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FIGURE 2
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FIGURE 6
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FIGURE 7
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METHODS AND REAGENTS FOR
TREATMENT OF AGE-RELATED MACULAR
DEGENERATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 13/944,845, filed Jul. 17, 2013, which
was a continuation of U.S. patent application Ser. No. 12/479,
716, filed on Jun. 5, 2009 and issued as U.S. Pat. No. 8,497,
350 on Jul. 30, 2013, which was a division of U.S. patent
application Ser. No. 11/354,559, filed Feb. 14, 2006 and
issued as U.S. Pat. No. 7,745,389 on Jun. 29, 2010, which
claims benefit of U.S. Provisional Application Nos. 60/653,
078 (filed Feb. 14, 2005), 60/717,861 (filed Sep. 16, 2005),
60/715,503 (filed Sep. 9, 2005), and 60/735,697 (filed Nov. 9,
2005), the entire contents of which are incorporated herein by
reference.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

[0002] This invention was made with government support
under NIH Eye Institute grant EY11515 awarded by the
National Institutes of Health. The government has certain
rights in the invention.

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED AS AN ASCII TEXT
FILE

[0003] The Sequence Listing written in file 86085-947373
ST25.TXT, created on Aug. 24, 2015, 135,497 bytes,
machine format IBM-PC, MS-Windows operating system, is
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0004] Age-related macular degeneration (AMD) is the
leading cause of irreversible vision loss in the developed
world (for reviews see Zarbin, 1998, 2004; Klein et al., 2004;
Ambati etal., 2003; de Jong, 2004; van Leeuwen et al., 2003)
affecting approximately 15% of individuals over the age of
60. An estimated 600 million individuals are in this age demo-
graphic. The prevalence of AMD increases with age; mild, or
early forms occur in nearly 30%, and advanced forms in about
7%, of the population that is 75 years and older (Klein et al.,
1992; Vingerling et al., 1995a, 1995b). Clinically, AMD is
characterized by a progressive loss of central vision attribut-
able to degenerative changes that occur in the macula, a
specialized region of the neural retina and underlying tissues.
In the most severe, or exudative, form of the disease neovas-
cular fronds derived from the choroidal vasculature breach
Bruch’s membrane and the retinal pigment epithelium (RPE)
typically leading to detachment and subsequent degeneration
of the retina.

[0005] AMD, a late-onset complex disorder, appears to be
caused and/or modulated by a combination of genetic and
environmental factors (Seddon and Chen, 2004; Tuo et al.,
2004; Klein and Francis, 2003). Familial aggregation studies
have estimated the genetic component to be primarily
involved in as much as 25% of the disorder (Klaver et al.,
1998a). According to the prevailing hypothesis, the majority
of AMD cases is not a collection of multiple single-gene
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disorders, but instead represents a quantitative phenotype, an
expression of interaction of multiple susceptibility loci. The
number of loci involved, the attributable risk conferred, and
the interactions between various loci remain obscure.

[0006] Linkage and candidate gene screening analyses
have provided limited insight into the genetics of AMD. Reli-
able association of one gene with increased risk, ABCA4
(Allikmets et al., 1997) and one gene with decreased risk,
ApoE4 (Klaver et al., 1998b, Souied et al., 1998) for AMD
have been reported. In addition, several groups have reported
results of genome-wide linkage analyses (reviewed in Tuo et
al., 2004; Weeks et al., 2004). Linkage of one family with
AMD phenotype to a specific chromosomal region, 1q25-q31
(ARMD1) has been documented (Klein et al., 1998). HEMI-
CENTIN-1 has been suggested to be the causal gene (Schultz
etal., 2003) although its role has not been reliably confirmed.
The identification of overlapping loci on chromosome 1q in
several studies (Weeks et al., 2001; Iyengar et al., 2003;
Weeks et al., 2004) suggests that this locus may harbor AMD-
associated gene(s).

[0007] Recent studies of drusen, the hallmark ocular
lesions associated with the onset of AMD, have implicated a
role for inflammation and other immune-mediated processes,
in particular complement activation, in the etiology of early
and late forms of AMD (Hageman et al., 1999, 2001; Mullins
etal., 2000, 2001; Russell et al., 2000; Anderson et al., 2002,
2004; Johnson et al., 2000, 2001; Crabb et al., 2002; Ambati
et al., 2003; Penfold et al., 2001; Espinosa-Heidman et al.,
2003). These studies have revealed the terminal pathway
complement components (C5, C6, C7, C8 and C9) and acti-
vation-specific complement protein fragments of the terminal
pathway (C3b, iC3b, C3dg and C5b-9) as well as various
complement pathway regulators and inhibitors (including
Factor H, Factor I, Factor D, CDS55 and CD59) within drusen,
along Bruch’s membrane (an extracellular layer comprised of
elastin and collagen that separates the RPE and the choroid)
and within RPE cells overlying drusen (Johnson et al., 2000,
2001; Mullins et al. 2000, 2001; Crabb et al., 2002). Many of
these drusen-associated molecules are circulating plasma
proteins previously thought to be synthesized primarily by
the liver. Interestingly, many also appear to be synthesized
locally by RPE and/or choroidal cells.

[0008] Activation of the complement system plays a key
role in normal host defense and in the response to injury
(Kinoshita, 1991). Inappropriate activation and/or control of
this system, often caused by mutations in specific comple-
ment-associated genes, can contribute to autoimmune
sequelae and local tissue destruction (Holers, 2003; Lisze-
wski and Atkinson, 1991; Morgan and Walport, 1991; Shen
and Meri, 2003), as has been shown in atherosclerosis (Torze-
wski etal., 1997; Niculescu et al., 1999), Alzheimer’s disease
(Akiyama et al., 2000) and glomerulonephritis (Schwertz et
al., 2001).

[0009] Membranoproliferative glomerulonephritis type 2
(MPGN 1) is a rare disease that is associated with uncon-
trolled systemic activation of the alternative pathway of the
complement cascade. The disease is characterized by the
deposition of abnormal electron-dense material comprised of
C3 and C3c, proteins involved in the alternative pathway of
complement, within the renal glomerular basement mem-
brane, which eventually leads to renal failure. Interestingly,
many patients with MPGNII develop macular drusen, RPE
detachments and choroidal neovascular membranes that are
clinically and compositionally indistinguishable from those



US 2016/0096871 Al

that form in AMD, although they are often detected in the
second decade of life (Mullins et al., 2001; O’Brien et al.,
1993; Huang et al., 2003; Colville et al., 2003; Duvall-Young
et al., 1989a, 1989b; Raines et al., 1989; Leys et al., 1990;
McAvoy and Silvestri, 2004; Bennett et al., 1989; Orth and
Ritz, 1998; Habib et al., 1975).

[0010] Inmostpatients with MPGNII, the inability to regu-
late the complement cascade is mediated by an autoantibody
directed against C3bBb. Other MPGN 1I patients, however,
harbor mutations in Factor H (Ault et al., 1997; Dragon-
Durey etal., 2004) a major inhibitor of the alternative comple-
ment pathway. A point mutation in Factor H (I1166R) causes
MPGNII in the Yorkshire pig (Jansen et al., 1998) and Factor
H deficient mice develop severe glomerulonephritis (Picker-
ing et al., 2002). Moreover, affected individuals within some
extended families with MPGNIII, a related disorder, show
linkage to chromosome 1q31-32 (Neary et al., 2002) a region
that overlaps a locus that has been identified in genome-wide
linkage studies for AMD (see above). This particular locus
contains a number of complement pathway-associated genes.
One group of these genes, referred to as the regulators of
complement activation (RCA) gene cluster, contains the
genes that encode Factor H, five Factor H-related genes
(CFHR1, CFHR2, CFHR3, CFHR4 and CFHRSY), and the
beta subunit of coagulation factor XIII. A second cluster of
complement pathway-associated genes, including C4BPA,
C4BPB, C4BPAL2, DAF (CDS55) CR1, CR2, CRIL and
MCP (CD46) lies immediately adjacent to the 1q25-31 locus.

BRIEF SUMMARY OF THE INVENTION

[0011] The invention relates to polymorphisms and haplo-
types in the complement Factor H gene that are associated
with development of age-related macular degeneration
(AMD) and membranoproliferative glomerulonephritis type
2 (MPGNII). The invention also relates to polymorphisms
and haplotypes in the complement Factor H-related 5
(CFHRS) genes that are associated with development of
AMD and MPGNII. The invention provides methods of diag-
nosing, monitoring, and treating these and other diseases.
[0012] In one aspect, the invention provides a diagnostic
method for determining a subject’s propensity to develop
age-related macular degeneration (AMD), comprising
detecting the presence or absence of a variation or variations
at polymorphic site or polymorphic sites of the Factor H gene.
In one embodiment, the invention provides methods of diag-
nosing an increased susceptibility to developing AMD
involving detecting the presence or absence of a polymor-
phism in the Factor H gene of an individual. The methods may
include obtaining the DNA from an individual and analyzing
the DNA from the individual to determine whether the DNA
contains a polymorphism in the Factor H gene. Certain poly-
morphisms indicate the individual has an increased suscepti-
bility to developing AMD relative to a control population.
Certain polymorphisms indicate the individual has a reduced
likelihood of developing AMD. Certain polymorphisms indi-
cate the individual has neither an increased nor a reduced
likelihood of developing AMD.

[0013] In one embodiment, a method of diagnosing a pro-
pensity to develop age-related macular degeneration (AMD)
in a subject involves obtaining a sample of DNA from the
subject and detecting in the DNA of the patient the presence
or absence of a polymorphism associated with development
of AMD, the presence of the polymorphism being an indica-
tion that the subject has an increased propensity to develop
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AMD and the absence of the polymorphism being an indica-
tion that the subject has a reduced propensity to develop
AMD.

[0014] In arelated aspect, the invention provides methods
of diagnosing susceptibility to developing AMD involving
determining an individual’s Factor H haplotype. The methods
include obtaining the DNA from an individual and analyzing
the DNA of the individual to determine their Factor H haplo-
type. Certain haplotypes (risk haplotypes) indicate the indi-
vidual has an increased susceptibility to develop AMD. Cer-
tain haplotypes (protective haplotypes) indicate the
individual has a decreased susceptibility to develop AMD.
Certain haplotypes (neutral haplotypes) indicate the indi-
vidual has neither an increased nor a reduced likelihood of
developing AMD.

[0015] In arelated embodiment the presence or absence of
a variation at a polymorphic site of the Factor H gene is
determined by analysis of a gene product, such as an RNA or
a Factor H protein (e.g., protein isoform) encoded by the
gene. Expression of a variant protein is an indication of a
variation in the Factor H gene and can indicate an increased or
reduced propensity to develop AMD. Proteins can be detected
using immunoassays and other methods.

[0016] In another related aspect, the invention provides
methods of diagnosing susceptibility to developing AMD or
other diseases by detecting a variant Factor H polypeptide in
a biological sample of an individual. In one embodiment, an
antibody-based assay is used to diagnose AMD or other dis-
eases in an individual by contacting a biological sample, e.g.,
a serum sample, of the individual with the antibody and
detecting the presence or absence of the variant Factor H
polypeptide. In an embodiment, the antibody specifically
interacts with an epitope specific to a variant Factor H
polypeptide (i.e., not found in the wild-type Factor H
polypeptide). In an embodiment, a separation-based assay
(e.g., PAGE) is used to diagnose AMD or other diseases in an
individual by detecting the presence or absence of the variant
Factor H polypeptide in a biological sample, e.g., a serum
sample, of the individual.

[0017] In one aspect, the invention provides methods of
treating an individual with AMD (e.g., an individual in whom
a polymorphism or haplotype indicative of elevated risk of
developing symptomatic AMD is detected) or other disease
involving a variant Factor H gene by modulating the type
and/or amount of systemic and/or ocular levels of Factor H.
The Factor H polypeptide may be a wild-type Factor H
polypeptide or a variant Factor H polypeptide. The Factor H
polypeptide may be a Factor H polypeptide with a sequence
encoded by neutral or protective alleles rather than alleles
associated with a risk haplotype. In one embodiment, the
method includes administering to the individual a Factor H
polypeptide in an amount effective to reduce a symptom of
the disease. In one embodiment, the method includes admin-
istering to an individual a Factor H polypeptide in an amount
effective to reduce the propensity to develop symptoms of the
disease and delay development or progression of the disease.
In one embodiment, the method includes administering blood
that contains Factor H. In one embodiment, the methods
include administering a nucleic acid (e.g., transgene) includ-
ing a nucleotide sequence encoding a Factor H polypeptide.
In one embodiment, the methods include administering cells
that express a Factor H polypeptide.

[0018] In one aspect, the invention provides methods of
treating an individual with AMD (e.g., an individual in whom
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a polymorphism or haplotype indicative of elevated risk of
developing symptomatic AMD is detected) or other disease
involving a variant Factor H gene. In one embodiment, the
method includes administering to the patient an agent that
decreases the amount of a variant Factor H or expression of a
gene encoding Factor H in an amount effective to reduce a
symptom of the disease in the patient. In a related embodi-
ment a therapeutic amount of an inhibitor (e.g., inactivator) of
the variant Factor H polypeptide in the individual is admin-
istered.

[0019] Inone embodiment an inhibitory nucleic acid (e.g.,
an RNA complementary to at least a portion of the nucleotide
sequence of the variant Factor H polypeptide) in the indi-
vidual is administered. In one embodiment, purified anti-
sense RNA complementary to RNA encoding a variant Factor
H polypeptide is administered.

[0020] In another embodiment a therapeutic amount of an
anti-CFH antibody sufficient to partially inactivate the variant
Factor H polypeptide in the individual is administered.

[0021] In another embodiment, the individual is treated to
remove deleterious forms of Factor H from blood (e.g., by
plasmaphoresis, antibody-directed plasmaphoresis, or com-
plexing with a Factor H binding moiety, e.g., heparin).
[0022] Inone aspect, the invention provides purified DNA
encoding a variant Factor H polypeptide, purified RNA
encoding a variant Factor H polypeptide, purified anti-sense
RNA complementary to the RNA encoding a variant Factor H
polypeptide, and purified variant Factor H polypeptide. In a
related aspect, the invention provides nucleic acids for
expressing wild-type or variant Factor H polypeptides or
biologically active fragments of Factor H.

[0023] In one aspect, the invention provides gene therapy
vectors comprising nucleic acid encoding the Factor H
polypeptide. The vector may include a promoter that drives
expression of the Factor H gene in multiple cell types. Alter-
natively, the vector may include a promoter that drives
expression of the Factor H gene only in specific cell types, for
example, in cells of the retina or in cells of the kidney. In an
aspect, pharmaceutical compositions are provided containing
a gene therapy vector encoding a Factor H protein and a
pharmaceutically acceptable excipient, where the composi-
tion is free of pathogens and suitable for administration to a
human patient. In one embodiment the encoded Factor H
polypeptide is a protective variant.

[0024] In one aspect, the invention provides a composition
containing recombinant or purified Factor H polypeptide,
where the polypeptide is a protective variant.

[0025] Inarelated aspect, the invention provides a pharma-
ceutical composition containing recombinant or purified Fac-
tor H polypeptide and a pharmaceutically acceptable excipi-
ent, where the composition is free of pathogens and suitable
for administration to a human patient. In one embodiment the
encoded Factor H polypeptide has the wild-type sequence. In
one embodiment the encoded Factor H polypeptide is a pro-
tective variant.

[0026] Inone aspect, the invention provides antibodies that
specifically interact with a variant Factor H polypeptide but
not with a wild-type Factor H polypeptide. These antibodies
may be polyclonal or monoclonal and may be obtained by
subtractive techniques. These antibodies may be sufficient to
inactivate a variant Factor H polypeptide. In a related aspect,
the invention provides pharmaceutical compositions contain-
ing an anti-Factor H antibody and a pharmaceutically accept-
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able excipient, where the composition is free of pathogens
and suitable for administration to a human patient.

[0027] In one aspect, the invention provides methods for
identifying variant Factor H proteins associated with
increased or reduced risk of developing AMD. In one embodi-
ment, the invention provides a method of identifying a pro-
tective Factor H protein by (a) identifying an individual as
having a protective haplotype and (b) determining the amino
acid sequence(s) of Factor H encoded in the genome of the
individual, where a protective Factor H protein is encoded by
an allele having a protective haplotype. In one embodiment,
the invention provides a method of identifying a neutral Fac-
tor H protein by (a) identifying an individual as having a
neutral haplotype and (b) determining the amino acid
sequence(s) of Factor H encoded in the genome of the indi-
vidual, where a neutral Factor H protein is encoded by an
allele having a neutral haplotype. In a related embodiment,
the invention provides a method of identifying a variant form
of Factor H associated with decreased risk of developing
AMD comprising (a) identifying an individual as having a
haplotype or diplotype associated with a decreased risk of
developing AMD; (b) obtaining genomic DNA or RNA from
the individual; and (c¢) determining the amino acid sequence
(s) of the Factor H encoded in the individual’s genome, where
a protective Factor H protein is encoded by an allele having a
haplotype associated with a decreased risk of developing
AMD. In an embodiment, the protective or neutral Factor H
proteins do not have the amino acid sequence of the wild-type
Factor H polypeptide.

[0028] In a related method, a form of Factor H associated
with increased risk of developing AMD is identified by (a)
identifying an individual as having a risk haplotype and (b)
determining the amino acid sequence(s) of Factor H encoded
in the genome of the individual, where a risk Factor H protein
is encoded by an allele having a risk haplotype. In a related
embodiment, the invention provides as method of identifying
a variant form of Factor H associated with increased risk of
developing AMD comprising (a) identifying an individual as
having a haplotype or diplotype associated with an increased
risk of developing AMD; (b) obtaining genomic DNA or
RNA from the individual; and (¢) determining the amino acid
sequence(s) of the Factor H encoded in the individual’s
genome, where a risk Factor H protein is encoded by an allele
having a haplotype associated with an increased risk of devel-
oping AMD. In an embodiment, the risk Factor H proteins do
not have the amino acid sequence of the wild-type Factor H
polypeptide.

[0029] In one aspect, the invention provides methods of
diagnosing a propensity or susceptibility to develop AMD or
other diseases by detecting the ratio of full-length Factor H to
truncated Factor H in a biological sample of a patient. In one
embodiment, a method of diagnosing a propensity or suscep-
tibility to develop AMD in a subject involves obtaining a
sample of RNA from the subject and detecting in the RNA of
the patient the ratio of expression of exon 10 (i.e., full-length
Factor H) to exon 10A (i.e., truncated Factor H), the increase
in ratio being an indication that the subject has an increased
propensity or susceptibility to develop AMD and the decrease
in ratio being an indication that the subject has a reduced
propensity or susceptibility to develop AMD. In one embodi-
ment, a method of diagnosing a propensity or susceptibility to
develop AMD in a subject involves obtaining a sample of
protein from the subject and detecting in the protein of the
patient the ratio of expression of full-length Factor H to
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truncated Factor H, the increase in ratio being an indication
that the subject has an increased propensity or susceptibility
to develop AMD and the decrease in ratio being an indication
that the subject has a reduced propensity or susceptibility to
develop AMD.

[0030] In one aspect, the invention provides cells contain-
ing recombinant or purified nucleic acid encoding a Factor H
protein or fragment thereof, e.g., a nucleic acid derived from
the Factor H gene. The cells may be bacterial or yeast, or any
other cell useful for research and drug development. Thus, the
invention provides an isolated host cell or cell line expressing
a recombinant variant human Factor H. In an embodiment,
the variant is a risk variant and has a histidine at amino acid
position 402. In an embodiment, the variant is a protective
variant and has isoleucine at amino acid position 62. In an
embodiment, the variant is a neutral variant. In an embodi-
ment, the risk, protective or neutral variant Factor H proteins
do not have the amino acid sequence of the wild-type Factor
H polypeptide.

[0031] In one aspect, the invention provides transgenic
non-human animals whose somatic and germ cells contain a
transgene encoding a human variant Factor H polypeptide.
Transgenic animals of the invention are used as models for
AMD and for screening for agents useful in treating AMD.
The animal may be a mouse, a worm, or any other animal
useful for research and drug development (such as recombi-
nant production of Factor H). In an embodiment, the Factor H
is a variant human Factor H, wherein said variant has isoleu-
cine amino acid 62 or has histidine at amino acid 402.
[0032] In one aspect, the invention provides methods of
screening for polymorphic sites linked to polymorphic sites
in the Factor H gene described in TABLES 1A, 1B and 1C.
These methods involve identifying a polymorphic site in a
gene that is linked to a polymorphic site in the Factor H gene,
wherein the polymorphic form of the polymorphic site in the
Factor H gene is associated AMD, and determining haplo-
types in a population of individuals to indicate whether the
linked polymorphic site has a polymorphic form in equilib-
rium disequilibrium with the polymorphic form of the Factor
H gene that associates with the AMD phenotype.

[0033] In one aspect, the invention provides diagnostic,
therapeutic and screening methods for MPGNII, carried out
as described above for AMD.

[0034] In one aspect, the invention provides a diagnostic
method for determining a subject’s propensity to develop
AMD or MPGNII, comprising detecting the presence or
absence of a variation or variations at polymorphic site or
polymorphic sites of the CFHRS gene. In one embodiment,
the invention provides methods of diagnosing an increased
susceptibility to developing AMD or MPGNII involving
detecting the presence or absence of a polymorphism in the
CFHRS gene of an individual. The methods may include
obtaining the DNA from an individual and analyzing the
DNA from the individual to determine whether the DNA
contains a polymorphism in the CFHRS gene. Certain poly-
morphisms indicate the individual has an increased suscepti-
bility to developing AMD or MPGNII. Certain polymor-
phisms indicate the individual has a reduced likelihood of
developing AMD or MPGNII. Certain polymorphisms indi-
cate the individual has neither an increased nor a reduced
likelihood of developing AMD or MPGNII.

[0035] In one embodiment, a method of diagnosing a pro-
pensity to develop AMD or MPGNII in a subject involves
obtaining a sample of DNA from the subject and detecting in
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the DNA of the patient the presence or absence of a polymor-
phism associated with development of AMD or MPGNII, the
presence of the polymorphism being an indication that the
subject has an increased propensity to develop AMD or MPG-
NII and the absence of the polymorphism being an indication
that the subject has a reduced propensity to develop AMD or
MPGNIL

[0036] In arelated embodiment the presence or absence of
avariation at a polymorphic site of the CFHRS gene is deter-
mined by analysis of a gene product, such as an RNA or a
CFHRS protein (e.g., protein isoform) encoded by the gene.
Expression of a variant protein is an indication of a variation
in the CFHRS5 gene and can indicate an increased or reduced
propensity to develop AMD or MPGNII. Proteins can be
detected using immunoassays and other methods.

[0037] Inarelated, aspect, the invention provides methods
of diagnosing susceptibility to developing AMD or MPGNII
involving determining an individual’s CFHRS haplotype.
The methods include obtaining the DNA from an individual
and analyzing the DNA of the individual to determine their
CFHRS haplotype. Certain haplotypes (risk haplotypes) indi-
cate the individual has an increased susceptibility to develop
AMD or MPGNII relative to a control population. Certain
haplotypes (protective haplotypes) indicate the individual has
an decreased susceptibility to develop AMD or MPGNII.
Certain haplotypes (neutral haplotypes) indicate the indi-
vidual has neither an increased nor a reduced likelihood of
developing AMD or MPGNII.

[0038] In another related, aspect, the invention provides
methods of diagnosing susceptibility to developing AMD or
MPGNII or other diseases by detecting a variant CFHRS
polypeptide in a biological sample of an individual. In one
embodiment, an antibody-based assay is used to diagnose
AMD or MPGNII or other diseases in an individual by con-
tacting a biological sample, e.g., a serum sample, of the
individual with the antibody and detecting the presence or
absence of the variant CFHRS polypeptide. In an embodi-
ment, the antibody specifically interacts with an epitope spe-
cific to a variant CFHRS polypeptide (i.e., not found in the
wild-type CFHRS polypeptide). In an embodiment, a separa-
tion-based assay (e.g., PAGE) is used to diagnose MPGNII or
other diseases in an individual by detecting the presence or
absence of the variant CFHRS polypeptide in a biological
sample, e.g., a serum sample, of the individual. Various types
ofimmunoassay formats canbe used to assay CFH or CFHRS
polypeptide or protein in a sample. These include sandwich
ELISA, radioimmunoassay, fluoroimmunoassay, inmunohis-
tochemistry assay, dot-blot, dip-stick and Western Blot.
[0039] In one aspect, the invention provides methods of
treating an individual with or at risk for AMD or MPGNII
(e.g., an individual in whom a polymorphism or haplotype
indicative of elevated risk of developing symptomatic AMD
or MPGNII is detected) or other disease involving a variant
CFHRS gene by modulating the type and/or amount of sys-
temic and/or renal levels of CFHRS. The CFHRS polypeptide
may be a CFHRS polypeptide encoded by neutral or protec-
tive alleles rather than alleles associated with a risk haplotype.
In one embodiment, the method includes administering to the
individual a CFHRS polypeptide in an amount effective to
reduce a symptom of the disease. In one embodiment, the
method includes administering to an individual a CFHRS
polypeptide in an amount effective to reduce the propensity to
develop symptoms of the disease and delay development or
progression of the disease. In one embodiment, the method
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includes administering blood, which contains CFHRS. In one
embodiment, the methods include administering a nucleic
acid (e.g., transgene) including a nucleotide sequence encod-
ing a CFHRS polypeptide.

[0040] In one aspect, the invention provides methods of
treating an individual with AMD or MPGNII (e.g., an indi-
vidual in whom a polymorphism or haplotype indicative of
elevated risk of developing symptomatic AMD or MPGNII is
detected) or other disease involving a variant CFHRS gene. In
one embodiment, the method includes administering to the
patient an agent that decreases the amount of a variant
CFHRS or expression of a gene encoding CFHRS in an
amount effective to reduce a symptom of the disease in the
patient. The CFHRS polypeptide may be a wild-type CFHRS
polypeptide or a variant CFHRS polypeptide.

[0041] In one embodiment an inhibitory nucleic acid (e.g.,
an RNA complementary to at least a portion of the nucleotide
sequence of the variant CFHRS polypeptide) in the individual
is administered. In one embodiment, purified anti-sense RNA
complementary to RNA encoding a variant CFHRS polypep-
tide is administered.

[0042] In another embodiment a therapeutic amount of an
anti-CFHRS antibody sufficient to partially inactivate the
variant CFHRS polypeptide in the individual is administered.
[0043] Inarelated embodiment a therapeutic amount of an
inhibitor (e.g., inactivator) of the variant CFHRS polypeptide
in the individual is administered.

[0044] In another embodiment, the individual is treated to
remove deleterious forms of CFHRS from blood (e.g., by
plasmaphoresis, antibody-directed plasmaphoresis, or com-
plexing with a CFHRS binding moiety, e.g., heparin).
[0045] Inone aspect, the invention provides purified DNA
encoding a variant CFHRS polypeptide, purified RNA encod-
ing a variant CFHRS polypeptide, purified anti-sense RNA
complementary to the RNA encoding a variant CFHRS
polypeptide, and purified variant CFHRS polypeptide. In a
related aspect, the invention provides nucleic acids for
expressing wild-type or variant CFHRS polypeptides or bio-
logically active fragments of CFHRS.

[0046] In one aspect, the invention provides gene therapy
vectors comprising nucleic acid encoding the CFHRS
polypeptide. The vector may include a promoter that drives
expression of the CFHRS gene in multiple cell types. Alter-
natively, the vector may include a promoter that drives
expression of the CFHRS gene only in specific cell types, for
example, in cells of the retina or cells of the kidney (e.g.,
endothelial cells, mesangial cells, podocytes). In an aspect,
pharmaceutical compositions are provided containing a gene
therapy vector encoding a CFHRS protein and a pharmaceu-
tically acceptable excipient, where the composition is free of
pathogens and suitable for administration to a human patient.
In one embodiment the encoded CFHRS polypeptide is a
protective variant.

[0047] Inone aspect, the invention provides a composition
containing recombinant or purified CFHRS polypeptide,
where the polypeptide is a protective variant.

[0048] Inarelated aspect, the invention provides a pharma-
ceutical composition containing recombinant or purified
CFHRS polypeptide and a pharmaceutically acceptable
excipient, where the composition is free of pathogens and
suitable for administration to a human patient. In one embodi-
ment the encoded CFHRS polypeptide has the wild-type
sequence. In one embodiment the encoded CFHRS polypep-
tide is a protective variant.
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[0049] Inone aspect, the invention provides antibodies that
specifically interact with a variant CFHRS polypeptide but
not with a wild-type CFHRS polypeptide. These antibodies
may be polyclonal or monoclonal and may be obtained by
subtractive techniques. These antibodies may be sufficient to
inactivate a variant CFHRS polypeptide. In a related aspect,
the invention provides pharmaceutical compositions contain-
ing an anti-CFHRS antibody and a pharmaceutically accept-
able excipient, where the composition is free of pathogens
and suitable for administration to a human patient.

[0050] In one aspect, the invention provides methods for
identifying variant CFHRS proteins associated with
increased or reduced risk of developing AMD or MPGNIL. In
one embodiment, the invention provides a method of identi-
fying a protective CFHRS protein by (a) identifying an indi-
vidual as having a protective haplotype and (b) determining
the amino acid sequence(s) of CFHRS encoded in the genome
of the individual, where a protective CFHRS protein is
encoded by an allele having a protective haplotype. In one
embodiment, the invention provides a method of identifying
a neutral CFHRS protein by (a) identifying an individual as
having a neutral haplotype and (b) determining the amino
acid sequence(s) of CFHRS encoded in the genome of the
individual, where a neutral CFHRS protein is encoded by an
allele having a neutral haplotype. In a related embodiment,
the invention provides as method of identifying a variant form
of CFHRS5 associated with decreased risk of developing AMD
or MPGNII comprising (a) identifying an individual as hav-
ing a haplotype or diplotype associated with a decreased risk
of developing AMD or MPGNII; (b) obtaining genomic
DNA, or RNA, from the individual; and (c) determining the
amino acid sequence(s) of the CFHRS encoded in the indi-
vidual’s genome, where a protective CFHRS protein is
encoded by an allele having a haplotype associated with a
decreased risk of developing AMD or MPGNII. In an
embodiment, the protective or neutral CFHRS proteins do not
have the amino acid sequence of the wild-type CFHRS
polypeptide.

[0051] In a related method, a form of CFHRS associated
with increased risk of developing AMD or MPGNII is iden-
tified by (a) identifying an individual as having a risk haplo-
type and (b) determining the amino acid sequence(s) of
CFHRS encoded in the genome of the individual, where a risk
CFHRS protein is encoded by an allele having a risk haplo-
type. In a related embodiment, the invention provides as
method of identifying a variant form of CFHRS associated
with increased risk of developing AMD or MPGNII compris-
ing (a) identifying an individual as having a haplotype or
diplotype associated with an increased risk of developing
AMD or MPGNII; (b) obtaining genomic DNA or RNA from
the individual; and (c¢) determining the amino acid sequence
(s) of the CFHRS encoded in the individual’s genome, where
a risk CFHRS protein is encoded by an allele having a hap-
lotype associated with an increased risk of developing AMD
or MPGNII. In an embodiment, the risk CFHRS proteins do
not have the amino acid sequence of the wild-type CFHRS
polypeptide.

[0052] In one aspect, the invention provides cells contain-
ing recombinant or purified nucleic acid derived from the
CFHRS gene. The cells may be bacterial or yeast, or any other
cell useful for research and drug development. Thus, the
invention provides an isolated host cell or cell line expressing
arecombinant variant human CFHRS. In an embodiment, the
CFHRS variant is a risk variant and has a serine at amino acid
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position 46. In an embodiment, the CFHRS variant is a neutral
variant. In an embodiment, the risk, protective or neutral
variant CFHRS proteins does not have the amino acid
sequence of the wild-type CFHRS polypeptide.

[0053] In one aspect, the invention provides transgenic
non-human animals whose somatic and germ cells contain a
transgene encoding a human variant CFHRS polypeptide.
Transgenic animals of the invention are used as models for
AMD or MPGNII and for screening for agents useful in
treating AMD or MPGNII. The animal may be a mouse, a
worm, or any other animal useful for research and drug devel-
opment (such as recombinant production of CFHRS). In an
embodiment, the CFHRS5 is a variant human CFHR 5, wherein
said CFHRS variant has serine at amino acid 46.

[0054] In one aspect, the invention provides methods of
screening for polymorphic sites linked to polymorphic sites
in the CFHRS gene described in TABLE 14 or TABLE 15.
These methods involve identifying a polymorphic site in a
gene that is linked to a polymorphic site in the CFHRS gene,
wherein the polymorphic form of the polymorphic site in the
CFHRS gene is associated with AMD or MPGNII, and deter-
mining haplotypes in a population of individuals to indicate
whether the linked polymorphic site has a polymorphic form
in equilibrium disequilibrium with the polymorphic form of
the CFHRS5 gene that associates with the AMD or MPGNII
phenotype.

[0055] In one aspect, the invention provides kits for analy-
sis of a Factor H haplotype. The kits may be used for diag-
nosis of AMD in a patient. The kits may include one or more
Factor H Factor H allele-specific oligonucleotides (e.g.,
allele-specific primers or probes), or antibodies that specifi-
cally recognize the Factor H polypeptide. The Factor H allele-
specific oligonucleotides may include sequences derived
from the coding (exons) or non-coding (promoter, 5' untrans-
lated, introns or 3' untranslated) region of the Factor H gene.
The Factor H-specific antibodies may recognize the normal
or wild-type H polypeptide or variant Factor H polypeptides
in which one or more non-synonymous single nucleotide
polymorphisms (SNPs) are present in the Factor H coding
region. The kits may be used to diagnose AMD, as well as
other diseases associated with SNPs in the Factor H gene,
such as MPGNII. The kits may include instead, or in addition,
one or more Factor H-Related 5 (CFHRS) allele-specific oli-
gonucleotides (e.g., primers and probes), or antibodies that
specifically recognize the CFHRS polypeptide. The CFHRS
allele-specific primers and Factor H-related 5 allele-specific
oligonucleotides may include sequences derived from the
coding (exons) or non-coding (promoter, 5' untranslated,
introns or 3' untranslated) region of the Factor H-related 5
gene. The Factor H-related 5-specific antibodies may recog-
nize the normal or wild-type H polypeptide or variant Factor
H-related 5 polypeptides in which one or more non-synony-
mous single nucleotide polymorphisms (SNPs) are present in
the Factor H-related 5 coding region.

[0056] In one embodiment the kit contains probes or prim-
ers that distinguish alleles at a polymorphic site listed in
TABLE 1A, TABLE 1B and/or TABLE 1C. In an embodi-
ment the probes are primers for nucleic acid amplification of
a region spanning a Factor H gene polymorphic site listed in
TABLE 1A, TABLE 1B and/or TABLE 1C. In an embodi-
ment the kit has probes or primers that distinguish alleles at
more than one polymorphic site listed in TABLE 1A, TABLE
1B and/or TABLE 1C. In an embodiment the kit has probes or
primers that distinguish alleles at more than one polymorphic
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site, where the polymorphic site includes: (a) rs529825; (b)
rs800292; (c) rs3766404; (d) rs1061147; (e) rs1061170; (f)
rs203674; (g) at least one of rs529825 and rs800292; (h) at
least one of rs1061147, rs1061170 and rs203674; (i) at least
one of rs529825 and rs800292; and rs3766404; and at least
one of rs1061147, rs1061170 and rs203674; or (j) at least
rs529825, rs800292, rs3766404, rs1061170 and rs203674.

[0057] In arelated embodiment the kit has probes or prim-
ers that distinguish alleles at more than one polymorphic site,
where the polymorphic site includes: (a) rs529825; (b)
rs800292; (c) intron 2 (IVS2 or insTT) (d) rs3766404; (e)
rs1061147; () rs1061170; (g) exon 10A; (h) rs203674; (i)
rs375046; () rs529825 and rs800292; (k) at least two or three
of 151061147, rs1061170 and rs203674; (1) at least one of
rs529825 and rs800292; and intron 2; and rs3766404; and at
least one of rs1061147, rs1061170 and rs203674; and exon
10A; and, rs375046; (m) at least rs529825; rs800292; intron
2, rs3766404; rs1061170; exon 10A; rs203674; and
rs375046; (n) at least two, or at least three, or at least four of
rs529825, rs800292, intron 2; rs3766404, rs1061170, exon
10A,rs203674, and rs375046; (0) exon 22 (1210); or (p) exon
22 (1210) in combination with any aforementioned variation
or set of variations (a-0). In an embodiment the kit has probes
or primers that distinguish alleles at one or both of rs460897
and rs460184. In an embodiment the kit has probes or primers
that distinguish alleles at more than one polymorphic site,
where the polymorphic sites are selected from: (a)
rs3753394; (b) rs529825; (¢) rs800292; (d) intron 2 (IVS2 or
insTT); (e) rs3766404; () rs1061147; (g) rs1061170; (h)
rs2274700; (1) rs203674; (j) rs3753396; and (k) rs1065489.

[0058] Inoneembodiment the kit contains, instead of, or in
addition to, the probes described above, probes, primers, anti-
bodies and the like that distinguish polymorphic sites in the
CFHRS gene. In a one aspect, the invention provides kits for
the diagnosis of AMD or MPGNII in a patient based on
variation in the CFHRS gene. The kits may include one or
more CFHRS-specific probes or CFHRS allele-specific oli-
gonucleotides, or antibodies that specifically recognize the
CFHRS polypeptide. The CFHRS-specific primers and
CFHRS allele-specific oligonucleotides may include
sequences derived from the coding (exons) or non-coding
(promoter, 5' untranslated, introns or 3' untranslated) region
of the CFHRS gene. The CFHRS-specific antibodies may
recognize the normal or wild-type CFHRS polypeptide or
variant CFHRS5 polypeptides in which one or more non-syn-
onymous single nucleotide polymorphisms (SNPs) are
present in the CFHRS coding region. The kits may be used to
diagnose AMD or MPGNII, as well as other diseases associ-
ated with SNPs in the CFHRS gene.

[0059] Inone embodiment the kit contains probes or prim-
ers that distinguish alleles at a polymorphic site listed in
TABLE 14 or TABLE 15. In an embodiment the probes are
primers for nucleic acid amplification of a region spanning a
CFHRS gene polymorphic site listed in TABLE 14 or TABLE
15. In an embodiment the kit has probes or primers that
distinguish alleles at more than one polymorphic site listed in
TABLE 14 or TABLE 15. Inan embodiment the kit comprises
probes or primers that distinguish alleles one, two or all of the
following polymorphic sites: 1rs9427661 (-249T>C);
rs9427662 (-20T>C); and rs12097550 (P46S).

[0060] Inoneembodiment the kit contains probes or prim-
ers that distinguish alleles at a polymorphic site in the CFH

gene and at a polymorphic site in a CFHR gene, such as
CFHRS.



US 2016/0096871 Al

[0061] In one aspect, the invention provides devices for
determining a subject’s haplotype. The devices are useful for,
for example, the diagnosis of AMD or other diseases in a
patient. In one embodiment the device contains probes or
primers that distinguish alleles at a polymorphic site listed in
TABLE 1A, 1B and/or 1C. In an embodiment the probes are
primers for nucleic acid amplification of a region spanning a
Factor H gene polymorphic site listed in TABLE 1A, 1B
and/or 1C. In an embodiment the device has probes or primers
that distinguish alleles at more than one polymorphic site
listed in TABLE 1A, 1B and/or 1C. In an embodiment the
device has probes or primers that distinguish alleles at more
than one polymorphic site, where the polymorphic site
includes (a) rs529825; (b) rs800292; (c) rs3766404; (d)
rs1061147; (e) rs1061170; (f) rs203674; (g) at least one of
rs529825 and rs800292; (h) at least one of rs1061147,
rs1061170 and rs203674; (i) at least one of rs529825 and
rs800292; and rs3766404; and at least one of rs1061147,
rs1061170 and rs203674; or (j) at least rs529825, rs800292,
rs3766404, rs1061170 and rs203674.

[0062] Thekits described above and their contents may also
be used to identity a propensity to develop MPGNII or to
determine a Factor H haplotype for any purpose.

[0063] In a related embodiment the device has probes or
primers that distinguish alleles at more than one polymorphic
site, where the polymorphic site includes: (a) rs529825; (b)
rs800292; (c) intron 2 (IVS2 or insTT) (d) rs3766404; (e)
rs1061147; () rs1061170; (g) exon 10A; (h) rs203674; (i)
rs375046; (j) rs529825 and rs800292; (k) at least two or three
of 151061147, rs1061170 and rs203674; (1) at least one of
rs529825 and rs800292; and intron 2; and rs3766404; and at
least one of rs1061147, rs1061170 and rs203674; and exon
10A; and rs375046; (m) at least rs529825; rs800292; intron 2;
rs3766404; rs1061170; exon 10A; rs203674; and rs375046;
(n) at least two, or at least three, or at least four of rs529825;
rs800292; intron 2; rs3766404; rs1061170; exon 10A;
rs203674; and rs375046; (o) exon 22 (1210); or (p) exon 22
(1210) in combination with any aforementioned variation or
set of variations (a-0). In an embodiment the device has
probes or primers that distinguish alleles at one or both of
rs460897 and rs460184. In an embodiment the device has
probes or primers that distinguish alleles at more than one
polymorphic site, where the polymorphic sites are selected
from: (a) rs3753394; (b) rs529825; (¢) rs800292; (d) intron 2
(IVS2 or insTT); (e) rs3766404; (f) rs1061147; (g)
rs1061170; (h) rs2274700; (1) rs203674; (j) rs3753396; and
(k) rs1065489. In an embodiment the device has probes or
primers that distinguish alleles at more than one polymorphic
site, where the polymorphic sites are selected from: (a)
rs3753394; (b) rs529825; (¢) rs800292; (d) intron 2 (IVS2 or
insTT); (e) rs3766404; (f) rs1061147; (g) rs1061170; (h)
rs2274700; (1) rs203674; () rs3753396; and (k) rs1065489.

[0064] In a one aspect, the invention provides devices for
the diagnosis of AMD or MPGNII in a patient. In one embodi-
ment the device contains probes or primers that distinguish
alleles at a polymorphic site listed in TABLE 14 or TABLE
15. In an embodiment the probes are primers for nucleic acid
amplification of a region spanning a CFHRS gene polymor-
phic site listed in TABLE 14 or TABLE 15. In an embodiment
the device has probes or primers that distinguish alleles at
more than one polymorphic site listed in TABLE 14 or
TABLE 15. Devices of the invention may contain probes or
primers that distinguish between both Factor H and CHFRS
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variants, including any combination of the sites described
above and elsewhere in this disclosure.

[0065] The devices described above and their contents may
also be used to identity a propensity to develop MPGNII or to
determine a Factor H haplotype for any purpose.

[0066] In one embodiment the device contains, instead of,
or in addition to, the probes or primers described above,
probes, primers, antibodies and the like that distinguish poly-
morphic sites in the CFHRS gene. In a one aspect, the inven-
tion provides devices for the diagnosis of AMD or MPGNII in
a patient based on variation in the CFHRS gene. The devices
may include one or more CFHRS5-specific probes or CFHRS
allele-specific oligonucleotides, or antibodies that specifi-
cally recognize the CFHRS polypeptide. The CFHRS-spe-
cific primers and CFHRS allele-specific oligonucleotides
may include sequences derived from the coding (exons) or
non-coding (promoter, 5' untranslated, introns or 3' untrans-
lated) region of the CFHRS gene. The CFHRS-specific anti-
bodies may recognize the normal or wild-type CFHRS
polypeptide or variant CFHRS polypeptides in which one or
more non-synonymous single nucleotide polymorphisms
(SNPs) are present in the CFHRS coding region. The devices
may be used to diagnose AMD or MPGNII, as well as other
diseases associated with SNPs in the CFHRS gene.

[0067] In one embodiment the device contains probes or
primers that distinguish alleles at a polymorphic site listed in
TABLE 14 or TABLE 15. In an embodiment the probes are
primers for nucleic acid amplification of a region spanning a
CFHRS gene polymorphic site listed in TABLE 14 or TABLE
15. In an embodiment the device has probes or primers that
distinguish alleles at more than one polymorphic site listed in
TABLE 14 or TABLE 15. Inan embodiment the kit comprises
probes or primers that distinguish alleles one, two or all of the
following polymorphic sites: 1rs9427661 (-249T>C);
rs9427662 (-20T>C); and rs12097550 (P46S).

[0068] In one embodiment the device contains probes or
primers that distinguish alleles at a polymorphic site in the
CFH gene and at a polymorphic site in a CFHR gene, such as
CFHRS.

[0069] Additional aspects of the invention will be apparent
upon reading the entire disclosure.

BRIEF DESCRIPTION OF THE FIGURES

[0070] FIGS.1A-1L show the immunolocalization of Fac-
tor H (FIGS. 1A-1H) and the terminal complement complex
(C5b-9) (FIGS. 11-1L) in the human retinal pigmented epi-
thelium. Abbreviations: (RPE)-choroid (Chor) complex;
Bruch’s membrane (BM); Retina (Ret); Drusen (Dr).

[0071] FIG. 2 shows RT-PCR analysis of Factor H gene
expression (CFH and the truncated form HFL1) using RNA
extracted from the human eye.

[0072] FIG. 3 is a diagram of the human Factor H gene
showing the approximate locations of 12 SNPs used in the
analysis, the 22 exons of the Factor H gene, the 20 short
consensus repeats (SCRs), the binding sites for pathogens and
other substrates, and the linkage disequilibrium (LD) blocks.
The diagram, showing all 22 exons of CFH (but not introns)
is not drawn to scale.

[0073] FIG. 4 is a haplotype network diagram of human
Factor H gene SNPs showing the relationship between the
risk (filled-in circles), protective (lined circles), neutral (open
circles) and ancestral (indicated) haplotypes and the relative
frequency of the haplotypes, as indicated by the sizes and
positions of the circles.
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[0074] FIG. 5 shows an association analysis of human Fac-
tor H gene haplotypes and diplotypes. Eight informative
SNPs were analyzed for pairwise linkage disequilibrium in
AMD cases and controls. The nucleotide on the coding strand
at the indicated polymorphic sites is shown, except for IVS1,
where the nucleotide on the non-coding strand is shown.

[0075] FIG. 6 shows marked glomerular hypercellularity
with dense intramembraneous deposits that cause capillary
wall thickening in a patient with MPGNII, as viewed by (A)
light microscopy and (B) electron microscopy. The deposits
can form a segmental, discontinuous or diffuse pattern in the
lamina densa ofthe glomerular basement membrane (GBM).
By light microscopy, they are eosinophilic and refractile,
stain brightly with periodic acid-Schiff and are highly osmo-
philic, which explains their electron-dense appearance (A).
Even by electron microscopy the deposits lack substructure
and appear as very dark homogeneous smudges (B). The
exact composition of dense deposits remains unknown (bar, 5
pm).

[0076] FIG.7 isadiagram showing the activation and regu-
lation of the alternative pathway of the complement cascade,
which is systematically activated at a high level in patients
with AMD and MPGNII. The alternative pathway of the
complement cascade is systematically activated at a high
level in patients with MPGN II/DDD. Normally, continuous
low-level activation of C3 occurs by a process of spontaneous
hydrolysis known as tick-over. C3 hydrolysis is associated
with a large conformational protein change shown at the top
of the diagram. The conformational change makes C3(H20)
similar to C3b, a C3 cleavage product. The initial convertase,
C3(H20)Bb, activates C3 to form C3b. Although C3b has a
fleeting half-life, if it binds to IgG, cells or basement mem-
branes, it is protected from immediate inactivation. (C3b)2-
1gG complexes form in the fluid phase and bind properdin (P),
which facilitates factor B binding and the generation of
C3bBb, the convertase of the alternative pathway, shown here
as a Bb(C3b)2-IgG-properdin complex. The amplification
loop is depicted by the arrows. C3NeF prolongs the half-life
of C3 convertase and is shown in the inset. One mechanism to
degrade C3 convertase is through its interaction with comple-
ment Factor H (CFH), shown at the bottom right as fH.
Deficiency of and mutations in Factor H are associated with
MPGN II/DDD.

[0077] FIG. 8 is a diagram showing the organization of the
regulators-of-complement-activation (RCA) gene cluster on
chromosome 1932 and the arrangement of approximately
60-amino acid domains known as short consensus repeats
(SCRs) in complement Factor H (CFH), Factor H-Like 1
(CFHL1) and Factor H-Related 1, 2, 3, 4 and 5 (CFHRI1,
CFHR2, CFHR3, CFHR4 and CFHRS5). CFH has 20 SCRs.
The interacting partners with some of these SCRs has been
determined and is shown on the top right (CRP, C reactive
protein; Hep, heparin). Complement factor H-like 1 (CFHL1)
is a splice isoform of CFH, while complement factor H-re-
lated proteins 1-5 (CFHR1-5) are each encoded by a unique
gene (CFHR1-5). The SCRs of CFHR1-5 are similar to some
of'the SCRs in CFH, as denoted by the numbers in the ovals.
For example, CFHRS has 9 SCRs, with the first two being
similarto SCRs 6 and 7 of Factor H and therefore having CRP
and heparin binding properties. SCRs5-7 of CFHRS have the
numbers 12-14 within the corresponding ovals because these
SCRs aresimilarto SCRs 12-14 of Factor Hand have C3band
heparin binding properties.
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[0078] FIG. 9 shows a linkage disequilibrium plot indicat-
ing that A307A and Y402H are in linkage disequilibrium in
Factor H and -249T>C and -20T>C are in linkage disequi-
librium in CFHRS.

[0079] FIG. 10 shows genomic duplications in the genes for
CFH and the Factor H-related proteins. Exons are indicated as
vertical lines. Regions labeled with the same letter (e.g., A, A',
and A") have substantially identical sequences.

DETAILED DESCRIPTION OF THE INVENTION

1. Introduction

[0080] The invention provides a collection of polymor-
phisms and haplotypes comprised of multiple variations in
the Factor H gene, and in Factor H-related genes such as
Factor H-Related 5 gene. These polymorphisms and haplo-
types are associated with age related macular degeneration
(AMD) and other Factor H-related conditions. Certain of
these polymorphisms and haplotypes result in variant Factor
H polypeptides. Detection of these and other polymorphisms
and sets of polymorphisms (e.g., haplotypes) is useful in
designing and performing diagnostic assays for AMD. Poly-
morphisms and sets of polymorphisms can be detected by
analysis of nucleic acids, by analysis of polypeptides encoded
by Factor H coding sequences (including polypeptides
encoded by splice variants), or by other means known in the
art. Analysis of such polymorphisms and haplotypes is also
useful in designing prophylactic and therapeutic regimes for
AMD.

[0081] Factor H is a multifunctional protein that functions
as a key regulator of the complement system. See Zipfel,
2001, “Factor H and disease: a complement regulator affects
vital body functions” Semin Thromb Hemost. 27:191-9. The
Factor H protein activities include: (1) binding to C-reactive
protein (CRP), (2) binding to C3b, (3) binding to heparin, (4)
binding to sialic acid; (5) binding to endothelial cell surfaces,
(6) binding to cellular integrin receptors (7) binding to patho-
gens, including microbes (see FI1G. 3), and (8) C3b co-factor
activity. The Factor H gene, known as HF1, CFH and HF, is
located on human chromosome 1, at position 1q32. The 1q32
particular locus contains a number of complement pathway-
associated genes. One group of these genes, referred to as the
regulators of complement activation (RCA) gene cluster, con-
tains the genes that encode Factor H, five Factor H-related
genes (FHR-1, FHR-2, FHR-3, FHR-4 and FHR-5 or
CFHR1, CFHR2, CFHR3, CFHR4 and CFHRS, respec-
tively), and the gene encoding the beta subunit of coagulation
factor XIII. The Factor H and Factor H related genes is com-
posed almost entirely of short consensus repeats (SCRs).
Factor H and FHL.1 are composed of SCRs 1-20 and 1-7,
respectively. FHR-1, FHR-2, FHR-3, FHR-4 and FHR-5 are
composed of 5,4, 5, 5 and 8 SCRs, respectively (see FIG. 14).
The order of genes, from centromere to telomere is FH/FHL1,
FHR-3, FHR-1, FHR-4, FHR-2 and FHR-5.

Factor H Gene

[0082] The reference form of human Factor H cDNA (SEQ
ID NO:1) (see Ripoche et al., 1988, Biochem J249:593-602)
and genomic sequences have been determined. The Factor H
c¢DNA encodes a polypeptide 1231 amino acids in length
(SEQ ID NO:2) having an apparent molecular weight of 155
kDa. There is an alternatively spliced form of Factor H is
known as FHIL.-1 (and also has been referred to as HFL.1 or
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CFHT). FHL-1 (SEQ ID NO:3) corresponds essentially to
exons 1 through 9 of Factor H (see Ripoche et al., 1988,
Biochem J 249:593-602). The FHL.1 cDNA encodes a
polypeptide 449 amino acids in length (SEQ ID NO:4) having
an apparent molecular weight of 45-50 kDA. The first 445
amino acids of FH1 and FHLI1 are identical, with FHL1
having a unique C-terminal 4 amino acids (exon 10A). The
alternative exon 10A is located in the intron between exon 9
and exon 10. cDNA and amino acid sequence data for human
Factor H and FHL1 are found in the EMBL/GenBank Data
Libraries under accession numbers Y00716 and X07523,
respectively. The 3926 base nucleotide sequence of the ref-
erence form of human Factor H ¢cDNA (GenBank accession
number Y00716 [SEQ ID NO:1]) is shown in FIG. 6, and the
polypeptide sequence encoded by SEQ ID NO:1 (GenBank
accession number Y00716 [SEQ ID NO:2]) is shown in FIG.
7.The 1658 base nucleotide sequence of the reference form of
HFL1, the truncated form of the human Factor H (GenBank
accession number X07523 [SEQ ID NO:3]) is shown in FIG.
8, and the polypeptide sequence encoded by SEQ ID NO:3
(GenBank accession number X07523 [SEQ ID NO:4]) is
shown in FIG. 9. The Factor H gene sequence (150626 bases
in length) is found under GenBank accession number
AL049744. The Factor H promoter is located 5' to the coding
region of the Factor H gene.

FHR-1 Gene

[0083] The FHR-1 gene is also known as CHFR1, CFHL1,
CFHL, FHR1 and HFL1. The reference form of human
HFR-1 ¢cDNA (see Estaller et al., 1991, J. Immunol. 146:
3190-3196) and genomic sequences have been determined.
The FHR-1 ¢cDNA encodes a polypeptide 330 amino acids in
length having an predicted molecular weight of 39 kDa.
c¢DNA and amino acid sequence data for human FHR-1 are
found in the EMBL/GenBank Data Libraries under accession
number M65292. The FHR-1 gene sequence is found under
GenBank accession number AL049741.

[0084] SEQ ID NO:1 shows the 3926 base nucleotide
sequence of the reference form of human Factor H cDNA
(GenBank accession number Y00716). The ATG initiation
codon begins at nucleotide position 74 and the TAG termina-
tion codon ends at nucleotide position 3769. SEQ ID NO:2
shows the polypeptide sequence encoded by SEQ ID NO:1
(GenBank accession number Y00716). The 1231 amino acid
Factor H polypeptide includes an 18 amino acid N-terminal
signal peptide. SEQ ID NO:3 shows the 1658 base nucleotide
sequence of the reference form of HFL1, the truncated form
of the human Factor H (GenBank accession number
X07523). The ATG initiation codon begins at nucleotide posi-
tion 74 and the TGA termination codon ends at nucleotide
position 1423. SEQ ID NO:4 shows the polypeptide sequence
of the reference form of HFL.1 (GenBank accession number
X0752). The 449 amino acid HFL1 polypeptide includes an
18 amino acid N-terminal signal peptide. SEQ ID NO:5
shows the polypeptide sequence of an exemplary protective
variant of human Factor H. This protective variant Factor H
polypeptide has a isoleucine at amino acid position 62 and a
tyrosine at amino acid position 402. SEQ ID NO:6 shows the
polypeptide sequence of an exemplary protective variant of
HFL1, the truncated form of human Factor H. This protective
variant truncated Factor H polypeptide has a isoleucine at
amino acid position 62 and tyrosine at amino acid position
402. SEQ ID NO:7 shows the 2821 base nucleotide sequence
of'the reference form of human CFHRS (GenBank accession
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number AF295327. The ATG initiation codon begins at
nucleotide position 94 and the TGA termination codon ends
at nucleotide position 1803. SEQ ID NO:8 shows the
polypeptide sequence encoded by SEQ ID NO:7 (GenBank
accession number AAK15619. The 569 amino acid CFHRS
polypeptide includes an 18 amino acid N-terminal signal
peptide.

FHR-2 Gene

[0085] The FHR-2 gene is also known as CHFR2, CFHL.2,
FHR2 and HFL3. The reference form of human HFR-2 cDNA
(see Strausberg et al., Proc. Natl. Acad. Sci USA 99:16899-
16903) and genomic sequences have been determined. The
FHR-2 ¢cDNA encodes a polypeptide 270 amino acids in
length having a predicted molecular weight of 31 kDa. cDNA
and amino acid sequence data for human FHR-2 are found in
the EMBL/GenBank Data Libraries under accession number
BC022283. The FHR-2 gene sequence is found under Gen-
Bank accession number A[L139418.

FHR-3 Gene

[0086] The FHR-3 gene is also known as CFHR3, CFHL3,
FHR3 and HLF4. The reference form of human HFR-3 cDNA
(see Strausberg et al., Proc. Natl. Acad. Sci USA 99:16899-
16903) and genomic sequences have been determined. The
FHR-3 ¢cDNA encodes a polypeptide 330 amino acids in
length having a predicted molecular weight of 38 kDa. cDNA
and amino acid sequence data for human FHR-3 are found in
the EMBL/GenBank Data Libraries under accession number
BC058009. The FHR-3 gene sequence is found under Gen-
Bank accession number AL049741.

FHR-4 Gene

[0087] The FHR-4 gene is also known as CFHR4, CFHL4
and FHR4. The reference form of human HFR-4 cDNA (see
Skerka et al., 1991, J. Biol. Chem. 272:5627-5634) and
genomic sequences have been determined. The FHR-4 cDNA
encodes a polypeptide 331 amino acids in length having a
predicted molecular weight of 38 kDa. cDNA and amino acid
sequence data for human FHR-4 are found in the EMBL/
GenBank Data Libraries under accession number X98337.
The FHR-4 gene sequence is found under GenBank accession
numbers AF190816 (5' end), AL139418 (3' end) and
BX248415.

FHR-5 Gene

[0088] The FHR-5 gene is also known as CFHRS, CFHL5
and FHRS. The reference form of human CFHRS ¢cDNA
(SEQ ID NO:7) (see McRae et al., 2001, J. Biol. Chem.
276:6747-6754) and genomic sequences have been deter-
mined. The CFHRS ¢cDNA encodes a polypeptide 569 amino
acids in length (SEQ ID NO:8) having an apparent molecular
weight of 65 kDa. cDNA and amino acid sequence data for
human CFHRS5 are found in the EMBL/GenBank Data
Libraries under accession number AF295327. The 2821 base
nucleotide sequence of the reference form of human CFHRS
(GenBank accession number AF295327 [SEQ ID NO:7] is
shown in FIG. 16, and the polypeptide sequence encoded by
SEQ ID NO:7 (GenBank accession number AAK15619
[SEQ ID NO:8] is shown in FIG. 17. The CFHRS gene
sequence is found under GenBank accession numbers
AL139418 (5' end) and ALL353809 (3' end). The FHR-5 pro-
moter is located 5' to the coding region of the CFHRS gene.
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I1. Definitions

[0089] The following definitions are provided to aid in
understanding the invention. Unless otherwise defined, all
terms of art, notations and other scientific or medical terms or
terminology used herein are intended to have the meanings
commonly understood by those of skill in the arts of medicine
and molecular biology. In some cases, terms with commonly
understood meanings are defined herein for clarity and/or for
ready reference, and the inclusion of such definitions herein
should not be assumed to represent a substantial difference
over what is generally understood in the art.

[0090] A “nucleic acid”, “polynucleotide” or “oligonucle-
otide” is a polymeric form of nucleotides of any length, may
be DNA or RNA, and may be single- or double-stranded.
Nucleic acids may include promoters or other regulatory
sequences. Oligonucleotides are usually prepared by syn-
thetic means. Nucleic acids include segments of DNA, or
their complements spanning or flanking any one of the poly-
morphic sites shown in TABLE 1A, TABLE 1B and/or
TABLE 1C or otherwise known in the Factor H gene. The
segments are usually between 5 and 100 contiguous bases,
and often range from a lower limit of 5, 10, 12, 15, 20, or 25
nucleotides to an upper limit of 10, 15, 20, 25, 30, 50 or 100
nucleotides (where the upper limit is greater than the lower
limit). Nucleic acids between 5-10, 5-20, 10-20, 12-30,
15-30, 10-50, 20-50 or 20-100 bases are common. The poly-
morphic site can occur within any position of the segment. A
reference to the sequence of one strand of a double-stranded
nucleic acid defines the complementary sequence and except
where otherwise clear from context, a reference to one strand
of a nucleic acid also refers to its complement. For certain
applications, nucleic acid (e.g., RNA) molecules may be
modified to increase intracellular stability and half-life. Pos-
sible modifications include, but are not limited to, the use of
phosphorothioate or 2'-O-methyl rather than phosphodi-
esterase linkages within the backbone of the molecule. Modi-
fied nucleic acids include peptide nucleic acids (PNAs) and
nucleic acids with nontraditional bases such as inosine, que-
osine and wybutosine and acetyl-, methyl-, thio- and similarly
modified forms of adenine, cytidine, guanine, thymine, and
uridine which are not as easily recognized by endogenous
endonucleases.

[0091] “Hybridization probes” are nucleic acids capable of
binding in a base-specific manner to a complementary strand
of'nucleic acid. Such probes include nucleic acids and peptide
nucleic acids (Nielsen et al., 1991). Hybridization may be
performed under stringent conditions which are known in the
art. For example, see, e.g., Berger and Kimmel (1987) Meth-
ods In Enzymology, Vol. 152: Guide To Molecular Cloning
Techniques, San Diego: Academic Press, Inc.; Sambrook et
al. (1989) Molecular Cloning: A Laboratory Manual, 2nd Ed.,
Vols. 1-3, Cold Spring Harbor Laboratory; Sambook (2001)
3rd Edition; Rychlik, W. and Rhoads, R. E., 1989, Nucl. Acids
Res. 17, 8543; Mueller, P. R. et al. (1993) In: Current Proto-
cols in Molecular Biology 15.5, Greene Publishing Associ-
ates, Inc. and John Wiley and Sons, New York; and Anderson
and Young, Quantitative Filter Hybridization in Nucleic Acid
Hybridization (1985)). As used herein, the term “probe”
includes primers. Probes and primers are sometimes referred
to as “oligonucleotides.”

[0092] The term “primer” refers to a single-stranded oligo-
nucleotide capable of acting as a point of initiation of tem-
plate-directed DNA synthesis under appropriate conditions,
in an appropriate buffer and at a suitable temperature. The
appropriate length of a primer depends on the intended use of
the primer but typically ranges from 15 to 30 nucleotides. A
primer sequence need not be exactly complementary to a
template but must be sufficiently complementary to hybridize
with a template. The term “primer site” refers to the area of
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the target DNA to which a primer hybridizes. The term
“primer pair” means a set of primers including a 5' upstream
primer, which hybridizes to the 5' end ofthe DNA sequence to
be amplified and a 3' downstream primer, which hybridizes to
the complement of the 3' end of the sequence to be amplified.

[0093] Exemplary hybridization conditions for short
probes and primers is about 5 to 12 degrees C. below the
calculated Tm. Formulas for calculating Tm are known and
include: Tm=4° C.x(nmumber of G’s and C’s in the primer)+2°
C.x(number of A’s and T’s in the primer) for oligos <14 bases
and assumes a reaction is carried out in the presence of 50 mM
monovalent cations. For longer oligos, the following formula
can beused: Tm=64.9° C.+41° C.x(number of G’s and C’s in
the primer—16.4)/N, where N is the length of the primer.
Another commonly used formula takes into account the salt
concentration of the reaction (Rychlik, supra, Sambrook,
supra, Mueller, supra.): Tm=81.5° C.+16.6° C.x(log
10[Na+]+[K+])+0.41° C.x(% GC)-675/N, where N is the
number of nucleotides in the oligo. The aforementioned for-
mulae provide a starting point for certain applications; how-
ever, the design of particular probes and primers may take into
account additional or different factors. Methods for design of
probes and primers for use in the methods of the invention are
well known in the art.

[0094] The terms “risk,” “protective,” and “neutral” are
used to describe variations, SNPS, haplotypes, diplotypes,
and proteins in a population encoded by genes characterized
by such patterns of variations. A risk haplotype is an allelic
form of a gene, herein Factor H or a Factor H-related gene,
comprising at least one variant polymorphism, and preferably
aset of variant polymorphisms, associated with increased risk
for developing AMD. The term “variant” when used in refer-
ence to a Factor H or Factor H-related gene, refers to a
nucleotide sequence in which the sequence differs from the
sequence most prevalent in a population, herein humans of
European-American descent. The variant polymorphisms can
be in the coding or non-coding portions of the gene. An
example of a risk Factor H haplotype is the allele of the Factor
H gene encoding histidine at amino acid 402 and/or cysteine
at amino acid 1210. The risk haplotype can be naturally
occurring or can be synthesized by recombinant techniques.
A protective haplotype is an allelic form of a gene, herein
Factor H or a Factor H-related gene, comprising at least one
variant polymorphism, and preferably a set of variant poly-
morphisms, associated with decreased risk of developing
AMD. For example, one protective Factor H haplotype has an
allele of the Factor H gene encoding isoleucine at amino acid
62. The protective haplotype can be naturally occurring or
synthesized by recombinant techniques. A neutral haplotype
is an allelic form of a gene, herein Factor H or a Factor
H-related gene, that does not contain a variant polymorphism
associated in a population or ethnic group with either
increased or decreased risk of developing AMD. It will be
clear from the following discussion that a protein encoded in
a“neutral” haplotype may be protective when administered to
apatient in need of treatment or prophylaxis for AMD or other
conditions. That is, both “neutral” and “protective” forms of
CFH or CFHRS can provide therapeutic benefit when admin-
istered to, for example, a subject with AMD or risk for devel-
oping AMD, and thus can “protect” the subject from disease.

[0095] The term “wild-type” refers to a nucleic acid or
polypeptide in which the sequence is a form prevalent in a
population, herein humans of European-American descent
(approximately 40% prevalence; see FIG. 5). For purposes of
this disclosure, a “wild-type” Factor H protein has the
sequence of SEQ ID NO:2 (FIG. 7), except that the amino
acid at position 402 is tyrosine (Y; [SEQ ID NO:337]). For
purposes of this disclosure, a Factor H gene encoding a wild-
type Factor H protein has the sequence of SEQ ID NO:1 (FIG.
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6), except that the codon beginning at base 1277, correspond-
ing to the amino acid at position 402 encodes tyrosine (TAT
[SEQ ID NO:336)).

[0096] The term “variant” when used in reference to a
Factor H or Factor H-related polypeptide, refers to a polypep-
tide in which the sequence differs from the normal or wild-
type sequence at a position that changes the amino acid
sequence of the encoded polypeptide. For example, some
variations or substitutions in the nucleotide sequence of Fac-
tor H gene alter a codon so that a different amino acid is
encoded (for example and not for limitation, having an alter-
native allele at one or more of 162V, Y402H, D936E) resulting
in a variant polypeptide. Variant polypeptides can be associ-
ated with risk (e.g., having histidine at position 402), associ-
ated with protection (e.g., having isoleucine at position 62), or
can be encoded by a neutral haplotype (e.g., having aspartic
acid at position 936). Variant CFHRS polypeptides can be
associated with risk (e.g., having serine at position 46), asso-
ciated with protection, or can be neutral.

[0097] The term “reference” when referring to a Factor H
polypeptide means a polypeptide in which the amino acid
sequence is identical to the sequence described by Ripoche et
al., 1988, Biochem J. 249:593-602) for full-length (FH1, SEQ
1D NO:2) or truncated (FHL1, SEQ ID NO:4) human Factor
H. Theterm “reference” when referring to a CFHRS polypep-
tide means a polypeptide in which the amino acid sequence is
identical to the sequence described by McRae et al., 2001, J.
Biol. Chem. 276:6747-6754) for full-length human CFHRS
(SEQ ID NO:8). The first identified allelic form is arbitrarily
designated the reference form or allele; other allelic forms are
designated as alternative or variant alleles. Wild-type and
variant forms may have substantial sequence identity with the
reference form (e.g., the wild-type or variant form may be
identical to the reference form at least 90% of the amino acid
positions of the wild-type or variant, sometimes at least 95%
of the positions and sometimes at least 98% or 99% of the
positions). A variant may differ from a reference form in
certain regions of the protein due to a frameshift mutation or
splice variation.

[0098] The term “polymorphism” refers to the occurrence
of two or more genetically determined alternative sequences
or alleles in a population. A “polymorphic site” is the locus at
which sequence divergence occurs. Polymorphic sites have at
least two alleles. A diallelic polymorphism has two alleles. A
triallelic polymorphism has three alleles. Diploid organisms
may be homozygous or heterozygous for allelic forms. A
polymorphic site may be as small as one base pair. Examples
of polymorphic sites include: restriction fragment length
polymorphisms (RFLPs); variable number of tandem repeats
(VNTRs); hypervariable regions; minisatellites; dinucleotide
repeats; trinucleotide repeats; tetranucleotide repeats; and
simple sequence repeats. As used herein, reference to a “poly-
morphism” can encompass a set of polymorphisms (i.e., a
haplotype).

[0099] A “single nucleotide polymorphism (SNP)” occurs
at a polymorphic site occupied by a single nucleotide, which
is the site of variation between allelic sequences. The site is
usually preceded by and followed by highly conserved
sequences of the allele. A SNP usually arises due to substitu-
tion of one nucleotide for another at the polymorphic site.
Replacement of one purine by another purine or one pyrimi-
dine by another pyrimidine is called a transition. Replace-
ment of a purine by a pyrimidine or vice versa is called a
transversion. A synonymous SNP refers to a substitution of
one nucleotide for another in the coding region that does not
change the amino acid sequence of the encoded polypeptide.
A non-synonymous SNP refers to a substitution of one nucle-
otide for another in the coding region that changes the amino
acid sequence of the encoded polypeptide. A SNP may also
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arise from a deletion or an insertion of a nucleotide or nucle-
otides relative to a reference allele.

[0100] A “set” of polymorphisms means more than one
polymorphism, e.g., at least 2, at least 3, at least 4, at least 5,
at least 6, or more than 6 of the polymorphisms shown in
TABLE 1A, TABLE 1B and/or TABLE 1C or otherwise
known in the Factor H gene or other gene.

[0101] The term “haplotype” refers to the designation of a
set of polymorphisms or alleles of polymorphic sites within a
gene of an individual. For example, a “112” Factor H haplo-
type refers to the Factor H gene comprising allele 1 at each of
the first two polymorphic sites and allele 2 at the third poly-
morphic site. A “diplotype” is a haplotype pair.

[0102] An “isolated” nucleic acid means a nucleic acid
species that is the predominant species present in a composi-
tion. Isolated means the nucleic acid is separated from at least
one compound with which it is associated in nature. A puri-
fied nucleic acid comprises (on a molar basis) at least about
50, 80 or 90 percent of all macromolecular species present.

[0103] Two amino acid sequences are considered to have
“substantial identity” when they are at least about 80% iden-
tical, preferably at least about 90% identical, more preferably
at least about 95%, at least about 98% identical or at least
about 99% identical. Percentage sequence identity is typi-
cally calculated by determining the optimal alignment
between two sequences and comparing the two sequences.
Optimal alignment of sequences may be conducted by
inspection, or using the local homology algorithm of Smith
and Waterman, 1981, Adv. Appl. Math. 2: 482, using the
homology alignment algorithm of Needleman and Wunsch,
1970, J. Mol. Biol. 48: 443, using the search for similarity
method of Pearson and Lipman, 1988, Proc. Natl. Acad. Sci.
U.S.A4. 85: 2444, by computerized implementations of these
algorithms (e.g., in the Wisconsin Genetics Software Pack-
age, Genetics Computer Group, 575 Science Dr., Madison,
Wis.) using default parameters for amino acid comparisons
(e.g., for gap-scoring, etc.). It is sometimes desirable to
describe sequence identity between two sequences in refer-
ence to a particular length or region (e.g., two sequences may
be described as having at least 95% identity over a length of
at least 500 basepairs). Usually the length will be at least
about 50, 100, 200, 300, 400, 500, 600, 700, 800, 900 or 1000
amino acids, or the full length of the reference protein. Two
amino acid sequences can also be considered to have substan-
tial identity ifthey differ by 1, 2, or 3 residues, or by from 2-20
residues, 2-10 residues, 3-20 residues, or 3-10 residues.

[0104] “Linkage” describes the tendency of genes, alleles,
loci or genetic markers to be inherited together as a result of
their location on the same chromosome. Linkage can be mea-
sured by percent recombination between the two genes, alle-
les, loci or genetic markers. Typically, loci occurring within a
50 centimorgan (cM) distance of each other are linked.
Linked markers may occur within the same gene or gene
cluster. “Linkage disequilibrium” or “allelic association”
means the preferential association of a particular allele or
genetic marker with a specific allele or genetic marker at a
nearby chromosomal location more frequently than expected
by chance for any particular allele frequency in the popula-
tion. A marker in linkage disequilibrium can be particularly
useful in detecting susceptibility to disease, even if the marker
itself does not cause the disease.

[0105] The terms “diagnose™ and “diagnosis” refer to the
ability to determine whether an individual has the propensity
to develop disease (including with or without signs or symp-
toms). Diagnosis of propensity to develop disease can also be
called “screening” and, as used herein, the terms diagnosis
and screening are used interchangeably. It will be appreciated
that having an increased or decreased propensity to develop-
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ing a condition refers to the likelihood of developing the
condition relative to individuals in the population without the
condition.

II1. Tables

[0106] Certain tables referred to herein are provided fol-
lowing the Examples, infra. The following descriptions are
provided to assist the reader:

[0107] TABLES 1A-1C show human Factor H gene poly-
morphisms and their association with age-related macular
degeneration. (1A) The dbSNP no., location, sequences of the
coding (top, 5' to 3' direction) and non-coding (bottom)
strands spanning the polymorphisms, amino acid changes,
allele frequencies for the control and AMD cases, and > and
P-values for 1 SNPs in the human Factor H gene are shown.
(1B) The dbSNP no., interrogated sequences, corresponding
nucleotide in the chimp Factor H gene, location, amino acid
changes, and sets of primers and probes for 11 SNPs in the
human Factor H gene are shown. (1C) The location,
sequences spanning the polymorphisms, amino acid position
and amino acid change, if any, for 14 SNPs in the human
Factor H gene that are not found in the dbSNP database are
shown.

[0108] TABLE 2 shows a haplotype analysis of eight SNPs
in the human Factor H gene in a cohort of AMD cases and
controls.

[0109] TABLE 3 shows a haplotype analysis of six SNPs in
the human Factor H gene and their association with AMD.
[0110] TABLE 4 shows the association of 11 human Factor
H gene SNPs with age-related macular degeneration.

[0111] TABLE 5shows the primers used for SSCP, DHPL.C
and DNA sequencing analysis for human Factor H.

[0112] TABLE 6 shows genotyping data of AMD patients
and controls.
[0113] TABLE 7 shows the frequency of an at-risk haplo-

type in various ethnic groups.

[0114] TABLE 8 shows several Factor H diplotypes. Com-
mon risk and protective diplotypes are indicated.

[0115] TABLE 9 shows the sequences of primers used to
amplify the Factor H coding sequence.

[0116] TABLE 10 shows the sequences of primers used to
amplify the CFHRS coding sequence.

[0117] TABLE 11 shows an analysis of Factor H SNPs in
22 MPGNII patients.

[0118] TABLE 12 shows a comparison of Factor H SNP
frequencies in 22 MPGNII patients and AMD-negative, eth-
nically matched controls.

[0119] TABLE 13 lists Factor H SNPs associated with
MPGNII and their related SCR.

[0120] TABLE 14 shows an analysis of CFHRS SNPs in 22
MPGNII patients.

[0121] TABLE 15 shows a comparison of CFHRS SNP
frequencies in 22 MPGNII patients and AMD-negative, eth-
nically matched controls.

[0122] TABLE 16 shows exemplary allele-specific probes
(16A) and primers (16B) useful for detecting polymorphisms
in the Factor H gene.

IV. Complement Factor H Polymorphisms

[0123] In one aspect, the invention provides new diagnos-
tic, treatment and drug screening methods related to the dis-
covery that polymorphic sites in the Complement Factor H
(HF1) gene are associated with susceptibility to and develop-
ment of AMD.
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[0124] Factor H polymorphisms associated with AMD
were identified as described in Example 1, by examining the
coding and adjacent intronic regions of Factor H (including
exon 10A, which is transcribed for the Factor H isoform
FHL1) for variants using SSCP analysis, DHPLC analysis,
and direct sequencing, according to standard protocols.
Remaining polymorphisms were typed by the 5' nuclease
(Tagman, ABI) methodology. Tagman genotyping and asso-
ciation analysis were performed as described (Gold et al.,
2004). Primers for SSCP and DNA sequencing analyses were
designed to amplify each exon and its adjacent intronic
regions using MacVector software. PCR-derived amplicons
were screened for sequence variation by SSCP and DHPLC
according to standard protocols. All changes detected by
SSCP and DHPLC were confirmed by bidirectional sequenc-
ing according to standard protocols. Statistical analyses were
performed using chi-square (y%*) and Fisher’s exact tests (P
values).

[0125] Two independent groups of AMD cases and age-
matched controls were used. All participating individuals
were of European-American descent, over the age of 60 and
enrolled under IRB-approved protocols following informed
consent. These groups were comprised of 352 unrelated
patients with clinically documented AMD (mean age
79.5+7 8 years) and 113 unrelated, control patients (mean age
78.4+7 4 years; matched by age and ethnicity) from the Uni-
versity of lowa, and 550 unrelated patients with clinically
documented AMD (mean age 71.32+8.9 years) and 275 unre-
lated, matched by age and ethnicity, controls (mean age
68.84£8.6 years) from Columbia University. Patients were
examined by indirect ophthalmoscopy and slit-lamp micros-
copy by retina fellowship-trained ophthalmologists.

[0126] Fundas photographs were graded according to a
standardized, international classification system (Bird et al.,
1995). Control patients were selected and included if they did
not exhibit any distinguishing signs of macular disease or
have a known family history of AMD. The AMD patients
were subdivided into phenotypic categories: early AMD
(ARM), geographic atrophy (GA), and exudative (CNV)
AMD, based upon the classification of their most severe eye
atthe time of their entry into the study. The University of lowa
ARM and GA cases were further subdivided into distinct
phenotypes (RPE changes alone, >10 macular hard drusen,
macular soft drusen, BB (cuticular) drusen, PED, “Cherokee”
atrophy, peninsular geographic atrophy and pattern geo-
graphic atrophy). The earliest documentable phenotype for
all cases was also recorded and employed in the analyses.

[0127] As shown in TABLE 1A, a highly significant asso-
ciation of polymorphic sites in the Factor H gene with AMD
was found in an examination of two independent cohorts that
together included approximately 900 AMD cases and 400
matched controls. Sixteen (16) polymorphisms in the Factor
H gene are listed in TABLES 1A-1B. Ofthese twelve (12) are
found in the SNP database (dbSNP) which may be found in
the National Center for Biotechnology Information (NCBI).
The dbSNP is a collection of SNPs in the human Factor H
gene which are dispersed among the 22 coding exons of the
Factor H gene and among the promoter, the 5' untranslated
region, the introns, and the 3' untranslated region of the Factor
H gene. Listed below are the accession numbers for 379 SNPs
in the human Factor H gene that are found in the dbSNP
database. These SNPs can be used in carrying out methods of
the invention.
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TABLE A
1517575212 1511582939 157551203 155014736 152019724 15534479 15395963
1517573867 1511580821 157546015 155014735 1s1984894 15534399 15395544
1516840522 1511579439 157540032 155014734 151928433 1529825 15395129
1516840465 1511539862 157539005 155014733 1s1928432 1528298 15393955
1516840462 1511398897 157537967 155003626 rs1887973 15521605 15386258
1516840422 1511390840 157535653 155003625 rs1831282 15520992 15385892
1516840419 1511340441 157535263 155003624 rs1831281 15519839 15385543
1516840410 1511339120 157529589 155002880 rs1831280r 1s518957  r1s383191
1516840401 1511318544 157526622 155002876 151410997 15551397 15405306
1516840397 1511285593 157524776 155002875 151410996 15544889 15403846
1516840394 1510922109 157522681 155002874 151329429 15543879 15402991
1516840381 1510922108 157519439 154658046 151329428 15536564 15402056
1516840379 1510922107 157514261 154657826 151329427 1536539 15399469
1512756364 1510922106 157513157 154350148 151329424 1515299 15398248
1512746361 1510922105 157415913 154044888 151329423 15514756 15381974
1512740961 1510922104 157413999 154044884 151329422 15514591 15380390
1512726401 1510922103 157413137 154044882 151329421 1513699 15380060
1512566629 1510922102 156695321 153834020 1s1299282 15512900 15379489
1512565418 1510922101 156691749 153766405 151292487 15508505 15375046
1512406047 1510922100 156690982 153766404 151292477 15499807 15374896
1512405238 1510922099 156689826 153766403 151292476 15495968 15374231
1512402808 1510922098  rs6689009 153753397 1s1292475 15495222 15371647
1512238983 1510922097 156688272 153753396 1s1292474 15493367 15368465
1512144939 1510922096 156685249 153753395 151292473 15491480 15364947
1512136675 1510922095 156682138 153753394 1s1292472 1s490864 15203688
1512134975 1510922094 156680396 153043115 1s1292471 rs488738 15203687
1512134598 1510922093 156677604 153043113 151292466 1s487114 15203686
1512127759 1510922092 156677460 153043112 1s1156679 15482934 15203685
1512124794 1510801561  rs6677089 153043111 rs1156678 1s480266 15203684
1512116702 1510801560  rs6675088 152878649 rs1089031 rs466287 15203683
1512096637 1510801559 156674960 152878648 rs1065489 15464798 15203682
1512085209 1510801558 156673106 152878647 rs1061171 15463726 15203681
1512081550 1510801557  rs6664877 152860102 rs1061170 rs460897 15203680
1512069060 1510801556 156664705 152746965 1s1061147 15460787 15203679
1512047565 1510801555 156660100 152336225 rs1061111 rs460184 15203678
1512047106 1510801554 156428357 152336224 1s1060821 15459598 15203677
1512047103 1510801553 156428356 152336223 1s1048663 15454652 15203676
1512045503 1510754200 155779848 152336222 1s1040597 15436337 15203675
1512042805 1510754199 155779847 152336221 1s800295 15435628 15203674
1512041668 1510737680 155779846 152300430 1s800293 15434536 15203673
1512040718 1510737679 155779845 152300429 1s800292 15430173 15203672
1512039905 1510733086 155779844 152284664 1s800291 15428060 15203671
1512038674 1510688557 155022901 152284663 1s800290 15424535 15203670
1512038333 1510685027 155022900 152274700 rs800280 15422851 15203669
1512033127 1510664537 155022899 152268343 1s800271  1s422404 1570621
1512032372 1510616982 155022898 152173383 1s800269 15420922 1570620
1512030500 1510545544 155022897 152143912 15766001 15420921  rs15809
1512029785 1510540668 155016801 152104714 15765774 15419137 1514473
1512025861 1510536523 155014740 152064456 15742855 15414539 153645
1511809183 1510489456 155014739 152020130 15731557 1412852
1511801630 1510465603 155014738 152019727 15572515 15410232
1511799956 1510465586 155014737 151803696 15570618  1s409953
1511799595 159970784 155002879 151587325 1s569219  1s409319
1511799380 159970075 155002878 151576340 15564657  rs409308
1511584505 159427909 155002877 151474792 15559350  1s407361
[0128] Two frequent non-synonymous variants, 162V in ond column lists the location of the polymorphism. For

exon 2 and Y420H in exon 9, and a less frequent variant,
R1210C in exon 22, exhibited the most significant association
with AMD.

[0129] Three additional polymorphisms in TABLES
1A-1B are not found in the SNP database: a polymorphism in
the promoter (promoter 1 in TABLE 1A); a polymorphism in
intron 2 in which two T nucleotides are inserted; and a poly-
morphism in Exon 10A.

[0130] The first column in TABLE 1A lists the dbSNP
number for polymorphisms in the Factor H gene. For
example, rs800292 is the dbSNP designation for a polymor-
phism in the Factor H gene. A description of this polymor-
phism, as well as the other Factor H gene polymorphisms in
dbSNP, is available at the NCBI database (ncbi.nml.nih.gov/
entrez/query. fcgi?db=snp&cmd=search&term=). The sec-

example, the rs800292 polymorphism is located in exon 2 of
the Factor H gene. Polymorphisms not identified by a data-
base number can be referred to by location (e.g., “intron 27).
The third column lists the nucleic acid sequence of the coding
(top, 5' to 3' direction) and non-coding (bottom) strands of
DNA spanning the polymorphisms. For example, the
rs800292 polymorphism, G or A as indicated in the brackets
for the coding strand, is flanked by the 20 nucleotides shown
5'and 3' to the polymorphism. “N” in the sequence spanning
the Exon 10A polymorphism indicates the insertion of a
single nucleotide, either A, C, G or T, in the variant allele. The
fourth column lists the SEQ ID NO: for the sequences. The
fifth column lists the amino acid change, if any, associated
with the polymorphism. For example, the rs800292 polymor-
phism results in a change in the amino acid sequence from
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valine (V) to isoleucine (I) at position 62 of the Factor H
polypeptide. The sixth column lists the allele frequency of the
polymorphism in a control population. The numbers 1 and 2
refer to the alleles that correspond to the first and second
nucleotide, respectively, at the polymorphic site in the third
column. For example, for the rs800292 polymorphism, G is
present in 78% and A is present in 22% of the alleles
sequenced from the control population. The seventh column
lists the allele frequency of the polymorphism in an AMD
population. For example, for the rs800292 polymorphism, G
is present in 91% and A is present in 9% of the alleles
sequenced from an AMD population. The eighth column lists
the chi-square and Fisher’s exact tests (%> and P values,
respectively) for the comparison between the allele frequen-
cies of the polymorphism in the control and AMD popula-
tions. For example, for the rs800292 polymorphism, the %>
valueis 16.19 and the P value is 5.74x107°, indicating that the
G allele is associated with AMD.

[0131] The first column in TABLE 1B parts (1), (2) and (3)
lists the dbSNP number for polymorphisms in the Factor H
gene. For part (1), the second column lists the nucleic acid
sequence spanning the polymorphisms (interrogated
sequence). For the rs529825 (intron 1), rs800292 (exon 2),
and rs203674 (intron 10) polymorphisms, the sequences of
the non-coding strand of the human Factor H gene are shown.
The third column lists the SEQ ID NOs: for the sequences.
The fourth column lists the allele present in the chimp Factor
H gene. The fifth column lists the location of the SNP. The
sixth column lists the amino acid change, if any, associated
with the polymorphism. For part (2), the second and fourth
columns list the forward and reverse primers or AOD num-
bers for amplifying the polymorphisms. The third and fifth
columns list the SEQ ID NOs: for the primers. For part (3), the
second and fourth columns list probes used for detecting the
polymorphisms. The third and fifth columns list the SEQ ID
NOs: for the probes.

[0132] It should be understood that additional polymorphic
sites in the Factor H gene, which are not listed in TABLES
1A-1B may be associated with AMD. Exemplary polymor-
phic sites in the Factor H gene are listed, for example and not
limitation, above. TABLE 1C lists an additional 14 polymor-
phic sites in the Factor H gene, which are not found in the
dbSNP database, that may be associated with AMD or other
diseases. The first column lists the location of the SNP. The
second column lists the nucleic acid sequence spanning the
polymorphisms. “notG” in the sequence spanning the Exon 5
polymorphism indicates the presence of an A, C or T nucle-
otide in the variant allele. “not C” in the sequences spanning
the Exon 6 polymorphisms indicates the presence of an A, G
or T nucleotide in the variant allele. “N” in the sequences
spanning the Exon 21 polymorphism indicates the insertion
of'a single nucleotide, either A, C, G or T, in the variant allele.
The third column lists the amino acid change, if any associ-
ated with the polymorphism. The fourth column lists the SEQ
ID NOs: for the sequences. These SNPs can also be used in
carrying out methods of the invention. Moreover, it will be
appreciated that these CFH polymorphisms are useful for
linkage and association studies, genotyping clinical popula-
tions, correlation of genotype information to phenotype infor-
mation, loss of heterozygosity analysis, and identification of
the source of a cell sample.

[0133] TABLE 2 shows a haplotype analysis of eight SNPs
in the human Factor H gene in AMD cases and controls. The
at-risk haplotypes are shown in stippled boxes, with the hap-
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lotype determining SNPs (Y402H and 1VS10) shown in
denser stippling. The protective haplotypes are shown in
diagonal-lined boxes, with the haplotype determining SNPs
(IVS1, 162V and IVS6) shown indenser diagonal lines. The
first column lists the allele of the polymorphism in the pro-
moter (Prom). The second column lists the allele of the non-
coding strand of the polymorphism in intron 1 (IVS1). The
third column lists the allele of the non-coding strand of the
polymorphism in exon 2 (162V). The fourth column lists the
allele of the polymorphism in intron 6 (IVS6). The fitth col-
umn lists the allele of the polymorphism in Exon 9 (Y402H).
The sixth column lists the allele of the non-coding strand of
the polymorphism in intron 10 (IVS10). The seventh column
lists the allele of the polymorphism in Exon 13 (Q672Q). The
eighth column lists the allele of the polymorphism in Exon 18
(D936E). The dbSNP designations for these eight SNPs are
listed in TABLES 1A-1B. The ninth column lists the Odds
Ratio (OR) for the haplotype. The tenth column lists the P
value for the at-risk and two protective haplotypes. The elev-
enth and twelfth columns list the frequencies of the haplop-
type in AMD cases and controls.

[0134] TABLE 3 shows a haplotype analysis of six Factor H
polymorphisms with AMD. The first column lists certain
alleles ofthe polymorphism in the promoter (rs3753394). The
second column lists the allele of the polymorphism in intron
1 (rs529825). The third column lists the allele of the poly-
morphism in intron 6 (rs3766404). The fourth column lists
the polymorphism in intron 10 (rs203674). The fifth column
lists the allele of the polymorphism in exon 13 (rs3753396).
The sixth column lists the allele of the polymorphism in exon
18 (rs1065489). The numbers 1 and 2 in columns 1 to 6 refer
to the alleles that correspond to the first and second nucle-
otide, respectively, at each of the polymorphic sites (see
TABLE 1A). Thus, columns 1 to 6 list the alleles of polymor-
phisms from 5'to 3' in the Factor H gene. The seventh column
lists the Factor H haplotype based on the polymorphisms
listed in columns 1 to 6. The eighth column lists the frequency
of the indicated Factor H haplotype in a control population.
The ninth column lists the frequency of the indicated Factor H
haplotype in the AMD population. As shown in TABLE 3, the
haplotype analysis suggests that multiple variants contribute
to the association and may confer either elevated or reduced
risk of AMD.

[0135] TABLE 8 shows a diplotype analysis of seven Fac-
tor H polymorphisms. The first column indicates whether the
diplotype is associated with increased (risk diplotype) or
decreased (protective diplotype) risk of developing AMD.
Common risk and protective diplotypes are indicated. The
second column lists the alleles of the polymorphism in exon
2 (162V). The third column lists the alleles of the polymor-
phism in intron 2 (IVS2-18). The fourth column lists the
alleles of the polymorphism in exon 9 (Y402H). The fifth
column lists the alleles of the polymorphism in exon 18
(D936E). The sixth column lists the alleles of the polymor-
phism in intron 20 (IVS20).

Risk-Associated (“Risk’) Polymorphisms and Haplotypes

[0136] Sites comprising polymorphisms associated with
increased risk for AMD are shownin TABLE 1A and TABLE
2. Polymorphisms particularly associated with increased risk
include a variant allele at: rs1061170 (402H; exon 9);
rs203674 (intron 10) and the polymorphism at residue 1210
(R1210C; exon 22).
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[0137] Certain haplotypes associated with increased risk
for AMD are shown in TABLES 2 and 6 and FIG. 5. As shown
in TABLE 2 and FIG. 5, one common at-risk haplotype is the
H1 haplotype, which includes the variant allele at position
402 (encoding histidine) and the variant allele at IVS10 (in-
tron 10, rs203674) and is found in 49% of AMD cases, but
only in 26% of controls. Homozygotes for the risk diplotype
(H1/H1) are significantly at risk. Other at-risk haplotypes and
diplotypes are shown in TABLES 2 and 8. Similar data are
presented in TABLE 3, which shows an at-risk haplotype
(111211) found in 48% of AMD cases, but only in 28% of
controls.

[0138] Notably, seventy percent of MPGN II (membrano-
proliferative glomerulonephritis type II) patients harbor this
at-risk haplotype (see TABLE 7), indicating that propensity to
develop MPGNII can be detected and treated as described
herein for AMD.

[0139] Significant associations of these polymorphic sites
were also found with various AMD subtypes, as disclosed in
Example 1.

[0140] The non-synonymous polymorphism at amino acid
position 1210 in exon 22 of the Factor H gene is strongly
associated with AMD (see TABLE 1A). The variant allele,
which encodes a cysteine instead of an arginine, is found in
the heterozygous state in 5% of AMD cases, and no controls
in a cohort comprised of 919 individuals ascertained at the
University of lowa. No 1210C homozygotes have been iden-
tified to date. The presence of cysteine at amino acid position
1210 of Factor H, therefore, provides a strong indication that
the individual has AMD or is likely to develop AMD.
Remarkably, 1210C is indicative of propensity to develop
AMD or other complement mediated conditions even when
detected on allele that is otherwise protective (e.g., Y402).
Variation at CFH position 1210 (R1210C) is known to cause
atypical hemolytic uremic syndrome (aHUS), a complement
related disease with renal manifestations. By extension, other
CFH variations or mutations known to cause aHUS may be
associated with an increased risk for developing AMD. The
most common established aHUS-causing variations include,
but are not limited to, T956M, Q1076E, D1119G, W1183L,
T1184R, L1189R, L1189F, S1191W, S1191L, V1197A, and
R1215G (Esparza-Gordillo et al 2005; Perez-Caballero et al
2001; Richards et al 2001; Sanchez-Corral et al 2002); addi-
tional aHUS-causing mutations are described in Saunders
(Saunders et al 2006). In one aspect of the present invention,
a biological sample from a subject (e.g., protein or nucleic
acid) is assayed for the presence of one or more aHUS-
associated variations or mutations, the presence of which is
indicative of a propensity to develop AMD.

[0141] It will be appreciated that additional polymorphic
sites in the Factor H gene, which are not listed in TABLES
1A-1C, may further refine this haplotype analysis. A haplo-
type analysis using non-synonymous polymorphisms in the
Factor H gene is useful to identify variant Factor H polypep-
tides. Other haplotypes associated with risk may encode a
protein with the same sequence as a protein encoded by a
neutral or protective haplotype, but contain an allele in a
promoter or intron, for example, that changes the level or site
of Factor H expression. It will also be appreciated that a
polymorphism in the Factor H gene, or in a Factor H-related
gene, may be linked to a variation in a neighboring gene. The
variation in the neighboring gene may result in a change in
expression or form of an encoded protein and have detrimen-
tal or protective effects in the carrier.
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Protective Polymorphisms and Haplotypes

[0142] Unexpectedly, protective polymorphisms and hap-
lotypes were also discovered. For example, as shown in
TABLE 2 and FIG. 5, the protective H2 haplotype, including
avariant allele in IVS6 (intron 6, rs3766404) occurs in 12% of
controls, but only in 6% of AMD cases. The protective H4
haplotype includes the variant allele in IVS1 (intron 1,
rs529825) and the variant allele (162) (exon 2, rs800292) and
occurs in 18% of controls, but only in 12% of AMD cases.
Similar data is presented in TABLE 3, where the haplotype
121111 occurs in 21% of controls, but only in 13% of AMD
cases and the haploptype 112111 occurs in 13% of controls,
but only in 6% of AMD cases. As shown in FIG. 5, homozy-
gotes with a protective haplotype are significantly protected.
[0143] In some cases the protein encoded by a gene char-
acterized by a protective haplotype has a sequence different
from risk haplotype proteins (e.g., due to the presence of a
nonsynomous SNP). For example, a protective form of Factor
H protein generally does not have histidine at position 402. In
some embodiments a protective form has isoleucine at posi-
tion 62. Additional protective forms can be identified by (1)
identifying an individual or individuals with a protective hap-
lotype and (2) determining the sequence(s) of Factor HcDNA
or protein from the individuals. Other protective forms are
identified as described below in Section VIII.

Neutral Polymorphisms and Haplotypes

[0144] Certain haplotypes are associated in a population
with neither increased risk nor decreased risk of developing
AMD and are referred to as “neutral.”” Examples of neutral
haplotypes identified in a Caucasian population are shown in
FIG. 5 (H3 and H5). Additional or different neutral haplo-
types may be identified in racially/ethnically different popu-
lations. Proteins encoded by a gene characterized by a neutral
haplotype are “neutral” Factor H proteins. As explained
supra, “neutral” Factor H proteins could provide therapeutic
benefit when administered to patients having a risk haplotype
or diagnosed with AMD. For example, exemplary proteins
encoded by genes characterized by a neutral haplotype
include proteins not having histidine at position 402 and/or
not having isoleucine at position 62. A protein not having
histidine at position 402 may have tyrosine at that position, or
may have an amino acid other than histidine or tyrosine. A
protein not having isoleucine at position 62 may have valine
at that position, or may have an amino acid other than valine
or isoleucine. A neutral form of Factor H protein generally
does not have cysteine at position 1210.

V. Factor H Related 5 (CFHRS) Gene
Polymorphisms

[0145] In one aspect, the invention provides new diagnos-
tic, treatment and drug screening methods related to the dis-
covery that polymorphic sites in the Factor H and CFHRS
genes are associated with susceptibility to and development
of MPGNIL.

[0146] Factor H and CFHRS polymorphisms associated
with MPGNII were identified as described in Example 2, by
examining the coding and adjacent intronic regions of Factor
H or CFHRS for variants using PCR amplification, followed
by agarose gel electrophoresis and bidirectional sequencing
according to standard protocols to verify PCR products.
Novel and reported SNPs were typed in the control popula-
tion by denaturing high performance liquid chromatography



US 2016/0096871 Al

(DHPLC). Primers used to amplify the Factor H and CFHRS
coding sequences are shown in TABLES 9 and 10, respec-
tively.

[0147] The test group consisted of patients with biopsy-
proven MPGNII were ascertained in nephrology divisions
and enrolled in this study under IRB-approved guidelines.
The control group consisted of ethnically-matched, but not
age-matched, unrelated persons in whom AMD had been
excluded by ophthalmologic examination.

[0148] Asshownin TABLES 11 and 12, a significant asso-
ciation of polymorphic sites in the Factor H gene with MPG-
NII was found in an examination of 22 MPGNII cases and
131 ethnically-matched controls. Eleven (11) polymor-
phisms in the Factor H gene are listed in TABLES 11 and 12.
Of these, six (6) are found in the SNP database (dbSNP)
which may be found in the National Center for Biotechnology
Information (NCBI). The dbSNP is a collection of SNPs in
the human genome. The SNPs in the Factor H gene are dis-
persed among the 22 coding exons of the Factor H gene and
among the promoter, the 5' untranslated region, the introns,
and the 3' untranslated region of the Factor H gene. The
accession numbers for 379 SNPs in the human Factor H gene
that are found in the dbSNP database are listed above. These
SNPs can be used in carrying out methods of the invention.
[0149] Five additional polymorphisms in TABLES 11 and
12 are not found in the SNP database: a polymorphism in
intron 2 in which two T nucleotides are inserted (IVS2-18in-
sTT); a polymorphism in intron 7 IVS7 -53G>T); a poly-
morphism in intron 15 (IVS15 -30C>A); a polymorphism in
intron 18 (IVS18 -89T>C; and a polymorphism in Exon 20
(N1050Y). These polymorphisms are useful in the methods
of the invention. Moreover, it will be appreciated that these
CFHRS polymorphisms are useful for linkage and associa-
tion studies, genotyping clinical populations, correlation of
genotype information to phenotype information, loss of het-
erozygosity analysis, and identification of the source of a cell
sample.

[0150] The first row of TABLE 11 lists the exon or intron
position of the SNP in the Factor H gene. For exon SNPs, the
amino acid position and change, if any, is listed. For example
the exon 2 SNP is at position 62 of the Factor H polypeptide
and a change from valine (V) to isoleucine (I). For intron
SNPs, the nature the SNP is indicated. For example, the intron
2 SNP is an insertion of two nucleotides, TT. The second row
of TABLE 11 lists dbSNP number, if any, for the polymor-
phism. For example, rs800292 is the dbSNP designation for a
polymorphism in exon 2 in the Factor H gene. A description
of this polymorphism, as well as the other Factor H (CFH)
gene polymorphisms in dbSNP, is available at the NCBI
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database (ncbi.nml.nih.gov/entrez/query.
fegi?db=snp&cmd=search&term=). The third to fifth rows of
TABLE 11 lists number of times a particular diplotype is
present among the 22 MPGNII patients. For example, for the
exon 2 SNP, GG is present in 20 patients, GA is present in 2
patient, and AA is present in no patients, with MPGNII. The
sixth and seventh rows of TABLE 11 list the frequency that a
particular haplotype is present among the 22 MPGNII
patients. For example, for the exon 2 SNP, G is present in
95%, and A is present in 5%, of the alleles of the 22 MPGNII
patients. The eighth row lists the nucleotide of the common
haplotype in the Factor H gene for the 22 MPGNII patients.
For example, G is the more frequent nucleotide in the exon 2
SNP, and 9 T nucleotides is more frequently observed than 11
T nucleotides in the intron 2 SNP, in the Factor H gene for the
22 MPGNII patients. The remaining rows list the diplotype
for the 11 SNPs in the Factor H gene for each of the 22
MPGNII patients.

[0151] It should be understood that additional polymorphic
sites in the Factor H gene, which are not listed in TABLE 11
may be associated with MPGNII. Exemplary polymorphic
sites in the Factor H gene are listed, for example and not
limitation, above.

[0152] TABLE 12 shows a comparison ofthe SNP frequen-
cies in patients with MPGNII versus AMD-negative, ethni-
cally-matched control individuals. The first column of
TABLE 12 lists the SNP in the Factor H gene. The second and
third columns of TABLE 12 list the frequencies that a par-
ticular haplotype is present among the 22 MPGNII patients.
The fourth and fifth columns of TABLE 12 list the frequencies
that a particular haplotype is present among the 131 control
individuals. The sixth column of TABLE 12 lists the P-value
calculated for each data set.

[0153] Asshownin TABLES 11 and 12, two frequent non-
synonymous variants, 162V in exon 2 and Y420H in exon 9, a
synonymous variant, A307A in exon 10, and a polymorphism
in intron 2 exhibited significant association with MPGNII.
[0154] Asshown in TABLES 14 and 15, a significant asso-
ciation of polymorphic sites in the FHR-5 gene with MPGNII
was found in an examination of 22 MPGNII cases and 103
ethnically-matched controls. Five (5) polymorphisms in the
CFHRS gene arelisted in TABLES 14 and 15; these are found
in dbSNP in the NCBI. The SNPs in the CFHRS gene are
dispersed among the 10 coding exons of the CFHRS gene and
among the promoter, the 5' untranslated region, the introns,
and the 3' untranslated region of the CFHRS gene. Listed
below are the accession numbers for 82 SNPs in the human
CFHRS gene that are found in the dbSNP database. These
SNPs can be used in carrying out methods of the invention.

TABLE B

1516840956 1512116643  1s10922151  1s9427662 157535993 rs6694672 1s1332664
1516840946 1512097879  1s10801584  1s9427661 157532441 rs6692162 1s1325926
1516840943 1512097550  rs10801583  1s9427660 157532068 rs6657256 1s1170883
1512755054 112092294 1510622350 159427659 157528757 rs6657171 1s1170882
1512750576  1s12091602  1s10614978 157555407 157527910 rs5779855 1s1170881
1512745733 1512064805 1510613146  1s7555391 157522952 rs3748557 1s1170880
1512736097 1512049041  rs10588279  1s7554757 157522197 rs2151137 1s1170879
1512736087 112039272 159727516 187550970 157419075 rs2151136 1s1170878
1512735776 1s11583363 159427942 187550735 157366339 rs1855116 1s928440
1512731848  1s11306823 159427941 157550650 156702632 rs1759016 1s928439
1512731209 1510922153 159427664 157547265 1s6702340 1s1750311

1512142971 1s10922152 159427663 157537588 156674853 151412636
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[0155] The first row of TABLE 14 lists the exon, promoter
or intron position of the SNP in the CFHRS gene. For exon
SNPs, the amino acid position and change, if any, is listed. For
example, the exon 2 SNP is at position 46 of the CFHRS
polypeptide and a change from proline (P) to serine (S). For
promoter and intron SNPs, the nature of the SNP is indicated.
For example, the promoter SNP at position -249 replaces T
with C. The second row of TABLE 14 lists dbSNP number, if
any, for the polymorphism. For example, rs9427661 is the
dbSNP designation for a polymorphism in the promoter
region of the CFHRS gene. A description of this polymor-
phism, as well as the other CFHRS gene polymorphisms in
dbSNP, is available at the NCBI database (ncbi.nml.nih.gov/
entrez/query.fcgi?db=snp&cmd=search&term=). The third
to fifth rows of TABLE 14 lists number of times a particular
diplotype is present among the 22 MPGNII patients. For
example, for the exon 2 SNP, CC is present in 19 patients, CT
is present in 3 patients, and TT is present in no patients, with
MPGNII. The sixth and seventh rows of TABLE 14 list the
frequency that a particular haplotype is present among the 22
MPGNII patients. For example, for the exon 2 SNP, C (encod-
ing proline) is present in 93%, and T (encoding serine) is
present in 7%, of the alleles of the 22 MPGNII patients. The
eighth row lists the nucleotide of the common haplotype in
the CFHRS gene for the 22 MPGNII patients. For example, C
is the more frequent nucleotide in the exon 2 SNP in the
CFHRS gene for the 22 MPGNII patients. The remaining
rows list the diplotype for the 5 SNPs in the CFHRS gene for
each of the 22 MPGNII patients.

[0156] It should be understood that additional polymorphic
sites in the CFHRS gene, which are not listed in TABLE 14
may be associated with MPGNII. Exemplary polymorphic
sites in the CFHRS gene are listed, for example and not
limitation, above.

[0157] TABLE 15 shows a comparison of the SNP frequen-
cies in patients with MPGNII versus AMD-negative, ethni-
cally-matched control individuals. The first column of
TABLE 15 lists the SNP in the CFHRS gene. The second and
third columns of TABLE 15 list the frequencies that a par-
ticular haplotype is present among the 22 MPGNII patients.
The fourth and fifth columns of TABLE 15 list the frequencies
that a particular haplotype is present among the 103 control
individuals. The sixth column of TABLE 15 lists the P-value
calculated for each data set.

[0158] As shown in TABLES 14 and 15, one non-synony-
mous variant, P46S in exon 2, and two promoter polymor-
phisms, —249T>C and -2-T>C, exhibited significant associa-
tion with MPGNII.

Risk-Associated (“Risk™) Polymorphisms and Haplotypes
Identified In MPGNII Patients

[0159] Sites comprising polymorphisms in Factor H and
CFHRS associated with increased risk for MPGNII are shown
in TABLES 11 and 12 and TABLES 14 and 15, respectively.
Polymorphisms particularly associated with increased risk in
Factor H and CFHRS include a variant allele at rs1061170
(Y420H in exon 9) and rs 12097550 (P46S in exon 2), respec-
tively.

[0160] Certain haplotypes associated with increased risk
for MPGNII are shown in TABLES 12 and 15. As shown in
TABLE 12, one at-risk haplotype in the Factor H gene
includes the variant allele (encoding histidine) at position 402
and is found in 64% of MPGNII cases, but only in 33% of
controls. As shown in TABLE 15, one at-risk haplotype in the
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CFHRS gene includes the variant allele (encoding serine) at
position 46 and is found in 7% of MPGNII cases, but only in
<1% of controls.

[0161] It will be appreciated that additional polymorphic
sites in the Factor H and CFHRS genes, which are not listed in
TABLES 11-12 and 14-15, may further refine these haplotype
analyses. A haplotype analysis using non-synonymous poly-
morphisms in the Factor H or CFHRS gene is useful to iden-
tify variant Factor H or CFHRS polypeptides. Other haplo-
types associated with risk may encode a protein with the same
sequence as a protein encoded by a neutral or protective
haplotype, but contain an allele in a promoter or intron, for
example, that changes the level or site of Factor H or CFHRS
expression.

Protective Polymorphisms and Haplotypes

[0162] Unexpectedly, protective polymorphisms and hap-
lotypes were also discovered. For example, as shown in
TABLE 12, the haplotype with the variant allele in exon 2
(rs800292, 162V) occurs in 23% of controls, but only in <3%
of MPGNII cases and the haplotype with the variant allele in
IVS2 (intron 2, -18insTT) occurs in 26% of controls, but only
in <3% of MPGNII cases. The haplotype with the variant
allele in exon 10 (rs2274700, A473A) occurs at higher fre-
quency in controls than in MPGNII cases.

[0163] In some cases the protein encoded by a gene char-
acterized by a protective haplotype has a sequence different
from risk haplotype proteins. For example, a protective form
of Factor H protein generally does not have histidine at posi-
tion 402. In some embodiments a protective form has isoleu-
cine at position 62. Additional protective forms can be iden-
tified by (1) identifying an individual or individuals with a
protective haplotype and (2) determining the sequence(s) of
Factor H cDNA or protein from the individuals. Some pro-
tective forms are less than full-length. Protective forms of
CFHRS protein may be similarly identified.

Neutral Polymorphisms and Haplotypes

[0164] Certain haplotypes are associated with neither
increased risk or decreased risk of developing MPGNII and
are referred to as “neutral.” Proteins encoded by a gene char-
acterized by a neutral haplotype are “neutral” Factor H or
CFHRS proteins. For example, exemplary proteins encoded
by genes characterized by a neutral haplotype include Factor
H proteins not having histidine at position 402 or isoleucine at
position 62, and CFHRS proteins not having serine at position
46.

Significance of Polymorphisms in MPGNII Patients

[0165] As shown in Example 2, it has been discovered that
the same CFH polymorphisms associated with propensity to
develop AMD are also associated with development of mem-
branoproliferative glomerulonephritis type 2 (MPGN II).
Indeed, the risk haplotypes originally found in AMD patients
(Y402 H and IVS10) are also found in 70% of patients tested
having membranoproliferative glomerulonephritis type 2
(MPGN 1I), indicating that the diagnostic methods of the
invention are useful to detect this condition. In addition,
variations and haplotypes in the CFHRS gene were strongly
associated with increased risk of having MPGNII. One con-
clusion that emerges from these data is that MPGNII and
AMD are alternative manifestations of the same genetic
lesion. Notably, patients with MPGNII develop drusen that
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are clinically and compositionally indistinguishable from
drusen that form in AMD. The single feature that distin-
guishes these two fundus phenotypes is age of onset-drusen in
MPGNII develop early, often in the second decade of life,
while drusen in AMD develop later in life. We conclude that
polymorphisms in the Factor H gene and CFHRS gene iden-
tified in either population (AMD or MPGNII) are predictive
of susceptibility to both diseases. There are likely other fac-
tors that contribute to MPGNII and account for the early
manifestation. Because AMD is very common and MPGNII
is rare, the haplotype analysis of both CFH and CFHRS genes
and other methods described herein will be useful for screen-
ing and treatment of patients with AMD, or with an increased
likelihood of developing AMD.

Loss of Function

[0166] Loss ofthe normal or wild-type function of Factor H
or CFHRS may be associated with AMD. Non-synonymous
polymorphisms in the Factor H gene, such as those shown in
TABLES 1A, 1B, 1C, 11, 14 and 15, showing the strongest
correlation with AMD and resulting in a variant Factor H
polypeptide or variant CFHRS polypeptide, are likely to have
a causative role in AMD. Such a role can be confirmed by
producing a transgenic non-human animal expressing human
Factor H or CFHRS bearing such a non-synonymous poly-
morphism(s) and determining whether the animal develops
AMD. Polymorphisms in Factor H or CFHRS coding regions
that introduce stop codons may cause AMD by reducing or
eliminating functional Factor H or CFHRS protein. Stop
codons may also cause production of a truncated Factor H or
CFHRS peptide with aberrant activities relative to the full-
length protein. Polymorphisms in regulatory regions, such as
promoters and introns, may cause AMD by decreasing Factor
H or CFHRS gene expression. Polymorphisms in introns
(e.g., intron 2 of CFH) may also cause AMD by altering gene
splicing patterns resulting in an altered Factor H or CFHRS
protein. CFH RNA or proteins can be assayed to detect
changes in expression of splice variants, where said changes
are indicative of a propensity to develop AMD. Alternative
splice patterns have been reported for the Factor H gene itself.
[0167] The effectof polymorphisms in the Factor H gene or
CFHRS gene on AMD can be determined by several means.
Alterations in expression levels of a variant Factor H or
CFHRS polypeptide can be determined by measuring protein
levels in samples from groups of individuals having or not
having AMD or various subtypes of AMD. Alterations in
biological activity of variant Factor H or CFHRS polypep-
tides can be detected by assaying for in vitro activities of
Factor H or CFHRS, for example, binding to C3b or to hep-
arin, in samples from the above groups of individuals.

V1. Polymorphisms at Sites of Genomic Duplication

[0168] As illustrated in FIG. 18, the genes for CFH and the
factor H related (CFHR) 1-5 genes have regions of shared,
highly conserved, sequence which likely arose from genomic
duplications. Certain SNPs and variations found in CFH or
CFHRS, such as those described herein, are also expected in
the corresponding sequences of CFHR1, CFHR2, CFHR3,
and CFHRA4. For example, sequences corresponding to CFH
exon 22 are found in CFH, CFHR1 and CFHR2, and it is
possible that polymorphisms identified in exon 22 of CFH
(e.g., R1210C) are also found in CFHR1 and/or CFHR2 and
these variants might be linked to propensity to development
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of AMD, MPGNII, and other complement related conditions.
Homologous blocks of sequence flanking the polymorphic
sites identified in CFH and CFHRS can be identified by align-
ment of the cDNA or genomic sequences in those regions.
The conserved sequences flanking the polymorphic site usu-
ally comprise at least 10 bp (on either side of the polymorphic
site) and more often at least 20 bp, or at least 50 bp, or at least
100 bp with at least 95% identity at the nucleotide level, and
sometimes with at least 98% identity, at least 99% identity, or
even 100% identity). Identity can be determined by inspec-
tion or using well know algorithms (Smith and Waterman,
1981 or Needleman and Wunsch, 1970, both supra). The
invention therefore provides methods of determining a sub-
ject’s propensity to develop age-related macular degeneration
(AMD) or other conditions by detecting the presence or
absence of a variation at a polymorphic site of a Factor H-re-
lated gene that corresponds to a homologous polymorphic
site in the CFH or CFHRS gene.

[0169] Sequences for CFH and the factor H related genes
are known in the art (see sequences and accession numbers
provided elsewhere herein). Also see Rodriquez de Cordoba,
S., et al, 2004, Mol Immunol 41:355-67; Zipfel et al, 1999,
Immunopharmocology 42:53-60; Zipfel et al., Factor H fam-
ily proteins: on complement, microbes and human diseases,
Biochem Soc Trans. 2002 November; 30(Pt 6):971-8; Diaz-
Guillen M A, et al., A radiation hybrid map of complement
factor H and factor H-related genes, /Immunogenetics, 1999
June; 49(6):549-52; Skerka C, et al., A novel short consensus
repeat-containing molecule is related to human complement
factor H, J Biol Chem. 1993 Feb. 5;268(4):2904-8; Skerka C,
et al., The human factor H-related gene 2 (FHR2): structure
and linkage to the coagulation factor XIIIb gene, Immunoge-
netics, 1995; 42(4):268-74; Male D A, et al., Complement
factor H: sequence analysis of 221 kb of human genomic
DNA containing the entire fH, fHR-1 and fHR-3 genes, Mo/
Immunol. 2000 January-February; 37(1-2):41-52; Hellwage
J, et al., Biochemical and functional characterization of the
factor-H-related protein 4 (FHR-4), Immunopharmacology.
1997 December; 38(1-2):149-57; Skerka C, et al., The human
factor H-related protein 4 (FHR-4). A novel short consensus
repeat-containing protein is associated with human triglycer-
ide-rich lipoproteins, J Biol Chem. 1997 Feb. 28; 272(9):
5627-34; Hellwage J, et al., Functional properties of comple-
ment factor H-related proteins FHR-3 and FHR-4: binding to
the C3d region of C3b and differential regulation by heparin,
FEBS Lett. 1999 Dec. 3; 462(3):345-52; Jozsi M, et al., FHR-
4A: a new factor H-related protein is encoded by the human
FHR-4 gene, Eur J Hum Genet. 2005 March; 13(3):321-9;
McRae JL, et al., Location and structure of the human FHR-5
gene, Genetica. 2002 March; 114(2):157-61; McRae J L, et
al., Human factor H-related protein 5 has cofactor activity,
inhibits C3 convertase activity, binds heparin and C-reactive
protein, and associates with lipoprotein, J Immunol. 2005
May 15; 174(10):6250-6; Murphy B, et al., Factor H-related
protein-5: a novel component of human glomerular immune
deposits, Am J Kidney Dis. 2002 January; 39(1):24-7.

VII. Detection and Analysis of Factor H
Polymorphisms Associated with AMD

[0170] The discovery that polymorphic sites and haplo-
types in the Factor H gene and CFHRS gene are associated
with AMD (and MPGNII) has a number of specific applica-
tions, including screening individuals to ascertain risk of
developing AMD and identification of new and optimal thera-
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peutic approaches for individuals afflicted with, or at
increased risk of developing, AMD. Without intending to be
limited to a specific mechanism, polymorphisms in the Factor
H gene may contribute to the phenotype of an individual in
different ways. Polymorphisms that occur within the protein
coding region of Factor H may contribute to phenotype by
affecting the protein structure and/or function. Polymor-
phisms that occur in the non-coding regions of Factor H may
exert phenotypic effects indirectly via their influence on rep-
lication, transcription and/or translation. Certain polymor-
phisms in the Factor H gene may predispose an individual to
a distinct mutation that is causally related to a particular AMD
phenotype. Alternatively, as noted above, a polymorphism in
the CFH gene, or in a CFHRS, may be linked to a variation in
a neighboring gene (including but not limited to CFHR-1, 2,
3, or 4). The variation in the neighboring gene may resultin a
change in expression or form of an encoded protein and have
detrimental or protective effects in the carrier.

[0171]

[0172] Polymorphisms are detected in a target nucleic acid
isolated from an individual being assessed. Typically
genomic DNA is analyzed. For assay of genomic DNA, vir-
tually any biological sample containing genomic DNA or
RNA, e.g., nucleated cells, is suitable. For example, in the
experiments described in Example 1, genomic DNA was
obtained from peripheral blood leukocytes collected from
case and control subjects (QlAamp DNA Blood Maxi kit,
Qiagen, Valencia, Calif.). Other suitable samples include
saliva, cheek scrapings, biopsies of retina, kidney or liver or
other organs or tissues; skin biopsies; amniotic fluid or CVS
samples; and the like. Alternatively RNA or cDNA can be
assayed. Alternatively, as discussed below, the assay can
detect variant Factor H proteins. Methods for purification or
partial purification of nucleic acids or proteins from patient
samples for use in diagnostic or other assays are well known.

A. Preparation of Samples for Analysis

[0173] B. Detection of Polymorphisms in Target Nucleic
Acids
[0174] The identity of bases occupying the polymorphic

sites in the Factor H gene and the Factor H-Related 5 gene
shown in TABLES 1A, 1B, 1C, 11, 14 and 15, as well as
others in the dbSNP collection that are located in or adjacent
to the Factor H or CFHRS genes (see lists above), can be
determined in an individual, e.g., in a patient being analyzed,
using any of several methods known in the art. Examples
include: use of allele-specific probes; use of allele-specific
primers; direct sequence analysis; denaturing gradient gel
electropohoresis (DGGE) analysis; single-strand conforma-
tion polymorphism (SSCP) analysis; and denaturing high
performance liquid chromatography (DHPLC) analysis.
Other well known methods to detect polymorphisms in DNA
include use of: Molecular Beacons technology (see, e.g.,
Piatek et al., 1998, Nat. Biotechnol. 16:359-63; Tyagi, and
Kramer, 1996, Nat. Biotechnology 14:303-308; and Tyagi, et
al., 1998, Nat. Biotechnol. 16:49-53), Invader technology
(see, e.g., Neri et al., 2000, Advances in Nucleic Acid and
Protein Analysis 3826:117-125 and U.S. Pat. No. 6,706,471),
nucleic acid sequence based amplification (Nasba) (Comp-
ton, 1991), Scorpion technology (Thelwell et al., 2000, Nuc.
Acids Res, 28:3752-3761 and Solinas et al., 2001, “Duplex
Scorpion primers in SNP analysis and FRET applications”
Nuc. Acids Res, 29:20.), restriction fragment length polymor-
phism (RFLP) analysis, and the like. Additional methods will
be apparent to the one of skill.
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[0175] The design and use of allele-specific probes for ana-
lyzing polymorphisms are described by e.g., Saiki et al.,
1986; Dattagupta, EP 235,726, Saiki, WO 89/11548. Briefly,
allele-specific probes are designed to hybridize to a segment
of target DNA from one individual but not to the correspond-
ing segment from another individual, if the two segments
represent different polymorphic forms. Hybridization condi-
tions are chosen that are sufficiently stringent so that a given
probe essentially hybridizes to only one of two alleles. Typi-
cally, allele-specific probes are designed to hybridize to a
segment of target DNA such that the polymorphic site aligns
with a central position of the probe.

[0176] Exemplary allele-specific probes for analyzing Fac-
tor H polymorphisms are shown in TABLE 16A. Using the
polymorphism dbSNP No. rs1061170 as an illustration,
examples of allele-specific probes include: 5'-TTTCTTC-
CATAATTTTG-3'[SEQID NO:234] (reference allele probe)
and 5-TTTCTTCCATGATTTTG-3' [SEQ ID NO:235]
(variant allele probe); and 5'-TAATCAAAATTATGGAA-3'
[SEQ ID NO:232] (reference allele probe) and 5'-TAAT-
CAAAATCATGGAA-3' [SEQ ID NO:233] (variant allele
probe). In this example, the first set of allele-specific probes
hybridize to the non-coding strand of the Factor H gene
spanning the exon 9 polymorphism. The second set of allele-
specific probes hybridize to the coding strand of the Factor H
spanning the exon 9 polymorphism. These probes are 17
bases in length. The optimum lengths of allele-specific probes
can be readily determined using methods known in the art.
[0177] Allele-specific probes are often used in pairs, one
member of a pair designed to hybridize to the reference allele
of'atarget sequence and the other member designed to hybrid-
ize to the variant allele. Several pairs of probes can be immo-
bilized on the same support for simultaneous analysis of
multiple polymorphisms within the same target gene
sequence.

[0178] The design and use of allele-specific primers for
analyzing polymorphisms are described by, e.g., WO
93/22456 and Gibbs, 1989. Briefly, allele-specific primers are
designed to hybridize to a site on target DNA overlapping a
polymorphism and to prime DNA amplification according to
standard PCR protocols only when the primer exhibits perfect
complementarity to the particular allelic form. A single-base
mismatch prevents DNA amplification and no detectable
PCR product is formed. The method works best when the
polymorphic site is at the extreme 3'-end of the primer,
because this position is most destabilizing to elongation from
the primer.

[0179] Exemplary allele-specific primers for analyzing
Factor H polymorphisms are shown in TABLE 16B. Using
the polymorphism dbSNP No. rs1061170 as an illustration,
examples of allele-specific primers include:
5'-CAAACTTTCTTCCATA-3'[SEQID NO:294] (reference
allele primer) and 5'-CAAACTTTCTTCCATG-3' [SEQ ID
NO:295] (variant allele primer); and 5'-GGATATAAT-
CAAAATT-3' [SEQ ID NO:292] (reference allele primer)
and 5'-GGATATAATCAAAATC-3' [SEQ ID NO:293] (vari-
ant allele primer). In this example, the first set of allele-
specific primers hybridize to the non-coding strand of the
Factor H gene directly adjacent to the polymorphism in exon
9, with the last nucleotide complementary to the reference or
variant polymorphic allele as indicated. These primers are
used in standard PCR protocols in conjunction with another
common primer that hybridizes to the coding strand of the
Factor H gene at a specified location downstream from the
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polymorphism. The second set of allele-specific primers
hybridize to the coding strand of the Factor H gene directly
adjacent to the polymorphic site in exon 9, with the last
nucleotide complementary to the reference or variant poly-
morphic allele as indicated. These primers are used in stan-
dard PCR protocols in conjunction with another common
primer that hybridizes to the non-coding strand of the Factor
H gene at a specified location upstream from the polymor-
phism. The common primers are chosen such that the result-
ing PCR products can vary from about 100 to about 300 bases
in length, or about 150 to about 250 bases in length, although
smaller (about 50 to about 100 bases in length) or larger
(about 300 to about 500 bases in length) PCR products are
possible. The length of the primers can vary from about 10 to
30 bases in length, or about 15 to 25 bases in length. The
sequences of the common primers can be determined by
inspection of the Factor H genomic sequence, which is found
under GenBank accession number AL049744.

[0180] Many of the methods for detecting polymorphisms
involve amplifying DNA or RNA from target samples (e.g.,
amplifying the segments of the Factor H gene of an individual
using Factor H-specific primers) and analyzing the amplified
gene. This can be accomplished by standard polymerase
chain reaction (PCR & RT-PCR) protocols or other methods
known in the art. The amplifying may result in the generation
of Factor H allele-specific oligonucleotides, which span the
single nucleotide polymorphic sites in the Factor H gene. The
Factor H-specific primer sequences and Factor H allele-spe-
cific oligonucleotides may be derived from the coding (ex-
ons) or non-coding (promoter, 5' untranslated, introns or 3'
untranslated) regions of the Factor H gene.

[0181] Amplification products generated using PCR can be
analyzed by the use of denaturing gradient gel electrophoresis
(DGGE). Different alleles can be identified based on
sequence-dependent melting properties and electrophoretic
migration in solution. See Erlich, ed., PCR Technology, Prin-
ciples and Applications for DNA Amplification, Chapter 7
(W.H. Freeman and Co, New York, 1992).

[0182] Alleles of target sequences can be differentiated
using single-strand conformation polymorphism (SSCP)
analysis. Different alleles can be identified based on
sequence- and structure-dependent electrophoretic migration
of single stranded PCR products (Orita et al., 1989). Ampli-
fied PCR products can be generated according to standard
protocols, and heated or otherwise denatured to form single
stranded products, which may refold or form secondary struc-
tures that are partially dependent on base sequence.

[0183] Alleles of target sequences can be differentiated
using denaturing high performance liquid chromatography
(DHPLC) analysis. Different alleles can be identified based
on base differences by alteration in chromatographic migra-
tion of single stranded PCR products (Frueh and Noyer-
Weidner, 2003). Amplified PCR products can be generated
according to standard protocols, and heated or otherwise
denatured to form single stranded products, which may refold
or form secondary structures that are partially dependent on
the base sequence.

[0184] Direct sequence analysis of polymorphisms can be
accomplished using DNA sequencing procedures that are
well-known in the art. See Sambrook et al., Molecular Clon-
ing, A Laboratory Manual (2nd Ed., CSHP, New York 1989)
and Zyskind et al., Recombinant DNA Laboratory Manual
(Acad. Press, 1988).
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[0185] A wide variety of other methods are known in the art
for detecting polymorphisms in a biological sample. See, e.g.,
Ullman et al. “Methods for single nucleotide polymorphism
detection” U.S. Pat. No. 6,632,606; Shi, 2002, “Technologies
for individual genotyping: detection of genetic polymor-
phisms in drug targets and disease genes” Am J Pharmaco-
genomics 2:197-205; Kwok et al., 2003, “etection of single
nucleotide polymorphisms” Curr Issues Biol. 5:43-60).

[0186] It will be apparent to the skilled practitioner guided
by this disclosure than various polymorphisms and haplo-
types can be detected to assess the propensity of an individual
to develop a Factor H related condition. The following
examples and combinations, and others provided herein, are
provided for illustration and not limitation. In one aspect of
the invention, the allele of the patient at one of more of the
following polymorphic sites in the Factor H gene is deter-
mined: rs529825; rs800292; rs3766404; rs1061147,
rs1061170; and rs203674. In one embodiment the allele of the
patient at rs529825 is determined. In one embodiment the
allele ofthe patient at rs800292 is determined. In one embodi-
ment the allele of the patient at rs3766404 is determined. In
one embodiment the allele of the patient at rs1061147 is
determined. In one embodiment the allele of the patient at
rs1061170 is determined. In one embodiment the allele of the
patient at rs203674 is determined. In one embodiment at least
one of rs529825 and rs800292 is determined. In one embodi-
ment at least one of rs1061147, rs1061170 and rs203674 is
determined. In one embodiment at least one of rs529825 and
rs800292 is determined, rs3766404 is determined, and at least
one of rs1061147, rs1061170 and rs203674 is determined. In
one embodiment alleles at rs529825, rs800292, rs3766404,
rs1061170 and rs203674 are determined. The aforemen-
tioned polymorphisms and combinations of polymorphisms
are provided herein for illustration and are not intended to
limit the invention in any way. That is, other polymorphisms
and haplotypes useful in practicing the invention will be
apparent from this disclosure.

[0187] In a related aspect of the invention, the allele of the
patient at one of more of the following polymorphic sites in
the Factor H gene is determined: rs529825; rs800292; intron
2 (IVS2 or insTT); rs3766404; rs1061147; rs1061170; exon
10A; rs203674; rs375046; and exon 22 (1210). In one
embodiment the allele of the patient at rs529825 is deter-
mined. In one embodiment the allele of the patient at
rs800292 is determined. In one embodiment the allele of the
patient at intron 2 is determined. In one embodiment the allele
of'the patient at rs3766404 is determined. In one embodiment
the allele of the patient at rs1061147 is determined. In one
embodiment the allele of the patient at rs1061170 is deter-
mined. In one embodiment the allele of the patient at exon
10A is determined. In one embodiment the allele of the
patient at rs203674 is determined. In one embodiment the
allele ofthe patient at rs375046 is determined. In one embodi-
ment the allele of the patient at exon 22 (1210) is determined.
In one embodiment at least one of rs529825 and rs800292 is
determined; intron 2 is determined; rs3766404 is determined;
at least one of rs1061147, rs1061170 and rs203674 is deter-
mined; exon 10A is determined; rs375046 is determined; and
exon 22 (1210) is determined. In one embodiment alleles at
rs529825, rs800292, intron 2; rs3766404, rs1061170, exon
10A, rs203674, rs375046, and exon 22 (1210) are deter-
mined. In one embodiment one, two, three, four five, or more
than five of the following polymorphic sites in the Factor H
gene is determined: rs529825; rs800292; intron 2 (IVS2 or
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insTT); rs3766404; rs1061147; rs1061170; rs2274700; exon
10A; rs203674; rs375046; and exon 22 (1210). The afore-
mentioned polymorphisms and combinations of polymor-
phisms are provided for illustration and are not intended to
limit the invention in any way.

[0188] As discussed above, the non-synonymous polymor-
phism at amino acid position 1210 in exon 22 of the Factor H
gene is strongly associated with AMD, and the presence of
cysteine at amino acid position 1210 of Factor H, therefore,
provides a strong indication that the individual has AMD or is
likely to develop AMD. Remarkably, 1210C is indicative of
propensity to develop AMD or other complement mediated
conditions even when detected on allele that is otherwise
protective (e.g., Y402). Thus, the allele of the patient at exon
22 (1210) is highly informative with respect to risk of devel-
oping AMD or other Factor H-associated diseases.

[0189] In a related aspect of the invention, the allele of an
individual at one of more of the following polymorphic sites
in the CFHRS gene is determined: rs9427661 (-249T>C);
rs9427662 (-20T>C); and rs12097550 (P46S). In one
embodiment the allele of the patient at rs9427661 is deter-
mined. In one embodiment the allele of the patient at
rs9427662 is determined. In one embodiment the allele of the
patient at rs12097550 is determined. In one embodiment at
least one of rs9427661 and rs9427662 is determined. In one
embodiment at least one of rs9427661 and rs9427662 is
determined, and rs12097550 is determined. In one embodi-
ment rs9427661, rs9427662 and rs12097550 is determined.
The aforementioned polymorphisms and combinations of
polymorphisms are provided for illustration and are not
intended to limit the invention in any way. That is, other
polymorphisms and haplotypes useful in practicing the inven-
tion will be apparent from this disclosure.

[0190] C. Detection of Protein Variants

[0191] Inone embodiment of the invention, a protein assay
is carried out to characterize polymorphisms in a subject’s
CFH or CFHRS genes. Methods that can be adapted for
detection of variant CFH, HFL1 and CFHRS are well known.
These methods include analytical biochemical methods such
as electrophoresis (including capillary electrophoresis and
two-dimensional electrophoresis), chromatographic methods
such as high performance liquid chromatography (HPLC),
thin layer chromatography (TLC), hyperdiffusion chroma-
tography, mass spectrometry, and various immunological
methods such as fluid or gel precipitin reactions, immunod-
iffusion (single or double), immunoelectrophoresis, radioim-
munoassay (RIA), enzyme-linked immunosorbent assays
(ELISAs), immunofluorescent assays, western blotting and
others.

[0192] For example, a number of well established immu-
nological binding assay formats suitable for the practice of
the invention are known (see, e.g., Harlow, E.; Lane, D. Anti-
bodies: a laboratory manual. Cold Spring Harbor, N.Y: Cold
Spring Harbor Laboratory; 1988; and Ausubel et al., (2004)
Current Protocols in Molecular Biology, John Wiley & Sons,
New York N.Y. The assay may be, for example, competitive or
non-competitive. Typically, immunological binding assays
(or immunoassays) utilize a “capture agent” to specifically
bind to and, often, immobilize the analyte. In one embodi-
ment, the capture agent is a moiety that specifically binds to a
variant CFH or CFHRS polypeptide or subsequence. The
bound protein may be detected using, for example, a detect-
ably labeled anti-CFH/CFHRS antibody. In one embodiment,
at least one of the antibodies is specific for the variant form
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(e.g., does not bind to the wild-type CFH or CFHRS polypep-
tide. In one embodiment, the variant polypeptide is detected
using an immunoblot (Western blot) format.

[0193] D. Patient Screening/Diagnosis of AMD

[0194] Polymorphisms in the Factor H gene, such as those
shownin TABLE 1A, TABLE 1B, TABLE 1C oridentified as
described herein, which correlate with AMD or with particu-
lar subtypes of AMD, are useful in diagnosing AMD or spe-
cific subtypes of AMD, or susceptibility thereto. Polymor-
phisms in the CFHRS gene, such as those shown in TABLES
14 and 15 or identified as described herein, which correlate
with AMD or with particular subtypes of AMD, are useful in
diagnosing AMD or specific subtypes of AMD, or suscepti-
bility thereto. These polymorphisms are also useful for
screening for MPGNII and other Factor H-associated dis-
eases.

[0195] Individuals identified as at high risk for developing
AMD can take steps to reduce risk, including frequent opthal-
mological examinations and treatments described below,
known in the art, or developed in the future.

[0196] As described in Example 1, an at-risk CFH haplo-
type in combination with a triggering event (e.g., infection)
appears to be sufficient for disease manifestation. Patients
identified as at-risk for AMD can receive aggressive therapy
(e.g., using antibiotics, anti-inflamatory agents, treatment
with protective forms of CFH/CFHRS, or treatment with
other modulators of CFH activity) at early signs of infection.
[0197] Combined detection of several such polymorphic
forms (i.e., the presence or absence of polymorphisms at
specified sited), for example, 1,2, 3,4, 5,6, 7, 8,9, 10, or all
of the polymorphisms in the Factor H gene listed in TABLE
1A, TABLE 1B and/or TABLE 1C, alone or in combination
with additional Factor H gene polymorphisms not included in
TABLES 1A-1C, may increase the probability of an accurate
diagnosis. Similarly, combined detection of several polymor-
phic forms in the CFHRS gene, for example, 1,2,3,4, 5,6, 7,
8,9, 10, or all of the polymorphisms in the CHFRS gene listed
in TABLES 14 and 15, alone or in combination with addi-
tional CFHRS gene polymorphisms not included in TABLES
14 and 15, may increase the probability of an accurate diag-
nosis. In one embodiment, screening involves determining
the presense or absense of at least one polymorphism in the
Factor H gene and at least one polymorphism in the CFHRS
gene. In one embodiment, screening involves determining the
presense or absense of at least 2, 3, or 4 polymorphisms in the
Factor H gene in combination with and at least 2, 3, or 4
polymorphisms in the CFHRS gene.

[0198] The polymorphisms in the Factor H and CFHRS
genes are useful in diagnosing AMD or specific subtypes of
AMD, or susceptibility thereto, in family members of patients
with AMD, as well as in the general population.

[0199] In diagnostic methods, analysis of Factor H poly-
morphisms and/or CFHRS polymorphisms can be combined
with analysis of polymorphisms in other genes associated
with AMD, detection of protein markers of AMD (see, e.g.,
Hageman et al., patent publications US20030017501;
US20020102581; WO0184149; and WO0106262), assess-
ment of other risk factors of AMD (such as family history),
with opthalmological examination, and with other assays and
procedures.

[0200] E) Identification of Patients for Drug Therapy
[0201] Polymorphisms in the Factor H gene and CFHRS
gene are also useful for identifying suitable patients for con-
ducting clinical trials for drug candidates for AMD. Such
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trials are performed on treated or control populations having
similar or identical polymorphic profiles at a defined collec-
tion of polymorphic sites in the Factor H gene and/or CFHRS
gene, or having similar or identical Factor H haplotypes and/
or CFHRS haplotypes. The use of genetically matched popu-
lations eliminates or reduces variation in treatment outcome
due to genetic factors, leading to a more accurate assessment
of the efficacy of a potential drug.

[0202] F) Screening Donor Tissue for Transplantation

[0203] Transplantation of organs (e.g., liver) and tissues
(e.g., blood, hepatocytes) is increasingly common. It is desir-
able, in carrying out such transplantation, to avoid introduc-
ing into the recipient a deleterious form of Factor H or a
Factor H-Related Protein and thereby increasing the recipi-
ent’s risk of developing AMD. Thus, in one aspect of the
invention, a donor tissue is tested to detect the presence or
absence of a variation at a polymorphic site of a Factor H or
CFHRS gene to identify host tissues carrying risk haplotypes
or other deleterious sequences. In addition or alternatively,
organs and tissues can be tested for the expression of forms of
Factor H or CFHR proteins, for example by using immuno-
logical assays as described herein. In one embodiment the
transplanted tissue is blood or plasma (i.e., given in a blood
transfusion or plasma replacement). Routine screening of
donated blood to avoid administration of a protein associated
with risk (e.g., the 1210C form of CFH) may avoid compro-
mising the recipient.

[0204] @) Phenotypic Categories

[0205] Susceptibility to specific subtypes of AMD can be
identified based on the association with particular haplotypes.
Thus, the screening can be used to determine suitable thera-
pies for groups of patients with different genetic subtypes of
AMD.

[0206] Themethods may be used forthe diagnosis of AMD,
which may be subdivided into phenotypic categories (for
example, early AMD (ARM) geographic atrophy (GA) and
exudative AMD (CNV)). The ARM and GA phenotypes may
be further subdivided into distinct phenotypes (for example,
RPE changes alone, >10 macular hard drusen, macular soft
drusen, BB (cuticular) drusen, pigment epithelial detachment
(PED), “Cherokee” atrophy, peninsular geographic atrophy
and pattern geographic atrophy). For descriptions of these
phenotypes see, e.g., Bird et al., 1995, Sury Ophthalmol 39,
367-74; and Klaver et al., 2001, Invest Ophthalmol Vis Sci 42,
2237-41.

[0207] H) Other Diseases

[0208] Polymorphisms in the Factor H and CFHRS gene,
such as those shown in TABLES 1A, 1B, 1C, 11, 14 and 15,
can also be tested for association with other diseases, (for
example, Alzheimer’s disease, multiple sclerosis, lupus, and
asthma) and conditions (for example, burn injuries, trans-
plantation, and stroke) which involve dysregulation of the
alternative complement pathway, that have known but hith-
erto unmapped genetic components. Without being limited to
any particular mechanism of action, it is suggested herein that
expression of variant Factor H and/or CFHRS polypeptides is
associated with dysregulation of the alternative complement
pathway. The variant forms of Factor H and/or CHFRS may
have a causal effect on diseases involving a defect in the
alternative complement pathway, or the presence of variant
forms of Factor H and/or CFHRS may indicate that another
gene involved in the alternative complement pathway has a
causal effect.
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[0209] Polymorphisms in the Factor H gene may also be
useful in mapping and treating diseases that map to chromo-
some 1q, in particular at or near 1q32 where the Factor H gene
is located. This particular locus contains a number of comple-
ment pathway-associated genes. One group of these genes,
referred to as the regulators of complement activation (RCA)
gene cluster, contains the genes that encode Factor H, five
Factor H-related genes and the beta subunit of coagulation
factor XIII. A second cluster of complement-associated
genes, including C4BPA, C4BPB, C4BPAL2, DAF (CDS55)
CR1, CR2, CR1L and MCP (CD46) lies immediately adja-
cent to the 1¢q25-31 locus.

VIII. Prevention and Treatment of AMD

[0210] A patient with a Factor H polymorphism can be
treated by administering to a patient an antagonist of the
variant Factor H polypeptide and/or variant CHFRS polypep-
tide. An antagonist may include a therapeutic amount of an
RNA complementary to the nucleotide sequence of a variant
Factor H polypeptide and/or variant CHFRS polypeptide or
an antibody that specifically interacts with and neutralizes the
activity of a variant Factor H polypeptide and/or variant
CHFRS polypeptide. Alternatively, AMD associated with the
Factor H polymorphism and/or CFHRS polymorphism can be
treated by administering to a patient a form of Factor H and/or
CHFRS not associated with increased risk, such as the normal
or wild-type Factor H protein and/or normal or wild-type
CHFRS polypeptide. In one method of the invention, a pro-
tective variant form of Factor H and/or protective variant form
of CHFRS is administered to a patient.

[0211] Therapeutic and prophylactic approaches in sub-
jects identified as being at high risk for AMD include, but are
not limited to, (1) increasing the amount or expression of
neutral or protective forms of Factor H and/or neutral or
protective forms of CHFRS; (2) decreasing the amount or
expression of risk-associated forms of Factor H and/or risk-
associated form of CHFRS; and (3) reducing activation of the
complement alternative pathway. Examples of such therapeu-
tic and prophylactic approaches include: (1) administration of
neutral or protective forms of Factor H protein or therapeuti-
cally active fragments and/or neutral or protective forms of
CHFRS or therapeutically active fragments; (2) other wise
increasing expression or activity of neutral and protective
forms of Factor H; (3) interfering with expression of variant
Factor H and/or variant CFHRS proteins encoded by indi-
viduals with a risk haplotype by (e.g., by administration of
antisense RNA); (4) reducing the amount of activity of a
detrimental variant form.

[0212] Therapeutic agents (e.g., agents that increase or
decrease levels of wild-type or variant Factor H or modulate
its activity and/or agents that increase or decrease levels of
wild-type or variant CFHRS or modulate its activity) can be
administered systemically (e.g., by i.v. injection or infusion)
or locally (e.g., to the vicinity of the ocular RPE for treatment
of AMD). Methods for administration of agents to the eye are
well known in the medical arts and can be used to administer
AMD therapeutics described herein. Exemplary methods
include intraocular injection (e.g., retrobulbar, subretinal,
intravitreal and intrachoridal), iontophoresis, eye drops, and
intraocular implantation (e.g., intravitreal, sub-Tenons and
sub-conjunctival). For examples, anti-VEGF antibody has
been introduced into cynomolgus monkeys by intravitreal
injection (see, e.g., Gaudreault et al., 2005, “Preclinical phar-
macokinetics of Ranibizumab (rhuFabV2) after a single
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intravitreal administration” Invest Ophthalmol Vis Sci.
46:726-33), and bioactive VEGF and bFGF have been
expressed in the eye via intravitreal implantation of sustained
release pellets (Wong et al., 2001, “Intravitreal VEGF and
bFGF produce florid retinal neovascularization and hemor-
rhage in the rabbit” Curr Eye Res. 22:140-7). Importantly, it
has been discovered that Factor H is synthesized locally by
the retinal pigment epithelium (see Example 1), indicating
that local administration of agents has therapeutic benefit.

[0213] A.Administration of Therapeutic Factor H Polypep-
tides
[0214] Administration of neutral or protective forms of

Factor H polypeptides and/or neutral or protective forms of
CFHRS polypeptides to subjects at risk for developing AMD
(and/or with early stage disease) can be used to ameliorate the
progression of the disease.

[0215] Inone approach, recombinant Factor H polypeptide
is administered to the patient. In one embodiment, the recom-
binant Factor H is encoded by a neutral haplotype sequence,
which may be full-length (CFH/HF1), truncated (FHL1), or
alternatively spliced form, or a biologically active fragment
thereof. In another embodiment the recombinant Factor H has
the sequence of a protective allele, either full-length or trun-
cated form, or a protective biologically active fragment
thereof. Methods for production of therapeutic recombinant
proteins are well known and include methods described here-
inbelow. The therapeutic polypeptide can be administered
systemically (e.g., intravenously or by infusion) or locally
(e.g., directly to an organ or tissue, such as the eye or the
liver).

[0216] Some protective forms of Factor H and the CHFL1
protein are less than full-length. For example, fragments of
neutral or protective forms of Factor H may be administered
for treatment or prevention of AMD or MPGNII. In a particu-
lar embodiment, polypeptides encoded by CFH splice vari-
ants expressed in individuals with a protected phenotype are
administered. These proteins can be identified by screening
expression of CFH-related RNA in individuals homozygous
for a protective or neutral haplotype.

[0217] In particular embodiments, the protective protein
has a sequence corresponding to one or more exons of the
CFH gene sequence. For example, the protective protein may
have the sequence of full-length or truncated CFH protein,
except that the amino acid residues encoded by 1, 2, 3 or more
exons (which may or may not be contiguous) are deleted.
[0218] In one embodiment a protective Factor H protein of
the invention has an amino acid sequence substantially iden-
tical to SEQ ID NO:2, with the proviso that the residue at
position 402 is not histidine and the residue at position 1210
is not cysteine. In one embodiment the residue at position 62
is not valine. Preferably, the residue at position 62 is isoleu-
cine. Preferably the residue at position 62 is isoleucine, the
residue at position 402 is tyrosine and the residue at position
1210 is arginine. Preferably the protective Factor H protein
has 95% amino acid identity to SEQ ID NO:2 or a fragment
thereof; sometimes at least 95% amino acid identity, some-
times at least 98% amino acid identity, and sometimes at least
99% identity to the reference Factor H polypeptide of SEQ ID
NO:2. The polypeptide sequence of an exemplary protective
variant of human Factor H [SEQ ID NO:5] is shown in FIG.
10. This protective variant Factor H polypeptide has an iso-
leucine at amino acid position 62 and a tyrosine at amino acid
position 402 (indicated in bold). The polypeptide sequence of
an exemplary protective variant of HFL1, the truncated form
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of human Factor H (SEQ ID NO:6) is shown in FIG. 11. This
protective variant truncated Factor H polypeptide has a iso-
leucine at amino acid position 62 and tyrosine at amino acid
position 402 (indicated in bold).

[0219] Inone embodiment a protective Factor H protein of
the invention has an amino acid sequence substantially iden-
tical to SEQ ID NO:4 (FHL1). In one embodiment the residue
at position 62 is not valine. Preferably, the residue at position
62 is isoleucine. Preferably the protective Factor H protein
has 95% amino acid identity to SEQ ID NO:4 or a fragment
thereof; sometimes at least 95% amino acid identity, some-
times at least 98% amino acid identity, and sometimes at least
99% identity to the reference Factor H polypeptide of SEQ ID
NO:4.

[0220] In some embodiments the protective Factor H pro-
tein has one or more activities of the reference Factor H
polypeptide. In one embodiment the activity is binding to
heparin. In one embodiment the activity is binding to CRP. In
one embodiment the activity is binding to C3b. In one
embodiment the activity is binding to endothelial cell sur-
faces. In one embodiment the activity is C3b co-factor activ-
ity. In one embodiment, the protective Factor H protein has
activity that is higher with respect to its normal function than
the protein of SEQ ID NO:2. In one embodiment, the protec-
tive Factor H protein has activity with respect to its normal
function that is higher than the protein of SEQ ID NO:4.
[0221] Assays for Factor H activities are well known and
described in the scientific literature. For illustration and not
limitation, examples of assays will be described briefly.

Binding of Protective Proteins (CFH Variants) to C3b or CRP.

[0222] Interactions between C3b and CFH proteins can be
analyzed by surface resonance using a Biacore 3000 system
(Biacore AB, Uppsala, Sweden), as described previously
(Manuelian et al., 2003, Mutations in factor H reduce binding
affinity to C3b and heparin and surface attachment to endot-
helial cells in hemolytic uremic syndrome. J Clin Invest 111,
1181-90). In brief, C3b (CalBiochem, Inc), are coupled using
standard amine-coupling to flow cells of a sensor chip (Car-
boxylated Dextran Chip CMS, Biacore AB, Uppsala, Swe-
den). Two cells are activated and C3b (50 pg/ml, dialyzed
against 10 mM acetate buffer, pH 5.0) is injected into one flow
cell until a level of coupling corresponding to 4000 resonance
units is reached. Unreacted groups are inactivated using etha-
nolamine-HCI. The other cell is prepared as a reference cell
by injecting the coupling buffer without C3b. Before each
binding assay, flow cells will be washed thoroughly by two
injections of 2 M NaCl in 10 mM acetate buffer, pH 4.6 and
running buffer (PBS, pH 7.4). The Factor H protein is injected
into the flow cell coupled with C3b or into the control cell at
a flow rate of 5 ul/min at 25° C. Binding of Factor Hto C3b is
quantified by measuring resonance units over time, as
described in Manuelian et al., 2003, supra.

[0223] Interactions between CRP and CHF proteins can be
analyzed by surface resonance in an identical manner by
substituting CRP for C3b in flow cells of a sensor chip

Binding to Endothelial Cell Surface

[0224] Binding of CHF proteins to endothelial cell surfaces
is assayed by immunofluorescence staining of HUVECs and
FACS analysis. HUVEC cells are kept in serum free DMEM
(BioWhittaker) for 24 hrs prior to the assay. Cells are
detached from the surface with DPBS/EDTA and washed
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twice with DPBS; 5x10° cells will be transferred into plastic
tubes and unspecific binding sites will be blocked with 1%
BSA/DPBS for 15 min prior to incubation with purified allele
variants of factor H (5 pg). Controls are performed in the
absence of the factor H isoform. Following binding of factor
H, cells are thoroughly washed with DPBS. Polyclonal goat
anti-human FH antiserum is used as a primary antibody (Cal-
Biochem) (diluted 1:100), incubating cells at 4° C. for 15
minutes. Alexa-fluor 488-conjugated goat antiserum diluted
1:100 in blocking buffer is used as the secondary antibody.
Cells are examined by flow cytometry (FACScalibur, Becton-
Dickinson Immunocytometry, Mountain View, Calif., USA).
Typicallly, 10,000 events are counted.

Cofactor Activity in Fluid Phase

[0225] For the fluid phase cofactor assay, C3b biotin (100
ng/reaction), Factor I (200 ng/reaction) and 100 ng of purified
factor H are used in a total volume of 30 pl. Samples taken
before and after addition of Factor I are separated by SDS-
PAGE under reducing conditions and analyzed by Western
blotting, detecting and quantitating C3b degradation products
by Strepavidin-POD-conjugation (1:10000). C3b (40 ug)
(CalBiochem) is biotinylated using the Biotin Labeling Kit
(Roche Diagnostics, Mannheim, Germany), according to the
manufacturer’s instructions. In brief, 30 pug of C3b (CalBio-
chem) is labeled with D-biotinyl-epsilon-aminocaproic acid-
N-hydroxysuccinimide ester for 2 hours at 25° C. Excess
biotin is removed by gel filtration using a PBS equilibrated
PD10 column (Amersham Biosciences). Also see Sanchez-
Corral et al., 2002, Am J. Hum. Genet. 71:1285-95.

Heparin Binding Assay

[0226] Binding of purified CFH proteins (CFH402Y and
CFH402H) to heparin is analyzed using heparin affinity chro-
matography in a high-performance liquid chromatograph
(HPLC) system. 10 pug of CFH protein is diluted in 1/2xPBS
and applied to a heparin-Sepharose affinity column (HiTrap,
Amersham Biosciences) at a flow rate of 0.5 ml/min. The
column is extensively washed with 1/2xPBS, and the bound
CFH protein eluted using a linear salt gradient ranging from
75 to 500 mM NaCl, in a total volume of 10 ml and at a flow
rate of 0.5 ml/min. Eluted fractions are assayed by SDS-
PAGE and Western blot analysis. Elution of isoforms in dif-
ferent fractions is indicative that specific amino acid varia-
tions in the CFH protein can modulate binding of the protein
to heparin. Also see, e.g., Pangburn et al., 1991, Localization
of the heparin-binding site on complement Factor H, J Bio/
Chem. 266:16847-53.

CFHRS5 Administration

[0227] Inanother approach, recombinant CFHRS polypep-
tide is administered to the patient. In one embodiment, the
recombinant CFHRS has a neutral-type sequence, or a bio-
logically active fragment thereof. In another embodiment the
recombinant CFHRS has the sequence of a protective allele,
or a protective biologically active fragment thereof. Methods
for production of therapeutic recombinant proteins are well
known and include methods described hereinbelow. The
therapeutic polypeptide can be administered systemically
(e.g., intravenously or by infusion) or locally (e.g., directly to
an organ or tissue, such as the eye or the liver).
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Therapeutic Compositions Containing CFH or CFHRS
Polypeptides

[0228] The invention provides therapeutic preparations of
Factor H polypeptides, which may be wild-type or variants
(e.g., neutral or protective variants), and may be full length
forms, truncated forms, or biologically active fragments of
the variant Factor H polypeptides. As described herein, pro-
tective Factor H proteins (and genes encoding them) can be
identified by identifying an individual as having a protective
haplotype and determining the amino acid sequence(s) of
Factor H encoded in the genome of the individual, where a
protective Factor H protein is encoded by an allele having a
protective haplotype. Biologically active fragments may
include any portion of the full-length Factor H polypeptide
which confers a biological function on the variant protein. In
some cases, a protective haplotype will be associated with
expression of a less-than full length form of Factor H (i.e., in
addition to FHL-1) due, for example, to the presense of a
premature stop codon in the gene.

[0229] Therapeutically active fragments can also be iden-
tified by testing the effect of the protein on expression of
AMD biomarkers. Exemplary AMD biomarkers include
complement pathway components (for example, Factor I,
Factor H, Clr, C3, C3a), C reactive protein, haptoglobin,
apolipoprotein E, immunoglobulin heavy or light chain(s),
alpha 1 antitrypsin, alpha 2 macroglobulin, transthyretin,
creatinine, and others described in copending provisional
application No. 60/715,503 entitled “Biomarkers Associated
With Age-Related Macular Degeneration.”

[0230] The invention provides therapeutic preparations of
CFHRS polypeptides, which may be wild-type or variants
(e.g., neutral or protective variants), and may be full length
forms or biologically active fragments of the variant CFHRS
polypeptides. As described herein, protective CFHRS pro-
teins (and genes encoding them) can be identified by identi-
fying an individual as having a protective haplotype and
determining the amino acid sequence(s) of CFHRS encoded
in the genome of the individual, where a protective CFHRS
protein is encoded by an allele having a protective haplotype.
Biologically active fragments may include any portion of the
full-length CFHRS polypeptide which confers a biological
function on the variant protein. Therapeutically active frag-
ments can also be identified by testing the effect of the protein
on expression of AMD biomarkers as described above for
Factor H.

[0231] Some forms of Factor Hand CFHRS can be isolated
from the blood of genotyped donors, from cultured or trans-
formed RPE cells derived from genotyped ocular donors, or
from cell lines (e.g., glial or hepatic) that express endogenous
Factor H. Alternatively, therapeutic proteins can be recombi-
nantly produced (e.g., in cultured bacterial or eukaryotic
cells) and purified using methods well known in the art and
described herein. As noted above, some forms of Factor Hand
CFHRS have been recombinantly expressed for research pur-
poses. However, such research preparations are not suitable
for therapeutic use. The present invention provides recombi-
nant polypeptides suitable for administration to patients
including polypeptides that are produced and tested in com-
pliance with the Good Manufacturing Practice (GMP)
requirements. For example, recombinant polypeptides sub-
jectto FDA approval must be tested for potency and identity,
bessterile, be free of extraneous material, and all ingredients in
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aproduct (i.e., preservatives, diluents, adjuvants, and the like)
must meet standards of purity, quality, and not be deleterious
to the patient.

[0232] The invention provides a composition comprising a
Factor H polypeptide or CFHRS polypeptide, and a pharma-
ceutically acceptable excipient or carrier. The term “pharma-
ceutically acceptable excipient or carrier” refers to a medium
that is used to prepare a desired dosage form of a compound.
A pharmaceutically acceptable excipient or carrier can
include one or more solvents, diluents, or other liquid
vehicles; dispersion or suspension aids; surface active agents;
isotonic agents; thickening or emulsifying agents; preserva-
tives; solid binders; lubricants; and the like. Remington’s
Pharmaceutical Sciences, Fifteenth Edition, E. W. Martin
(Mack Publishing Co., Easton, Pa., 1975) and Handbook of
Pharmaceutical Excipients, Third Edition, A. H. Kibbe ed.
(American Pharmaceutical Assoc. 2000), disclose various
carriers used in formulating pharmaceutical compositions
and known techniques for the preparation thereof. In one
embodiment, the pharmaceutically acceptable excipient is
not deleterious to a mammal (e.g., human patient) if admin-
istered to the eye (e.g., by intraocular injection). For intraocu-
lar administration, for example and not limitation, the thera-
peutic agent can be administered in a Balanced Salt Solution
(BSS) or Balanced Salt Solution Plus (BSS Plus) (Alcon
Laboratories, Fort Worth, Tex., USA). In a related aspect, the
invention provides a sterile container, e.g. vial, containing a
therapeutically acceptable Factor H protein, optionally a lyo-
philized preparation. Therapeutic Factor H proteins or
CFHRS polypeptides can be made recombinantly, as
described above. Alternatively, Factor H protein or CFHRS
polypeptide can be isolated from cultured RPE cells (e.g.,
primary cultures) or other cells that express Factor H or
CFHRS endogenously.

[0233] The amount of neutral or protective forms of Factor
H or truncated Factor H, or biologically active fragments
thereof, or neutral or protective forms of CFHRS, or biologi-
cally active fragments thereof, to be administered to an indi-
vidual can be determined. The normal plasma concentration
of Factor H varies between 116 and 562 micrograms/ml and
the half-life of Factor H in plasma is about 6% days (for a
recent review, see Esparza-Gordillo et al., 2004 “Genetic and
environmental factors influencing the human factor H plasma
levels” Immunogenetics 56:77-82). In one embodiment,
exogenous Factor H can be administered to an individual inan
amount sufficient to achieve a level similar to the plasma
concentration of Factor H in a healthy individual, i.e., an
amount sufficient to achieve a plasma level of from 50 to 600
mg/ml, such as from 100 to 560 mg/ml. The amount of Factor
H to be administered to an individual (e.g., a 160 pound
subject) can be, for example and not for limitation, from 10
milligrams to 5000 milligrams per dose, from 50 milligrams
to 2000 milligrams per dose, from 100 milligrams to 1500
milligrams per dose, from 200 milligrams to 1000 milligrams
per dose, or from 250 milligrams to 750 milligrams per dose.
The frequency with which Factor H can be administered to an
individual can be, for example and not for limitation, twice
per day, once per day, twice per week, once per week, once
every two weeks, once per month, once every two months,
once every six months, or once per year. The amount and
frequency of administration of Factor H to an individual can
be readily determined by a physician by monitoring the
course of treatment.
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[0234] B) Gene Therapy Methods

[0235] In another approach, Factor H protein or CFHRS
polypeptide is administered by in vivo expression of protein
encoded by exogenous polynucleotide (i.e., via gene
therapy). In one example, gene therapy involves introducing
into a cell a vector that expresses Factor H polypeptide or
biologically active fragment or CFHRS polypeptide or bio-
logically active fragment.

[0236] Vectors can be viral or nonviral. A number of vectors
derived from animal viruses are available, including those
derived from adenovirus, adeno-associated virus, retrovi-
ruses, pox viruses, alpha viruses, rhadboviruses, and papillo-
maviruses. Usually the viruses have been attenuated to no
longer replicate (see, e.g., Kay et al. 2001, Nature Medicine
7:33-40).

[0237] The nucleic acid encoding the Factor H polypeptide
or CFHRS polypeptide is typically linked to regulatory ele-
ments, such as a promoters and an enhancers, which drive
transcription of the DNA in the target cells of an individual.
The promoter may drive expression of the Factor H gene or
CFHRS gene in all cell types. Alternatively, the promoter may
drive expression of the Factor H gene or CFHRS gene only in
specific cell types, for example, in cells of the retina or the
kidney. The regulatory elements, operably linked to the
nucleic acid encoding the Factor H polypeptide or CFHRS
polypeptide, are often cloned into a vector.

[0238] As will be understood by those of skill in the art,
gene therapy vectors contain the necessary elements for the
transcription and translation of the inserted coding sequence
(and may include, for example, a promoter, an enhancer, other
regulatory elements). Promoters can be constitutive or induc-
ible. Promoters can be selected to target preferential gene
expression in a target tissue, such as the RPE (for recent
reviews see Sutanto et al., 2005, “Development and evalua-
tion of the specificity of a cathepsin D proximal promoter in
the eye” Curr Eye Res. 30:53-61; Zhang et al., 2004, “Con-
current enhancement of transcriptional activity and specific-
ity of a retinal pigment epithelial cell-preferential promoter”
Mol Vis. 10:208-14; Esumi et al., 2004, “Analysis of the
VMD2 promoter and implication of E-box binding factors in
its regulation” J Bio/ Chem 279:19064-73; Camacho-Hubner
et al., 2000, “The Fugu rubripes tyrosinase gene promoter
targets transgene expression to pigment cells in the mouse”
Genesis. 28:99-105; and references therein).

[0239] Suitable viral vectors include DNA virus vectors
(such as adenoviral vectors, adeno-associated virus vectors,
lentivirus vectors, and vaccinia virus vectors), and RNA virus
vectors (such as retroviral vectors). In one embodiment, an
adeno-associated viral (AAV) vector is used. For recent
reviews see Auricchio et al., 2005, “Adeno-associated viral
vectors for retinal gene transfer and treatment of retinal dis-
eases” Curr Gene Ther. 5:339-48; Martin et al., 2004, Gene
therapy for optic nerve disease, Eye 18:1049-55; Ali, 2004,
“Prospects for gene therapy” Novartis Found Symp. 255:165-
72; Hennig et al., 2004, “AAV-mediated intravitreal gene
therapy reduces lysosomal storage in the retinal pigmented
epithelium and improves retinal function in adult MPS VII
mice” Mol Ther. 10:106-16; Smith et al., 2003, “AAV-Medi-
ated gene transfer slows photoreceptor loss in the RCS rat
model of retinitis pigmentosa” Mol Ther. 8:188-95; Broderick
et al., 2005, “Local administration of an adeno-associated
viral vector expressing IL.-10 reduces monocyte infiltration
and subsequent photoreceptor damage during experimental
autoimmune uveitis” Mol Ther. 12:369-73; Cheng et al.,
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2005, “Efficient gene transfer to retinal pigment epithelium
cells with long-term expression. Retina 25:193-201; Rex et
al., “Adenovirus-mediated delivery of catalase to retinal pig-
ment epithelial cells protects neighboring photoreceptors
from photo-oxidative stress. Hum Gene Ther. 15:960-7; and
references cited therein).

[0240] Gene therapy vectors must be produced in compli-
ance with the Good Manufacturing Practice (GMP) require-
ments rendering the product suitable for administration to
patients. The present invention provides gene therapy vectors
suitable for administration to patients including gene therapy
vectors that are produced and tested in compliance with the
GMP requirements. Gene therapy vectors subject to FDA
approval must be tested for potency and identity, be sterile, be
free of extraneous material, and all ingredients in a product
(i.e., preservatives, diluents, adjuvants, and the like) must
meet standards of purity, quality, and not be deleterious to the
patient. For example, the nucleic acid preparation is demon-
strated to be mycoplasma-free. See, e.g., Islam et al., 1997,
An academic centre for gene therapy research and clinical
grade manufacturing capability, Anr Med 29, 579-583.

[0241] Methods for administering gene therapy vectors are
known. In one embodiment, Factor H or CFHRS expression
vectors are introduced systemically (e.g., intravenously or by
infusion). In one embodiment, Factor H or CFHRS expres-
sion vectors are introduced locally (i.e., directey to a particu-
lar tissue or organ, e.g., liver). In one preferred embodiment,
Factor H or CFHRS expression vectors are introduced
directly into the eye (e.g., by ocular injection). For recent
reviews see, e.g., Dinculescu et al., 2005, “Adeno-associated
virus-vectored gene therapy for retinal disease” Hum Gene
Ther. 16:649-63; Rex et al., 2004, “Adenovirus-mediated
delivery of catalase to retinal pigment epithelial cells protects
neighboring photoreceptors from photo-oxidative stress”
Hum Gene Ther. 15:960-7; Bennett, 2004, “Gene therapy for
Leber congenital amaurosis™ Novartis Found Symp. 255:195-
202; Hauswirth et al., “Range of retinal diseases potentially
treatable by AAV-vectored gene therapy” Novartis Found
Symp. 255:179-188, and references cited therein).

[0242] Thus in one aspect, the invention provides a prepa-
ration comprising a gene therapy vector encoding a Factor H
protein or CFHRS polypeptide, optionally a viral vector,
where the gene therapy vector is suitable for administration to
a human subject and in an excipient suitable for administra-
tion to a human subject (e.g., produced using GLP tech-
niques). Optionally the gene therapy vector comprising a
promoter that is expressed preferentially or specifically in
retinal pigmented epithelium cells.

[0243] Nonviral methods for introduction of Factor H or
CFHRS sequences, such as encapsulation in biodegradable
polymers (e.g., polylactic acid (PLA); polyglycolic acid
(PGA); and co-polymers (PLGA) can also be used (for recent
reviews see, e.g., Bejjani et al., 2005, “Nanoparticles for gene
delivery to retinal pigment epithelial cells” Mo/ Vis. 11:124-
32; Mannermaa et al., 2005, “Long-lasting secretion of trans-
gene product from differentiated and filter-grown retinal pig-
ment epithelial cells after nonviral gene transfer” Curr Eye
Res. 2005 30:345-53; and references cited therein). Alterna-
tively, the nucleic acid encoding a Factor H polypeptide or
CFHRS polypeptide may be packaged into liposomes, or the
nucleic acid can be delivered to an individual without pack-
aging without using a vector.
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[0244] C) DNA Repair

[0245] In another approach, subjects at risk for developing
AMD (and/or with early stage disease) can have a risk form of
Factor H or CFHRS replaced by a neutral or protective form
of Factor H or CFHRS by DNA repair. In one embodiment,
triplex forming oligonucleotides designed to specifically bind
to polymorphic sites in the Factor H or CFHRS gene associ-
ated with a risk haplotype can be administered to an indi-
vidual by viral or nonviral methods. Triplex-forming oligo-
nucleotides bind to the major groove of duplex DNA in a
sequence-specific manner and provoke DNA repair, resulting
in the targeted modification of the genome (for a recent
review see Kuan et al., 2004, “Targeted gene modification
using triplex-forming oligonucleotides™ Methods Mol Biol.
262:173-94). A triplex-forming oligonucleotide that binds to
a sequence spanning a polymorphism associated with a risk
haplotype provokes DNA repair, resulting in the modification
of the sequence from a risk allele to a neutral or protective
allele and can ameliorate the development or progression of
disease.

[0246] D) Introduction of Cells, Tissues, or Organs
Expressing a Neutral or Protective Form of Factor H Protein
or CFHRS Polypeptide

[0247] Inanother approach, cells expressing neutral or pro-
tective forms of Factor H or Factor H-Related proteins (e.g.,
CFHRS) are administered to a patient. In an embodiment the
recipient is heterozygous or, more often, homozygous for a
risk haplotype. For example, hepatocyte transplantation has
been used as an alternative to whole-organ transplantation to
support many forms of hepatic insufficiency (see, e.g., Ohashi
et al., Hepatocyte transplantation: clinical and experimental
application, J Mol Med. 2001 79:617-30). According to this
method, hepatocytes or other CFH or CFHRS5-expressing
cells are administered (e.g., infused) to a patient in need of
treatment. These cells migrate to the liver or other organ, and
produce the therapeutic protein. Also see, e.g., Alexandrova et
al., 2005, “Large-scale isolation of human hepatocytes for
therapeutic application” Cell Transplant. 14(10):845-53;
Cheong et al., 2004, “Attempted treatment of factor H defi-
ciency by liver transplantation” Pediatr Nephrol. 19:454-8;
Ohashi et al., 2001, “Hepatocyte transplantation: clinical and
experimental application” J Mol Med. 79:617-30; Serralta et
al., 2005, “Influence of preservation solution on the isolation
and culture of human hepatocytes from liver grafts” Cel/
Transplant. 14(10):837-43; Yokoyama et al., 2006, “In vivo
engineering of metabolically active hepatic tissues in a
neovascularized subcutaneous cavity” Am. J. Transplant.
6(1):50-9; Dhawan et al., 2005, “Hepatocyte transplantation
for metabolic disorders, experience at King’s College hospi-
tal and review of literature.” Acta Grastroenterol. Belg. 68(4):
457-60; Bruns et al., 2005, “Injectable liver: a novel approach
using fibrin gel as a matrix for culture and intrahepatic trans-
plantation of hepatocytes” Tissue Eng. 11(11-12):1718-26.
Other cell types that may be used include, for illustration and
not limitation, kidney and pancreatic cells. In one embodi-
ment, the administered cells are engineered to express a
recombinant form of the protein.

[0248] In another, related approach, therapeutic organ
transplantation is used. Most of the body’s systemic Factor H
is produced by the liver, making transplation of liver tissue the
prefered method. See, Gerber et al., 2003, “Successful (?)
therapy of hemolytic-uremic syndrome with factor H abnor-
mality” Pediatr Nephrol. 18:952-5.
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[0249] In another approach, a protective form of CFH pro-
tein is delivered to the back of the eye by injection into the eye
(e.g. intravitreal) or via encapsulated cells. Neurotech’s
Encapsulated Cell Technology (ECT), as an example, is a
unique technology that allows for the sustained, longterm
delivery of therapeutic factors to the back of the eye. See
(http://www.neurotech.fr). ECT implants consist of cells that
have been genetically modified to produce a specific thera-
peutic protein that are encapsulated in a semi-permeable hol-
low fiber membrane. The cells continuously produce the
therapeutic protein that diffuses out of the implant and into
the eye (Bush et al 2004). CNTF delivered to the human eye
by ECT devices was recently shown to be completely suc-
cessful and associated with minimal complications in 10
patients enrolled in a Phase I clinical trial (Sieving et al 2005).
Also see Song et al., 2003; Tao 2002., and Hammang et al.,
U.S. Pat. No. 6,649,184. In one embodiment of the present
invention, a protective form of Factor H (including the so-
called neutral form) is expressed in cells and administered in
an encapsulated form. In one embodiment, the cells used are
the NTC-201 human RPE line (ATCC# CRL-2302) available
from the American Type Culture Collection P.O. Box 1549,
Manassas, Va. 20108.

[0250] E) Therapy to Decrease Levels of Risk Variant of
Factor H or CFHRS

[0251] Loss of the normal or protective function of Factor
H or CFHRS may be associated with AMD. Non-synony-
mous polymorphisms in the Factor H and CFHRS5 genes, such
as those shown in TABLES 1A, 1B, 1C, 11, 14 and 15,
showing the strongest correlation with AMD and resulting in
a variant Factor H polypeptide or CFHRS polypeptide, are
likely to have a causative role in AMD. For example, the
variant Factor H or CFHRS may act as a so-called “dominant-
negative” mutant interfering with normal Factor H or CFHRS
function.

[0252] Any method of reducing levels of the risk forms of
Factor H or CFHRS in the eye or systemically may be used for
treatment including, for example, inhibiting transcription of a
Factor H or CFHRS gene, inhibiting translation of Factor H or
CFHRS RNA, increasing the amount or activity of a neutral or
protective form of Factor H or truncated Factor H, or biologi-
cally active fragment thereof, increasing the amount or activ-
ity of a neutral or protective form of CFHRS polypeptide, or
biologically active fragment thereof, or decreasing the
amount or activity of Factor H protein or CFHRS polypep-
tides (e.g., by plasmaphoresis, antibody-directed plasma-
phoresis, or complexing with a Factor H or CFHRS binding
moiety, e.g., heparin or variant specific antibody). In some
embodiments levels of Factor H or CFHRS are preferentially
reduced in the eye (e.g., RPE) relative to other tissues. For
illustration and not limitation, several methods are briefly
described below.

[0253] Inone approach, a subject identified as being at risk
for AMD is treated by administration of heparin. Heparin and
heparin derivatives (including heparinoids) may have prom-
ising therapeutic properties for the treatment various comple-
ment-associated diseases, including MPGNII (Floege et al.,
1993; Girardi, 2005; Diamond and Karnovsky, 1986; Striker,
1999; Rops et al., 2004). In view of the association between
AMD and MPGNII disclosed herein, heparin and heparin
derivatives (including heparinoids) may be efficacious for the
treatment of AMD. In a clinical trial of patients with chronic
proliferative glomerulonephritis receiving daily subcutane-
ous injections of heparin for over one year, Cade and col-
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leagues reported improved creatinine clearance and a regres-
sion of glomerular hypercellularity (Cade et al., 1971). Both
heparin and low molecular weight heparin (Enoxaparin) have
been shown to prevent the progression of antiphospholipid
antibody syndrome in mice by blocking the alternative and
classical pathways of the complement cascade (Girardi et al.,
2004). The anti-complement activity of heparin includes
blockade of the formation of C3bBb, the amplification con-
vertase by the alternative pathway; fluid phase heparin pre-
vents the generation of C3bBb by inhibiting the interaction of
C3b with factor B and factor D (Weiler et al., 1976).

[0254] F) Administration of Inhibitory Nucleic Acids
[0255] Antisense Nucleic Acids—
[0256] Antisense nucleic acids, such as purified anti-sense

RNA complementary to the RNA encoding a variant Factor H
polypeptide can be used to inhibit expression of a Factor H
gene associated with a risk haplotype. For recent reviews see,
e.g., Gomes et al., 2005, “Intraocular delivery of oligonucle-
otides” Curr Pharm Biotechnol. 6:7-15; and Henry et al.,
2004, “Setting sights on the treatment of ocular angiogenesis
using antisense oligonucleotides” Trends Pharmacol Sci
25:523-7; and references cited therein.

[0257] RNA Interference—

[0258] Double stranded RNA (dsRNA) inhibition methods
can also be used to inhibit expression of HF1. The RNA used
in such methods is designed such that at least a region of the
dsRNA is substantially identical to a region of the HF1 gene;
in some instances, the region is 100% identical to the HF1
gene. For use in mammals, the dsRNA is typically about
19-30 nucleotides in length (i.e., short interfering RNAs are
used (siRNA or RNA1)), and most often about 21 nucleotides
in length. Methods and compositions useful for performing
dsRNAi and siRNA are discussed, for example, in PCT Pub-
lications WO 98/53083; WO 99/32619; WO 99/53050;, WO
00/44914; WO 01/36646; WO 01/75164; WO 02/44321; and
U.S. Pat. No. 6,107,094. siRNA can be is synthesized in vitro
and administered to a patient. Alternatively, RNAI strategies
can be successfully combined with vector-based approaches
to achieve synthesis in transfected cells of small RNAs from
a DNA template (see, e.g., Sui et al., 2002, “A DNA vector-
based RNAIi technology to suppress gene expression in mam-
malian cells” Proc Natl Acad Sci USA 99:5515-20; and Kasa-
hara and Aoki, 2005, “Gene silencing using adenoviral RNAi
vector in vascular smooth muscle cells and cardiomyocytes”
Methods Mol Med. 112:155-72; and references cited therein).
[0259] Ribozymes—

[0260] Ribozymes are enzymatic RNA molecules capable
of catalyzing the specific cleavage of RNA. The mechanism
of ribozyme action involves sequence-specific hybridization
of the ribozyme molecule to complementary target RNA,
followed by endonucleolytic cleavage. Within the scope of
the invention are engineered hammerhead motif ribozyme
molecules that can specifically and efficiently catalyze endo-
nucleolytic cleavage of the sequence encoding human Factor
H. Specific ribozyme cleavage sites within any potential RNA
target are initially identified by scanning the target molecule
for ribozyme cleavage sites which include the sequences such
as, GUA, GUU and GUC. Once identified, short RNA
sequences of between 15 and 20 ribonucleotides correspond-
ing to the region of the target gene containing the cleavage site
may be evaluated for secondary structural features which may
render the oligonucleotide inoperable. The suitability of can-
didate targets may also be evaluated by testing accessibility to
hybridization with complementary oligonucleotides using
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ribonuclease protection assays. Properties of ribozymes are
well known in the art; for a general description see patents by
Cech (U.S. Pat. No. 6,180,399; U.S. Pat. No. 5,869,254; U.S.
Pat. No. 6,025,167; U.S. Pat. No. 5,854,038; U.S. Pat. No.
5,591,610; U.S. Pat. No. 5,667,969; U.S. Pat. No. 5,354,855;
U.S. Pat. No. 5,093,246; U.S. Pat. No. 5,180,818; U.S. Pat.
No. 5,116,742; U.S. Pat. No. 5,037,746, and U.S. Pat. No.
4,987,071). Ribozymes and other inhibitory nucleic acids can
be designed to preferentially inhibit expression of a gene
having a sequence associated with a risk haplotype. Thus, a
ribozyme that recognizes the sequence spanning the poly-
morphism and cleaving adjacent to GUA recognizes the risk
form but not the neutral or protective form, allowing selective
cleavage (Dawson et al., 2000, “Hammerhead ribozymes
selectively suppress mutant type I collagen mRNA in osteo-
genesis imperfecta fibroblasts” Nucleic Acids Res. 28:4013-
20; Blalock et al., 2004 “Hammerhead ribozyme targeting
connective tissue growth factor mRNA blocks transforming
growth factor-beta mediated cell proliferation” Exp Eye Res.
78:1127-36).

[0261] Triplex-Forming Oligonucleotides—

[0262] Triplex-forming oligonucleotides bind to the major
groove of duplex DNA in a sequence-specific manner and
provoke DNA repair, resulting in the targeted modification of
the genome (for a recent review see Kuan et al., 2004, “Tar-
geted gene modification using triplex-forming oligonucle-
otides” Methods Mol Biol. 262:173-94). Oligonucleotides
can be designed to specifically bind to polymorphic sites in
the Factor H gene associated with a risk haplotype. A triplex-
forming oligonucleotide that binds to a sequence spanning a
polymorphism associated with a risk haplotype provokes
DNA repair, resulting in the modification of the sequence
from a risk allele to a neutral or protective allele.

[0263] Similar antisense nucleic acid, RNA interference,
ribozyme and triplex-forming oligonucleotide methodolo-
gies as described above may be used to reduce levels of risk
forms of CFHRS in the eye or systemically for treatment of
AMD.

[0264] It will be understood that inhibitory nucleic acids
can be administered as a pharmaceutical composition or
using gene therapy methods.

[0265] () Antibody Therapy

[0266] Inoneaspect, ananti-HF1 antibody that specifically
interacts with and neutralizes the activity of'a variant Factor H
polypeptide is administered to an individual with or at risk for
AMD. In one embodiment, the antibody recognizes both
wild-type and variant Factor H protein. In one embodiment,
the antibody recognizes the variant but not the wild-type
Factor H protein. In another aspect, an anti-CFHRS antibody
that specifically interacts with and neutralizes the activity of
avariant CFHRS polypeptide is administered to an individual
with or at risk for AMD. In one embodiment, the antibody
recognizes both wild-type and variant CFHRS protein. In one
embodiment, the antibody recognizes the variant but not the
wild-type CFHRS protein. The antibody can be administered
systemically or locally (see, e.g., Gaudreault et al., 2005,
“Preclinical pharmacokinetics of Ranibizumab (rhuFabV2)
after a single intravitreal administration” Invest Ophthalmol
Vis Sci. 46:726-33). Methods for making anti-HF1 and anti-
CFHRS antibodies are known in the art, and include methods
described below. In a related aspect, an agent that preferen-
tially interacts with and reduces the activity of a variant Factor
H polypeptide and/or CFHRS polypeptide is administered to
an individual with or at risk for AMD.
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[0267] H) Modulators of the Alternative Pathway

[0268] In one aspect the invention provides methods for
treating AMD by administering an agent (e.g., native protein,
recombinant protein, antibody, or small molecule) directed at
modulating the alternative pathway (AP) of the complement
cascade, either locally in the eye or at the systemic level. In
one embodiment, the treatment comprises administering an
agent that modulates the AP directly. In one embodiment, the
treatment comprises administering an agent that modulates
the triggering of the AP (e.g., microbes). In one embodiment,
the treatment comprises administering an agent that modu-
lates pathways downstream from the AP. Exemplary agents
that modulate the AP are known in the art and include, but are
not limited to, DFP, PR226, BCX-1470, FUT-175, sMCP,
PS-oligo, Compstatin, Fucan, and GCRF (see, e.g., Makrides,
1998, “Therapeutic inhibition of the complement system”
Pharmacol Rev. 50:59-87; Holland et al., 2004, “Synthetic
small molecule complement inhibitors” Curr Opin Investig
Drugs 5:1163-73; Holers et al., 2004, “The alternative path-
way of complement in disease: opportunities for therapeutic
targeting” Mol Immunol. 41:147-52). AP modulators can be
administered systemically or by intraocular injection or other
methods known for delivery of compounds to the eye.
[0269] 1) Drug Screening/Antagonists of Risk Variant Fac-
tor H or Variant CFHR5

[0270] The invention provides a method of screening for an
agent effective for treatment of AMD by contacting a variant
protein, host cell or transgenic animal expressing a Factor H
or CFHRS variant, and monitoring binding, expression, pro-
cessing or activity of the variant. In an embodiment, the
Factor H variant has valine at amino acid 62 and/or has
histidine at amino acid 402 and/or has cysteine at amino acid
1210. In an embodiment, the CFHRS variant has a serine at
amino acid 46.

[0271] Antagonists of variant Factor H polypeptides (e.g.,
variants associated with risk haplotypes) can be used to treat
AMD. Antagonists may suppress expression of variant Factor
H, suppress activity, or reduce RNA or protein stability.
Antagonists can be obtained by producing and screening
large combinatorial libraries, which can be produced for
many types of compounds in a step-wise and high throughput
fashion. Such compounds include peptides, polypeptides,
beta-turn mimetics, polysaccharides, phospholipids, hor-
mones, prostaglandins, steroids, aromatic compounds, het-
erocyclic compounds, benzodiazepines, oligomeric N-sub-
stituted glycines and oligocarbamates, and the like. Large
combinatorial libraries of the compounds can be constructed
by methods known in the art. See e.g., WO 95/12608; WO
93/06121; WO 94/08051; WO 95/35503; WO 95/30642 and
WO 91/18980. Libraries of compounds are initially screened
for specific binding to the variant Factor H polypeptide. Com-
pounds with in vitro binding activity can also be assayed for
their ability to interfere with a biological activity of the vari-
ant Factor H polypeptide, for example, binding to C3b or to
heparin. Antagonist activity can be assayed in either a cell-
based system or in a transgenic animal model in which exog-
enous variant Factor H polypeptide is expressed.

[0272] Antagonists of variant CFHRS polypeptides (e.g.,
variants associated with risk haplotypes) can be used treat
AMD and can be obtained as described above for variant
Factor H antagonists.

[0273] J) Patient Specific Therapy

[0274] Customized therapies can be devised for groups of
patients with different genetic subtypes of AMD, based upon
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the presence of certain polymorphisms in the Factor H gene or
CFHRS gene having causative roles in AMD and having
elucidated the effect of these polymorphisms on the expres-
sion level and/or biological activity of variant Factor H
polypeptides or CFHRS polypeptides. For example, if a poly-
morphism in Factor H or CFHRS causes AMD in an animal
model by increasing the expression level and/or biological
activity of a variant Factor H polypeptide or CFHRS polypep-
tide, AMD associated with the Factor H or CFHRS polymor-
phism can be treated by administering to a patient an antago-
nist of the variant Factor H polypeptide or variant CFHRS
polypeptide.

[0275] K) Assessing Therapeutic Efficacy Using AMD
Biomarkers

[0276] As noted above, therapeutic efficacy of particular
fragments of CFH or CFHR proteins can also be determined
by testing the effect of the protein on expression of AMD
biomarkers. Exemplary AMD biomarkers include those
described hereinabove. These AMD-associated proteins
(biomarkers) are present in individuals with AMD at different
(elevated or reduced) levels compared to healthy individuals.
The invention provides methods of assessing the efficacy of
treatment of AMD and monitoring the progression of AMD
by determining a level of a biomarker(s) in an individual with
AMD being treated for the disease and comparing the level of
the biomarker(s) to an earlier determined level or a reference
level of the biomarker. As described in copending provisional
application No. 60/715,503 the level of the biomarker(s) can
be determined by any suitable method, such as conventional
techniques known in the art, including, for example and not
for limitation, separation-based methods (e.g., gel electro-
phoresis), immunoassay methods (e.g., antibody-based
detection) and function-based methods (e.g., enzymatic or
binding activity). In one embodiment, a method of assessing
the efficacy of treatment of AMD in a individual involves
obtaining a sample from the individual and determining the
level of the biomarker(s) by separating proteins by 2-dimen-
sional difference gel electrophoresis (DIGE).

VIII. Factor H and CFHRS5 Nucleic Acids

[0277] A) Primers and Probes

[0278] The invention provides nucleic acids adjacent to or
spanning the polymorphic sites. The nucleic acids can be used
as probes or primers (including Invader, Molecular Beacon
and other fluorescence resonance energy transfer (FRET)
type probes) for detecting Factor H polymorphisms. In one
embodiment, the probes or primers recognize the insertion in
intron 2 but do not recognize the wild-type sequence. Exem-
plary nucleic acids comprise sequences that span at least one
of the polymorphisms listed in TABLES 1A, 1B, 1C, 11, 14
and 15 in which the polymorphic position is occupied by an
alternative base for that position. The base for that position,
which is found more frequently in the control population, is
denoted the normal or wild-type sequence, whereas the alter-
native base for that position, which is found less frequently in
the control population, is denoted the variant sequence. The
nucleic acids also comprise sequences that span other poly-
morphisms known in the Factor H and CFHRS genes, such as
polymorphisms identified in Tables A and B above.

[0279] B) Expression Vectors and Recombinant Production
of Factor H and CFHRS Polypeptides.

[0280] The invention provides vectors comprising nucleic
acid encoding the Factor H polypeptide. The Factor H
polypeptide may be wild-type or a variant (e.g., a protective
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variant) and may be a full-length form (e.g., HF1) or a trun-
cated form. The nucleic acid may be DNA or RNA and may
be single-stranded or double-stranded.

[0281] Some nucleic acids encode full-length, variant
forms of Factor H polypeptides. The variant Factor H
polypeptide may differ from normal or wild-type Factor H at
an amino acid encoded by a codon including one of any
non-synonymous polymorphic position known in the Factor
H gene. In one embodiment, the variant Factor H polypep-
tides differ from normal or wild-type Factor H polypeptides at
an amino acid encoded by a codon including one of the
non-synonymous polymorphic positions shown in TABLE
1A, TABLE 1B and/or TABLE 1C, that position being occu-
pied by the amino acid shown in TABLE 1A, TABLE 1B
and/or TABLE 1C. It is understood that variant Factor H
genes may be generated that encode variant Factor H
polypeptides that have alternate amino acids at multiple poly-
morphic sites in the Factor H gene.

[0282] The invention provides vectors comprising nucleic
acid encoding the CFHRS polypeptide. The CFHRS polypep-
tide may be wild-type or a variant (e.g., a protective variant).
The nucleic acid may be DNA or RNA and may be single-
stranded or double-stranded.

[0283] Some nucleic acids encode full-length, variant
forms of CFHRS polypeptides. The variant CFHRS polypep-
tide may differ from normal or wild-type CFHRS at an amino
acid encoded by a codon including one of any non-synony-
mous polymorphic position known in the CFHRS gene. In
one embodiment, the variant CFHRS polypeptides differ
from normal or wild-type CFHRS polypeptides at an amino
acid encoded by a codon including one of the non-synony-
mous polymorphic positions shown in TABLES 14 and 15,
that position being occupied by the amino acid shown in
TABLES 14 and 15. It is understood that variant CFHRS
genes may be generated that encode variant CFHRS polypep-
tides that have alternate amino acids at multiple polymorphic
sites in the CFHRS gene.

[0284] Expression vectors for production of recombinant
proteins and peptides are well known (see Ausubel et al.,
2004, Current Protocols In Molecular Biology, Greene Pub-
lishing and Wiley-Interscience, New York). Such expression
vectors include the nucleic acid sequence encoding the Factor
H polypeptide linked to regulatory elements, such a promoter,
which drive transcription of the DNA and are adapted for
expression in prokaryotic (e.g., £. coli) and eukaryotic (e.g.,
yeast, insect or mammalian cells) hosts. A variant Factor H or
CFHRS polypeptide can be expressed in an expression vector
in which a variant Factor H or CFHRS gene is operably linked
to a promoter. Usually, the promoter is a eukaryotic promoter
for expression in a mammalian cell. Usually, transcription
regulatory sequences comprise a heterologous promoter and
optionally an enhancer, which is recognized by the host cell.
Commercially available expression vectors can be used.
Expression vectors can include host-recognized replication
systems, amplifiable genes, selectable markers, host
sequences useful for insertion into the host genome, and the
like.

[0285] Suitable host cells include bacteria such as E. coli,
yeast, filamentous fungi, insect cells, and mammalian cells,
which are typically immortalized, including mouse, hamster,
human, and monkey cell lines, and derivatives thereof. Host
cells may be able to process the variant Factor H or CFHRS
gene product to produce an appropriately processed, mature
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polypeptide. Such processing may include glycosylation,
ubiquitination, disulfide bond formation, and the like.
[0286] Expression constructs containing a variant Factor H
or CFHRS gene are introduced into a host cell, depending
upon the particular construction and the target host. Appro-
priate methods and host cells, both procarytic and eukaryotic,
are well-known in the art. Recombinant full-length human
Factor H has been expressed for research purposes in Sf9
insect cells (see Sharma and Pangburn, 1994, Biologically
active recombinant human complement factor H: synthesis
and secretion by the baculovirus system, Gere 143:301-2).
Recombinant fragments of human Factor H have been
expressed for research purposes in a variety of cell types (see,
e.g., Cheng et al., 2005, “Complement factor H as a marker
for detection of bladder cancer” Clin Chem. 5:856-63; Vaziri-
Sani et al., 2005, “Factor H binds to washed human platelets”
J Thromb Haemost. 3:154-62; Gordon et al., 1995, “Identifi-
cation of complement regulatory domains in human factor H”
J Immunol. 155:348-56). Recombinant full-length human
CFHRS has been expressed for research purposes in Sf9
insect cells (see McRae et al., 2001, Human Factor H-related
Protein 5 (FHR-5), J. Biol. Chem. 276:6747-6754).

[0287] A variant Factor H or CFHRS polypeptide may be
isolated by conventional means of protein biochemistry and
purification to obtain a substantially pure product. For general
methods see Jacoby, Methods in Enzymology Volume 104,
Academic Press, New York (1984); Scopes, Protein Purifica-
tion, Principles and Practice, 2nd Edition, Springer-Verlag,
New York (1987); and Deutscher (ed) Guide to Protein Puri-
fication, Methods in Enzymology, Vol. 182 (1990). Secreted
proteins, like Factor H or CFHRS, can be isolated from the
medium in which the host cell is cultured. If the variant Factor
H or CFHRS polypeptide is not secreted, it can be isolated
from a cell lysate.

[0288] In one embodiment the vector is an expression vec-
tor for production of a variant Factor H protein having a
sequence having non-wildtype sequence at one or more of the
polymorphic sites shown in TABLES 1A, 1B and/or 1C.
[0289] In one embodiment the vector is an expression vec-
tor for production of a variant Factor H protein having a
sequence of a protective variant of Factor H.

[0290] In one embodiment the vector is an expression vec-
tor for production of a variant CFHRS protein having a
sequence having non-wildtype sequence at one or more of the
polymorphic sites shown in TABLES 14 and 15.

[0291] In one embodiment the vector is an expression vec-
tor for production of a variant CFHRS protein having a
sequence of a protective variant of Factor H.

[0292] C) Gene Therapy Vectors

[0293] Methods for expression of Factor H polypeptides or
CFHRS polypeptides for gene therapy are known and are
described in Section IV(A) above.

XI. Antibodies

[0294] The invention provides Factor H-specific antibodies
that may recognize the normal or wild-type Factor Hpolypep-
tide or a variant Factor H polypeptide in which one or more
non-synonymous single nucleotide polymorphisms (SNPs)
are present in the Factor H coding region. In one embodiment,
the invention provides antibodies that specifically recognize
variant Factor H polypeptides or fragments thereof, but not
Factor H polypeptides not having a variation at the polymor-
phic site.
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[0295] The invention also provides CFHRS-specific anti-
bodies that may recognize the normal or wild-type CFHRS
polypeptide or a variant CFHRS polypeptide in which one or
more non-synonymous single nucleotide polymorphisms
(SNPs) are present in the CFHRS coding region. In one
embodiment, the invention provides antibodies that specifi-
cally recognize variant CFHRS polypeptides or fragments
thereof, but not CFHRS polypeptides not having a variation at
the polymorphic site.

[0296] The antibodies can be polyclonal or monoclonal,
and are made according to standard protocols. Antibodies can
be made by injecting a suitable animal with a variant Factor H
or variant CFHRS polypeptide, or fragment thereof, or syn-
thetic peptide fragments thereof. Monoclonal antibodies are
screened according to standard protocols (Koehler and Mil-
stein 1975, Nature 256:495; Dower et al., WO 91/17271 and
McCafterty et al., WO 92/01047; and Vaughan et al., 1996,
Nature Biotechnology, 14: 309; and references provided
below). In one embodiment, monoclonal antibodies are
assayed for specific immunoreactivity with the variant Factor
H or CFHRS polypeptide, but not the corresponding wild-
type Factor H or CFHRS polypeptide, respectively. Methods
to identify antibodies that specifically bind to a variant
polypeptide, but not to the corresponding wild-type polypep-
tide, are well-known in the art. For methods, including anti-
body screening and subtraction methods; see Harlow & Lane,
Antibodies, A Laboratory Manual, Cold Spring Harbor Press,
New York (1988); Current Protocols in Immunology (J. E.
Coligan et al., eds., 1999, including supplements through
2005); Goding, Monoclonal Antibodies, Principles and Prac-
tice (2d ed.) Academic Press, New York (1986); Burioni etal.,
1998, “A new subtraction technique for molecular cloning of
rare antiviral antibody specificities from phage display librar-
ies” Res Virol. 149(5):327-30; Ames et al., 1994, Isolation of
neutralizing anti-C5a monoclonal antibodies from a filamen-
tous phage monovalent Fab display library. J Immunol. 152
(9):4572-81; Shinohara et al., 2002, Isolation of monoclonal
antibodies recognizing rare and dominant epitopes in plant
vascular cell walls by phage display subtraction. J Immunol
Methods 264(1-2):187-94. Immunization or screening can be
directed against a full-length variant protein or, alternatively
(and often more conveniently), against a peptide or polypep-
tide fragment comprising an epitope known to differ between
the variant and wild-type forms. Particular variants include
the Y402H or 162V variants of CFH and HFL1, the R1210C
variant of CFH, the P46S variant of CFHRS, and truncated
forms of CFH. In one embodiment the HF1 is measured. As
discussed above, in one embodiment the ratio of HFLL1 and
CHEF is measured. Monoclonal antibodies specific for variant
Factor H or CFHRS polypeptides (i.e., which do not bind
wild-type proteins, or bind at a lower affinity) are useful in
diagnostic assays for detection of the variant forms of Factor
H or CFHRS, or as an active ingredient in a pharmaceutical
composition.

[0297] The present invention provides recombinant
polypeptides suitable for administration to patients including
antibodies that are produced and tested in compliance with
the Good Manufacturing Practice (GMP) requirements. For
example, recombinant antibodies subject to FDA approval
must be tested for potency and identity, be sterile, be free of
extraneous material, and all ingredients in a product (i.e.,
preservatives, diluents, adjuvants, and the like) must meet
standards of purity, quality, and not be deleterious to the
patient.
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[0298] The invention provides a composition comprising
an antibody that specifically recognizes a Factor H or CFHRS
polypeptide (e.g., anormal or wild-type Factor H polypeptide
or a variant Factor H polypeptide, or a normal or wild-type
CFHRS polypeptide or a variant CFHRS polypeptide) and a
pharmaceutically acceptable excipient or carrier.

[0299] In a related aspect, the invention provides a sterile
container, e.g. vial, containing a therapeutically acceptable
Factor H-specific or CFHRS-specific antibody. In one
embodiment it is a lyophilized preparation.

[0300] In a related aspect, the invention provides pharma-
ceutical preparations of human or humanized anti-Factor H or
anti-CFHRS antibodies for administration to patients.
Humanized antibodies have variable region framework resi-
dues substantially from a human antibody (termed an accep-
tor antibody) and complementarity determining regions sub-
stantially from a mouse-antibody, (referred to as the donor
immunoglobulin). See, Peterson, 2005, Advances in mono-
clonal antibody technology: genetic engineering of mice,
cells, and immunoglobulins, /LAR J. 46:314-9, Kashmiri et
al., 2005, SDR grafting—a new approach to antibody human-
ization, Methods 356:25-34, Queen et al., Proc. Natl: Acad.
Sci. USA 86:10029-10033 (1989), WO 90/07861, U.S. Pat.
No. 5,693,762, U.S. Pat. No. 5,693,761, U.S. Pat. No. 5,585,
089, U.S. Pat. No. 5,530,101, and Winter, U.S. Pat. No. 5,225,
539. The constant region(s), if present, are also substantially
or entirely from a human immunoglobulin. The human vari-
able domains are usually chosen from human antibodies
whose framework sequences exhibit a high degree of
sequence identity with the murine variable region domains
from which the CDRs were derived. The heavy and light
chain variable region framework residues can be derived from
the same or different human antibody sequences. The human
antibody sequences can be the sequences of naturally occur-
ring human antibodies or can be consensus sequences of
several human antibodies. See Carter et al., WO 92/22653.
Certain amino acids from the human variable region frame-
work residues are selected for substitution based on their
possible influence on CDR conformation and/or binding to
antigen. Investigation of such possible influences is by mod-
eling, examination of the characteristics of the amino acids at
particular locations, or empirical observation of the effects of
substitution or mutagenesis of particular amino acids.

[0301] For example, when an amino acid differs between a
murine variable region framework residue and a selected
human variable region framework residue, the human frame-
work amino acid should usually be substituted by the equiva-
lent framework amino acid from the mouse antibody when it
is reasonably expected that the amino acid: (1) noncovalently
binds antigen directly, (2) is adjacent to a CDR region, (3)
otherwise interacts with a CDR region (e.g. is within about 6
A of a CDR region), or (4) participates in the VL-VH inter-
face.

[0302] Other candidates for substitution are acceptor
human framework amino acids that are unusual for a human
immunoglobulin at that position. These amino acids can be
substituted with amino acids from the equivalent position of
the mouse donor antibody or from the equivalent positions of
more typical human immunoglobulins. Other candidates for
substitution are acceptor human framework amino acids that
are unusual for a human immunoglobulin at that position. The
variable region frameworks of humanized immunoglobulins
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usually show at least 85% sequence identity to a human
variable region framework sequence or consensus of such
sequences.

IX. Identification of Risk, Protective, and Neutral
Variations and Haplotypes

[0303] The invention provides methods of screening for
polymorphic sites linked to polymorphic sites in the Factor H
gene and/or CFHRS gene described in TABLES 1A, 1B, 1C,
11, 14 and 15. These methods involve identifying a polymor-
phic site in a gene that is linked to a polymorphic site in the
Factor H gene or CFHRS gene, wherein the polymorphic
form of the polymorphic site in the Factor H gene or CFHRS
gene is associated AMD (e.g., increased or decreased risk),
and determining haplotypes in a population of individuals to
indicate whether the linked polymorphic site has a polymor-
phic form in equilibrium or disequilibrium with the polymor-
phic form of the Factor H gene or CFHRS gene that correlates
with the AMD phenotype.

[0304] Polymorphisms in the Factor H gene or CFHRS
gene, such as those shown in TABLES 1A, 1B, 1C, 11, 14 and
15, can be used to establish physical linkage between a
genetic locus associated with a trait of interest and polymor-
phic markers that are not associated with the trait, but are in
physical proximity with the genetic locus responsible for the
trait and co-segregate with it. Mapping a genetic locus asso-
ciated with a trait of interest facilitates cloning the gene(s)
responsible for the trait following procedures that are well-
known in the art.

[0305] Polymorphisms in the Factor H gene or CFHRS
gene, such as those shown in TABLES 1A, 1B, 1C, 11, 14 and
15, can be used in familial linkage studies to determine which
polymorphisms co-segregate with a phenotypic trait, to deter-
mine individuals who require therapy, and to determine the
effects of therapy.

[0306] Linkage is analyzed by calculation of a LOD (log of
the odds) score, which is the log, , of the ratio of the likelihood
of obtaining observed segregation data for a marker and a
genetic locus when the two are located at a recombination
fraction theta, versus the situation in which the two are not
linked (segregating independently). See Thompson &
Thompson, Genetics in Medicine (5th ed, W.B. Saunders
Company, Philadelphia, 1991) and Strachan, “Mapping the
human genome” in The Human Genome (BIOS Scientific
Publishers Ltd, Oxford) Chapter 4). A LOD score of 3 indi-
cates a 1000 to 1 odds against an apparent observed linkage
being a coincidence. A LOD score of +3 or greater is consid-
ered definitive evidence that two loci are linked, whereas
LOD score of -2 or less is considered definitive evidence
against linkage.

X. Transgenic Non-Human Animals

[0307] The invention provides transgenic non-human ani-
mals capable of expressing human variant Factor H or
CFHRS polypeptides. Transgenic non-human animals may
have one or both of alleles of the endogenous Factor H or
CFHRS gene inactivated. Expression of an exogenous variant
Factor H or CFHRS gene is usually achieved by operably
linking the gene to a promoter and optionally an enhancer,
and then microinjecting the construct into a zygote following
standard protocols. See Hogan et al., “Manipulating the
Mouse Embryo, A Laboratory Manual,” Cold Spring Harbor
Laboratory. The endogenous Factor H or CFHRS genes can
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be inactivated by methods known in the art (Capecchi, 1989).
Factor H deficient mice are available for the introduction of
exogenous human variant Factor H genes. Transgenic ani-
mals expressing human or non-human variant Factor H or
CFHRS polypeptides provide useful drug screening systems
and as models of AMD and other complement related dis-
eases. Transgenic animals may also be used for production of
recombinant CFH and CFHRS proteins of the invention (see,
e.g. US. Pat. Nos. 6,066,725; 6,013,857; 5,994,616; and
5,959,171, Lillico et al., 2005; Houdebine, 2000).

XI. Kits

[0308] The invention provides reagents, devices and kits
detecting Factor H or CFHRS polymorphisms and haplo-
types. Although particularly suited for screening for risk of
developing AMD and/or for identitying appropriate therapy
for preventing or ameliorating AMD in a subject, it will be
understood that in certain embodiments these reagents,
devices and kits can be used for analysis of Factor H and
CFHRS polymorphisms and haplotypes for any purpose,
including but not limited to determining risk of developing
MPGNII or any other complement associated condition.
[0309] A number of assay systems are known in the art, and
it is within the skill of the art to arrive at means to determine
the presence of variations associated with AMD. The kit
reagents, such as multiple primers, multiple probes, combi-
nations of primers, or combinations of probes, may be con-
tained in separate containers prior to their use for diagnosis or
screening. In an embodiment, the kit contains a first container
containing a probe, primer, or primer pair for a first CFH or
CFHRS allele described herein, and a second container con-
taining a probe, primer, or primer pair for a second CFH or
CFHRS allele described herein.

[0310] In one embodiment, the invention provides kits
comprising at least one Factor H or CFHRS5 allele-specific
oligonucleotide that hybridizes to a specific polymorphism in
the Factor H or CFHRS gene. The kits may contain one or
more pairs of Factor H or CFHRS allele-specific oligonucle-
otides hybridizing to different forms of a polymorphism. The
Factor H or CFHRS allele-specific oligonucleotides may
include sequences derived from the coding (exons) or non-
coding (promoter, 5' untranslated, introns or 3' untranslated)
region of the Factor H or CFHRS gene. The Factor H or
CFHRS allele-specific oligonucleotides may be provided
immobilized on a substrate. The substrate may comprise Fac-
tor H or CFHRS allele-specific oligonucleotide probes for
detecting at least 2, 3, 4, 5, more than 5, (e.g., atleast 6, 7, or
8) or all of the polymorphisms shownin TABLES 1A, 1B, 1C,
11, 14 and 15 and/or other polymorphisms in the Factor H or
CFHRS gene (e.g., including polymorphisms listed above
that are found in the SNP database). In one embodiment the
kit is used to diagnose AMD. In a related embodiment, the kit
is used to screen for another disease associated with variation
in the Factor H or CFHRS gene.

[0311] The kit may include at least one Factor H- or
CFHRS-specific primer that hybridizes spanning or adjacent
to a specific polymorphism in the Factor H or CFHRS gene.
The Factor H- or CFHRS-specific primers may include
sequences derived from the coding (exons) or non-coding
(promoter, 5' untranslated, introns or 3' untranslated) region
of'the Factor H or CFHRS gene. Often, the kits contain one or
more pairs of Factor H- or CFHRS-specific primers that
hybridize to opposite strands of nucleic acid adjacent to a
specific polymorphism in the Factor H or CFHRS gene. In the
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presence of appropriate buffers and enzymes, the Factor H- or
CFHRS5-specific primer pairs are useful in amplifying spe-
cific polymorphisms in the Factor H or CFHRS5 gene.

[0312] It will be apparent to the skilled practitioner guided
by this disclosure that various polymorphisms and haplotypes
can be detected to assess the propensity of an individual to
develop a Factor H related condition. The following examples
and combinations are provided for illustration and not limi-
tation. In some cases, the assay identifies the allele at least
one, at least two, at least three, at least four, at least five or at
least six polymorphic sites in the Factor H or CFHRS gene. In
some cases, the assay identifies the allele at 1, 2,3, 4,5, 6,7,
8, 9, 10, or all of the polymorphisms in the Factor H or
CFHRS genelisted in TABLES 1A, 1B, 1C, 11,14 and 15. In
one embodiment, the sites are selected from: rs529825;
rs800292; rs3766404; rs1061147; rs1061170; rs203674; and
optionally including exon 22 (R120C). In one embodiment,
the sites are selected from rs529825; rs800292; intron 2
(IVS2 or insTT); rs3766404; rs1061147; rs1061170; exon
10A; rs203674; rs375046; and optionally including exon 22
(R120C). In one embodiment, the sites are selected from:
rs3753394; rs529825; rs800292; intron 2 (IVS2 or insTT);
rs3766404; rs1061147; rs1061170; rs2274700; rs203674;
rs3753396; rs1065489; and optionally including exon 22
(R1210C). In one embodiment, the sites are selected from:
rs800292 (162V); IVS 2 (-18insTT); rs1061170 (Y402H);
and rs2274700 (A473A). In one embodiment, the sites are
selected from: rs9427661 (-249T>C); rs9427662 (-20T>C);
and rs12097550 (P46S). In a preferred embodiment, a diag-
nostic/screening assay of the invention identifies the allele at
least two polymorphic sites in the Factor H or CFHRS gene.
In a preferred embodiment, a diagnostic/screening assay of
the invention identifies the allele at at least three polymorphic
sites in the Factor H or CFHRS gene. In a preferred embodi-
ment, a diagnostic/screening assay of the invention identifies
the allele at least four polymorphic sites in the Factor H or
CFHRS gene.

[0313] In some cases, the kit includes primers or probes
(“oligonucleotides™) to identify the allele at 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, or all of the polymorphisms in the Factor H or
CFHRS genelisted in TABLES 1A, 1B, 1C, 11,14 and 15. In
one embodiment the kit includes primers or probes to deter-
mine the allele at least one of the following polymorphic sites:
rs529825; rs800292; rs3766404; rs1061147; rs1061170;
rs203674; and optionally including exon 22 (R120C). In one
embodiment the kit includes primers or probes to determine
the allele at least one of the following polymorphic sites:
rs529825; rs800292; intron 2 (IVS2 or insTT); rs3766404;
rs1061147; rs1061170; exon 10A; rs203674; rs375046; and
optionally including exon 22 (R120C). In one embodiment
the kit includes primers or probes to determine the allele at at
least one of the following polymorphic sites: rs3753394;
rs529825; rs800292; intron 2 (IVS2 or insTT); rs3766404;
rs1061147; rs1061170; rs2274700; rs203674; rs3753396;
rs1065489; and optionally including exon 22 (R120C). In one
embodiment, the sites are selected from: rs800292 (162V);
IVS 2 (-18insTT); rs1061170 (Y402H); and rs2274700
(A473A). In one embodiment, the sites are selected from:

rs9427661  (-249T>C); 159427662 (-20T>C); and
rs12097550 (P46S).
[0314] The kit can include primers or probes to determine

the allele at two of the above sites, at least three, at least four,
at least five or at least six. In one embodiment the primers or
probes distinguish alleles at rs529825. In one embodiment the
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primers or probes distinguish alleles at rs800292. In one
embodiment the primers or probes distinguish alleles at
rs3766404. In one embodiment the primers or probes distin-
guish alleles at rs1061147. In one embodiment the primers or
probes distinguish alleles at rs1061170. In one embodiment
the primers or probes distinguish alleles at rs203674. In one
embodiment; the primers or probes distinguish alleles at exon
22 (R1210C). In one embodiment the primers or probes dis-
tinguish alleles at rs529825 and rs800292. In one embodi-
ment the primers or probes distinguish alleles at two or three
of rs1061147, rs1061170 and rs203674. In one embodiment
the primers or probes distinguish alleles at least one of
rs529825 and rs800292; and rs3766404; and at least one of
rs1061147, rs1061170 and rs203674. In one embodiment the
primers or probes distinguish alleles at rs529825, rs800292,
rs3766404, rs1061170 and rs203674. In one embodiment, the
primers or probes distinguish alleles at exon 22 (R1210C) and
at: (a) rs529825; rs800292; rs3766404; rs1061147;
rs1061170; rs203674; rs529825 rs 800292; (b) at two or three
of rs1061147, rs1061170 and rs203674; at rs529825 and
rs800292, rs3766404, and two or three of rs1061147,
rs1061170 and rs203674; or at rs529825, rs800292,
rs3766404, rs1061170 and rs203674. In one embodiment the
primers or probes distinguish alleles at least one of rs529825
and rs800292; and rs3766404; and at least one 0ofrs1061147,
rs1061170 and rs203674. In one embodiment the primers or
probes distinguish alleles at rs529825, rs800292, rs3766404,
rs1061170 and rs203674.

[0315] The kit can include primers or probes to determine
the allele at two of the above sites, or at least three of the above
sites. In one embodiment, the primers or probes distinguish
alleles at rs800292. In one embodiment, the primers or probes
distinguish alleles at rs1061170. In one embodiment, the
primers or probes distinguish alleles at exon 22 (R1210C). In
one embodiment, the primers or probes distinguish alleles at
exon 22 (R1210C) and rs800292 and/or exon 22 and
rs1061170 and exon 22. In one embodiment, the primers or
probes distinguish alleles at rs800292, rs1061170 and exon
22 (R1210C).

[0316] The kit can include primers or probes to determine
the allele at two of the above sites, at least three, at least four,
at least five or at least six. In one embodiment the primers or
probes distinguish alleles at rs529825. In one embodiment the
primers or probes distinguish alleles at rs800292. In one
embodiment the primers or probes distinguish alleles at
intron 2 (IVS2 or insTT). In one embodiment the primers or
probes distinguish alleles at rs3766404. In one embodiment
the primers or probes distinguish alleles at rs1061147. In one
embodiment the primers or probes distinguish alleles at
rs1061170. In one embodiment the primers or probes distin-
guish alleles at rs2274700. In one embodiment the primers or
probes distinguish alleles at exon 10A. In one embodiment
the primers or probes distinguish alleles at rs203674. In one
embodiment the primers or probes distinguish alleles at
rs375046. In one embodiment the primers or probes distin-
guish alleles at exon 22 (R1210C). In one embodiment the
primers or probes distinguish alleles at rs529825 and
rs800292. In one embodiment the primers or probes distin-
guish alleles at two or three of rs1061147, rs1061170 and
rs203674. In one embodiment the primers or probes distin-
guish alleles at rs529825 and rs800292, at intron 2, at
rs3766404, at two or three of rs1061147, rs1061170 and
rs203674, atrs2274700, at exon 10A, and at rs375046. In one
embodiment the primers or probes distinguish alleles at
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rs529825, rs800292, intron 2 (IVS2 or insTT), rs3766404,
rs1061170, rs2274700, exon 10A, rs203674, and rs375046.
In one embodiment, the primers or probes distinguish alleles
at exon 22 (R1210C) and at any one or more of rs529825;
rs800292; intron 2 (IVS2 or insTT); rs3766404; rs1061147;
rs1061170; rs2274700, exon 10A; rs203674; rs375046;
rs529825 and rs 800292. In one embodiment, the primers or
probes distinguish alleles at exon 22 (R1210C) and at: (a) any
two or three of rs1061147, rs1061170 and rs203674; (b) at
rs529825 and rs800292, intron 2 (IVS2 or insTT), rs3766404,
two or three of rs1061147, rs1061170 and rs203674,
rs2274700, exon 10A, and rs375046; or at rs529825,
rs800292, intron 2 (IVS2 or insTT), rs3766404, rs1061170,
rs2274700, exon 10A, rs203674, and rs375046.

[0317] Inone embodiment the kit contains probes or prim-
ers for detecting at least one variation in the Factor H gene as
well as probes or primers for detecting at least one variation in
the CHFR-5 gene. In this embodiment, the kit optionally
contains probes or primers for detecting more than on varia-
tion in either or both of the Factor H and CHFR-5 genes, such
as two, three or more than three variations.

[0318] A number of assay formats are known for determin-
ing haplotypes and can be adapted to the present invention.
See, e.g., Gorgens et al., 2004, One-Step Analysis of Ten
Functional Haplotype Combinations of the Basic RET Pro-
moter with a LightCycler Assay” Clinical Chemistry
50:1693-1695; Dawson, 1989, “Carrier identification of cys-
tic fibrosis by recombinant DNA techniques.” Mayo Clin
Proc 64:325-34; Lee et al., 2005, “Gene SNPs and mutations
in clinical genetic testing: haplotype-based testing and analy-
sis.” Mutat Res. 573:195-204.

[0319] In one embodiment, the primers or probes distin-
guish alleles at (a) any one or more of rs529825; rs800292;
rs3766404; rs1061147; rs1061170; and rs203674; (b) any
one of more of intron 2 (IVS2 or insTT); rs2274700; exon
10A; and rs375046; (c) one or both of rs529825 and
rs800292; (d) one or more of rs1061147, rs1061170 and
rs203674; (e) at least one of rs529825 and rs800292; and
rs3766404; and at least one of rs1061147, rs1061170 and
rs203674; (f) at least rs529825, rs800292, rs3766404,
rs1061170, and rs203674; (g) exon 22 (R1210C); (h) exon 22
(R1210C) and any of (a)-(g); or (i) any one or more of
rs529825; rs800292; rs3766404; rs1061147; rs1061170;
rs203674; intron 2 (IVS2 or insTT); rs2274700; exon 10A;
rs375046; and exon 22 (R1210C) and any one or more of
rs9427661, rs9427662 and rs12097550. In one embodiment,
the kits include oligonucleotide sufficient to distinguish any
combination of allelles at the sites listed below in the context
of devices.

[0320] The kits may include antibodies that specifically
recognize the Factor H or CFHRS polypeptide. The Factor H-
or CFHRS-specific antibodies may recognize the normal,
functional Factor H or CFHRS polypeptide or variant Factor
H or CFHRS polypeptides in which one or more non-synony-
mous single nucleotide polymorphisms (SNPs) are present in
the Factor H or CFHRS coding region.

XII. Diagnostic Devices

[0321] Devices and reagents useful for diagnostic, prog-
nostic, drug screening, and other methods are provided. In
one aspect, a device comprising immobilized primer(s) or
probe(s) specific for one or more Factor H and/or CFHRS
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polymorphic sites is provided. In an embodiment the Factor H
and/or CFHRS polymorphic sites are those described herein
as associated with AMD.

[0322] In one aspect, a device comprising immobilized
primer(s) or probe(s) specific for one or more Factor H and/or
CFHRS gene products (polynucleotides or proteins) is pro-
vided. The primers or probes can bind polynucleotides (e.g.,
based on hybridization to specific polymorphic sites) or
polypeptides (e.g., based on specific binding to a variant
polypeptide).

[0323] Inoneembodiment, an array formatis used in which
a plurality (at least 2, usually at least 3 or more) of different
primers or probes are immobilized. The term “array” is used
in its usual sense and means that each of a plurality of primers
or probes, usually immobilized on a substrate, has a defined
location (address) e.g., on the substrate. The number of prim-
ers or probes on the array can vary depending on the nature
and use of the device. For example, a dipstick format array
can have as few as 2 distinct primers or probes, although
usually more than 2 primers or probes, and often many more,
will be present. One method for attaching the nucleic acids to
a surface is by making high-density oligonucleotide arrays
(see, Fodor et al., 1991, Science 251:767-73; Lockhart et al.,
1996, Nature Biotech 14:1675; and U.S. Pat. Nos. 5,578,832;
5,556,752; and 5,510,270). It is also contemplated that, in
some embodiments, a device comprising a single immobi-
lized probe can be used.

[0324] Inoneembodiment, an array formatis used in which
a plurality (at least 2, usually at least 3 or more) of different
primers or probes are immobilized. The term “array” is used
in its usual sense and means that each of a plurality of primers
or probes, usually immobilized on a substrate, has a defined
location (address) e.g., on the substrate. The number of prim-
ers or probes on the array can vary depending on the nature
and use of the device.

[0325] In one embodiment, the immobilized probe is an
antibody or other Factor H or CFHRS binding moiety.
[0326] It will be apparent to the skilled practitioner guided
by this disclosure than various polymorphisms and haplo-
types can be detected to assess the propensity of an individual
to develop a Factor H related condition. The following
examples and combinations are provided for illustration and
not limitation. In some cases, the array includes primers or
probes to identify the allele at 1, 2, 3,4, 5,6,7,8, 9, 10, or all
of the polymorphisms in the Factor H or CFHRS gene listed
inTABLES 1A,1B, 1C, 11, 14 and 15. In one embodiment the
array includes primers or probes to determine the allele at
least one of the following polymorphic sites: rs529825;
rs800292; rs3766404; rs1061147; rs1061170; rs203674; and
optionally including exon 22 (R1210C). In one embodiment
the array includes primers or probes to determine the allele at
at least one of the following polymorphic sites: rs529825;
rs800292; intron 2 (IVS2 or insTT); rs3766404; rs1061147;
rs1061170; exon 10A; rs203674; rs375046; and optionally
including exon 22 (R1210C). In an embodiment the array
includes primers or probes to determine the allele at least one
of the following polymorphic sites: (a) rs3753394; (b)
rs529825; (¢) rs800292; (d) intron 2 (IVS2 or insTT); (e)
rs3766404; (f) rs1061147; (g) rs1061170; (h) rs2274700; (1)
rs203674; (j) rs3753396; (j) rs1065489; and optionally
including exon 22 (R1210C). In one embodiment, the array
includes primers or probes to determine the allele at at least
one of the following polymorphic sites: rs800292 (162V);
IVS 2 (-18insTT); rs1061170 (Y402H); and rs2274700
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(A473A). In one embodiment, the array includes primers or
probes to determine the allele at least one of the following
polymorphic sites: rs9427661 (-249T>C); rs9427662
(-20T>C); and rs12097550 (P46S).

[0327] The array can include primers or probes to deter-
mine the allele at two of the above sites, at least three, at least
four, at least five or at least six. In one embodiment the
primers or probes distinguish alleles at rs529825. In one
embodiment the primers or probes distinguish alleles at
rs800292. In one embodiment the primers or probes distin-
guish alleles at rs3766404. In one embodiment the primers or
probes distinguish alleles at rs1061147. In one embodiment
the primers or probes distinguish alleles at rs1061170. In one
embodiment the primers or probes distinguish alleles at
rs203674. In one embodiment the primers or probes distin-
guish alleles at exon 22 (R1210C). In one embodiment the
primers or probes distinguish alleles at rs529825 and
rs800292. In one embodiment the primers or probes distin-
guish alleles at two or three of rs1061147, rs1061170 and
rs203674. In one embodiment the primers or probes distin-
guish alleles at rs529825 and rs800292, at rs3766404, two or
three of rs1061147, rs1061170 and rs203674. In one embodi-
ment the primers or probes distinguish alleles at rs529825,
rs800292, rs3766404, rs1061170 and rs203674. In one
embodiment, the primers or probes distinguish alleles at exon
22 (R1210C) and at rs529825; at rs800292; at rs3766404; at
rs1061147; at rs1061170; at rs203674; at rs529825 and rs
800292; at two or three of rs1061147, rs1061170 and
rs203674; at rs529825 and rs800292, rs3766404, and two or
three of rs1061147, rs1061170 and rs203674; or at rs529825,
rs800292, rs3766404, rs1061170 and rs203674. In one
embodiment, the primers or probes distinguish alleles at (a)
any one or more of rs529825; rs800292; rs3766404;
rs1061147; rs1061170; and rs203674; (b) any one of more of
intron 2 (IVS2 or insTT); rs2274700; exon 10A; and
rs375046; (c) one or both of rs529825 and rs800292; (d) one
or more of rs1061147, rs1061170 and rs203674; (e) at least
one of rs529825 and rs800292; and rs3766404; and at least
one of rs1061147, rs1061170 and rs203674; (f) at least
rs529825, rs800292, rs3766404, rs1061170, and rs203674;
(g) exon 22 (R1210C); (h) exon 22 (R1210C) and any of
(a)-(g); or (i) any one or more of rs529825; rs800292;
rs3766404; rs1061147;rs1061170; rs203674; intron 2 (IVS2
or insTT); rs2274700; exon 10A; rs375046; and exon 22
(R1210C) and any one or more of rs9427661, rs9427662 and
rs12097550.

[0328] The array can include primers or probes to deter-
mine the allele at two of the above sites, at least three, at least
four, at least five or at least six. In one embodiment the
primers or probes distinguish alleles at rs529825. In one
embodiment the primers or probes distinguish alleles at
rs800292. In one embodiment the primers or probes distin-
guish alleles at intron 2 (IVS2 or insTT). In one embodiment
the primers or probes distinguish alleles at rs3766404. In one
embodiment the primers or probes distinguish alleles at
rs1061147. In one embodiment the primers or probes distin-
guish alleles at rs1061170. In one embodiment the primers or
probes distinguish alleles at exon 10A. In one embodiment
the primers or probes distinguish alleles at rs2274700. In one
embodiment the primers or probes distinguish alleles at
rs203674. In one embodiment the primers or probes distin-
guish alleles at rs375046. In one embodiment the primers or
probes distinguish alleles at exon 22 (R1210C). In one
embodiment the primers or probes distinguish alleles at
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rs529825 and rs800292. In one embodiment the primers or
probes distinguish alleles at two or three of rs1061147,
rs1061170 and rs203674. In one embodiment the primers or
probes distinguish alleles at of rs529825 and rs800292, at
intron 2, at rs3766404, at two or three of rs1061147,
rs1061170 and rs203674, at exon 10A, at rs2274700, and at
rs375046. In one embodiment the primers or probes distin-
guish alleles atrs529825, rs800292, intron 2 (IVS2 or insTT),
rs3766404, rs1061170, exon 10A, rs2274700, rs203674, and
rs375046. In one embodiment, the primers or probes distin-
guish alleles at exon 22 (R1210C) and at either at rs529825;
at rs800292; at intron 2 (IVS2 or insTT); at rs3766404; at
rs1061147; at rs1061170; at rs2274700, at exon 10A; at
rs203674; at rs375046; at rs529825 and rs 800292; at two or
three of rs1061147, rs1061170 and rs203674; at rs529825
and rs800292, intron 2 (IVS2 or insTT), rs3766404, two or
three of rs1061147, rs1061170 and rs203674, rs2274700,
exon 10A, and rs375046; or at rs529825, rs800292, intron 2
(IVS2 or insTT), rs3766404, rs1061170, rs2274700, exon
10A,rs203674, and rs375046. In one embodiment, the device
distinguishes any combination of allelles at the sites listed
above in the context of kits.

[0329] In one embodiment, the substrate comprises fewer
than about 1000 distinct primers or probes, often fewer than
about 100 distinct primers or probes, fewer than about 50
distinct primers or probes, or fewer than about 10 distinct
primers or probes. As used in this context, a primer is “dis-
tinct” from a second primer if the two primers do not specifi-
cally bind the same polynucleotide (i.e., such as cDNA prim-
ers for different genes). As used in this context, a probe is
“distinct” from a second probe if the two probes do not
specifically bind the same polypeptide or polynucleotide (i.e.,
such as cDNA probes for different genes). Primers or probes
may also be described as distinct if they recognize different
alleles of the same gene (i.e., CFH or CFHRS). Thus, in one
embodiment diagnostic devices of the invention detect alleles
of CFH only, CFHRS only, CFH and CFHRS only, or CFH,
CFHRS and up to 20, preferably up to 10, or preferably up to
5 genes other than CFH and/or CFHRS. That is, the device is
particularly suited to screening for AMD and related comple-
ment-associated diseases. In one embodiment, the device
comprises primers or probes that recognize CFH and/or one
or more of CFHR1-5 only. In a related embodiment, the
device contains primers and probes for up to 20, preferably up
to 10, or preferably up to 5 other genes than CFH or CFHR1-
5.

[0330] In one embodiment, the immobilized primer(s)
is/fare an allele-specific primer(s) that can distinguish
between alleles at a polymorphic site in the Factor H or
CHRFS gene. Exemplary allele-specific primers to identify
alleles at polymorphic sites in the Factor H gene are shown in
TABLE 16A. The immobilized allele-specific primers
hybridize preferentially to nucleic acids, either RNA or DNA,
that have sequences complementary to the primers. The
hybridization may be detected by various methods, including
single-base extension with fluorescence detection, the oligo-
nucleotide ligation assay, and the like (see Shi, M. M., 2001,
Enabling large-scale pharmacogenetic studies by high-
throughput mutation detection and genotyping technologies™
Clin. Chem. 47(2):164-172). Microarray-based devices to
detect polymorphic sites are commercially available, includ-
ing Affymetrix (Santa Calar, Calif.), Protogene (Menlo Park,
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Calif.), Genometrix (The Woodland, Tex.), Motorola Bio-
Chip Systems (Northbrook, Ill.), and Perlegen Sciences
(Mountain View, Calif.).

[0331] Inoneembodiment, the immobilized probe(s) is/are
an allele-specific probe(s) that can distinguish between alle-
les at a polymorphic site in the Factor H or CFHRS gene.
Exemplary allele specific probes to identify alleles at poly-
morphic sites in the Factor H gene are shown in TABLE 16B.
The immobilized allele-specific probes hybridize preferen-
tially to nucleic acids, either RNA or DNA, that have
sequences complementary to the probes. The hybridization
may be detected by various methods, including fluorescence
of hybridized nucleic acids (see Shi, M. M., 2001, Enabling
large-scale pharmacogenetic studies by high-throughput
mutation detection and genotyping technologies. Clin. Chem.
47(2):164-172). Microarray-based devices to detect poly-
morphic sites are commercially available, including Affyme-
trix (Santa Calar, Calif.), Protogene (Menlo Park, Calif),
Genometrix (The Woodland, Tex.), Motorola BioChip Sys-
tems (Northbrook, Ill.), and Perlegen Sciences (Mountain
View, Calif.).

[0332] In certain embodiments probes or primers specific
for particular SNPs and variations are excluded from a kit or
adevice ofthe invention. For example, in some embodiments,
a kit or device does not include one or more of the following
SNPs can be excluded: (i) rs529825; (ii) rs900292; (iii) intron
2 (IVS2 or insTT); (iv) rs3766404; (v) rs1061147; (vi)
rs1061170; (vii) rs2274700; (viii) exon 10A; (ix) rs203674;
(x) rs375046; (x1) rs3753396; (xii) rs1065489; or (xiii) exon
22 (R1210C).

XI1II. Examples
Example 1

Common Haplotype in the Factor H Gene
(HF1/CFH) Predisposes Individuals to Age-related
Macular Degeneration

[0333] Age-related macular degeneration (AMD) is the
most frequent cause of irreversible blindness in the elderly in
developed countries, affecting more than 50 million individu-
als worldwide. Our previous studies implicated activation of
the alternative complement pathway in the formation of ocu-
lar drusen, the hallmark lesion of AMD. We have also shown
that macular drusen in AMD patients are indistinguishable
from those that form at an early age in individuals with
membranoproliferative glomerulonephritis type 2 (MPG-
NII), a disease characterized by uncontrolled activation of the
alternative pathway of the complement cascade. Here we
show that Factor H protein (HF1), the major inhibitor of the
alternative complement pathway, accumulates within drusen,
and is synthesized locally by the retinal pigment epithelium.
Previous linkage analyses identified chromosome 1q25-32,
which harbors the Factor H gene (HF1/CFH), as a major
AMD susceptibility locus. We analyzed HF1 for genetic
variation in two independent cohorts comprised of approxi-
mately 900 AMD cases and 400 matched controls. We find a
highly significant association of 8 common HF1 SNPs with
AMD in these cohorts; two common missense variants
exhibit highly significant associations (I62V; %*=36.1, p=3.
2x1077 and Y402H; y*=54.4, p=1.6x107'%). Haplotype
analysis suggests that multiple HF 1 variants confer either an
elevated or a reduced risk of AMD. One common at-risk
haplotype is present at a frequency of 49% in AMD cases and
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26% in controls (OR=2.67, 95% CI [1.80-2.85]). Homozy-
gotes for this haplotype account for 22.1% of cases and 5.1%
of controls (OR=5.26, 95% CI [2.84-9.76]). Several protec-
tive haplotypes are also identified (OR=0.44-0.55). Further
strengthening these data is the finding of' the risk haplotype in
70% of MPGNII patients. We propose that genetically pre-
determined variation in regulators of the complement system,
when combined with triggering events such as infection,
underlie a major proportion of AMD in the human population.

Introduction

[0334] Age-related macular degeneration (AMD) is the
leading cause of irreversible vision loss in the developed
world (Klein et al., 2004; van Leeuwen et al., 2003), affecting
15% of individuals over the age of 60 or an estimated 600
million individuals. AMD is characterized by a progressive
loss of central vision attributable to degenerative and neovas-
cular changes which occur at the interface between the neural
retina and the underlying choroid. At this location lie the
photoreceptors, the adjacent retinal pigmented epithelium
(RPE), a basement membrane complex known as Bruch’s
membrane BM), and a network of choroidal capillaries.
[0335] The prevailing view is that AMD is a complex dis-
order attributable to the interaction of multiple genetic and
environmental risk factors (Klein et al., 2003; Tuo et al.,
2004). Familial aggregation studies indicate that a genetic
component can be identified in up to 25% of the cases (Klaver
et al., 1998). As such, AMD appears to be a product of the
interaction between multiple susceptibility loci rather than a
collection of single-gene disorders. The number of loci
involved, the attributable risk conferred, and the interactions
between various loci remain obscure.

[0336] Linkage analyses and candidate gene screening
have provided limited insight into the genetics of AMD. Reli-
able associations of one gene with increased risk, ABCA4
(Allikmets et al., 1997; Allikmets, 2000), and one gene with
decreased risk, ApoE4 (Klaver et al., 1998; Souied et al.,
1998), have been reported. Several groups have reported
results from genome-wide linkage analyses (Tuo et al., 2004;
Weeks et al., 2001). To date, linkage of one AMD phenotype
(ARMD1; MIM 603075) to a specific chromosomal region,
1925-931, has been documented (Klein et al., 1998). HEMI-
CENTIN-1, also known as Fibl6, has been tentatively identi-
fied as the causal gene (Schultz et al., 2003), although it does
not account for a significant disease load (Abecasis et al.,
2004; Hayashi et al., 2004). The identification of overlapping
locion chromosome 1q by several groups (Weeks etal., 2001;
Iyengaretal., 2003) indicates that this locus is likely to harbor
a major AMD-associated gene.

[0337] In AMD, as well as many other diseases such as
Alzheimer’s disease (Akiyama et al., 2000), atherosclerosis
(Torzewski etal., 1997), and glomerulonephritis (Schwertz et
al., 2001), characteristic lesions and deposits contribute to the
pathogenesis and progression of the disease. Although the
molecular pathogenesis of these disecases may be diverse, the
deposits contain many shared molecular constituents that are
attributable, in part, to local inflammation and activation of
the complement cascade, a key element of host defense in the
innate immune system. Drusen are the hallmark deposits
associated with early AMD, and recent studies have impli-
cated local inflammation and activation of the complement
cascade in their formation as well (Hageman et al., 1999;
Espinosa-Heidmann et al., 2003). Drusen contain a variety of
complement activators, inhibitors, activation-specific
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complement fragments, and terminal pathway components
including the membrane attack complex (MAC), the lytic
complex formed as a consequence of complement activation.
The MAC is potentially lethal to host cells and tissues as well
as foreign pathogens.

[0338] Many individuals with membranoproliferative
glomerulonephritis type II (MPGNII), a rare kidney disease
characterized by uncontrolled systemic activation of the alter-
native activation pathway of complement, also develop ocular
drusen in the macula that are indistinguishable in composi-
tion and appearance from those in AMD (Mullins et al., 2001;
O'brien et al., 1993; McAvoy et al., 2004). Furthermore, one
patient diagnosed with MPGNII harbors a mutation in HF1
(HF1), amajor inhibitor of the alternative pathway of comple-
ment activation (Zipfel, personal communication). Addition-
ally, individuals in a few extended families with MPGNIII, a
related disorder, show linkage to a region of chromosome
mappedin 1q31-32 (Keary et al., 2002) that overlaps the locus
identified in genome-wide linkage studies for AMD. Collec-
tively, these findings provided the impetus for examining
whether HF1 is involved in the development of AMD and
MPGNIL

[0339] Inthis investigation, we determined the frequencies
of HF1 sequence variants in AMD and MPGNII patients and
matched controls, and analyzed their association with disease
phenotype. We also examined HF 1 transcription and the dis-
tribution of HF 1 protein in the macular RPE-choroid complex
from normal and AMD donors.

Methods

[0340]

[0341] Two independent groups of AMD cases and age-
matched controls were used for this study. All participating
individuals were of European- American descent, over the age
ot 60, and enrolled under IRB approved protocols following
informed consent. These groups were comprised of 404 unre-
lated patients with clinically documented AMD (mean age
79.5+£7.8) and 131 unrelated, control individuals (mean age
78.4+7 .4; matched by age and ethnicity) from the University
of Towa, and 550 unrelated patients with clinically docu-
mented AMD (meanage 71.32+8.9 years), and 275 unrelated,
matched by age and ethnicity, controls (mean age 68.84+8.6
years) from the Columbia University. Patients were examined
by indirect ophthalmoscopy and slit-lamp microscopy by
retina fellowship-trained ophthalmologists.

[0342] Dr. Caroline Klaver, and later individuals trained by
Dr. Klaver, graded fundus photographs at both institutions
according to a standardized, international classification sys-
tem (Bird et al., 1995). Control patients were selected and
included if they did not exhibit any distinguishing signs of
macular disease or have a known family history of AMD. The
AMD patients were subdivided into phenotypic categories—
early AMD (eAMD), geographic atrophy (GA) and exudative
(CNV) AMD—based on the classification of their most
severe eye at the time of their entry into the study. The Uni-
versity of lowa eAMD and GA cases were further subdivided
into distinct phenotypes (RPE changes alone, >10 macular
hard drusen, macular soft drusen, BB (cuticular) drusen,
PED, “Cherokee” atrophy, peninsular geographic atrophy
and pattern geographic atrophy). The earliest documented
phenotype for all cases was also recorded and employed in the
analyses.

Patients, Phenotyping and DNA—
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[0343] Genomic DNA was generated from peripheral
blood leukocytes collected from case and control subjects
using QIlAamp DNA Blood Maxi kits (Qiagen, Valencia,
Calif.).

[0344] Rapanui—

[0345] Followingan informed consent process approved by
the Unidad de Bioetica, Ministerio de Salud (Santiago,
Chile), 447 (66% female; 34% male) Easter Island inhabit-
ants were provided a complete eye examination that included
a dilated funduscopic examination. Medical, family and oph-
thalmic histories were taken and records and assistance from
local physicians and community leaders were used to classify
the ethnicity of the subjects. 49% of those patients examined
were pure Rapanui, 9% were admixed (mixture of Rapanui
and European, Chilean, Mapuchi and/or recent Polynesian),
and 42% were continental (largely Chilean European).
Peripheral venous blood and sera were collected from 201 of
the older individuals; 114 of these individuals were pure
Rapanui (108 were >50 years old; 89 were >60 years old).
DNA from 60 of the pure Rapanui inhabitants and 13 of the
Chilean residents over the age of 65 was used in this study.
[0346] Human Donor Eyes—

[0347] Human donor eyes were obtained from the lowa
Lions Eye Bank (lowa City, lowa), the Oregon Lions Eye
Bank (Portland, Oreg.) and the Central Florida Lions Eye and
Tissue Bank (Tampa, Fla.) within five hours of death. Gross
pathologic features of these eyes, as well as fundus photo-
graphs and angiograms, when available, were read and clas-
sified by retinal specialists. Fundi were graded according to a
modified version of the International AMD grading system
(Bird et al., 1995) by at least two individuals.

[0348] Total RNA was prepared from retina, RPE/choroid,
and RPE cells derived from eyes using an RNeasy Mini Kit
(Qiagen, Valencia, Calif.). Genomic DNA was sheared using
a QiaShredder (Qiagen, Valencia, Calif.) and residual
genomic DNA digested with DNAse (Promega). RNA integ-
rity was assessed using an Agilent BioAnalyzer.

[0349] DNA derived from 38 unrelated donors with clini-
cally documented AMD (mean age 81.5+8.6) and 19 unre-
lated, control donors (mean age 80.5+8.8; matched by age
and ethnicity) were employed for SSCP analyses and to
assess potential genotype-phenotype correlations.

[0350] Immunohistochemistry—

[0351] Wedges of posterior poles, including the ora serrata
and macula were fixed and processed as described previously
(Hageman etal., 1999). Some posterior poles were embedded
directly in OCT without prior fixation. Tissues were sectioned
to a thickness of 6-8 um on a cryostat and immunolabeling
was performed as described previously (Hageman et al.,
1999. Adjacent sections were incubated with secondary anti-
body alone, to serve as controls. Some immunolabeled speci-
mens were prepared and viewed by confocal laser scanning
microscopy, as described previously (Anderson et al., 2002).
[0352] Polymerase Chain Reaction (PCR)—

[0353] First strand cDNA was synthesized from total RNA
using Superscript reverse transcriptase (Gibco BRL) and ran-
dom hexamers. PCR reactions were carried out using the
following primer sets: FH1 (exon 8 to exon 10) 5'-GAA-
CATTTTGAGACTCCGTC-3' [SEQIDNO:324] and 5'-AC-
CATCCATCTTTCCCAC-3' [SEQIDNO:325]; FH1 (exon 9
to exon 10) 5-TCCTGGCTACGCTCTTC-3' [SEQ ID
NO:326] and 5'-ACCATCCATCTTTCCCAC-3' [SEQ ID
NO:325]; HFL1 (exon 8 to exon 10) 5'-TCCGTCAG-
GAAGTTACTGG-3' [SEQ ID NO:327] and 5'-AGTCAC-
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CATACTCAGGACCC-3' [SEQ ID NO:328]; HFL1 (exon 9
to exon 10), 5'-GGCTACGCTCTTCCAAAAG-3' [SEQ ID
NO:329] and 5'-AGTCACCATACTCAGGACCC-3' [SEQ
ID NO:330]. PCR primers (IDT, Coralville, lowa) were
designed using MacVector software (San Diego, Calif.).
Reaction parameters were one cycle at 94° C. for 3 minutes,
40 cycles at 94° C. for 45 sec, 51.4° C. (FH1)/55° C. (HFL1)
for 1 min, 72° C. for 1 min, and one cycle at 72° C. for 3 min.
The PCR products were run on 2% agarose gels and recorded
using a Gel Doc 2000™ Documentation System accompa-
nied by Quantity One® software (Bio-Rad, Hercules, Calif.).
[0354] Microarray Analyses:

[0355] DNA microarray analyses were performed using
total RNA extracted from native human RPE or the RPE-
Choroid complex (RNeasy minikit, Qiagen, Valencia, Calif.)
collected within <5 hours of death. Three different platforms
were used: an 18,380 non-redundant DNA microarray (Incyte
Pharmaceuticals; St. Louis, Mo.); the Affymetrix gene chip
system; and a Whole Human Genome or Human 1A V2
oligo-microarray (Agilent Inc., Palo Alto, Calif.). The indi-
vidual protocols followed each of the manufacturer’s instruc-
tions. For the Incyte analyses, cDNA derived from 6 mm
punches of macular and mid-peripheral regions was labeled
with 33-P in a random-primed reaction, purified and hybrid-
ized to the Nylon-based arrays containing 18,380 non-redun-
dant cDNAs. The membranes were phosphoimaged, signals
were normalized and data were analyzed using the Genome
Discovery Software package. For the Affymetrix analyses,
RPE and RPE/choroid (from 6-8 mm macular and peripheral
punches) cRNA was hybridized directly to Affymetrix Gene-
Chips (HG-U133A) using standardized protocols. These pro-
cedures were conducted in the University of lowa DNA core
facility, which is equipped with a fluidics station and a Gene-
Array scanner. The Agilent data was obtained from punches
of the macula and mid-periphery. CY3 and CY5 labeled
amplified cRNA derived from macula and peripheral RPE/
choroid was generated using an Agilent Low Input RNA
Amplification Kit using the macular and peripheral RNA
from the same donor. The Agilent array data were collected
from 3 normal young donors, 3 AMD donors, and 3 age-
matched non-AMD controls using a Vers Array Scanner; data
were quantified using the VersArray Analyzer Software (Bio-
Rad). The median net intensity of each spot was calculated
using global background subtraction and the data was nor-
malized using the local regression method.

[0356] Mutation Screening and Analysis—

[0357] Coding and adjacent intronic regions of HF1 (in-
cluding exon 10A that is transcribed to generate the truncated
FHL1 isoform) were examined for variants using single-
strand conformation polymorphism (SSCP) analyses, dena-
turing high performance liquid chromatography (DHPLC)
and direct sequencing. The remaining SNPs were typed by
the 5' nuclease (Tagman, ABI) methodology. Tagman geno-
typing and association analyses were performed as described
(Gold et al., 2004). Primers for SSCP, DHPLC and DNA
sequencing analyses (TABLE 5) were designed to amplify
each exon and its adjacent intronic regions using MacVector
software (San Diego, Calif.). PCR-derived amplicons were
screened for sequence variation by SSCP and DHPLC, as
described previously (Allikmets et al., 1997; Hayashi et al.,
2004). All changes detected by SSCP and DHPLC were con-
firmed by bidirectional sequencing according to standard pro-
tocols. Statistical analyses were performed using chi-square
and Fisher’s exact tests.
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Results

Factor H at the RPE-Choroid Interface

[0358] The distribution of Factor H protein in the RPE/
choroid complex from the macula and extramacula was
assessed in eyes obtained from six donors with a history of
early AMD and three donors of similar age without AMD or
drusen (FIGS. 1A-1L). In donors with AMD, intense HF1
immunoreactivity (IR) is present in drusen, beneath the RPE
(i.e. the sub-RPE space), and around the choroidal capillaries
(FIGS. 1A-1D, 1E, 1G). In the absence of the primary anti-
body, labeling in the RPE/choroid is absent (FIG. 1F). All of
the Factor H antibodies labeled drusen to some degree, in a
homogeneous fashion (FIGS. 1C and 1E). One antibody also
labeled substructural elements within drusen (FIGS. 1A and
1B). Such structures are also labeled using antibodies to the
activated complement component C3b/iC3b that binds HF1
(Anderson et al., 2004; Johnson et al., 2001). Factor Himmu-
noreactivity is more robust in donors with AMD compared to
age-matched controls; it is also more pronounced in the
maculas of AMD donors than in the periphery (FIGS. 1G and
1H). The anti-HF1 pattern in the macula (FIG. 1G) is highly
similar to the anti-C5b-9 pattern (FIGS. 11 and 1K); in both
cases, labeling typically includes the choroidal capillaries.
Extramacular locations show much less anti-C5b-9 immu-
noreactivity (FIG. 1J). Little or no C5b-9 immunoreactivity in
the RPE-choroid is observed in donors under the age of 50
and without AMD (FIG. 1L).

Description of FIG. 1

[0359] (A-B) High magnification confocal immunofluo-
rescence images from an 84 year old male donor diagnosed
with atrophic AMD. Anti-HF1 (Advanced Research Tech-
nologies) labeling of substructural elements (white arrows) in
drusen and the sub-RPE space is imaged on the Cy2/fluores-
cein channel. The sub-RPE space is the extracellular com-
partment between the basal RPE surface and the inner col-
lagenous layer of Bruch’s membrane. Such elements also
display immunoreactivity (IR) using monoclonal antibodies
directed against C3 fragments (iC3b, C3d, C3dg) that bind
covalently to complement activating surfaces (Johnson et al,
2001; 2003). The intense anti-Factor H labeling in the lumens
of'choroidal capillaries (asterisks) from this donor most likely
reflects the high circulating levels of HF1 in the bloodstream.
Autofluorescent lipofuscin granules in the RPE cytoplasm are
labeled on the Cy3/Texas Red channel. Magnification bars.
A) 5 pm; B) 3 um.

[0360] (C-D) Confocal immunofluorescence localization
of HF1 in drusen and the sub-RPE space in an 83 year old
male with AMD using a different HF1 polyclonal antibody
(Quidel) (Cy2/fluorescein channel; green). C) In this donor
eye, the drusen (Dr) labeling pattern is homogeneous. D) Low
magnification image of the RPE-choroid. Anti-HF1 IR is
present throughout the choroid and in the sub-RPE space
(arrows), the anatomical compartment where drusen and
other deposits associated with aging and AMD form. Lipo-
fuscin autofluorescence (Cy3 channel; red). Magnification
bars. C) 10 um; D) 20 um.

[0361] (E-F) Immunohistochemical localization of HF1 in
drusen. E) Anti-HF 1 monoclonal antibody (Quidel) labeling,
signified by the purple alkaline phosphatase reaction product,
is apparent in drusen, along Bruch’s membrane, and on the
choroidal capillary walls (arrows). F) Control section from
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the same eye. In the absence of the primary antibody, no
labeling is present. Brown pigmentation in the RPE cyto-
plasm and choroid is melanin. Magnification bars=10 pm.
[0362] (G-H) Immunolocalization of HF1 in the macula.
(G) Extensive labeling is present along BM, the choroidal
capillary walls, and the intercapillary pillars (arrows) in a
donor with AMD. H) Control section from the macula of a
donor without AMD; much less labeling is apparent in same
structures. Magnification bars=20 pum.

[0363] (I-J) Immunohistochemical localization of the
complement membrane attack complex (C5b-9) in the RPE-
choroid underlying the macula (FIG. 1I) and extramacula
(FIG. 1J) from the same AMD donor eye. In the macula,
intense anti-C5b-9 labeling is associated with drusen,
Bruch’s membrane, and the choroidal capillary endothelium.
Anti-C5b-9 labeling outside the macula is restricted to a
narrow zone in the vicinity of Bruchs membrane. Brown
pigment in the RPE cytoplasm and choroid represents mela-
nin pigmentation. Magnification bars=20 pm.

[0364] (K-L) Immunohistochemical location of C5b-9 in
the macula from a donor with AMD (FIG. 1K) and from a
second donor without AMD (FIG. 1L). Brown pigmentation
in the RPE cytoplasm and choroid represents melanin. The
anti-C5b-9 labeling is associated primarily with the choroidal
capillary walls (black arrows) and the intercapillary pillars
(white arrows). Labeling is much more intense in the AMD
eye. Note the strong similarity to the anti-HF1 labeling pat-
tern in the macula from the same donor, as shown in Figure G.
Magnification bars. K=15 um; .=20 um.

The Retinal Pigment Epithelium is a Local Source of Factor
H

[0365] Expression of HF1 and FHL1 in the RPE, RPE/
choroid and retina was assessed by RT-PCR and DNA
microarray analysis. Appropriately sized PCR products for
both gene products are present in freshly isolated RPE and the
RPE/choroid complex, but not neural retina, in human eyes
derived from donors with and without AMD (FIG. 2). Primers
were chosen within exons 8, 9, 10A (the exon employed to
generate the truncated isoform FHIL.1) and 10 of the HF1
coding sequence. The PCR reactions were performed with
c¢DNA prepared from RNA extracted from human neurosen-
sory retina (lanes 2), RPE and choroid (lanes 3), and freshly
isolated RPE cells (lanes 4) derived from a donor with a
clinically documented history of AMD. Genomic DNA was
employed as a template for amplification (lanes 5); no tem-
plate was added to the mixtures depicted in lanes 6. Lanes 1
contains the 100 bp ladder. Amplimers spanning from exon 8
to exon 10 (left panel), and from exon 9 to exon 10 (right
panel), of HF1 and from exon 8 to exon 10A (left panel), and
exon 8 to exon 10A (right panel), of FHL1 were of the
expected sizes (376,210, 424 and 248 bp, respectively). Tran-
scripts for FHRs 1-5 are not detected in RPE or RPE/choroid,
but FHRs 1-4 are detected in neural retina by RT-PCR (data
not shown).

[0366] Gene expression array data derived from three plat-
forms confirm that HF1 and FHL1 transcripts, but few if any
of the HF1-related protein transcripts (FHR1 being the pos-
sible exception), are expressed locally by RPE and choroid
cells. Data derived from Incyte arrays probed with RPE/
choroid cDNA derived from nine donors with AMD and three
age-matched controls show elevated levels that average 2-3
times that of HF1 mRNA in the donors with AMD. There is
also a trend toward slightly higher levels in the macula
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regions as compared to the extramacular regions, although
the difference is not statistically significant. The data gener-
ated from the examination of isolated RPE and adjacent RPE/
choroid preparations from two donors with AMD and two
age-matched control donors using Affymetrix arrays confirm
the presence of HF 1 transcripts in these tissues and shows that
a significant proportion of the HF 1 message is present within
the RPE layer (data not shown).

Variants in HF1 are Associated with AMD and MPGN 11

[0367] To test whether allele variants of HF 1 gene are asso-
ciated with AMD, all 22 coding exons and 50-100 bp flanking
intronic sequences were screened, in a cohort of 404 AMD
patients and 131 matched controls at the University of lowa.
A total of 26 sequence variants are detected; 17 SNPs in the
coding region (¢SNPs), including 5 synonymous and 12 non-
synonymous substitutions, and 9 intronic SNPs (some of the
variants shown in FIG. 3). FIG. 3 shows the approximate
locations of 11 SNPs used in the analysis, the 20 short con-
sensus repeats (SCRs), and the linkage disequilibrium (LD)
blocks, and the approximate binding sites for pathogens and
other substrates are depicted below the diagram based on
previously published data (Zipfel et al., 2002; Rodriguez de
Cordoba et al., 2004). ¢SNPs included previously described
common non-synonymous variants, such as 162V in exon 2,
Y402H in exon 9, and D936E in exon 18 (FIG. 3). An example
of'a common intronic SNP with a potentially functional effect
is the IVS2-18insTT variant. Five rare (<0.5%) variants are
also detected (data not shown) in both AMD patients and
controls, excluding the possibility of the disease phenotype
being caused by rare HF1 alleles (i.e., disease-causing muta-
tions). Detailed genotyping data were obtained for 6 SNPs in
some or all of the 404 patients and 131 controls (TABLES 4
and 6A-6C) and association analyses were performed using a
case-control study design. Highly significant associations are
found with several individual variants, including 162V
(x*=15.0, p=1.1x107*) and Y402H (1*=49.4, p=2.1x10712).
The strongest association with AMD in this cohort is
observed with a synonymous A473A variant in exon 10,
resulting in an odds ratio (OR) of 3.42 (95% confidence
interval (CI) [2.27-5.15]).

[0368] These results were confirmed in an independent
cohort of AMD patients (n=550) and matched controls
(n=275) obtained at Columbia University, New York (TABLE
4). The same two non-synonymous SNPs are also highly
associated with AMD in this second cohort (162V; *=36.1,
p=3.2x1077 and Y402H; y>=54.4, p=1.6x107?). In addition,
several other intronic SNPs were selected based on frequency
and the availability of commercial assays (for a total of 11
SNPs). The strongest association in this cohort is observed
with SNP rs203674 in intron 10 (3*=66.1, p=4.29x10719).
This variant shows an OR of 2.44 with AMD (95% CI=1.97-
3.03). Although the OR is modest, the variant is very com-
mon; 30.5% of the cases are homozygous for allele B, but
only 12.9% of'the controls. The Q672Q and D93 6E alleles in
exon 13 and 18 show no statistically significant association,
suggesting that variation in the N-terminal half of HF 1, which
includes domains involved in pathogen and substrate mol-
ecule recognition (FIG. 3, also see below), are associated with
AMD. The two sets of data are strikingly similar, in that the
genotyped SNPs are not only associated with AMD in a
highly significant fashion, but the frequencies and extent of
association are very similar in the two cohorts (TABLES 4
and 6).
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[0369] The association is highly significant when the entire
AMD patient cohorts are compared to controls (TABLE 4).
When the major sub-phenotypes of AMD, such as the early
AMD (eAMD, characterized by macular drusen and/or pig-
mentary abnormalities), CNV (neovascular membranes and/
or disciform scars), and GA (geographic atrophy) are ana-
lyzed separately, the association is especially prominent in
cases of eAMD and CNV. The GA group shows some devia-
tion from the general trend in some cases, especially with the
haplotype defined by exon 13 (Q672Q) and 18 (D936E) alle-
les (data not shown). While this deviation may be significant
in terms of varying etiology, it did not reach statistical sig-
nificance, most likely due to relatively small numbers of
patients with GA.

[0370] Linkage disequilibrium (LD) analysis showed
extensive LD across the entire HF1 gene (TABLE 2 and FIG.
3). Three SNPs in the exon 2-3 region are in virtually com-
plete LD as are the A307A and Y402H variants in exons 7 and
9, and the Q672Q and D936E variants in exon 13 and 18
(TABLE 6 and FIG. 5). Haplotype estimation in cases and
controls identified the most frequent at-risk haplotype in 49%
of cases versus only in 26% of controls (OR=2.93 95% CI
[2.29-3.74]). Homozygotes for this haplotype are present in
22.1% of the Columbia cases and 5.1% of the controls
(OR=5.26, 95% CI [2.84-9.76]). Two common protective
haplotypes are found in 30% of controls and 18% of cases
(OR=0.476 95% CI [0.349-0.650] and OR=0.472, 95% CI
[0.320-0.698]). These haplotypes differ only in the exon 2-3
locus SNPs and the intron 10 SNP. As shown in FIG. 4 and
TABLE 2, these protective haplotypes are closely related to
each other and are both at least five steps away from the risk
haplotype. Interestingly, the 3 SNPs, (promoter -257C>T,
A473A, and D936E) previously shown to be associated with
HUS are all on one relatively common haplotype (12%) that
is neutral for AMD risk (see the discussion below). For each
SNP we identified the base present in the consensus chim-
panzee genome. The haplotype generated represents the
likely ancestral human haplotype and is closely related to the
protective haplotypes (data not shown).

[0371] SNPs IVS2-18insTT and Y402H were also geno-
typed in 20 unrelated MPGNII patients, 52 Rapanui natives
and small cohorts of Hispanic Americans, African Americans
and European Americans (TABLE 7). The frequency of the
at-risk haplotype was estimated in samples from different
populations from genotypes of the Y402H variant and/or the
IVS10 locus. These include Rapanui natives over the age of
65 (AMD is extremely rare, and most likely absent, in this
Easter Island population), controls (>65 years of age) from
Columbia University, Hispanics general population, controls
(>65 years of age) from the University of lowa, African
Americans general population, AMD cases from Columbia
University, European Americans general population, AMD
cases from the University of lowa and individuals with MPG-
NII. N=number of individuals. In the MPGNII cohort, the
frequency of the risk haplotype is approximately 70%. In
addition, the risk haplotype appears to be lower in frequency
in Hispanic Americans and African Americans (35-45%),
groups with lower incidences of AMD. However, the number
of' samples typed in these populations is small. The Rapa Nui
population on Easter Island has a remarkably low level of
AMD. From the analysis of 52 AMD-free Rapanui natives
over the age of 65, we estimate the frequency of the risk
haplotype to be only 19%.
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Discussion

Factor H Polymorphisms and AMD

[0372] The data presented here links a major proportion of
AMD cases in two independent cohorts to specific polymor-
phisms in the complement regulatory gene, Factor H (HF1/
CFH) (Zipfel, 2001; Rodriguez de Cordoba et al., 2004).
Haplotype analysis shows the most frequent at-risk haplotype
to be present in almost half of individuals with AMD, com-
pared to approximately 25% of controls. The frequencies and
extent of SNP associations are very similar in the two cohorts
and, genotyped SNPs show highly significant association
with AMD in each. The associations are especially prominent
in cases of early AMD or choroidal neovascularization, less
so for geographic atrophy. The magnitude of the observed
association of specific HF1 haplotypes with AMD is striking
when compared to those genetic abnormalities previously
linked to AMD.

[0373] Further support for the conclusion that specific HF1
haplotypes confer increased risk for an AMD disease pheno-
type was obtained by genotyping of SNPs IVS2-18insTT and
Y402H in 20 unrelated patients with MPGNI]I, a renal disease
associated with HF1 mutations in which patients develop
early onset macular drusen, and in 52 Rapanui natives, a race
with a remarkably low incidence of AMD, if any. Approxi-
mately 70% of MPGN II patients and 19% of Rapanui were
found to harbor the HF1 at-risk haplotype in this study.
Analysis of larger sample sets will be required to confirm
these results, but the data do suggest that the HF 1 association
with AMD may not be restricted to European-derived popu-
lations. Protective haplotypes we also identified, further
implicating HF1 function in the pathogenetic mechanisms
underlying AMD.

Functional Implications of Factor H Polymorphisms

[0374] Factor H deficiencies in humans are associated with
MPGN 1I and atypical hemolytic uremic syndrome (aHUS)
(Zipfel et al., 2001). HF1 deficiency arises from mutations
leading to protein truncations or amino acid substitutions that
result in protein retention in the endoplasmic reticulum.
Reduced levels of plasma HF1 ensue, leading to uncontrolled
activation of the alternative complement pathway with con-
comitant consumption of C3 and other complement compo-
nents. The HF1 mutations that lead to aHUS, in contrast, are
typically missense mutations that limit the complement-in-
hibitory functions of FH1 at the cell surface. Recent studies
have revealed an association between three common SNPs
and aHUS in individuals both with and without FH1 muta-
tions (Caprioli et al., 2003). Furthermore, insults such as
infection have been documented to trigger the manifestation
of aHUS.

[0375] Most of the genotyped SNPs of HF1 are located
within important functional domains of the encoded protein
(FIG. 3), which consists of 20 short consensus repeats (SCR)
of 60 amino acids. The SCRs contain binding sites for C3b
(SCR1-4, SCR12-14 and SCR19-20), heparin, sialic acid
(SCR7,SCR13 and SCR19-20) and C-reactive protein (CRP)
(SCR7). Therefore, SNPs located within the functional
domains, although common, presumably aftect protein func-
tion through variability in expression levels, binding effi-
ciency, and other molecular properties. For example, the exon
2 162V variant is located in SCR2, which is included in the
first C3b binding site, and the exon 9 Y402H variant is within
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SCR7 domain, which binds both heparin and CRP. Intronic
SNPs, such as the IVS2-18insTT variant, can affect splicing.
For example, the analysis of the effect of the TT insertion (on
the https://splice.cmh.edu/server) suggested a creation of a
new cryptic splice acceptor 6 bp upstream of the natural
acceptor site (data not shown). It is also possible that some of
the studied SNPs affect the expression of HF1 isoforms. For
example, 162V is present in a predicted exon splice enhancer
(Wang et al., 2004) (data not shown).

[0376] The functional consequences of common SNPs may
be modest, since they are involved in late-onset phenotypes
and not subjected to (rigorous) evolutionary constraint. HF1
variants with more substantial effects, i.e., disease-causing
mutations, are implicated in early-onset, severe (recessive)
diseases, such as HF1 deficiency and aHUS (Zipfel et al.,
2002; Rodriguez de Cordoba et al., 2004; Caprioli at al.,
2003; Zipfel, 2001). Of interest is the fact that true disease-
causing mutations have been identified in only about 25% to
35% of HUS patients after complete screening of the HF1
gene (Caprioli et al.,, 2003). At the same time, a disease-
associated haplotype defined by variants -257C>T (pro-
moter), A473A (exon 13) and D936E (exon 18) has been
identified in HUS patients, predominantly in those persons
with no disease-causing mutations (Caprioli et al., 2003).
Moreover, the same study identified several families where
affected probands had inherited a mutated allele from one
parent and a susceptibility allele, from another. By contrast,
healthy siblings of affected probands, carriers of the disease-
causing mutation, had inherited a protective allele. In affected
individuals from these families a disease-triggering effect,
specified as bacterial or viral infection in >60% of cases, was
identified in >80% of all cases and in >90% of cases with no
apparent disease-associated mutation (Caprioli et al., 2003).

[0377] Together, these data strongly suggest that an at-risk
HF1 haplotype in combination with an infectious triggering
event is sufficient for disease manifestation. Interestingly, the
at-risk HF1 haplotype in HUS (mainly C-terminal) does not
overlap with that in AMD and/or MPGNII (TABLE 2), sug-
gesting different triggers in HUS as opposed to MPGNII and
AMD. Observation of early-onset drusen in MPGNII and
those of the same composition in AMD, but not in HUS,
support a different etiology for these diseases.

[0378] Disease-causing mutations in HF1 are rare in
MPGN II and have not been reported in AMD, nor did we find
them after extensive screening in this study. However, we
observed the same at-risk haplotype at a frequency of 70% of
patients with MPGN 1II and approximately 50% in patients
with AMD. These data are consistent with an at-risk HF1
haplotype that, if triggered by an infectious agent, substan-
tially increase one’s susceptibility to disease. The combined
effect of these factors determines the severity the resulting
phenotype, ranging from AMD to MPGNIL.

[0379] Evolutionary analysis of the HF1 haplotype indi-
cates that the risk haplotype has evolved significantly from
the ancestral haplotype found in the chimpanzee. FIG. 4
depicts a haplotype network diagram of HF1 SNPs which
shows the relationship between the haplotypes and the size of
the circles is proportional to the frequency of the haplotype.
The large filled-in circle represents the major risk haplotype,
the vertically-lined circles are the two significant protective
haplotypes, and the large open circle is the haplotype that
contains the three SNPs associated with atypical hemolytic
uremic syndrome (HUS), which is neutral for AMD risk. The
putative ancestral haplotype is also indicated. It is possible
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that different forms of the HF1 gene emerged in response to
pathogens that activate the alternative complement pathway.
Weakly acting HF1 haplotypes could provide reduced
complement inhibition and stronger protection against bac-
terial infection. However, such weak alleles could have the
consequence of predisposing individuals to the consequences
of complement system dysfunction. It is interesting that the
AMD risk haplotype is principally different in the 5' end of
the gene that produces both the full length HF1 and the FHL1
protein. In contract the HUS mutations cluster in the 3' por-
tion of the gene that is found only in HF1. Therefore, it will be
important to determine the role of these two forms of the
protein in disease.

Biological Model of Factor H Dysfunction in AMD

[0380] One of the primary functions of the complement
system is to provide defense against such infectious agents. It
mediates the opsonization and lysis of microorganisms,
removal of foreign particles, recruitment of inflammatory
cells, regulation of antibody production, and elimination of
immune complexes (Morgan et al., 1991; Kinoshita, 1991).
Activation of the system triggers a sequential, amplifying,
proteolytic cascade that gives rise to modifications of activat-
ing surfaces, to the release of soluble anaphylatoxins that
stimulate inflammatory cells, and ultimately, to formation of
the membrane attack complex (MAC), a macromolecular
complex that promotes cell lysis through the formation of
transmembrane pores. Uncontrolled activation of comple-
ment can lead to bystander damage to host cells and tissues.
As aresult HF 1, as well as other circulating and membrane-
associated proteins, have evolved to modulate the system
(Morgan, 1999).

[0381] A spectrum of complement components have been
identified either within drusen (and/or the RPE cells that flank
or overlie them), along Bruch’s membrane, and/or on the
choroidal endothelial cell membrane (Hageman et al., 2001;
Mullins et al., 2000; Mullins et al., 2001; Anderson et al.,
2002; Johnson, et al., 2000; Johnson et al., 2001; Crabb et al.,
2002; Johnson et al., 2002; Mullins et al., 1997). These
include terminal pathway complement components, activa-
tion-specific fragments of the terminal pathway, as well as
various complement modulators. There is evidence that cell-
mediated events may also contribute to this process (Penfold
et al., 2001; Seddon et al., 2004; Miller et al., 2004).

[0382] We now show that HF1 is also a constituent of
drusen in human donors with a prior history of AMD. Sec-
ondly, we show that HF1 co-localizes with its ligand C3b in
amyloid-containing substructural elements within drusen,
further implicating these structures as candidate complement
activators (Anderson et al., 2004; Johnson et al., 2002). We
also demonstrate that HF1 and the MAC, as shown by C5b-9
immunoreactivity, co-distribute at the RPE-choroid interface
and that these deposits are more robust in eyes from donors
with prior histories of AMD. Finally, HF1 and C5b-9 immu-
noreactivities are more intense in the macula compared to
more peripheral locations from the same eye. All of these
findings are consistent with the fact that AMD pathology is
manifested primarily in the macula and with the conclusion
that complement activation at the level of Bruch’s membrane
is a key element in the process of drusen formation as well as
a contributing factor in the pathogenesis of AMD Hageman et
al., 2001; Anderson et al., 2002).

[0383] The distribution of HF1 at the RPE-choroid inter-
face is strikingly similar to that of C5b-9, implying that sig-
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nificant amounts of the MAC are generated and deposited at
the RPE-choroid interface. This suggests that the protein
associated with the at-risk HF1 haplotype(s) may undergo a
reduction in its normal ability to attenuate complement acti-
vation. Thus, the HF 1 variants associated with AMD may put
RPE and choroidal cells at sustained risk for alternative path-
way-mediated complement attack, drusen formation and the
disruption of Bruch’s membrane integrity that is associated
with late-stage neovascular AMD. Since Bruch’s membrane
is significantly thinner in the macula than elsewhere (Chong
et al.,, 2005), it may be more susceptible to subsequent
neovascular invasion. Because Bruch’s membrane is signifi-
cantly thinner in the macula than in the periphery, it may be
more likely to become degraded to an extent that it is suscep-
tible to neovascular invasion.

[0384] Insummary, the results of this investigation provide
strong evidence that common haplotypes in HF1 predispose
individuals to AMD. We propose that alterations in genes that
regulate the alternative pathway of the complement cascade,
in combination with events that activate the system, underlie
a major proportion of AMD in the human population.

Example 2

Variations in the Complement Regulatory Genes
Factor H (CFH) and Factor H Related 5 (CFHRS)
are Associated with Membranoproliferative
Glomerulonephritis Type II (Dense Deposit Disease)

Introduction

[0385] The membranoproliferative glomerulonephritides
are diseases of diverse and often obscure etiology that
account for 4% and 7% of primary renal causes of nephrotic
syndrome in children and adults, respectively (Orth et al.,
1998). Based on renal immunopathology and ultrastructural
studies, three subtypes are recognized. Membranoprolifera-
tive glomerulonephritis (MPGN) types I and III are variants
of immune complex-mediated disease; MPGNII, in contrast,
has no known association with immune complexes (Appel et
al., 2005).

[0386] MPGNII accounts for less than 20% of cases of
MPGN in children and only a fractional percentage of cases in
adults (Orth et al., 1998; Habib et al., 1975; Habib et al.,
1987). Both sexes are affected equally, with the diagnosis
usually made in children between the ages of 5-15 years who
present with non-specific findings like hematuria, pro-
teinuria, acute nephritic syndrome or nephrotic syndrome
(Appel et al., 2005). More than 80% of patients with MPGNII
are also positive for serum C3 nephritic factor (C3NeF), an
autoantibody directed against C3bBb, the convertase of the
alternative pathway of the complement cascade (Schwertz et
al., 2001). C3NeF is found in up to one-half of persons with
MPGN types [ and 111 and also in healthy individuals, making
the electron microscopic demonstration of dense deposits in
the glomerular basement membrane (GBM) necessary for a
definitive diagnosis of MPGN II (Appel et al., 2005). This
morphological hallmark is so characteristic of MPGN 11 that
the disease is more accurately referred to as Dense Deposit
Disease (MPGNII/DDD) (FIG. 12).

[0387] Spontaneous remissions of MPGNII/DDD are
uncommon (Habib et al., 1975; Habib et al., 1987; Cameron
et al., 1983; Barbiano di Belgiojoso et al., 1977). The more
common outcome is chronic deterioration of renal function
leading to end-stage renal disease (ESRD) in about half of
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patients within 10 years of diagnosis (Barbiano di Belgiojoso
et al., 1977; Swainson et al., 1983). In some patients, rapid
fluctuations in proteinuria occur with episodes of acute renal
deterioration in the absence of obvious triggering events; in
other patients, the disease remains stable for years despite
persistent proteinuria.

[0388] C3NeF persists throughout the disease course in
more than 50% of patients with MPGNII/DDD (Schwertz et
al., 2001). Its presence is typically associated with evidence
of complement activation, such as a reduction in CHS50,
decrease in C3, increase in C3dg/C3d and persistently high
levels of activation of the alternative pathway of the comple-
ment cascade. C3, the most abundant complement protein in
serum (~1.2 mg/ml), normally undergoes low levels of con-
tinuous autoactivation by hydrolysis of its thioester in a pro-
cess known as tick-over. C3 hydrolysis induces a large con-
formational protein change, making C3(H,0) similar to C3b,
acleavage product of C3. C3(H,0) associates with factor B to
form C3(H,0)Bb, which cleaves C3 to C3b in an amplifica-
tion loop that consumes C3 and produces C3bBb? (FIG. 13).
[0389] InMPGNII/DDD, C3NeF binds to C3bBb (or to the
assembled convertase) to prolong the half-life ofthis enzyme,
resulting in persistent C3 consumption that overwhelms the
normal regulatory mechanisms to control levels of C3bBb
and complement activation (Appel et al., 2005). Normal con-
trol involves at least seven proteins, four of which are present
in serum (complement Factor H (CFH), complement factor
H-like protein 1 (CFHL1), complement factor I (CFI) and C4
binding protein (C4BP)) and three of which are cell mem-
brane-associated (membrane co-factor protein (MCP, CD46),
decay accelerating factor (DAF, CDS55) and complement
receptor 1 (CR1, CD35)) (Appel et al., 2005; Meri et al.,
1994; Pascual et al., 1994).

[0390] Of particular relevance to MPGNII/DDD is Factor
H, one of 7 proteins in the Factor H family. In pigs and mice,
its deficiency is associated with the development of renal
disease that is similar at the light and electron microscopic
level to MPGNII/DDD, and in humans its deficiency as well
as mutations in the Factor H gene have been reported in
patients with MPGNII/DDD (Meri et al., 1994; Dragen-Du-
rey et al.,, 2004; Zipfel et al., 2005) (FIG. 14).

[0391] The other 6 members of the Factor H family include
FHIL.1, which is a splice isoform of Factor H, and five CFH-
related proteins encoded by distinct genes (CFHR1-5). There
is little known about the latter five proteins, although they do
show varying degrees of structural similarity to Factor H
(Appel et al., 2005). Most interesting in this group with
respect to MPGNII/DDD is CFHRS, because it shows the
highest similarity to Factor H and has been demonstrated in
renal biopsies of patients with other types of glomerulone-
phritis (Appel et al., 2005; Murphy et al., 2002). In vitro
studies have also shown that V is present on surfaces exposed
to complement attack, suggesting a possible role in the
complement cascade (Murphy et al., 2002).

[0392] A possible relationship between Factor H/CFHRS
and MPGNII/DDD is further strengthened by the observation
that patients with MPGNII/DDD develop an ocular pheno-
type called drusen. Drusen result from the deposition of
abnormal extracellular deposits in the retina within the ocular
Bruch’s membrane beneath the retinal pigment epithelium.
The drusen of MPGNII/DDD are clinically and composition-
ally indistinguishable from drusen that form in age-related
macular degeneration (AMD) (Mullins et al., 2001; Anderson
et al,, 2002), which is the most common form of visual
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impairment in the elderly (Klein et al., 2004; van Leeuwen et
al., 2003). The single feature that distinguishes these two
types of drusen is age of onset-drusen in MPGNII/DDD
develop early, often in the second decade of life, while drusen
in AMD are found in the elderly.

[0393] Four recent studies have implicated specific allele
variants of Factor with AMD, suggesting that subtle differ-
ences in Factor H-mediated regulation of the alternative path-
way of complement may play a role in a substantial propor-
tion of AMD cases (Hageman et al., 2005; Edwards et al.,
2005; Haines et al., 2005; Klein et al., 2005). One of these
studies also showed that MPGNII/DDD and AMD patients
segregate several of the same Factor H risk alleles (Hageman
etal., 2005). In this study, we sought to refine the association
of allele variations of Factor H and CFHRS with MPGNII/
DDD.

Materials and Methods

[0394] Patients and Controls.

[0395] Patients with biopsy-proven MPGNII/DDD were
ascertained in nephrology divisions and enrolled in this study
under IRB-approved guidelines. The control group was ascer-
tained from ethnically-matched but not age-matched unre-
lated persons in whom AMD had been excluded by ophthal-
mologic examination.

[0396] Mutation Screening and Analysis.

[0397] Coding and adjacent intronic regions of Factor H
and CFHRS were PCR amplified for 35 cycles of 30 seconds
each at 94° C. denaturing, 61° C. annealing and 70° C. exten-
sion. The sequences of primers used to amplify the Factor H
and CFHRS coding sequences are shown in TABLES 10 and
11, respectively. Product generation was verified by agarose
gel electrophoresis and amplicons were then bi-directionally
sequenced in patients with MPGNII/DDD. All novel and
reported SNPs identified through data mining (Ensemble
database, dbSNP, Applied Biosystems) were typed in the
control population by denaturing high performance liquid
chromatography (DHPLC) (Tables 9 and 10). In brief,
DHPLC analysis of each amplicon was performed at three
different temperatures. Amplicons were analyzed using
Wavemaker software to estimate optimal temperature, run
time and acetonitrile gradient. Predicted temperatures were
bracketed by +/-2° C. to optimize sensitivity and maximize
the likelihood that novel mutations would be detected (Prasad
etal., 2004).

[0398] Haplotype Analysis.

[0399] Construction of' block structures with distribution of
haplotypes was completed using Haploview, a publicly avail-
able software program developed at the Whitehead Institute
(http://www.broad.mit.edu/mpg/haploview/) (see Barrett et
al.). Two datasets, one consisting of each control’s sex and
genotype, and the other describing marker information
including SNP identification and chromosomal location,
were assimilated in Excel files, which were up-loaded into the
Haploview program. The output consisted of linkage disequi-
librium (LD) plots and the corresponding population frequen-
cies with crossover percentages.

[0400] Statistical Analysis.

[0401] The chi-square test of independence was used to
detect differences in SNP frequencies between patients with
MPGNII/DDD and controls. P-values=0.05 were considered
significant. The LD plots for Factor H and CFHRS were
created using the control population.
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Results

[0402] Patients and Controls.

[0403] Twenty-two patients with biopsy-proven MPGNII/
DDD and 131 persons without AMD participated in this
study. Mean age of the control group was 78.4 years, reflect-
ing our ascertainment criterion to exclude AMD.

[0404] Factor H, CFHRS and MPGN II/DDD.

[0405] Allele frequencies of four of seven Factor H SNPs
genotyped in the MPGNII/DDD patient group and the control
population showed a significant association with the MPG-
NII/DDD disease phenotype at p<0.05. These SNPs included
exon 2 162V, IVS 2-18insTT, exon 9 Y402H and exon 10
A473A. Allele frequencies for exon 7 A307A, exon 13
Q672Q and exon 18 DI936E were not significantly different
between groups (TABLES 11 to 13).

[0406] Five CFHRS SNPs were genotyped in the MPGNII/
DDD patient group and control population, including one
non-synonymous SNP (exon 2 P46S), two promoter SNPs
(-249T>C, -20 T>C) and two intronic SNPs (IVS1+75T>A,
1VS2+458C>T). Allele frequencies of three SNPs—exon 2
P46S, -249T>C and -20T>C—were significantly different
between groups at p<0.05 (TABLES 14 and 15).

[0407] Haploblocks.

[0408] Haplotype blocks showed that A307A and Y402H
are in linkage disequilibrium in Factor H while -249T>C and
-20T>C are in linkage disequilibrium in CFHRS (FIG. 15).

Discussion

[0409] The alternative pathway of complement represents
an elegant system to protect humans from pathogens. Its
central component, C3, circulates at a high concentration in
plasma and is distributed throughout body fluids (Walport,
2001). Its activation creates a toxic local environment that
damages foreign surfaces and results in the elimination of
microbes. To prevent unrestricted complement activation,
host cells and tissue surfaces down-regulate the amplification
loop using a combination of surface-attached and membrane-
bound regulators of complement. Some host cells express a
single membrane-bound regulator of complement in high
copy number, while other cells express several membrane-
bound regulators and also attach soluble fluid-phase regula-
tors. A few tissues lack membrane-bound regulators and
depend exclusively on the attachment of soluble regulators
(Appel et al., 2005).

[0410] In the kidney, endothelial and mesangial cells
express two membrane-bound regulators of complement,
MCP and DAF (van den Dobbelsteen et al., 1994; Timmer-
man et al., 1996). Podocytes express four: MCP, DAF, CR1
and CDS59. Both mesangial cells and podocytes also secrete
the soluble regulator, Factor H, which is up-regulated in
membranous nephropathy in response to complement activa-
tion and inflammation (Angaku et al., 1998; Bao et al., 2002).
Factor H acts in an autocrine fashion by binding directly to the
secreting mesangial cells and podocytes.

[0411] The GBM, in contrast, is unique. It lacks endog-
enous membrane-bound regulators to protect it from comple-
ment-mediated injury, however its highly negatively charged
surface binds and absorbs Factor H (Zipfel et al., 2005). The
dependency of the GBM on Factor H for local complement
control is consistent with the finding of pathologic mutations
in Factor H in a few persons with MPGNII/DDD (Ault et al.,
1997; Dragen-Durey et al., 2004).
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[0412] Our dataidentifying several allele variants of Factor
H and CFHRS associated with MPGNII/DDD is consistent
with the hypothesis that complement control plays a role in
the pathogenesis of this disease. A comparison of our data
with reported AMD data adds additional support, as the allele
frequency for each of the identified at-risk SNP variants we
observed in Factor H is higher in the MPGNII/DDD patient
cohort than in the AMD patient cohort, and strong evidence
implicates Factor H in AMD (Hageman et al., 2005; Edwards
etal., 2005; Haines et al., 2005; Klein et al., 2005). Although
it is not known whether the amino acid changes in exons 2 and
9 of Factor H impact function, these changes are found in
domains that interact with C3b and heparin, and differences
in C3b/C3d and heparin binding have been demonstrated with
several amino acid changes in Factor H that are associated
with another renal disease, atypical hemolytic uremic syn-
drome (Manuelian et al., 2003) (TABLES 12 and 13).
[0413] With the exception of Factor H, the function of other
members of the Factor H-related family is largely unknown
and their expression patterns have not been explored, how-
ever studies of CFHRS have shown that it has properties
similar to Factor H, including heparin, CRP and C3b binding
(Murphy et al., 2002) (FIG. 14). This similarity suggests that
like Factor H, CFHRS plays a role in MPGNII/DDD. Con-
sistent with this is our finding of CFHRS expression in renal
biopsies from two patients with MPGNII/DDD (data not
shown).

[0414] Our genotyping data show that some allele variants
of CFHRS preferentially associate with the MPGNII/DDD
disease phenotype. Included are two SNPs in the promoter
region of CFHRS which could affect transcription, one by
removing a binding site for C/EBPbeta and the other by
adding a GATA-1 binding site. The other significant associa-
tion changes a proline to serine in exon 2. Since exons 1 and
2 of CFHRS encode a domain homologous to short consensus
repeat 6 (SCR6) of Factor H, which is integral to heparin and
CRP binding, this change could affect complement activation
and control.

Example 3

Production of Protective Form of Factor H Protein

[0415] An exemplary protective form of human comple-
ment factor H (CFH) was prepared based on haplotype H2
(FIG. 5). Briefly, RNA was isolated from ocular tissues (RPE/
choroid complexes) of four donors. The RNA was amplified
by reverse transcription-polymerase chain reaction using the
following primers:

[SEQ ID NO: 331]
5! -GAAGATTGCAATGAACTTCCTCCAAG-3

[SEQ ID NO: 332]
5'-AAGTTCTGAATAAAGGTGTGC-3 ' .

RT-PCR reactions were performed using Superscript 11l One-
Step High Fidelity with Platinum Taq, as described by the
manufacturer (Invitrogen, Carlsbad, Calif.). The appropriate
sized products (3,769 bp) were excised from agarose gels and
isolated using spin columns.

[0416] The PCR products were cloned using the TOPO-TA
cloning system, as recommended by the manufacturer (Invit-
rogen) in the vector pCR2.1-TOPO. The complete genetic
sequences of the clones derived from each of the four patients
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were determined by direct sequencing. The DNA derived
from one patient (patient #498-01) had the fewest number of
nucleotide polymorphisms relative to that of an exemplary
protective reference sequence (H2), although this DNA
encoded the risk sequence at amino acid position 402 (histi-
dine) and encoded valine at amino acid position 62. To pre-
pare a gene encoding a protective form of CFH we changed
the bases encoding amino acid 62 such that it coded for
isoleucine and those at position 402 such that they encoded a
tyrosine, using the QuikChange Mutagenesis system (Strat-
agene, La Jolla, Calif.), resulting in SEQ ID NO:335. The
amino acid at position 1210 of this protein is arginine. The
oligonucleotides employed were as follows (plus the appro-
priate antisense version):

62:
[SEQ ID NO: 333]
5'-TATAGATCTCTTGGAAATATAATAATGGTATGCAGG-3"

402:

[SEQ ID NO: 334]
5'- ATGGATATAATCAAAATTATGGAAGARAGTTTGTAC-3"

The fidelity of the introduced mutations were confirmed by
direct sequencing of the entire gene. The resulting protective
gene was cloned into the eukaryotic expression vector
pcDNA3.1 (Invitrogen) under control of the cytomegalovirus
promoter. This expression vector was transfected into the
human lung carcinoma cell line A549 (ATCC, Manassas, Va.)
using the Exgen 500 transfection reagent (Fermentas,
Hanover, Md.). Subsequent to transfection, cells were grown
in serum-free media (Hybridoma-SFM, Invitrogen).

[0417] Supernatants were collected 48 hours after transfec-
tion and subjected to Western blot analyses. The presence of
the appropriate-sized product (approximately 150 kDa) was
confirmed using monoclonal and polyclonal antibodies
directed against human CFH (Quidel, San Diego, Calif.).

Patient #498-01 (621, 402Y) CFH Gene
[SEQ ID NO: 335]

AGTTAGCTGGTAAATGTCCTCTTAAAAGAT CCAAAARATGAGACTTCTAG
CARAGATTATTTGCCTTATGTTATGGGCTATT TGTGTAGCAGAAGATTGC
AATGAACTTCCTCCAAGAAGARATACAGARATTCTGACAGGTTCCTGATC
TGACCAAACATATCCAGAAGGCACCCAGGCTATC TATARATGCCGCCCTE
GATATAGATCTCTTGGAAATATAATAATGGTATGCAGCAAGGGAGAATGG
GTTGCTCTTAATCCATTAAGGAAATGTCAGAAAAGGCCCTAGTGGACATCC
TGGAGATACTCCTTTTGGTACTT TTACCCTTACAGGAGGARATGTGTTTG
AATATGGTGTAAAAGCTGTGTATACATGTAATGAGGCGTATCAATTGCTA
GGTGAGATTAATTACCGTGAATGTGACACAGATGGATGGACCAATGATAT
TCCTATATGTGAAGTTGTGAAGTGT TTACCAGTGACAGCACCAGAGAATG
GAAAAATTGTCAGTAGTGCAATGGAACCAGAT CGGGAATACCATTTTGGA
CAAGCAGTACGETTTGTATGTAACTCAGGCTACAAGATTGAAGGAGATGA
AGAARATGCATTGTTCAGACCATGGTTT TTGGAGTAAAGAGAAACCAAAGT
GTGTGGAAATTTCATGCAAAT CCCCAGATGTTATAAATGGATCTCCTATA

TCTCAGAAGATTATTTATAAGGAGAATGAACGATTTCAATATAAATGTAA

Apr. 7,2016

-continued
CATGGGTTATGAATACAGTGAAAGAGGAGATGCTGTATGCACTGAATCTG
GATGGCGTCCGTTGCCTTCATGTGAAGAAARATCATGTGATAATCCTTAT
ATTCCAAATGGTGACTACTCACCTTTAAGGATTAAACACAGAACTGGAGA
TGAAATCACGTACCAGTGTAGAAATGGTTTTTATCCTGCAACCCGGGGAA
ATACAGCAAAATGCACAAGTACTGGCTGGATACCTGCTCCGAGATGTACC
TTGAAACCTTGTGATTATCCAGACATTAAACATGGAGGT CTATATCATGA
GAATATGCGTAGACCATACTTTCCAGTAGCTGTAGGAAAATATTACTCCT
ATTACTGTGATGAACATTTTGAGACTCCGTCAGGAAGTTACTGGGATCAC
ATTCATTGCACACAAGATGGATGGTCGCCAGCAGTACCATGCCTCAGAAA
ATGTTATTTTCCTTATTTGGAAAATGGATATAATCAAAATTATGGAAGAA
AGTTTGTACAGGGTAAATCTATAGACGT TGCCTGCCATCCTGGCTACGCT
CTTCCAAAAGCGCAGACCACAGTTACATGTATGGAGAATGGCTGGTCTCC
TACTCCCAGATGCATCCGTGTCAAAACATGTTCCAAATCAAGTATAGATA
TTGAGAATGGGTTTATTTCTGAATCTCAGTATACATATGCCTTAAAAGAA
AAAGCGAAATATCAATGCAAACTAGGATATGTAACAGCAGATGGTGARAC
ATCAGGATCAATTACATGTGGGAAAGATGGATGGTCAGCTCAACCCACGT
GCATTAAATCTTGTGATATCCCAGTATTTATGAATGCCAGAACTAAAAAT
GACTTCACATGGTTTAAGC TGAATGACACATTGGACTATGAATGCCATGA
TGGTTATGAAAGCAATACTGGAAGCACCACTGGTTCCATAGTGTGTGGTT
ACAATGGTTGGTCTGATTTACCCATATGTTATGAAAGAGAATGCGAACTT
CCTAAAATAGATGTACACTTAGTTCCTGATCGCAAGAAAGACCAGTATAA
AGTTGGAGAGGTGTTGAAATTCTCCTGCAAACCAGGATTTACAATAGTTG
GACCTAATTCCGTTCAGTGCTACCACTTTGGATTGTCTCCTGACCTCCCA
ATATGTAAAGAGCAAGTACAATCATGTGGTCCACCTCCTGAACTCCTCAA
TGGGAATGTTAAGGAAAAAACGAAAGAAGAATATGGACACAGTGAAGTGS
TGGAATATTATTGCAATCCTAGATTTCTAATGAAGGGACCTAATAAAATT
CAATGTGT TGATGGAGAGTGGACAACTTTACCAGTGTGTAT TGTGGAGGA
GAGTACCTGTGGAGATATACCTGAACTTGAACATGGCTGGGCCCAGCTTT
CTTCCCCTCCTTATTACTATGGAGAT TCAGTGGAATTCAAT TGCTCAGAA
TCATTTACAATGATTGGACACAGATCAATTACGTGTATTCATGGAGTATG
GACCCAACTTCCCCAGTGTGTGGCAATAGATAAACT TAAGAAGTGCARAT
CATCAAATTTAATTATACTTGAGGAACATTTAAAAAACAAGAAGGAATTC
GATCATAATTCTAACATAAGGTACAGATGTAGAGGAAAAGAAGGATGGAT
ACACACAGTCTGCATAAATGGAAGATGGGATCCAGAAGTGAACTGCTCAA
TGGCACAAATACAATTATGCCCACCTCCACCTCAGATTCCCAATTCTCAC
AATATGACAACCACACTGAATTATCGGGATGGAGAAAAAGTATCTGTTCT
TTGCCAAGAAAATTATC TAATTCAGGAAGGAGAAGAAATTACATGCAAAG
ATGGAAGATGGCAGTCAATACCACTCTGTGTTGAAAAAATTCCATGTTCA

CAACCACCTCAGATAGAACACGGAACCATTAATTCATCCAGGTCTTCACA



US 2016/0096871 Al

-continued

AGAAAGTTATGCACATGGGACTAAATTGAGTTATACTTGTGAGGGTGGTT
TCAGGATATCTGAAGAAAATGAAACAACATGCTACATGGGAAAATGGAGT
TCTCCACCTCAGTGTGAAGGCCTTCCTTGTAAATCTCCACCTGAGATTTC
TCATGGTGTTGTAGCTCACATGTCAGACAGTTATCAGTATGGAGAAGAAG
TTACGTACAAATGTTTTGAAGGTTTTGGAATTGATGGGCCTGCAATTGCA
AAATGCTTAGGAGAAAAATGGTCTCACCCTCCATCATGCATAAAAACAGA
TTGTCTCAGTTTACCTAGCTTTGAAAATGCCATACCCATGGGAGAGAAGA
AGGATGTGTATAAGGCGGGTGAGCAAGTGACTTACACTTGTGCAACATAT
TACAAAATGGATGGAGCCAGTAATGTAACATGCATTAATAGCAGATGGAC
AGGAAGGCCAACATGCAGAGACACCTCCTGTGTGAATCCGCCCACAGTAC
AAAATGCTTATATAGTGTCGAGACAGATGAGTAAATATCCATCTGGTGAG

AGAGTACGTTATCAATGTAGGAGCCCTTATGAAATGTTTGGGGATGAAGA
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AGTGATGTGTTTAAATGGAAACTGGACGGAACCACCTCAATGCAAAGATT
CTACAGGAAAATGTGGGCCCCCTCCACCTATTGACAATGGGGACATTACT
TCATTCCCGTTGTCAGTATATGCTCCAGCTTCATCAGTTGAGTATCAATG
CCAGAACTTGTATCAACTTGAGGGTAACAAGCGAATAACATGTAGAAATG
GACAATGGTCAGAACCACCAAAATGCTTACATCCGTGTGTAATATCCCGA
GAAATTATGGAAAATTATAACATAGCATTAAGGTGGACAGCCAAACAGAA
GCTTTATTCGAGAACAGGTGAATCAGTTGAATTTGTGTGTAAACGGGGAT
ATCGTCTTTCATCACGTTCTCACACATTGCGAACAACATGTTGGGATGGG
AAACTGGAGTATCCAACTTGTGCAAAAAGATAGAATCAATCATAAAGTGC

ACACCTTTATTCAGAACTT

XIV. Tables
[0418]

TABLE 1A

Sequence SEQ
dbSNP Spanning ID
No. Location Polymorphism No:

AR
Change

Chi2 &
P Value

Allele
Freq. CTL

Allele
Freq. AMD

Promoter 1 GGGGTTTTCTGGGATG 9
TAAT[A/G]ATGTTCA
GTGTTTTGACCTT
CCCCAAAAGACCCTAC
ATTA[T/C]TACAAGT
CACAAAACTGGAA

rs3753394 Promoter 4 TTATGAAATCCAGAGG 10
ATAT[C/T]ACCAGCT
GCTGATTTGCACA
AATACTTTAGGTCTCC
TATA[G/A]TGGTCGA
CGACTARACGTGT
rs529825 Intron 1 AGTCCAAGTTTACACA 11
GTAC[G/A]ATAGACT
TACCCATTGCCAA
TCAGGTTCAAATGTGT
CATG[C/T]|TATCTGA
ATGGGTAACGGTT
15800292 GATATAGATCTCTTGG 12
AAAT[G/A]TAATAAT
GGTATGCAGGAAG
CTATATCTAGAGAACC
TTTA[C/T]ATTATTA
CCATACGTCCTTC

Exon 2

Intron 2 TAATTCATAACTTTTT 13
TTTT[- /TT]CGTTTT
AGARAGGCCCTGTG
ATTAAGTATTGAARAA
AARA[- /AR]GCAAAA
TCTTTCCGGGACAC
rs3766404  Intron 6 AAAGGAATACATTTAG 14
GACT[C/T|ATTTGAA
GTTAGTGTCAACA
TTTCCTTATGTAAATC
CTGA[G/A]TARACTT
CAATCACAGTTGT

1-0.944:2-0.056

1-0.96:2-0.04

1-0.31:2-0.69 1-0.25:2-0.75 6.485:0.039

1-0.74:2-0.26 1-0.84:2-0.16 26.07:2.18E-06

I62V 1-0.78:2-0.22 1-0.91:2-0.09 16.19:5.74E-05

1-0.77:2-0.23 1-0.89:2-0.11 22.19:2.47E-06

1-0.83:2-0.17 1-0.91:2-0.09 23.82:6.71E-06
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TABLE 1A-continued
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dbSNP
No.

Location

Sequence
Spanning
Polymorphism

SEQ

iD

No:

AR
Change

Freq. CTL

Allele

Allele
Freq. AMD

Chi2 &
P Value

rsl1061147

rsl1l061170

rs2274700

rs203674

rs203674

rs3753396

rs375046

rs1065489

Exon 7

Exon 9

Exon 10

Exon 104

Intron 10

Intron 10%*

Exon 13

Intron 15

Exon 18

Exon 22

CAACCCGGGGARATAC
AGC[A/C|ABATGCAC
AAGTACTGGCTG
GTTGGGCCCCTTTATG
TCG[T/G|TTTACGTG
TTCATGACCGAC

AAAATGGATATAATCA
AAAT[T/C]ATGGAAG
AAAGTTTGTACAG
TTTTACCTATATTAGT
TTTA[A/G]TACCTTC
TTTCAAACATGTC

TATGCCTTAAAAGARA
AAGC[G/A|ARATATC
AATGCAAACTAGG
ATACGGAATTTTCTTT
TTCG[C/T|TTTATAG
TTACGTTTGATCC

CAGCTTGAGTGGATCA
AAGA[- /N|TGACAAG
GGCCAATGGAACC
GTCGAACTCACCTAGT
TTCT[- /NJACTGTTC
CCGGTTACCTTGE

ACGGTACCTATTTATT
AGTA[G/T|ATCTAAT
CAATAAAGCTTTT
TGCCATGGATARATAA
TCAT[C/A|TAGATTA
GTTATTTCGAAAA

AAAAGCTTTATTGATT
AGAT[A/C|TACTAAT
AAATAGGTACCGT

AAGGGACCTAATARRA
TTCA[A/G|TCTCTTG
ATGGAGAGTGGAC
TTCCCTGGATTATTTT
AAGT[T/C]ACACAAC
TACCTCTCACCTG

TTTTTTATTTTTTATT
ATAA[C/A]ATTAATT
ATATTTTTAATAT
AAAARATAAAAAATAA
TATT[G/T|TAATTAA
TATAAAAATTATA

CCTTGTAAATCTCCAC
CTGA[G/T]ATTTCTC
ATGGTGTTGTAGC
GGAACATTTAGAGGTG
GACT[C/A]TARAGAG
TACCACAACATCG

1. GGGGATATCGTCT
TTCATCA[C/T]GTTC
TCACACATTGCGAACA
2. CCCCTATAGCAGA
AAGTAGT[G/A]CAAG
AGTGTGTAACGCTTGT

15

16

17

18

19

63

21

22

23

A307A

Y402H

A473A

Q6720

D936E

R1210C

1-0

1-0.

1-0.

1-0.

1-0.

1-1.

.34

.00:

.66

.66

.67

66:

54:

84:

87:

00:

:2-0.

2-0.

2-0.

2-0.

2:0.

2:0.

2-0.

2-0.

2-0.

2-0.

66

34

46

00

34

34

16

31

13

00

1-0.

1-0.

1-0.

1-0.933:

59:

46:

80:

.44:

.44:

.86:

.85:

.85:

.95:

2-0.

2-0.

2-0.

2-0.

2-0.

2-0.

2-0.

2-0.

2-0.

2-0.

41 50.39:1.26E-12

54 55.20:1.03E-12

20 36.48:1.55E-09

067

56 66.97:2.86E-15

56 66.97:2.86E-15

14 0.308:0.579

14

15 0.155:0.694

05

*Shows the non-coding strand of the genomic sequence.
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(1)

SNP name

Interrogated

Sequence

SEQ
ID NO:

Chimp Location

rs3753394

rs529825

rs800292

Intron 2

insTT

rs3766404

rs1061147

rsl1061170

rs2274700

rs203674

rs3753396

rs1065489

AAATCCAGAGGATAT
[C/T]ACCAGCTGCT
GATTT

AATGGGTAAGTCTAT
[C/T]GTACTGTGTA
AACTT

TGCATACCATTATTA
[C/T]ATTTCCAAGA
GATCT

ACATACTAATTCATA
AC[- /TT|TTTTTTT
TTCGTTTTAG

AATACATTTAGGACT
[T/C]ATTTGAAGTT
AGTGT

CCGEGCARATACAGE
[C/A]ARATGCACAA
GTACT

GGATATAATCAAAAT
[T/C]ATGGAAGAAA
GTTTG

CTTAAAAGARARAGC
[G/A]ABATATCAAT
GCAAA

CTTTATTGATTAGAT
[A/C]TACTAATAAA
TAGGT

ACCTAATAARATTCA
[A/G]TGTGTTGATG
GAGAG

TAAATCTCCACCTGA
[G/T]ATTTCTCATG
GTGTT

24

25

26

27

28

29

30

31

32

33

34

o Promoter

T Intron 1

T Exon 2

Intron 2

o Intron 6

A Exon 7

T Exon 9

G Exon 10

A Intron 10

A Exon 13

G Exon 18

162V

A307A

Y402H

A47T73A

Q67290

D936E

(2)

SNP name

Forward Primer

or AOD number

SEQ
ID NO:

Reverse Primer

SEQ

ID NO:

rs3753394

rs529825

C_2530387_10

C_2250476_10
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rs800292 C_2530382_10
Intron 2 ACTTGTTCCCCCACT 35 CCTCTTTTCGTATG 36
insTT CCTAC GACTAC
rs3766404 C_11890065_10
rs1061147 TGAAATCACGTACCA 37 CAGGTATCCAGCCA 38
GTGTAGAAATGG GTACTTGT
rsl1061170 CTTTATTTATTTATC 39 GGCAGGCAACGTCT 40
ATTGTTATGGTCCTT ATAGATTTACC
AGGAAAATGTTATTT
rs2274700 TCACCATCTGCTGTT 41 TGGGTTTATTTCTG 42
ACATATCCTAGT AATCTCAGTATACA
TATGC
rs203674 C_2530311_10
rs3753396 C_2530296_10
rs1065489 C_2530274_10
(3)
SEQ SEQ
SNP name VIC Probe ID NO: FAM Probe ID NO:
rs1061147 AATACAGCAAAATGC 43 ATACAGCCAAATGC 46
rsl1061170 TTTCTTCCATGATTT 44 TTCTTCCATAATTT 47
TG TG
rs2274700 AAGAAAAAGCGAAAT 45 AAGAAAAAGCAAAR 48
AT TAT
TABLE 1C TABLE 1C-continued
Sequence Sequence
Spanning AR SEQ Spanning AR SEQ
Location Polymorphism Position ID NO: Location Polymorphism Position ID NO:
Exon 2 CCAGGCTATCTATAAATGCC R53H 49 Exon 17 CAACCACCTCAGATAGAACA H878H 56
[G/A]CCCTGGATATAGATC [C/T]GGAACCATTAATTCA
TCTTG TCCAG
Exon 3 TTGGTACTTTTACCCTTACA G100R 50 Exon 17 GTCTTCACAAGAAAGTTATG A892V 57
[G/T]GAGGARATGTGTTTG [C/T]ACATGGGACTAAATT
AATAT GAGTT
Exon 5 ACGATGGTTTTTGGAGTAAA 201 51 Exon 18 CACATGTCAGACAGTTATCA Q950H 58
[G/not G]AGAAACCAAAGT [G/T]TATGGAGAAGAAGTT
GTGTGGGT ACGTA
Exon 6 TTATTTATAAGGAGAATGAA R232X 52 Exon 18 TCAGTATGGAGAAGAAGTTA S956L 59
[C/not C]GATTTCAATATA [C/T]GTACAAATGTTTTGA
AATGTAAC AGGTT
Exon 6 CACTGAATCTGGATGGCGTC 258 53 Intron 18 (begin IVS18)GTATGG 60
[C/not C]GTTGCCTTCATG [G/T]GCATTGAATTTTATT
TGAAG (end Exon 6) ATATG
Exon 8 AAGATGGATGGTCGCCAGCA V383L 54 Exon 20 (begin Exon 20)ACACC N1050Y 61
[¢/C][- /C]TACCATGCCT TCCTGTGTG[A/T]ATCCGC
CA(end Exon 8) CCACAGTACAAAAT
Exon 16 ACAATTATGCCCACCTCCAC 815 55 Exon 21 CTTGTATCAACTTGAGGGTA 1147 62

[C/G]TCAGATTCCCAATTC
TCACA

[- /N]A[- /N|CAAGCGAAT
AACATGTAGAAA
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TABLE 2

Haplotype Analysis of HF1 SNPs in AMD Cases and Controls

Prom IVS1 I62V IVS6 Y402H IVS10  Q672Q D936E OR est P Cases Con

2.67 <0.000001 0.49 0.26

AR NE M AN RN KRNV A NN 048 <0.000011 008 042
A TIMHIIRIINA NNV VAN VW NNNWNNWANNNNRNY 063 000036 012 08

; 2.68 0.48 0.26
0.50 0.06 0.12
ATEFUAIFARREIEARRARGARATGRRRARRRRRANRANRNY 0.62 012 018
2.65 0.49 0.26
0.50 0.06 0.12
0.6 0.12 0.19
2.56 0.49 0.27
AL MR N 0.49 006 012
AER AN RN RN 06 012 019
2.33 0.51 0.31
0.61 0.06 0.12
0.66 0.13 0.21
2.54 0.51 0.29
R v 007 014
DRI TRV RRVRMANRNRRRY 058 012 019
: 2.66 0.51 0.29
' 0.46 0.07 0.14
AFAMEIATERATGRRRAGARREARARRRRARAN RN 0.58 012 019
2.46 0.61 0.30
AR RN MV MV N VR 0.47 007 014
AEHHIEATETRRRRGARANGRARINRRA RN 0.66 012 020
247 0.51 0.30
0.48 0.07 0.14
AEITIANRRRRGERRRRRY 0.5 012 020
2.12 0.76 0.60
AR RN 0.61 008 014
MEITANRRN 0.63 013 o021
: 2.49 0.62 0.30
\ \ 0.45 0.29 0.47
AATANENARRATIAR AR RN RN e 012 019
TABLE 3
Sromoer hiron 1 Tiron6 ron 10 Faon 13 Faon 18 Haploype  Freq CTL _ Freq, AVD
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TABLE 3-continued
1s3753394 15529825 rs3766404 15203674 153753396 1rs1065489
Promoter  Intron 1 Intron 6 Intron 10  Exon 13 Exon 18 Haplotype Freq. CTL Freq. AMD
2 1 1 2 1 1 211211 0.046438 0.06834
1 2 2 1 1 1 122111 0.026677 0.014859
2 1 2 1 1 1 212111 0.012731 0.01473
1 1 1 1 1 1 111111 0.012686 0.007305
1 2 1 2 1 1 121211 0.012684 0.004723
1 2 1 1 2 2 121122 0.009249 0.000945
1 1 1 1 2 2 111122 0.007487 0.008705
2 1 2 1 2 1 212121 0.002049
1 2 2 2 1 1 122211 0.00078 0.000488
2 1 2 1 2 2 212122 0.000001
2 1 1 2 1 2 211212 0.002175
2 1 1 1 1 2 211112 0.001869
2 2 1 1 1 1 221111 0.00169
2 1 2 2 1 1 212211 0.001061
1 2 1 2 2 2 121222 0.00096
1 1 2 1 1 2 112112 0.00095
2 1 1 1 2 1 211121 0.00095
2 1 2 2 1 2 212212 0.00069
2 2 1 2 1 1 221211 0.000322
1 2 2 1 1 2 122112 0.000001
TABLE 4
HF1 SNP Association with Age-related Macular Degeneration
Exon 7/9
Promoter IVS1 Exon 2 IVS2 IvVS6 A307A/ Exon 10 IVS10 Exon 13 Exon 18
1s3753394  1s529825 162V insTT 183766404  Y402H A473A 15203674  Q672Q D936E
Towa # Controls 68 126 131 68 129 67
# Cases 228 390 404 221 404 223
X2 15 22.21 49.4 35.14 0.21 0.64
P 0.000108 2.44 x 2.09 x 2 3.07 x 0.65 0.8
107% 107! 107%
OR 2.79 2.38 2.82 3.42 1.12 0.89
95% CI 1.67-4.65 1.65-3.44 2.11-3.78  2.27-5.15 0.76-1.64 0.51-1.56
Columbia # Controls 126 266 261 273 271 272 264 264 265 264
# Cases 329 547 546 549 546 549 542 545 545 536
X2 8.61 25.4 36.12 28.4 23.04 54.4 66.1 66.1 2.05 0.53
P 0.00334 4.66 x 3.21 x 9.87x 8 1.59 % 1.64 x 1.60 x 4.29 x 0.15 0.46
10797 1077 107° 107% 10713 107!t 107te
OR 0.70 1.92 1.95 2.042 2.105 2.25 2.10 2.44 1.24 1.12
95% CI 0.56-0.89  1.49-2.48 1.51-2.52 1.57-2.63 1.56-2.85 1.79-2.75 1.69-2.61 1.97-3.03 0.937-1.65 0.846-1.49

The frequency of allele 1 and allele 2 from each SNP was compared between cases and controls and the Yates Chi squared (X2) and P values were calculated along with the Odds Ratio
(OR) and 95% confidence interval (95% CI). The actual counts of each genotype are given in Tables 6A-6C.

TABLE 5

SSCP, DHPLC and Sequencing Primers

Forward Primer SEQ ID Reverse Primer SEQ ID

Exon Region (5'-3") NO: (5'-3") NO:
1 5'upstream-intl GCAAAAGTTTCTGATAGGC 64 AATCTTACCTTCTGCTACAC 65
2 int-int2 TTAGATAGACCTGTGACTG 66 TCAGGCATAATTGCTAC 67
3 int2-int3 ACTTGTTCCCCCACTC 68 CCTCTTTTCGTATGGACTAC 69
int2-ex3 TTGTTCCCCCACTCCTAC 70 ACACATTTCCTCCTGTAAGG 71

ex3-int3 CCCTGTGGACATCCTGG 72 AACCTCTTTTCGTATGGACTAC 73

4 int3-ex4 ATGCTGTTCATTTTCC 74 CCATCCATCTGTGTCAC 75
ex4-int4 ATTACCGTGAATGTGAC 76 TTGTATGAGAAAAAAAAAC 77

5 int4-int5 TCCAATCTTATCCTGAGG 78 TCTTACCCACACACTTTG 79
6 int5-ex6 GTCCTGGTCACAGTCC 80 GCATACAGCATCTCCTC 81

ex6-1inté GCACTGAATCTGGATG 82 ATGAACCTTGAACACAG 83
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TABLE 5-continued

SSCP, DHPLC and Sequencing Primers

Forward Primer SEQ ID Reverse Primer SEQ ID
Exon Region (5'-3") NO: (5'-3") NO:
7 inté-ex7 CGGATACTTATTTCTGC 84 CGTGATTTCATCTCCAG 85
ex7-int7 AGAACTGGAGATGAAATC 86 TGAATGGAACTTACAGG 87
8 int7-ex8 GTGAAACCTTGTGATTATC 88 TCCCAGTAACTTCCTG 89
ex8-int8 CTGTGATGAACATTTTGAG 90 TGCTCTCCTTTCTTCG 91
9 int8-int9 CATTGTTATGGTCCTTAGG 92 ACATGCTAGGATTTCAGAG 93
10 int9-ex9 CTTTTTCTTATTCTCTTCCC 94 TCACCATCTGCTGTTAC 95
ex9-1intl0 TGTAACAGCAGATGGTG 96 CCCACAAAAAGACTAAAG 97
11 intl0-ex11 GGGAAATACTCAGATTG 98 ATGGCATTCATAGTCC 99
exll-exll CCAGAACTAAAAATGACTTC 100 GGTAAATCAGACCAACC 101
exll-intll ATAGTGTGTGGTTACAATG 102 GTTTATGTCAAATCAGGAG 103
12 intll-int12 CAAGAAAGAGAATGCGAAC 104 AGATTACAGGCAATGGG 105
13 intl2-ex13 TTGATTGTTTAGGATGC 106 TTGAGGAGTTCAGGAGGTGG 107
ex1l3-intl3 CTGAACTCCTCAATGG 108 ATTACCAATACACACTGG 109
14 int13-int14 TTACATAGTGGAGGAGAG 110 TGGAAATGTTGAGGC 111
15 int14-int15 AGTTGGTTTGATTCCTATC 112 TTGAGCAGTTCACTTCTG 113
16 intl5-exl6 TTATGCCCACCTCCAC 114 ATACACTACTGACCAACAC 115
exlé-intlé GTCTATGAGAATACAAGCC 116 GAATCTGAGGTGGAGG 117
17 intlé6-ex17 CCCTTTGATTTTCATTC 118 AGAACTCCATTTTCCC 119
exl7-intl7 CACAACCACCTCAGATAG 120 GCCTAACCTTCACACTG 121
18 intl7-ex18 GTCATAGTAGCTCCTGTATTG 122 ACGTAACTTCTTCTCCATAC 123
exl8-intls CTTCCTTGTAAATCTCCAC 124 CAATGCACCATACTTATGC 125
19 intl18-ex19 TAAAGATTTGCGGAAC 126 GGCTCCATCCATTTTG 127
exl19-intl9 TTACAAAATGGATGGAG 128 AAGTGCTGGGATTACAGGCG 129
20 int19-ex20 CTACTCAAAATGAACACTAGG 130 TTTAACCCTGCTATACTCC 131
ex20-1int20 TAAATGGAAACTGGACG 132 ACCCTATTACTTGTGTTCTG 133
21 int20-int21 GTGTTTGCGTTTGCC 134 GAGATTTTTCCAGCCAC 135
22 int21-ex22 TCTCACACATTGCGAAC 136 ACCGTTAGTTTTCCAGG 137
ex22-3'downstream GGTTTGGATAGTGTTTTGAG 138 ATGTTGTTCGCAATGTG 139

Apr. 7,2016



Apr. 7,2016

US 2016/0096871 Al

52

€9°C-LS°T Zvo ¢ ¢9°C-T9° T S6°T 8V "C-6%'T 7T6°T ¢S T-LL6°0 €T'T ID $56/¥0
80-H€9998°6 ¥ 8¢ LO-HEFB80C € CT°9¢C £L0-H8T699 ¥ ¥ G<T 680°0 ¥8°¢C sniea &\NX EEELN
LYT TET L9T 9¢€T OLT 6¢T T6C ot ¢ STSTTe 3unop
TS6 STv S26 98¢ 243 £€6¢ L08 99¢ T STSTIT® 3Iunocp
LO-HTOT6S ¥ 99L8T 6T 90-d8T "¢ T 92 S60°0 0
€T°0 ¥Z'0 1 ST°0 92°0 4 9T 0 92°0 Y SL°0 69°0 o] Z oToTTe boig
£L8°0 9L°0 S S8°0 ¥L°0 3] ¥8°0 ¥L°0 D SC°0 e 0 €L T oTaTTe boag
6%S €LT 9%s T9C LYS 992 6%S voc ung
L 8T 11 9T €T ¥v ST (44 ¥¥ ¢ €e 44 LL 2T
€ET S6 s SET 06 o ovT S6 ¥ CT S2c YT LD TT
60¥ 09T sSs S6¢€ 8¥T oo z6¢ 6%vT DO TT 162 9¢CT 00 TIT
WY TIY NOD WY TIY NOD WY TIY NOD WY TIY NOD

¢ 3I0Yyoy
PP e-99°1 8€°¢C S9°F-L9°T 6L°C ID $56/¥0
90-Hd86¢€¥V ¢ TC CC TTSLOTO00°0 ST sniea &\NX EEELN
L8 89 (44 ot ¢ STSTIVY ¢ STSTIY 3unop
€69 ¥6T 74474 90T T STISTTIVY T STSTITIY 3Iunop

8€°¢C 6L°C
90-HLO99%"C 6T °CC S0-HEO0LEL'S 6T°9T sxenbs TUD
d X d X
UOTIRTOOSS®e (JNWVY

TT°0 €2°0 1 60°0 [4ANY Y Z oToTTe boig
68°0 LL"O S T6°0 8L°0 D T oTaTTe boag
06¢ 92T 8¢¢ 89 ung
L oT 11 4 9 ¥v
€L 8¢ s ve 8T o
oT¢E 8L sSs 06T 474 oo
WY NOO WY NOO

T 3I0YOoD
LLSUT CSAI ¢ UOIluUI 620088 ATOTI ¢ uoxy SC86C98T TSAT T UOIIUI F6ETSLEST Is3oworg IS30WoId

9 HIIVY.L



Apr. 7,2016

US 2016/0096871 Al

53

SL°Z-6L"T ST°T 16°2-68"T ve' 2 §8°2-95°T S0T'C ID %56/40
€T-H€9S€9° T ¥ %S ¥T-3G€29T°T 9765 90-H99985 T ¥0 €2 sntea d/X seiex
165 L8T 165 SLT 66 ¥6 z ®T°TT® IUNOD
L0S L€ £0s 6% ¢ €66 8b¥ T SToTTE 3UNOD
ZT-A¥€2€0 T 8€86T S 90-H¥LLOL 9 69565528 €T
¥5°0 ¥€°0 o) ¥5°0 £€€°0 v 60°0 LT 0 ) 7 oToTTe boiz
9%°0 99°0 L 9%°0 L9°0 o) 1670 €8°0 L T oToTTe boxz
6% ZLT L¥S z92 9%s LT ung
09T Le oY} 8ST €€ vy S 6 o0 2z
LT €11 hife} sLe 60T oY 68 9L LD 2T
STT zz1T LL FIT 0zT oY} zst 98T Ll TT
AWy TTY NOD AWy TTY NOD AWy TTY NOD
[AEETIER)
8L €-TT°2 T8°CT 8L €-TT°¢ z8°¢ 8L €-TT°2 T8°CT ID %56/40
ZT-H9¥L80°C ¥ 6% ZT-H9¥L80°Z ¥ 6% ZT-H9¥L80°Z ¥ 6% sntea d/X seiex
ceg YLT ceg YLT ceg vLT Z STSTIY IUnod
SLY 88 SLY 88 SLY 88 T STSTIVY 2unod
z8°¢ z8°¢ z8°¢
ZT-3£6SC°T ¥ 09 ZT-8€6S2° T ¥ 0S ZT-3£6SC°T ¥ 09 sxenbs TUD
d zX d zX d zX
UOTIRTOOSS®e (JNWVY
570 99°0 L 570 99°0 o) 570 99°0 z o1oTT1e boiz
65°0 ¥€°0 o) 65°0 ¥€°0 v 65°0 ¥€°0 T oTe1Te boag
£0% TeT 50% TeT 50% TeT ung
L 65 LL SL 65 oY} SL 65
€8T 9g hife} €8T 9g oY €8T 9g
9%T 9T oY} 9%T 9T vy 9%T 9T
AWy NOD AWy NOD AWy NOD
T 23I0U0D
OLTIT90TSI  HZOPA 6 UOXH LFTITO0TSI YLOEY L UOXH OLTIT90TSI  HZOPA ¥v99LEST 9SAT 9 uoxaur

/LYTTI90TSI  /¥YLOEY

peNuUIIUCD-9 HIAV.L



Apr. 7,2016

US 2016/0096871 Al

54

6% T-9¥8°0 TI'T S9°T-L€6°0 ¥2°T £€0°€-L6'T ¥¥°C 19°2-69°T 01°2 ID %56/40
9%°0 £€5°0 ST°0 S0°2 9T-H9T98Z ¥ T 99 TT-H$£909° T ¥'S¥ sntea d/X seiex
Z16 15272 9t6 (3272 809 08T £1¢ (324 z ®T°TT® IUNOD
09T L8 vaT 06 z8% 8H¢ TLL 82 T SToTTE 3UNOD
ZZL°0 £69°0 zZ€°0 LTz ST-HT6T98 T 8SHL6 99 TT-HT6€%2°6 2 9%
5870 ¥8°0 ) 98°0 £€8°0 v 96°0 ¥€°0 ) 6270 9% 0 v 7 oToTTe boiz
ST°0 9T 0 L ¥T°0 LT 0 ) ¥5°0 99°0 L TL°0 ¥S°0 ) T oToTTe boxz
9ts ¥92 SHS 592 SHS ¥92 Z¥s ¥92 ung
98¢ 98T 29 66¢ ¥8T vy 99T ve 29 22 0% 95 vy
0%T 69 oL 8eT L ¥ 9LT ZTT 19 2T €€z TeT ¥
ot 6 LL 8 6 29 £0T STT Ll TT 692 LL 29
AWy TTY NOD AWy TTY NOD AWy TTY NOD AWy TTY NOD
[AEETIER)
96°T-1S°0 68°0 ¥9°T-9L°0 2T T ST°S-L2°C 2% € ID %56/40
80 ¥9°0 5970 TZ°0 60-HEEB90 € FT°GE antes g/ X so3ex
99 8T LTT 137 L8 z9 Z STSTIY IUnod
08¢ 9TT 169 LTZ sse VL T STSTIVY 2unod
£68°0 2T T Zv €
¥69°0 SST'0 6L5°0 60€°0 60-H9ZSHS T G 9¢€ sxenbs TUD
d zX d zX d zX
UOTIRTOOSS®e (JNWVY
ST°0 €10 L ¥T°0 9T 0 ) 0Z°0 9% 0 v 7 oToTTe boiz
5870 L8°0 ) 98°0 ¥8°0 v 08°0 ¥S°0 ) T oToTTe boxz
€22 L9 50% 62T 122 89 ung
S z LL 8 4 29 1T 9T vy
9g A ) T0T €€ ¥ 59 o¢ ¥
Z9T 1s 29 562 z6 vy SHT 44 29
AWy NOD AWy NOD AWy NOD
T 23I0U0D
68%590TSI  H9£6Q 8T UOXH 96€CGLEST DZL9D €T UOXH  ¥LILOZSI 0TSAI 0T UOIIUI 00LPLZTSI  VELHY 0T uoxd

penuTiuOD -9 HTIV.L



US 2016/0096871 Al Apr. 7,2016
55

TABLE 7

Frequency of the At-risk Allele in Various Ethnic Groups with or without AMD

Columbia Towa African  Columbia European  Iowa
Rapanui Controls Hispanic Controls American Cases American Cases MPGNII

Risk 0.20 0.35 0.35 0.36 0.47 0.55 0.57 0.60 0.69

Haplotype
N 52 272 24 131 49 549 56 404 20

The frequency of the at-risk haplotype was estimated in samples from different populations from genotypes of the Y402H variant and/or
the IVS10 locus. These include Rapanui natives over the age of 65 (AMD is extremely rare, and most likely absent, in this Easter Island
population), controls (>65 years of age) from Columbia University, Hispanics general population, controls (>65 years of age) from the
University of Iowa, African Americans general population, AMD cases from Columbia University, European Americans general
population, AMD cases from the University of lowa and individuals with MPGNIL.

N = number of individuals.

TABLE 8 TABLE 8-continued
Factor H Diplotypes Factor H Diplotypes
IvVs2- IvVs2-
I62V 18 Y402H D936E IVS20 I62V 18 Y402H D936E IVS20
Risk GG SS cc GG TT GG SS CT GT TT
Protective AR LL TT GG cc GG SS CT GT CT
AR LL CT GG cc GG SS CT GT ccC
Protective AR LL TT GG cc GG SS CT GT ccC
AR LL TT GT TT GG SS CT GT ccC
AR LL TT GT cc GG SS CT TT CT
AR LS CT GG cc GG SS TT GG TT
AR SS cc GG TT GG SS TT GG CcT
GA LS CT GG TT [ee] sg T aT TT
GA LS CT GG CT ce ss TT aT oT
GA LS CT GG cc e ss T aT aT
Protective GA LS CT GG cc
GG SS TT GT ccC
GA LS CT GT CT
GG SS TT TT CT
GA LS TT GG CT
GG SS TT TT ccC
GA LS TT GG cc
GG SS cc GG TT
GA LS TT GG TT
GG SS CT GG TT
GA LS TT GT cc
GG SS CT GT ccC
GA LS TT TT cc

G, A, T, C refer to nucleotides at the indicated polymorphisms.

GA ss CT GG cc 3, L refer to the short and long (insertion of 2 T nucleotides)
alleles of the intron 2 polymorphism.
GG Ss CT GT cc
GG Ss TT GT TT TABLE 9
GG sS TT TT cT 3. Primers Used to Amplify
the Factor H Coding Sequence
GG LL TT GG TT
. SEQ SEQ
Risk GG ss cc GG T Exon Forward ID NO: Reverse ID NO:
Risk GG ss CcT GG CT 1 TGGGAGTGCAGTGA 140 GCTAATGATGCTTT 141
GAATTG TCACAGGA
GG Ss CT GG cc

2 CCTGTGACTGTCTA 142 TATGCCTGAATTAT 143
GG Ss CT GG cc GGCATTTT ATCACTATTGCC
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TABLE 9-continued

3. Primers Used to Amplify
the Factor H Coding Sequence

SEQ SEQ
Exon Forward ID NO: Reverse ID NO:
3 GCTTTGCTATGTTT 144 AACTATGATGGAAA 145

AATTTTCCTT TAATTAAATCTGG
4 TGCATATGCTGTTC 146 GTCTTACATTAAAA 147
ATTTTC TATCTTAAAGTCTC
5 TTTCCTCCAATCTT 148 CGTTCATTCTAAGG 149
ATCCTGAG AATATCAGCA
6 CCTGATGGAAACAA 150 AACAGGGCCAGAAA 151
CATTTCTG AGTTCA
7 TGTTCATTTTAATG 152 AGTTTTCGAAGTTG 153
CCATTTTG CCGAAA
8 CCTAGAAACCCTAA 154 TGTTCAAGCAAAGT 155
TGGAATGTG GACCAAA
9 TGAGCAAATTTATG 156 ATGTCACCTTGTTT 157
TTTCTCATTT TACCAATGG
10 TGAATGCTTATGGT 158 AAAACCTGCAGGAA 159
TATCCAGGT CAAAGC
11 TCTTAGAATGGGAA 160 TGGTTTTTCAGAAA 161
ATACTCAGATTG TTCATTTTCA
12 ATGTAAAATTAACT 162 TTGCTGAAATAAGA 163
TTGGCAATGA ATTAGAACTTTG
13 TGAATAAAAGAAGA 164 ATCTAAAACACATA 165
AAATCTTTCCA CATCATGTTTTCA
14 AAAACACATACATC 166 GATATGCCTCAACA 167
ATGTTTTCACAA TTTCCAGTC
15 GTTGGTTTGATTCC 168 TTGGAAAAGTAATA 169
TATCATTTG GGTATGTGTGTC
16 CTATGAGAATACAA 170 TCTCTTGTGCTTCG 171
GCCAAAAGTTC TGTAAACAA
17 AACCCTTTGATTTT 172 TCAAAGTGAGGGGA 173
CATTCTTCA ATAATTGA
18 AATTTATGAGTTAG 174 TCTTCATTCAAAGT 175
TGAAACCTGAAT GTAAGTGGTACC
19 ACAAAATGGCTAAT 176 TAATGTGTGGGCCC 177
ATATTTTCTCAAG AGCC

3. Primers Used to Amplify
the Factor H Coding Sequence

SEQ SEQ
Exon Forward ID NO: Reverse ID NO:
20 CAAAATGAACACTA 178 ATTTTGGGGGAGTA 179
GGTGGAACC TAGCAGG
21 CTGTGTTTGCGTTT 180 TTCACGTGGCTGGA 181
GCCTTA AAAATC
22 TTGAAAACCTGAAA 182 TCAATCATAAAGTG 183
GTCTATGAAGA CACACCTTT
TABLE 10
Primers Used to Amplify
the CFHRS Coding Seguence
SEQ ID SEQ ID
Exon Forward NO: Reverse NO:
1 CAGTCCCATTTCTG 184 GCTGAGGATAATTT 185
ATTGTTCCA GAAGGGG
2 GTGATTCATCGATG 186 AATGACCAGAGGAG 187
TAGCTCTTT CCTGGAA
3 TGATGTCAGTTTTC 188 ACCACTCTCTCAGT 189
AAAGTTTTCC TTTGCTAATTAT
4 CACATTAAATTTGT 190 AGAAGTGATGAAAC 191
TTCTGCAATGA AAGAATTTGA
5 CCATTTAAGCATTA 192 AAACAGGACAGTTA 193
TTTATGGTTTC CTATTACTTTGCA
6 AAATATTTTCAGAG 194 TTTATCATTTTGAT 195
TAAGCACTCATTT TGGGATTGT
7 TGCAGATATTTTAT 196 GTTGATCTTGTTGC 197
TGACATAATTGTT TTCTTTACAAGA
8 CCATTTTCCTGAAA 198 TCTGTTGCACTGTA 199
CACTACCC CCCCAA
9 AATTATTTGAATTT 200 TTTTGGACTAATTT 201
CCAGACACCTT CATAGAATAACCC
10 CTTAAATGCAATTT 202 TAGCCATTATGTAG 203
CACTATTCTATGA cc
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TABLE 12
Comparison of Factor H SNP Frequencies in 22 MPGNII Patients Versus Controls
(Allele Frequencies Given as f1 and £2)
f1 f2 f1 f2 P-
SNP MPGNII MPGNII Controls Controls value
Exon 2 162V 42 (G) 2(A) 202 (G) 60 (A) 0.0051
IVS2 -18insTT 42 (short) 2 (long) 194 (short) 68 (long) 0.0018
Exon 7 A307A 16 (C) 28 (A) 88 (A) 174 (C) 0.72
Exon 9 Y402H 28 (H) 16 (Y) 88 (H) 174 (Y) 0.00014
Exon 10 A473A 40 (G) 4(A) 74 (G) 62 (A) 0.000013
Exon 13 Q672Q 35 (A) 9(G) 217 (A) 41 (G) 0.45
Exon 18 D936E 35 (D) 9 (E) 115 (D) 19 (E) 0.32
TABLE 13
Coding SNPs Associated with MPGNII and the Related
Short Consensus Repeat (SCR) of Factor H
SNP SCR  Function of SCR
Exon 2 162V 1 Interaction with C3b
Exon 9 Y402H 7 Heparin binding
Interaction with C reactive protein
Exon 10 A473A 8 Interaction with C reactive protein
TABLE 14
CFHR5 SNPs in 22 Patients Segregating with
MPGNII (Allele Frequencies (fl and £2) and
Number of Patients by Genotype are Shown)
1 Pro- -249T > C Pro- -20T > C 75T > A P463 58C > T
2 moter rs9427661 moter rs9427662 IVS1 1rs3748557 Exon2 rsl2097550 rs12097550
3 TT 21 TT 21 TT 16 cc 16
4 TC 1 TC 1 TA 5 CcT 5
5 cc 0 cc 0 AR 1 TT 1
6 f1 . 98T . 98T . 84T .84cC
7 f2 .02¢C .02¢C .16A .16T
8 At-Risk
Haplotype T T T C C
MPGN2-02 T,T T,T T,T c,c c,c
MPGN2-03 T,T T,T T,T c,c c,c
MPGN2-07 T,T T,T T,T c,c c,c
MPGN2-09 T,T T,T A,T c,c c,T
MPGN2-10 T,T T,T T,T c,c c,c
MP3N2-11 T,T T,T A,T c,c c,T
MPGN2-12 T,T T,T T,T c,c c,c
MPGN2-13 T,T T,T A,T c,T c,T
MPGN2-14 T,T T,T AR c,c T,T
MPGN2-15 T,T T,T T,T c,T c,c
MPGN2-16 c,T C,T A,T c,c c,T
MPGN2-17 T,T T,T T,T c,c c,c
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TABLE 1l4-continued
CFHR5 SNPs in 22 Patients Segregating with
MPGNII (Allele Frequencies (fl and £2) and
Number of Patients by Genotype are Shown)
MPGN2-16 T, T T, T A, T c,c c,T
MPGN2-19 T, T T, T T, T c,c c,c
MPGN2-20 T, T T, T T, T c,T c,c
MPGN2-21 T, T T, T T, T c,c c,c
MPGN2-22 T, T T, T T, T c,c c,c
MPGN2-23 T, T T, T T, T c,c c,c
MPGN2-24 T, T T, T T, T c,c c,c
MPGN2-27-2 T, T T, T T, T c,c c,c
MPGN2-29 T, T T, T T, T c,c c,c
MPGN2-30 T, T T, T T, T c,c c,c
TABLE 15 TABLE 15-continued
Comparison OfCFHKS SNP Frequencies in 22 Comparison of CFHRS5 SNP Frequencies in 22
MPGNII Patients Versus Controls MPGNII Patients Ve Control
(Allele Frequencies Given as f1 and 2) @ 1e.n s .ersus ontrols
(Allele Frequencies Given as f1 and 2)
fl 2 fl 2 P-
SNP MPGNII MPGNII Controls Controls  value 1 2 f1 2 P-
Pro- 43 (T) 1(C) 178 (G) 28 (A) 0.033 SNP MPGNII MPGNII Controls  Controls  value
moter —249T >
C Exon 2 41 (P) 3(S) 205 (P) 1(S) 0.00023
Pro- 43 (T) 1(C) 178 (G) 28 (A) 0.033 P46S
ter —20T >
o IVS2 +58C > 37(C) 7(T)  158(C)  28(T) 028
IVS1 +75T > 37(T) 7(A) 161 (A) 41 (C) 0.38 T
A
TABLE 16A
Probes
SEQ SEQ
SNP Name Location Reference Allele ID NO: Variant Allele ID NO:
Promoter 1 5'-TCTGGGATGTAATAATG-3' 204 5' -TCTGGGATGTAATGATG-3"' 205
5' -GAACATTATTACATCCC-3"! 206 5'-GAACATCATTACATCCC-3"! 207
rs3753394 Promoter 4 5'-CAGAGGATATCACCAGC-3' 208 5' -CAGAGGATATTACCAGC-3"' 209
5' -AGCAGCTGGTGATATCC-3"! 210 5' -AGCAGCTGGTAATATCC-3"! 211
rs529825 Intron 1 5' -TACACAGTACGATAGAC-3"' 212 5' -TACACAGTACAATAGAC-3"' 213
5' -TAAGTCTATCGTACTGT-3"' 214 5'-TAAGTCTATTGTACTGT-3"' 215
rs800292 Exon 2 5' -TCTTGGAAATGTAATAA-3' 216 5'-TCTTGGAAATATAATAA-3' 217
5'-ACCATTATTACATTTCC-3"' 218 5'-ACCATTATTATATTTCC-3" 219
Intron 2 5'-TTTTTTTTTCGTTTTAG-3"' 220 5'-TTTTTTTTTTTCGTTTT-3"' 221
5'-CTTTCTAAAACGAAAAA -3 222 5'-TTCTAAAACGAAAAAAA-3! 223
rs3766404 Intron 6 5' -TTTAGGACTCATTTGAA-3"' 224 5'-TTTAGGACTTATTTGAA-3"' 225
5'-TAACTTCAAATGAGTCC-3"' 226 5'-TAACTTCAAATAAGTCC-3"! 227
rsl061147 Exon 7 5' -GAAATACAGCAAAATGC-3! 228 5' -GAAATACAGCCAAATGC-3"! 229
5'-ACTTGTGCATTTTGCTG-3"' 230 5'-ACTTGTGCATTTGGCTG-3"' 231
rsl061170 Exon 9 5'-TAATCAAAATTATGGAA-3! 232 5'-TAATCAAAATCATGGAA-3! 233
5'-TTTCTTCCATAATTTTG-3"' 234 5'-TTTCTTCCATGATTTTG-3"' 235
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TABLE 16A-continued

Probes
SEQ SEQ
SNP Name Location Reference Allele ID NO: Variant Allele ID NO:
rs2274700 Exon 10 5'-AAGAAAAAGCGAAATAT -3 236 5' -AAGAAAAAGCAAAATAT -3 237
5'-TTGATATTTCGCTTTTT-3"' 238 5'-TTGATATTTTGCTTTTT-3"' 239
Exon 10A 5'-GGATCAAAGA[- |]TGACAA-3" 240 5'-GGATCAAAGA[N]TGACAA-3" 241
5'-GCCCTTGTCA[-]TCTTTG-3" 242 5'-GCCCTTGTCA[N]TCTTTG-3" 243
rs203674 Intron 10 5'-TTTATTAGTAGATCTAA-3"' 244 5'-TTTATTAGTATATCTAA-3"' 245
5'-TTGATTAGATCTACTAA-3"' 246 5' -TTGATTAGATATACTAA-3' 247
rs3753396 Exon 13 5'-ATAAAATTCAATGTGTT-3"' 248 5' -ATAAAATTCAGTGTGTT-3"' 249
5'-CCATCAACACATTGAAT-3"' 250 5'-CCATCAACACACTGAAT-3"' 251
rs375046 Intron 15 5'-TTTATTATAACATTAAT-3"' 252 5'-TTTATTATAAAATTAAT-3"' 253
5'-TATAATTAATGTTATAA-3"' 254 5'-TATAATTAATTTTATAA-3' 255
rsl065489 Exon 18 5'-CTCCACCTGAGATTTCT-3"' 256 5'-CTCCACCTGATATTTCT-3"' 257
5'-CATGAGAAATCTCAGGT-3"' 258 5' -CATGAGAAATATCAGGT-3"' 259
Exon 22 5'-TCTTTCATCACGTTCTC-3"' 260 5'-TCTTTCATCATGTTCTC-3"' 261
5'-GTGTGAGAACGTGATGA-3"' 262 5' -GTGTGAGAACATGATGA-3"' 263
TABLE 16B
Primers
SEQ SEQ
SNP Name Location Reference Allele ID NO: Variant Allele ID NO:
Promoter 1 5'-TTTCTGGGATGTAA 264 5'-TTTCTGGGATGTAA 265
TA-3' (forward) TG-3' (forward)
5'-CAAAACACTGAACA 266 5'-CAAAACACTGAACA 267
TT-3' (reverse) TC-3' (reverse)
rs3753394 Promoter 4 5'-AAATCCAGAGGATA 268 5'-AAATCCAGAGGATA 269
TC-3' (forward) TT-3' (forward)
5'-AAATCAGCAGCTGG 270 5'-AAATCAGCAGCTGG 271
TG-3' (reverse) TA-3' (reverse)
rs529825 Intron 1 5'-AAGTTTACACAGTA 272 5'-AAGTTTACACAGTA 273
CG-3' (forward) CA-3' (forward)
5'-AATGGGTAAGTCTA 274 5'-AATGGGTAAGTCTA 275
TC-3' (reverse) TT-3' (reverse)
rs800292 Exon 2 5'-AGATCTCTTGGAAA 276 5'-AGATCTCTTGGAAA 277
TG-3' (forward) TA-3' (forward)
5'-TGCATACCATTATT 278 5'-TGCATACCATTATT 279
AC-3' (reverse) AT-3' (reverse)
Intron 2 5'-TCATAACTTTTTTT 280 5'-ATAACTTTTTTTTT 281
TT-3' (forward) TT-3' (forward)
5'-GGGCCTTTCTAAAA 282 5'-GCCTTTCTAAAACG 283
CG-3' (reverse) ARA-3' (reverse)
rs3766404 Intron 6 5'-AATACATTTAGGAC 284 5'-AATACATTTAGGAC 285
TC-3' (forward) TT-3' (forward)
5'-ACACTAACTTCAAA 286 5'-ACACTAACTTCAAA 287
TG-3' (reverse) TA-3' (reverse)
rsl061147 Exon 7 5' -CCGGGGAAATACAG 288 5'-CCGGGGAAATACAG 289
CA-3' (forward) CcCc-3' (forward)
5'-AGTACTTGTGCATT 290 5'-AGTACTTGTGCATT 291
TT-3' (reverse) TG-3' (reverse)
rsl061170 Exon 9 5'-GGATATAATCAAAA 292 5'-GGATATAATCAAAA 293
TT-3' (forward) TC-3' (forward)
5'-CAAACTTTCTTCCA 294 5'-CAAACTTTCTTCCA 295
TA-3' (reverse) TG-3' (reverse)
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TABLE 16B-continued

Primers
SEQ SEQ
SNP Name Location Reference Allele ID NO: Variant Allele ID NO:
rs2274700 Exon 10 5'-CTTAAAAGAAAAAG 296 5'-CTTAAAAGAAAAAG 297
CG-3' (forward) CA-3' (forward)
5'-TTTGCATTGATATT 298 5'-TTTGCATTGATATT 299
TC-3' (reverse) TT-3' (reverse)
Exon 10A 5'-TGAGTGGATCAAAG 300 5'-TGAGTGGATCAAAG 301
A[-]1-3' (forward) A[N]-3' (forward)
5'-CATTGGCCCTTGTC 302 5'-CATTGGCCCTTGTC 303
A[-]1-3' (reverse) A[N]-3' (reverse)
rs203674 Intron 10 5'-ACCTATTTATTAGT 304 5'-ACCTATTTATTAGT 305
AG-3' (forward) AT-3' (forward)
5'-CTTTATTGATTAGA 306 5'-CTTTATTGATTAGA 307
TC-3' (reverse) TA-3' (reverse)
rs3753396 Exon 13 5'-ACCTAATAAAATTC 308 5'-ACCTAATAAAATTC 309
AA-3' (forward) AG-3' (forward)
5'-CTCTCCATCAACAC 310 5'-CTCTCCATCAACAC 311
AT-3' (reverse) AC-3' (reverse)
rs375046 Intron 15 5'-TATTTTTTATTATA 312 5'-TATTTTTTATTATA 313
AC-3' (forward) AA-3' (forward)
5'-AAAAATATAATTAA 314 5'-AAAAATATAATTAA 315
TG-3' (reverse) TT-3' (reverse)
rsl065489 Exon 18 5'-TAAATCTCCACCTG 316 5'-TAAATCTCCACCTG 317
AG-3' (forward) AT-3' (forward)
5'-AACACCATGAGAAA 318 5'-AACACCATGAGAAA 319
TC-3' (reverse) TA-3' (reverse)
Exon 22 5'-TATCGTCTTTCATC 320 5'-TATCGTCTTTCATC 321
AC-3' (forward) AT-3' (forward)
5'-GCAATGTGTGAGAA 322 5'-GCAATGTGTGAGAA 323
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CG-3' (reverse)

CG-3' (reverse)
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[0558] Although the present invention has been described
in detail with reference to specific embodiments, those of'skill
in the art will recognize that modifications and improvements
are within the scope and spirit of the invention, as set forth in
the claims which follow. All publications and patent docu-
ments cited herein are incorporated herein by reference as if
each such publication or document was specifically and indi-
vidually indicated to be incorporated herein by reference.
Citation of publications and patent documents (patents, pub-
lished patent applications, and unpublished patent applica-
tions) is not intended as an admission that any such document
is pertinent prior art, nor does it constitute any admission as to
the contents or date of the same. The invention having now
been described by way of written description, those of skill in
the art will recognize that the invention can be practiced in a
variety of embodiments and that the foregoing description is
for purposes of illustration and not limitation of the following
claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 337

<210> SEQ ID NO 1

<211> LENGTH: 3926

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

aattcttgga agaggagaac tggacgttgt gaacagagtt agctggtaaa tgtcctcetta 60
aaagatccaa aaaatgagac ttctagcaaa gattatttge cttatgttat gggctatttg 120
tgtagcagaa gattgcaatg aacttcctce aagaagaaat acagaaattc tgacaggtte 180
ctggtctgac caaacatatc cagaaggcac ccaggctatc tataaatgcce gccctggata 240
tagatctett ggaaatgtaa taatggtatg caggaaggga gaatgggttg ctcttaatce 300
attaaggaaa tgtcagaaaa ggcecctgtgg acatcctgga gatactcectt ttggtacttt 360
tacccttaca ggaggaaatg tgtttgaata tggtgtaaaa getgtgtata catgtaatga 420
ggggtatcaa ttgctaggtg agattaatta ccgtgaatgt gacacagatg gatggaccaa 480
tgatattcct atatgtgaag ttgtgaagtg tttaccagtg acagcaccag agaatggaaa 540
aattgtcagt agtgcaatgg aaccagatcg ggaataccat tttggacaag cagtacggtt 600
tgtatgtaac tcaggctaca agattgaagg agatgaagaa atgcattgtt cagacgatgg 660
tttttggagt aaagagaaac caaagtgtgt ggaaatttca tgcaaatccc cagatgttat 720
aaatggatct cctatatcte agaagattat ttataaggag aatgaacgat ttcaatataa 780
atgtaacatg ggttatgaat acagtgaaag aggagatgct gtatgcactg aatctggatg 840
gegteegttyg ccttcatgtg aagaaaaatc atgtgataat ccttatatte caaatggtga 900
ctactcacct ttaaggatta aacacagaac tggagatgaa atcacgtacc agtgtagaaa 960

tggtttttat cctgcaaccc ggggaaatac agccaaatgc acaagtactg gctggatacce 1020

tgctceccgaga tgtaccttga aaccttgtga ttatccagac attaaacatg gaggtctata 1080

tcatgagaat atgcgtagac catactttcc agtagctgta ggaaaatatt actcctatta 1140

ctgtgatgaa cattttgaga ctccgtcagg aagttactgg gatcacattc attgcacaca 1200
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-continued

agatggatgg tcgccagcag taccatgcct cagaaaatgt tattttcctt atttggaaaa 1260
tggatataat caaaatcatg gaagaaagtt tgtacagggt aaatctatag acgttgcctg 1320
ccatcctgge tacgctctte caaaagcgca gaccacagtt acatgtatgg agaatggcetg 1380
gtctecctact cccagatgca tccgtgtcaa aacatgttcc aaatcaagta tagatattga 1440
gaatgggttt atttctgaat ctcagtatac atatgcctta aaagaaaaag cgaaatatca 1500
atgcaaacta ggatatgtaa cagcagatgg tgaaacatca ggatcaatta gatgtgggaa 1560
agatggatgg tcagctcaac ccacgtgcat taaatcttgt gatatcccag tatttatgaa 1620
tgccagaact aaaaatgact tcacatggtt taagctgaat gacacattgg actatgaatg 1680
ccatgatggt tatgaaagca atactggaag caccactggt tccatagtgt gtggttacaa 1740
tggttggtct gatttaccca tatgttatga aagagaatgc gaacttccta aaatagatgt 1800
acacttagtt cctgatcgca agaaagacca gtataaagtt ggagaggtgt tgaaattctce 1860
ctgcaaacca ggatttacaa tagttggacc taattccgtt cagtgctacc actttggatt 1920
gtctectgac ctecccaatat gtaaagagca agtacaatca tgtggtccac ctecctgaact 1980
cctcaatggg aatgttaagg aaaaaacgaa agaagaatat ggacacagtg aagtggtgga 2040
atattattgc aatcctagat ttctaatgaa gggacctaat aaaattcaat gtgttgatgg 2100
agagtggaca actttaccag tgtgtattgt ggaggagagt acctgtggag atatacctga 2160
acttgaacat ggctgggccc agctttectte ccctecttat tactatggag attcagtgga 2220
attcaattgc tcagaatcat ttacaatgat tggacacaga tcaattacgt gtattcatgg 2280
agtatggacc caacttccecc agtgtgtgge aatagataaa cttaagaagt gcaaatcatc 2340
aaatttaatt atacttgagg aacatttaaa aaacaagaag gaattcgatc ataattctaa 2400
cataaggtac agatgtagag gaaaagaagg atggatacac acagtctgca taaatggaag 2460
atgggatcca gaagtgaact gctcaatggc acaaatacaa ttatgcccac ctccacctca 2520
gattcccaat tctcacaata tgacaaccac actgaattat cgggatggag aaaaagtatc 2580
tgttctttge caagaaaatt atctaattca ggaaggagaa gaaattacat gcaaagatgg 2640
aagatggcag tcaataccac tctgtgttga aaaaattcca tgttcacaac cacctcagat 2700
agaacacgga accattaatt catccaggtc ttcacaagaa agttatgcac atgggactaa 2760
attgagttat acttgtgagg gtggtttcag gatatctgaa gaaaatgaaa caacatgcta 2820
catgggaaaa tggagttctc cacctcagtg tgaaggcctt ccttgtaaat ctccacctga 2880
gatttctcat ggtgttgtag ctcacatgtc agacagttat cagtatggag aagaagttac 2940
gtacaaatgt tttgaaggtt ttggaattga tgggcctgca attgcaaaat gcttaggaga 3000
aaaatggtct caccctccat catgcataaa aacagattgt ctcagtttac ctagctttga 3060
aaatgccata cccatgggag agaagaagga tgtgtataag gcgggtgagce aagtgactta 3120
cacttgtgca acatattaca aaatggatgg agccagtaat gtaacatgca ttaatagcag 3180
atggacagga aggccaacat gcagagacac ctectgtgtg aatccgccca cagtacaaaa 3240
tgcttatata gtgtcgagac agatgagtaa atatccatct ggtgagagag tacgttatca 3300
atgtaggagc ccttatgaaa tgtttgggga tgaagaagtg atgtgtttaa atggaaactg 3360
gacggaacca cctcaatgca aagattctac aggaaaatgt gggccccctce cacctattga 3420

caatggggac attacttcat tcccgttgte agtatatget ccagcecttcat cagttgagta 3480
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ccaatgccag aacttgtatc aacttgaggg taacaagcga ataacatgta gaaatggaca 3540
atggtcagaa ccaccaaaat gcttacatcc gtgtgtaata tcccgagaaa ttatggaaaa 3600
ttataacata gcattaaggt ggacagccaa acagaagctt tattcgagaa caggtgaatc 3660
agttgaattt gtgtgtaaac ggggatatcg tctttcatca cgttctcaca cattgcgaac 3720
aacatgttgg gatgggaaac tggagtatcc aacttgtgca aaaagataga atcaatcata 3780
aagtgcacac ctttattcag aactttagta ttaaatcagt tctcaatttc attttttatg 3840
tattgtttta ctccttttta ttcatacgta aaattttgga ttaatttgtg aaaatgtaat 3900
tataagctga gaccggtgge tctcett 3926
<210> SEQ ID NO 2

<211> LENGTH: 1231

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Arg Leu Leu Ala Lys Ile Ile Cys Leu Met Leu Trp Ala Ile Cys
1 5 10 15

Val Ala Glu Asp Cys Asn Glu Leu Pro Pro Arg Arg Asn Thr Glu Ile
20 25 30

Leu Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Gln Ala
35 40 45

Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Leu Gly Asn Val Ile Met
50 55 60

Val Cys Arg Lys Gly Glu Trp Val Ala Leu Asn Pro Leu Arg Lys Cys
65 70 75 80

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe
85 90 95

Thr Leu Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr
100 105 110

Thr Cys Asn Glu Gly Tyr Gln Leu Leu Gly Glu Ile Asn Tyr Arg Glu
115 120 125

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val
130 135 140

Lys Cys Leu Pro Val Thr Ala Pro Glu Asn Gly Lys Ile Val Ser Ser
145 150 155 160

Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Gln Ala Val Arg Phe
165 170 175

Val Cys Asn Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys
180 185 190

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Lys Cys Val Glu Ile
195 200 205

Ser Cys Lys Ser Pro Asp Val Ile Asn Gly Ser Pro Ile Ser Gln Lys
210 215 220

Ile Ile Tyr Lys Glu Asn Glu Arg Phe Gln Tyr Lys Cys Asn Met Gly
225 230 235 240

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp
245 250 255

Arg Pro Leu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn Pro Tyr Ile
260 265 270

Pro Asn Gly Asp Tyr Ser Pro Leu Arg Ile Lys His Arg Thr Gly Asp
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275 280 285

Glu Ile Thr Tyr Gln Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly
290 295 300

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys
305 310 315 320

Thr Leu Lys Pro Cys Asp Tyr Pro Asp Ile Lys His Gly Gly Leu Tyr
325 330 335

His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr
340 345 350

Tyr Ser Tyr Tyr Cys Asp Glu His Phe Glu Thr Pro Ser Gly Ser Tyr
355 360 365

Trp Asp His Ile His Cys Thr Gln Asp Gly Trp Ser Pro Ala Val Pro
370 375 380

Cys Leu Arg Lys Cys Tyr Phe Pro Tyr Leu Glu Asn Gly Tyr Asn Gln
385 390 395 400

Asn His Gly Arg Lys Phe Val Gln Gly Lys Ser Ile Asp Val Ala Cys
405 410 415

His Pro Gly Tyr Ala Leu Pro Lys Ala Gln Thr Thr Val Thr Cys Met
420 425 430

Glu Asn Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Lys Thr Cys
435 440 445

Ser Lys Ser Ser Ile Asp Ile Glu Asn Gly Phe Ile Ser Glu Ser Gln
450 455 460

Tyr Thr Tyr Ala Leu Lys Glu Lys Ala Lys Tyr Gln Cys Lys Leu Gly
465 470 475 480

Tyr Val Thr Ala Asp Gly Glu Thr Ser Gly Ser Ile Arg Cys Gly Lys
485 490 495

Asp Gly Trp Ser Ala Gln Pro Thr Cys Ile Lys Ser Cys Asp Ile Pro
500 505 510

Val Phe Met Asn Ala Arg Thr Lys Asn Asp Phe Thr Trp Phe Lys Leu
515 520 525

Asn Asp Thr Leu Asp Tyr Glu Cys His Asp Gly Tyr Glu Ser Asn Thr
530 535 540

Gly Ser Thr Thr Gly Ser Ile Val Cys Gly Tyr Asn Gly Trp Ser Asp
545 550 555 560

Leu Pro Ile Cys Tyr Glu Arg Glu Cys Glu Leu Pro Lys Ile Asp Val
565 570 575

His Leu Val Pro Asp Arg Lys Lys Asp Gln Tyr Lys Val Gly Glu Val
580 585 590

Leu Lys Phe Ser Cys Lys Pro Gly Phe Thr Ile Val Gly Pro Asn Ser
595 600 605

Val Gln Cys Tyr His Phe Gly Leu Ser Pro Asp Leu Pro Ile Cys Lys
610 615 620

Glu Gln Val Gln Ser Cys Gly Pro Pro Pro Glu Leu Leu Asn Gly Asn
625 630 635 640

Val Lys Glu Lys Thr Lys Glu Glu Tyr Gly His Ser Glu Val Val Glu
645 650 655

Tyr Tyr Cys Asn Pro Arg Phe Leu Met Lys Gly Pro Asn Lys Ile Gln
660 665 670

Cys Val Asp Gly Glu Trp Thr Thr Leu Pro Val Cys Ile Val Glu Glu
675 680 685
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Ser Thr Cys Gly Asp Ile Pro Glu Leu Glu His Gly Trp Ala Gln Leu
690 695 700

Ser Ser Pro Pro Tyr Tyr Tyr Gly Asp Ser Val Glu Phe Asn Cys Ser
705 710 715 720

Glu Ser Phe Thr Met Ile Gly His Arg Ser Ile Thr Cys Ile His Gly
725 730 735

Val Trp Thr Gln Leu Pro Gln Cys Val Ala Ile Asp Lys Leu Lys Lys
740 745 750

Cys Lys Ser Ser Asn Leu Ile Ile Leu Glu Glu His Leu Lys Asn Lys
755 760 765

Lys Glu Phe Asp His Asn Ser Asn Ile Arg Tyr Arg Cys Arg Gly Lys
770 775 780

Glu Gly Trp Ile His Thr Val Cys Ile Asn Gly Arg Trp Asp Pro Glu
785 790 795 800

Val Asn Cys Ser Met Ala Gln Ile Gln Leu Cys Pro Pro Pro Pro Gln
805 810 815

Ile Pro Asn Ser His Asn Met Thr Thr Thr Leu Asn Tyr Arg Asp Gly
820 825 830

Glu Lys Val Ser Val Leu Cys Gln Glu Asn Tyr Leu Ile Gln Glu Gly
835 840 845

Glu Glu Ile Thr Cys Lys Asp Gly Arg Trp Gln Ser Ile Pro Leu Cys
850 855 860

Val Glu Lys Ile Pro Cys Ser Gln Pro Pro Gln Ile Glu His Gly Thr
865 870 875 880

Ile Asn Ser Ser Arg Ser Ser Gln Glu Ser Tyr Ala His Gly Thr Lys
885 890 895

Leu Ser Tyr Thr Cys Glu Gly Gly Phe Arg Ile Ser Glu Glu Asn Glu
900 905 910

Thr Thr Cys Tyr Met Gly Lys Trp Ser Ser Pro Pro Gln Cys Glu Gly
915 920 925

Leu Pro Cys Lys Ser Pro Pro Glu Ile Ser His Gly Val Val Ala His
930 935 940

Met Ser Asp Ser Tyr Gln Tyr Gly Glu Glu Val Thr Tyr Lys Cys Phe
945 950 955 960

Glu Gly Phe Gly Ile Asp Gly Pro Ala Ile Ala Lys Cys Leu Gly Glu
965 970 975

Lys Trp Ser His Pro Pro Ser Cys Ile Lys Thr Asp Cys Leu Ser Leu
980 985 990

Pro Ser Phe Glu Asn Ala Ile Pro Met Gly Glu Lys Lys Asp Val Tyr
995 1000 1005

Lys Ala Gly Glu Gln Val Thr Tyr Thr Cys Ala Thr Tyr Tyr Lys
1010 1015 1020

Met Asp Gly Ala Ser Asn Val Thr Cys Ile Asn Ser Arg Trp Thr
1025 1030 1035

Gly Arg Pro Thr Cys Arg Asp Thr Ser Cys Val Asn Pro Pro Thr
1040 1045 1050

Val Gln Asn Ala Tyr Ile Val Ser Arg Gln Met Ser Lys Tyr Pro
1055 1060 1065

Ser Gly Glu Arg Val Arg Tyr Gln Cys Arg Ser Pro Tyr Glu Met
1070 1075 1080
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Phe Gly Asp Glu Glu Val Met Cys Leu Asn Gly Asn Trp Thr Glu
1085 1090 1095

Pro Pro Gln Cys Lys Asp Ser Thr Gly Lys Cys Gly Pro Pro Pro
1100 1105 1110

Pro Ile Asp Asn Gly Asp Ile Thr Ser Phe Pro Leu Ser Val Tyr
1115 1120 1125

Ala Pro Ala Ser Ser Val Glu Tyr Gln Cys Gln Asn Leu Tyr Gln
1130 1135 1140

Leu Glu Gly Asn Lys Arg Ile Thr Cys Arg Asn Gly Gln Trp Ser
1145 1150 1155

Glu Pro Pro Lys Cys Leu His Pro Cys Val Ile Ser Arg Glu Ile
1160 1165 1170

Met Glu Asn Tyr Asn Ile Ala Leu Arg Trp Thr Ala Lys Gln Lys
1175 1180 1185

Leu Tyr Ser Arg Thr Gly Glu Ser Val Glu Phe Val Cys Lys Arg
1190 1195 1200

Gly Tyr Arg Leu Ser Ser Arg Ser His Thr Leu Arg Thr Thr Cys
1205 1210 1215

Trp Asp Gly Lys Leu Glu Tyr Pro Thr Cys Ala Lys Arg
1220 1225 1230

<210> SEQ ID NO 3

<211> LENGTH: 1658

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

aattcttgga agaggagaac tggacgttgt gaacagagtt agctggtaaa tgtcctctta 60
aaagatccaa aaaatgagac ttctagcaaa gattatttge cttatgttat gggctatttg 120
tgtagcagaa gattgcaatg aacttcctee aagaagaaat acagaaattc tgacaggtte 180
ctggtetgac caaacatatce cagaaggcac ccaggctatce tataaatgece gecctggata 240
tagatctett ggaaatgtaa taatggtatg caggaaggga gaatgggttg ctcttaatce 300
attaaggaaa tgtcagaaaa ggccctgtgg acatcctgga gatactcett ttggtacttt 360
tacccttaca ggaggaaatg tgtttgaata tggtgtaaaa getgtgtata catgtaatga 420
ggggtatcaa ttgctaggtg agattaatta ccgtgaatgt gacacagatg gatggaccaa 480
tgatattcct atatgtgaag ttgtgaagtg tttaccagtg acagcaccag agaatggaaa 540
aattgtcagt agtgcaatgg aaccagatcg ggaataccat tttggacaag cagtacggtt 600
tgtatgtaac tcaggctaca agattgaagg agatgaagaa atgcattgtt cagacgatgg 660
tttttggagt aaagagaaac caaagtgtgt ggaaatttca tgcaaatcce cagatgttat 720
aaatggatct cctatatcte agaagattat ttataaggag aatgaacgat ttcaatataa 780
atgtaacatg ggttatgaat acagtgaaag aggagatget gtatgcactg aatctggatg 840
gegtceegttyg ccttcatgtg aagaaaaatc atgtgataat ccttatattce caaatggtga 900
ctactcacct ttaaggatta aacacagaac tggagatgaa atcacgtacc agtgtagaaa 960

tggtttttat cctgcaaccc ggggaaatac agccaaatgc acaagtactg gctggatacc 1020

tgctccgaga tgtaccttga aaccttgtga ttatccagac attaaacatg gaggtctata 1080

tcatgagaat atgcgtagac catactttcc agtagctgta ggaaaatatt actcctatta 1140
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ctgtgatgaa cattttgaga ctccgtcagg aagttactgg gatcacattc attgcacaca 1200
agatggatgg tcgccagcag taccatgcct cagaaaatgt tattttcctt atttggaaaa 1260
tggatataat caaaattatg gaagaaagtt tgtacagggt aaatctatag acgttgcctg 1320
ccatcctgge tacgctctte caaaagcgca gaccacagtt acatgtatgg agaatggcetg 1380
gtctectact cccagatgca tcegtgtcag ctttacccte tgaacttcectg atcgaaggtce 1440
atccctetee agcecttgagtyg gatcaaagat gacaagggcce aatggaacca agtttgagtce 1500
ttgccaggtc aatacttggg tcectgagtat ggtgactagt atctgttttg ttatgtgtgt 1560
attattccag ccagaatggg aaatgctaat tcagctcecctce caggcagcca atggggctgg 1620
tggctttgag attattaaac tcttctggat cctctacg 1658
<210> SEQ ID NO 4

<211> LENGTH: 449

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Arg Leu Leu Ala Lys Ile Ile Cys Leu Met Leu Trp Ala Ile Cys
1 5 10 15

Val Ala Glu Asp Cys Asn Glu Leu Pro Pro Arg Arg Asn Thr Glu Ile
20 25 30

Leu Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Gln Ala
Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Leu Gly Asn Val Ile Met
50 55 60

Val Cys Arg Lys Gly Glu Trp Val Ala Leu Asn Pro Leu Arg Lys Cys
65 70 75 80

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe
85 90 95

Thr Leu Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr
100 105 110

Thr Cys Asn Glu Gly Tyr Gln Leu Leu Gly Glu Ile Asn Tyr Arg Glu
115 120 125

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val
130 135 140

Lys Cys Leu Pro Val Thr Ala Pro Glu Asn Gly Lys Ile Val Ser Ser
145 150 155 160

Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Gln Ala Val Arg Phe
165 170 175

Val Cys Asn Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys
180 185 190

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Lys Cys Val Glu Ile
195 200 205

Ser Cys Lys Ser Pro Asp Val Ile Asn Gly Ser Pro Ile Ser Gln Lys
210 215 220

Ile Ile Tyr Lys Glu Asn Glu Arg Phe Gln Tyr Lys Cys Asn Met Gly
225 230 235 240

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp
245 250 255

Arg Pro Leu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn Pro Tyr Ile
260 265 270
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Pro Asn Gly Asp Tyr Ser Pro Leu Arg Ile Lys His Arg Thr Gly Asp
275 280 285

Glu Ile Thr Tyr Gln Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly
290 295 300

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys
305 310 315 320

Thr Leu Lys Pro Cys Asp Tyr Pro Asp Ile Lys His Gly Gly Leu Tyr
325 330 335

His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr
340 345 350

Tyr Ser Tyr Tyr Cys Asp Glu His Phe Glu Thr Pro Ser Gly Ser Tyr
355 360 365

Trp Asp His Ile His Cys Thr Gln Asp Gly Trp Ser Pro Ala Val Pro
370 375 380

Cys Leu Arg Lys Cys Tyr Phe Pro Tyr Leu Glu Asn Gly Tyr Asn Gln
385 390 395 400

Asn Tyr Gly Arg Lys Phe Val Gln Gly Lys Ser Ile Asp Val Ala Cys
405 410 415

His Pro Gly Tyr Ala Leu Pro Lys Ala Gln Thr Thr Val Thr Cys Met
420 425 430

Glu Asn Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Ser Phe Thr
435 440 445

Leu

<210> SEQ ID NO 5

<211> LENGTH: 1231

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide Factor H variant

<400> SEQUENCE: 5

Met Arg Leu Leu Ala Lys Ile Ile Cys Leu Met Leu Trp Ala Ile Cys
1 5 10 15

Val Ala Glu Asp Cys Asn Glu Leu Pro Pro Arg Arg Asn Thr Glu Ile
20 25 30

Leu Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Gln Ala
35 40 45

Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Leu Gly Asn Ile Ile Met
50 55 60

Val Cys Arg Lys Gly Glu Trp Val Ala Leu Asn Pro Leu Arg Lys Cys
65 70 75 80

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe
85 90 95

Thr Leu Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr
100 105 110

Thr Cys Asn Glu Gly Tyr Gln Leu Leu Gly Glu Ile Asn Tyr Arg Glu
115 120 125

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val
130 135 140

Lys Cys Leu Pro Val Thr Ala Pro Glu Asn Gly Lys Ile Val Ser Ser
145 150 155 160
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Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Gln Ala Val Arg Phe
165 170 175

Val Cys Asn Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys
180 185 190

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Lys Cys Val Glu Ile
195 200 205

Ser Cys Lys Ser Pro Asp Val Ile Asn Gly Ser Pro Ile Ser Gln Lys
210 215 220

Ile Ile Tyr Lys Glu Asn Glu Arg Phe Gln Tyr Lys Cys Asn Met Gly
225 230 235 240

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp
245 250 255

Arg Pro Leu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn Pro Tyr Ile
260 265 270

Pro Asn Gly Asp Tyr Ser Pro Leu Arg Ile Lys His Arg Thr Gly Asp
275 280 285

Glu Ile Thr Tyr Gln Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly
290 295 300

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys
305 310 315 320

Thr Leu Lys Pro Cys Asp Tyr Pro Asp Ile Lys His Gly Gly Leu Tyr
325 330 335

His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr
340 345 350

Tyr Ser Tyr Tyr Cys Asp Glu His Phe Glu Thr Pro Ser Gly Ser Tyr
355 360 365

Trp Asp His Ile His Cys Thr Gln Asp Gly Trp Ser Pro Ala Val Pro
370 375 380

Cys Leu Arg Lys Cys Tyr Phe Pro Tyr Leu Glu Asn Gly Tyr Asn Gln
385 390 395 400

Asn Tyr Gly Arg Lys Phe Val Gln Gly Lys Ser Ile Asp Val Ala Cys
405 410 415

His Pro Gly Tyr Ala Leu Pro Lys Ala Gln Thr Thr Val Thr Cys Met
420 425 430

Glu Asn Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Lys Thr Cys
435 440 445

Ser Lys Ser Ser Ile Asp Ile Glu Asn Gly Phe Ile Ser Glu Ser Gln
450 455 460

Tyr Thr Tyr Ala Leu Lys Glu Lys Ala Lys Tyr Gln Cys Lys Leu Gly
465 470 475 480

Tyr Val Thr Ala Asp Gly Glu Thr Ser Gly Ser Ile Arg Cys Gly Lys
485 490 495

Asp Gly Trp Ser Ala Gln Pro Thr Cys Ile Lys Ser Cys Asp Ile Pro
500 505 510

Val Phe Met Asn Ala Arg Thr Lys Asn Asp Phe Thr Trp Phe Lys Leu
515 520 525

Asn Asp Thr Leu Asp Tyr Glu Cys His Asp Gly Tyr Glu Ser Asn Thr
530 535 540

Gly Ser Thr Thr Gly Ser Ile Val Cys Gly Tyr Asn Gly Trp Ser Asp
545 550 555 560

Leu Pro Ile Cys Tyr Glu Arg Glu Cys Glu Leu Pro Lys Ile Asp Val
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565 570 575

His Leu Val Pro Asp Arg Lys Lys Asp Gln Tyr Lys Val Gly Glu Val
580 585 590

Leu Lys Phe Ser Cys Lys Pro Gly Phe Thr Ile Val Gly Pro Asn Ser
595 600 605

Val Gln Cys Tyr His Phe Gly Leu Ser Pro Asp Leu Pro Ile Cys Lys
610 615 620

Glu Gln Val Gln Ser Cys Gly Pro Pro Pro Glu Leu Leu Asn Gly Asn
625 630 635 640

Val Lys Glu Lys Thr Lys Glu Glu Tyr Gly His Ser Glu Val Val Glu
645 650 655

Tyr Tyr Cys Asn Pro Arg Phe Leu Met Lys Gly Pro Asn Lys Ile Gln
660 665 670

Cys Val Asp Gly Glu Trp Thr Thr Leu Pro Val Cys Ile Val Glu Glu
675 680 685

Ser Thr Cys Gly Asp Ile Pro Glu Leu Glu His Gly Trp Ala Gln Leu
690 695 700

Ser Ser Pro Pro Tyr Tyr Tyr Gly Asp Ser Val Glu Phe Asn Cys Ser
705 710 715 720

Glu Ser Phe Thr Met Ile Gly His Arg Ser Ile Thr Cys Ile His Gly
725 730 735

Val Trp Thr Gln Leu Pro Gln Cys Val Ala Ile Asp Lys Leu Lys Lys
740 745 750

Cys Lys Ser Ser Asn Leu Ile Ile Leu Glu Glu His Leu Lys Asn Lys
755 760 765

Lys Glu Phe Asp His Asn Ser Asn Ile Arg Tyr Arg Cys Arg Gly Lys
770 775 780

Glu Gly Trp Ile His Thr Val Cys Ile Asn Gly Arg Trp Asp Pro Glu
785 790 795 800

Val Asn Cys Ser Met Ala Gln Ile Gln Leu Cys Pro Pro Pro Pro Gln
805 810 815

Ile Pro Asn Ser His Asn Met Thr Thr Thr Leu Asn Tyr Arg Asp Gly
820 825 830

Glu Lys Val Ser Val Leu Cys Gln Glu Asn Tyr Leu Ile Gln Glu Gly
835 840 845

Glu Glu Ile Thr Cys Lys Asp Gly Arg Trp Gln Ser Ile Pro Leu Cys
850 855 860

Val Glu Lys Ile Pro Cys Ser Gln Pro Pro Gln Ile Glu His Gly Thr
865 870 875 880

Ile Asn Ser Ser Arg Ser Ser Gln Glu Ser Tyr Ala His Gly Thr Lys
885 890 895

Leu Ser Tyr Thr Cys Glu Gly Gly Phe Arg Ile Ser Glu Glu Asn Glu
900 905 910

Thr Thr Cys Tyr Met Gly Lys Trp Ser Ser Pro Pro Gln Cys Glu Gly
915 920 925

Leu Pro Cys Lys Ser Pro Pro Glu Ile Ser His Gly Val Val Ala His
930 935 940

Met Ser Asp Ser Tyr Gln Tyr Gly Glu Glu Val Thr Tyr Lys Cys Phe
945 950 955 960

Glu Gly Phe Gly Ile Asp Gly Pro Ala Ile Ala Lys Cys Leu Gly Glu
965 970 975
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Lys Trp Ser His Pro Pro Ser Cys Ile Lys Thr Asp Cys Leu Ser Leu
980 985 990

Pro Ser Phe Glu Asn Ala Ile Pro Met Gly Glu Lys Lys Asp Val Tyr
995 1000 1005

Lys Ala Gly Glu Gln Val Thr Tyr Thr Cys Ala Thr Tyr Tyr Lys
1010 1015 1020

Met Asp Gly Ala Ser Asn Val Thr Cys Ile Asn Ser Arg Trp Thr
1025 1030 1035

Gly Arg Pro Thr Cys Arg Asp Thr Ser Cys Val Asn Pro Pro Thr
1040 1045 1050

Val Gln Asn Ala Tyr Ile Val Ser Arg Gln Met Ser Lys Tyr Pro
1055 1060 1065

Ser Gly Glu Arg Val Arg Tyr Gln Cys Arg Ser Pro Tyr Glu Met
1070 1075 1080

Phe Gly Asp Glu Glu Val Met Cys Leu Asn Gly Asn Trp Thr Glu
1085 1090 1095

Pro Pro Gln Cys Lys Asp Ser Thr Gly Lys Cys Gly Pro Pro Pro
1100 1105 1110

Pro Ile Asp Asn Gly Asp Ile Thr Ser Phe Pro Leu Ser Val Tyr
1115 1120 1125

Ala Pro Ala Ser Ser Val Glu Tyr Gln Cys Gln Asn Leu Tyr Gln
1130 1135 1140

Leu Glu Gly Asn Lys Arg Ile Thr Cys Arg Asn Gly Gln Trp Ser
1145 1150 1155

Glu Pro Pro Lys Cys Leu His Pro Cys Val Ile Ser Arg Glu Ile
1160 1165 1170

Met Glu Asn Tyr Asn Ile Ala Leu Arg Trp Thr Ala Lys Gln Lys
1175 1180 1185

Leu Tyr Ser Arg Thr Gly Glu Ser Val Glu Phe Val Cys Lys Arg
1190 1195 1200

Gly Tyr Arg Leu Ser Ser Arg Ser His Thr Leu Arg Thr Thr Cys
1205 1210 1215

Trp Asp Gly Lys Leu Glu Tyr Pro Thr Cys Ala Lys Arg
1220 1225 1230

<210> SEQ ID NO 6

<211> LENGTH: 449

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polypeptide Truncated Factor H
variant

<400> SEQUENCE: 6

Met Arg Leu Leu Ala Lys Ile Ile Cys Leu Met Leu Trp Ala Ile Cys
1 5 10 15

Val Ala Glu Asp Cys Asn Glu Leu Pro Pro Arg Arg Asn Thr Glu Ile
20 25 30

Leu Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Gln Ala
35 40 45

Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Leu Gly Asn Ile Ile Met
50 55 60

Val Cys Arg Lys Gly Glu Trp Val Ala Leu Asn Pro Leu Arg Lys Cys
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65 70 75 80

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe
85 90 95

Thr Leu Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr
100 105 110

Thr Cys Asn Glu Gly Tyr Gln Leu Leu Gly Glu Ile Asn Tyr Arg Glu
115 120 125

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val
130 135 140

Lys Cys Leu Pro Val Thr Ala Pro Glu Asn Gly Lys Ile Val Ser Ser
145 150 155 160

Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Gln Ala Val Arg Phe
165 170 175

Val Cys Asn Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys
180 185 190

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Lys Cys Val Glu Ile
195 200 205

Ser Cys Lys Ser Pro Asp Val Ile Asn Gly Ser Pro Ile Ser Gln Lys
210 215 220

Ile Ile Tyr Lys Glu Asn Glu Arg Phe Gln Tyr Lys Cys Asn Met Gly
225 230 235 240

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp
245 250 255

Arg Pro Leu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn Pro Tyr Ile
260 265 270

Pro Asn Gly Asp Tyr Ser Pro Leu Arg Ile Lys His Arg Thr Gly Asp
275 280 285

Glu Ile Thr Tyr Gln Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly
290 295 300

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys
305 310 315 320

Thr Leu Lys Pro Cys Asp Tyr Pro Asp Ile Lys His Gly Gly Leu Tyr
325 330 335

His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr
340 345 350

Tyr Ser Tyr Tyr Cys Asp Glu His Phe Glu Thr Pro Ser Gly Ser Tyr
355 360 365

Trp Asp His Ile His Cys Thr Gln Asp Gly Trp Ser Pro Ala Val Pro
370 375 380

Cys Leu Arg Lys Cys Tyr Phe Pro Tyr Leu Glu Asn Gly Tyr Asn Gln
385 390 395 400

Asn Tyr Gly Arg Lys Phe Val Gln Gly Lys Ser Ile Asp Val Ala Cys
405 410 415

His Pro Gly Tyr Ala Leu Pro Lys Ala Gln Thr Thr Val Thr Cys Met
420 425 430

Glu Asn Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Ser Phe Thr
435 440 445

<210> SEQ ID NO 7
<211> LENGTH: 2823
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
ggcaggtgcet tgttactgtt aatgaaagca gatttaaagc aacaccacca tcactggagt 60
atttttagtt atatacgatt gagactacca agcatgttgc tcttattcag tgtaatccta 120
atctcatggg tatccactgt tgggggagaa ggaacacttt gtgattttcc aaaaatacac 180
catggattte tgtatgatga agaagattat aacccttttt cccaagttcce tacaggggaa 240
gttttctatt actcctgtga atataatttt gtgtctcctt caaaatcctt ttggactcege 300
ataacatgca cagaagaagg atggtcacca acaccgaagt gtctcagaat gtgttccttt 360
ccttttgtga aaaatggtca ttctgaatct tcaggactaa tacatctgga aggtgatact 420
gtacaaatta tttgcaacac aggatacagc cttcaaaaca atgagaaaaa catttcgtgt 480
gtagaacggyg gctggtccac tccteccata tgcagettca ctaaaggaga atgtcatgtt 540
ccaattttag aagccaatgt agatgctcag ccaaaaaaag aaagctacaa agttggagac 600
gtgttgaaat tctcctgcag aaaaaatctt ataagagttg gatcagactc agttcaatgt 660
taccaatttg ggtggtcacc taactttcca acatgcaaag gacaagtacyg atcatgtggt 720
ccacctecte aactctccaa tggtgaagtt aaggagataa gaaaagagga atatggacac 780
aatgaagtag tggaatatga ttgcaatcct aattttataa taaacgggcc taagaaaata 840
caatgtgtgg atggagaatg gacaacttta cccacttgtyg ttgaacaagt gaaaacatgt 900
ggatacatac ctgaactcga gtacggttat gttcageccegt ctgtcectec ctatcaacat 960

ggagtttcag tcgaggtgaa ttgcagaaat gaatatgcaa tgattggaaa taacatgatt 1020
acctgtatta atggaatatg gacagagctt cctatgtgtg ttgcaacaca ccaacttaag 1080
aggtgcaaaa tagcaggagt taatataaaa acattactca agctatctgg gaaagaattt 1140
aatcataatt ctagaatacg ttacagatgt tcagacatct tcagatacag gcactcagtc 1200
tgtataaacg ggaaatggaa tcctgaagta gactgcacag aaaaaaggga acaattctgc 1260
ccaccgccac ctcagatacc taatgctcag aatatgacaa ccacagtgaa ttatcaggat 1320
ggagaaaaag tagctgttct ctgtaaagaa aactatctac ttccagaagc aaaagaaatt 1380
gtatgtaaag atggacgatg gcaatcatta ccacgctgtg ttgagtctac tgcatattgt 1440
gggcecccecete catctattaa caatggagat accacctcat tcecccattatc agtatatcect 1500
ccagggtcaa cagtgacgta ccgttgccag tccttctata aactccaggg ctectgtaact 1560
gtaacatgca gaaataaaca gtggtcagaa ccaccaagat gcctagatcc atgtgtggta 1620
tctgaagaaa acatgaacaa aaataacata cagttaaaat ggagaaacga tggaaaactc 1680
tatgcaaaaa caggggatgc tgttgaattc cagtgtaaat tcccacataa agcgatgata 1740
tcatcaccac catttcgagc aatctgtcag gaagggaaat ttgaatatcc tatatgtgaa 1800
tgaagcaagc ataattttcc tgaatatatt cttcaaacat ccatctacgce taaaagtagc 1860
cattatgtag ccaattctgt agttacttct tttattcttt caggtgttgt ttaactcagt 1920
tttatttaga actctggatt tttagagctt tagaaatttg taagctgaga gaacaatgtt 1980
tcacttaata ggagggtgtc ttagtccata ttacattgtt ataacagagt atcacagact 2040
ggataacttc taaccaatag tttatttgtt tcataaatct aaaagctgag aagtccaaga 2100

tggtggggct gectectggtyg agggtcettcet cgaagcatca taatatgctg gaaggcatca 2160
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caacatggtg gaagggatca cgtggcaaaa gagcatgtac atgggagtga gagaaaaaga 2220
gagagagaga cagagtggcg ggggccgggg aggagcegcaa actcatcctt tataaagaca 2280
ccactcctga gataacaatc caatcccatg ataatgacat taatccattc aagaagatag 2340
agctctegtg acttaatcac cttctaaaga tctcacctga caacactgtt gcattggcag 2400
ttaagtttcc acgtaaactt tcggggacac attcaaacca caggagaaac tcaaattgtt 2460
cctgggcaaa tcacaacatg gggaatttta ttcataaatg tccacagaaa cagtaaatgt 2520
tctegettca gaacttaatt catctaatce ctectgtttg tcectcaaatta taggataact 2580
ttgaaacttt ctgaattaac gttatttaaa aggaaatgta gatgttattt tagtctctat 2640
cttcaggtta ttatcactta aaaacctgcg aaagctgtca acttttgtgg ttgtagcaag 2700
tattaataaa tatttataaa tcctctaatg taagtctagc tacctatcca atactaaata 2760
ccecttaaag tattaaatge actatctgct gtaaacggaa aaaaaaaaaa aaaaaaaaaa 2820
aaa 2823
<210> SEQ ID NO 8

<211> LENGTH: 569

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Met Leu Leu Leu Phe Ser Val Ile Leu Ile Ser Trp Val Ser Thr Val
1 5 10 15

Gly Gly Glu Gly Thr Leu Cys Asp Phe Pro Lys Ile His His Gly Phe
20 25 30

Leu Tyr Asp Glu Glu Asp Tyr Asn Pro Phe Ser Gln Val Pro Thr Gly
35 40 45

Glu Val Phe Tyr Tyr Ser Cys Glu Tyr Asn Phe Val Ser Pro Ser Lys
50 55 60

Ser Phe Trp Thr Arg Ile Thr Cys Thr Glu Glu Gly Trp Ser Pro Thr
Pro Lys Cys Leu Arg Met Cys Ser Phe Pro Phe Val Lys Asn Gly His
85 90 95

Ser Glu Ser Ser Gly Leu Ile His Leu Glu Gly Asp Thr Val Gln Ile
100 105 110

Ile Cys Asn Thr Gly Tyr Ser Leu Gln Asn Asn Glu Lys Asn Ile Ser
115 120 125

Cys Val Glu Arg Gly Trp Ser Thr Pro Pro Ile Cys Ser Phe Thr Lys
130 135 140

Gly Glu Cys His Val Pro Ile Leu Glu Ala Asn Val Asp Ala Gln Pro
145 150 155 160

Lys Lys Glu Ser Tyr Lys Val Gly Asp Val Leu Lys Phe Ser Cys Arg
165 170 175

Lys Asn Leu Ile Arg Val Gly Ser Asp Ser Val Gln Cys Tyr Gln Phe
180 185 190

Gly Trp Ser Pro Asn Phe Pro Thr Cys Lys Gly Gln Val Arg Ser Cys
195 200 205

Gly Pro Pro Pro Gln Leu Ser Asn Gly Glu Val Lys Glu Ile Arg Lys
210 215 220

Glu Glu Tyr Gly His Asn Glu Val Val Glu Tyr Asp Cys Asn Pro Asn
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225 230 235 240

Phe Ile Ile Asn Gly Pro Lys Lys Ile Gln Cys Val Asp Gly Glu Trp
245 250 255

Thr Thr Leu Pro Thr Cys Val Glu Gln Val Lys Thr Cys Gly Tyr Ile
260 265 270

Pro Glu Leu Glu Tyr Gly Tyr Val Gln Pro Ser Val Pro Pro Tyr Gln
275 280 285

His Gly Val Ser Val Glu Val Asn Cys Arg Asn Glu Tyr Ala Met Ile
290 295 300

Gly Asn Asn Met Ile Thr Cys Ile Asn Gly Ile Trp Thr Glu Leu Pro
305 310 315 320

Met Cys Val Ala Thr His Gln Leu Lys Arg Cys Lys Ile Ala Gly Val
325 330 335

Asn Ile Lys Thr Leu Leu Lys Leu Ser Gly Lys Glu Phe Asn His Asn
340 345 350

Ser Arg Ile Arg Tyr Arg Cys Ser Asp Ile Phe Arg Tyr Arg His Ser
355 360 365

Val Cys Ile Asn Gly Lys Trp Asn Pro Glu Val Asp Cys Thr Glu Lys
370 375 380

Arg Glu Gln Phe Cys Pro Pro Pro Pro Gln Ile Pro Asn Ala Gln Asn
385 390 395 400

Met Thr Thr Thr Val Asn Tyr Gln Asp Gly Glu Lys Val Ala Val Leu
405 410 415

Cys Lys Glu Asn Tyr Leu Leu Pro Glu Ala Lys Glu Ile Val Cys Lys
420 425 430

Asp Gly Arg Trp Gln Ser Leu Pro Arg Cys Val Glu Ser Thr Ala Tyr
435 440 445

Cys Gly Pro Pro Pro Ser Ile Asn Asn Gly Asp Thr Thr Ser Phe Pro
450 455 460

Leu Ser Val Tyr Pro Pro Gly Ser Thr Val Thr Tyr Arg Cys Gln Ser
465 470 475 480

Phe Tyr Lys Leu Gln Gly Ser Val Thr Val Thr Cys Arg Asn Lys Gln
485 490 495

Trp Ser Glu Pro Pro Arg Cys Leu Asp Pro Cys Val Val Ser Glu Glu
500 505 510

Asn Met Asn Lys Asn Asn Ile Gln Leu Lys Trp Arg Asn Asp Gly Lys
515 520 525

Leu Tyr Ala Lys Thr Gly Asp Ala Val Glu Phe Gln Cys Lys Phe Pro
530 535 540

His Lys Ala Met Ile Ser Ser Pro Pro Phe Arg Ala Ile Cys Gln Glu
545 550 555 560

Gly Lys Phe Glu Tyr Pro Ile Cys Glu
565

<210> SEQ ID NO 9

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 9
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ggggttttet gggatgtaat ratgttcagt gttttgacct t 41

<210> SEQ ID NO 10

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide polymorphism

<400> SEQUENCE: 10

ttatgaaatc cagaggatat yaccagctge tgatttgcac a 41

<210> SEQ ID NO 11

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide polymorphism

<400> SEQUENCE: 11

agtccaagtt tacacagtac ratagactta cccattgcca a 41

<210> SEQ ID NO 12

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 12

gatatagatc tcttggaaat rtaataatgg tatgcaggaa g 41

<210> SEQ ID NO 13

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(22)

<223> OTHER INFORMATION: Residues 21-22 may be absent

<400> SEQUENCE: 13

taattcataa cttttttttt ttcgttttag aaaggccctg tg 42

<210> SEQ ID NO 14

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 14

aaaggaatac atttaggact yatttgaagt tagtgtcaac a 41

<210> SEQ ID NO 15

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
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polymorphism
<400> SEQUENCE: 15

caacccgggyg aaatacagem aaatgcacaa gtactggetg 40

<210> SEQ ID NO 16

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 16

aaaatggata taatcaaaat yatggaagaa agtttgtaca g 41

<210> SEQ ID NO 17

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 17

tatgccttaa aagaaaaagc raaatatcaa tgcaaactag g 41

<210> SEQ ID NO 18

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)
<223> OTHER INFORMATION: n is a, ¢, g or t; residue 21 is optionally
absent

<400> SEQUENCE: 18

cagcttgagt ggatcaaaga ntgacaaggg ccaatggaac ¢ 41

<210> SEQ ID NO 19

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 19

acggtaccta tttattagta katctaatca ataaagcttt t 41

<210> SEQ ID NO 20

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 20

aagggaccta ataaaattca rtgtgttgat ggagagtgga ¢ 41
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<210> SEQ ID NO 21

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 21

ttttttattt tttattataa mattaattat atttttaata t 41

<210> SEQ ID NO 22

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 22

ccttgtaaat ctccacctga katttctcat ggtgttgtag c 41

<210> SEQ ID NO 23

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 23

ggggatatcg tctttcatca ygttctcaca cattgcgaac a 41

<210> SEQ ID NO 24

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 24

aaatccagag gatatyacca gctgctgatt t 31

<210> SEQ ID NO 25

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 25

aatgggtaag tctatygtac tgtgtaaact t 31

<210> SEQ ID NO 26

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 26
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tgcataccat tattayattt ccaagagatc t

<210> SEQ ID NO 27

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(19)

<223> OTHER INFORMATION: Residues 18-19 may be optionally absent

<400> SEQUENCE: 27

acatactaat tcataacttt ttttttttcg ttttag

<210> SEQ ID NO 28

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 28

aatacattta ggactyattt gaagttagtg t

<210> SEQ ID NO 29

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 29

ccggggaaat acagemaaat gcacaagtac t

<210> SEQ ID NO 30

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 30

ggatataatc aaaatyatgg aagaaagttt g

<210> SEQ ID NO 31

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 31

cttaaaagaa aaagcraaat atcaatgcaa a
<210> SEQ ID NO 32

<211> LENGTH: 31

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

31

36

31

31

31

31
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 32

ctttattgat tagatmtact aataaatagg t 31

<210> SEQ ID NO 33

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 33

acctaataaa attcartgtg ttgatggaga g 31

<210> SEQ ID NO 34

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene
polymorphism

<400> SEQUENCE: 34

taaatctcca cctgakattt ctcatggtgt t 31

<210> SEQ ID NO 35

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Primer

<400> SEQUENCE: 35

acttgttccce ccactcectac 20

<210> SEQ ID NO 36

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Primer

<400> SEQUENCE: 36

cctetttteg tatggactac 20

<210> SEQ ID NO 37

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Primer

<400> SEQUENCE: 37

tgaaatcacg taccagtgta gaaatgg 27

<210> SEQ ID NO 38

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:



US 2016/0096871 Al Apr. 7,2016
87

-continued

<223> OTHER INFORMATION: Synthetic polynucleotide Primer
<400> SEQUENCE: 38

caggtatcca gccagtactt gt 22

<210> SEQ ID NO 39

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 39

ctttatttat ttatcattgt tatggtcctt aggaaaatgt tattt 45

<210> SEQ ID NO 40

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 40

ggcaggcaac dtctatagat ttacc 25

<210> SEQ ID NO 41

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 41

tcaccatctg ctgttacata tcctagt 27

<210> SEQ ID NO 42

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 42

tgggtttatt tctgaatctc agtatacata tgce 33

<210> SEQ ID NO 43

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 43

aatacagcaa aatgc 15

<210> SEQ ID NO 44

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 44
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tttcttecat gattttg

<210> SEQ ID NO 45

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 45

aagaaaaagc gaaatat

<210> SEQ ID NO 46

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 46

atacagccaa atge

<210> SEQ ID NO 47

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 47

ttcttccata attttg

<210> SEQ ID NO 48

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 48

aagaaaaagc aaaatat

<210> SEQ ID NO 49

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 49

ccaggctate tataaatgece rccctggata tagatctett g

<210> SEQ ID NO 50

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 50

ttggtacttt tacccttaca kgaggaaatg tgtttgaata t

<210> SEQ ID NO 51

17

17

14

16

17

41

41
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<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Residue 21 is G or H

<400> SEQUENCE: 51

acgatggttt ttggagtaaa nagaaaccaa agtgtgtggg t

<210> SEQ ID NO 52

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Residue is C or D

<400> SEQUENCE: 52

ttatttataa ggagaatgaa ngatttcaat ataaatgtaa c¢

<210> SEQ ID NO 53

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Residue is C or D

<400> SEQUENCE: 53

cactgaatct ggatggegte ngttgectte atgtgaag

<210> SEQ ID NO 54

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: Residue 21 is optionally absent

<400> SEQUENCE: 54

aagatggatg gtcgecagca staccatgec tca

<210> SEQ ID NO 55

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 55

acaattatge ccacctccac stcagattce caattctcac a

<210> SEQ ID NO 56

41

41

38

33

41
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<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 56

caaccaccte agatagaaca yggaaccatt aattcatcca g 41

<210> SEQ ID NO 57

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 57

gtcttcacaa gaaagttatg yacatgggac taaattgagt t 41

<210> SEQ ID NO 58

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 58

cacatgtcag acagttatca ktatggagaa gaagttacgt a 41

<210> SEQ ID NO 59

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 59

tcagtatgga gaagaagtta ygtacaaatg ttttgaaggt t 41

<210> SEQ ID NO 60

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 60

gtatggkgca ttgaatttta ttatatg 27

<210> SEQ ID NO 61

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 61

acaccteetyg tgtgwatceg cccacagtac aaaat 35

<210> SEQ ID NO 62

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (21)..(21)

<223> OTHER INFORMATION: n is a, ¢, g, or t; residue 21 may be
optionally absent

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (23)..(23)

<223> OTHER INFORMATION: n is a, ¢, g, or t; residue 23 may be
optionally absent

<400> SEQUENCE: 62

cttgtatcaa cttgagggta nancaagcga ataacatgta gaaa 44

<210> SEQ ID NO 63

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism

<400> SEQUENCE: 63

aaaagcttta ttgattagat mtactaataa ataggtaceg t 41

<210> SEQ ID NO 64

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 64

gcaaaagttt ctgataggc 19

<210> SEQ ID NO 65

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 65

aatcttacct tctgctacac 20

<210> SEQ ID NO 66

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 66

ttagatagac ctgtgactg 19
<210> SEQ ID NO 67

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 67

tcaggcataa ttgctac 17
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<210> SEQ ID NO 68

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 68

acttgttcce ccacte

<210> SEQ ID NO 69

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 69

cctetttteg tatggactac

<210> SEQ ID NO 70

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 70

ttgttccecce actectac

<210> SEQ ID NO 71

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 71

acacatttce tcctgtaagg

<210> SEQ ID NO 72

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 72

ccctgtggac atcctgg

<210> SEQ ID NO 73

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 73
aacctetttt cgtatggact ac
<210> SEQ ID NO 74

<211> LENGTH: 16
<212> TYPE: DNA

16

20

18

20

17

22
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 74

atgctgttca ttttcece 16

<210> SEQ ID NO 75

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 75

ccatccatct gtgtcac 17

<210> SEQ ID NO 76

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 76

attaccgtga atgtgac 17

<210> SEQ ID NO 77

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 77

ttgtatgaga aaaaaaaac 19

<210> SEQ ID NO 78

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 78

tccaatcectta tecctgagg 18

<210> SEQ ID NO 79

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 79

tcttacccac acactttg 18

<210> SEQ ID NO 80

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 80

gtcctggtea cagtec

<210> SEQ ID NO 81

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 81

gcatacagca tctecte

<210> SEQ ID NO 82

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 82

gcactgaatc tggatg

<210> SEQ ID NO 83

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 83

atgaaccttyg aacacag

<210> SEQ ID NO 84

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 84

cggatactta tttetge

<210> SEQ ID NO 85

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 85

cgtgatttca tctecag

<210> SEQ ID NO 86

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 86

agaactggag atgaaatc

16

17

16

17

17

17

18
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<210> SEQ ID NO 87

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 87

tgaatggaac ttacagg

<210> SEQ ID NO 88

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 88

gtgaaacctt gtgattatc

<210> SEQ ID NO 89

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 89

tcccagtaac ttectg

<210> SEQ ID NO 90

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 90

ctgtgatgaa cattttgag

<210> SEQ ID NO 91

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 91

tgctctectt tetteg

<210> SEQ ID NO 92

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 92
cattgttatg gtccttagg
<210> SEQ ID NO 93

<211> LENGTH: 19
<212> TYPE: DNA

17

19

16

19

16

19
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 93

acatgctagg atttcagag 19

<210> SEQ ID NO 94

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 94

ctttttetta ttctettece 20

<210> SEQ ID NO 95

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 95

tcaccatctg ctgttac 17

<210> SEQ ID NO 96

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 96

tgtaacagca gatggtg 17

<210> SEQ ID NO 97

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 97

cccacaaaaa gactaaag 18

<210> SEQ ID NO 98

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 98

gggaaatact cagattg 17

<210> SEQ ID NO 99

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 99

atggcattca tagtcc

<210> SEQ ID NO 100

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 100

ccagaactaa aaatgacttce

<210> SEQ ID NO 101

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 101

ggtaaatcag accaacc

<210> SEQ ID NO 102

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 102

atagtgtgtg gttacaatg

<210> SEQ ID NO 103

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 103

gtttatgtca aatcaggag

<210> SEQ ID NO 104

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 104

caagaaagag aatgcgaac

<210> SEQ ID NO 105

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 105

agattacagg caatggg

16

20

17

19

19

19

17
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<210> SEQ ID NO 106

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 106

ttgattgttt aggatgc

<210> SEQ ID NO 107

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 107

ttgaggagtt caggaggtgg

<210> SEQ ID NO 108

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 108

ctgaactcct caatgg

<210> SEQ ID NO 109

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 109

attaccaata cacactgg

<210> SEQ ID NO 110

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 110

ttacatagtyg gaggagag

<210> SEQ ID NO 111

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 111
tggaaatgtt gaggc
<210> SEQ ID NO 112

<211> LENGTH: 19
<212> TYPE: DNA

17

20

16

18

18

15
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 112

agttggtttg attcctatce 19

<210> SEQ ID NO 113

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 113

ttgagcagtt cacttctg 18

<210> SEQ ID NO 114

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 114

ttatgcccac ctccac 16

<210> SEQ ID NO 115

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 115

atacactact gaccaacac 19

<210> SEQ ID NO 116

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 116

gtctatgaga atacaagcc 19

<210> SEQ ID NO 117

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 117

gaatctgagg tggagg 16

<210> SEQ ID NO 118

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 118

ccetttgatt ttcattce

<210> SEQ ID NO 119

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 119

agaactccat tttecece

<210> SEQ ID NO 120

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 120

cacaaccacc tcagatag

<210> SEQ ID NO 121

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 121

gectaaccett cacactg

<210> SEQ ID NO 122

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 122

gtcatagtag ctcctgtatt g

<210> SEQ ID NO 123

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 123

acgtaactte ttctecatac

<210> SEQ ID NO 124

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 124

cttecttgta aatctecac

17

16

18

17

21

20

19
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<210> SEQ ID NO 125

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 125

caatgcacca tacttatge

<210> SEQ ID NO 126

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 126

taaagatttyg cggaac

<210> SEQ ID NO 127

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 127

ggctccatce attttg

<210> SEQ ID NO 128

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 128

ttacaaaatg gatggag

<210> SEQ ID NO 129

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 129

aagtgctggyg attacaggeg

<210> SEQ ID NO 130

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 130
ctactcaaaa tgaacactag g
<210> SEQ ID NO 131

<211> LENGTH: 19
<212> TYPE: DNA

19

16

16

17

20

21



US 2016/0096871 Al
102

-continued

Apr. 7,2016

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 131

tttaaccctg ctatactcecce 19

<210> SEQ ID NO 132

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 132

taaatggaaa ctggacg 17

<210> SEQ ID NO 133

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 133

accctattac ttgtgttetg 20

<210> SEQ ID NO 134

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 134

gtgtttgegt ttgcce 15

<210> SEQ ID NO 135

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 135

gagatttttc cagccac 17

<210> SEQ ID NO 136

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 136

tctcacacat tgcgaac 17

<210> SEQ ID NO 137

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 137

accgttagtt ttccagg

<210> SEQ ID NO 138

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 138

ggtttggata gtgttttgag

<210> SEQ ID NO 139

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 139

atgttgtteg caatgtg

<210> SEQ ID NO 140

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 140

tgggagtgca gtgagaattg

<210> SEQ ID NO 141

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 141

gctaatgatg cttttcacag ga

<210> SEQ ID NO 142

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 142

cctgtgactyg tctaggeatt tt

<210> SEQ ID NO 143

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 143

tatgcctgaa ttatatcact attgec

17

20

17

20

22

22

26
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<210> SEQ ID NO 144

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 144

getttgetat gtttaatttt cctt

<210> SEQ ID NO 145

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 145

aactatgatg gaaataatta aatctgg

<210> SEQ ID NO 146

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 146

tgcatatgct gttcatttte

<210> SEQ ID NO 147

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 147

gtcttacatt aaaatatctt aaagtctce

<210> SEQ ID NO 148

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 148

tttcctccaa tcettatectyg ag

<210> SEQ ID NO 149

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 149
cgttcattct aaggaatate ageca
<210> SEQ ID NO 150

<211> LENGTH: 22
<212> TYPE: DNA

24

27

20

28

22

24
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 150

cctgatggaa acaacatttc tg 22

<210> SEQ ID NO 151

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 151

aacagggcca gaaaagttca 20

<210> SEQ ID NO 152

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 152

tgttcatttt aatgccattt tg 22

<210> SEQ ID NO 153

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 153

agttttcgaa gttgccgaaa 20

<210> SEQ ID NO 154

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 154

cctagaaacc ctaatggaat gtg 23

<210> SEQ ID NO 155

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 155

tgttcaagca aagtgaccaa a 21

<210> SEQ ID NO 156

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 156

tgagcaaatt tatgtttcte attt

<210> SEQ ID NO 157

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 157

atgtcacctt gttttaccaa tgg

<210> SEQ ID NO 158

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 158

tgaatgctta tggttatcca ggt

<210> SEQ ID NO 159

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 159

aaaacctgca ggaacaaagc

<210> SEQ ID NO 160

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 160

tcttagaatg ggaaatacte agattg

<210> SEQ ID NO 161

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 161

tggtttttca gaaattcatt ttca

<210> SEQ ID NO 162

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 162

atgtaaaatt aactttggca atga

24

23

23

20

26

24

24
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<210> SEQ ID NO 163

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 163

ttgctgaaat aagaattaga actttg

<210> SEQ ID NO 164

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 164

tgaataaaag aagaaaatct ttcca

<210> SEQ ID NO 165

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 165

atctaaaaca catacatcat gttttca

<210> SEQ ID NO 166

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 166

aaaacacata catcatgttt tcacaa

<210> SEQ ID NO 167

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 167

gatatgccte aacatttcca gte

<210> SEQ ID NO 168

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 168
gttggtttga ttcctatcat ttg
<210> SEQ ID NO 169

<211> LENGTH: 26
<212> TYPE: DNA

26

25

27

26

23

23
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 169

ttggaaaagt aataggtatg tgtgtc 26

<210> SEQ ID NO 170

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 170

ctatgagaat acaagccaaa agttc 25

<210> SEQ ID NO 171

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 171

tctettgtge ttcecgtgtaaa caa 23

<210> SEQ ID NO 172

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 172

aaccctttga ttttcattet tcea 23

<210> SEQ ID NO 173

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 173

tcaaagtgag gggaataatt ga 22

<210> SEQ ID NO 174

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 174

aatttatgag ttagtgaaac ctgaat 26

<210> SEQ ID NO 175

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer



US 2016/0096871 Al

109

-continued

Apr. 7,2016

<400> SEQUENCE: 175

tcttcattca aagtgtaagt ggt

<210> SEQ ID NO 176

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificia
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 176

acaaaatggc taatatattt tct

<210> SEQ ID NO 177

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificia
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 177

taatgtgtgg gcccagec

<210> SEQ ID NO 178

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificia
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 178

caaaatgaac actaggtgga acc

<210> SEQ ID NO 179

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificia
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 179

attttggggyg agtatagcag g

<210> SEQ ID NO 180
<211> LENGTH: 20
<212> TYPE: DNA

accec

1 Sequence

Synthetic polynucleotide primer

caag

1 Sequence

Synthetic polynucleotide primer

1 Sequence

Synthetic polynucleotide primer

1 Sequence

Synthetic polynucleotide primer

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 180

ctgtgtttge gtttgectta

<210> SEQ ID NO 181

<211> LENGTH: 20
<212> TYPE: DNA

Synthetic polynucleotide primer

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 181

ttcacgtgge tggaaaaatc

Synthetic polynucleotide primer

26

27

18

23

21

20

20
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<210> SEQ ID NO 182

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 182

ttgaaaacct gaaagtctat gaaga

<210> SEQ ID NO 183

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 183

tcaatcataa agtgcacacc ttt

<210> SEQ ID NO 184

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 184

cagtcccatt tctgattgtt cca

<210> SEQ ID NO 185

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 185

getgaggata atttgaaggg g

<210> SEQ ID NO 186

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 186

gtgattcatc gatgtagcte ttt

<210> SEQ ID NO 187

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 187
aatgaccaga ggagcctgga a
<210> SEQ ID NO 188

<211> LENGTH: 24
<212> TYPE: DNA

25

23

23

21

23

21
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 188

tgatgtcagt tttcaaagtt ttcc 24

<210> SEQ ID NO 189

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 189

accactctct cagttttget aattat 26

<210> SEQ ID NO 190

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 190

cacattaaat ttgtttctgc aatga 25

<210> SEQ ID NO 191

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 191

agaagtgatg aaacaagaat ttga 24

<210> SEQ ID NO 192

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 192

ccatttaagc attatttatg gtttc 25

<210> SEQ ID NO 193

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 193

aaacaggaca dJttactatta ctttgca 27

<210> SEQ ID NO 194

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 194

aaatattttc agagtaagca ctcattt

<210> SEQ ID NO 195

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 195

tttatcattt tgattgggat tgt

<210> SEQ ID NO 196

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 196

tgcagatatt ttattgacat aattgtt

<210> SEQ ID NO 197

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 197

gttgatcttg ttgcttettt acaaga

<210> SEQ ID NO 198

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 198

ccattttect gaaacactac cc

<210> SEQ ID NO 199

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 199

aattatttga atttccagac acctt

<210> SEQ ID NO 200

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 200

aattatttga atttccagac acctt

27

23

27

26

22

25

25
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<210> SEQ ID NO 201

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 201

ttttggacta atttcataga ataaccc

<210> SEQ ID NO 202

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 202

cttaaatgca atttcactat tctatga

<210> SEQ ID NO 203

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 203

tagccattat gtagec

<210> SEQ ID NO 204

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 204

tctgggatgt aataatg

<210> SEQ ID NO 205

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 205

tctgggatgt aatgatg

<210> SEQ ID NO 206

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 206
gaacattatt acatccc
<210> SEQ ID NO 207

<211> LENGTH: 17
<212> TYPE: DNA

27

27

16

17

17

17
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 207

gaacatcatt acatccc 17

<210> SEQ ID NO 208

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 208

cagaggatat caccagc 17

<210> SEQ ID NO 209

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 209

cagaggatat taccagc 17

<210> SEQ ID NO 210

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 210

agcagctggt gatatcc 17

<210> SEQ ID NO 211

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 211

agcagctggt aatatcc 17

<210> SEQ ID NO 212

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 212

tacacagtac gatagac 17

<210> SEQ ID NO 213

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe
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<400> SEQUENCE: 213

tacacagtac aatagac

<210> SEQ ID NO 214

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 214

taagtctatce gtactgt

<210> SEQ ID NO 215

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 215

taagtctatt gtactgt

<210> SEQ ID NO 216

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 216

tcttggaaat gtaataa

<210> SEQ ID NO 217

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 217

tcttggaaat ataataa

<210> SEQ ID NO 218

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 218

accattatta catttcc

<210> SEQ ID NO 219

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 219

accattatta tatttcc

17

17

17

17

17

17

17
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<210> SEQ ID NO 220

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 220

ttttttttte gttttag

<210> SEQ ID NO 221

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 221

tttttttttt tegtttt

<210> SEQ ID NO 222

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 222

ctttctaaaa cgaaaaa

<210> SEQ ID NO 223

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 223

ttctaaaacg aaaaaaa

<210> SEQ ID NO 224

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 224

tttaggactc atttgaa

<210> SEQ ID NO 225

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 225
tttaggactt atttgaa
<210> SEQ ID NO 226

<211> LENGTH: 17
<212> TYPE: DNA

17

17

17

17

17

17
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 226

taacttcaaa tgagtcc 17

<210> SEQ ID NO 227

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 227

taacttcaaa taagtcc 17

<210> SEQ ID NO 228

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 228

gaaatacagc aaaatgc 17

<210> SEQ ID NO 229

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 229

gaaatacagc caaatgce 17

<210> SEQ ID NO 230

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 230

acttgtgcat tttgctg 17

<210> SEQ ID NO 231

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 231

acttgtgcat ttggctg 17

<210> SEQ ID NO 232

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe
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<400> SEQUENCE: 232

taatcaaaat tatggaa

<210> SEQ ID NO 233

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 233

taatcaaaat catggaa

<210> SEQ ID NO 234

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 234

tttcttceccat aattttyg

<210> SEQ ID NO 235

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 235

tttcttecat gattttg

<210> SEQ ID NO 236

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 236

aagaaaaagc gaaatat

<210> SEQ ID NO 237

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 237

aagaaaaagc aaaatat

<210> SEQ ID NO 238

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 238

ttgatatttc gettttt

17

17

17

17

17

17

17
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<210> SEQ ID NO 239

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 239

ttgatatttt gecttttt 17

<210> SEQ ID NO 240

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 240

ggatcaaaga tgacaa 16

<210> SEQ ID NO 241

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 241

ggatcaaaga ntgacaa 17

<210> SEQ ID NO 242

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 242

gccettgtea tetttg 16

<210> SEQ ID NO 243

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 243

gccecttgtea ntetttg 17

<210> SEQ ID NO 244

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe
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<400> SEQUENCE: 244

tttattagta gatctaa

<210> SEQ ID NO 245

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 245

tttattagta tatctaa

<210> SEQ ID NO 246

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 246

ttgattagat ctactaa

<210> SEQ ID NO 247

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 247

ttgattagat atactaa

<210> SEQ ID NO 248

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 248

ataaaattca atgtgtt

<210> SEQ ID NO 249

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 249

ataaaattca gtgtgtt

<210> SEQ ID NO 250

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 250

ccatcaacac attgaat

17

17

17

17

17

17

17
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<210> SEQ ID NO 251

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 251

ccatcaacac actgaat

<210> SEQ ID NO 252

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 252

tttattataa cattaat

<210> SEQ ID NO 253

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 253

tttattataa aattaat

<210> SEQ ID NO 254

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 254

tataattaat gttataa

<210> SEQ ID NO 255

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 255

tataattaat tttataa

<210> SEQ ID NO 256

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 256
ctccacctga gatttet
<210> SEQ ID NO 257

<211> LENGTH: 17
<212> TYPE: DNA

17

17

17

17

17

17
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 257

ctccacctga tatttcet 17

<210> SEQ ID NO 258

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 258

catgagaaat ctcaggt 17

<210> SEQ ID NO 259

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 259

catgagaaat atcaggt 17

<210> SEQ ID NO 260

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 260

tctttecatca cgttcecte 17

<210> SEQ ID NO 261

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 261

tctttecatca tgttcte 17

<210> SEQ ID NO 262

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe

<400> SEQUENCE: 262

gtgtgagaac gtgatga 17

<210> SEQ ID NO 263

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide Probe
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<400> SEQUENCE: 263

gtgtgagaac atgatga

<210> SEQ ID NO 264

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 264

tttctgggat gtaata

<210> SEQ ID NO 265

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 265

tttctgggat gtaatg

<210> SEQ ID NO 266

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 266

caaaacactyg aacatt

<210> SEQ ID NO 267

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 267

caaaacactyg aacatc

<210> SEQ ID NO 268

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 268

aaatccagag gatatc

<210> SEQ ID NO 269

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 269

aaatccagag gatatt

17

16

16

16

16

16

16
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<210> SEQ ID NO 270

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 270

aaatcagcag ctggtg

<210> SEQ ID NO 271

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 271

aaatcagcag ctggta

<210> SEQ ID NO 272

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 272

aagtttacac agtacg

<210> SEQ ID NO 273

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 273

aagtttacac agtaca

<210> SEQ ID NO 274

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 274

aatgggtaag tctatc

<210> SEQ ID NO 275

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 275
aatgggtaag tctatt
<210> SEQ ID NO 276

<211> LENGTH: 16
<212> TYPE: DNA

16

16

16

16

16

16
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 276

agatctcttg gaaatg 16

<210> SEQ ID NO 277

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 277

agatctcttg gaaata 16

<210> SEQ ID NO 278

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 278

tgcataccat tattac 16

<210> SEQ ID NO 279

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 279

tgcataccat tattat 16

<210> SEQ ID NO 280

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 280

tcataacttt tttttt 16

<210> SEQ ID NO 281

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 281

ataacttttt tttttt 16

<210> SEQ ID NO 282

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 282

gggcectttet aaaacyg

<210> SEQ ID NO 283

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 283

gectttcetaa aacgaa

<210> SEQ ID NO 284

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 284

aatacattta ggactc

<210> SEQ ID NO 285

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 285

aatacattta ggactt

<210> SEQ ID NO 286

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 286

acactaactt caaatg

<210> SEQ ID NO 287

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 287

acactaactt caaata

<210> SEQ ID NO 288

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 288

ccggggaaat acagca

16

16

16

16

16

16

16
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<210> SEQ ID NO 289

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 289

ccggggaaat acagec

<210> SEQ ID NO 290

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 290

agtacttgtg catttt

<210> SEQ ID NO 291

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 291

agtacttgtyg catttg

<210> SEQ ID NO 292

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 292

ggatataatc aaaatt

<210> SEQ ID NO 293

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 293

ggatataatc aaaatc

<210> SEQ ID NO 294

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 294
caaactttct tccata
<210> SEQ ID NO 295

<211> LENGTH: 16
<212> TYPE: DNA

16

16

16

16

16

16



US 2016/0096871 Al
128

-continued

Apr. 7,2016

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 295

caaactttct tccatg 16

<210> SEQ ID NO 296

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 296

cttaaaagaa aaagcg 16

<210> SEQ ID NO 297

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 297

cttaaaagaa aaagca 16

<210> SEQ ID NO 298

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 298

tttgcattga tatttc 16

<210> SEQ ID NO 299

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 299

tttgcattga tatttt 16

<210> SEQ ID NO 300

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 300

tgagtggatc aaaga 15

<210> SEQ ID NO 301

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
<220> FEATURE:
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<221> NAME/KEY: misc_feature

<222> LOCATION: (16).. (16
<223> OTHER INFORMATION:

<400> SEQUENCE: 301

tgagtggatc aaagan

<210> SEQ ID NO 302

<211> LENGTH: 15
<212> TYPE: DNA

)

n is a, ¢, g, or t

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 302

cattggcect tgtca

<210> SEQ ID NO 303

<211> LENGTH: 16
<212> TYPE: DNA

Synthetic polynucleotide primer

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:
<220> FEATURE:

Synthetic polynucleotide primer

<221> NAME/KEY: misc_feature

<222> LOCATION: (16).. (16
<223> OTHER INFORMATION:

<400> SEQUENCE: 303

cattggcect tgtcan

<210> SEQ ID NO 304

<211> LENGTH: 16
<212> TYPE: DNA

)

n is a, ¢, g, or t

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 304

acctatttat tagtag

<210> SEQ ID NO 305

<211> LENGTH: 16
<212> TYPE: DNA

Synthetic polynucleotide primer

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 305

acctatttat tagtat

<210> SEQ ID NO 306

<211> LENGTH: 16
<212> TYPE: DNA

Synthetic polynucleotide primer

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 306

ctttattgat tagatc

<210> SEQ ID NO 307

<211> LENGTH: 16
<212> TYPE: DNA

Synthetic polynucleotide primer

16

15

16

16

16

16
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 307

ctttattgat tagata 16

<210> SEQ ID NO 308

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 308

acctaataaa attcaa 16

<210> SEQ ID NO 309

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 309

acctaataaa attcag 16

<210> SEQ ID NO 310

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 310

ctctccatca acacat 16

<210> SEQ ID NO 311

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 311

ctctccatca acacac 16

<210> SEQ ID NO 312

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 312

tattttttat tataac 16

<210> SEQ ID NO 313

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 313

tattttttat tataaa

<210> SEQ ID NO 314

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 314

aaaaatataa ttaatg

<210> SEQ ID NO 315

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 315

aaaaatataa ttaatt

<210> SEQ ID NO 316

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 316

taaatctcca cctgag

<210> SEQ ID NO 317

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 317

taaatctcca cctgat

<210> SEQ ID NO 318

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 318

aacaccatga gaaatc

<210> SEQ ID NO 319

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 319

aacaccatga gaaata

16

16

16

16

16

16

16
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<210> SEQ ID NO 320

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 320

tatcgtettt catcac

<210> SEQ ID NO 321

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 321

tatcgtcecttt catcat

<210> SEQ ID NO 322

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 322

gcaatgtgtyg agaacg

<210> SEQ ID NO 323

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 323

gcaatgtgtyg agaacg

<210> SEQ ID NO 324

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 324

gaacattttg agactccgte

<210> SEQ ID NO 325

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 325
accatccatc tttcecac
<210> SEQ ID NO 326

<211> LENGTH: 17
<212> TYPE: DNA

16

16

16

16

20

18
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 326

tcetggetac getette 17

<210> SEQ ID NO 327

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 327

tcegtcagga agttactgg 19

<210> SEQ ID NO 328

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 328

agtcaccata ctcaggaccce 20

<210> SEQ ID NO 329

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 329

ggctacgcte ttccaaaag 19

<210> SEQ ID NO 330

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 330

agtcaccata ctcaggaccce 20

<210> SEQ ID NO 331

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 331

gaagattgca atgaacttcc tccaag 26

<210> SEQ ID NO 332

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer
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<400> SEQUENCE: 332

aagttctgaa taaaggtgtg c

<210> SEQ ID NO 333

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 333

tatagatcte ttggaaatat aataatggta tgcagg

<210> SEQ ID NO 334

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide primer

<400> SEQUENCE: 334

atggatataa tcaaaattat ggaagaaagt ttgtac

<210> SEQ ID NO 335

<211> LENGTH: 3769

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide human CFH variant
<400> SEQUENCE: 335

agttagctgg taaatgtcct cttaaaagat ccaaaaaatg agacttctag caaagattat
ttgccttatg ttatgggecta tttgtgtage agaagattge aatgaactte ctccaagaag
aaatacagaa attctgacag gttcctggte tgaccaaaca tatccagaag gcacccaggce
tatctataaa tgccgecctg gatatagate tcttggaaat ataataatgg tatgcaggaa
gggagaatgg gttgctctta atccattaag gaaatgtcag aaaaggccct gtggacatcc
tggagatact ccttttggta cttttaccct tacaggagga aatgtgtttg aatatggtgt
aaaagctgtyg tatacatgta atgaggggta tcaattgcta ggtgagatta attaccgtga
atgtgacaca gatggatgga ccaatgatat tcctatatgt gaagttgtga agtgtttacce
agtgacagca ccagagaatg gaaaaattgt cagtagtgca atggaaccag atcgggaata
ccattttgga caagcagtac ggtttgtatg taactcagge tacaagattg aaggagatga
agaaatgcat tgttcagacg atggtttttg gagtaaagag aaaccaaagt gtgtggaaat
ttcatgcaaa tccccagatg ttataaatgg atctectata tctcagaaga ttatttataa
ggagaatgaa cgatttcaat ataaatgtaa catgggttat gaatacagtg aaagaggaga
tgctgtatge actgaatctg gatggegtee gttgecttea tgtgaagaaa aatcatgtga
taatccttat attccaaatg gtgactacte acctttaagg attaaacaca gaactggaga
tgaaatcacg taccagtgta gaaatggttt ttatcctgea acceggggaa atacagcaaa
atgcacaagt actggctgga tacctgctee gagatgtacce ttgaaacctt gtgattatcce

agacattaaa catggaggtc tatatcatga gaatatgegt agaccatact ttccagtage

tgtaggaaaa tattactcct attactgtga tgaacatttt gagactcegt caggaagtta

21

36

36

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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ctgggatcac attcattgca cacaagatgg atggtcgcca gcagtaccat gcctcagaaa 1200
atgttatttt ccttatttgg aaaatggata taatcaaaat tatggaagaa agtttgtaca 1260
gggtaaatct atagacgttg cctgccatcc tggctacget cttccaaaag cgcagaccac 1320
agttacatgt atggagaatg gctggtctce tactcccaga tgcatccgtg tcaaaacatg 1380
ttccaaatca agtatagata ttgagaatgg gtttatttct gaatctcagt atacatatgc 1440
cttaaaagaa aaagcgaaat atcaatgcaa actaggatat gtaacagcag atggtgaaac 1500
atcaggatca attacatgtg ggaaagatgg atggtcagct caacccacgt gcattaaatc 1560
ttgtgatatc ccagtattta tgaatgccag aactaaaaat gacttcacat ggtttaagct 1620
gaatgacaca ttggactatg aatgccatga tggttatgaa agcaatactg gaagcaccac 1680
tggttccata gtgtgtggtt acaatggttg gtctgattta cccatatgtt atgaaagaga 1740
atgcgaactt cctaaaatag atgtacactt agttcctgat cgcaagaaag accagtataa 1800
agttggagag gtgttgaaat tctcctgcaa accaggattt acaatagttg gacctaattce 1860
cgttcagtgce taccactttg gattgtctce tgacctecca atatgtaaag agcaagtaca 1920
atcatgtggt ccacctcctg aactcctcaa tgggaatgtt aaggaaaaaa cgaaagaaga 1980
atatggacac agtgaagtgg tggaatatta ttgcaatcct agatttctaa tgaagggacc 2040
taataaaatt caatgtgttg atggagagtg gacaacttta ccagtgtgta ttgtggagga 2100
gagtacctgt ggagatatac ctgaacttga acatggctgg gcccagcttt ctteccctece 2160
ttattactat ggagattcag tggaattcaa ttgctcagaa tcatttacaa tgattggaca 2220
cagatcaatt acgtgtattc atggagtatg gacccaactt ccccagtgtg tggcaataga 2280
taaacttaag aagtgcaaat catcaaattt aattatactt gaggaacatt taaaaaacaa 2340
gaaggaattc gatcataatt ctaacataag gtacagatgt agaggaaaag aaggatggat 2400
acacacagtc tgcataaatg gaagatggga tccagaagtg aactgctcaa tggcacaaat 2460
acaattatgc ccacctccac ctcagattce caattctcac aatatgacaa ccacactgaa 2520
ttatcgggat ggagaaaaag tatctgttct ttgccaagaa aattatctaa ttcaggaagg 2580
agaagaaatt acatgcaaag atggaagatg gcagtcaata ccactctgtg ttgaaaaaat 2640
tccatgttca caaccacctce agatagaaca cggaaccatt aattcatcca ggtcttcaca 2700
agaaagttat gcacatggga ctaaattgag ttatacttgt gagggtggtt tcaggatatc 2760
tgaagaaaat gaaacaacat gctacatggg aaaatggagt tctccacctce agtgtgaagg 2820
ccttecttgt aaatctccac ctgagattte tcatggtgtt gtagctcaca tgtcagacag 2880
ttatcagtat ggagaagaag ttacgtacaa atgttttgaa ggttttggaa ttgatgggcc 2940
tgcaattgca aaatgcttag gagaaaaatg gtctcaccct ccatcatgca taaaaacaga 3000
ttgtctcagt ttacctagcect ttgaaaatgc catacccatg ggagagaaga aggatgtgta 3060
taaggcgggt gagcaagtga cttacacttg tgcaacatat tacaaaatgg atggagccag 3120
taatgtaaca tgcattaata gcagatggac aggaaggcca acatgcagag acacctcctg 3180
tgtgaatccg cccacagtac aaaatgctta tatagtgtcg agacagatga gtaaatatcc 3240
atctggtgag agagtacgtt atcaatgtag gagcccttat gaaatgtttg gggatgaaga 3300
agtgatgtgt ttaaatggaa actggacgga accacctcaa tgcaaagatt ctacaggaaa 3360

atgtgggccce cctcecaccta ttgacaatgg ggacattact tcattcccgt tgtcagtata 3420
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tgctccaget tcatcagttg agtatcaatg ccagaacttg tatcaacttg agggtaacaa 3480
gcgaataaca tgtagaaatg gacaatggtc agaaccacca aaatgcttac atccgtgtgt 3540
aatatcccga gaaattatgg aaaattataa catagcatta aggtggacag ccaaacagaa 3600
gctttatteg agaacaggtg aatcagttga atttgtgtgt aaacggggat atcgtcttte 3660
atcacgttct cacacattgc gaacaacatg ttgggatggg aaactggagt atccaacttg 3720
tgcaaaaaga tagaatcaat cataaagtgc acacctttat tcagaactt 3769
<210> SEQ ID NO 336

<211> LENGTH: 3926

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 336

aattcttgga agaggagaac tggacgttgt gaacagagtt agctggtaaa tgtcctctta 60
aaagatccaa aaaatgagac ttctagcaaa gattatttge cttatgttat gggctatttg 120
tgtagcagaa gattgcaatg aacttcctee aagaagaaat acagaaattc tgacaggtte 180
ctggtetgac caaacatatce cagaaggcac ccaggctatce tataaatgece gecctggata 240
tagatctett ggaaatgtaa taatggtatg caggaaggga gaatgggttg ctcttaatce 300
attaaggaaa tgtcagaaaa ggccctgtgg acatcctgga gatactcett ttggtacttt 360
tacccttaca ggaggaaatg tgtttgaata tggtgtaaaa getgtgtata catgtaatga 420
ggggtatcaa ttgctaggtg agattaatta ccgtgaatgt gacacagatg gatggaccaa 480
tgatattcct atatgtgaag ttgtgaagtg tttaccagtg acagcaccag agaatggaaa 540
aattgtcagt agtgcaatgg aaccagatcg ggaataccat tttggacaag cagtacggtt 600
tgtatgtaac tcaggctaca agattgaagg agatgaagaa atgcattgtt cagacgatgg 660
tttttggagt aaagagaaac caaagtgtgt ggaaatttca tgcaaatcce cagatgttat 720
aaatggatct cctatatcte agaagattat ttataaggag aatgaacgat ttcaatataa 780
atgtaacatg ggttatgaat acagtgaaag aggagatget gtatgcactg aatctggatg 840
gegtceegttyg ccttcatgtg aagaaaaatc atgtgataat ccttatattce caaatggtga 900
ctactcacct ttaaggatta aacacagaac tggagatgaa atcacgtacc agtgtagaaa 960

tggtttttat cctgcaaccc ggggaaatac agccaaatgc acaagtactg gctggatacc 1020
tgctccgaga tgtaccttga aaccttgtga ttatccagac attaaacatg gaggtctata 1080
tcatgagaat atgcgtagac catactttcc agtagctgta ggaaaatatt actcctatta 1140
ctgtgatgaa cattttgaga ctccgtcagg aagttactgg gatcacattc attgcacaca 1200
agatggatgg tcgccagcag taccatgcct cagaaaatgt tattttcctt atttggaaaa 1260
tggatataat caaaattatg gaagaaagtt tgtacagggt aaatctatag acgttgcctg 1320
ccatcctgge tacgctctte caaaagcgca gaccacagtt acatgtatgg agaatggcetg 1380
gtctecctact cccagatgca tccgtgtcaa aacatgttcc aaatcaagta tagatattga 1440
gaatgggttt atttctgaat ctcagtatac atatgcctta aaagaaaaag cgaaatatca 1500
atgcaaacta ggatatgtaa cagcagatgg tgaaacatca ggatcaatta gatgtgggaa 1560
agatggatgg tcagctcaac ccacgtgcat taaatcttgt gatatcccag tatttatgaa 1620

tgccagaact aaaaatgact tcacatggtt taagctgaat gacacattgg actatgaatg 1680
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ccatgatggt tatgaaagca atactggaag caccactggt tccatagtgt gtggttacaa 1740
tggttggtct gatttaccca tatgttatga aagagaatgc gaacttccta aaatagatgt 1800
acacttagtt cctgatcgca agaaagacca gtataaagtt ggagaggtgt tgaaattctce 1860
ctgcaaacca ggatttacaa tagttggacc taattccgtt cagtgctacc actttggatt 1920
gtctectgac ctecccaatat gtaaagagca agtacaatca tgtggtccac ctecctgaact 1980
cctcaatggg aatgttaagg aaaaaacgaa agaagaatat ggacacagtg aagtggtgga 2040
atattattgc aatcctagat ttctaatgaa gggacctaat aaaattcaat gtgttgatgg 2100
agagtggaca actttaccag tgtgtattgt ggaggagagt acctgtggag atatacctga 2160
acttgaacat ggctgggccc agctttectte ccctecttat tactatggag attcagtgga 2220
attcaattgc tcagaatcat ttacaatgat tggacacaga tcaattacgt gtattcatgg 2280
agtatggacc caacttccecc agtgtgtgge aatagataaa cttaagaagt gcaaatcatc 2340
aaatttaatt atacttgagg aacatttaaa aaacaagaag gaattcgatc ataattctaa 2400
cataaggtac agatgtagag gaaaagaagg atggatacac acagtctgca taaatggaag 2460
atgggatcca gaagtgaact gctcaatggc acaaatacaa ttatgcccac ctccacctca 2520
gattcccaat tctcacaata tgacaaccac actgaattat cgggatggag aaaaagtatc 2580
tgttctttge caagaaaatt atctaattca ggaaggagaa gaaattacat gcaaagatgg 2640
aagatggcag tcaataccac tctgtgttga aaaaattcca tgttcacaac cacctcagat 2700
agaacacgga accattaatt catccaggtc ttcacaagaa agttatgcac atgggactaa 2760
attgagttat acttgtgagg gtggtttcag gatatctgaa gaaaatgaaa caacatgcta 2820
catgggaaaa tggagttctc cacctcagtg tgaaggcctt ccttgtaaat ctccacctga 2880
gatttctcat ggtgttgtag ctcacatgtc agacagttat cagtatggag aagaagttac 2940
gtacaaatgt tttgaaggtt ttggaattga tgggcctgca attgcaaaat gcttaggaga 3000
aaaatggtct caccctccat catgcataaa aacagattgt ctcagtttac ctagctttga 3060
aaatgccata cccatgggag agaagaagga tgtgtataag gcgggtgagce aagtgactta 3120
cacttgtgca acatattaca aaatggatgg agccagtaat gtaacatgca ttaatagcag 3180
atggacagga aggccaacat gcagagacac ctectgtgtg aatccgccca cagtacaaaa 3240
tgcttatata gtgtcgagac agatgagtaa atatccatct ggtgagagag tacgttatca 3300
atgtaggagc ccttatgaaa tgtttgggga tgaagaagtg atgtgtttaa atggaaactg 3360
gacggaacca cctcaatgca aagattctac aggaaaatgt gggccccctce cacctattga 3420
caatggggac attacttcat tcccgttgte agtatatget ccagcecttcat cagttgagta 3480
ccaatgccag aacttgtatc aacttgaggg taacaagcga ataacatgta gaaatggaca 3540
atggtcagaa ccaccaaaat gcttacatcc gtgtgtaata tcccgagaaa ttatggaaaa 3600
ttataacata gcattaaggt ggacagccaa acagaagctt tattcgagaa caggtgaatc 3660
agttgaattt gtgtgtaaac ggggatatcg tctttcatca cgttctcaca cattgcgaac 3720
aacatgttgg gatgggaaac tggagtatcc aacttgtgca aaaagataga atcaatcata 3780
aagtgcacac ctttattcag aactttagta ttaaatcagt tctcaatttc attttttatg 3840
tattgtttta ctccttttta ttcatacgta aaattttgga ttaatttgtg aaaatgtaat 3900

tataagctga gaccggtgge tctcett 3926
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<210> SEQ ID NO 337

<211> LENGTH: 1231

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 337

Met Arg Leu Leu Ala Lys Ile Ile Cys Leu Met Leu Trp Ala Ile Cys
1 5 10 15

Val Ala Glu Asp Cys Asn Glu Leu Pro Pro Arg Arg Asn Thr Glu Ile
20 25 30

Leu Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Gln Ala
35 40 45

Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Leu Gly Asn Val Ile Met
50 55 60

Val Cys Arg Lys Gly Glu Trp Val Ala Leu Asn Pro Leu Arg Lys Cys
65 70 75 80

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe
85 90 95

Thr Leu Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr
100 105 110

Thr Cys Asn Glu Gly Tyr Gln Leu Leu Gly Glu Ile Asn Tyr Arg Glu
115 120 125

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val
130 135 140

Lys Cys Leu Pro Val Thr Ala Pro Glu Asn Gly Lys Ile Val Ser Ser
145 150 155 160

Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Gln Ala Val Arg Phe
165 170 175

Val Cys Asn Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys
180 185 190

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Lys Cys Val Glu Ile
195 200 205

Ser Cys Lys Ser Pro Asp Val Ile Asn Gly Ser Pro Ile Ser Gln Lys
210 215 220

Ile Ile Tyr Lys Glu Asn Glu Arg Phe Gln Tyr Lys Cys Asn Met Gly
225 230 235 240

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp
245 250 255

Arg Pro Leu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn Pro Tyr Ile
260 265 270

Pro Asn Gly Asp Tyr Ser Pro Leu Arg Ile Lys His Arg Thr Gly Asp
275 280 285

Glu Ile Thr Tyr Gln Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly
290 295 300

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys
305 310 315 320

Thr Leu Lys Pro Cys Asp Tyr Pro Asp Ile Lys His Gly Gly Leu Tyr
325 330 335

His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr
340 345 350

Tyr Ser Tyr Tyr Cys Asp Glu His Phe Glu Thr Pro Ser Gly Ser Tyr
355 360 365
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Trp Asp His Ile His Cys Thr Gln Asp Gly Trp Ser Pro Ala Val Pro
370 375 380

Cys Leu Arg Lys Cys Tyr Phe Pro Tyr Leu Glu Asn Gly Tyr Asn Gln
385 390 395 400

Asn Tyr Gly Arg Lys Phe Val Gln Gly Lys Ser Ile Asp Val Ala Cys
405 410 415

His Pro Gly Tyr Ala Leu Pro Lys Ala Gln Thr Thr Val Thr Cys Met
420 425 430

Glu Asn Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Lys Thr Cys
435 440 445

Ser Lys Ser Ser Ile Asp Ile Glu Asn Gly Phe Ile Ser Glu Ser Gln
450 455 460

Tyr Thr Tyr Ala Leu Lys Glu Lys Ala Lys Tyr Gln Cys Lys Leu Gly
465 470 475 480

Tyr Val Thr Ala Asp Gly Glu Thr Ser Gly Ser Ile Arg Cys Gly Lys
485 490 495

Asp Gly Trp Ser Ala Gln Pro Thr Cys Ile Lys Ser Cys Asp Ile Pro
500 505 510

Val Phe Met Asn Ala Arg Thr Lys Asn Asp Phe Thr Trp Phe Lys Leu
515 520 525

Asn Asp Thr Leu Asp Tyr Glu Cys His Asp Gly Tyr Glu Ser Asn Thr
530 535 540

Gly Ser Thr Thr Gly Ser Ile Val Cys Gly Tyr Asn Gly Trp Ser Asp
545 550 555 560

Leu Pro Ile Cys Tyr Glu Arg Glu Cys Glu Leu Pro Lys Ile Asp Val
565 570 575

His Leu Val Pro Asp Arg Lys Lys Asp Gln Tyr Lys Val Gly Glu Val
580 585 590

Leu Lys Phe Ser Cys Lys Pro Gly Phe Thr Ile Val Gly Pro Asn Ser
595 600 605

Val Gln Cys Tyr His Phe Gly Leu Ser Pro Asp Leu Pro Ile Cys Lys
610 615 620

Glu Gln Val Gln Ser Cys Gly Pro Pro Pro Glu Leu Leu Asn Gly Asn
625 630 635 640

Val Lys Glu Lys Thr Lys Glu Glu Tyr Gly His Ser Glu Val Val Glu
645 650 655

Tyr Tyr Cys Asn Pro Arg Phe Leu Met Lys Gly Pro Asn Lys Ile Gln
660 665 670

Cys Val Asp Gly Glu Trp Thr Thr Leu Pro Val Cys Ile Val Glu Glu
675 680 685

Ser Thr Cys Gly Asp Ile Pro Glu Leu Glu His Gly Trp Ala Gln Leu
690 695 700

Ser Ser Pro Pro Tyr Tyr Tyr Gly Asp Ser Val Glu Phe Asn Cys Ser
705 710 715 720

Glu Ser Phe Thr Met Ile Gly His Arg Ser Ile Thr Cys Ile His Gly
725 730 735

Val Trp Thr Gln Leu Pro Gln Cys Val Ala Ile Asp Lys Leu Lys Lys
740 745 750

Cys Lys Ser Ser Asn Leu Ile Ile Leu Glu Glu His Leu Lys Asn Lys
755 760 765
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Lys Glu Phe Asp His Asn Ser Asn Ile Arg Tyr Arg Cys Arg Gly Lys
770 775 780

Glu Gly Trp Ile His Thr Val Cys Ile Asn Gly Arg Trp Asp Pro Glu
785 790 795 800

Val Asn Cys Ser Met Ala Gln Ile Gln Leu Cys Pro Pro Pro Pro Gln
805 810 815

Ile Pro Asn Ser His Asn Met Thr Thr Thr Leu Asn Tyr Arg Asp Gly
820 825 830

Glu Lys Val Ser Val Leu Cys Gln Glu Asn Tyr Leu Ile Gln Glu Gly
835 840 845

Glu Glu Ile Thr Cys Lys Asp Gly Arg Trp Gln Ser Ile Pro Leu Cys
850 855 860

Val Glu Lys Ile Pro Cys Ser Gln Pro Pro Gln Ile Glu His Gly Thr
865 870 875 880

Ile Asn Ser Ser Arg Ser Ser Gln Glu Ser Tyr Ala His Gly Thr Lys
885 890 895

Leu Ser Tyr Thr Cys Glu Gly Gly Phe Arg Ile Ser Glu Glu Asn Glu
900 905 910

Thr Thr Cys Tyr Met Gly Lys Trp Ser Ser Pro Pro Gln Cys Glu Gly
915 920 925

Leu Pro Cys Lys Ser Pro Pro Glu Ile Ser His Gly Val Val Ala His
930 935 940

Met Ser Asp Ser Tyr Gln Tyr Gly Glu Glu Val Thr Tyr Lys Cys Phe
945 950 955 960

Glu Gly Phe Gly Ile Asp Gly Pro Ala Ile Ala Lys Cys Leu Gly Glu
965 970 975

Lys Trp Ser His Pro Pro Ser Cys Ile Lys Thr Asp Cys Leu Ser Leu
980 985 990

Pro Ser Phe Glu Asn Ala Ile Pro Met Gly Glu Lys Lys Asp Val Tyr
995 1000 1005

Lys Ala Gly Glu Gln Val Thr Tyr Thr Cys Ala Thr Tyr Tyr Lys
1010 1015 1020

Met Asp Gly Ala Ser Asn Val Thr Cys Ile Asn Ser Arg Trp Thr
1025 1030 1035

Gly Arg Pro Thr Cys Arg Asp Thr Ser Cys Val Asn Pro Pro Thr
1040 1045 1050

Val Gln Asn Ala Tyr Ile Val Ser Arg Gln Met Ser Lys Tyr Pro
1055 1060 1065

Ser Gly Glu Arg Val Arg Tyr Gln Cys Arg Ser Pro Tyr Glu Met
1070 1075 1080

Phe Gly Asp Glu Glu Val Met Cys Leu Asn Gly Asn Trp Thr Glu
1085 1090 1095

Pro Pro Gln Cys Lys Asp Ser Thr Gly Lys Cys Gly Pro Pro Pro
1100 1105 1110

Pro Ile Asp Asn Gly Asp Ile Thr Ser Phe Pro Leu Ser Val Tyr
1115 1120 1125

Ala Pro Ala Ser Ser Val Glu Tyr Gln Cys Gln Asn Leu Tyr Gln
1130 1135 1140

Leu Glu Gly Asn Lys Arg Ile Thr Cys Arg Asn Gly Gln Trp Ser
1145 1150 1155

Glu Pro Pro Lys Cys Leu His Pro Cys Val Ile Ser Arg Glu Ile
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1160 1165 1170

Met Glu Asn Tyr Asn Ile Ala Leu Arg Trp Thr Ala Lys Gln Lys
1175 1180 1185

Leu Tyr Ser Arg Thr Gly Glu Ser Val Glu Phe Val Cys Lys Arg
1190 1195 1200

Gly Tyr Arg Leu Ser Ser Arg Ser His Thr Leu Arg Thr Thr Cys
1205 1210 1215

Trp Asp Gly Lys Leu Glu Tyr Pro Thr Cys Ala Lys Arg
1220 1225 1230

1-60. (canceled)

61. A method of treating a human patient in need of treat-
ment for age-related macular degeneration (AMD) compris-
ing introducing into at least some of the cells of the patient an
exogenous polynucleotide selected from the group consisting
of

(a) a polynucleotide encoding for native Complement Fac-
tor H (CFH) polypeptide, said polypeptide having at
least 90% identity to SEQ. ID No. 2, or an active frag-
ment thereof;

(b) a polynucleotide encoding for CFH polypeptide with
the proviso that residue 402, numbered relative to SEQ.
ID No. 2, is tyrosine, said polypeptide having at least
90% identity to SEQ. ID No. 2, or an active fragment
thereof;

(c) a polynucleotide encoding for CFH polypeptide with
the proviso that residue 62, is isoleucine, numbered rela-
tive to SEQ. ID No. 2, said polypeptide having at least
90% identity to SEQ. ID No. 2;

(d) purified anti-sense RNA complementary to a RNA
encoding for CFH polypeptide with the proviso that at
residue 402, numbered relative to SEQ. ID No. 2, said
polypeptide having at least 90% identity to SEQ. ID No.
2, or an active fragment thereof;

(e) siRNA that interferes with the expression of a CFH
polypeptide which makes one more susceptible to
AMD; and

(f) a polynucleotide encoding for native Complement Fac-
tor H Related 5 (CFHRS) polypeptide, said polypeptide
having at least 90% identity to SEQ. ID No. 8, or an
active fragment thereof.

62. The method of claim 61 wherein the exogenous poly-
nucleotide is a gene therapy vector comprising (i) a nucleic
acid sequence encoding a CFH polypeptide and (ii) a pro-
moter operably linked to said nucleic acid sequence.

63. The method of claim 62 wherein the CFH polypeptide
is complement factor H or a complement factor H-like 1.

64. The method of claim 61, comprising introducing into
cells of the patient an exogenous polynucleotide sequence

encoding a Complement Factor H (CFH) polypeptide,
wherein the CFH polypeptide (i) has a sequence with at least
90% sequence identity to SEQ ID NO:2, comprises tyrosine
at residue 402 numbered relative to SEQ ID NO:2, and binds
to complement component 3b (C3b), or (ii) has a sequence
with at least 90% sequence identity to SEQ ID NO:4, com-
prises tyrosine at residue 402 numbered relative to SEQ ID
NO:2, and binds to complement component 3b (C3b).

65. The method of claim 64 wherein the CFH polypeptide
comprises isoleucine at residue 62, numbered relative to SEQ
1D NO:2.

66. The method of claim 65 wherein the CFH polypeptide
comprises residues 19-1231 of SEQ ID NO:5.

67. The method of claim 65 wherein the CFH polypeptide
comprises residues 19-449 of SEQ ID NO:6.

68. The method of claim 64 wherein the cells are in the
retina.

69. The method of claim 65 wherein both CFH gene alleles
in the patient’s genome encode histidine at position 402.

70. The method of claim 64, wherein introducing com-
prises administering to the patient a recombinant vector com-
prising a polynucleotide sequence encoding the CFH
polypeptide and an operably linked promoter.

71. The method of claim 70, wherein the vector is intro-
duced by injection into the eye.

72. The method of claim 70 wherein the promoter is a
promoter that drives expression in the retinal pigment epithe-
lium (RPE).

73. The method of claim 61 wherein the patient has signs or
symptoms of AMD.

74. The method of claim 73 wherein the patient has been
diagnosed with early stage AMD.

75. The method of claim 73 wherein the patient shows
signs of drusen development.

76. The method of claim 61 wherein the patient has been
diagnosed as having a propensity to develop AMD.
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