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGET FHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
Y

SEQ ID NO. 4319: COH1 STRAIN
LLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTOMGRLAKSY I DKGELVPDE
VINGIVKERLAEDDIAEKGFLLDGYPRT IEQAHALDATLEELGLRLDGVINIKVDPTCLI
ERLSGRIINRKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEHY
RKLGLVTDIEGNQEITEVFADVEKALL

SEQ ID NO. 4320: H36B STRAIN
GDMFRAAMANQTEMGRLAKSYIDKGELVPDEVINGIVKERLAEDDIAEKGFLLDGYPRTT
EQAHALDATLEELGLRLDGVINIKVDPSCLIERLSGRIINRKTGETFHKVFNPPVDYKEE
DYYQREDDKPETVKRRLDVNIAQGESILEHYRKLGLVTDIEGNQEITEVFADVEKAL

SEQ ID NO. 4321: JM9130013 STRAIN
NLLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTEMGRLAKSYIDKGELVED
EVINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPSCL
IERLSGRIINRKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEH
YKKLGLVTDIEGN

SEQ ID NO. 4322: M732 STRAIN
LLIMGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTOMGRLAKSYIDKGELVPDE
VINGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPTCLT
ERLSGRIINRKTGETFHKVFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQGEPILEHY
RKLGLVTDIEGNQEITEVFADVEKALLELK

SEQ ID NO. 4323: M781 STRAIN
NLLITGLPGAGKGTQAAKIVEEFGVAHISTGDMFRAAMANQTOMGRLAKSY IDKGELVPD
EVTNGIVKERLAEDDIAEKGFLLDGYPRTIEQAHALDATLEELGLRLDGVINIKVDPTCL
IERLSGRIINRKTGET FHKVEFNPPVDYKEEDYYQREDDKPETVKRRLDVNIAQ

SEQ ID NO. 4401

STRAIN 2603

GTGGATAAACATCACTCAAAARAGGCTATTTTAAAGTTAACA
CTTATAACAACTAGTATTTTATTAATGCATAGCAATCAAGTGAATGCAGAGGAGCAAGAA
TTAAAAAACCAAGAGCAATCACCTGTAATTGCTAATGTTGCTCAACAGCCATCGCCATCG
GTAACTACTAATACTGTTGARAAAACATCTGTAACAGCTGCTTCTGCTAGTAATACAGCG
AAAGAAATGGGTGATACATCTGTAAAAAATGACAAAACAGAAGATGAATTATTAGAAGAG
TTATCTAARAACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAGAAGAATATCCCTCT
AAACCAGAGACAACCAACAATAAAGAARGCAATGTAGTAACABRATGCTTCAACTGCAATA
GCACAGAAAGTTCCCTCAGCATATGAAGAGGTGAAGCCAGAAAGCAAGTCATCGCTTGCT
GTTCTTGATACATCTAAAATAACAAAATTACAAGCCATAACCCAAAGAGGAAAGGGAAAT
GTAGTAGCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTAGATAGC
CCARARGATGATAAGCACAGCTTTAARACTAAGACAGAAT TTGAGGAATTAAAAGCAARA
CATAATATCACTTATGGGAAATGGGTTAACGATAAGATTGTTTTTGCACATAACTACGCC
ARCAATACAGAARACGGTGGCTGATATTGCAGCAGCTATGAAAGATGGTTATGGTTCAGAA
GCARAGAATATTTCGCATGGTACACACGTTGCTGGTATTT T TGTAGGTAATAGTABACGT
CCAGCAATCAATGGTCTTCTTTTAGAAGGTGCAGCGCCARATGCTCAAGTCTTATTAATG
CGTATTCCAGATAAAATTGATTCGGACARATTTGGTGAAGCATATGCTARAGCAATCACA
GACGCTGTTAATCTAGGAGCARAAACGATTAATATGAGTATTGGAAAAACAGCTGATTCT
TTAATTGCTCTCAATGATAAAGTTAAATTAGCACTTAAATTAGCTTCTGAGAAGGGCGTT
GCAGTTGTTGTGGCTGCCGGAAATGAAGGCGCATTTGGTATGGATTATAGCAAACCATTA
TCAACTAATCCTGACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAGATACTTTGAGT
GTTGCTAGCTATGAATCACTTARAACTATCAGTGAGGTCGTTGAAACAACTATTGAAGGT
AAGTTAGTTAAGTTGCCGATTGTGACTTCTARACCTTTTGACAAAGGTAAGGCCTACGAT
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GTGGTTTATGCCAATTATGGTGCAAAAARAGACTTTGAAGGTAAGGACTTTARAGGTAAG
ATTGCATTAATTGAGCGTGGTGGTGGACTTGATTTTATGACTAARATCACTCATGCTACA
AATGCAGGTGTTGTTGGTATCGTTATTTTTAACGATCAAGAARAACGTGGARATTTTCTA
ATTCCTTACCGTGAATtACCTGTGGGGATTATTAGTAAAGTAGATGGCGAGCGTATARAA
AATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTGAAGTAGTTGATAGCCAAGGTGGT
AATCGTATGCTGGAACAATCAAGTTGGGGCGTGACAGCTGAAGGAGCAATCAAGCCTGAT
GTAACAGCTTCTGGCTTTGAAATTTATTCTTCAACCTATAATAATCAATACCARACAATG
TCTGGTACAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCARAGTCAT
TTGGCTGAGAAATATAAAGGGATGAATTTAGATTCTAARARATTGCTAGAATTGTCTAAA
AACATCCTCATGAGCTCAGCAACAGCATTATATAGTGAAGAGGATAAGGCGTTTTATTCA
CCACGTCAGCAAGGTGCAGGTGTAGTTGATGCTGAARAAGCTATCCAAGCTCAATATTAT
ATTACTGGAAACGATGGCAAAGCTAAAATTAATCTCAAACGAATGGGAGATAAATTTGAT
ATCACAGTTACAATTCATAARACTTGTAGAAGGTGT CARAGAATTGTATTATCAAGCTAAT
GTAGCAACAGAACAAGTAAATAAAGGTAAATTTGCCCTTAAACCACAAGCCTTGCTAGAT
ACTAATTGGCAGAAAGTAATTCTTCGTGATAAAGAAACACAAGTTCGATTTACTATTGAT
GCTAGTCAATTTAGTCAGAARATTARAAGAACAGATGGCAAATGGTTATTTCTTAGAAGGT
TTTGTACGTTTTAARAGAAGCCAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTA
GGATTTAATGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATAAGACGCTT
TCTAAAGGTAGTTTCTACTATARACCAAATGATACAACTCATAAAGACCAATTGGAGTAC
ARTGAATCAGCTCCTTTTGAAAGCAACAACTATACTGCCTTGTTAACACAATCAGCGTCT
TGGGGCTATGTTGAT TATGTCARAAATGGTGGGGAGTTAGAATTAGCACCGGAGAGTCCA
AAAAGAATTATTTTAGGAACTTTTGAGAATAAGGTTGAGGATAAAACAATTCATCTTTTG
GAAAGAGATGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATARAGATGGAAATAGG
GACGAAATCACTCCCCAGGCAACTTTCT TAAGAAATGTTAAGGATATTTCTGCTCAAGTT
CTAGATCAAAATGGAAATGTTATTTGGCARAAGTAAGGTTTTACCATCTTATCGTARARAT
TTCCATAATAATCCARAGCARAGTGATGGTCATTATCGTATGGATGCTCTTCAGTGGAGT
GGTTTAGATAAGGATGGCAAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTAC
ACACCAGTAGCAGAAGGAGCAAATAGT CAGGAGT CAGACTTTAAAGTACAAGTAAGTACT
AAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGAAACTAATCGAACATTAAGCTTA
GCCATGCCTAAGGAAAGTAGTTATGTTCCTACATATCGTTTACAATTAGT TTTATCTCAT
GTTGTARAAGATGARGAATATGGGGATGAGACTTCTTACCATTATTTCCATATAGATCAA
GAAGGTAAAGTGACACTTCCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGGTAGAC
CCTAAGGCCTTGACACTTGTTGTGGAAGATARAGCTGGTAATTTCGCAACGGTARAATTG
TCTGATCTCTTGAATAAGGCAGTAGTATCAGAGAAAGAAAACGCTATAGTAATTTCTAAC
AGTTTCARATATTTTGATAACTTGARAAAAGAACCTATGTTTATTTCTAAAAAAGAAAAA
GTAGTAAACAAGAATCTAGAAGAAATAATATTAGTTAAGCCGCAAACTACAGTTACTACT
CAATCATTGTCTAAAGAAATAACTAAATCAGGAARTGAGAAAGTCCTCACTTCTACAAAC
AATAATAGTAGCAGAGTAGCTAAGAT CATATCACCTARACATAACGGGGATTCTGTTAAC
CATACCTTACCTAGTACATCAGATAGAGCAACGAATGGTCTATTTGTTGGTACTTTGGCA
TTGTTATCTAGTTTACTTCTTTATTTGAAACCCAAAAAGACTAAAAATAATAGTAAA

SEQ ID NO. 4402

STRAIN 090
GAGGAGCAAGAATTAAAAAACCAAGAGCAATCACCTGTAATTGCT
AATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATATTGTTGARAAA
AACATCTGTAACAGCTGCTTCTGCTAGTAATACAGTGAAAGAAATGGGETG
ATACATCTGTAAAAAATGACAAAACAGAAGATGAATTATTAGAAGAGTTA
TCTAAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAGAAGAATA
TCCCTCTAAACCAGAGACAACCAACAATAAAGAAAGCAATGTAGTAACAA
ATGCTTCAACTGCAATAGCACAGAAAGTTCCCTCAGCGTATGAAGAGGTG
AAGCCAGAAAGCAAGTCATCGCTTGCTGTTTTTGATACATCTAAAATAAC
AAAATTGCAAGCCATAACCCAAAGAGGARAGGGAAATGTAGTAGCTATTA
TTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTAGATAGCCCA
AAAGATGATAAGCACAGCTTTAARACTAAAGCAGAATTCGAGGAATTARA
AGCAAAACATAATATCACTTATGGGAAATGGGTTAACGATAAGATTGTTT
TTGCACATAACTACGCCAACAATACAGARACGGTGGCTGATATTGCAGCA
GCTATGAAAGATGGTTATGGGTCAGAAGCAAAGAATATTTCGCATGGTAC
ACACGTTGCTGGTATTTTTGTAGGTAATAGTAAACGTCCAGCAATCAATG
GTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAGTCTTATTAATGCGT
ATTCCAGATAAARATTGATTCGGACAAATTTGGAGRAGCATATGCTARAGC
AATCACAGACGCTGtTAATCTAGGAGCAAARACGATTAATATGAGCCTTG
GAAAAACAGCAGATTCTTTAALtGCaCTCAATGATAAAGTTAAATTAGCA
CTTAAATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTGGCTGCCGGAAA
TGAAGGTGCATTTGGTATGGATTATAGCAAACCATTATCAACTAATCCTG
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ACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAGATACTLTGAGTGTT
GCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTTGAAACAACTAT
TGaaGGTAAGTTAGTTAAGTTGCCGATTGTGACTTCTAAACCTTTEGACA
AAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCAaAAAAAGAC
TTTGAAGGTAAgGACTTTAAAGGTAAGATTGCATTAATtGAGCGTGGLGG
TGGACTTGATTTTATGACTARaatCACTCcATGCTACAAATGCAgGGTGTTG
tTGGTaTCGTtATTtttAACgALtCAAGRaaAACGEGGAAATTTTCTAATT
CCTTACCGTGAATTACCTGTGGGGGTTATTAGTARAGTAGATGGCGAGCG
TATAAAAAATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTgAAGTAG
TTGATAGCCAAGGTGGCAATCGTATGCTGGAACAATCAAGTTGGGGCGTG
ACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTTTGAAAT
TTATTCTTCAACCTATAATAATCAATACCAAACAATGTCTGGTACAAGTA
TGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCAAAGTCATTTG
GCTGAGAAATATAAAGGGATGAATTTAGATTCTAAAAARATTGCTAGAATT
GTCTAaAAACATCCTCATGAGCTCAGCaaCAGCATTATATAGTgAAGAGG
ATAAGGCGTLTtATTCaCCACGTCAGCAAGGLGCAGGLGTAGTTGATGCT
GAAAAAGCTATCCAAGCTCAATATTATGTTACTGGARACGATGGCAAAGC
TAAAATTAATCTCARACGAGTGGGAGATAAATTTGATATCACAGTTACAA
TTCATAAACTTGTAGAAGGTGTCAAAGAATTGTATTATCAAGCTAATGTA
GCAACAGAACaAGTAAATAAAGGTAAATTTGCCCTTAAACCACAAGCCET
GCTAGATACTAATTGGCAGAaAGTAATTCTTCGTGATAAAGAAACACAAG
TTcGATTTACTATTGATGCTAGTCAATTTAGTCAGARATTAAAAGAACAG
ATGGCAAATGGTTATTTCTTAGAAGGTTTTGTACGTTTTARAGAAGCCAA
GGATAGtAATCAGGAGTTAaTGAGTATTCCTTtTGTAGGATttAATGGTG
ATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATAAGACGCTTTCT
ARAAGGTAGTTTCTACTATAAACCAAATGATACAACTCATARAGACCAATT
GGAGTACAATGAATCAGCTCCTTTTGAAAGCAACAACTATACTGCCTTGT
TAACACAATCAGCGTCTTGGGGCTATGTTGATTATGTCARAAATGGTGGG
GAGTTAGAATTAGCACCGGAGAGTcCAAARAGAATTATTTTAGGAACTTT
TGAGAATAAGGTTGAGGATAARARACAATTCATCTTTTGGAAAGAGATGCAG
CgAATAATCCATATTTTGCCATTTCTCCAAATARAGATGGAAATAGGGAT
GAAATCACTCCCCAGGCAACTTTCTTAAGAAATGTTAAGGATATTTCTGC
TCAAGTTCTAGATCAAAATGGAAATGTTATTTGGCARAGTAAGGTTTTAC
CATCTTATCGTAAAAATTTCCATAATAATCCAARGCAAAGTGATGGTCAT
TATCGTATGGATGCCTTTCAGTGGAGTGGTTTAGATAAGGATGGCARAGT
TGTAGCAGATGGTTTTTATACTTATCGCCTACGTTACACACCAGTAGCAG
AAGGAGCAAATAGTCAGGAGTCAGACTTTAAAGTTCAAGTAAGTACTAAG
TCACCAAATCTTCCTTTACTAGCTCAGTTTGATGAAACTAATCGAACATT
AAGCTTAGCCATGCCTAAGGAAAGTAGTTATGTTCCTACATATCGTTTAC
AATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGGGATGAGACT
TCTTACCATTATTTCCATATAGATCAAGAAGGTAAAGTGACACTTCCTAA
AACGGTTAAGATAGGAGAGAGTGAGGTTGCAGTAGACCCTAAGGCCTTGA
CACTTGTTGTGGAAGATAAAGCTGGTAATTTTGCARCGGTARAATTGTCT
GACCTCTTGAATAAGGCAGTAGTATCAGAGAAARGAAAACGCTATAGTAAT
TTCTAACAGTTTCAAATATTTTGATAACTTGAAAAAAGAATCTATGTTTA
TTTCTAAAGAAGGAAAAGTAGTAAACAAGAATCTAGAAGARATAACATTA
GTTAAGCCGCAAACTACAGTTACTACTCAATCATTGTCTAAAGAAATAAC
TAAATCAGGAAATGAGAAAGTCCTCACTTCTACAAACRATAATAGTAGCA
GAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTGTTAACCAT
ACC

SEQ ID NO. 4403

STRAIN A909

GAGGAGCAAGAATTARAAAACCAAGAGCAAT
CACCTGTAATTGCTAATGTTGCTCAACAGCCATCGCCATCGGTAACTACT
AATACTGTTGAAAARACATCTGTAACATCTGCTTCTGCTAGTAATACAGC
GAAAGARATGGGTGATACATCTGTAAAAAATGACAAAACAGAAGATGAAT
TATTAGAAGAGTTATCTAAAAACCTTGATACGTCTAATTTGGGGGCTGAT
CTTGAAGAAGAATATCCCTCTAAACCAGAGACAACCAACAATARAGAARG
CAATGTAGTAACARATGCTTCAACTGCAATAGCACAGAAAGTTCCCTCAG
CATATGAAGAGGTGAAGCCAGABAGCAAGTCATCACTTGCTGTTCTTGAT
ACATCTAARATAACAAAATTGCABRGCCATAACCCAAAGAGGARAGGGAAA
TGTAGTAGCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTC
GTTTAGATAGCCCAABAGATGaTAAGCACAGCTTTAaAACTAAGGCAGAA
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TTTGAGGAATTAAAAGCAAAACATAATATCACTTATGGGAAATGGGTTAA
CGATAAGATTGtTTTTGCACATAACTACGCCAaCAATACAGAAACGGTGE
CTGATATTGCAGCAGCTATGAAAGAT GGTTATGGGTCAGAAGCAAAGAAT
ATTTCGCATGGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTARACG
TCCAGCAATCAATGGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAG
TCTTATTAATGCGTATTCCAGATAARATTGATTCGGACAAATTTGGTGAA
GCATATGCTAAAGCAATCACAGACGCTGTTAATCTAGGAGCARARACGAT
TAATATGAGCCTTGGAAAAACAGCAGATTCTTTAATTGCTCTCAATGATA
AAGTTAAATTAGCACTTARATTAGCTTCTGAGAAGGGCGTTGCAGTTGTT
GTGGCTGCCGGAAATGAAGGTGCATTTGGTATGGATTATAGCAAACCATT
ATCAACTAATCCTGACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAG
ATACTTTGAGTGTTGCTAGCTATGAATCACTTARAACTATCAGTGAGGTC
GTTGAAACAACTATTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACTTC
TAAACCTTtTGACAAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATG
GTGCAAAAAAAAGACTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATT
ARATTGAGCGTGGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTA
CAAATGCAGGTGTTGTTGGTATCGTTATTTTTAACGATCAAGAAMAACGT
GGAAATTTTCTAATTCCTTACCGTGAATTACCTGTGGGGGTTATTAGTAA
AGTAGATGGCGAGCGTATAAAAAATACTTCAAGTCAGTTAACATTTAACC
AGAGTTTTGAAGTAGTTGATAGCCAAGGTGGCAATCGTATGCTGGAACAA
TCAAGTTGGGGCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGC
TTCTGGCTTTGAAATTTATTCTTCAACCTATAATAATCAATACCARAACAA
TGTCTGGTACAAGTATGGCTTCACCACATGtTGCAGGATTAATGACAATG
CTTCAAAGTCATTTGGCTGAGaAATATAAAGGGATGAATTTAGATTCTAA
AAAATTGCTAGaATTGTCTAAAAACATCCTCATGAGCTCAGCAACAGCAT
TATATAGTGAAGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGTGCA
GGTGTAGTTGATGCTGAAAAAGCTATCCAAGCTCAATATTATGTTACTGG
AAACGATGGCAAAGCTAAAATTAATCTCARACGAGTGGGAGATARATTTG
ATATCACAGTTACAATTCATAAACTTGTAGAAGGTGTCAAAGAATTGTAT
TATCAAGCTAATGTAGCAACAGAACAAGTAAATAAAGGTAAATTTGCCCT
TaAACCaCAAGCCTTGCTAGATACTAATTGGCAGARAGTAATTCTTCGTG
ATAAAGARACACAAGTTCGATTTACTAL TGATTCTAGTCAATTTAGTCAG
ARATTAARAGAACAGATGGCAAATGGTTATTTCTTAGAAGGTTTTGTACG
TTTTAAAGAAGCCAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTIG
TAGGATTTAATGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATT
TATAAGACGCTTTCTAAAGGTAGTTTCTACTATAAACCAAATGATACALC
TCATARAGACCAATTGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACA
ACTATACTGCCTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGATTAT
GTCAAAAATGGTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAAT
TATTTTAGGAACTTTTGAGAATAAGGTTGAGGATAARAACAATTCATCTTT
TGGAAAGAGATGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATAAA
GATGGAAATAGGGATGAAATCACTCCCCAGGCAACTTTCTTAAGAAATGT
TAAGGATATTTCTGCTCAAGTTCTAGAT CAAAATGGAAATGTTATTTGGC
AAAGTAAGGTTTTACCATCTTATCGTAAAAATTTCCATAATAATCCARAG
CAAAGTGATGGTCATTATCGTATGGATGCCCTTCAGTGGAGTGGTTTAGA
TAAGGATGGCAAAGTTGTAGCAGATGGTTTTTATACTTATCGTTTACGTT
ACACACCAGTAGCAGAAGGAGCAAATAGTCAGGAGTCAGACTTTAAAGTT
CARGTAAGTACTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGA
AACTAATCGAACATTAAGCTTAGCCATGCCTAAGGARAGTAGTTATGTTC
CTACATATCGTCTACAATTAGTTTTATCTCATGTTGTARAAGATGAAGAA
TATGGAGATGAGACTTCTTACCATTATTTCCATATAGATCGAGAAGGTAA
AGTGACACTTCCTAAAACAGTTAAGATAGGAGAGAGTGAGGTTGCAGTAG
ACCCTAAGACCTTGACACTTGTTGTGGAAGATARAGCTGGTAATTTCGCA
ACGGTAAAATTGTCTGACCTCTTGAATAAGGCAGTAGTATCAGAGAAAGA
AAACGCTATAGTAATTTCTAACAATTTCAAATATTTTGATAACTTGAAAR
AAGAACCTATGTTTATTTCTARAGAAGGAAAAGTAGTAAACAAGAATCTA
GAAGAAATAGCATTAGTTAAGCCGCAARACTACAGTTACTACTCAATCATT
GTCTAAAGAAATAACTCAATCAGGAAATGAGAAAGTCCTCACTTCTACAA
ACAATAATAGTAGCAGAGTAGCTAAGATCATATCACCTAAACATAACGGEE
GATTCTGTTAACCATACC

SEQ ID NO. 4404

STRAIN H36B
GAGGAGCAAGAATTAAAAAACCAAGAGCAATCACCTGTAATTGC
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TAATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATACTGTTGAAR
AAACATCTGTAACATCTGCTTCTGCTAGTAATACAGCGAAAGAAATGGGT
GATACATCTGTAAAARATGACAAAACAGAAGATGAATTATTAGAAGAGTT
ATCTAAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAGAAGAAT
ATCCCTCTAAACCAGAGACAACCAACAATAAAGAAAGCAATGTAGTAACA
AATGCTTCAACTGCAATAGCACAGAAaGTTCCCTCAGCATATGAAGAGGT
GRAAGCCAGAAAGCAAGTCATCACTTGCTGTTCTTGATACATCTAARATAA
CAAARATTGCAAGCCATAACCCARAAGAGGARAGGGAAATGTAGTAGCTATT
ATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTAGATAGCCC
ARRAGATGATAAGCACAGCTTTAAAACTAAGGCAGAATTTGAGGAATTAA
AAGCAARACATAATATCACTTATGGGAAATGGGTTAACGATAAGATTGTT
TTTGCACATAACTACGCCRaCAATACAGAAACGGTGGCTGATATTGCAGC
AGCTATGAAAGATGGTTATGGGTCAGAAGCAAAGAATATTTCGCATGGTA
CACACGTTGCTGGTATTTTTGTAGGTAATAGTAAACGTCCAGCAATCAAT
GGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAGTCTTATTAATGCG
TATTCCAGATAAAATTGATTCGGACARATTTGGTGAAGCATATGCTAAAG
CAATCACAGACGCTGTTAATCTAGGAGCAAAAACGATTAATATGAGCCTT
GGAARAACAGCAGATTCTTTAATTGCTCTCAATGATAAAGTTARATTAGC
ACTTARATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTGGCTGCCGGAA
ATGAAGGTGCATTTGGTATGGATTATAGCAAACCATTATCAACTAATCCT
GACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAGATACTTTGAGTGT
TGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTTGAAACAACTA
TTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACTTCTAAACCTTtTGAC
AAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCAARAAAAGA
CTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATTAATTGAGCGTGGTG
GTGGACTTGATTTTATGACTAAAATCACTCATGCTACAAATGCAGGTGTT
GTTGGTATCGITATTTTTAACGATCAAGARARAACGTGGAAATTTTCTAAT
TCCTTACCGTGAATTACCTGTGGGGGTTATTAGTAAAGTAGATGGCGAGC
GTATAAAARATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTGAAGTA
GTTGATAGCCAAGGTGGCAATCGTATGCTGGAACAATCAAGTTGGGGCGT
GACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTTTGAAA
TTTATTCTTCAACCTATAATAATCAATACCAAACAATGTCTGGTACAAGT
ATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCAAAGTCATTT
GGCTGAGAAATATAAAGGGATGAATTTAGATTCTAAAAAATTGCTAGAAT
TGTCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATATAGTGAAGAG
GATAAGGCGTTTTATTCACCACGTCAGCAAGGTGCAGGTGTAGTTGATGC
TGAAARAAGCTATCCAAGCTCAATATTATGTTACTGGARACGATGGCAARAG
CTAAAATTAATCTCAAACGAGTGGGAGATAAATTTGATATCACAGTTACA
ATTCATAAACTTGTAGAAGGTGTCAAAGAATTGTATTATCAAGCTAATGT
AGCAACAGAACAAGTAAATAAAGGTARATTTGCCCTTAAACCaCAAGCCT
TGCTAGATACTAATTGGCAGAAAGTAATTCTTCGTGATAAAGAAACACAA
GTTCGATTTACTATTGATTCTAGTCAATTTAGTCAGAAATTAAAAGAACA
GATGGCAAATGGTTATTTCTTAGAAGGTTTTGtACGTTTTAAAGAAGCCA
AGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTAGGATTTAATGGT
GATTTTGCGAACTtACAAGCACTTGAAACACCGATTTATAAGACGCTTTC
TAAAGGTAGTTTCTACTATAAACCARATGATACAACTCATAAAGACCAAT
TGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACAACTATACTGCCTTG
TTAACACAATCAGCGTCTTGGGGCTATGTTGATTATGTCAAARATGGTGG
GGAGTTAgAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTAGGAACTT
TTGAGAATAAGGTTGAGGATAAAACAATTCATCTTTTGGAAAGAGATGCA
GCGAATAATCCATATTTTGCCATTTCTCCAAATAAAGATGGARATAGGGA
TGAAATCACTCCCCAGGCAACTTTCTTAAGAAATGTTAAGGATATTTCTG
CTCAAGTTCTAGATCAAAATGGARATGTTATTTGGCAAAGTAAGGTTTTA
CCATCTTATCGTAAAAATTTCCATAATAATCCARAGCAAAGTGATGGTCA
TTATCGTATGGATGCCCTTCAGTGGAGTGGTTTAGATAAGGATGGCAAAG
TTGTAGCAGATGGTTTTTATACTTATCGTTTACGTTACACACCAGTAGCA
GAAGGAGCAAATAGTCAGGAGTCAGACTTTAAAGTTCAAGTAAGTACTAA
GTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGAAACTAATCGAACAT
TAAGCTTAGCCATGCCTAAGGAAAGTAGTTATGTTCCTACATATCGTCTA

CAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGAGATGAGAC

TTCTTACCATTATTTCCATATAGATCAAGAAGGTAAAGTGACACTTCCTA
AAACAGTTAAGATAGGAGAGAGTGAGGTTGCAGTAGACCCTAAGACCTTG
ACACTTGTTGTGGAAGATAAAGCTGGTAATTTCGCAACGGTARAATTGTC
TGACCTCTTGAATAAGGCAGTAGTATCAGAGAARAGAAAACGCTATAGTAA
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TTTCTAACAATTTCAAATATTTTGATAACTTGAAAAAAGAACCTATGTTT
ATTTCTAAAGAAGGAAAAGTAGTAAACAAGAATCTAGAAGAAATAGCATT
AGTTAAGCCGCAAACTACAGTTACTACTCAATCATTGTCTARAGAAATAA
CTCAATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAATAATAGTAGC

AGAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTGTTAACCA

TACC

SEQ ID NO. 4405

STRAIN 18RS21

GAGGAGCAAGAATTAAAAAACCAAGAGCAATCACC
TGTAATTGCTAATGTTGCTCAACAGCCATCGCCATCGGTARCTACTAATA
CTGTTGAAAAAACATCTGTAACAGCTGCTTCTGCTAGTAATACAGCGAAA
GAAATGGGTGATACATCTGTAAAAAATGACAAAACAGAAGATGAATTATT
AGAAGAGTTATCTAAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTG
AAGAAGAATATCCCTCTAAACCAGAGACAACCAACAATAAAGARAGCAAT
GTAGTAACAAATGCTTCAACTGCAATAGCACAGARAGTTCCCTCAGCATA
TGAAGAGGTGAAGCCAGAAAGCAAGTCATCGCTTGCTGTTCTTGATACAT
CTAAAATAACAAAATTACAAGCCATAACCCAAAGAGGAAAGGGAAATGTA
GTAGCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTT
AGATAGCCCAAAAGATGATAAGCACAGCTTTAAAACTAAGACAGAATTTG
AGGAATTAAAAGCAAAACATAATATCACTTATGGGAAATGGGTTAACGAT
AAGATTGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGCTGA
TATTGCAGCAGCTATGAAAGATGGTTATGGTTCAGAAGCAAAGAATATTT
CGCATGGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTARACGTCCA
GCAATCAATGGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCARGTCTT
ATTAATGCGTATTCCAGATAAAATTGATTCGGACAAATT TGGTGAAGCAT
ATGCTAAAGCAATCACAGACGCTGTTAATCTAGGAGCARAAACGATTAAT
ATGAGTATTGGAAARACAGCTGATTCTTTAATTGCTCTCAATGATARAGT
TAAATTAGCACTTAAATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTGG
CTGCCGGAAATGAAGGCGCATTTGGTATGGATTATAGCAAACCATTATCA
ACTAATCCTGACTACGGTACGGTTAATAGTCCAGCTATTTCTGARGATAC
TTTGAGTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTTG
AAACAACTATTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACTTCTAAA
CCTTTTGACAAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGC
ARRARAAGACTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATTAATTG
AGCGTGGTGGTGGACT TGATTTTATGACTAAAATCACTCATGCTACAAAT
GCAGGTGTTGTTGGTATCGTTATTTTTAACGATCAAGAAAAACGTGGARA
TTTTCTAATTCCTTACCGTGAATTACCTGTGGGGATTATTAGTARAGTAG
ATGGCGAGCGTATAAAAAATACTTCAAGTCAGTTAACATTtAACCAgAGT
TTTGAAGtAGTTGATAGCCAAGGTGGtAATCGTaTGCTGGAACAATCAAG
TTGGGGCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTG
GCTTTGARAATTTATTCTTCARACCTATAATAATCAATACCAAAaCAATGTCT
GGTACAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCA
AAGTCATTTGGCTGAGAAATATAAAGGGATGAATTTAGATTCTAAAAAAT
TGCTAGAATTGTCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATAT
AGTGAAGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGTGCAGGTGT
AGTTGATGCTGAAAAAGCTATCCAAGCT CaATATTATATTACTGGAAACG
ATGGCAaAGCTAAAATTAATCTCAAACGAATGGGAGATAAATTTGATATC
ACAGTTACAATTCATaAACTTGTAGAAGGTGTCARAGAATTGTATTATCA
AGCTAATGTAGCAACAGAACAAGTAAATAAAGGTAAATTTCCCCTTAAAC
CACAAGCCTTGCTAGATACTAATTGGCAGAAAGTAATTCTTcGTGATARA
GAAACACAAGTTCGATTTACTATTGATGCTAGTCAATTTAGTCAGAAATT
AAAAGAACAGATGGCARATGGTTATTTCTTAGAAGGTTTTGTACGTTTTA
AAGAAGCCAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTAGGA
TTTAATGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATAA
GACGATTTCTAAAGGTAGTTTCTACTATAAACCAAATGATACAACTCATA
AAGACCAATTGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACAACTAT
ACTGCCTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGATTATGTCAA
AAATGGTGGGGAGTTAGAATTAGCaCCGGAGAGTCCAAAAAGAATTATTT
TAGGAACTTTTGAGAATAAGGTTGAGGATARAACAATTCATCTTTTGGAA
AGAGATGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATARAGATGG
AAATAGGGACGAAATCACTCCCCAGGCAACETTCTTAAGARATGTTAAGG
ATATTTCTGCTCAAGTTCTAGATCAAAAT GGAAATGTTATTTGGCAAAGT
AAGGTTTTACCATCTTATCGTAAARATTTCCATAATAATCCARAGCARAG
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TGATGGTCATTATCGTATGGATGCTCTTCAGTGGAGTGGTTTAGATAAGG
ATGGCAAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTACACA
CCAGTAGCAGAAGGAGCARATAGTCAGGAGTCAGACTTTAAAGTACAAGT
AAGTACTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGAAACTA
ATCGAACATTAAGCTTAGCCATGCCTAAGGAAAGTAGTTATGTTCCTACA
TATCGTTTACAATTAGTTTTATCTCATGTTGTAAAAGATGARGAATATGG
GGATGAGACTTCTTACCATTATTTCCATATAGATCAAGAAGGTARAGTGA
CACTTCCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGGTAGACCCT
AAGGCCTTGACACTTGTTGTGGAAGATAAAGCTGGTAATTTCGCAACGGT
AAAATTGTCTGATCTCTTGAATAAGGCAGTAGTATCAGAGAAAGAAAACE
CTATAGTAATTTCTAACAGTTTCAAATATTTTGATAACTTGAAAAAAGAA
CCTATGTTTATTTCTAAAAAAGAAAAAGTAGTAAACAAGAATCTAGAAGA
AATAATATTAGTTAAGCCGCARACTACAGTTACTACTCAATCATTGTCTA
AAGAAATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAAT
AATAGTAGCAGAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTC
TGTTAACCATACC

SEQ ID NO. 4406

STRAIN M732

GAGGAGCAAGAATTAAAAAACCAAGAGCAATCACCT
GTAATTGCTAATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATAT
TGTTGAARAAACATCTGTAACAGCTGCTTCTGCTAGTAATACAGTGARAG
AAATGGGTGATACATCTGTAAAAAATGACAAAACAGAAGATGAATTATTA
GAAGAGTTATCTAAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTGA
AGAAGAATATCCCTCTAAACCAGAGACAACCAACAATAAAGAAAGCAATG
TAGTAACARATGCTTCAACTGCAATAGCACAGAAAGTTCCCTCAGCATAT
GAAGAGGTGAAGTCAGAAAGCAAGTCATCGCTTGCTGTTCTTGATACATC
TAAAATAACAAAATTACAAGCCACAACCCARAGAGGARAGGGAAATGTAG
TAGCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTA
GATAGCCCAAAAGATGATAAGCACAGCTTTAAAACTAAGGCAGAATTTGA
GGAATTAAAAGCAAAACATAATATCACTTATGGGAAATGGGTTAACGATA
AGATTGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGCTGAT
ATTGCAGCAGCTATGARAGATGGTTATGGGTCAGAAGCAAAGAATATTTT
GCATGGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTARACGTCCAG
CRATCAATAGTCTTCTTTTAGAAGGTGCAGCGCCABRATGCTCAAGTCTTA
TTAATGCGTATTCCAGATAAAATTGATTCGGACAAATTTGGAGAAGCATA
TGCTAAAGCAATCATAGACGCTGTTAATCTAGGAGCAAAAACGATTAATA
TGAGCCTGGGAAARACGGCTGATTCTTTAATTGCTCTCAATGATAAAGTT
AAATTAGCACTTAAATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTGGC
TGCCGGAAATGAAGGTGCATTTGGTATGGATTATAGCAAACCATTATCAA
CTAATCCTGACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAGATACT
TTGAGTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTTGA
AACAACTATTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACTTCTAAAC
CTTtTGACAAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCA
ARAAAGATTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATTAATTGAG
CGTGGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTACAAATGC
AGGTGTTGTTGGTATCGTTATTTTTAACGATCAAGAAAAACGTGGAAATT
TTCTAATTCCTTACCGTGAATTACCTGTGGGGGTTATTAGTAAAGTAGAT
GGCGAGCGTATAAARAATACTTCAAGTCAGTTAACATTTAACCAGAGTTT
TGAAGTAGTTGATAGCCAAGGTGGCAATCGTATGCTGGAACAATCAAGTT
GGGGCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGE
TTTGARATTTATTCITCAACCTATAATAATCAATACTAAACAATGTCTGG
TACAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCARA
GTCATTTGGCTGAGAAATATAAAGGGATGAATTTAGATTCTAAAAAATTG
CTAGAATTGTCTAAARAACATCCTCATGAGCTCAGCAACAGCATTATATAG
TGAAGAGGATAAGGCGTTTTATTCACCACGTCAGCARGGTGCAGGTGTAG
TTGATGCTGAARAAGCTATCCAAGCTCAATATTATGTTACTGGAAACGAT
GGCAAAGTTAAAATTAATCTCAAACGAGAGGGAGATAAATTTGATATCAC
AGTTACAATTCATaAACTTGTAGAAGGTGTCARAGAATTGTATTATCAAG
CTAATGTAGCAACAGAaCAAGTAAATAAAGGTAAATTTGCCCTTaAACCA
CAAGCCTTGCTAGATACTAATTGGCAGAAAGTAATTCTTCGTGATAAAGA
AACACAAGTTCGATTTACTATTGATGCTAGTCAATTTAGTCAGAAATTAA
AAGAACAGATGGCARATGGTTATTTCTTAGAAGGTTTTGTACGTTTTAAA
GAAGCCAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTAGGATT
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TAATGGTGATTTTGCGAACTTACAAGCACTTGAAACaCCGATTTATAAGA
CGCTTTCTAAAGGTAGTTTCTACTATAAACCAAATGATACAACTCATARA
GACCAATTGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACAACTATAC
TGCCTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGATTATGT CAAAA
ATGGTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTA
GGAACTTTTGAGAATAAGGTTGAGGATAAAACARATTCATCTTTTGGARAG
AGATGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATAAAGATGGAA
ATAGGGACGAAATCACTCCCCAGGCAACTTTCTTAAGAAATGTTAAGGAT
ATTTCTGCTCAAGTTCTAGATCAAAATGGAAATGTTATTTGGCAAAGTAA
GGTTTTACCATCTTATCGTAAAAATTTCCATAATAATCCAAAGCARAGTG
ATGGTCATTATCGTATGGATGCTCTTCAGTGGAGTGGTTTAGATAAGGAT
GGCAAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTACACACC
AGTAGCAGAAGGAGCaAATAGTCAGGAGTCAGACTTTAAAGTTCAAGTAA
GTACTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGAAACTAAT
CGAACATTAAGCTTAGCCATGCCTAAGGAAAGTAGTTATGTTCCTACATA
TCGTTTACAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGGG
ATGAGACTTCTTACCATTATTTCCATATAGATCAAGAAGGTAAAGTGACA
CTTCCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGGTAGACCCTAA
GGCCTTGACACTTGTTGTGGAAGATARAGCTGGTAATTTTGCAACGGTAA
AATTGTCTGACCTCTTGAATAAGGCAGTAGTATCAGAGAARGaARACGCT
ATAGTAATTTCTAACAGTTTCAAATATTTTGATAACTTGAAGAARAGAACC
TATGTTTATTTCTAAAGAAGGAAAAGTAGTAAACAAGAATCTAGAAGAAA
TAACATTAGTTAAGCCTCAARACTACAGTTACTACTCAATCATTGTCTAAA
GAAATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAATAA
TAGTAGCAGAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTG
TTAACCATACC

SEQ ID NO. 4407

STRAIN COH1

GAGGAGCAAGAATTAAAAARCCAAGAGCAATCACCTGT
AATTGCTAATGTTGCTCAACAGCCATCGCCATCGGTaACTACTAATATTG
TTGAAAAAACATCTGTAACAGCTGCTTCTGCTAGTAATACAGTGAAAGAA
ATGGGtgATACATCTGTAAAAAATGACAAAACAGAAGATGAATTATTAGA
AGAGTTATCTAAARACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAG
AAGAATATCCCTCTAAACCAGAGaCAACCAACAATAAAGAAAGCAATGTA
GTAACAAATGCTTCAACTGCAATAGCACAGAAAGTTCCCTCAGCATATGA
AGAGGTGAAGTCAGAAAGCAAGTCATCGCTTGCTGTTCTTGATACATCTA
ARATAACAAAATTACAAGCCACAACCCAAAGAGGAAAGGGARATGTAGTA
GCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTAGA
TAGCCCAARAGATGATAAGCACAGCTTTAAAACTAAGGCAGAATTTGAGG
AAtTAAAAGCAAAACATAATATCACTTATGGGAAATGGGTTAACGATAAG
ATTGTTTTTGCACATAACTACGCCAaCAATACAGAAACGGTGGCTGATAT
TGCAGCAGCTATGAAAGATGGTTATGGGTCAGAAGCAAAGAATATTTTGC
ATGGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTARACGTCCAGCA
ATCAATAGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAGTCTTATT
) AATGCGTATTCCAGATAAAATTGATTCGGACAAATTTGGAGRAGCATATG
CTAAAGCAATCATAGACGCTGTTAATCTAGGAGCAAAAACGATTAATATG
AGCCTGGGAAAAACGGCTGATTCTTTAATTGCTCTCAATGATAAAGTTAA
ATTAGCACTTAAATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTGGCTG
CCGGAAATGAAGGTGCATTTGGTATGGATTATAGCAAACCATTATCAACT
AATCCTGACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAGATACTTT
GAGTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTTGARA
CAACTATTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACTTCTAAACCT
TtTGACAAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCARA
AARGATTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATTAATTGAGCG
TGGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTACARATGCAG
GTGTTGTTGGTATCGTTATTTTTAACGATCAAGAAAAACGTGGAAATTTT
CTAATTCCTTACCGTGAATTACCTGTGGGGGTTATTAGTAAAGTAGATGG
CGAGCGTATAAAAAATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTG
AAGTAGTTGATAGCCAAGGTGGCAATCGTATGCTGGAACAATCAAGTTGG
GGCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTT
TGAaATTTATTCTTCAACCTATAATAATCAATACTARACAATGTCTGGTA
CAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCARAGT
CATTTGGCTGAGAAATATAAAGGGATGAATTTAGATTCTAaAARATTGCT
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AGaATTGTCTAaaAACATCCTCATGAGCTCAGCAACAGCATTATATAGTG
ARGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGTGCAGGTGTAGTT
GATGCTGARAAAGCTATCCAAGCTCAATATTATGTTACTGGAAACGATGG
CARAGTTAAAATTAATCTCAAACGAGAGGGAGATAAATTTGATATCACAG
TTACAATTCATaAACTTGTAGAAGGTGTCAAAGAATTGTATTATCAAGCT
ARTGTAGCAaCAGAACRAGTAAATAAAGGTAAATTTGCCCTTAAACCACA
AGCCTTGCTAGATACTAATTGGCAGARAGTAATTCTTCGTGATAAAGAAA
CACRAGTTCGATTTACTATTGATGCTAGTCAATTTAGTCAGAAATTAAAA
GRACAGATGGCAAATGGTTATTTCTTAGAAGGTTTTGTACGTTTTARAGA
AGCCRAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTAGGATTTA
ATGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATAAGACG
CTTTCTAAAGGTAGTTTCTACTATAAACCAAATGATACAACTCATAAAGA
CCAATTGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACARCTATACTG
CCTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGATTATGTCAAAAAT
GGTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTAGG
aACTTTTGAGAATAAGGTTGAGGATAARACAATTCATCTTTTGGARAGAG
ATGCAGCGAATAATCCATATTTTGCCATTTCTCCARATAAAGATGGAAAT
AGGGACGARATCACTCCCCAGGCaACTTTCTTAAGARATGTTAAGGATAT
TTCTGCTCAAGtTCTAGATCARAATGGARATGTTATTTGGCARAGTAAGG
TTTTACCATCTTATCGTAAAAATTTCCATAATaATCCAAAGCAAAGTGAT
GGTCATTATCGTATGGATGCTCTTCAGTGGAGTGGTTTAGATAAGGATGG
CAARGTTGTAGCAGATGGETTTTATACTTATCGCTTACGTTACACACCAG
TAGCAGAAGGAGCARATAGT CAGGAGTCAGACTTTaAAGTTCAAGTAAGT
AcTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGaAACTAATCG
AACATTAAGCTTAGCCATGCCTAAGGAAAGTAGTTATGTTCCTACATATC
GTTTACAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGGGAT
GAGACTTCTTACCATTATTTCCATATAGATCAAGAAGGTAAAGTGACACT
TCCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGGTAGACCCTAAGG
CCTTGACACTTGTTGTGGAAGATAAAGCTGGTAATTTTGCAACGGTAAAR
TTGTCTGACCTCTTGAATAAGGCAGTAGTATCAGAGAAAGARAACGCTAT
AGTAATTTCTAACAGTTTCAAATATTTTGATAACTTGAAGAAAGAACCTA
TGTTTATTTCTARAGAAGGARAAGTAGTAAACAAGAATCTAGAAGAAATA
ACATTAGTTAAGCCTCAAACTACAGTTACTACTCAATCATTGTCTAAAGA
AATAACTARATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAATAATA
GTAGCAGAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTGTT
AACCATACC

SEQ ID NO. 4408

STRAIN M781

GAGGAGCAAGAATTAAAAAACCAAGAGCAATCACCTGT
AATTGCTAATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATATTG
TTGAAAAAACATCTGTAACAGCTGCTTCTGCTAGTAATACAGTGAAAGAA
ATGGGTGATACATCTGTAAAAAATGACAAAACAGAAGATGAATTATTAGA
AGAGTTATCTAAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAG
AAGAATATCCCTCTAAACCAGAGACAACCAACAATAAAGAAAGCAATGTA
GTAACARATGCTTCAACTGCAATAGCACAGAAAGTTCCCTCAGCATATGA
AGAGGTGAAGTCAGARAGCAAGTCATCGCTTGCTGTTCTTGATACATCTA
AAATAACAAAATTACAAGCCACAACCCAAAGAGGAAAGGGAAATGTAGTA
GCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTAGA
TAGCCCAAAAGATGATAAGCACAGCTTTAAAACTAAGGCAGAATTTGAGG
AATTAAARGCAAAACATAATATCACTTATGGCAAATGGGTTAACGATAAG
ATTGTTTTTGCACATAACTACGCCAaCAATACAGARACGGTCGCTGATAT
TGCAGCAGCTATGAAAGATGGTTATGGGTCAGAAGCARAGAATATTTTGC
ATGGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTAAACGTCCAGCA
ATCAATAGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAGTCTTATT
AATGCGTATTCCAGATAAARATTGATTCGGACAAATTTCGGAGRAGCATATG
CTAAAGCAATCATAGACGCTGTTAATCTAGGAGCARAAACGATTAATATG
AGCCTGGGARAAACGGCTGATTCTTTAATTGCTCTCAATGATAAAGTTAA
ATTAGCACTTAAATTAGCTTCTGAGARGGGCGTTGCAGTTGTTGTGGCTG
CCGGAAATGAAGGTGCATTTGGTATGGATTATAGCAAACCATTATCAACT
AATCCTGACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAGATACTTT
GAGTGTTGCTAGCTATGAATCACTtAAAACTATCAGTGAGGTCGTTGAAR
CAACTATTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACETCTAAACCT
TTTGACARAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCAAA
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ARAGATTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATTAATTGAGCG
TGGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTACARATGCAG
GTGTTGITGGTATCGTTATTTTTAACGATCAAGAAARACGTGGARATTTT
CTARTTCCTTACCGTGAATTACCTGTGGGGGTTATTAGTAAAGTAGATGG
CGAGCGTATAAAAAATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTg
ARGTAGTTGATAGCCAAGGTGGCAATCGTATGCTGGAACAATCARGT TGS
GGCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTT
TGARATTTATTCTTCAACCTATAATAATCAATACTAAACAATGTCTGGTA
CAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCAAAGT
CATTTGGCTGAGARATATAAAGGGATGAATTTAGATTCTAARARATTGCT
AGAATTGTCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATATAGTG
ARGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGTGCAGETGTAGTT
GATGCTGAAAAAGCTATCCAAGCTCAATATTATGTTACTGGARACGATGG
CAAAGTTAAAATTAATCTCAAACGAGAGGGAGATAAATTTGATATCACAG
TTACAATTCATaaACTTGTAgAAGGTGTCAAAGAATTGTATTATCAAGCT
AATGTAGCaaCAGAACAAGTAAATAaAGGTAAATTTGCCCTTaRaCCaCh
AGCCTTGCTAGATACTAATTGGCAGRaAGTaATTCTTCGTGATAAAGAAA
CACAAGTTcGATTTACTALTGATGCTAGTCAATTTAGTCAGARATTAARA
GAACAGATGGCAAATGGTTATTTCTTAGAAGGTTTTGTACGTTTTARAGA
AGCCAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTAGGATTTA
ATGGTGATTTTGCGAACT tACAAGCACTTGARACACCGATTTATAAGACG
CTTTCTAAAGGTAGTTTCTACTATAAaCCAAATGATACAACTCATAAAGA
CCAATTGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACAACTATACTG
CCTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGATTATGTCAAAAAT
GGTGGGGAGTTAGAATTAGCACCGGAGAGTCCARARAGAATTATTTTAGGE
AACTTTTGAGAATAAGGTTGAGGATAARACAATTCATCTTTTGGAAAGAG
ATGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATARAGATGGAAAT
AGGGACGaaATCACTCCCCAGGCaACtTTCTTAAGARATGTTAAGGATAT
TTCTGCTCAAGETCTAGATCAAAATGGAAATGTTATTTGGCAAAGTAAGG
TTTTACCATCTTATCGTAAARATTTCCATAATaATCCAAAGCAAAGTGAT
GGTCATTATCGTATGGATGCTCTTCAGTGGAGTCGTTTAGATAAGGATGG
CAAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTACACACCAG
TAGCAGAAGGAGCARAATAGTCAGGAGTCAGACTTTAAAGTTCAAGTAAGT
ACTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGAAACTAATCG
AACATTAAGCTTAGCCATGCCTAAGGAAAGTAGTTATGTTCCTACALATC
GTTTACAATTAGTTTTATCTCATGTTGTARAAGATGAAGAATATGGGGAT
GAGACTTCTTACCATTATTTCCATATAGATCAAGAAGGTARAGTGACACT
TCCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGETAGACCCTAAGG
CCTTGACACTTGTTGTGGAAGATAAAGCTGGTAATTTTGCAACGGTAAAA
TTGTCTGACCTCTTGAATAAGGCAGTAGTATCAGAGAAAGAAAACGCTAT
AGTAATTTCTAACAGTTTCAAATATTTTGATAACTTGAAGAAAGAACCTA
TGTTTATTTCTAAAGAAGGAAAAGTAGTAAACAAGAATCTAGAAGARATA
ACATTAGTTAAGCCTCAAACTACAGTTACTACTCAATCATTGTCTAAAGA
AATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAATAATA
GTAGCAGAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTGTT
AACCATACC

SEQ ID NO. 4409

STRAIN CJB110
GAGGAGCAAGAATTAAAAAACCAAGAGCAATCACCTGTAA
TTGCTAATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATATTGTT
GAAAAAACATCTGTANCAGCTGCTTCTGCTAGTAATACAGCGARAGARAAT
GGGTGATACATCTGTAAAAAATGACAARACAGAAGATGAATTATTAGARAG
AGTTATCTAAAAACCTTGATACGT CTAATWTGGGGGCTGATCTTGAAGAA
GAATATCCCTCTAAACCAGAGACAACCAACAATAAAGAAAGCAATGTAGT
AACAAATGCTTCAACTGCAATAGCACAGAAAGTTCCCTCAGCGTATGAAG
AGGTGaAGCCAGAAAGCAAGTCATCGCTTGCTGTTTTTGATACATCTARA
ATAACAAAATTGCAAGCCATAACCCAAAGAGGAAAGGGAAATGTAGTAGC
TATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTAGATA
GCCCAAAAGATGATAAGCACAGCTTTAAAACTAAAGCAGAATTCGAGGAA
tTAAAAGCAAAACATAATATCACTTATGGGARATGGGTTAACGATAAGAT
TGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGCTGATATTG
CAGCAGCTATGAAAGATGGTTATGGGTCAGAAGCARAGAATATTTCGCAT
GGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTARACGTCCAGCAAT
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CAATGGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAGTCTTATTAL
TGCGTATTCCAGATAARATTGAT TCGGACAAATTTGGAGAAGCATATGCT
ARAGCAATCACAGACGCTGTTAATCTAGGAGCAAAAACGATTAATATGAG
CCTTGGARAAACAGCAGATTCTTTAATTGCACTCAATGATAAAGTTAAAT
TAgCACTTARATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTGGCTGCC
GGAAATGAAGGTGCATTTGGTATGGATTATAgCAAACCATTATCAACTAA
TcCTGACTACGGtACGGTTAATAGTCCAGCTATTTCTGAAGATACTTTGA
GTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTTGAAACA
ACTATTGAAGGTAAGT TAGTTAAGTTGCCGATTGTGACTTCTARACCTTT
TGACARAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCARAAR
AAGACTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATTAATTGAGCGT
GGTGGTGGACTTGAT TTTATGACTAAAATCACTCATGCTACAAATGCAGGE
TGTTGTTGGTATCGTTATTT TTAACGATCAAGAAAAACGTGGARATTTTC
TAATTCCTTACCGTGAATTACCTGTGgGGGTTATTAGTAAAGTAGATGGC
GAGCGTATAAAAAATACTTCAAGTCAGTTAACATTTAACCAgAGTTTTGA
AGTAgTTGATAGCCAAGGTGGCAATCGTATGCTGGAACAATCAAGTLGGG
GCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTTT
GAAATTTATTCTTCAACCTATAATAATCAATACCARACAATGTCTGGTAC
AAGTATGGCTTCACCACATGtTGCAGGATTAATGACAATGCTTCAAAATC
ATTTGGCTGAGAAATATAAAGGGATGAATTTAGATTCTAAAAAATTGCTA
GAATTGTCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATATAGTGA
AGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGEGCAGGTGTAGTTG
ATGCTGAARAAGCTATCCAAGCTCAATATTATGTTACTGGARACGATGGC
ARAGCTAAAATTAATCTCAAACGAGTGGGAGATAAATTTGATATCACAGT
TACAATTCATAAACTTGTAGRAAGGTGTCAARAGAATTGTATTATCAACCTA
ATGTAGCAACAGAACAAGTAAATAAAGGTAAATTTGCCCTTaAACCACAA
GCCTTGCTAGATACTAATTGGCAGAAAGTAATTCTTCGTGATAAAGAAAC
ACAAGTTCGATTTACTAtTGATGCTAGTCAATTTAgTCAGAAATTAAAAG
AACAGATGGCAAATGGTTATTTCTTAGAAGGTTTTGTACGTTTTAAAGAR
GCCAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTAGGATTTAR
TGGTGATTTTGCGAACT tACAAGCACTTGAAACACCGATTTATAAGACGC
TTTCTAAAGGTAGTETCTACTATAAACCAAATGATACAACTCATAAAGAC
CAATTGGAGTACAATGAATCAGCTCCtTTTGAAAGCAACAACTATACTGC
CTTGTTARCACAATCAGCGTCTTGGGGCTATGTTGATTATGTCAAAAATG
GTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTAGGA
ACTTTTGAGAATAAGGTTGAGGATAAAACAATTCATCTTTTGGAAAGAGA
TGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATAAAGATGGAAATA
GGGATGaaATCACTCCCCAGGCAACETTCTTAAGAAATGTTAAGGATATT
TCTGCTCAAGTTCTAGATCAAAATGGAAATGTTATTTGGCAAAGTAAGGT
TTTACCATCTTATCGTAAAAATTTCCATAATAATCCAAAGCAAAGTGATG
GTCATTATCGTATGGATGCCTTTCAGTGGAGTGGTTTAgATAAgGATGGC
AAAGTTGTAGCAGATGGTTTTTATACTTATCGCCTACGTTACACACCAGT
AGCAGAAgGAGCAAATAGTCAGGAGTCAgACTTTAAAGTTCAAGTAAGTA
CTAAGTCACCAAATCTTCCTTTACTAGCTCAGTTTGATGAAACTAATCGA
ACATTAAGCTTAGCCATGCCTAAGGAAAGTAGTTATGTTCCTACATATCG
TTTACAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGGGATG
AGACTTCTTACCATTATTTCCATATAGATCAAGAAGGTARAGTGACACTT
CCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCAGTAGACCCTAAGGC
CTTGACACTTGTTGTGGAAGATAAAGCTGGTAATTTTGCAACGGTaAAAT
TGTCTGACCTCTTGAaTARGGCAGTAGTATCAGAGAAARGAAAACGCTATA
GTAATTTCTAACAGTTTCAAATATTTTGATAACTTGAARAAAGAATCTAT
GTTTATTTCTAAAGAAGGAAAAGTAGTAAACAAGAATCTAGARGAAATAA
CATTAGTTAAGCCGCAaACTACAGTTACTACTCAATCATTGTCTARAGAA
ATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAATAATAG
TAGCAGAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTGTTA
ACCATACC

SEQ ID NO. 4410

STRAIN 1169NT

GAGGAGCAAGAATTAAAAAACCAAGAGCAATC
ACCTGTAATTGCTAATGTTGCTCAACAGCCATCGCCATCGGTARCTACTA
ATATTGTTGAAAAAACATCTGTAACAGCTGCTTCTGCTAGTAATACAGCE
ARAAGAAATGGGTGATACATCTGTAAAAAATGACAAAACAGAAGATGAATT
ATTAGAAGAGTTATCTAAARAACCTTGATACGTCTAATATGGGGGCTGATC
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TTGAAGAAGAATATCCCTCTAAACCAGAGACAACCAACAATAAGGAAAGC
AATGTAGTAACAAATGCTTCAACTGCAATAGCACAGARAGTTCCCTCAGC
ATATGAAGAGGTGAAGCCAAAAAGCAAGTCATCGCTTGCTGTTCTTGATA
CATCTAAAATAACAAAATTGCAAGCCATAACCCAAAGAGGAAAGGGAAAT
GTAGTAGCTATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCG
TTTAGATAGCCCAAAAGATGATAAGCACAGCTTTAAARATAAGGCAGAAT
TCGAGGAATTAARAGCAAAACATAATATCACTTATGGGARATGGGTTAAC
GATAAGATTGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGC
TGATATTGCAGCAGCTATGAAAGATGGTTATGGTTCAGRAGCAAAGAATA
TTTCGCATGGTACACACGTTGCTGGTATTtTTGTAGGTAATAGTAAACGT
CCAGCAATCAATGGTCTTCTTTTAgGAAGGTGCAgCGCCAAATGCTCAAGT
CTTATTAATGCGTATTCCAGATAAAATLGATTCGGACAAATTLGGAGALG
CATATGCTAAAGCAATCACAGACGCTGTTAATCTAGGAGCTaARACGATT
AATATGAGTATTGGAAAAACAGCTGATTCTTTAATTGCTCTCAATGATAA
AGTTAAATTAgCACTTAAATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTG
TGGCTGCCGGARATGAAGGCGCATTtGGTATGGATTATAGCAAACCGTTA
TCAACTAATcCTGACTACGGEACGGLTAATAGTCCAGCTATTTCTGAAGA
TACTTTGAGTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCG
TTGAAACAACTATTGAAGGTAAGTTAGTTAAGT tGCCGATTGLGACTTCT
ARACCTTttGACAAAGGTAAGGCCTACGATGTGGTTTATGCCAATTATGG
TGCAAAAAARGACTTTGAAGGTAAGGACTTTAAAGGTAAGATTGCATTAA
TTGAGCGTGGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTACA
AATGCAGGTGTTGTTGGTATCGTTATTTTTAACGATCAAGAARAACGTGG
AAATTTTCTAATTCCTTACCGTGAATTACCTGTGGGGGTTATTAGTAAAG
TAGATGGCGAGCGTATAAARAATACTTCAAGTCAGTTAACATTTAACCAY
AGATTTGAAGTAGTTGATAGCCAAgGGTGGCAATCGTATGCTGGAACAATC
aAGTtGGGGCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTT
CTGGCTTCGaAATTTATTCTTCaaCCTATAATAATCAATACCAAACAATG
TCTGGTACAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCT
TCAAAGTCATTTGGCTGAGaAATATAAAGGGATGAATTTAGATTCTAAAA
AATTGCTAGAATTGTCTAARARACATCCTCATGAGCTCAGCAACAGCATTA
TATAGTGAAGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGEGCAGG
TGTAGTTGATGCTGAAAAAGCTATCCAAGCTCAATATTATGTTACTGGAA
ACGATGGCAAAGCTAAAATTAATCTCARACGAGTGGGAGATAAATTTGAT
ATCACAGTTACAATTCATAAACTTGTAGAAGGTGTCAAAGAATTGTATTA
TCAAGCTAATGTAGCARCAGAACAAGTAAATARAGGTARATTTGCCCTTA
AACCACAAGCCTTGCTAGATACTAATTGGCAGAAAGTAATTCTTCGTGAT
AAAGAAACACAAGTTCGATTTACTATTGATGCTAGTCAATTTAGTCAGAA
ATTAAAAGAACAGATGGCAAATGGTTATTTCTTAgGAAGGTTTTGTACGTT
TTAAAGAAGCTAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTA
GGATTTAATGGTGATTTTGCGAGCTTACAAGCACTTGAAACACCGATTTA
TAAGACGCTTTCTAAAGGTAGTTTCTACTATAAACCARATGATACAACTC
ATAAAGACCAATTGGAGTATAATGAATCAGCTCCTTTTGAARGCAACARAC
TATACTGCCTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGATTATGT
CaAAAATGGTGGGGAGTTAGAATTAGCACCGGAGAGTcCAAAARGAATTA
TTTTAGGAACTTTTGAGAATAAGGTTGAGGATAAARACAATTCATCTTTTG
GAAAGAGATGCAGCGAATAATCCATATTTTGCCATTTCTCCARATAAAGA
TGGAAATAGGGATGAAATCACTCCCCAGGCAACTTTCTTAAGAAATGTTA
AGGATATTTCTGCTCAAGTTCTAGATCAAAATGGAAATGTTATTTGGCAA
AGTAAGGTTTTACCATCTTATCGTAAAAATTTCCATAATAATCCAAAGCA
GAGTGATGGTCATTATCGTATGGATGCCCTTCAGTGGAGTGGTTTAGATA
AGGATGGCAAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTAC
ACACCAGTAGCAGAAGGAGCAAATAGTCAGGAGTCAGACTTTARAGTTCA
AGTAAGTACTAAGTCACCAAATCTTCCTTCACGAGCTCAGTTTGATGaAA
CTAATCGAACATTAAGCTTAGCCATGCCTAAGGGAAGTAGTTATGTTCCT
ATATATCGTCTACAATTAGTTTTATCTCATGTTGTARAAGATGAAGAATA
TGGAGATGAGACTTCTTACTATTATTTCCATATAGATCAAGAAGGTARAG
CGACACTTCCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCAGTAGAC
CCTAAGGCCTTGACACTTGTTGTGGAAGATAAAGCTGGTAATTTCGCAAC
GGTAAAATTGTCTGACCTCTTGAATAAGGCAGTAGTATCAGAGAAAGARA
ACGCTATAGTAATTTCTAACAGTTTCAAATATTTTGATAACTTGAAARRA
GAACCTATGTTTATTTCTAAAAAAGAAAAAGTAGTARACAAGAATCTAGA
AGARaATAATATTAGTTAAGCCGCACACTACAGTTACTACTCAaTCATTGT
CTAAAGAAATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCTACAAAC
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AATAATAGTAGTAGAGTAGCTAAAATCATATCACCTARACATAATGGGGA
TTCTGTTAACCATACC

SEQ ID NO. 4411

STRAIN JM9130013
GAGGAGCAAGAATTAAAAAACCAAGAGCAATCACCTGTAA
TTGCTAATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATACTGTT
GAARARACATCTGTAACAGCTGCTTCTGCTAGTAATACAGCGAAAGARAT
GGGTGATACATCTGTAARAAATGACAAAACAGAAGATGAATTATTAGAAG
AGTTATCTAAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAGAA
GAATATCCCTCTAAACCAGAGACAACCAACAATAAAGAAAGCAATGTAGT
AACAAATGCTTCAACTGCAATAGCACAGAARAGTTCCCTCAGCATATGARAG
AGGTGAAGCCAGAAAGCAAGTCATCGCTTGCTGTTCTTGATACATCTARA
ATAACAAAATTACAAGCCATAACCCAAAGAGGAAAGGGAAATGTAGTAGC
TATTATTGATACTGGCTTTGATATTAACCATGATATTTTTCGTTTAGATA
GCCCAAAAGATGATAAGCACAGCTTTAAAACTAAGACAGAATTTGAGGAA
TTARAAGCAAAACATAATATCACTTATGGGAAATGGGTTAACGATAAGAT
TGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGCTGATATTG
CAGCAGCTATGAAAGATGGTTATGGTTCAGAAGCAAAGAATATTTCGCAT
GGTACACACGTTGCTGGTATTTTTGTAGGTAATAGTAAACGTCCAGCAAT
CAATGGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAGTCTTATTAA
TGCGTATTCCAGATAAAATTGATTCGGACAAATTTGGTGAAGCATATGCT
AAAGCAATCACAGACGCTGTTAATCTAGGAGCAAAAACGATTAATATGAG
TATTGGAAAAACAGCTGATTCT TTAATTGCTCTCAATGATARAGTTAAAT
TAGCACTTAAATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTCGCTGCC
GGAAATGAAGGCGCATTTGGTATGGATTATAGCAAACCATTATCAACTAA
TCCTGACTACGGTACGGTTAATAGTCCAGCTATTTCTGAAGATACTTTGA
GTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTTGARACA
ACTATTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACTTCTARACCTTT
TGACAAAgGTAAGGCCTACGATGTGGTTTATGCCAATTATGGTGCARAAR
AAGACTTTGAAGGTAAGGACTTTARAGGTAAGATTGCATTAATTGAGCGT
GGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTACARATGCAGG
TGTTGITGGTATCGTTATTTTTAACGATCAAGAAAAACGTGGAAATTTTC
TAATTCCTTACCGTGAATTACCTGTGGGGATTATTAGTARAGTAGATGCC
GAGCGTATAAAAAATACTTCAAGTCAGTTAACATTTAACCAGAGTTTTGA
AGTAGTTGATAGCCAAGGTGGTAATCGTATGCTGGAACAATCAAGTTGGG
GCGTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTTT
GAAATTTATTCTTCAACCTATAATAATCAATACCAAACAATGTCTGGTAC
ARGTATGGCTTCACCACATGTTGCAGGATTAATGACAATGCTTCAAAGTC
ATTTGGCTGAGAAATATARAGGGaTGAATTTAGATTCTAAAAAATTGCTA
GAATTGTCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATATAGTGA
AGAGGATAAGGCGTTTTATTCACCACGTCAGCAAGGTGCAGGTGTAGTTG
ATGCTGAAAAAGCTATCCAAGCTCaATATTATATTACTGGAAACGATGGC
AAAGCTRAAAATTAATCTCAAACGAATGGGAGATAAATTTGATATCACAGT
TACAATTCATaAACTTGTAGAAGGTGTCARAGAALTGTATTATCAAGCTA
ATGTAGCAACAGAACAAGTAAATAAAGGTAAATTTGCCCTTaAACCACAA
GCCTTGCTAGATACTAATTGGCAGARAGTAATTCTTCGTCATARAGAAAC
ACAAGTTCGATTTACTATTGATGCTAGTCAATTTAGTCAGARATTAARAG
ARCAGATGGCAAATGGTTATTTCTTAGAAGGTTTTGTACGTTTTAAAGAA
GCCAAGGATAGTAATCAGGAGTTAATGAGTATTCCTTTTGTAGGATTTAA
TGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATAAGACGC
TTTCTAAAGGTAGTTTCTACTATAAACCAAATGATACAACTCATAAAGAC
CAATTGGAGTACAATGAATCAGCTCCTTTTGAAAGCAACAACTATACTGC
CTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGATTATGTCAAAAATG
GTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTAGGA
ACTTTTGAGAATAAGGTTGAGGATAAAACAATTCATCTTTTGCAARGAGA
TGCAGCGAATAATCCATATTTTGCCATTTCTCCAAATAAACATGGAAATA
GGGACGARATCACTCCCCAGGCAACTTTCTTAAGAAATGTTAAGGATATT
TCTGCTCAAGTTCTAGATCARAATGGARATGTTATTTGGCAAAGTARGGT
TTTACCATCTTATCGTAAAAATTTCCATAATAATCCAAAGCAAAGTGATG
GTCATTATCGTATGGATGCTCTTCAGTGGAGTGGTTTAGATAAGGATGGC
AAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTACACACCAGT
AGCAGAAGGAGCAAATAGTCAGGAGTCAGACTTTAAAGTACAAGTAAGTA
CTAAGTCACCARATCTTCCTTCACGAGCTCAGTTTGATGARACTAATCGA
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ACATTAAGCTTAGCCATGCCTAAGGARAGTAGTTATGTTCCTACATATCG
TTTACAATTAGTTTTATCTCATGTTGTAARAGATGAAGAATATGGGGATG
AGACTTCTTACCATTATTTCCATATAGATCAAGRAGGTARAGTGACACTT
CCTAAAACGGTTAAGATAGGAGAGAGTGAGGTTGCGGTAGACCCTAAGGC
CTTGACACTTGTTGTGGAAGATAAAGCTGGTAATTTCGCAaCGGTAAAAT
TGTCTGATCTCTTGAATAAGGCAGTAGTATCAGAGAAAGAAAACGCTATA
GTAATTTCTaACAGTTTCAAATATTTTGATAACTTGAAAAAAGAACCTAT
GTTTATTTCTAAAAAAGAAAAAGTAGTAAACAAGAATCTAGAAGAAATAA
TATTAGTTAAGCCGCAAACTACAGTTACTACTCAATCATTGTCTAAAGAA
ATAACTARATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAATAATAG
TAGCAGAGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTGTTA
ACCATACC

SEQ ID NO. 4412

STRAIN 2603
VDKHHSKKATLKLTLITTSILLMHSNQVNAEEQELKNQEQSPVIANVAQQPSPSVTTNTV
EKTSVTAASASNTAKEMGDTSVKNDKTEDELLEELSKNLDTSNLGADLEEEYPSKPETTN
NKESNVVTNASTAIAQKVPSAYEEVKPESKSSLAVLDTSKITKLQAITQRGKGNVVAIID
TGFDINHDIFRLDSPKDDKHSFKTKTEFEELKAKHNITYGKWVNDKIVFAHNYANNTETV
ADIAAAMKDGYGSEAKNISHGTHVAGIFVGNSKRPAINGLLLEGAAPNAQVLLMRIPDKI
DSDKFGEAYAKAITDAVNLGAKTINMSIGKTADSLIALNDKVKLALKLASEKGVAVVVAA
GNEGAFGMDYSKPLSTNPDYGTVNSPAISEDTLSVASYESLKTISEVVETTIEGKLVKLP
IVTSKPFDKGKAYDVVYANYGAKKDFEGKDFKGKIALIERGGGLDFMTKITHATNAGVVG
IVIFNDQEKRGNFLIPYRELPVGIISKVDGERIKNTSSQLTFNQSFEVVDSQGGNRMLEQ
SSWGVTAEGAIKPDVTASGFEIYSSTYNNQYQTMSGT SMASPHVAGLMTMLQSHLAEKYK
GMNLDSKKLLELSKNILMSSATALYSEEDKAFYSPRQQGAGVVDAEKATIQAQYYITGNDG
KAKINLKRMGDKFDITVTIHKLVEGVKELYYQANVATEQVNKGKFALKPQALLDTNWQKV
ILRDKETQVRFTIDASQFSQKLKEQMANGYFLEGFVRFKEAKDSNQELMSIPFVGFNGDF
ANLQALETPIYKTLSKGSFYYKPNDTTHKDQLEYNESAPFESNNYTALLTQSASWGYVDY
VKNGGELELAPESPKRIILGTFENKVEDKTIHLLERDAANNPYFAISPNKDGNRDEITPQ
ATFLRNVKDISAQVLDONGNVIWQSKVLPSYRKNFHNNPKQSDGHYRMDALQWSGLDKDG
KVVADGFYTYRLRYTPVAEGANSQESDFKVQVSTKSPNLPSRAQFDETNRTLSLAMPKES
SYVPTYRLQLVLSHVVKDEEYGDETSYHYFHIDQEGKVTLPKTVKIGESEVAVDPKALTL
VVEDKAGNFATVKLSDLLNKAVVSEKENAIVISNSFKYFDNLKKEPMFISKKEKVVNKNL
EEIILVKPQTTVTTQSLSKEITKSGNEKVLTSTNNNSSRVAKI I SPKHNGDSVNHTLPST
SDRATNGLFVGTLALLSSLLLYLKPKKTKNNSK

SEQ ID NO. 4413

STRAIN AS09
EEQELKNQEQSPVIANVAQQPSPSVITNTVEKTSVTSASASNTAKEMGDTSVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTATIAQKVPSAYEEVKPESK
SSLAVLDTSKITKLOAITQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHSFKTKAEFEE
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVG
NSKRPAINGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAITDAVNLGAKTINMSLGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKRL.R.G
L.R.DCIN.AWWWT . FYD.NHSCYKCRCCWYRYF.RSRKTWKFSNSLP.ITCGGY. . SRW
RAYKKYFKSVNI.PEF.SS. .PRWQSYAGTIKLGRDS.RSNQA.CNSFWL . NLFENL. .S
IPNNVWYKYGFTTCCRINDNASKSFG.EI.RDEFRF.KIARIV.KHPHELSNSII. .RG.
GVLFTTSARCRCS.C.KSYPSSILCYWKRWQS.N.SQTSGR. I.YHSYNS.TCRRCQRIV
LSS.CSNRTSK.R.ICP.TTSLARY.LAESNSS..RNTSSIYY.F.SI.SEIKRTDGKWL
FLRRFCTF.RSQG. . SGVNEYSFCRI.W.FCELTST.NTDL.DAF.R.FLL.TK.¥YNS.R
PIGVQ.ISSF.KQQLYCLVNTISVLGLC, LCOKWWGVRISTGESKKNYFRNF.E.G.G.N
NSSFGKRCSE.SIFCHFSK.RWK.G.NHSPGNFLKKC.GYFCSSSRSKWKCYLAK . GFTT
LS.KFP. .SKAK.WSLSYGCPSVEWFR.GWQSCSRWFLYLSFTLHTSSRRSK. SGVRL. S
SSKY.VTKSSFTSSV. .N.SNIKLSHA.GK.LCSYISSTISFISCCKR.RIWR.DFLPLF
PYRSRR.SDTS.NS.DRRE.GCSRP.DLDTCCGR. SW.FRNGKIV.PLE.GSSIRERKRY
SNF.QFQIF..LEKRTYVYF.RRKSSKQESRRNSIS.AANYSYYSIIV.RNNSIRK.ESP
HEFYKQ...QSS.DHIT.T.RGFC.PY

SEQ ID NO. 4414

STRAIN H36B

EEQELKNQEQSPVIANVAQQPSPSVTTNTVEKT SVTSASASNTAKEMGDTSVKNDKTEDE,
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTAIAQKVPSAYEEVKPESK
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SSLAVLDTSKITKLQAITQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHSFKTKAEFEER
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVG
NSKRPAINGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAITDAVNLGAKTINMSLGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKDFEGKD
FKGKIALIERGGGLDFMTKITHATNAGVVGIVIEFNDQEKRGNFLIPYRELPVGVISKVDG
ERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQ
YQTMSGTSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDK
AFYSPROQGAGVVDAEKAIQAQYYVTGNDGKAKINLKRVGDKFDITVTIHKLVEGVKELY
YOANVATEQVNKGKFALKPQALLDTNWQOKVILRDKETQVRFTIDSSQFSQKLKEQMANGY
FLEGFVRFKEAKDSNQELMSIPFVGFNGDFANLQALETPTIYKTLSKGSFYYKPNDTTHKD
QLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGELELAPESPKRIILGTFENKVEDKT
IHLLERDAANNPYFAISPNKDGNRDEITPQATFLRNVKDISAQVLDONGNVIWQSKVLPS
YRKNFHNNPKQSDGHYRMDALQWSGLDKDGKVVADGEFYTYRLRYTPVAEGANSQESDFKV
QVSTKSPNLPSRAQFDETNRTLSLAMPKESSYVPTYRLQLVLSHVVKDEEYGDETSYHYF
HIDQEGKVTLPKTVKIGESEVAVDPKTLTLVVEDKAGNFATVKLSDLLNKAVVSEKENAT
VISNNFKYFDNLKKEPMFISKEGKVVNKNLEEIALVKPQTTVTTQSLSKEITQSGNEKVL
TSTNNNSSRVAKIISPKHNGDSVNHT

SEQ ID NO. 4415

STRAIN 18RS21
EEQELKNQEQSPVIANVAQQPSPSVTTNTVEKTSVTAASASNTAKEMGDT SVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTAIAQKVPSAYEEVKPESK
SSLAVLDTSKITKLQAITQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHSFKTKTEFEE
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVG
NSKRPAINGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKATITDAVNLGAKT INMSIGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKDFEGKD
FKGKIALIERGGGLDFMTKITHATNAGVVGIVIFNDQEKRGNFLIPYRELPVGIISKVDG
ERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEILYSSTYNNQ
YQTMSGTSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDK
AFYSPRQQGAGVVDAEKATQAQYYITGNDGKAKINLKRMGDKFDITVTIHKLVEGVKELY
YOANVATEQVNKGKFALKPQALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEQMANGY
FLEGFVRFKEAKDSNQELMSIPFVGEFNGDFANLQALETPIYKTISKGSEFYYKPNDTTHKD
QLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGELELAPESPKRIILGTFENKVEDKT
IHLLERDAANNPYFAISPNKDGNRDEITPQATFLRNVKDISAQVLDONGNVIWQSKVLPS
YRKNFHNNPKQSDGHYRMDALOWSGLDKDGKVVADGEYTYRLRYTPVAEGANSQESDFKV
QVSTKSPNLPSRAQFDETNRTLSLAMPKESSYVPTYRLQLVLSHVVKDEEYGDETSYHYF
HIDQEGKVTLPKTVKIGESEVAVDPKALTLVVEDKAGNFATVKLSDLLNKAVVSEKENAT
VISNSFKYFDNLKKEPMFISKKEKVVNKNLEEIILVKPQTTVTTQSLSKEITKSGNEKVL
TSTNNNSSRVAKIISPKHNGDSVNHT

SEQ ID NO. 4416

STRAIN M732
EEQELKNQEQSPVIANVAQQPSPSVTTNIVEKTSVTAASASNTVKEMGDT SVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTATAQKVPSAYEEVKSESK
SSLAVLDTSKITKLOATTQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHSFKTKAEFEE
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNILHGTHVAGIFVG
NSKRPAINSLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAIIDAVNLGAKT INMSLGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKILKVRT
LKVRLH.LSVVVDLIL.LKSLMLOMQVLLVSLFLTIKKNVEIF.FLTVNYLWGLLVK.MA
SV.KILQVS.HLTRVLK. LIAKVAIVCWNNQVGA.QLKEQSSLM. QLLALKFILQPIIIN
TKQCLVQVWLHHMLQD. . QCFKVIWLRNIKG. I. ILKNC.NCLKTSS .AQQQHYIVKRIR
RFTIHHVSKVQV. LMLKKLSKLNIMLLETMAKLKLISNEREINLISQLOFINL . KVSKNCI
IKLM.QONK. IKVNLPLNHKPC. ILIGRK. FFVIKKHKFDLLLMLVNLVRN . KNRWQMVI
S.KVLYVLKKPRIVIRS. .VFLL. DLMVILRTYKHLKHRFIRRFLKVVSTINOMIQLIKT
NWSTMNQLLLKATTILPC. HNQRLGAMLIMSKMVGS . N. HRRVQKELF . ELLRIRLRIKQ
FIFWKEMOQRIIHILPFLQIKMEIGTKSLPRQLS .EMLRIFLLKF . IKMEMLFGKVREYHL
IVKISIITQSKVMVIIVWMLFSGVV.IRMAKL.QMVFILIAYVTHQ.QKEQIVRSQTLKF
K.VLSHQIFLHELSLMKLIEH.A.PCLRKVVMFLHIVYN. FYLML . KMKNMGMRLLTIIS
I.IKKVK.HFLKRLR.ERVRLR.TLRP.HLLWKIKLVILQR.NCLTS.IRQ.YQRKKTL.
.FLTVSNILIT.RKNLCLFLKKEK. .TRI.KK.H.LSLKLQLLLNHCLKK. LNQEMRKSS
LLQTIIVAE.LRSYHLNITGILLTI
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SEQ ID NO. 4417

STRAIN COH1
EEQELKNQEQSPVIANVAQQPSPSVTTNIVEKTSVTAASASNTVKEMGDTSVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTAIAQKVPSAYEEVKSESK
SSLAVLDTSKITKLQATTQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHSFKTKAEFEE
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNILHGTHVAGIFVG
NSKRPAINSLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAIIDAVNLGAKTINMSLGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKILKVRT
LKVRLH.LSVVVDLIL.LKSLMLOMQVLLVSLFLTIKKNVEIF . FLTVNYLWGLLVK . MA
SV.KILQVS.HLTRVLK.LIAKVAIVCWNNQVGA.QLKEQSSLM.QLLALKFILQPIIIN
TKQCLVQVWLHHMLQD..QCFKVIWLRNIKG.I.ILKNC.NCLKTSS.AQQQHYIVKRIR
RFIHHVSKVQV.LMLKKLSKLNIMLLETMAKLKLISNEREINLISQLQFINL.KVSKNCI
IKLM.QQNK.IKVNLPLNHKPC.ILIGRK.FFVIKKHKFDLLLMLVNLVRN.KNRWQMVI
S.KVLYVLKKPRIVIRS..VFLL.DLMVILRTYKHLKHRFIRRFLKVVSTINQMIQLIKT
NWSTMNQLLLKATTILPC.HNQRLGAMLIMSKMVGS.N.HRRVQKELF.ELLRIRLRIKQ
FIFWKEMQRIIHILPFLQIKMEIGTKSLPRQLS.EMLRIFLLKF.IKMEMLFGKVRFYHL
IVKISIIIQSKVMVIIVWMLFSGVV.IRMAKL.QMVFILIAYVTHQ.QKEQIVRSQTLKF
K.VLSHQIFLHELSLMKLIEH.A.PCLRKVVMFLHIVYN.FYLML.KMKNMGMRLLTIIS
I.IKKVK.HFLKRLR.ERVRLR.TLRP.HLLWKIKLVILQR.NCLTS.IRQ.YQRKKTL.
.FLTVSNILIT.RKNLCLFLKKEK..TRI.KK.H.LSLKLQLLLNHCLKK.LNQEMRKSS
LLOTIIVAE. LRSYHLNITGILLTI

SEQ ID NO. 4418

STRAIN M781
EEQELKNQEQSPVIANVAQQPSPSVTTNIVEKTSVTAASASNTVKEMGDTSVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTAIAQKVPSAYEEVKSESK
SSLAVLDTSKITKLQATTQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHSFKTKAEFEE
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNILHGTHVAGIFVG
NSKRPAINSLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAIIDAVNLGAKTINMSLGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKILKVRT
LKVRLH.LSVVVDLIL.LKSLMLQMQVLLVSLFLTIKKNVEIF.FLTVNYLWGLLVK.MA
SV.KILQVS.HLTRVLK.LIAKVAIVCWNNQVGA.QLKEQSSLM.QLLALKFILQPIIIN
TKQCLVQVWLHHMLQD..QCFKVIWLRNIKG.I.ILKNC.NCLKTSS.AQQQHYIVKRIR
RFIHHVSKVQV.LMLKKLSKLNIMLLETMAKLKLISNEREINLISQLQFINL.KVSKNCI
IKLM.QQNK.IKVNLPLNHKPC.ILIGRK.FFVIKKHKFDLLLMLVNLVRN.KNRWQMVI
S.KVLYVLKKPRIVIRS..VFLL.DLMVILRTYKHLKHRFIRRFLKVVSTINQMIQLIKT
NWSTMNQLLLKATTILPC.HNQRLGAMLIMSKMVGS.N.HRRVQKELF.ELLRIRLRIKQ
FIFWKEMQRIIHILPFLQIKMEIGTKSLPRQLS.EMLRIFLLKF.IKMEMLFGKVRFYHL
IVKISIIIQSKVMVIIVWMLFSGVV.IRMAKL.QMVFILIAYVTHQ.QKEQIVRSQTLKF
K.VLSHQIFLHELSLMKLIEH.A.PCLRKVVMFLHIVYN.FYLML.KMKNMGMRLLTIIS
I.IKKVK.HFLKRLR.ERVRLR.TLRP.HLLWKIKLVILQR.NCLTS.IRQ.YQRKKTL.
.FLTVSNILIT.RKNLCLFLKKEK..TRI.KK.H.LSLKLQLLLNHCLKK.LNQEMRKSS
LLOTIIVAE.LRSYHLNITGILLTI

SEQ ID NO. 4419

STRAIN JM9130013
EEQELKNQEQSPVIANVAQQPSPSVTTNTVEKTSVTAASASNTAKEMGDTSVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTAIAQKVPSAYEEVKPESK
SSLAVLDTSKITKLQAITQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHSFKTKTEFEE
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVG
NSKRPAINGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAITDAVNLGAKTINMSIGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKDFEGKD
FKGKIALIERGGGLDFMTKITHATNAGVVGIVIFNDQEKRGNFLIPYRELPVGIISKVDG
ERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQ
YQTMSGTSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDK
AFYSPRQQGAGVVDAEKAIQAQYYITGNDGKAKINLKRMGDKFDITVT IHKLVEGVKELY
YQANVATEQVNKGKFALKPQALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEQMANGY
FLEGFVRFKEAKDSNQELMSIPFVGFNGDFANLQALETPIYKTLSKGSFYYKPNDTTHKD
QLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGELELAPESPKRI I LGTFENKVEDKT
IHLLERDAANNPYFAISPNKDGNRDEITPQATFLRNVKDISAQVLDQNGNVIWQSKVLPS
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YRKNFHNNPKQSDGHYRMDALQWSGLDKDGKVVADGFYTYRLRYTPVAEGANSQESDFKV
QVSTKSPNLPSRAQFDETNRTLSLAMPKESSYVPTYRLOLVLSHVVKDEEYGDETSYHYF
HIDQEGKVTLPKTVKIGESEVAVDPKALTLVVEDKAGNFATVKLSDLLNKAVVSEKENAT
VISNSFKYFDNLKKEPMFISKKEKVVNKNLEEI ILVKPQTTVTTOSLSKE ITKSGNEKVL
TSTNNNSSRVAKIISPKHNGDSVNHT

SEQ ID NO. 4420

STRAIN 090

EEQELKNQEQSPVIANVAQQOPSPSVTTNIVEKT SVTAASASNTVKEMGDT SVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKE SNVVTNASTAIAQKVPSAYEEVKPESK
SSLAVFDTSKITKLQATTQRGKGNVVAIIDTGFDINHDI FRLDS PKDDKHS FKTKAEFER
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVG
NSKRPAINGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAITDAVNLGAKT INMSLGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKDFEGKD
FKGKIALIERGGGLDFMTKITHATNAGVVGIVIFNDQEKRGNFLIPYRELPVGVISKVDG
ERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQ
YOTMSGTSMASPHVAGLMTIMLOSHLAEKYKGMNLD SKKLLELSKNILMSSATALYSEEDK
AFYSPRQOGAGVVDAEKATIQAQYYVTGNDGKAKINLKRVGDKFDITVT IHKLVEGVKELY
YQANVATEQVNKGKFALKPQALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEOMANGY
FLEGFVRFKEAKDSNQELMSIPFVGFNGDFANLOALETPIYKTLSKGSFYYKPNDTTHKD
QLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGELELAPESPKRIILGTFENKVEDKT
THLLERDAANNPYFATSPNKDGNRDEITPQATFLRNVKDISAQVLDONGNVIWQSKVLPS
YRKNFHNNPKQSDGHYRMDAFQWSGLDKDGKVVADGFYTYRLRYTPVAEGANSQESDFKV
QVSTKSPNLPLLAQFDETNRTLSLAMPKESSYVPTYRLOLVLSHVVKDEEYGDETSYHYF
HIDQEGKVTLPKTVKIGESEVAVDPKALTLVVEDKAGNFATVKLSDLLNKAVVSEKENAT
VISNSFKYFDNLKKESMFISKEGKVVNKNLEEITLVKPQTTVTTQSLSKEITKSGNEKVL
TSTNNNSSRVAKIISPKHNGDSVNHT

SEQ ID NO. 4421

STRAIN CJB110
EEQELKNQEQSPVIANVAQQPSPSVITNIVEKTSVTAASASNTAKEMGDTSVKNDKTEDE
LLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNVVTNASTATIAQKVPSAYEEVKPESK
SSLAVFDTSKITKLQAITQORGKGNVVAIIDTGFDINHDIFRLDSPKDDKHS FKTKAEFEE
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVG
NSKRPAINGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAI TDAVNLGAKT INMSLGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYCAKKDFEGKD
FKGKIALIERGGGLDFMTKITHATNAGVVGIVIFNDQEKRGNFLIPYRELPVGVISKVDG
ERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQ
YQTMSGTSMASPHVAGLMTMLONHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDK
AFYSPRQQGAGVVDAEKAIQAQYYVTGNDGKAKINLKRVGDKFDITVTIHKLVEGVKELY
YOANVATEQVNKGKFALKPQALLDTNWQOKVILRDKETQVRETIDASQFSQKLKEQMANGY
FLEGFVRFKEAKDSNQELMSIPFVGENGDFANLQALET PIYKTLSKGSFYYKPNDTTHKD
QLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGELELAPESPKRIILGTFENKVEDKT
IHLLERDAANNPYFAISPNKDGNRDE ITPQATFLRNVKDISAQVLDONGNVIWQSKVL.PS
YRKNFENNPKQSDGHYRMDAFQWSGLDKDGKVVADGFYTYRLRYTPVAEGANSQRESDFKV
QVSTKSPNLPLLAQFDETNRTLSLAMPKESSYVPTYRLOLVLSHVVKDEEYGDETSYHYF
HIDQEGKVTLPKTVKIGESEVAVDPKALTLVVEDKAGNFATVKLSDLLNKAVVSEKENAT
VISNSFKYFDNLKKESMFISKEGKVVNKNLEEITLVKPQTTVTTQSLSKEITKSGNEKVL
TSTNNNSSRVAKIISPKHNGDSVNHT

SEQ ID NO. 4422

STRAIN 1169NT
EEQELKNQEQSPVIANVAQQPSPSVTTNIVEKTSVTAASASNTAKEMGDTSVKNDKTEDE
LLEELSKNLDT SNMGADLEEEYPSKPETTNNKESNVVTNASTAIAQKVPSAYEEVKPKSK
SSLAVLDTSKITKLQAITQRGKGNVVAIIDTGFDINHDIFRLDSPKDDKHS FKNKAEFEER
LKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVG
NSKRPAINGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAITDAVNLGAKT INMSIGK
TADSLIALNDKVKLALKLASEKGVAVVVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISE
DTLSVASYESLKTISEVVETTIEGKLVKLPIVTSKPFDKGKAYDVVYANYGAKKDFEGKD
FKGKIALTERGGGLDFMTKITHATNAGVVGIVIFNDQEKRGNFLIPYRELPVGVISKVDG
ERTIKNTSSQLTFNQRFEVVDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQ
YOTMSGTSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDK
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AFYSPRQQGAGVVDAEKAIQAQYYVTGNDGKAKINLKRVGDKFDITVTIHKLVEGVKELY
YQANVATEQVNKGKFALKPQALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEQMANGY
FLEGFVRFKEAKDSNQELMSIPFVGFNGDFASLQALETPIYKTLSKGSFYYKPNDTTHKD
QLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGELELAPESPKRT ILGTFENKVEDKT
IHLLERDAANNPYFAISPNKDGNRDEITPQATFLRNVKDISAQVLDONGNVIWQSKVLES
YRENFHNNPKQSDGHYRMDALOWSGLDKDGKVVADGFYTYRLRYTPVAEGANSQESDFKY
QVSTKSPNLPSRAQFDETNRTLSLAMPKGSSYVPIYRLOLVLSHVVKDEEYGDETSYYYF
HIDQEGKATLPKTVKIGESEVAVDPKALTLVVEDKAGNFATVKLSDLLNKAVVSEKENAT
VISNSFKYFDNLKKEPMFISKKEKVVNKNLEEI ILVKPHTTVTTQSLSKEI TKSGNEKVL
TSTNNNSSRVAKIISPKHNGDSVNHT

SEQ ID NO. 4501

STRAIN 2603

ATGAAAARGATTAGAAAAAGTTTAGGACTTCTACTATGT TGCTTTTTAGGATTGGTACAA
TTAGCGTTTTTTTCGGTAGCCAGTGTAAATGCTGATACCCCTAATCAACTAACAATCACA
CAGATAGGACTTCAGCCARATACTACAGAGGAGGGGATTTCTTATCGTTTATGGACTGTG
ACTGACAACTTAAAAGTTGATTTATTGAGCCAAATGACAGATAGCGAATTGAACCAGAAG
TATARGAGTATCTTGACTTCTCCTACTGATACTAATGGTCAGACAAAGATAGCACTCCCA
AATGGTTCGTACTTTGGTCGTGCTTATAAAGCTGATCARAGCGTTTCAACAATAGTACCT
TTTTATATTGAATTACCAGATGATAAGTTATCAAATCAATTACAGATAAATCCTAAGCGA
AAAGTTGAAACAGGCCGATTAAAACTTATTARATATACAAAAGAAGGARAGATAAAGAAA
AGGCTATCCGGAGTAATATTTGTATTATACGATAACCAGAATCAGCCAGTTCGCTTTAAR
AATGGACGATTTACGACCGATCARGATGGGAT TACTTCATTAGTAACTGATGATAAGGGA
GARATTGAGGTTGAAGGTTTAT TACCTGGTAAGTATATTTT TCGAGAAGCAAAAGCACTA
ACTGGTTACCGTATATCTATGAAGGATGCTGTAGTTGCTGTAGTTGCTAATARARCACAG
GAAGTAGAGGTAGAAAACGAAAAAGAAACTCCTCCACCAACAAATCCTAAACCATCACAA
CCGCTTTTTCCACAATCATTTCTTCCTAAAACAGGAATGATTATTGGTGGAGGACTGACA
ATTCTTGGTTGTATTATTTTGGGAATTTTGTTTATCTT TTTAAGAAARACTARAAATAGC
AAATCTGAAAGARACGATACAGTA

SEQ ID NO. 4502

STRAIN 090 .
GATACCCCTAATCAACTAACAATCACAC
AGATAGGACTTCAGCCAAATACTACAGAGGAGGGGATTTCTTATCGTTTA
TGGACTGTGACTGACAACTTAAAAGTTGATTTATTGAGCCAAATGACAGA
TAGCGAATTGAACCAGAAGTATAAGAGTATCTTGACTTCTCCTACTGATA
CTAATGGtCAGACAAAGATAGCACTCCCAAATGGTTCGTACTTTCGTCGT
GCTTATAAAGCTGATCAAAGCGTTTCAACAATAGTACCTTTTTATATTGA
ATTACCAGATGATAAGTTATCAAATCAATTACAGATAAATCCTAAGCGAA
AAGTTGAAACAGGCCGATTAAAACTTATTAAATATACAAAAGAAGGAALG
ATAAAGARAAGGCTATCAGGAGTAATATTTGTATTATACGATAACCAGAA
TCAGCCAGTTCGCTTTAAAAATGGACGATTTACGACCGATCAAGATGGGA
TTACTTCATTAGTAACTGATGATAAGGGAGAAATTGAGGTTGAAGGTTTA
TTACCTGGTAAGTATATTTTTCGAGAAGCAAAAGCACTAACTGGLTACCG
TATATCTATGAAGGATGCTGTAGTTGCTGTAGTTGCTAATAAAACACAGG
AAGTaGAGGTaGAAAACGAAAAAGAAACTCCTCCACCAACAAATCCTARA
CCATCACAACCG

SEQ ID NO. 4503

STRAIN H36B

GATACCCCTAATCAACTAACAATCACACAGA
TAGGACTTCAGCCAAATACTACAGAGGAGGGGATTTCTTATCGTTTATGG
ACTGTGACTGACAACTTAAAAGTTGATTTATTGAGCCAAATGACAGATAG
CGAATTGAACCAGAAGTATAAGAGTATCTTGACTTCTCCTACTGATACTA
ATGGtCAGACAAAGATAGCACTCCCARATGGTTCGTACTTTGGTCGTGCT
TATAAAGCTGATCAAAGCGTTTCAACAATAGTACCTTTTTATATTGAATT
ACCAGATGATAAGTTATCAAATCAATTACAGATAAATCCTAAGCGARARG
TTGAAACAGGCCGATTAAAACTTATTAAATATACAARAGAAGGAAAGATA
AAGAARAGGCTWTCCGGAGTAATATTTGTATTATACGATAACCAGAATCA
GCCAGTTCGCTTTAARAATGGACGATTTACGACCGATCAAGATGGGATTA
CTTCATTAGTAACTGATGATAAGGGAGAAATTGAGGTTGAAGGTTTATTA
CCTGGTAAGTATATTTTTCGAGAAGCARAAGCACTAACTGGTTACCGTAT
ATCTATGAAGGATGCTGTAGTTGCTGTAGTTGCTAATAARACACAGGAAG
TAGAGGTAGAAAACGAAAAAGAAACTCCTCCACCAACAAATCCTAAACCA
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TCACAACCGC

SEQ ID NO. 4504

STRAIN 18RS21

GATACCCCTAATCAACTAACAATCACACAG
ATAGGACTTCAGCCAARATACTACAGAGGAGGGGATTTCTTATCGTTTATG
GACTGTGACTGACAACTTAAAAGTTGATTTATTGAGCCAAATGACAGATA
GCGAATTGAACCAGAAGTATAAGAGTATCTTGACTTCTCCTACTGATACT
AATGGtCAGACARAGATAGCACTCCCAAATGGTTCGTACTTTGGTCGTGC
TTATAAAGCTGATCAAAGCGTTTCAACAATAGTACCTTTTTATATTGAAT
TACCAGATGATAAGTTATCAAATCAATTACAGATAAATCCTAAGCGARAA
GTTGAAACAGGCCGATTAAAACTTATTAAATATACAAAAGAAGGARAGAT
AAAGAAAAGGCTATCCGGAGTAATATTTGTATTATACGATAACCAGAATC
AGCCAGTTCGCTTTAAAAATGGACGATTTACGACCGATCAAGATGGGATT
ACTTCATTAGTAACTGATGATAAGGGAGARATTGAGGTTGAAGGTTTATT
ACCTGGTAAGTATATTTTTCGAGAAGCARAAGCACTAACTGGTTACCGTA
TATCTATGAAGGATGCTGTAGTTGCTGTAGTTGCTAATAAAACACAGGAA
GTAGAGGTAGAAAACGAAABAGAAACTCCTCCACCAACARATCCTAAACC
ATCACAACC

SEQ ID NO. 4505

STRAIN CJB110

GATACCCCTAATCAACTAACAATCACACA
GATAGGACTTCAGCCAAATACTACAGAGGAGGGGATTTCTTATCGTTTAT
GGaCTGTGACTGACAACTTAAAAGTTGATTTATTGAGCCARATGACAGAT
AGCGAATTgAACCAGAAGTATAAGAGTATCTTGACTTCTCctACTGATAC
TAATGGTCAGACAAAGATAGCACTCCCAAATGGTTCGTACTTTGGTCGTG
CTTATAAAGCTGATCAAAGCGTTTCAACAATAGTACCTTTTTATATTGARA
TTACCAGATGATAAGTTATCAAATCAATTACAGatARATCCTAAGCGAAA
AGTTGAAACAGGCCGATTaaAACTTATTAAATATACAAAAGAAGGAAAGA
TAAAGAARAGGCTaTCAGGAGTAATATTTGTATTATACGATAACCAGAAT
CAGCCAGTTCGCTTTAAARATGGACGATTTACGACCGAT CAAGATGGGAT
TACTTCATTAGTAACTGATGATAAGGGAGAAATTGAGGTTGAAGGTTTAT
TACCTGGTAAGTATATTTTTCGAGAAGCARAAGCACTAACTGGTTaCCGT
ATATCTATGAAGGATGCTGTAGTTGCTGTAGTTGCTAATAAAACACAGGA
AGTAGAGGTAGAAAACGAAAAAGAAACTCCTCCACCAACAAATCCTAAAC
CATCACAACC

SEQ ID NO. 4506

STRAIN 1169NT

GATACCCCTAATCAACTAACAATCACACAG
ATAGGACTTCAGCCARATACTACAGAGGAGGGGATTTCTTATCGTTTATG
GACTGTGACTGACAACTTAARAAGTTGATTTATTGAGCCAAATGACAGATA
GCGAATTGAACCAGAAGTATAAGAGTATCTTGACTTCTCCTACTGATACT
AATGGtCAgaCABRAGATAGCACTCCCAAATGGTTCGTACTTTGGTCGTGC
TTATAAAGCTGATCAAAGCGTTTCAACAATAGTACCTTTTTATATTGAAT
TACCAGATGATAAGTTATCAAATCAATTACAGATAAATCCTAAGCGAAAA
GTTGAAACAGGCCGATTAAAACTTATTAARATATACAAAAGAAGGAAAGAT
AAAGAAAAGGCTATCAGGAGTAATATTTGTATTATACGATAACCAGAATC
AGCCAGTTCGCTTTAAAAATGGACGATTTACGACCGATCARGATGGGATT
ACTTCATTAGTAACtgaTGATAAGGGAGAAATTGAGGTTGAAGGTTTATT
ACCTGGTAAGTATATTTTTCGAGAARGCAAAAGCACTAACTGGTTACCGTA
TATCTATGAAGGATGCTGTAGTTGCTGTAGTTGCTAATAARACACAGGAA
GTAGAGGTAGAAAACGAAAAAGAAACTCCTCCACCAACARATCCTAAACC
ATCACAACC

SEQ ID NO. 4507
STRAIN 2603

MKKIRKSLGLLLCCFLGLVQLAFFSVASVNADTPNQLTITQIGLOPNTTEEGISYRLWTV
TDNLKVDLLSQOMTDSELNQKYKSILTSPTDTNGQTKIALPNGSYFGRAYKADQSVSTIVE
FYIELPDDKLSNQLQOINPKRKVETGRLKLIKYTKEGKIKKRLSGVIFVLYDNONQPVRFK
NGRFTTDQDGITSLVTDDKGEIEVEGLLPGKYIFREAKALTGYRISMKDAVVAVVANKTQ
EVEVENEKETPPPTNPKPSQPLFPQSFLPKTGMIIGGGLTILGCIILGILFIFLRKTKNS

KSERNDTV
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SEQ ID NO. 4508

STRAIN 090
DTPNQLTITQIGLQPNTTEEGISYRLWTVTDNLKVDLLSQMTDSELNQKYKSILTSPTDT
NGQTKIALPNGSYFGRAYKADQSVSTIVPFYIELPDDKLSNQLQINPKRKVETGRLKLIK
YTKEGKIKKRLSGVIFVLYDNQNQPVRFKNGRFTTDQDGITSLVTDDKGEIEVEGLLPGK
YIFREAKALTGYRISMKDAVVAVVANKTQEVEVENEKETPPPTNPKPSQP

SEQ ID NO. 4509

STRAIN H36B
DTPNQLTITQIGLQPNTTEEGISYRLWTVTDNLKVDLLSQMTDSELNQKYKSILTSPTDT
NGQTKIALPNGSYFGRAYKADQSVSTIVPFYIELPDDKLSNQLQINPKRKVETGRLKLIK
YTKEGKIKKRLSGVIFVLYDNQNQPVRFKNGRFTTDQDGITSLVTDDKGEIEVEGLLPGK
YIFREAKALTGYRISMKDAVVAVVANKTQEVEVENEKETPPPTNPKPSQP

SEQ ID NO. 4510

STRAIN 18RS21
DTPNQLTITQIGLQPNTTEEGISYRLWTVTDNLKVDLLSQMTDSELNQKYKSILTSPTDT
NGQTKIALPNGSYFGRAYKADQSVSTIVPFYIELPDDKLSNQLQINPKRKVETGRLKLIK
YTKEGKIKKRLSGVIFVLYDNQNQPVRFKNGRFTTDQDGITSLVTDDKGEIEVEGLLPGK
YIFREAKALTGYRISMKDAVVAVVANKTQEVEVENEKETPPPTNPKPSQ

SEQ ID NO. 4511

STRAIN 1169NT
DTPNQLTITQIGLQPNTTEEGISYRLWTVTDNLKVDLLSQMTDSELNQKYKSILTSPTDT
NGQTKIALPNGSYFGRAYKADQSVSTIVPFYIELPDDKLSNQLQINPKRKVETGRLKLIK
YTKEGKIKKRLSGVIFVLYDNQNQPVRFKNGRFTTDQDGITSLVTDDKGEIEVEGLLPGK
YIFREAKALTGYRISMKDAVVAVVANKTQEVEVENEKETPPPTNPKPSQ

SEQ ID NO. 4601

STRAIN A909
TGACAAATATTATTTTACCCAACGTGGTTTAGAGCAAGCAGGTGTAACTATATTACCTTT
CTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCAGGAAATGCTTTTCGTCCAGA
TAACAATGAAGAGTTGGCTTATGTTATTGAAAAGGGCTATCATTTTAAACGATATCATGA
ATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGTGTAGCTGGGGCACATGGAAA
AACCTCAACGACAGGTTTATTAGCTCATGTTTTAAAAAATATTACAGACACTTCTTTCCT
AATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAATTACTTTGTGTTTGAAGCTGA
TGAATACGAACGTCATTTTATGCCGTACCATCCAGAATACTCAATTATTACCAATATTGA
TTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGTATTCAATGCCTTTAATGACTA
TGCTAAGCAAGTTCAAAAAGGTTTATTCATTTATGGAGAAGATCCAAAACTTCATGAAAT
CACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGATTCAAATGATTTTATAGCAAA
AGACATCACTCGAACTGTTAATGGTTCTGACTTTAAGGTTTTCTATAACCAAGAAGAAAT
TGGTCAGTTTCATGTACCAGCATACGGTAAACATAATATCTTAAATGCAACTGCTGTTAT
TGCTAACCTTTACATAATGGGAATTGATATGGCATTAGTAGCTGAGCATTTGAAGACATT
TTCAGGGGTAAAGCGTCGTTTTACTGAGAAGATTATTGACGATACTGTCATTATTGATGA
CTTTGCTCACCATCCTACTGAGATTATTGCGACATTAGATGCTGCTCGACAAAAATACCC
GTCAAAAGAAATTGTAGCTATTTTCCAACCGCATACGTTCACTCGTACGATAGCTCTTTT
AGACGAATTTGCCCATGCCTTGAGTCAAGCGGATAGCGTTTATCTCGCTCAAATATATGG
TTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGAAGATTTAGCTGCTAAGATTGT
CAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCCTTTACTCAATCATGATAATGC
TGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTATGAGCGCTCTTTTGAAGAATT
ATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4602

STRAIN 1169NT
AAAAGCAGGCTCTAGTGACGTTGACAAATATTATTTTACCCAACGTGGTTTAGAGCAAGC
AGGTGTAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGC
AGGAAATGCTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTATTGAAAAGGGCTA
TCATTTTAAACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGG
TGTAGCTGGGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTAAAAAA
TATTACAGACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAA
TTACTTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATA
CTCAATTATTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGT
ATTCAATGCCTTTAATGACTATGCTAAGCAAGTTCAAAAAGGTTTATTCATTTATGGAGA
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AGATCCAAAACTTCATGAAATCACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGA
TTCAAATGATTTTATAGCAAAAGACATCACTCGAACTGTTAATGGTTCTGACTTTAAGGT
TTTCTATAACCAAGAAGAAATTGGTCAGTTTCATGTACCAGCATACGGTAAACATAATAT
CTTAAATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGGCATTAGT
AGCTGAGCATTTGAAGACATTTTCAGGGGTAAAGCGTCGTTTTACTGAGAAGATTATTGA
CGATACTGTCATTATTGATGACTTTGCTCACCATCCTACTGAGATTATTGCGACATTAGA
TGCTGCTCGACAAAAATACCCGTCAAAAGAAATTGTAGCTATTTTCCAACCGCATACGTT
CACTCGTACGATAGCTCTTTTAGACGAATTTGCCCATGCCTTGAGT CAAGCGGATAGCGT
TTATCTCGCTCAAATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGA
AGATTTAGCTGCTAAGATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCC
TTTACTCAATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTA
TGAGCGCTCTTTTGAAGAATTATTAGCTAACCTAACTARAAATACACAA

SEQ ID NO. 4603

STRAIN 090
AAAGCAGGCTCTAGTGACGTTGACAAATATTATTTTACCCAACGTGGTTTAGAGCAAGCA
GGTGTAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCA
GGAAATGCTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTAT TGAAAAGGGCTAT
CATTTTAAACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGT
GTAGCTGGGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTARAAAAAT
ATTACAGACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAAT
TACTTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATAC
TCAATTATTACCRAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGTA
TTCAATGCTTTTAATGACTATGCTAAGCAAGTTCAAAAAGGTTTATTCATTTATGGAGAA
GATTCAAAACTTCATGAAATCACTTCTAAGGCACCAATATATTATTATGGTTTTGAAGAT
TCAAATGATTTTATAGCAAAAGACATCACTCGAACTGTTAATGGTTCTGACTTTAAGGTT
TTCTATAACCAAGAAGAAATTGGTCAGTTTCATGTACCAGCATACGGTAAACATAATATC
TTAAATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGGCATTAGTA
GCTGAGCATTTGAAGACATTTTCAGGGGTAAAACGTCGTTTTACTGAGAAGATTATTGAC
GATACTGTCATTATTGATGACTTTGCTCACCATCCTACTGAGATTATTGCGACATTAGAT
GCTGCTCGACAAAAATACCCGTCAARAGARATTGTAGCTATTTTCCAACCGCATACGTTC
ACTCGTACGATAGCTCTTTTAGACGATTTTGCCCATGCTTTGAGTCAAGCGGATAGCGTT
TATCTTGCTCAAATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGAA
GATTTAGCTGCTAAGATTGTCAAACACTCAGAT TTAGTGACAGTCGARAATGTCTCGCCT
TTACTCAATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTAT
GAGCGCTCTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4604
STRAIN H36B

AAAAGCAGGCTCTAGTgACGTTgACAARATATtATTTTACTCAACGTGGTTtAGAGCAAGCAGGT

ATAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCAGGA
AATGCTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTATTGAAAAGGGCTATCAT
TTTAAACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGTGTA
GCTGGGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTARAAAATATT
ACAGACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAATTAC
TTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATACTCA
ATTATTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGTATTC
AATGCTTTTAATGACTATGCTAAGCAAGTTCAAAAAGGTTTATTCATTTATGGAGAAGAT
CCAAAACTTCATGAAATCACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGATTCA
AATGATTTTATAGCAAAAGATATCACTCGAACTGTTAATGGTTCTGACTTTAAGGTTTTC
TATAACCAAGAAGAAATTGGTCAGTTTCACGTACCAGCATACGGTAAACATAATATCTTA
AATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATCGCATTAGTAGCT
GAGCATTTGAAGACATTTTCAGGGGTAAAACGTCGTTTTACTGAGAAAATTATTGACGAT
ACTGTCATTATTGATGACTTTGCTCACCATCCTACTGAGATTATTGCGACATTAGATGCT
GCTCGACAAAAATACCCGTCAAAAGAAATTGTAGCTATTTTCCAACCGCATACGTTCACT
CGTACGATAGCTCTTTTAGACGAATTTGCCCATGCCTTGAGTCAAGCGGATAGCGTTTAT
CTCGCTCAARATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGAAGAT
TTAGCTGCTAAGATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCCTTTA
CTCAATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTATGAG
CGCTCTTTTGAAGAATTATTAGCTAACCTAACTAARAATACACAA

SEQ ID NO. 4605

STRAIN 18RS21
AAAGCAGGCTCTAGTGACGTTGACAAATATTATTTTACCCAACGTGGTTTAGAGCAAGCA
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GGTGTAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCA
GGAAATGCTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTATTGAAAAGGGCTAT
CATTTTAAACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGT
GTAGCTGGGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTAAAAAAT
ATTACAGACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAAT
TACTTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATAC
TCAATTATTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCTTAGAGGACGTA
TTCAATGCCTTTAATGACTATGCTAAGCAAGTTCAAAAAGGTTTATTCATTTATGGAGAA
GATCCAAAACTTCATGAAATCACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGAT
TCAAATGATTTTATAGCAAAAGACATCACTCGAACTGTTAATGGTTCTGACTTTAAGGTT
TTCTATAACCAAGAAGAAATTGGTCAGTTTCATGTACCAGCATACGGTAAACATAATATC
TTAAATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGGCATTAGTA
GCTGAGCATTTGAAGACGTTTTCAGGGGTAAAGCGTCGTTTTACTGAGAAGATTATTGAC
GATACTGTCATTATTGATGACT TTGCTCACCATCCTACTGAGATTATTGCCACATTAGAT
GCTGCTCGACAAAAATACCCGTCAAAAGAAATTGTAGCTATTTTCCAACCGCATACGTTC
ACTCGTACGATAGCTCTTTTAGACGAATTTGCCCATGCCTTGAGTCAAGCGGATAGCGTT
TATCTCGCTCAAATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGAA
GATTTAGCTGCTAAGATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCCT
TTACTCAATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTAT
GAGCGCTCTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4606
STRAIN M732

AAAAGCAGGCTCTAGTGACGTtGACAAATAtTATTTTACCCAACGTGGTTTAGAGCAAGCAG

GTGTAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCAG
GAAATGCTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTATTGAAAAGGGCTATC
ATTTTAAACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGTG
TAGCTGGGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTAAAAAATA
TTACAGACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAATT
ACTTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATACT
CAATTATTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGTAT
TCAATGCCTTTAATGACTATGCTAAGCAAGTTCAAAAAGGTTTATTCATTTATGGAGARG
ATCCAARACTTCATGAAATCACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGATT
CAAATGATTTTATAGCAAAAGACATCACTCGAACTGTTAATGGTTCTGACTTTAAGGTTT
TCTATAACCRAGAAGAAATTGGTCAGTTTCATGTACCAGCATACGGTAAACATAATATCT
TAAATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGGCATTAGTAG
CTGAGCATTTGAAGACATTTTCAGGGGTAAAGCGTCGTTTTACTGAGAAGATTATTGACG
ATACTGTCATTATTGATGACT TTGCTCACCATCCTACTGAGATTATTGCGACATTAGATG
CTGCTCGACAAAAATACCCGTCAAAAGAAATTGTAGCTATTTTCCAACCGCATACGTTCA
CTCGTACGATAGCTCTTTTAGACGAATTTGCCCATGCCTTGAGTCAAGCGGATAGCGTTT
ATCTCGCTCAAATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAgGTAGAAG
ATTTAGCTGCTAAgATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCCTT
TACTCAATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTATG
AGCGCTCTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4607

STRAIN M781

ARAGCAGGCTCTAGTGACGTtGACAAATAT TATTTTACCCAACGTGGTTTAGAGCAAGCAG
GTGTAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCAG
GAAATGCTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTATTGAAAAGGGCTATC
ATTTTAAACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGT
GTAGCTGGGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTAARALA
TATTACAGACACTTCTTTCCTAAT TGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAR
TTACTTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATA
CTCAATTATTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTACAGGACGT
ATTCAATGCCTTTAATGACTATGCTAAGCAAGTTCAARRAGGTTTATTCATTTATGGAGA
AGATCCAAAACTTCATGAAATCACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGA
TTCARATGATTTTATAGCAAAAGACATCACTCGAACTGTTAATGGETTCTGACTTTAAGGT
TTTCTATAACCAAGAAGAAATTGGTCAGTTTCATGTACCAGCATACGGTAAACATAATAT
CTTAAATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGGCATTAGT
AGCTGAGCATTTGAAGACATTTTCAGGGGTAAAGCGTCGTTTTACTGAGAAGATTATTGA
CGATACTGTCATTATTGATGACTTTGCTCACCATCCTACTGAGATTATTGCGACATTAGA
TGCTGCTCGACAAAAATACCCGTCAAARGAAATTGTAGCTATTTTCCAACCGCATACGTT
CACTCGTACGATAGCTCTTTTAGACGAATTTGCCCATGCCTTGAGTCAAGCGGATAGCGT
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TTATCTCGCTCAAATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGA
AGATTTAGCTGCTAAGATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCC
TTTACTCAATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTA
TGAGCGCTCTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4608
STRAIN CJB110

ARARAGCAGGCTCTAGTGACGTtGACAAATALTATTTTACCCAACGTGGTTTAGAGCAAGCA

GGTGTAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCA
GGARATGCTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTATTGAAAACGGCTAT
CATTTTAAACGATATCATGAATTTCTCGGAGAT TTTATGCGTCAGTTCACTAGTCTAGGT
GTAGCTGGGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTAAAARAT
ATTACAGACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAAT
TACTTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATAC
TCAATTATTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGTA
TTCAATGCTTTTAATGACTATGCTAAGCAAGTTCARAAAGGTTTATTCATTTATGGAGAR
GATTCAAAACTTCATGARATCACTTCTAAGGCACCAATATATTATTATGGTTTTGAAGAT
TCAAATGATTTTATAGCAAAAGACATCACTCGAACTGTTAATGGTTCTGACTTTAAGGTT
TTCTATAACCAAGAAGAAATTGGTCAGTTTCATGTACCAGCATACGGTAAACATAATATC
TTAAATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGGCATTAGTA
GCTGAGCATTTGAAGACATTTTCAGGGGTAAAACGTCGTTTTACTGAGAAGATTATTGAC
GATACTGTCATTATTGATGACTTTGCTCACCATCCTACTGAGATTATTGCGACATTAGAT
GCTGCTCGACAAAAATACCCGTCAAAAGARATTGTAGCTATTTTCCAACCGCATACGTTC
ACTCGTACGATAGCTCTTTTAGACGATTTTGCCCATGCTTTGAGTCAAGCGGATAGCGTT
TATCTTGCTCAAATATATGGTTCTGCTAGAGAAGTAGATAATGCTGAGGTGAAGGTAGAA
GATTTAGCTGCTAAGATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCCT
TTACTCAATCATGATAATGCTGTCTATGTCT T TATGGGTGCTGGAGACATTCAATTGTAT
GAGCGCTCTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4609

STRAIN JM9130013 (reverse complement)
GTTCAAAAAAGCAGGCTCTAGTGACGTTGACAAATATTATTTTACTCAACGTGGTTTAGA
GCAAGCAGGTATAACTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGAT
TATTGCAGGAAATGCTTTTCGTCCAGATAACAATGAAGAGT TGGCTTATGTTATTGAARA
GGGCTATCATTTTAAACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAG
TCTAGGTGTAGCTGGGGCACATGGARAAACCTCAACGACAGGTTTATTAGCTCATGTTTT
AAARAATATTACAGACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTCCTAA
TGCTAATTACTTTGTGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCC
AGAATACTCAATTATTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGA
GGACGTATTCAATGCTTTTAATGACTATGCTAAGCAAGTTCAAAAAGGTTTATTCATTTA
TGGAGAAGATCCAARACTTCATGAAAT CACTTCTGAGGCACCAATATATTATTATGGTTT
TGAAGATTCAAATGATTTTATAGCAAAAGATATCACTCGAACTGTTAATGGTTCTGACTT
TAAGGTTTTCTATAACCAAGAAGAAATTGGTCAGTTTCACGTACCAGCATACGGTARACA
TAATATCTTAAATGCAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGCGC
ATTAGTAGCTGAGCATTTGAAGACATTTTCAGGGGTAAAACGTCGTTTTACTGAGAAAAT
TATTGACGATACTGTCATTATTGATGACTTTGCTCACCATCCTACTGAGATTATTGCGAC
ATTAGATGCTGCTCGACAAAAATACCCGTCAARAGAAATTGTAGCTATTTTCCAACCGCA
TACGTTCACTCGTACGATAGCTCTTTTAGACGAATTTGCCCATGCCTTGAGTCAAGCGGA
TAGCGTTTATCTCGCTCARATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAA
GGTAGAAGATTTAGCTGCTAAGATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGT
CTCGCCTTTACTCAATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCA
ATTGTATGAGCGCTCTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4610

STRAIN COHl reverse complement
CAGGCTCTAGTGACGTGACAAATATtATTTTACCCAACGTGGTTAGAGCAAGCAGGTGTAA
CTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCAGGARATG
CTTTTCGTCCAGATAACAATGAAGAGT TGGCTTATGTTATTGAAAAGGGCTATCATTTTA
AACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGTGTAGCTG
GGGCACATGGABRAAACCTCAACGACAGGTTTATTAGCTCATGTTTTAAAAAATATTACAG
ACACTTCTTTCCTAATTGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAATTACTTTG
TGTTTGAAGCTGATGAATACGAACGT CATTTTATGCCGTACCATCCAGAATACTCAATTA
TTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGTATTCAATG
CCTTTAATGACTATGCTAAGCAAGTTCAAAAAGGTTTATTCATTTATGGAGAAGATCCAA
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AACTTCATGAAATCACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGATTCAAATG
ATTTTATAGCAAAAGACATCACTCGAACTGT TAATGGTTCTGACTTTAAGGTTTTCTATA
ACCAAGAAGAAATTGGTCAGTTTCATGTACCAGCATACGGTAAACATAATATCTTARATG
CAACTGCTGTTATTGCTAACCTTTACATAAT GGGAATTGATATGGCATTAGTAGCTGAGC
ATTTGAAGACATTTTCAGGGGTARAGCGTCGTTTTACTGAGAAGATTATTGACGATACTG
TCATTATTGATGACTTTGCTCACCATCCTACTGAGATTATTGCGACATTAGATGCTGCTC
GACAAAARTACCCGTCAAAAGAAATTGTAGCTATTTTCCAACCGCATACGTTCACTCGTA
CGATAGCTCTTTTAGACGRATTTGCCCATGCCTTGAGTCAAGCGGATAGCGTTTATCTCG
CTCARATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGAAGATTTAG
CTGCTAAGATTGTCAAACACTCAGATT TAGTGACAGTCGAAAATGTCTCGCCTTTACTCA
ATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTATGAGCGCT
CTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4611

STRAIN 2603
atgtcaaaaacttatcattttattggtattaaaggatccggaatgagtgccctagcactg
atgcttcatcaaatgggacataacgtccaaggaagtgacgttgacaaatattattttace
caacgtggtttagagcaagcaggtgtaactatattacctttctcaccgaataatatcagt
gaggatttagagattattgcaggaaatgcttttcgtccagataacaatgaagagttggct
tatgttattgaaaagggctatcaatttaaacgatatcatgaatttctcggagattttatg
cgtcagttcactagtctaggtgtagctggggcacatggaaaaacctcaacgacaggttta
ttagctcatgttttaaaaaatattacagacacttctttcctaattggagatggtacagga
cgtggttctgctaatgctaattactttgtgtttgaagctgatgaatacgaacgtcatttt
atgccgtaccatccagaatactcaattattaccaatattgattttgaccatcctgattat
tttacaggcttagaggacgtattcaatgcctttaatgactatgctaagcaagttcaaaaa
ggtttattcatttatggagaagatccaaaacttcatgaaatcacttctgaggcaccaata
tattattatggttttgaagattcaaatgattttatagcaaaagacatcactcgaactgtt
aatggttctgactttaaggttttctataaccaagaagaaattggtcagtttcatgtacca
gcatacggtaaacataatatcttaaatgcaactgctgttattgctaacctttacataatg
ggaattgatatggcattagtagctgagcatttgaagacgttttcaggggtaaagcgtcgt
tttactgagaagattattgacgatactgtcattattgatgactttgctcaccatcctact
gagattattgcgacattagatgctgctcgacaaaaatacccgtcaaaagaaattgtagct
attttccaaccgcatacgttcactcgtacgatagctcttttagacgaatttgcccatgcc
ttgagtcaagcggatagcgtttatctcgctcaaatatatggttctgctagagaagtagat
aatggtgaggtgaaggtagaagatttagctgctaagattgtcaaacactcagatttagtg
acagtcgaaaatgtctcgcctttactcaatcatgataatgctgtctatgtctttatgggt
gctggagacattcaattgtatgagcgctcttttgaagaattattagctaacctaactaaa
aatacacaa

SEQ ID NO. 4612
STRAIN COHl1 reverse complement

CAGGCTCTAGTGACGTtGACAAATALTATTTTACCCAACGTGGLTTAGAGCAAGCAGGTGTAA

CTATATTACCTTTCTCACCGAATAATATCAGTGAGGATTTAGAGATTATTGCAGGAAATG
CTTTTCGTCCAGATAACAATGAAGAGTTGGCTTATGTTATTGARAAGCGCTATCATTTTA
AACGATATCATGAATTTCTCGGAGATTTTATGCGTCAGTTCACTAGTCTAGGTGTAGCTG
GGGCACATGGAAAAACCTCAACGACAGGTTTATTAGCTCATGTTTTAAAAAATATTACAG
ACACTTCTTTCCTAAT TGGAGATGGTACAGGACGTGGTTCTGCTAATGCTAATTACTTTG
TGTTTGAAGCTGATGAATACGAACGTCATTTTATGCCGTACCATCCAGAATACTCAATTA
TTACCAATATTGATTTTGACCATCCTGATTATTTTACAGGCCTAGAGGACGTATTCAATG
CCTTTAATGACTATGCTAAGCAAGTTCARAARGGTTTATTCATTTATGGAGAAGATCCAR
AACTTCATGAARATCACTTCTGAGGCACCAATATATTATTATGGTTTTGAAGATTCAAATG
ATTTTATAGCAAAAGACATCACTCGAACTGTTAATGGTTCTGACTTTAAGGTTTTCTATA
ACCARGAAGARATTGGTCAGTTTCATGTACCAGCATACGGTARACATAATATCTTARATG
CAACTGCTGTTATTGCTAACCTTTACATAATGGGAATTGATATGGCATTAGTAGCTGAGC
ATTTGAAGACATTTTCAGGGGTARAGCGTCGTTTTACTGAGARAGATTATTGACGATACTG
TCATTATTGATGACTTTGCTCACCATCCTACTGAGATTAT TGCGACATTAGATGCTGCTC
GACAAAAATACCCGTCAAAAGAAATTGTAGCTATTTTCCAACCGCATACGTTCACTCGTA
CGATAGCTCTTTTAGACGAATTTGCCCATGCCTTGAGTCAAGCGGATAGCGTTTATCTCG
CTCAAATATATGGTTCTGCTAGAGAAGTAGATAATGGTGAGGTGAAGGTAGAAGATTTAG
CTGCTAAGATTGTCAAACACTCAGATTTAGTGACAGTCGAAAATGTCTCGCCTTTACTCA
ATCATGATAATGCTGTCTATGTCTTTATGGGTGCTGGAGACATTCAATTGTATGAGCGCT
CTTTTGAAGAATTATTAGCTAACCTAACTAAAAATACACAA

SEQ ID NO. 4613
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STRAIN A909 frame: 2
DKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGYHFKRYHE
FLGDEFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANANYFVFEAD
EYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVENAFNDYAKQVOKGLFIYGEDPKLHEI
TSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVEYNQEEIGQFHVPAYGKHNTILNATAVI
ANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIATLDAARQKYP
SKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQIYGSAREVDNGEVKVEDLARKIV
KHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4614

STRAIN 1169NT frame: 2
KAGSSDVDKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGY
HFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANAN
YFVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVQKGLFIYGE
DPKLHEITSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNT
LNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTET TATLD
ARRQKYPSKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQIYGSAREVDNGEVKVE
DLAAKIVKHSDLVTVENVSPLLNHDNAVYVEMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4615

STRAIN 090 FRAME:1
KAGSSDVDKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGY
HFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANAN
YFVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVENAFNDYAKQVOKGLFIYGE
DSKLHEITSKAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNT
LNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIATLD
AARQKYPSKEIVAIFQPHTFTRTIALLDDFAHALSQADSVYLAQIYGSAREVDNGEVKVE
DLAAKIVKHSDLVTVENVSPLLNHDNAVYVEMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4616

STRAIN H36B frame: 2
KAGSSDVDKYYFTQRGLEQAGITILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGY
HFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTCRGSANAN
YEVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVOKGLFIYGE
DPKLHEITSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNT
LNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIATLD
AARQKYPSKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQI YGSAREVDNGEVKVE
DLAAKIVKHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4617

STRAIN 18RS21 frame: 1
KAGSSDVDKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGY
HFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANAN
YEVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVQKGLFIYGE
DPKLHEITSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNI
LNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTET IATLD
AARQKYPSKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQIYGSAREVDNGEVKVE
DLAAKIVKHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4618

STRAIN M732 frame: 2
KAGSSDVDKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGY
HFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANAN
YFVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVQKGLFIYGE
DPKLHEITSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNI
LNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIATLD
ARRQKYPSKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQIYGSAREVDNGEVKVE
DLAAKIVKHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4619

STRAIN JIM9130013 frame: 2
FKKAGSSDVDKYYFTQRGLEQAGITILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEK
GYHFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSAN
ANYFVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVQKGLFIY
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GEDPKLHEITSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKH
NILNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIAT
LDAARQKYPSKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQIYGSAREVDNGEVK
VEDLAAKIVKHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4620

STRAIN M781 frame: 1 .
KAGSSDVDKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGY
HFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANAN
YFVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVQKGLFIYGE
DPKLHEITSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNI
LNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIATLD
AARQKYPSKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQIYGSAREVDNGEVKVE
DLAAKIVKHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4621

STRAIN CJB110 frame: 3
KAGSSDVDKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGY
HFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANAN
YFVFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVQKGLFIYGE
DSKLHEITSKAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNI
LNATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIATLD
AARQKYPSKEIVAIFQPHTFTRTIALLDDFAHALSQADSVYLAQIYGSAREVDNGEVKVE
DLAAKIVKHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4622

STRAIN 2603 frame: 1
MSKTYHFIGIKGSGMSALALMLHQMGHNVQGSDVDKYYFTQRGLEQAGVTILPFSPNNIS
EDLEIIAGNAFRPDNNEELAYVIEKGYQFKRYHEFLGDFMRQFTSLGVAGAHGKTSTTGL
LAHVLKNITDTSFLIGDGTGRGSANANYFVFEADEYERHFMPYHPEYSIITNIDFDHPDY
FTGLEDVFNAFNDYAKQVQKGLFIYGEDPKLHEITSEAPIYYYGFEDSNDFIAKDITRTV
NGSDFKVFYNQEEIGQFHVPAYGKHNILNATAVIANLYIMGIDMALVAEHLKTFSGVKRR
FTEKIIDDTVIIDDFAHHPTEIIATLDAARQKYPSKEIVAIFQPHTFTRTIALLDEEAHA
LSQADSVYLAQIYGSAREVDNGEVKVEDLAAKIVKHSDLVTVENVSPLLNHDNAVYVFMG
AGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4623

STRAIN COHl frame: 3
GSSDVDKYYFTQRGLEQAGVTILPFSPNNISEDLEIIAGNAFRPDNNEELAYVIEKGYHF
KRYHEFLGDFMRQFTSLGVAGAHGKTSTTGLLAHVLKNITDTSFLIGDGTGRGSANANYF
VFEADEYERHFMPYHPEYSIITNIDFDHPDYFTGLEDVFNAFNDYAKQVQKGLFIYGEDP
KLHEITSEAPIYYYGFEDSNDFIAKDITRTVNGSDFKVFYNQEEIGQFHVPAYGKHNILN
ATAVIANLYIMGIDMALVAEHLKTFSGVKRRFTEKIIDDTVIIDDFAHHPTEIIATLDAA
RQKYPSKEIVAIFQPHTFTRTIALLDEFAHALSQADSVYLAQIYGSAREVDNGEVKVEDL
AAKIVKHSDLVTVENVSPLLNHDNAVYVFMGAGDIQLYERSFEELLANLTKNTQ

SEQ ID NO. 4701
STRAIN A909
TATTTTTTAACAACAARAAAAGGARAAGAGCTAAGGAAAAATGCAGAAAA
ATTCTATGGAGAATATAAAGAAAATCCAGAAGAATATCATCARATAGCTA
AAGATAAAGCAAGTGAATATTCAAATTTAGCTGTTGATACTTTTARAGAT
TATAAAGGTARATTTGAATCAGGTGAATTGACAACAGAGGATATCGTCTC
AGCCGTTAAGGAAARRAGCGGAGAAGTAGTTGACTTTGCTAATGATTTTG
TCAATCAAGCTAAATCAARAT TCTCAGACGAGGATACTGCTAAAAAAGAA
GATAAGGCTCCTGAAACAAAAGTAGAAGATATTGTCATTGATTATAAAGA
AARCACAGAAGATAAAGAAAAA

SEQ ID NO. 4702

STRAIN H36B
TATTTTTTAACAACAAAAAARGGAAAAGAGCTAAGGAABAATGCAGAAAA
ATTCTATGGAGAATATAARGARAATCCAGAAGAATATCATCAARATAGCTA
AAGATAAAGCAAGTGAATATTCAAATTTAGCTGTTGATACT TTTAAAGAT
TATARAGGTAARTTTGAATCAGGTGAATTGACAACAGAGGATATCGTCTC
AGCCGTTAAGGAAAAARAGCGGAGAAGTAGTTGACTTTGCTAATGATTTTG
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TCAATCAAGCTAAATCAAAATTCTCAGACGAGGATACTGCTAAARAAGAA
GATAAGGCTCCTGAAACAAAAGTAGAAGATATTGTCATTGATTATAAAGA
AAACACAGAAGATAAAGAAAAA

SEQ ID NO. 4703

STRAIN 18RS21
TATTTTTTAACAACAAAAAAAGGAARAGAGCTAAGGAAAAATGCAGAARA
ATTCTATGGAGAATATAAAGAAAATCCAGAAGAATATCATCAAATAGCTA
AAGATARAGCAAGTGAATATTCAAATTTAGCTGTTGATACTTTTAAAGAT
TATAAAGGTARATTTGAATCAGGTGAATTGACAACAGAGGATATCGTCTC
AGCCGTTAAGGAAAAAAGCGGAGAAGTAGTTGACTTTGCTAATGATTTTG
TCAATCAAGCTAAATCAARATTCTCAGACGAGGATACTGCTAAAAAAGAA
GATAAGGCTCCTGAAACAAAAGTAGAAGATATTGTCATTGATTATAAAGA
AAACACAGAAGATAAAGAARAA

SEQ ID NO. 4704

STRAIN M732
TATTTTTTAACAACAAAAAAAGGAAAAGAGCTAAGGAAAAATGCAGAARA
ATTCTATGGAGAATATAAAGAAAATCCAGAAGAATATCATCAAATAGCTA
AAGATAAAGCAAGTGAATATTCAAATTTAGCTGTTGATACTTTTAAAGAT
TATAAAGGTAAATTTGAATCAGGTGAATTGACAACAGAGGATATCGTCTC
AGCCGTTAAGGAAAARAGCGGAGAAGTAGTTGACTTTGCTAATGATTTTG
TCAATCAAGCTAAATCAAAATTCTCAGACGAGGATACTGCTAARAAAGAA
GATAAGGCTCCTGAAACAARAGTAGAAGATATTGTCATTGATTATAAAGA
AAACACAGAAGATAAAGAAARA

SEQ ID NO. 4705

STRAIN COH1
TATTTTTTAACAACAAAAAAAGGAAAAGAGCTAAGGAAAAATGCAGAAAA
ATTCTATGGAGAATATAAAGAAAATCCAGAAGAATATCATCAAATAGCTA
ARGATAAAGCAAGTGAATATTCAAATTTAGCTGT TGATACTTTTARAGAT
TATAAAGGTAAATTTGAATCAGGTGAATTGACAACAGAGGATATCGTCTC
AGCCGTTAAGGAAAAAAGCGGAGAAGTAGTTGACTTTGCTAATGATTTTG
TCAATCAAGCTAAATCAAAATTCTCAGACGAGGATACTGCTARAARAAGAA
GATAAGGCTCCTGAAACAAAAGTAGAAGATATTGTCATTGATTATAAAGA
AAACACAGAAGATAAAGARAAA

SEQ ID NO. 4706

STRAIN M781

TATTTTTTAACAACAAAAAAAGGAAAAGAGC
TAAGGAAAAATGCAGAAAAATTCTATGGAGAATATAAAGAAAATCCAGAA
GAATATCATCAAATAGCTAAAGATAAAGCAAGTGAATATTCAAATTTAGC
TGTTGATACTTTTAARAGATTATAAAGGTAAATTTGAATCAGGTGAATTGA
CAACAGAGGATATCGTCTCAGCCGTTAAGGAAAAAAGCGGAGAAGTAGTT
GACTTTGCTAATGATTTTGTCAATCAAGCTAAATCAAAATTCTCAGACGA
GGATACTGCTAAAAAAGAAGATAAGGCTCCTGAAACAAAAGTAGAAGATA
TTGTCATTGATTATAAAGAAAACACAGAAGATAAAGAAAAR

SEQ ID NO. 4707

STRAIN 2603
tattttttaacaacaaaaaaaggaaaagagctaaggaaaaatgcagaaaa
attctatggagaatataaagaaaatccagaagaatatcatcaaatagcta
aagataaagcaagtgaatattcaaatttagctgttgatacttttaaagat
tataaaggtaaatttgaatcaggtgaattgacaacagaggatatcgtcte
agccgttaaggaaaaaagcggagaagtagttgactttgctaatgattttg
tcaatcaagctaaatcaaaattctcagacgaggatactgctaaaaaagaa
gataaggctcctgaaacaaaagtagaagatattgtcattgattataaaga
aaacacagaagataaagaaaaa

SEQ ID NO. 4708

STRAIN 090
TATTTTTTaACaACAAAAAAAGGAAAAGAGCTARGGARAAATGCAGAAAA
ATTCTATGGAGAATATAAAGAAAATCCAGAAGAATATCATCAAATAGCTA
AAGATAAAGCAAGTGAATATTCAAATTTAGCTGTTGATACTTTTAAAGAT
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TATARAGGTAAATTTGAATCAGGTGAATTGACAACAGAGGATATCGTCTC
AGCCGTTAAGGAAARAAGCGGAGAAGTAGTTGACTTTGCTAATGATTTTG
TCAATCAAGCTAAATCAAAATTCTCAGACGAGGATACTGCTAAAAAAGAA
GATAAGGCTCCTGAAACAAAAGTAGAAGATATTGTCATTGATTATAAAGA
ARACACAGAAGATAAAGARARAA

SEQ ID NO. 4709

STRAIN CJB110
TATTTTTTAACAACAAAAANAGGAAAAGAGCTAAGGARRA
ATGCAGAAAAATTCTATGGAGAATATAAAGAARATCCAGAAGAATATCAT
CAAATAGCTAAAGATAAAGCAAGTGAATATTCAAATTTAGCTGTTGATAC
TTTTAAAGATTATAAAGGTAAATTTGAATCAGGTgAATTGACAACAGAGG
ATATCGTCTCAGCCGtTAAGGAAAAAAGCGGAGAAGTAGTTGACTTTGCT
AATGATTTTGTCAATCAAGCTAAATCAAAATTCTCAGACGAGGATACTGC
TAAAAAAGAAGATAAGGCTCCTGAAACAAAAGTAGAAGATATTGTCATTG
ATTATAAAGARAACACAGAAGATAAAGAAARAA

SEQ ID NO. 4710

STRAIN 1169NT
TATTTTTTAACAACAAAAAAAGGAAAAGAGCTAAGGAAA
AATGCAGAAAAATTCTATGGAGAATATAAAGAAAATCCAGAAGAATATCA
TCAAATAGCTAAAGATAAAGCAAGTGAATATTCAAATTTAGCTGTTGATA
CTTTTAARAGATTATAAAGGTAAATTTGAATCAGGTGAATTGACAACAGAG
GATATCGTCTCAGCCGTTAAGGAAAAAAGCGGAGAAGTAGTTGACTTTGC
TAATGATTTTGTCAATCAAGCTAAATCAAAATTCTCAGATGAGGATACTG
CTAAAARAGAAAATAAGGCTCCTGAAACAAAAGTAGAAGATATTGTCATT
GATTATAAAGAAAACACAGAAGATAAAGAAAAA

SEQ ID NO. 4711

STRAIN JMS130013

TATTTTTTAaCAACAARAAAAGGAAAAGAGCTAAGGAARA
ATGCAGAAAAATTCTATGGAGAATATAAAGARAATCCAGAAGAATATCAT
CAAATAGCTAAAGATARAGCAAGTGAATATTCARATTTAGCTGTTGATAC
TTTTAAAGATTATAAAGGTAAATTTGAATCAGGTGAATTGACAACAGAGG
ATATCGTCTCAGCCGTTAAGGAAAAAAGCGGAGAAGTAGTTGACTTTGCT
AATGATTTTGTCAATCAAGCTAAATCARAATTCTCAGACGAGGATACTGC
TAAARAAGAAGATAAGGCTCCTGAAACARRAAGTAGAAGATATTGTCATTG
ATTATAAAGAAAACACAGAAGATAAAGARAAA

SEQ ID NO. 4712

STRAIN 2603
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQTAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4713

STRAIN A909 frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4714

STRAIN H36B frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4715

STRAIN 18RS21 frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4716
STRAIN M732 frame: 1
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YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEY SNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4717

STRAIN _COH1l frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4718

STRAIN _M781 frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK '

SEQ ID NO. 4719

STRAIN _090 frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQTAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4720

STRAIN _CJB11l0 frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4721
STRAIN 1169NT frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKENKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO. 4722

STRAIN _JM9130013 frame: 1
YFLTTKKGKELRKNAEKFYGEYKENPEEYHQIAKDKASEYSNLAVDTFKDYKGKFESGEL
TTEDIVSAVKEKSGEVVDFANDFVNQAKSKFSDEDTAKKEDKAPETKVEDIVIDYKENTE
DKEK

SEQ ID NO: 4801

STRAIN 2603
aatagtactgagacaagtgcttcagtagttcctactacaaatactatcgt
tcaaactaatgacagtaatcctaccgcaaaatttgtatcagaatcaggac
aatctgtaataggtcaagtaaaaccagataattctgcggcgcttacaaca
gttgacacgcctcatcatatttcagetecagatgetttaaaaacaactea
atcaagtcctgtcgttgagagtacttctactaagttaactgaagagactt
acaaacaaaaagatggtcaagatttagccaacatggtgagaagtggtcaa
gttactagtgaggaactcgttaatatggcatacgatattattgctaaaga
aaacccatctttaaatgcagtcattactactagacgccaagaagctattg
aagaggctagaaaacttaaagataccaatcagccgtttttaggtgttccc
ttgttagtcaaggggttagggcacagtattaaaggtggtgaaaccaataa
tggcttgatctatgcagatggaaaaattagcacatttgacagtagctatg
tcaaaaaatataaagatttaggatttattattttaggacaaacgaacttt
ccagagtatgggtggcgtaatataacagattctaaattatacggtctaac
gcataatccttgggatcttgctcataatgctggtggctcttctggtggaa
gtgcagcagccattgctagcggaatgacgccaattgctagcggtagtgat
gctggtggttctatccgtattccatettettggacgggettggtaggttt
aaaaccaacaagaggattggtgagtaatgaaaagccagattcegtatagta
cagcagttcattttccattaactaagtcatctagagacgcagaaacatta
ttaacttatctaaagaaaagcgatcaaacgctagtatcagttaatgattt
aaaatctttaccaattgcttatactttgaaatcaccaatgggaacagaag
ttagtcaagatgctaaaaacgctattatggacaacgtcacattcttaaga
aaacaaggattcaaagtaacagagatagacttaccaattgatggtagage
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attaatgcgtgattattcaaccttggctattggcatgggaggagcttttt
caacaattgaaaaagacttaaaaaaacatggttttactaaagaagacgtt
gatcctattacttgggcagttcatgttatttatcaaaattcagataaggc
tgaacttaagaaatctattatggaagcccaaaaacatatggatgattatc
gtaaggcaatggagaagcttcacaagcaatttcctattttcttatcgcca
acgaccgcaagtttagcccctctaaatacagatccatatgtaacagagga
agataaaagagcgatttataatatggaaaacttgagccaagaagaaagaa
ttgctctctttaatcgccagtgggagcctatgttgcgtagaacacctttt
acacaaattgctaatatgacaggactcccagcetatcagtatcecgactta
cttatctgagtctggtttacccatagggacgatgttaatggcaggtgcaa
actatgatatggtattaattaaatttgcaactttctttgaaaaacatcat
ggttttaatgttaaatggcaaagaataatagataaagaagtgaaaccatc
tactggcctaatacagcectactaactcecctctttaaagetcattcateat
tagtaaatttagaagaaaattcacaagttactcaagtatctatctctaaa
aaatggatgaaatcgtctgttaaaaataaaccatcecgtaatggeatatca
aaaagca

SEQ ID NO: 4802

STRAIN 090
AATAGTACTGAGACAAGTGCTTCAGTAGTTCCTACTACAA
ATACTATCGTTCAAACTAATGACAGTAATCCTACCGCAAAATTTGTATCA
GAATCAGGACAATCTGTAATAGGTCAAGTAAAACCAGATAATTCTGCGGC
GCTTACAACAGTTGACACGCCTCATCATATTTCAGCTCCAGATGCTTTAA
AAACAACTCAATCAAGTCCTGTCGTTGAGAGTACTTCTACTAAGTTAACT
GAAGAGACTTACAAACAAARAGATGGTAAAGATTTAGCCAACATGGTGAG
AAGTGGTCAAGTTACTAGTGAGGAACTCGTTAATATGGCATACGATATTA
TTGCTAAAGAAAACCCATCTTTAAATGCAGTCATTACTACTAGACGCCAA
GAAGCTATTGAAGAGGCTAGAAAACTTAAAGATACCAATCAGCCGTTTTT
AGGTGTTCCCTTGTTAGTCAAGGGGTTAGGGCACAGTATTARAGGTGGTG
AARCCAATAATGGCTTGATCTATGCAGATGGAAAAATTAGCACATTTGAC
AGTAGCTATGTCAARARAATATAAAGATTTAGGATTTATTATTTTAGGACA
AACGAACTTTCCAGAGTATGGGTGGCGTAATATAACAGATTCTAAATTAT
ACGGTCTAACGCATAATCCTTGGGATCTTGCTCATAATGCTGGTGGCTCT
TCTGGTGGAAGTGCAGCAGCCATTGCTAGCGGAATGACGCCAATTGCTAG
CGGTAGTGATGCTGGTGGTTCTATCCGTATTCCATCTTCTTGGACGGGCT
TGGTAGGTTTAAAACCAACAAGAGGATTGGTGAGTAATGAAAAGCCAGAT
TCGTATAGTACAGCAGTTCATTTTCCATTAACTAAGTCATCTAGAGACGC
AGAAACATTATTAACTTATCTAAAGAARAGCGATCAAACGCTAGTATCAG
TTAATGATTTAAAATCTTtACCAATTGCTTATACTTTGARATCACCAATG
GGAACAGAAGTTAGTCAAGATGCTAAAAACGCTATTATGGACAACGTCAC
ATTCTTAAGAAAACAAGGATTCAAAGTAACAGAGATAGACTTACCAATTG
ATGGTAGAGCATTAATGCGTGATTATTCAACCTTGGCTATTGGCATGGGA
GGAGCTTTTTCAACAATTGAAAAAGACTTAAAAAAACATGGTTTTACTAA
AGAAGACGTTGATCCTATTACTTGGGCAGTTCATGTTATTTATCAAAATT
CAGATAAGGCTGAACTTAAGAAATCTATTATGGAAGCCCAAAAACATATG
GATGATTATCGTAAGGCAATGGAGAAGCTTCACAAGCAATTTCCTATTTT
CTTATCGCCAACGACCGCAAGTTTAGCCCCTCTAAATACAGATCCATATG
TAACAGAGGAAGATAAAAGAGCGATTTATAATATGGAARACTTGAGCCAA
GAAGAAAGAATTGCTCTCTTTAATCGCCAGTGGGAGCCTATGTTGCGTAG
AACACCTTTTACACAAATTGCTAATATGACAGGACTCCCAGCTATCAGTA
TCCCGACTTACTTATCTGAGTCTGGTTTACCCATAGGGACGATGTTAATG
GCAGGTGCAAACTATGATATGGTATTAATTAAATTTGCAACTTTCTTTGA
ARAACATCATGGTTTTAATGTTAAATGGCAAAGAATAATAGATAAAGAAG
TGAAACCATCTACTGGCCTAATACAGCCTACTAACTCCCTCTTTAAAGCT
CATTCATCATTAGTAAATTTAGAAGAAAATTCACAAGTTACTCAAGTATC
TATCTCTAAAAAATGGATGAARATCGTCTGTTAAAAATAAACCATCCGTAA
TGGCATATCAAAAAGCA

SEQ ID NO: 4803

STRAIN A909
TACTACAAATACTATCGTTCAAACTAATGACAGTAATCCTACCGCAARAT
TTGTATCAGAATCAGGACAATCTGTAATAGGTCAAGTARAACCAGATAAT
TCTGCGGCGCTTACAACAGTTGACACGCCTCATCATATTTCAGCTCCAGA
TGCTTTAAAAACAACTCAATCAAGTCCTGTCGTTGAGAGTACTTCTACTA
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AGTTAACTGAAGAGACTTACAAACAAAAAGATGGTCAAGATTTAGCCAAC
ATGGTGAGAAGTGGTCAAGTTACTAGTGAGGAACTCGTTAATATGGCATA
CGATATTATTGCTAAAGARAACCCATCTTTAAATGCAGTCATTACTACTA
GACGCCAAGAAGCTATTGAAGAGGCTAGAAAACTTAAAGATACCAATCAG
CCGTTTTTAGGTGTTCCCTTGTTAGTCAAGGGGTTAGGGCACAGTATTAA
AGGTGGTGAAACCAATAATGGCTTGATCTATGCAGATGGAAAAATTAGCA
CATTTGACAGTAGCTATGTCAAAAAATATAAAGATTTAGGATTTATTATT
TTAGGACAAACGAACTTTCCAGAGTATGGGTGGCGTAATATAACAGATTC
TAAATTATACGGTCTAACGCATAATCCTTGGGATCTTGCTCATAATGCTG
GTGGCTCTTCTGGTGGAAGTGCAGCAGCCATTGCTAGCGGAATGACGCCA
ATTGCTAGCGGTAGTGATGCTGGTGGTTCTATCCGTATTCCATCTTCTTG
GACGGGCTTGGTAGGTTTARAACCAACAAGAGGATTGGTGAGTAATGARA
AGCCAGATTCGTATAGTACAGCAGTTCATTTTCCATTAACTAAGTCATCT
AGAGACGCAGAAACATTATTAACTTATCTAAAGAAAAGCGATCAAACGCT
AGTATCAGTTAATGATTTAAAATCTTTACCAATTGCTTATACTTTGARAT
CACCAATGGGAACAGAAGTTAGT CAAGATGCTAAAAACGCTATTATGGAC
AACGTCACaATTCTTAAGAAAACAAGGATTCAAAGTAACAGAGATAGACTT
ACCAATTGATGGTAGAGCATTAATGCGTGATTATTCAACCTTGGCTATTG
GCATGGGAGGAGCTTTTTCAACAATTGAAAAAGACTTAAAAAAACATGGT
TTTACTAAAGAAGACGTTGATCCTATTACTTGGGCAGTTCATGTTATTTA
TCAAAATTCAGATAAGGCTGAACTTAAGAAATCTATTATGGAAGCCCAAA
AACATATGGATGATTATCGTAAGGCAATGGAGAAGCTTCACAAGCAATTT
CCTATTTTCTTATCGCCAACGACCGCAAGTTTAGCCCCTCTAAATACAGA
TCCATATGTaACAGAGGAAGATAAAAGAGCGATTTATAATATGGAARACT
TGAGCCAAGAAGAAAGAATTGCTCTCTTTAATCGCCAGTGGGAGCCTATG
TTGCGTAGAACACCTTTTACACAAATTGCTAATATGACAGGACTCCCAGC
TATCAGTATCCCGACTTACTTATCTGAGTCTGGTTTACCCATAGGGACGA
TGTTAATGGCAGGTGCAAACTATGATATGGTATTAATTAAATTTGCAACT
TTCTTTGAAAAACATCATGGTTTTAATGTTAAATGGCAAAGAATAATAGA
TAARGAAGTGAAACCATCTACTGGCCTAATACAGCCTACTAACTCCCTCT
TTAAAGCTCATTCATCATTAGTARATTTAGAAGAAAATTCACAAGTTACT
CAAGTATCTATCTCTAAAAAATGGATGAAATCGTCTGTTARAAAATAAACC
ATCCGTAATGGCATATCAAARAGCA

SEQ ID NO: 4804

STRAIN COH1
AATAGTACTGAGACAAGTGCTTCAGTAGCTCCTACTACAAAT
ACTATCGTTCAAACTAATGACAGTAATCCTACCGCAAAATTTGCATCAGA
ATCAGGACAATCTGTAATAGGTCAAGTAAAACCAGCTAATTCTGCGCCGC
TTACARCAGTTGACACGCCTCATATTTCAGCTCCAGATGCTTTAAAAACA
ACTCAATCAAGTCCTGTCGTTGAGAGTCCTTCTACTAAGTTAACTGAAGA
GACATACAAACAAARAGATGGTCAAGATTTAGCCAACATGGTGAGAAGTG
GTCAAGTTACTAGTGAGGAACTCGTCAATATGGCATACGATATTATCGCT
AAAGAARACCCATCTTTARATGCAGTCATTACTACTAGACGCCAAGAAGC
CATTGAAGAGGCTAGAAAACTTAAAGATACTAATCAGCCGTTTTTAGGTG
TTCCcTTGTTAGTCAAGGGGTTAGGGCACAGTATTARAAGGTGGTGAAACC
AATAATGGCTTGATCTATGCAGATGGAAAAATTAGCACATTTGACAGTAG
CTATGTCAAAAAATATAAAGATTTAGGATTTATTATTT TAGGACAAACGA.
ATTTTCCAGAGTATGGGTGGCGTAATATAACAGACTCTAAATTATACGGT
CCAACGCATAATCCTTGGAATCTTGCTCATAACGCTGGTGGCTCTTCTGS
TGGAAGTGCAGCAGCTATTGCTAGCGGAATGACGCCAATTGCTAGCGGCA
GTGATGCTGGTGGTTCTATCCGTATTCCATCTTCTTGGACGGGCTTAGTA
GGTTTAAAACCAACAAGAGGATTGGTGAGTAATGAAAAGCCAGATTCGTA
TAGTACAGCAGTTCATTTTCCATTAACTAAGTCATCTAGAGACGCAGAAA
CATTGTTAACTTACCTAAAGAARAGCGATCAAACGCTAGTATCAGTTAAT
GATTTAAARTCTTTACCAATTGCTTATACTTTGAAATCACCAATGGGAAC
AGAAGTTAGTCAAGATGCTAAAAATGCTATTATGGACAACGTCACATTCT
TAAGAAAACAAGGATTCAARGTGACAGAGATAGATTtACCAATTGATGGT
AGAGCATTAATGCGTGATTATTCAACCTTGGCTATTGGCATGGGAGGAGC
TTTTTCAACAATTGAAAAAGACTTAAAAAAACATGGTTTTACTAAAGAAG
ACGTTGATCCCATTACTTGGGCAGTTCATGTTATTTATCAAAATTCAGAT
AAGGCTGAACTTAAGARATCTATTGTGGAAGCCCARAAACATATGGATGA
TTATCGTAAGGCAATGGAGAAGCTTCACAAGCAATTTCCTATTTTCTTAT
CGCCAACGACCGCAAGTTTAGCCCCTCTAAATACAGATCCATATGTAACA
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GAGAAAGATAAAAGAGCGATTTATAATATGGAAAACT TGAGCCAAGAAGA
AAGAATTGCTCTCTTTAATCGCCAGTGGGAGCCTATGTTGCGTAGAACAC
CTTTTACACCAATTGCTAATALGACAGGACTCCCAGCTATCAGTATCCCG
ACTTACTTATCTGAGTCTGGTTTACCCATAGGGACGATGTTAATGGCAGG
TGCAAACTATGATATGGTATTAATTAAATTTGCAACTTTCTTTGAARAAC
ATCATGGTTTTAATGTTAAATGGCAAAGAATAATAGATAAAGAAGTGAAA
CCATCTGCTGACCTAATACAGCCTACTAACTCCCTCTTTAAAGCTCATTC
ATCATTAGTARATTTAGAAGAAAATTCACAAGTTACTCAAGTATCTATCT
CTAAAAAATGGATGAAATCGTCTGTTAAAAATARACCATCCGTAATGGCA
TATCAAAAAGCA :

SEQ ID NO: 4805

STRAIN M732
TCAGTAGCTCCTACTACAARATACTATCGTTCAAACTAATGACAGTAATCC
TACCGCAAAATTTGCATCAGAATCAGGACAATCTGTAATAGGTCAAGTAA
AACCAGCTAATTCTGCGGCGCTTACAACAGTTGACACGCCTCATATTTCA
GCTCCAGATGCTTTAAAAACAACT CAATCAAGTCCTGTCGTTGAGAGTCC
TTCTACTAAGTTAACTGAAGAGACATACAAACAAAAAGATGGTCAAGATT
TAGCCAACATGGTGAGAAGTGGTCAAGTTACTAGTGAGGAACTCGTCAAT
ATGGCATACGATATTATCGCTARAGAAAACCCATCTTTARATGCAGTCAT
TACTACTAGACGCCAAGAAGCCATTGAAGAGGCTAGAAAACTTARAGATA
CTAATCAGCCGTTTTTAGGTGTTCCCTTGTTAGTCAAGGGGTTAGGGCAC
AGTATTAAAGGTGGTGAARCCAATAATGGCTTGATCTATGCAGATGGARR
AATTAGCACATTTGACAGTAGCTATGTCAAARAAATATAAAGATTTAGGAT
TTATTATTTTAGGACAAACGAATTTTCCAGAGTATGGGTGGCGTAATATA
ACAGACTCTAAATTATACGGTCNAACGCATAATCCTTGGGATCTTGCTCA
TAACGCTGGTGGCTCTTCTGGTGGAAGTGCAGCAGCTATTGCTAGCGGAA
TGACGCCAATTGCTAGCGGCAGTGATGCTGGTGGTTCTATCCGTATTCCA
TCTTCTTGGACGGGCTTAGTAGGT TTAAAACCAACAAGAGGATTGGTGAG
TAATGAAAAGCCAGATTCGTATAGTACAGCAGTTCATTTTCCATTAACTA
AGTCATCTAGAGACGCAGAAACATTGTTAACTTACCTARAGAAAAGCGAT
CAAACGCTAGTATCAGTTAATGATTTARAATCTTTACCAATTGCTTATAC
TTTGAAATCACCAATGGGAACAGAAGTTAGTCAAGATGCTAAAAATGCTA
TTATGGACAACGTCACATTCTTAAGAAAACAAGGATTCAAAGTGACAGAG
ATAGATTTACCAATTGATGGTAGAGCATTAATGCGTGATTATTCAACCTT
GGCTATTGGCATGGGAGGAGCTTTTTCAACAATTGARAAAGACTTARAAR
AACATGGTTTTACTAAAGAAGACGTTGATCCCATTACTTGGGCAGTTCAT
GTTATTTATCAAAATTCAGATAAGGCTGAACTTAAGAAATCTATTGTGGA
AGCCCAAAARCATATGGATGAT TATCGTAAGGCAATGGAGAAGCTTCACA
AGCAATTTCCTATTTTCTTATCGCCAACGACCGCAAGTTTAGCCCCTCTA
AATACAGATCCATATGTTACAGAGARAGATAAAAGAGCGATTTATAATAT
GGAAAACTTGAGCCAAGAAGARAAGAATTGCTCTCTTTAATCGCCAGTGGE
AGCCTATGTTGCGTAGAACACCTTTTACACCAATTGCTAATATGACAGGA
CTCCCAGCTATCAGTATCCCGACTTACTTATCTGAGTCTGGTTTACCCAT
AGGGACGATGTTAATGGCAGGTGCAAACTATGATATGGTATTAATTARAT
TTGCAACTTTCTTTGAAARACATCATGGTTTTAATGTTAAATGGCAAAGA
ATAATAGATAAAGAAGTGAAACCATCTGCTGACCTAATACAGCCTACTAA
CTCCCTCTTTAAAGCTCATTCATCATTAGTAAATTTAGAAGAAAATTCAC
AAGTTACTCAAGTATCTATCTCTAAAAAATGGATGARATCGTCTGTTAAA
AATAAACCATCCGTAATGGCATATCAAAAAGCA

SEQ ID NO: 4806

STRAIN 18RS21
AATAGTACTGAGACAAGTGCTTCAGTAGTTCCTACTACAAATACTATCGT
TCAAACTAATGACAGTAATCCTACCGCAAAATTTGTATCAGAATCAGGAC
AATCTGTAATAGGTCAAGTAARACCAGATAATTCTGCGGCGCTTACAACA
GTTGACACGCCTCATCATATTTCAGCTCCAGATGCTTTAAAAACAACTCA
ATCAAGTCCTGTCGTTGAGAGTACTTCTACTAAGTTAACTGAAGAGACTT
ACAAACARARAAGATGGTCAAGATTTAGCCAACATGGTGAGAAGTGGTCAA
GTTACTAGTGAGGAACTCGTTAATATGGCATACGATATTATTGCTAAAGA
AAACCCATCTTTARATGCAGTCATTACTACTAGACGCCAAGAAGCTATTG
AAGAGGCTAGAAAACTTAAAGATACCAATCAGCCGTTTTTAGGTGTTCCC
TTGTTAGTCAAGGGGTTAGGGCACAGTATTAAAGGTGGTGARACCAATAA
TGGCTTGATCTATGCAGATGGAAAAATTAGCACATTTGACAGTAGCTATG
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