VARIANTS IN COMPLEMENT REGULATORY GENES PREDICT
AGE-RELATED MACULAR DEGENERATION
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims benefit of U.S. provisonal application No. 60/772,989,
Witeth#él3ragry 13, 2006, the entire contents of which are indéfioratediv3696
herein by reference. FIELD [0002] This application relates to methods of
predicting an individual's genetic susceptibility to age-related macular
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Institute, NattatabirGitaies ot Eleallly mnie CCOMIRGBIOENOR A TION
-C0-124000. The United States government has certain rights in the
invention. BACKGROUND [0004] A e related macular degeneration
(AMD) is a de§eherat niéfém RdtiEFAEHhA Rt WRkIPis a
ph@wmqepmrwi@pa&amfdnmmameﬂ mashaxtoprmﬁdes;a@etaﬂ@d Mision.
A%%ﬁ%%hf} f.eeddanamepng atesnialyision hatyeyal QBlvporaed
leaves peripheral vision In tact, AMD is the most common form of
irrVERSTIRY BfSEESs in developed countries. The disease typically
presents with a decrease in central vision in one eye, followed within
months or years by a similar loss of c%ﬁﬁ];{lsmn in the other eye. Clinical
signs of the disease include the presence of deposits (drusen) in the
mald¥@2 0065 PRt e iRl ariRaei pritsiRd mestint barere i dhédaiegyetic
anchpatpageing sisagb AR ara.stilkpoaydingderstood. Numerous studies
have implicated inflammation in the pathobiology of AMD (Anderson eral.

(2002) Ant J. Ophthalmol. 134:411-31; Hageman et al. 01) Frog.
Retin. Eye Re& GOVOBVAZ RGN QF @@db@%ﬁ%’élj(f &aﬁwa%f

Johneas; et ahi{ 20Eh) ibx pr i yeaRes. pbd 88 D0y G eahly elal.Y2002)Meacwith
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4). Dysfunction of the complement at way may induce
sighitidant %ﬁéﬂhﬁpa‘a%b‘éwmé%m&v%ﬂgH%%{mﬂ@%dvéﬂémmme of
degenerdtiond andtheneldbosaiiomofchiotoidal, neovast ilar mmesnitidaes;, under
similay 10 damage, NBERESHERAN PRRY FRMRI ‘ﬁ?&%&@%ﬁ%@é‘?ﬂa@'?ﬁ%ﬁ rights in
processes (Hageman et aL (2005) Proc. Natl. Acad. Sc!. U.S
1024729 78% Morgan and Walport (1991) Immunol. Today 12 301 6;
Kinoshita (1991) Immunot Today 12:291-5; Holers and Thurman (2004)

Mol. Immunol. 41:147-52). Therem@gﬁ Qg genetic contribution to

the disease. For example variants in the LBLN6, ABCA4, and APOE
gen8:hverEst ﬁi‘?&%’é‘féﬂaéé%éﬂe@&fé‘ré%éﬁtﬂ/ TERS A SR itpase that
thatidevariaatindile, complémeritidactoribgent {CEH) whichrehcodestat
maiQBvEHHPEQ{aQEH\ﬁ%rWx%ﬁmpk‘ﬁ@%ci@%%@én ) Qéﬁ@@ﬂ%ﬁ@?@é%ﬁ that

increased risk of developing AMD (Haines et al. (2005) Science

308]%5)2&“»(#&&"%%&?1(@8%5 *sa%hﬁéﬂébs“é\é% R R M o [0
Scignoer3h8:42ihdhcktagataaniopbdo(2008). Proc ddedkeAgpidalBehrideBtawith a
102:7224:32) 00961 D8 10 dhe Rrevalenss ofithe disase,Apd 06, imilefar

treatment available, methods for |dent|f§|ng subjects at risk for developing
AMBFE R SRR SEUNIMERP RO 667 PONFRbREIS R sgastogieded s
areppratectivé dop@ge-(iated masutatadégeneration (AMD) have been

idepy 5@‘?0 Methads.are pJ%YA?&‘l%E"BL kfyﬁlgr@er?%hke&&%%g}%ﬁ@%ﬁ]é@ﬁems of

for de ping AMD. T ese methods include, but are not limited to,

andy2i d’mé“gdb‘i%tys“féﬂﬁ‘éf‘”@"(#)“aﬁ‘d’}b‘r%B%ﬁéﬁ’gﬁ%ﬁﬂﬁ‘a%éﬁ%ﬂ?ma“on n
(C2hgpmnbshandogetenivifing whetheethe Qiliect ad dtitedstiont 134:411-31;
protective polymorphism. Examples of such protective polymorphisms

include (a) R32Q in BF (rs641153); (b) L9H in BE (rs4151667); (c) IVS 10

in C2 (rs547154); and (d) E318D in C2 (rs9332739). Alternatively, the

method may be implemented by detecting a protein variant in the subject.

If the subject does not have at least one protective polymorphism, the

subject is at increased risk for developing AMD. In one embodiment,
fiirther analv/iecic nf the crthiecrt'e CEH nene iec nerformed |In come



G or Tat rs547154 of the C2 gene, which is in intron 10; and, Cor G at
rs9332379 of the C2 gene, which translates to an E or D at position 318 of
the human C2 protein. 100111 In some embodiments, the sample is an
accessible body fluid, such as blood or a blood component, or urine.
When assessment is done at the DNA or m R NA level, cellular material

Wi"}%%éﬁﬁﬁ@@ﬁ%ﬁ@ﬂ'?'ﬂ%%%}% %@@?.@&%f@%ﬁu@ﬁﬂs%tbﬁ (2000) Faseb J.

sub'ect.éOOlZl In some enmbodiments, the subject may have been

diaghéded Witk e aition#EE LiRG - AMDR esarly - AREY cekardlelal /. (2002) Proc.
neqyascularizatiop; (EN\). 05 Ge0gr apRIGA ORI, (5A). M ANSur Sei U.5.A.

embodiment, the subject has symptoms of disease, e.g., early stage

matidaftégbnbratiBncsipm piohescsuutcaicthodbvalpprasitdicdraigaificant
Somgefdbeaubiects mav pesant YiihiArusen deye apment. Jhe suPigst

may be asymptomatic of macular degeneration or other complement

relstabpetensd dirvoiteh reastHERmAIyEIaRss SIHAY tordvierss ghat occurs in
SCISBRING RIPCREH S WiGh cande.dpne-Qadhe RRRUATON SENRIAIB OF. Ok,

some se%ment that is thought to be ‘at increased risk, such as individuals

witH & qansy histbryGr éotpldmdntsenied Wiskpase( 18t hiwmiord) Today 12:301-
subjegtsaa heoat bmﬂm@m@%% AM %d&ﬁ%%@ﬂ%ﬂl&ﬁ?@bﬁlﬁ Mol
subject has the Y402H SNP. (0013jAlso disclosed herein is a kit for

s BG4 4R 67 HoVBIBpERP R ey ogReaBI BT o discase. For
degengration e4RihgrcomplataeAiprodialed diFeRSEN-2 NIBA.T WIS L ated as

The kit includes a collection of reagents for detecting in a sample from the

subjEet¥siorhierat préiaranfsarscsrhiireiormhenpslyhiorpritem eyt factor H

allelie variapts listed akoves | MK comBlise AligenucieatidesoMpRIEAMt pathway,
labeled oligonucleotides, des_lgned to detect a variant using any number of

mefisaediaiehiith thersricd Hekat dexpineinad Yor édainpie PERYHherince
forsamplitying & faroatRolynusientidn s6048R6eWRERINE RIGCIIBE) Science
polymorphism, or a specific binding protein, e.g., a monoclonal antlbodﬁl,
et ok e SEReBIY <POOmERTgAc H. i VTidnSot o aiged -2
prqteineds dhasisterpblaining drenelpyant asneticlpreleomicinialination ic,
from the sample. In a preferred embodiment, the kit contains

oligtiirde dntisnitiosifvhirdn 4 Eskidedspsltrisod M bepasatsd on

the fonnat, the components in a kit for identifying a subject at increased

risk for developing age-related macular degeneration (AMD) will include

one or more reagents for detecting SUARGARY protective polymorphism

in foeosybjechyaushhragans alow delectionof aideast ane.pLotastivemacutar
polymorphism including: (aé;EQ_Q in BE (rs641153); (b) L9H in BE
(<FEsTEERP AN s bt Wil Mty exs1aiprinesgor dentifying o
(rsQ332:A 30)n I BS E8 GRS INSURPIIESANAY. INOlUCle PRB QIsRISde, but are not
oligonucleotides that detect the protective polymorphism. Other kit
coﬁ{%%wea TiRgUGE BHacst HGF?F%&%Q@W%WW%%%?G@WW2 (€2)

- segueRcerddsanthifiargriheriRNteenoUY RARSES ARG RIE0RIE SEBorphism.
pr%tectiv%gf%ym%rphisms. In spme versions of the kit, the one 0

r more
oliGEATIEIED EASECR R RO RATE TR SB BERH ) (D48 1o (rso41153); (b)
disclpsaoprersin alenicieairays fonidenidyung susuljaquatincseasedrisk
for. dey ing AMD. Alsq disclosed herein are microarrays containing ,
ol 8%1%%%%@%!\?‘6’613&‘6 pal 18?%98?87% Rg IBErSRig et derdingisPrstein
onexfifimarehsuolgieacid inolesidasibayving Rapeaiekiivepelyroarphism.
Examples of such protective palymorphisms include: (a) R in,BF
R B B R AATRAT (v 46 FEDt a1 B
(dpmBdd ¢ntCRAr{ts9 AB2AKIB) o Sihehuhjetoan-ays car fubaseastaim some
oligonucleotide probes capable of hybridjzing yndey string onditions to
o S BHEN S TRt PIeCC B AT A B aRH thr
includes, for example, (a) the delTT polymorphism in CFH; (b) the R150R
polymorphism in BF; and (c) the Y402H golymorphism in CFH. 100161
The foregoing and other features and advantages of the disclosure will
become more apparent from the following detailed description of several

embodiments. WO 20117/095185PCT/US2007/003696 SEQUENCES

[0017] The nucleic and amino acid sequences listed in the accompanying
cenlience liectina are chown 1ieina otandard letter ahbhrevviiatinne for



mgsnlspghc vepsgfypyp ynvsdeisfth yrledsvtyh tiegvdaedg asygvkpryg
avysmmswpd dyldvyvfgv vwehrkgtdy vggekrdlei egttralrlp qyapgydkvk
Ivtyatypki dvppegwnrk gplvngvnin hkgpwagakis evvifhpnyn ptttcqqgke
disevvtprf sgtntkkalq igkdrknpre esgsislcgm ddkehsikvs tirpiclpct
dkkgscerda figvgviswg vvdvckngkr gkgvpahard fhinlfqvip wikeklgded Igfl

(S %é&%@l%h{g LEQ PN IR m@éi%eg%%lﬂfﬁngFiﬁ%@%lﬂﬁ&hment the
sequence with 9L & 32Q: mgsnispgle Impfilglls ggytttpws1 agpggscsle

gvelRggstreiRfEggae o tsyplE whieidyy Swatkiougkivaaenat the I locus
ihcpypRASSAACMRISRY ¥Rvsdeis ity Oy HraR anricmat s aataicdibsed
gagycsnpgi pigtrkvgsq yrledsvtyh csrgltlrgs grrtcgeggs wsgtepscqd o
sE%ﬁre Vb eRfEss| e sapcrtaddt h G degaRak Yol dp sgsmmtiglrigha subject is
igaﬁ@fﬁ%&&é@%@@ﬁ%%vq@;yg%pfygm\@wmrg}{mmswpd dvppegwnrt
dyldvyvfgv gplvngvnin vwehrkgtdy hkgpwagakis vggekrdlei evvIEhpnyn
egtwgﬁf‘&? ptttEéﬁ’é}l?é%?éﬁéﬁ’féWk%%ﬂ?W? WaveRngrhgiopetrargior the R32Q

WvkysaagshRAAWVAalRsRYiiatdg, s Rlaskidnearhyivkdalenom in B
kkl

virpskghes cmgavvseyf ingkkeagip efydydvali ellpaqdika lfvseee

ctgGVSpY R P htetGaEy TR Y I Wike k1 g dEd dymyemhkirsgthtkikar7 154); (d)
vidgindy ighdrknpre datyiyamic eaasisleom vialefts dskehsifysnozyaous for
klknklkg tirpiclpct trkevyikn kgscerda gplivhkrer flqv?wswg lgfl (géQ _
ID ftes T[eebﬂ@ﬁ@wm&ﬁ;s&bh%wwﬁ%ﬁ%ﬁa 183 ielymorphism in

‘seqyenseonitioet; M@hdﬁgﬁ%ﬂg%mm}{mynya?@mw does not have
yrledsvtyh tiegvdaedg Impfilglls ggvtttpws| agpggscsle gveikggsfr

llgeblarty Ve Rteretl Shishoiite: kberRaigrh helprskeme A s ggyeloping AMD.
CYQONUSAs MR HANNAMSOMHAIE N BAaYE ARG LRSI YISS SSIBUNES sk of

grrtcgeggs wsgtepscqd sfmydtpgev aeaElsslte hgpgeqqgkrik ividpsgsmn
iyivig gff&é}éﬁﬁgﬁ@&éﬁf@%&eﬁﬁ@b|ﬁ€v¢éﬁ§%§@i@§§@%@@ﬁq¢§§mﬁarna&ve

IVitgssprenandaigrs RrkvIRRYIK SManaeing relbelgskks d¥PEIadsn a human
apscpgnvni sgatftishg gtpgatrsls kavckpvrcp apvsfengly crpngmwdge
ta@lﬁh@%g%%&%élﬁ%%%ﬁ%i@? B%@%&@%P@W%Wle from a
csasysansidjtesasimaansidmievi ssirnamdehRenotatBly-iHtEakShect carries one
mggspktavd hireilnin dgerhafilg dtkalhgvEe hmldvskitd einyedhklk

Vidir R AEAY Gt VIRAZHEHN TRy GETREWAR G givhiAdp gene, or R or Q at

position 32 of the BF protein; b) A or T at rs4151667 of the BF gene, or L or H at
position 9 of the BF protein; ¢) G or T at rs547154 of the C2 gene; and d) C or G at
£s9332379 of the C2 gene, or E or D at position 318 of the C2 protein.

[0008b]} In a second aspect, there is provided a kit for assessing the risk of
development of, or likely progressicon of, disease characterized by alternative
complement cascade disregulation, including macular degeneration, in a humans
subject, the kit comprising reagents for detecting in a sample from the subject one or
more of the polymorphisms or one or more of the allelic variants: a) A or G at
rs641153 of the complement factor B (BF) gene, or R or Q at position 32 of the BF
protein; b) A or T at rs4151667 of the BF gene, or L or H at position 9 of the BF
protein; ¢} G or T at rs547154 of the C2 gene; and, d) C or G at rs9332379 of the C2
gene, or E or D at position 318 of the C2 protein;

10008¢} In a third aspect, there is provided a microarray comprising



wapgslltys tprlgsypvg vrtgfrfighg gtsfshmlga vdrifsfein aalnsvylmm

krndyldiya ticgvgnmsa sgtntkkalq igkdrknpre esqgslslcgm ddkehsikvs

tirpicipct dkkgscerda figvgviswg cpgglypspa gnvsfecedg dkvryrcssn

tnptgktkes vsvaiitfas nngmrligme igvgkldvdw nasdgertpw WO
2007/095185PETAT82M700_6696_hvtikpksge tcrgglisdg wv_ltaahcfr
dongstiveriodnisana kefirkavh shalduiadRaolaiiad Aialllatiis o onc or
vkmstharpi clpctmeanl alrrpggstc rdhenellnk gsvpahfval ngskinin

MoVETR e Aue kagifs Hrelraune ddiiesgtie debpokgdsgrgavtteteft from the

ffg lynpglgsad knsk rs kvippprdfbd nif - gl EQ -
ID%; 2) [00291§SEQS<I SR : 13@_0%%%%8 Ereponot gs‘!?;%ﬁﬁ(?e Y Ivs
witﬁ%@cﬁ%@éaﬁh’@f@;@@@m BNE218) C2[08301BER-1ID NO:14 shows the

9 13b@ning A6igisaguencg it At JIRANGIMBLSRR - NQ- 1003, ent of,
SEQ ID NO: 15 shows the 7 C2 amino acid sequence with 31 8D: dmtdvis

(S Edwlm DIBPSERIEE DESERIPION OR PTHEIFIGURES (003D} Figedaliscase
lsia Qlﬁgﬁaﬁls%'ﬁé%?@%é?@i%@%/éiﬁ é%ﬁ&'ag §y@§d&g}§e§%&%‘h}-&ﬁgh genetic
SNPs used in the study are shown along with the predicted haplotypes,
0d@8SPatis PO Ryl veliew (eylahdgvedifclseissehtthaskombiatagteasplenotypes of
(CRAGH AR EANERIR (GRNY., ThendoconidencedHen@l ok ddeiStion. The
(0.33-0.61) and for HIO is (0.23-0.56). The ancestral (chimpanzee)
hapletypesidisdergdiegiadushic ctha sipne € e baplowy peiar ggahample from a
ACRESRIRTNRALRGZRA9y RS %@E%ﬁ@%@@%ﬁ%@%ﬁ)ﬁ@& (NGB in the art
Accession No. AL645922 and NO31 Accession No. NG_004658, as

avHN 4RI BRNEaHieiRey Blez00BARYIRE? (OB AREEaSion No. NO 000013,

as available,pe;ReRRlaly 8, 208)H2YEbegRisR AURtGRE A05ne AdditioRition
non-synonymous variants in either the C2 or BF genes are present
(Stetetrtha D Bh) dfidine Res. 14:1176- 87). [00331 Figure 2 shows
combined:complemant oene.RRlSeS IRdivigiialSNr.ARalY SRS TEVERIeHosition 9
several possible combinations of SNPs that protect an individual from
de0bBpikermBE PEcigdt these, an empirical model was first applied. Fig.

2A ShOWW@CEIQ@HWQ,oiﬂiﬁélflf@t?&@,svﬁi‘i@ﬂgsf%l[rﬁ%?ﬁi@?
combinations of genot%ges that would protect from AMD. These are: (1)

rs641153(RBEG} B CIAHAPIS 06 g0 ey abinhianclptey &) pss 1 Busigposition

G/Ayanst 15 ABRLAQS 2teid3) rs4151667 (LOH) is T/A and rs1061170 is
CI'; (4) rs4151667 is T/A and rs1061170 is C/C. Application of this model

resulted i (e LR OB AL SHoWh 14" ergeo i ishHandwias Badhiinowhen 150;

combinedjgnhpitsiHespectively ahiese distributions were subjected to
Fisher's exact test and evidencedﬁ/alues of P =0.00237, P = 4.28 x 104

and P = .90 X #1653 198 ddmhpariive plpeseshichdmpiieottparecr H at position
gengraiegaratectiverpadahthat provided a -best fit" to the data using a
machine-learning method know as Genetic Algorithms. The resulting best
performing model is depicted in Fig. 2C. This model describes four
possible individual or combinations of genotypes that protect from AMD;
i.e., combinations resulting in the model being "true." These genotypes
are: (1) rs1048709 (R150R) is GIG and rs1061170 is C/C; or (2) rs547154
is C/A; or (3) rs4151667 is T/A; or (4) CFH intron 1 variant is dell I. The
model performance is shown in Fig. 2D for the lowa, Columbia, and
combined cohorts. These distributions evidenced p-values of P = 7.49 x
le, P =2.97 x 10-22 and P = L69 x 10-23, respectively. [0034] Figure 3
shows immunolocalization of BE (Fig. 3A); Ba (a fragment of the
full-length factor B) (Fig. 3B); and C3 (Fig. 3C) along the retinal pigment
epithelium (RPE)-choroid (CFI) complex in sections from an unfixed eye of
a 72 year old donor with early stage AMD. Anti-BE antibody (Quidel;
reaction product is red) labels drusen (D), particularly along their rims,
Bruch's membrane, and the choroidal strggma. Anti-Ba antibody (Quidel;
reaction product is purple) labels Bruch's membrane and RPE-associated
patches. Note that the distribution of BE is similar to that of C3. Brown
coloration in the RPE cytoplasm and choroid is due to melanin. Bruch's
membrane (BM); Retina (R). DETAILED DESCRIPTION [0035] Provided

herein are sequence polymorphisms that were discovered to confer a
nrotectivie effart anainet ane-related maciilar deadenearation (AMDY Theace



[00461 Array: An arrangement of molecules, particularly biological
macromolecules (such as polypeptides or nucleic acids) or cell or tissue
samples, in addressable locations on or in a substrate. A "microarray" is

an array that is miniaturized so as to require or be aided by microscopic
examination for evaluation or analysis. These arrays are sometimes called
DNREfibs, Brecganeraly dmeusifs: tHavigh AR teral ey ner@hether the

referigeta: asimisreT avseaTd the process of testing the gene patterns of
an individual is sometimes called microarra profilin@ DNA array

fabrication cMeriSesP ahtP dthd dhGrE/is2oafietinebiEamfasade tpforuoibprpition

differeftiieatures saghdielging DNA from a different human gene, but
some employing a solid-state chemistry to pattern as many as 780,000

individual feSirés T ObA A TIHE R dy cFRfolsbifBSPr8ataT e 9hhaRil jt position 9
possibie la:cang PUtadery large number of analyses on a sample at one
time. In certain example arraéys, one or more malecules (such as an

oligonuclédtitie FHoBe) it SEF 6rf BB andi < pidrdrgont inidd (such as

twice), fordnstange-do3pmvidesimeroalcantiolscl hemumbes 8 E or D at position
addressable locations on the array can vary, for example from a few (such

as the®) {1 AHBAR{ 508 flhst 100, at least 200, at least 250, at least

30Qu@t 1pasghadth StleashBesatieasihhR0Q, atdeastblMAy A Rcas blood
particular examples, an array includes nucleic acid molecules, such as

oliGBAURRSHER ENTRR SO LTSL ardSh RSSSISTE PUSIdORRRLHF IRRGHHT<OBAA
as kbeytdibaftl nacicalides be leagiRdsuch asaddersbl@ NYEQANIRS fvm a cell
Ieng_ﬂ_,k at‘igﬁast 21 nucleotides in length, or even at least 25 nucleotides in
Ienﬁé 95ERE example, the molecule includes oligonucleotides attached

to tine @yayivisthentboainse@ndh 0RdRIithinancareay deastv aitayrt a

sample is addressable, |n that its location can be reliably and consistentl
deteHIHeD RS ARt Mﬁ%@ﬁ&%ﬁﬁ@a&ﬂﬁ%ﬁ@f’e AR or
appbcatignioeatipRyqsan. aiiay €am bsdiunoet diffesepfeshRpes fgloms of disease,
example, g}he array can bg re‘%ularésuch as arrangllze)d [ uryg;orm rows and
coltfngy or TG MAF RIS raere t BPAYE THETb A iR SH s@wsam&%msen-

is assignstiio shigjsample pidha tiwiehwhesrntdsvapplieehto the anlgycandyebe

K be provided i t late each location with the =
o TAHAAE i PGB HELSBEI: OHAHC rBIGE ATtay S A1 gl i

in aasymineedtidatigridspadite n phaiti dasmplesedtldhecadiangaddh @ done on the
patternf, such as_igbgadially distributed I_it es, spiral klilnes orordered . . I such
cIURBH PR HFESEABI S B E Fet Aid B pLReR P KuRB A i e risk, suc
compntkvidan bephegianimadiacotelaiel enparticidasdbdideass onetheditional
array with informatjon about the sample at that position (such as. :
R b A Bl e R F YGtaf b2 S Bty et hs
sorhe gxapiplastof computer readable formats, the individual features in

the are arranged regularly, for instance in a Cartesian grid pattern, .
L o R e s R RS R T e it
colitemyplateckivareinf anenpriztede deasedi aray sthahere pherprabeedialed diesase in

are or include .proteins, or.where the target molecules are or jnclude
o e e R e
botmuoh, Geside aetrse (000} Bindimghdy stable bindingthamasseaiabizms or allelic

befyeen Wq sHisiances o m81!§°H's%Sdl§%%ﬁ‘u§% t!?&?%b”zdézﬁ“?é}%feﬁine
nucieic aCIdng eche to angt%er IiOI’ Itself) an t%e a§sc¥8|a Ion of an

antibgayuwlithtalge gtiden At oligonticleatide nyolecule hinds:os Statthptirdswn to
to a targethucleic acid molecule if a suffigiept amount. of the, WO

20 D L T A0 0O GE Shor bR S meleALIc o e
pais oriel ényblidizeet o ity hargdt naget csacio molephlentempermit

detection of that binding. Binding can be detected by any procedure

known to one skilled in the art, such as by physical or functional properties

of the target:oligonucleotide complex. For example, binding can be

detected functionally by determining whether binding has an observable

effect upon a biosynthetic process such as expression of a gene, DNA
replication, transcription, translation, and the like. [0051] Physical methods

of detecting the binding of complementary strands of nucleic acid
moleciilee inchiide biit are not limited to ci1ich methnde acec DNlace | Ar



[00671 For purposes of the present disclosure, "stringent conditions”
encompass conditions under which hybridization will only occur if there is
less than 25% mismatch between the hybridization molecule and the
target sequence. "Stringent conditions" may be broken down into
particular levels of stringency for more precise definition. Thus, as used

herein erate strn enc " conditi ns der which molecule
wit r%%f:?h nﬁ%f b S6qué c’earlﬁll(snfﬁg a|1|1 ?%ibn%i’z%w(%ﬁﬁ? &chg ids
"mepigm stingeacy!lale ﬂmaetmfdzeavghtqhmmmymlfnmm;tha@ the relevant

15% mis tch will no r|d|z condltl of' h| stringenc
tho %nﬁngl i 3t Icslélc{;uencteosflv%ﬁ thmorsthan S(SH |smafdh%§etfP§/8Pent the kit
hym@dtzmmgdnmaﬁ%eémmgﬁxsmemeyhémﬁbo&e under which
ith re than 1 % i atch will not hybridi The i
follwm is aﬁ)gigem%lar?/t%see 0 r%it%)lr?l Pg(ﬁnc%lnsdl onli(sqandi[l%rﬁ?% mgaah%ubjm at
to ectienitidgisWdoy Hﬁgﬁ@ﬂmgg:gney:l@ieiemslﬁeqdegmmamm hatBPEU include
el HBTRIBRIGURY RSC ALOBRI AR U Mashwee B SSCal

room temperatur utes each twic
for 2Gjmin L&elsieaf@lgdﬂtg hIBM m@&n:@pﬁdﬂ’teiclsaseqmmme&thai shianeo8fiism

Wa%tﬁﬁ}tﬂ\;ﬁgg gétsﬁg% g@fn t§es each ?%?che ](f @é\? $ T0in C2

55Qs7AC ﬁﬁiﬂwwﬁhﬁa@ &EOIH C@V(/l SBihyBsoy Qﬂﬁeﬂg@eqmezmeédtmahay include
sh n atlo 6x SSC at RT 1o for
A S e S e et
mikateroegtts (0069} lsdiateel OWndrswta!g@itSbfoiugmdi fefmgpda@zﬁt @quhnas where
a I 0, QL OF aneIIe s been ubst ntiall
o B R R B iy o
thesorgardsien @\ﬂﬂmhheth@)mmen@mﬁ@md@ou@swchIm@ﬁimed on a solid
chigl mal and extra-chromosomal DNA and RNA, proteins and
organelles. Nucleic acid molecules and proteins that have been "isolated"
ind08EShucldiv abidlmvetelberes ared proteins pufifiedebyistagdardject at increased
puriicatipnsmathods A\ie (M Alke. RTARCERME RIE AClL O ANES and
proteins prepared by recombinant expression in a host cell'as we
chehﬁ@anylg%ﬂ_ﬁ_esm Atiele etidbridietutesdatsprogeins:f@buohs to one or
LinBREASERUIRIHR (LB): ARG N0 IRARASIASTORIBIANOf AURIES BLNP e

or more loci, not necessarily on the same ¢ LD describe
sitiErisAirewRicmetThis e mbindeidis ]&$%1@elie§6r{@éﬁéiléméb&ér%¥bcedﬂf
MQre195 183y [TEgRAY 0 AoRUatiaR an M IT . SIRACIAIOB Aoy such
random formation of haplotypes from alléles based on thelr qguencies.
Thaisspaetse fradushey onbiewiepeectiotids allebss chpatdeefiihdritddting under
indepepdeatiinile eanencholibediishal'ale YN AV having a

frequency of the second allele. Alleles that co-occur at expected

frefflemeiedisie duidis Beem frlexga Blguliv theigdT ) IvosushiFmein CFE; (b)
DOEE'H(PH R 9&%&%}9%@'fxﬂﬁf"féﬁﬁ"(lk\fﬂ%%%%&nﬁ%ﬁ%ﬁ%ﬁﬁ%@f’f{

‘?71 Mutation: Any change of the DNA sequencé within a gene or
chi®8bonésifrsunie srisants, faatiranon winalesca chbedimlstigomwill
_"%%&BH{%Q%{Q P this s et alnaymihe.eass: JaRes el mwations
include base substitution point mutations (e.qg., transitions or
trﬁﬁ%%%%‘ﬁ‘é)‘, deletions, and insertions. Missense mutations are those
that introduce a different amino acid into the sequence of the encoded
protein; nonsense mutations are those that introduce a new stop codon. In
the case of insertions or deletions, mutations can be in-frame (not
changing the frame of the overall sequence) or frame shift mutations,
which may result in the misreading of a large number of codons (and often
leads to abnormal termination of the encoded' product due to the
presence of a stop codon in the alternative frame). [0073] This term
specifically encompasses variations that arise through somatic mutation,
for instance those that are found only in disease cells, but not
constitutionally, in a given individual. Examples of such
somatically-acquired variations include the point mutations that frequently

result in altered function of various genes that are involved in development
Nnf cancare Thic tarm alen encomnaccec DNA alteratinne that are nreacant



Primers can be annealed to a complementary target DNA strand by

nucleic acid hybridization to form a hybrid between the primer and the

target DNA strand, and then the primer extended along the target DNA
strand by a DNA polymerase enzyme. Primer pairs can be used for
wnplification of a nucleic acid sequence, for example, by thetROR @7 /0t
nucleic-acid amplification methods known in the art, as described below.
[0081] Methods for preparing and using nucleic acid probes and primers

are described, for example, in Sambrook er al. (ed.), Molecular Cloning: A
Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, NY, 1989; Ausubel et al. Short Protocols in
Molecular Biology, 4th ed., John Wiley (3z, Sons, Inc., 1999; and Innis

eta!, PCR Protocols, A Guide to Méth @’;ﬁ@)plications, Academic
pre&g},]ﬁic,,'Bm@ib@@al@mlﬂjggﬁci@mmjifmﬁﬁﬁmﬂﬁﬁﬁfﬂﬂiﬁ&ﬁﬁﬂlpﬁng sequence
deriued framsa KR WNREGHERCE | éQE:Q?&%ﬁ%QlSuQX H%'(%El%gﬂ (%the‘faﬁsl ga three

programs intended for that purpose such as Primer (Version
WhiTEREE FriStiRE 8 P Bt die Hr ridack EhF RarhBAdigenM Ay e Bnedbf each
ordinalyiskilldr¢hecactuilbiappresiatedhatifiespeeificiy.od & PafIAWR as

ro ' DErpases With, its; I Thus, in grder to obtain greater .
gpe%ﬁ‘figiétfi{g?c%gs%nd prlrr%&éc%%%g@%%%%éd t%zgt}i%%lllﬁ & JPARSE gpocssion
25,0557 HECTABCBHISFIGHE LBREEINE Friefeotiliesusianafgbt sequence
nudteotifiecsey dencesc {06823 Hampler Wsamplesehtainediioum.ahumanyy, he
or neRshmanameal subigct. As used herein, biological samples

inc g? zll sarrézles useful for genetic analysis in subjects, including, but

not limited o gettd NiQshisshd BodmShTag! huefS NE Wy deiivativeslable

2ndfﬁax§1bﬁ§ﬁf bfolbdlﬁsuchcasmumgwmma},; ﬁﬂ@@%&@@tﬁﬁﬂiﬁ? has an A or a
(o i \% ssue, .In tissues.that are, Tor .

exagr_l? ?Ie%ﬁ&%%%%éﬁg-%x%%?ﬁa?&%% %Hagntg%arl em E%’é‘lé Ktk E it

teats Mitk *5RIA'SRAPL EOSACE WA SHRrYE 2ERmet RepiriencearstyidepifoalR 32Q

fluith, Groetaie FamseUs; Do CatoRCASPralRs; Gk TealiMar ¢ervieal here R=A

swabs; veginahswahs; and oropharyngeal wash. [0083] Single Nucleotide

Pog ! phiéggw or SNP: A DNA sequence variation, occurring when a

single nticlS6LP A4 As hev i) redptogin: ) Dtglanineil®)e

in theoyeind¥iB iffels betywa®rzntembets Of theaspeciEmsAstusedierainan A or

theat@wn@%@deq%%%&qgmpj%ﬁﬁ] Iéégg §Hﬁké?ﬁ!ﬂ9§§e%‘g%§?§faeum

and polymorphisms. SNPs may fall ing sequences (
geﬁ‘eflsmofl}%g‘%‘lﬁéje%@gﬁgg Wé&’é‘"ﬁ&nwahe sequence provided for rs4151667 is
2062/0953185PCTYATSATDV(BUB69E AeiS TENPEOMIGTa GRS Shanasca o
thengedoR=-\shichrmay@imay gt change the amino acid in the protein
seﬁé"%'c?efe. gﬁl@rge( may constitute different alleles. The latter are .

calied slierit iors Al PRI e A ithedihl JBattT bitee vodebic
(caliey zhdv B isle Jsosaiord).(D0BAkSisbjebtnt-Huyna R G0W. NONsTBNPAES a G or a
Manamalsi{sHeh RS VRICHRFNY fHbiaes) orddentifying a Subje

at Increased Rt o WD [0085] Mgﬁé&%ea%o%%%idﬂegf %?féu( ok ‘?ﬁé‘iﬁgrﬁ”
suBJect at increased risk of developing age-related macular degeneration
(AN GHESE- RSO ASINEIGICAGRIRATE (he sultjenttB5factoCBEBE CC where
and/Rrecempleseepiisampenent 2 (C2) genes, and determining whether

th jec t least one protective polymorphism, wherein the

pri@%ﬁ/e %%?;r%rllgé:srﬁl]g‘%%faﬁt%%r‘ﬁmlﬁ?é BUPEeHERTRR e r ) IRdeQ

in BRYESSACEIZ)N gty OBP{EE51668): 0)rVS ADd#. G2 SSAMEA C or a
an £):EAEI0 {2V IHAUH0S HDIRY 0008 PALARME AL4BS20E
pr’glfetgdtlvig Egé}lngor hism, the subject is at increased risk Tor developlng

AND “THe SRR IR RITRRHRA Jd8 Al Arfoetie - stbfesrs @ prsndsd for
or'8t3pdth8ridesired gene. As described herein, the delTT polymorphism

in the CF-I gene has been identified as being protective for AMD. [0086]

The methods may also include anahézing the subject's genotype at either

the BF or C2 locus and at the CF/i locus, and determining if the subject

has at least one protective genotype selected from the group consisting

of: a) heterozygous for the R32Q polymorphism in BE (rs641153); b)

heterozygous for the L9H polymorphism in BF (rs4151667); c)
heatarozvianiice for the IN/< 10 nolvvmornhierm in C2 (reBA7154) A)



The fragments which have shifted mobility on SSCP gels are then
sequenced to determine the exact nature of the DNA sequence variation.
[0095] Direct DNA sequencing, either manual sequencing or automated
fluorescent sequencing can detedt sequence variation. [0096] The
wetawtigpsofsspecific alleles may also be performed using Tagpoenesases
(Holland el of. (1991) Proc. Nod. Acad. Sci. U.S.A. 88:7276-80; Lee et at
(1999) J. 11401, Blot 285:73-83). This is based on the fact that Taq
polymerase does not possess a proofreading 3' to 5' exonuclease activity,
but possesses a 5' to 3' exonuclease activity. This assay involves the use
of two conventional PCR primers (forward and reverse), which are specific
for thg(tﬁ{%et sequence, and a third primer, designed to bind specifically to
a sifes é*f‘a?&&%%‘&&e%@ ASHALEENRST TRENBRAGHE PREETBIRAING ATGCC
site AThieethiRlipmeGis(geqQenallydadeled with two fluorophores, a reporter
dyergdihe 5: haying, %if rel ission
Waeéeér?géh e S B ST B e

alsOCAPRBIE BIstking e il st e Getaditmancio 6686) sEhhaNtFoannot A or
g{lgﬁlﬁmmm pMiBN@éSMMH&%JS'D%\I%HH 'Tg!i%@ﬂfggde@g@&gﬂ[f]setﬂgaani no acid
alel\V ; n w [ strand primed by the forwar
R LA T i A
exﬁﬁ&@&%%ﬂ%&é@é@ﬁéﬁ GEGEERI(BE M PRECARNGASGEATCTGT
ends Fhererdisesuli ¢ ¢satghgnasesnt DNA strand extends beyond the
thirghgsimer Qinding.site .and the reporter uencher dyes are no longer
bou?gd ttgj| th%?%%ﬁ?é%ﬁ%&%gﬁﬁ% lrféep%gr@:rg)fgy NSy & HesEthel Ne del TT
quETTCHEP RIS THS Pttt iHerddetipnraplormer @issidheintensitpraaydoe
det&dtews{0097] A polymorphism may be identified using one or more
hyhrigigatienR | dizewith the.particular
polymorphism ?ﬁeﬁg gg%g@%@ﬁ%&%ﬁ%d for hyé#bl” AtighCAAAGGCCC
detiﬁ%ﬁ%ﬁd&?%%ﬁ‘%@h@éme way labeled so as to enable
dete6tiorCs? BycaRsShhybridizationeventsFhissmay be achieved by in

i 2 ’ . ot i th b
E‘J% ié?iZ*a‘*c'?%%g}e’ﬁﬂqﬁb‘ﬁ?éﬁ%&%ﬁﬁé%%%?%ﬁy@%%%% R S sion
wh

imer ex?é‘nsion, in
Hdre R SR 8 sheinss b SAE i hipiatePiop e 0sirifHesis of latdeledough

copisss Cthdrstan daxd etheds f lakeling probes 388SIpdetest or a T ar

hybyidizatien 198 KHQM@&Q&?&%@Q%@ nljglé‘?%a%gj C%gglg gg%fag%g'ating # Y402H

fragm,ents up to about 2 kb in lengt ( _
dete By By RKERitSf e AFAROHEETHE YN AR Qi eelR mutanthbrmat.
hetBrodeplexespieaideraimpia 0a strand DN AQGACMOING ReC A A AATR
polymaephisof irtarest] iQlabele ne end and i idized
Wlt&&ﬁél\’%%%% fthe sugigc?%%ﬂa. The éf&%ﬁéﬁi%%&ﬁm@@ﬂg&
treated wi 38&%813 IR D6 SHRPR fBaaeciiet rroifies Ay CSarR)

C SHFT sraspetivelyoird miswmatcredisimglesstrander segiensytheqegqaley
motiifiesf baokbone is:susceptible: tadlervage by-piperding aFh6ige yuprspy
sherterved fabeteddragmentis detested iy gel lectipphoresis and;: 1vgaq
a;ﬂ@m_ '@@fﬂpméidasx;mearri?mM%%Nﬁﬁ%@%d@ﬁ%%&@l{%rmwe
of interest.. [ e hybridized nucleic acid duplexes in
whictl%r]t %Ltv[\%) gt%%%%g?é%mg? %60/%%:0m&g(rjnlgﬁtgry.llf_’acﬁfé"]gf‘é‘té‘fc“n1l““’k"
homéfogy may Be dlidRE dEI-TISHE s SRS Five rsionedr Sulrstimtions.a
MiSTHATEH Rt CHirr edn be iéd B de e e peifp utditforsdhithe getearxe

in SRR provfucteaWhilecfiredés deenniyfiesdre e s sseairsitive tham s1cgn
seftEHdat thdyaresitmpler tospelornrar eviarge nurmbe: of,Samples 1A
exepAple &f misrateh:cle avage: leehniguesis e RNASERIEGHOP: ¢1pet
methoaaThis methoddmvolvesthewuse of alabeled rbaprehe Whish is....a.
comvplementary;ie-onevariation.of the pelwmarphisybeing.detected, .
(generally the polymorphism not associated with protection from AI\/?D).
The riboprobe and either mRNA or QNA isolated from the subject are
annealed (hybridized) together and subsequently digested with the
enzyme RNase A which is able to detect some mismatches in a duplex
RNA structure. If a mismatch is detected by RNase A, it cleaves at the site

of the mismatch. Thus, when the annealed RNA preparation is separated
nn an electronhoretic aoal matriv if 2 miecmatech hace heen detected and




103171 Any nucleic acid amplification method can be used. In one
specific, non-limiting example, polymerase chain reaction (PCR) is used to
amplify the nucleic acid sequences associated with AMD. Other
exemplary methods include, but are not limited to, RT-PCR and
wanscripiasmediated amplification (TMA), cloning, polymearasesheirnescss
reaction of specific alleles (PASA), ligase chain reaction, and nested
polymerase chain reaction. 101181 A pair of primers may be utilized in the
amplification reaction. One or both of the primers can be labeled, for
example with a detectable radiolabel, fluorophore, or biotin molecule. The
pair of primers may include an upstream primer (which binds 5' to the
downstream primer) and a downstream primer (which binds 3' to the
upstrE&RT PHIM T FRd pal OF FriErusedTh e AmplificAliBm Féattion
malfBieedelEgtile Phmérshahichpertmit Bnplification et quanaleicinoid & 32Q:

invebed in AN 1D £0139] Anpdditienal @eﬁqefseemegs&ﬁ@&m%%mey
the.agplifigapondeaction asan iteqag! contral £or example. these orapy

prijgrscan e Used (o I keepin QudElch.gld mofecufe
anqq}gegggv provid tclo%{%:r%g%ﬁqqg?%s%r%ﬁate gm%ﬁ%aﬂ S 1T ARoHher

example, a far et nucleic acid molecule Including privar HSTdiZga6ne s e
sité< CapeEo %ﬁﬁf&‘é’ﬁ”éﬁd“ﬁ(ﬂﬁe‘éﬂ“fﬁ e dArmifcdtionTiartdrsOneigkkv
skiltfsRecarewily readilsib evables ta dde ntifyprinagrmpai SUoISRIVE @fin tkkaly
internatreemtrd| prinversa {01201 Amplificationgeroducts: maybe Assayed:ipre
a variety:ofwaysineluding size:aaalysisyeesiistion digestion followad by,
Sizev&maj@!ﬁia}/ d@l@ﬁnﬁ@:s@e@iﬂﬁéﬁm W?pt@ﬁ PJHQ%§ I&]dgl%s ikvs
rea@mme@e@&ﬂ@eﬁpeﬁgﬁ%g}%%9@}%%&% pridization, . oo
seqyencing.pypridizalon. EMF beaie- 1952l B R 0aseC, ete%’{ scevas

as e ex ampli catlon ofa Iura fymor hsr S
swﬁgﬁgﬁggm c%%e})%cangpleng is wall knpovE\)/nl ﬁ¥ ?r%%o Sigtt e visve

2007/09518 GO5BYETBER BIMIERSTS goAtrdfEpER Mo 20)
pradi&7 e 4B A: é\’/énamrﬁhﬁfétaﬁ&anwaﬁmyzeeesmmtmﬁ@@smq
Altesriativelr-it isygodsible tosamplify=differentpelysmerphisms-with primers,
that-ares tifferentially Jabeledhandibys can.cach-be detgetachrOthes wprapy
techniguies- aredmowi iy the-aitdg-aliow. muitiplex.analyses,of a plyrality.of
polymeiphisfs.A-fragmentet a.genemay, be, amplified o produce eopies,
angLit &UQXe%S qjetpegrénqu Whem‘eg copies of the fragment contain the
particular protectiv orphish or gendtypas CompIathanttactsr |t ieky
07131V} Bi}é‘ﬁ]]‘T’heagﬁ%]gé’f’f&vﬁﬁﬁﬁfeﬁaﬁﬁvdﬁr‘e‘rﬂo%ﬁlﬁ%dfﬂ‘Fﬁ‘ia‘sﬂégréﬁalq
repeatetly k8 s AR it fiiE b dd-stadies FRecErty thrdgkdrknpre
indepaigeiftsitifisshade re\edisdhtataiolyimerphismt afi€ esgslslegn
substitéitiohat Muoteatides1 277birkekon Oywulicteresults-aiyrosineitehsikvs
histidirlerehahge (Y202h) ins-thie-eoniplementfactar Hgeneyaakes gi cipct
substartiak bonitibtiigite AMB-suseaplibiliy-(deinetal-(200phaciencs: . .
308,385y BRY; bk&ﬂﬁ&ﬁkﬁtl(%)sw@Eﬂeéggd‘é%ggﬁglwﬁ@\é@r%@&%swg

(20@@&%%%%%5%)1&@%&Swﬂégﬁ@gt&rtggfngs tiag fz% )
pwesn, 3.3 and 4.6 fo&garrlers of the C allele and

be ween 3 3"and 7.4 fbrlfgmoren%nznmo YNBSS iy U ddERtion
wa§%on‘ﬁrﬁ?ed%y%%?ﬁe?%‘iﬁﬂ‘?@é"(ia?%ﬁ %‘f%lw"tm@]s’)% cpaftimspa
GERBE 7 7oA 832 FrEQEnar BPHE (R 0B5) Proet Natr PaathvS cinth S:edg
102- o R T2B 2y HrEr@ost Udy cdevestothrerg o mon :SNPS sveresfoupe-ten
bel assoeiated with AV inadditign i thesY402khpebsrnarphisMnpt gkt kes
(Hegemarzet alr(2005)1RreeqNatbread SekAd:$. A 102 £ 227 V232t £as
[0iﬁegmawvisea&el&agmna&yeiﬁa%wa@ﬁg@&&h%ea%@}{wy@mympﬁw%%
wemwém&ﬂﬁewrlu@%@m epmmge 3 -Uslelhaplotype with.a,,

setafthesepolymarphisms were detected.in p0% fcasegm\égrsusgéQ% of
controls [012=2.46, 95% CIXJ. 9531 11)1. Honaozygotes or this ha ofyﬁe

were found in 24.2% of cases and 8 3% of the controls. Also two common
protective haplotypes were found i 34% of controls and 18% of cases
IOR=0.48, 95% CI (0.33-0.69)1 and [OR=0.54, 95% CI (0.33-0.69)].

Fodor B and Complement Component 2 [0124] Activation of the

alternative pathwaly is initiated by factor D-catalyzed cleavage of
C2Ah-boirind factor B (REY recriiltina in the formatinn of the C22eh ~romnlay



such as an oligonucieotide thereto; amenability to "in situ” synthesis of
biomolecules; being chemically inert such that at the areas on the support
not occupied by the oligonucleotides are not amenable to non-specific
binding, or when non-specific binding occurs, such materials can be
wandily vesmsved from the surface without removing the olig@naaiéatidesicos
[01391 In one example, the surface treatment is amine-containing silane
derivatives. Attachment of nucleic acids loan amine surface occurs via
interactions between negatively charged phosphate groups on the DNA
backbone and positively charged amino groups (Schena, Microarray
Analysis. JOhn Wiley & Sons, Inc, Hoboken, New Jersey, 2003, herein
inc%rpto,ratgd by reference). In another example, reactive aldehyde groups
are USedBs LurfAEE HESHR SRt MEReh mERE I thedl detvab ssndaketisickavi
achf&Ped b5 ther4aHifSHGY Stamine grotiyor Emiro dinkertothe DNAGS st
intefE8E BRI GoteEUrs whe thenionborming: etectronsgai ortheraming v«
linkésrHctssagea friciebphile that attacks theejectigpasitive gashomatem.pf -
the 'atdeiwdie group@140]Awida variety qkasray fesnats can be
empioyoyl3n @oeoriance IR DIBRERLHSHRPULG, QN SAMAIE o
mcl&c}_fecg1 %Ikg%a[ zirray of oligonucleotide bands, generaﬁfy referred to in '
the art as a dipsfick. Another suitable format includes a two-dimensional
pattBRI B s IENEBII¢ (boets te 2036 Byjinares dray bchby GABTIRY AR
appaniatedNey: these skilled in the art, other array formats including, but
not,limj slot (rectangular) and circular arrays are equally suitable for
use{@@%% i%dg fﬁoﬁ%@}%ﬁaﬁ&%@?@w REBSEraRSE byt PetdPectaydnis
ondB@MpRCHélarray is formed on a polymer medium, which is a thread,
membrane or film. An example of an organic polymer medium is a

polypropylene sheet ' hickness on the order of about 1 'rnm
(0.001 inch) to aboul%%/ #ﬂ@ﬁé&ﬁf@ﬁ?&(ﬁé@g BHHERER is not

critt®8Pahd arrbd Vanidikover anthiviplbroadaranges Pratticsiarlyidiselased>. The
for geFparation okakays.at thisdmeare.biagially.or prapylene., ;
(BqeR) fims; igsiggit%nito their.dura%éllity, BQF’% filrﬁggg%ﬁﬁﬁ%\/\%{f&] atos
background IR RIG AR PaEHR IS eRhinpicatfs Hrayiand sefitfols (CON).
phddé RfferdsisaiiciOtigon fetdiice® (3839 base donlitioin agiebasrse). The

[014tEdhe @mapiompaisHdogpiesentlisclosuacaplg ncluded ina o 1)
var(lﬁpy]ﬂf Al JS!%Q;E %Eeﬁl% é wts. A "tormat” includes any format Yo
which the solid SUppoit can %e affixed ,a&j%]ﬁ A firverstivet g%%%}iééf\@l
tubRESEHNE Aic AhE 48 28 pedi SRS Bard thesi dik SR b X6, shenitige on
tsr?mﬁmgm@ww@?ﬁ%ﬁ%&NSR@]B@M%Q%Eq’%'e on

r | a plastic dipstick-type device; polypropylene -
me?mbraa(rﬁzg’can Se)ﬁ %?ﬁx%eegr% B ges%cé) | 33."¥ha§ BEARR PP SRR IE R afgants
of &I Giln SSrRIHt e raans pesedsEy kathatth 206K Gapportiean biel 176-
affsded thereto without affecting the functional behavior of the solid support

Or A%RHIONY bed thereon, and that the format (such_as the
dip@gckﬁor sl%ﬁésﬁs%ﬁec% éﬁ?eﬁﬁfiénﬁéﬁgi oA R NE G Tidhvigual SNP

intF BB REERE e Ui B LM ReS R iy isrih ST sl ntives)a {02 4R} dual
Theecamaye:bping prasermdisciantse, aarhgRRPRLRAILY. NATSHOL. Fig 24

a xam le, oli onue\l,%?ti e Oor protein sequences are
ssgg{ﬁeggsiggzoégp%ap? tlzfléy’ ann%irr[jﬁ%tﬁ%a??a%heg oa gé) ROSEippOTt (gbeny & genotypes

P AT RB PP T BOHANIR- iftsorstdd) by trEferariBSR @) anathend
exanijolel BequEnces ae B8 sized dikecHy aHQhes SYRPRHR PIOVIdE s 1667

th [ r P t No. 5,554,501, herein incaorporated by
re%?g?cgg)%%u%b%ﬁ%{ﬁ%ésa%?%o%glresﬁfléggé)ﬁi fé%ﬁﬁ%ﬁﬂ&&‘[m &ffd:
profiHEHes ehifissupportanbisitirectiysywicesiding the Fig. 2B for the Towa,
ofigonugieotisibs ot proteioh RRIQdR SURPAIt R KBRWR 1A JROSR WAKING .d o
in the field; a summary of suitable methods can be found in Matson clot
(1994) Anal. Riochem. 217:306-10, Ign one example, the oligonucleotides

are synthesized onto the support using conventional chemical techniques

for preparing oligonucleotides on solid supports (such as see PCT

Publication Nos. WO 85/01051 and WO 89/10977, or U.S. Patent No.
5,554,501, each of which are herein incorporated by reference). [0143] A

crnitahle arravy can he nrodiiced 1rieinAa artomated meanc tn evntheci7e



[0160] The kit may involve the use of a number of assay formats including
those involving nucleic acid binding, such binding to filters, beads, or
microtiter plates and the like. Techniques may include dot blots, RNA
blots, DNA blots, PCR, REEF, and the like [01611 Microarray-based kits
Vabe@lizovpreivided. These microarray kits may be of use in geAGHRMG03696
analyses. In general, these kits include one or more oligonucleotides
provided immobilized on a substrate, for example at an addressable
location. The kit also includes instructions, usually written instructions, to
assist the user in probing the array. Such instructions can optionally be
provided on a computer readable medium [0162] Kits may additionally
include one or more buffers for use during assay of the provided array.
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stripg ney wash, and/or a stripping solution. These buffers may b
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woyld be tailored to the size and style of array included in the kit. Certain
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mixt%fs_of antibodies, mixtures of probes, or mixtures of the antibodies
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amount, depending far instance on the.markef to which the product is,
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are, uror\l/,l_ded in.one 1e,specific.probes provided will be tailored to the
marEeCi and the ?&%@%} r%bnﬁl{ﬁ?n certain emboélji\ments, a plurality of
different control probes will be provided in a single kit, each control probe

being from a different type ofrspasiran fodap-ancagsociated array (for
exqgnils. A lhaLpvides.hoh cukarvens and Arokaniog SPECImES onrer
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atgelbln upresaenhiag, elf . AIOELE WSS are proyed for the
labeling of probe molécu es for Use ih assa ng arrays provided herein.

Such kits may optionally include an array to be assayed by the so labeled
probe molecules. [0167] The disclosure is illustrated by the following
non-limiting Examples. EXAMPLES Example I. Materials and Methods
10168] Subjects: Two independent groups of AMD cases and

age-matched controls of European-American descent over the age of 60

were used in this study. These groups consisted of 350 unrelated subjects
with clinically documented AMD (mean age 79.5 +/- 7.8) and 114

unrelated, control individuals (mean age 78.4 +/- 7.4; matched by age and

ethnicity) from the University of lowa, and 548 unrelated subjects with
clinicallyy dAociimented AMD (mean ane 71 22 +/- Q Q vearel and 2758



learning method called Genetic Algorithms; i.e., we tested the hypothesis
that the machine-learning software can outperform the hand-built model.
Models were learned on the Columbia cohort; the resulting fittest models
were retained and then applied to the lowa cohort as a verification test
wouwoteample verification) on an independent cohort. Finalty;ithézmodeisrs
were applied to the combined sample set. The resulting best performing
model is depicted in Fig. 2C. This model describes four possible individual
(or combinations of) genotypes that would protect from AMD (i.e.
combinations resulting in the model being "true™). The model performance
is shown in Fig. 2D for the lowa, Columbia, and combined cohorts,
spectively. These distributions were subjected to significance testing by
FistéMS exact test and evidenced p-values of P=7.49X10-5,
PE2F6X 1OFRR faiidvAng SPK10RB ;s rd3psutively niEhedethgodov@s dudthener
vaaa%%hxgogmgm&'&%m?ecmq&lgm@%% AeSIgRAIONS A% e art in the

performing 3000 permutations of the dataset. The actual data was more
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35%, respectively) to the C211317 locus. The machine-learned model .
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producing similar trees as did the Genetic Algoiithm analysis. Usmg the
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all consistent with the 35-40% estimated contribution of the C2/BF locus

froth e GERBHE S5SHRT 2Ry sid PRt B eae R P TRdes are
métheds andshetificanalysdsidrebpriowided.in the Example 2. [0183] BF
an@éigiare gxpresseaindhemgubisting. RREANM LAUQIM PR onventional

amplicons of the appropriate sizes for BF and szﬁene products were
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The distribution of BE is similar to that of C3 (Fig. 3C), both of which are
essentially identical to that of Ml and C5b-9 (liageman et al., 2005, supra).
[OI®Fh stamralytahasecdlan dizsnetiasiovariantsdivelcomplémertterein the light
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and Koskimies (1991) Immunogenetics 34:242-6). The same study did not
document a functional effect for the1I$32W variant, which was not
associated with AMD in the current study. Based on these data, we
suggest that an activator with reduced enzymatic activity provides a lower
risk for chronic complement response that can lead to drusen formation

and AMID. This hypothesis is compatible with our previous proposal that
inctifficient inhihitinn of the alternativve comnlement fcracecade diie to



6/368 23/546 2 ¢.94 C>T R32W 109/1096 52/546 20/18 37/368 55/550
€.95 G>A R32Q Y135Y 4411096 1/184- 21/546 1/184 4/182 19/368
61/550 0/184 c.405 C>T c.504 G>A P168P 4/184 4/184

WO 2007/695183 PCT/US2087/003696

retina. The classic leston in dry macular degeneration is geographic atrophy. Ten to
fifteen percent of cases involve the growth of abnormal biood vessels under the retina.
These cases are called “wetl” macular degeneration due to the leakage of blood and
other fluid [rom behind the reting into the eye. 'Wet macular degeneration usually
begins as the dry form. if allowed to continue without treatment it usually completely
destroys the macular structure and function. Choroidal neovascularization is the
development of abnormal blood vessels beneath the retinal pigment epithefium (RPE)
layer of the retina.

[00407 Medical, photodynamic, laser photocoagulation and laser treatment of wet
macular degeneration are available. Risk factors for AMD include aging, smoking,
family history, exposure to sunlight especially blue Light, hypertension, cardiovascular
risk factors such as high cholesterol and obesity, high fat intake, oxidative stress, and
race.

[004]1] AMD is an example of a disease characterized by alternative complement
cascade disreguiation, which also includes membrane proliferative glomerulonephritis
{MPGN) and a predisposition to develop aortic aneurism. Methods described herein
for detection or increased risk of developing AMD may aiso be used to detect
increased risk for other diseases characterized by alternative complement cascade
disregulation (e.g., MPGN).

f0042] Allele: Any one of a number of viable DNA codings of the same gene
{sometimes the term refers {0 4 non-gene sequence} occupying a given locus
{position) on a chromosome. An individual's genotype for that gene will be the set of
alleles it happens to possess. In an organism which has two copies of each of its
chromosomes (a diploid organism), twa alleles make up the individual's genotype. In
a diploid organism, when the two copies of the gene are identical - that is, have the
same allele ~ they are said to be homozygous for that gene. A diploid organism which
has two different alleles of the gene is said to be heterozygous.

[0043] As used herein, the process of “detecting alleles™ may be referred to as
“genotyping, determining or identifying an aliele or polymorphism,” or any similar
phrase. The allele actually detected will be manifest in the genomic DNA of a
subject, but may also be detectable from RNA or protein sequences transcribed or

translated from this region.
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6/184 4 ¢.600 C>T 52005 0/184 0/184 11111111111111111111111111a
2/184 6/184 5 ¢.673 C>T Y252Y G2525 2/184 7/184 21184 7/184 c.754
G>A c_897+17C>A 2/184 2/184 1/184

WO 2007/093185 PCT/US2007/003696

n

{0044] Amplification: The use of a technique that increases the number of copies of
a nucleic acid molecule in a sample. An example of in virro amplification is the
polymerase chain reaction (PCR), in which a biological sample obtained from a
subject is contacted with a pair of oligonucieotide primers, under conditions that
allow for hybridization of the primers to a nucleic acid molecule in the sample. The
primers are extended under svitable conditions, dissociated fron the template, and
then re-annealed, extended, and dissociated to amplify the number of copies of the
nucieic acid molecule. The product of amplification can be characterized by such
techniques as electrophoresis, restriction endonuclease cleavage patterns,
oligonucleotide hybridization or ligation, and/or nucleic acid sequencing.

[0045] Other examples of amplification methods include strand displacement
amplification, as disclosed in U.8. Patent No. 5,744,311, tanscription-free isothermal
amplification, as disclosed in U.S. Patent No. 6,033,881; repair chain reaction
amplification, as disclosed in PCT Publication No. WO 90/01069; ligase chain
reaction ampiification, as disclosed in EP-A-320,308; gap filling ligase chain reaction
amplification, as disclosed in U.S. Patent No. 5,427,930; and NASBA™ RNA
transcription-free amplification, as disclosed in U.S. Patent No. 6,025,134, An
amplification method can be modified, including for example by additional steps or
coupling the amplification with another protocol.

{0046] Array: An amangement of molecules, particularly biological
macromolecules (such as polypeptides or nucleic acids) or cell or tissue samples, in
addressable locations on or in a substrate. A “‘microarray” is an array that is
miniaturized 5o as to require or be aided by microscopic examination for evaluation or
analysis. These arrays are sometimes called DNA chips, or - generally - biochips;
thotigh more formally they are referred to as microarrays, and the process of testing
the gene patterns of an individual is sometimes called microarray profiling. DNA
array fabrication chemistry and structure is varied, typically made up of 400,000
different features, each holding DNA from a different human gene, but some
employing a solid-state chemistry to pattern as many as 780,000 individual features.
[6047] The array of molecules (“features™) makes it possible to carry out a very
farge number of analyses on a sample at one time. In certain example arrays, one or

more motecules (such as an cligonucleotide probe) will occur on the array a plurality
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€.1137 C>T R3791R 1/184 11184 01184 c.1169-35T>A 1/184 1/184
0/184 12 ¢.1598 A>G K533R 3/184 3/184 9/184 14 ¢.1693 A>G K565E
9/182 9/182 4/184 14 ¢.1697 A>C E566A 91182 9/182

WO 2007/095185 PCT/US2007/003696

of times (such as twice), for instance 10 provide internal controls. The number of
addressable locations on the array can vary, for example from a few (such as three) 1o
al least 530, at least 100, at least 200, at leass 250, at least 300, at jeast 500, at least
600, at teast 1000, at least 10,000, or more. In particular examples, an array mcludes
nucleic acid molecules, such as oligonucieotide sequences that are at least 15
nucieotides in length, such as about 15-40 nucleotides in Iength, such as at least 18
nucieotides in length, at least 21 nucleotides in length, or even at least 25 nucleotides
in length, In one example, the molecule includes oligonucleotides attached to the
array via their 5~ or 3"-end.

[GG48] Within an array, each arrayed sampie is addressable, in that its location can
be reliably and consistently determined within the at least two dimensions of the
array. The feature application location on an array can assume different shapes., For
example, the array can be regular (such as arranged in uniform rows and columns) or
irregular. Thus, in ordered arrays the location of each sample is assigned to the
sample at the time when it is applied 1o the array, and a key may be provided in order
to correlate each location with the appropriate target or feature position. Uften,
ordered arrays are arranged in a symmetrical grid pattern, but samples could be
arranged in other patterns (such as in radially distributed lines, spiral lines, or ordered
clusters). Addressable arrays vsuoally are computer readable, in that a computer can
be programmed to correlate a particular address on the array with information about
the sample at that position (such as hybridization or binding data, inciuding for
instance signal intensity). In some examples of computer readable formats, the
individual features in the array are arranged regularly, for instance in a Cartesian grid
pattern, which can be correlated to address information by a computer.

(0049}  Also contemplated herein are protein-based arrays, where the probe
molecules are or include proteins, or where the target molecules are or include
proteins, and arrays including nucleic acids to which proteins/peptides are bound, or
vice versa.

{005¢] Binding or stable binding: An association between (wo substances or
molecules, such as the hybridization of one nucleic acid molecule to another (or itself)
and the association of an antibody with a peptide. An oligonucleotide molecule binds

or stably binds to a target nucleic acid moleenle if a sufficient amount of the
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4/184 15 ¢.1856-14C>T 13/182 3/182 21/184 15 ¢.1933 G>A V6451
1/182 1/182 0/184 18 c.'23 C>T 4/182 4/182 7/182 WO
20071095185PCT/US2007/003696 Table 2, Association analysis of
C2/BP variants in combined Columbia and lowa cohorts Gene dbSNP#
wocatiomwstBases # Controls X2 PCT/US2007/003696

oligonucleotide molecule forms base pairs or is hybridized to its target nucleic acid
molecule, to permit detection of that binding. Binding can be detected by any
procedure known to one skilled in the art, such as by physical or functional properties
of the turget:oligonucleotide complex. For example, binding can be detected
functionally by determining whether binding has an observable effect upon a
biosynthetic process such as expression of a gene, DNA replication, iranscription,
translation, and the like.

[0051] Physical methods of detecting the binding of complementary strands of
nucleic acid molecules, include but are not limited to, such methods as DNase 1 or
chemical footprinting, gel shift and affinity cleavage assays, Northern blotting, dot
blotting and light absorption detection procedures. For example, one method involves
observing a change in light absorption of a solution containing an oligonucleotide (or
an analog) and a target nucleic acid at 220 to 300 nm as the temperature is slowly
increased. If the oligonucleotide or analog has bound to its target, there is a sudden
increase in absorption at a characteristic temperature as the oligonucleotide (or
analog) and target disassociate from each other, or melt. In another example, the
method involves detecting a signal, such as a detectable label, present on one or both
complementary strands.

{0052] The binding between an oligomer and its target nucleic acid is frequently
characterized by the temperature (Ty,) at which 50% of the oligomer is melted from its
target. A higher (T,,) means a stronger or more stable complex relative to a complex
with a lower (T),).

[0053] Complement component 2 {C2): Part of the classical pathway of the
compiement system. Activated C1 cleaves C2 into C2a and C2b. C2a leads to
activation of C3. Deficiency of C2 has been reported to be associated with certain
antoimmune diseases, including systemic lupus erythematosus, Henoch-Schonlein
purpura, or polymyositis. C2 is a member of EC 3.4.21.43. Tt is also known as
classical-complement-pathway C3/C5 convertase.

{0034] Complement Factor H: Otherwise known as beta-1H; a serum glycoprotein
that controls the function of the alternative complement pathway and acts as a
cofactor with factor I (C3b inactivator). Il regulates the activity of the C3 convertases

such as C4b2a.



P OR 95%CI 02 rs9332739 E31BD 897 381 21.2 4.14E-06 0.36 0.23-0.56
C2rs547154 IVS 10 894 382 28.7 8.45E-08 0.44 0.33-0.60 BF rs4151667
L9H 903 383 21.3 3.93E-06 0.36 0.23-0.56 BE rs641153 1R320 551 269
33.7 6.43E-09

WO 2007/095185 PCT/USZONT/003696

{00551 Complementarity and percentage complementarity: Molecules with
compiementary nucleic acids form a stable duplex or triplex when the strands bind,
(hybridize), to each other by forming Watson-Crick, Hoogsteen or reverse Hoogsteen
" base pairs. Stable binding occurs when an oligonucleotide molecule remains
detectably bound to a target nucleic acid sequence under the required conditions.
(00561 Complementarity is the degree to which bases in one nucieic acid strand
base pair with the bases in a second nucleic acid strand. Complementarity is
conveniently described by percentage, that is, the proportion of nucleotides that form
base pairs between two strands or within a specific region or domain of two strands.
For example, if 1O nucleotides of a 13-nucleotide oligonucleotide form base pairs
with a targeted region of a DNA molecule, that oligonucieotide is said to have 66.67%
complementarity to the region of DNA targeted.
{0057} In the present disclosure, "sufficient complementarity” means that a
sufficient number of base pairs exist belween an oligonucleotide molecule and a target
nucleic acid sequence (such as a CFH, BF or C2 sequence) (o achieve detectable
binding. When expressed or measured by percentage of base pairs formed, the
percentage complementarity that fulfills this goal can range from as linle as about
50% complementarity to full (100%) complementary. In general, sufficient
complernentarity is at least about 50%, for example at least about 75%
complementarity, at least about 90% complementarity, at least about 95%
complementarity, at least about 98% complementarity, or even at least about 1060%
complementarity.
[0058} A thorough weatment of the gualitative and quantitative considerations
involved in establishing binding counditions that allow one skilled in the art to design
appropriate oligonucleotides for use under the desired conditions is provided by Beltz
et al. (1983) Methods Enzymol 100:266-285; and by Sambrook et al. (ed.),
Motecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989.
{0059] DNA (deoxyribonucleic acid). A long chain polymer which includes the
genetic material of most living organisms (some viruses have genes jnciuding
ribonucleic acid, RNA). The repeating units in DNA polymers are four different

nucleotides, each of which includes one of the four bases (adenine, guanine, cytosine
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0.32 0.21-0.48 BF rs1048709 R150R 892 381 0.12 NS BE rs4151659
K565E 902 384 1.1 NS OF rs2072633 IVS 17 893 379 4.05 0.044 0.84
0.70-0.99 Example 2. Exemplar Statistical Methods - [0188] Sapio

Sciences collaborated with the NCI to analyze genotyping data. The NCI
vpoamiieds18360 total samples with 10 bi-allelic SNP's gcnotypadistie/ datas
was presented to Sapio with numeric representations of alleles. A script

was written to convert the data to Exemplar-friendly format, by converting

the alleles to genotype numeric representations ("l 1" became "I" for AA, "I

2" became "2" for AD and "2 2" became "3" for 313, "00" was a nocall and
was converted to "0") and to dedup the samples. The phenotype was
age-related macular degeneration (AMD). There were several subclasses
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phenotypes. [0189] Sapio Sciences utilized its Exemplar Genotyping
e VU e S e R s
assoiatioreased ehgisofdhgadudentidissiutie st RNE modwlkisiutiiized A
forghearalysismmergedsenetic Algorithm Module (GA Module) - This

maghls imalements a machine learing anbroach to ading lopieal, .14 i

Cco Indations Osfeg (mo e‘lsfcbase S‘%U 1eS. ASSOCla IOI’]S tuBy

Modns (A el &y Toi Praetl mealvanstés e EneEraefld stansie S diket e al.

Chi Squars:Yales: Fsher&Es@ctpfadds RatimdRelative disk Linkade 5:267-73;

DI%%%LKHQ {ﬂ,%@é,?,r,rﬁ,‘?,‘ﬂ‘)‘gh';'%?ég} %%Eﬁ'«;rgr? E)%Sdcuiar "drusen” in monkey and
human, In M. LaVail, J. Hollyfield, and R. Anderson (Eds.), in Degenerative Retinal
Diseases {pp. 1-10). New York: Plenum Press, 1997). Hard drusen are simall distinct
deposils comprising homogeneous eosinophilic material and are vsually round or
hemispherical, without sloped borders. Soft drusen are larger, usually not
homegeneous, and typically contain inclusions and spherical profiles. Some drusen
may be calcified. The term “diffuse drusen,” or “basal linear deposit,” is used to
describe amorphous material which forms a layer between the inner collagenous layer
of Bruch's membrane and the retinal pigment epitheliom (RPE). This material can
appear stmilar to s0ft drusen histologically, with the exception that it is not mounded.
[6061] Factor B (BF): A proactivator of complement 3 in the alternate pathway of
complement activation. Factor b is converted by factor d to c3 convertase. BF is a
member of EC 3.4.21.47. Factor B circulates in the blood as a single chain
polypeptide. Upon activation of the alternative pathway, it is cleaved by complement
factor d yielding the noncatalytic chain Ba and the catalytic subunit Bb. The active
subunit Bb is a serine protease which associates with C3b to form the alternative
pathway C3 convertase. BF is also known as 31ternative~comp]ement~pathway- C3/C5
convertase.
[0062] Genetic predispaesition or risk: Susceptibility of a subject to a genetic
disease, such as AMD. However, such susceptibility may or may not result in actual
development of the disease.
[0063] Haplotype: The genetic constitution of an individual chromosome. In
diploid organisms, a haplotype contains one member of the pair of alleles for each

site. A haplotype can refer to only one lccus or to an entire genome. Haplotype can
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[01901 Exemplar typically finds models correlating with a phenotype. In
other words, the models predict the factors contributing to getting the
phenotype, not to protection from it, although protective factors can be
inferred from the models. For example, if a model indicates that samples
wawingR8001 as BB OR RS001 as AB...correlate with hawingthmii7/003696
phenotype, then it can be inferred that those with RS001 as AA are
protected from the phenotype. [0191] Exemplar models are logical
combinations of SNP's. The models can be hand-built to test hypothesis,
or the Genetic Algorithm can be utilized to attempt to find models with high
utility. Genetic Algorithms are a machine learning method that excels at
finding patterns within large data spaces. The GA utilizes the two-thirds,
onelpifefcUitidaton megorcTiigds aebomphiskiat By YBRdenmy ladsighifigically
213 9bthaGases aag;ggmmﬁttg the training set. The GA then learns
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ed., vol. 1-3, Cold Spring Harbor Laboratery Press, Cold Spring Harbor, NY, 1989,
chaplers 9 and 11; and Ausubel er ol. Short Protocols in Molecular Biclogy, 4thed.,
John Wiley & Sons, Inc., 1999,

[0067] For purposes of the present disclosure, “stringent conditions” ERCOMpAass
conditions under which hybridization will only occur if there is less than 25%
mismatch between the hybridization molecule and the target sequence. “Siringent
conditions™ may be broken down into particular levels of stringency for more precise
definition. Thus, as used herein, “moderate stringency” conditions arc those under
which molecules with more than 25% seguence mismatch will not hybridize;
conditions of "medium stringency” are those under which molecules with more than
15% mismatch will not hybridize, and conditions of “high stringency” are those under
which sequences with more than 20% mismatch will not hybridize. Conditions of
“very high stringency” are those under which sequences with more than 10%
mismatch will not hybridize.

[0068] The following is an exemplary set of hybridization conditions and is not
meant o be limiting:

Very High Stringency (detecls sequences that share 90% identity)

Hybridization: Sx SSC at 65°C for 16 hours

Wash twice: 2% SSC at room temperature (RT) for 15 minutes each
Wash twice: 0.5% SSC at 65°C for 20 minutes each

High Stringency (detects sequences that share 80% identity or greater)
Hybridization: 5%-6x S8C at 65°C-70°C for 16-20 hours

Wash twice: 2% SSC at RT for 5-20 minutes each

Wash twice: Ix 8SC at 55°C-70°C for 30 minutes each

Low Stringency (detects sequences that share sreater than 50% identity)
Hybridization: 6x SSC at RT to 55°C for 16-20 hours

Wash at least twice: 2x-3x SSC at RT to 55°C fdr 20-30 minutes each

[0069] Isolated: An “isolated” biological component {(such as a nucleic acid
molecule, protein, or organclle) has been substantially separated or purified away
from other biological components in the cell of the organism in which the component

naturally oceurs, such as other chromosomal and extra-chromosomal DNA and RNA,
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proteins and organeiles. Nucleie acid molecules and proteins that have been
“isolated” include nucleic acid molecules and proteins purified by standard
purification methods. The term also embraces nucleic acid molecules and proteins
prepared by recombinant expression in a host cell as well as chemically sjznthesized
nucleic acid molecules and proteins.

[007¢] Linkage disequilibrium (L.I): The non-random association of alleles at two
or mote loci, not necessarily on the same chromosome. LD describes a sitnation in
which some combinations of alleles or genelic markers occur more or less frequently
in a population than would be expected from a random formation of haplotypes from
alleles based on their frequencies. The expected frequency of occurrence of two
aleles that are inherited independently is the frequency of the first allele multiplied by
the frequency of the second allele. Alleles that co-occur at expected frequencies are
said to be in linkage equilibrium.

[0071] Locus: The position of a gene {or other significant sequence) on a
chromosome.

{6072] Mutation: Any change of the DNA sequence within a gene or chromosome.
In some instances, a mutation will alier a characteristic or trait (phenotype), but this is
not always the case. Types of mutations inciude base substitution point mutations
{e.g., transitions or ransversions}, deletions, and ingertions, Missense mutations are
those that introduce a different amino acid into the sequence of the encoded protein;
nonsense mutations are those that introduce a new stop codon. In the case of
insertions or deletions, mutations ¢an be in-frame (not ch’anging the frame of the
overall sequence) or frame shift mutations, which may result in the misreading of a
large number of codons (and often leads to abnormal termination of the encoded
product due to the presence of a stop codon in the altemative frame).

[0073] This term specifically encompasses variations that arise through somatic
mutation, for instance those that are found only in disease cells, but not
constitutionally, in a given individual, Examples of such somatically-acquired
variations include the point mutations that frequently result in altered function of
various genes that are involved in development of cancers. This term also
encompasses DNA alterations that are present constitutionally, that alter the function

of the encoded protein in a readily demonstrable manner, and that can be inherited by
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the children of an affected individual. In this respect, the term overlaps with
“polymorphism,” as defined below, but generaily refers to the subset of constitutional
allerations.

[0074] Nucleic acid molecule: A polymeric form of nucieotides, which may
include both sense and anti-sense strands of RNA, ¢DNA, genomic DNA, and
synthetic forms and mixed polymers of the above. A nucleotide refers to a
ribonucleotide, deoxynucleotide or a modified form of either type of nucleotide. A
“nucleic acid molecule” as used herein is synonymous with “nucleic acid” and
“polynucleotide.” A nucleic acid molecule is usually at ieast 10 bases in length, unless
otherwise specified. The term includes single and double stranded forms of DNA. A
polynucleotide may include either or both naturally occurring and modified
nucleotides linked together by naturally occurring and/or non-naturally occurring
nucleotide linkages.

[0075] Nucleotide: Includes, but is not limited to, a monomer that includes a base
linked to a sugar, such as a pyrimidine, purine or synthetic analogs thercof, or a base
linked to an amino acid, as in a peptide nucleic acid (PNA). A nucleotide is one
monpomer in a polynucleotide. A nucleotide sequence refers to the sequence of bases
in a polynucleotide.

[0076] Oligonucleotide: A nucleic acid molecule generally comprising a length of
300 bases or fewer. The term often refers to single stranded deoxyribonucleotides,
but it can refer as well 10 single or double stranded ribonucleotides, RNADNA
hybrids and double stranded DNAs, among others. The term “ofi gonucleotide™ also
includes oligonucleosides (that is, an oligonucleotide minus the phosphate) and any
other organic base polymer. In some examples, oligonucleotides are about 10 1o
about 90 bases in length, for example, 12, 13, 14, 15,16, 17, 18, 19 or 20 bases in
length. Other oligonucleotides are about 25, about 30, about 35, about 40, about 45,
about 50, about 55, about 60 bases, about 65 bases, about 70 bases, about 75 bases or
about BO bases in ieﬁgth. Oligonucieotides may be single stranded, for example, for
use as probes or primers, or may be double stranded, for example, for use in the
construction of a mutant gene. Oligonucleotides can be either sense or anti sense
oligonucleotides. An oligonucleotide can be modified as discussed above in reference

to nucleic acid molecules. Oligonucleotides can be obtained from existing nucleic
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acid sources (for example, genomic or cDNA), but can also be synthetic (for example,
produced by laboratory or in vitro oligonucieotide synthesis).
{00771 Polymorphism: A variation in the gene sequence. The polymorphisms can
be those vanations (DNA sequence differences) which are generally found between
individuals or different ethnic groups and geographic locations which, while havinga |
different sequence, produce functionally equivalent gene products. The term can also
refer to variants in the sequence which can lead to gene products that are not
functionally equivalent. Polymorphisms also encompass variations which can be
classified as alleles and/or mutations which can produce gene products which may
have an altered function. Polymorphisms also encompass variations which can be
classified as alleles and/or mutations which either produce no gene product or an
inactive gene product or an active gene product produced at an abnormal rate or in an
inappropriate tissue or in response 1o an inappropriate stimulus. Further, the term is
also used interchangeably with allele as appropriate.
[0078] Polymorphisms can be referred to, for instance, by the nucleotide position at
which the vanation exists, by the chan.ge in amino acid sequence caused by the

" nucleotide variation, or by a change in some other characteristic of the nucleic acid
molecule or protein that is linked 1o the variation.
[0679] Probes and Primers: A probe comprises an identifiable, isolated nucleic
acid that recognizes a target nucleic acid sequence. Probes include a nucleic acid that
is attached to an addressable location, a deteciable label or other reporter molecule
and that hybridizes to a target sequence. Typical iabels inchude radioactive isotopes,
enzyme substrates, co-factors, ligands, chemiluminescent or fluorescent agents,
haptens, and enzymes. Methods for labeling and guidance in the choice of labels
appropriate for various purposes are discussed, for example, in Sambrook et af, (ed.),
Molecular Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989 and Ausubel er al. Short Protocols
in iolecular Biology, 4th ed., John Wiley & Sons, Inc., 1999
[0080] Primers are short nucleic acid molecules, for instance DNA oligonucleotides
10 nucleotides or more in length, for example that hybridize to contiguous
complementary nucleotides or a sequence to be amplified. lLonger DNA

cligonucleotides may be about 15, 20, 25, 30 or 50 nuclectides or more i length.
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Primers can be annealed o 4 complementary target DNA strand by nucleic acid
hybridization 1o form a hybrid between the primer and the target DNA strand, and
then the primer extended along the target DNA strand by a DNA polymerase enzyme.
Primer pairs can be used for amplification of a nucleic acid sequence, for example, by
the PCR or other nucleic-acid amplification methods known in the art, as described
below.

[G081] Methods for preparing and using nucleic acid probes and primers are
described, for example, in Sambrook er al. (ed.),.Molecular Cloning: A Laboratory
Manual, 2nd ed., vol. 1-3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, 1989; Ausubel ef «l. Short Protocels in Molecular Biology, 4th ed., John Wiley
& Sons, Inc., 1999; and Innis ef al. PCR Protocols, A Guide to Methods and
Applications, Academic Press, Inc., San Diego, CA, 1990. Amplification primer pairs
can be derived from a known sequence, for example, by using computer programs
intended for that purpose such as Primer (Version 0.5, @ 1991, Whitehead Institute
for Biomedical Research, Cambridga, MA). One of ordinary skill in the art will
apprectale that the specificity of a particular probe or primer increases with its length.
Thus, in order to obtain greater specificity, probes and primers can be selected that
include at feast 20, 235, 30, 33, 40, 453, 50 or more consecutive nucleotides of a target
nucleotide sequences.

[0082] Sample: A sample obiained from a human or non-human mammal subject.
As used herein, biological samples include all samples useful for genetic analysis in
subjects, including, but not limited to: cells, tissues, and bodily fluids, such as blood;
derivatives and fractions of blood {such as serum or plasma); extracted galls; biopsied
or surgically removed tissue, including tissues that are, for example, unfixed, frozen,
fixed in formalin and/or embedded in paraffin; tears; milk; skin scrapes; surface
washings; urine; sputum; cerebrospinal fluid; prostate fluid; pus; bone marrow
aspirates; BAL; saliva; cervical swabs; vaginal swabs; and oropharyngeal wash.
[0883) Single Nucleotide Polymorphism or SNP: A DNA sequence variation,
occurring when a single nucleotide: adenine (A), thymine (1), cytosine (C) or guanine
(G) - in the genome differs between members of the species. As used herein, the term
“single nucleotide polymorphism™ (of SNP) includes mutations and polymorphisms.

SNPs may fall within coding sequences (CDS) of genes or between genes (intergenic
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regions). SNPs within 1 CDS change the codon, which may or may not change the
amino acid in the protein schence. The former may constitute different alleles. The
latter are called silent mutations and typically occur in the third position of the codon
{called the wobble position).

{0084] Subject: Human and non-human mammals {such as veterinary subjects).

Methods for Ideniifving a Subjecr at Increased Risk for AMD

[0085] Methods are provided for identifying a subject at increased rigk of
developing age-related macular degeneration (AMD). These methods include
analyzing the subject’s factor B (BF) and/or complement component 2 (C2) genes,
and determining whether the subject has at least one protective polymorphism,
wherein the protective polymorphism is selected from the group consisting of: a)
R32Q in BF (rs641153); b) L9H in BF {rs4151667); ¢) IVS 10 in €2 (rs547154); and
d} E318D in €2 (rs9332739). If the subject does not have at least one protective
polymorphism, the subject is at increased risk for developing AMD. The method may
further include analyzing the subject’s CFH gene, or any other desired gene. As
described herein, the delTT poiymorphism in the CFH gene has been identified ag
being protective for AMD.

[{0086] The methods may also include anal yzing the subject’s genotype at either the
BF or C2Z locus and at the CFH locus, and determining if the subject has at least one
protective genotype selected from the group consistin g of: a) heterozygous for the
R32Q polymorphism in BF (xs641153); b) heterozygous for the L9H polymorphism
in BF (rs4151667); c) heterozygous for the IVS 10 polymorphism in C2 (rs547154);
d) heterozygous for the E318D polymorphism in C2 (rs9332739); e) homozygous for
the delTT polymaorphism in CFH; and f) homozygous for the R150R polymorphism in
BF (1s1048709) and homozygous for Y402 in CFH: wherein if the subject does not
have at least one protective genotype, the subject is at increased risk for developing
AMD. The method may alternatively include analyzing the subject’s genotype at
both the BF and C2 locus, and at the CFH locus. The methods provided herein are
also useful for identifying a subject al decreased risk of developing AMD, by .
determining if the subject has at least one of the above-identified polymorphisms or

genotypes.
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(00871 The unalysis of a subject’s genetic material for the presence or absence of
particular polymorphisms is performed by obtaining a sample {rom the subject. This
sample may be from any part of the subject’s body that DNA or RNA can be isolated
from. Analysis may also be performed on protein isolated from a sample. Examples
of such samples are discussed in more detail below. The subject may have been
diagnosed with AMD, inciuding early AMD, choroidal neovascularization, or
geographic atrophy. The subject may have symptoms of AMD, such as drusen,
pigmentary alterations, exudative changes snch as hemorrhages, hard exudates, or
subretinal/sub-RPE/intraretinal fluid, decreased visual acuity, blurred vision, distorted
vision {metamorphopsia), central scolomas, or trouble discerning colors.
Alternatively, the subject may not have been diagnosed with AMD, but may be in a
high risk group, based on family history, age, race, or lifestyle choices. These
lifestyle choices mciude but are not limited to, smoking, exposure to sunlight
(especially blue light), hypertension, cardiovascular risk factors such as high
cholesterol and obesity, high fat intake, and oxidative stress, Subyjects at risk for
developing AMD also include those that are heterozygoﬁs or homozygous for the risk
haplotype Y402H in the CFH gene.

fO088] Techniques for determining the presence or absence of a particular
polymorphism or genotype of interest are well known in the art. Examples of these
methods are discussed below, and the particular method used is not intended to be
limiting. In addition, analyzing a subject’s BF, C2 or CFH genes for the particular
polymorphisms disclosed herein is also intended to include detection of any mutations
that confer the same amino acid change as found in the polymorphism. For example,
the L9H polymorphlsm in BF changes the nucleotide codon for the 9" amino acid
from CTC to CAC, generating a histidine instead of a leucine. This change could also
be specified by the nucleotide codon CAT. The E3 18D polymorphism in €2 changes
the nucleotide codon for the 318" amino acid from GAG to GAC, generating an
aspartic acid instead of a glutamic acid. This change could also be specified by the
nucleotide codon GAT. The R150R polymorphism in BF changes the nucleotide
codon for the 150" amino acid from CGG to CGA. This change does not change the
amino acid encoded (arginine). Arginine could also be encoded by CGT or CGC. 'In
addition, arginine could be encoded by AGA or AGG. The Y402H polymorphism in
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CFH changes the nucleotide codon tor the 402™ amino acid from a TAT to a CAT,
generating a histidine instead of a tyrosine. This change could also be specified by
the nucleotide codon CAC, Any of these nucleotide codons, or others capable of
being identified by one of skill in the art, can be detected in a subject.

{00891 The methods of the invention may identify at least about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%., about 60%, about 65%, about 70% of subjects that will
develop AMD.,

AMD Preventative Therapy

[0090] The present disclosure also provides methods of avoiding or reducing the
incidence of AMD in a subject determined to be genetically predisposed 1o
developing AMD. For example, if in using the methods described above a mutation
or prolective polymorphism in the BF, C2 and/or CFH genes is not identified ina
subject at risk for AMD based on any of the risk factors described above, a lifestyle
choice may be undertaken by the subject in order to avoid or reduce the incidence of
AMD or to delay the onset of AMD. For example, the subject may quit smoking;
modify diet to include less fat intake; increase the intake of antioxidants, including
vitamins C and E, beta-carotene, and zinc; or take prophylactic doses of agents that
retard the development of retinal neovascularization. Treatment for such individuals
could involve vaccines against certain pathogens, or antibiotics, or antiviral or fungal
drugs. Treatment could also involve anti-inflammatory drugs, or complement
inhibitors. In some examples, the treatment selected is specific and tailored for the

subject, based on the analysis of that subject’s genetic profife.

Methods for Detecting Known Polymorphisms

[0091] Methods for detecting known polymorphisms include, but are not limited to,
restriction fragment length polymorphism (RFLP), single strand conform.ational
polymerphism (SSCP) mapping, nucleic acid sequencing, hybridization, fluorescent
in situ hybridization (FISH), PFGE analysis, RNase protection assay, allele-specific
oligonucieotide {ASO), dot blot analysis, allele-specific PCR amplification (ARMS),
oligonucleotide ligation assay (OLA) and PCR-SSCP. Also useful are the recently

26



412 129 002 60, WO 2007/095185PCT/US2007/003696 Table 4.
Columbia and lowa Side-By-Side Chi Square Yates Statistics

:11:1614.eR; Sore.. Can*/ n.Ca.s. , 7moF414/3 . contpl., Tito: ,. .....
043-10433ay Cane Inn C4/se -14,304033331E7 . 1001147 35425 10
W8 2p9si881201170 3 33.03 PCT/US2067/003696

developed technigues of mass spectroscopy {such us Matrix Assisted Laser
Desorption/lonization (MALDI) or MALDI- Time Of Flight (MALDI-TOF): and
DNA microchip technology for the detection of mutations. See, for example,
Chapters 6 and 7 in Human Molecular Genetics 2, Eds. Tom Strachan and Andrew
Read, New York: John Wiley & Sons Inc., 1999,

[@092] These techniques may include amplifying the nucleic acid before analysis.
Amplification techniques are known to those of skill ia the art and aré discussed
below.

[00653] When a polymorphism causes a nucleotide change that creates or abolishes
the recognition site of a restriction enzyme, that restriction enzyme may be used to
identily the polymorphism. Polymorphic alleles can be distinguished by PCR
amplifying across the polymorphic site and digesting the PCR product with a relevant
restriction endonuclease. The different products may be detected using a size
fractionation method, such as gel electrophoresis. Alernatively, restriction fragment
length polymaorphism (RFLP) may be used. In cases where the polymorphism does
not result in a restriction site difference, differences between afieles may be detected
by amplification-created restriction site PCR. In this method, a primer is designed
from sequence immediately adjacent to, but not encompassing, the restriction site.
The primer is deliberately designed to have a single base mismatch in a noncritical
position which does not prevent hybridization and amplificatior of both polymorphic
sequences. This nucleotide mismatch, together with the sequence of the polymorphic
site creates a restriction site not present in one of the alleles.

[0094] Single strand conformational polymorphism (SSCP) mapping detects a band
that migrates differentially because the sequence change causes a difference in single-
strand, intramolecular base pairing. Single-stranded DNA molecules differing by
only one base frequently show different electrophoretic mobilities in nondenaturing
gels. Differences between normal and mutant DNA mobility are revealed by
hybridization with labeled probes. This method does not detect all sequence changes,
especially if the DNA fragment size is greater than about 500 bp, but can be
optimized 1o detect most DNA sequence variaiion. The reduced detection sensitivity
is a disadvantage, but the increased throughput possible with SSCP makes it an

attractive alternative to direct sequencing for mutation detection on a research basis.
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The fragments which have shifted mobility on SSCP gels are then sequenced to
determine the exact nature of the DNA sequence varialion.

[80695]1 Direct DNA sequencing, either manual sequencing or automated fluorescent
sequencing can detect sequence variation.

[6096] The delection of specific alleles may also be performed using Taq
polymerase (Holland et al. (1991) Proc. Natl. Acael. Sci. U.5.A. 88:7276-80; Lee er ai.
(1999) J. Mol, Biol. 285:73-83). This is based on the fact that Taq polymerase does
not possess a proofreading 3’ to 5" exonuclease activity, but possesses a 5 to 3°
exonuclease activity. This assay involves the ase of two conventional PCR primérs
(forward and reverse), which are specific for the target sequence, and a third primer,
designed to bind specifically to a site on the target sequence downstream of the
forward primer binding site. The third primer is generally labeled with two
fluorophores, a reporter dye at the 5’ end, and a quencher dye, having a different
emission wavelength compared to the reporter dye, at the 3" end. The third primer
also carries a blocking group at the 3’ terminal nucleotide, so that it cannot by itself
prime any new DNA synthesis. During the PCR reaction, Tag DNA polymerase
synthesizes a new DNA strand primed by the forward primer and as the enzyme
approaches the third primer, its 5" to 3’ exonuclease activity processively degrades the
third primer from its 5' end. The end result is that the nascent DNA strand extends
beyond the third primer binding site and the reporter and quencher dyes are no longer
bound to ihe same molecule. As the reporter dye is no longer near the quencher dye,
the resulting increase in reporier emission intensity may be detected.

{60971 A polymerphism may be identified using one or more hybridization probes
designed to hybridize with the particular polymorphism in the desired gene. A probe
nsed for hybridization detection methods should be in some way labeled so as to
enable detection of successful hybridization events. This may be achieved by in vitro
methods such as nick-translation, replacing nucieotides in the probe by radioactively
labeled nucleotides, or by random primer extension, in which non-labeled molecules
act as a template for the synthesis of labeled copies. Other standard methods of
Jabeling probes so as to detect hybridization are known to those skilled in the art.
[0098] For DNA fragments up to about 2 kb in length, single-base changes can be

detected by chemical cleavage at the mismatched bases in mutant-normal
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heterocduplexes. For example, a strand of the DNA not including the polymorphism of
interest is radiolabeled at one end and then is hybridized with 4 strand of the subject
DNA. The resulting heteroduplex DNA is treated with hydroxylamine or osmium
tetroxide, which modifies any C or C and T, respectively, in mismatched single-
stranded regians; the modified backbone is susceptible to cleavage by piperidine. The
shortened labeled fragment is detected by gel electrophoresis and autoradiography in
comparison with DNA not including the polymorphism of interest.

[0099] Mismatches are hybridized nucleic acid duplexss in which the two strands
are not 100% complementary. Lack of total homelogy may be due 1o deletions,
insertions, inversions or substitutions. Mismatch detection can be used to detect point
mmutations in the gene or i'n its mRNA product. While these techniques are less
sensitive than sequencing, they are simpler to perform on a large number of samples.
An example of a mismatch cleavage technique is the RNase protection method. This
method involves the use of a labeled riboprobe which is complementary to one
variation of the polymorphism being detected (generally the polyrmorphism not
associated with protection from AMD). The riboprobe and either mRNA or DNA
isolated from the subject are annealed (hybridized) together and subsequently digested
with the enzyme RNase A which is able to detect some mismatches in a duplex RNA
structure, If a mismatch is detected by RNase A, it ¢leaves at the site of the
mismatch. Thus, when the annealed RNA preparation is separated on an
electrophoretic gel matrix, if 2 mismatch has been detected and cleaved by RNase A,
an RNA product will be seen which is smaller than the full length duplex RNA for the
riboprobe and the mRNA or DNA. The riboprobe need not be the full lengih of the
:ﬁRNA or gene but can be a segment of either. Alternatively, mismatches can be
detected by shifts in the electrophoretic mobility of mismatched duplexes relative to
matched duplexes.

[0100] DNA sequences of the BF, C2 or CFH genes which have been amplified by
use of PCR may also be screened usin g allele-specific probes or oligonucleotides
(ASO). These probes are nucleic acid oligomers, each of which contains a region of
the gene sequence harboring a known mutation or polymorphism. For example, one
oligomer may be about 30 nucleotides in length, corresponding to a portion of the BF,

C2 or CFH gene sequence. By use of a batlery of such allele-specific probes, PCR
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amplitication products can be screened to identify the presence of one or more
polymorphisms provided herein. Hybridization of allele-specific probes with
amplified BF, C2 or CFH sequences can be performed, for example, on a nylon filter,
Reverse dot-blotting may also be used. For example, a screen for more then one
polymorphism may be performed using a series of ASOs specific for each
polymorphic allele, spotied onto a single membrane which is then hybridized to
labeled PCR-amplified test DNA. These assays may range from manuall y-spotted
arrays of small numbers to very large ASO arrays on “gene chips™ that can potentially
detect large numbers of polymorphisms. Hybridization to a particular probe under
high stringency hybridization conditions indicates the presence of the same
polymorphism in the tissue as in the allele-specific probe. Such a technique can
utilize probes which are labeled with gold nanoparticles to yield a visual co'lor result
{Elghanian ef al. (1997) Science 277:1073-81).

(0101} Allele-specific PCR amplification is based on a method called amplification
refractory mutation system (ARMS) (Newton et ak. (1989) Nucleic Acids Res.
17:2503-16). In this methaod, oligonucleotides with a mismatched 3'-residue will not
function as primers in the PCR under appropriate conditions. Paired PCR reactions
are carried out with two primers, one of which is a common primer, and one that
exists in two slightly different versions, one specific for each polymorphism. The
allele-specific primers are designed to be identical to the sequence of the two alleles
over a region preceding the position of the variant nucleotide, up to and terminating in
the variant nucleotide itself. Therefore, if the particular polymorphism or mutation is
not present, an amplification product is not observed. in general, additional control
primers are used to amplify an unrelated sequence. The focation of the common
primer can be designed to give products of different sizes for different
polymorphisms, so that the PCR products from multiplexed reactions form a ladder
on a gel. The polymorphism-specific primers may be label with different fluorescent
or other labels, or may be given 5’ extensions of different sizes. This method may be
adapted for use in real-time PCR,

[0102] 1In the oligonucleotide ligation assay (OLA), two oligonucleotides are
designed to hybridize to adjacent sequences in the target. The site at which they join

is the site of the polymorphism. DINA ligase will join the two oligonucieotides only if
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they are perfecily hybridized (Nickerson er af. (1990) Proc. Natl. Acad. Sci. I1.5.A.
87:8923-7). The assay may use various formats, including ELISA analysis or a
fluorescence sequencher.
[6103] The technigue of nucleic acid analysis using microchip technojogy may also
be used. In this technique, potentially thousands of distinct oligonucieotide probes are
bult up in an array on a silicon chip. Nucleic acid to be analyzed is fluorescently
labeled and hf/bridized (o the probes on the chip. It is also possible to study nucieic
acid-protein interactions using these nucleic acid microchips. Using this technique
one can determine the presence of mutations or even sequence the nucleic acid being
analyzed or one can measure expression levels of a gene of interest. The method is
one of parallel processing of many, even thousands, of probes at once and can
tremendously increase the rate of analysis,
[0104]  Aheration of BF, C2 or CFH mRNA expression can be detected by any
technique known in the art. These include Northern blot analysis, PCR amplification
and RNase protection. Diminished mRNA expression indicates an alteration of the
wild-type gene. Allele detection techniques may be protein based if a particular allele
produces a protein with an amino acid variant. For example, epitopes specific for the
amino acid variant can be detected with monoclonal antibodies. Alternatively,
maonoclonal antibodies immunoreactive with BF, C2 or CFH can be used 10 screen a
tissue. Lack of cognate antigen would indicate a mutation. Antibodies specific for
products of mutant alleles could also be used to detect mutant gene product. Such
immunalogical assays can be done in any convenient formats known in the art. These
include Western blots, immunohistochemical assays and ELISA assays. Any means

- for detecting an altered protein can be used to detect alteration of the wild-type BF,
C2 or CFH gene. Functional assays, such as protein binding determinations, can be
used. In addition, assays can be used which detect BF, C2 or CFH biochemical
function. Finding a mutant BF, C2 or CFH gene product indicates alteration of a
wild-type BF, C2 or CFH gene.
Amplification of Nucleic Acid Molecules
{0105] The nucleic acid samples obtained from the subject may be amplified from
the clinical sample prior to detection. In one embodiment, DNA sequences are

amplified. In another embodiment, RNA sequences are amplified.
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[G186]  Any nucleic acid amplitication method can be used. In one specific, non-
limiting example, polymerase chain reaction (PCR) is vsed to amplify the nucleic acid
sequences associated with AMD. Other exemplary methods include, bt are not
limited to, RT-PCR and transcription-medialed amplification (TMA), cloning,
polymerase chain reaction of specific alleles (PASA), ligase chain reaction, and
nested polymerase chain reaction.

[0107] A pair of primers may be utilized in the amplification reaction. One or both
of the primers can be labeled, for example with a detectable radjolabel, fluorophore,
or biotin molecule. The pair of primers may include an upstream primer (which binds
5' to the downstream primer) and a downsiream primer (which binds 3" to the
upstream primer). The pair of primers used in the amplification reaction may be
selective primers which permit amplification of a nucleic acid involved in AMD.
[0308] An additional pair of primers can be included in the amplification reaction as
an internal control. For example, these primers can be used to amplify a
“housekeeping” nucleic acid molecule, and serve to provide confirmation of
appropriate amplification. In another example, a target nucleic acid molecule
including primer hybridization sites can be constructed and included in the
amplification reactor. One of skill in the art will readily be able to identify primer
pairs to serve as internal control primers,

[0109] Amplification products may be assayed in a variety of ways, including size
analysis, resiriction digestion followed by size analysis, detecting specific tagged
oligonucleotide primers in the reaction products, allele-specific oligonucleotide
{ASO) hybridization, sequencing, hybridization, and the like.

[0110] PCR-based detection assays include multiplex amplification of a plurality of
polhymorphisms simultaneously. For example, it is weil known in the art to select
PCR primers to generate PCR products that do not overlap in size and can be
analyzed simultaneously. Alternatively, it is possible to amplify different
polymorphisms with primers that are differentially labeled and thus can each be
detected. Other techniques are known in the art to allow multiplex analyses of a
plurality of polymorphisms. A fragment of a gene may be amplified to produce copies
and it may be determined whether copies of the fragment contain the particular

protective polymorphism or genotype.
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Inununoderection of Protective Proteing

[0111}  In ore embodiment of the invention, a protein assay is carried owt 10
characterize polymorphisms in a subject’s C2 or BF genes, e.g., to detect or identify
protective proteins. Methods that can be adapted for detection of variant proteins are
well known and include analytical biochemical methods such as electrophoresis
{including capillary electrophoresis and two-dimensional electrophoresis),
chromatographic methods such as high performance liguid chromatography (HPLC),
thin iayer chromatography (TLC), hyperdiffusion chromatography, mass
spectrometry, and various immunological methods such as fluid or gel precipitin
reactions, immunodiffusion (single or double), immunoelectrophoresis,
radioimnmnunoassay (RIA), enzyme-linked immunosorbent assays (ELISAs),
immunofluorescent assays, western blotting and others,

[0112] For example, a number of well established immunological binding assay
formats suitable for the practice of the invention are known (see, e.g., Harlow, E.;
Lane, I3. Antibodies: A laboraiory 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 NY. The assay may be, for example,
competitive or non-conpetitive. Typically, immunological binding assays (or
immunoassays) utilize a "capture agent” (o specifica]ly bind to and, often, immobilize
the analyte. In one embodiment, the capture agent is a moiety that specifically binds
to a variant C2 or BF polypeptide or subsequence. The bound protein may be
detected using, for example, a detectably labeled anti-C2/BF antibody. In one
embodiment, at Jeast one of the antibodies is specific for the variant form (e.g., does
not bind to the wild-type C2 or BF polypeptide.

{0113} Thus, in one aspect the method involves obtaining a biological sample from
a subject (e.g., blood, serum, plasma, or urine); contacting the sample with a binding
agent that distinguishes a protective and nonprotective form of C2 or BF, and
detecting the formation of a complex between the binding agent and the nonprotective
form of C2 or BF, if present. It will be undersiood that panels of antibodies may be
used to detect protective proteins in a patient sample.

[0}14] The invention also provides antibodies that specifically binds a protective

€2 or DF protein but does not specifically bind a wild-type polypeptide (ie., a C2 or
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BF protein not associated with protection). The antibodies bind an epitope found in
only the protective form. For example, an antibody may not bind a wild-type BF
(encoded by Genbank Accession Nos. NM_001710; AAB67977) or C2 (encoded by
Genbank Accession Nos, NM_000063; NP_000054) but binds to a BF or C2 variant,
as described above (i.e., a protein having one of the polymorphisms described herein
as being proteciive for AMD). For example, the antibody may recognize a BF protein
having gluamine at position 32 or histidine at position 9 or a C2 with an aspatric acid
at position 318.

{0115} The antibodies can be polyclonal or monoclonal, and are made according to
standard protocols. Antibodies can be made by injecting a swvitable animal with a
protective protein or fragments thereof. Monocional antibodies are screened
according 1o standard protocols (Koehler and Milstein {975, Nature 256:495; Dower
et al., WO 91/17271 and McCafferty et al., WO 92/01047; and Vaughan et al., 1996,
Nature Biotechnology, 14: 309; and references provided below). Monoclonal
antibadies may be assayed for specific immunoreactivity with the protective
polypeptide, but not the corresponding wild-type polypeptide, using methods known
in the art. For methods, including antibody screening and subtraction methods; see
Harlow & Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor Press, New
York (1988); Current Protocols in Immunoclogy (J.E. Coligan et al., eds., 1999,
inchuding supplements through 2005); Goding, Monoclonal Antibodies, Principles
and Practice (2d ed.) Academic Press, New York (1986); Burioni et al., 1998, "A
new subtraction technique for molecular cloning of rare antiviral antibody
specificities from phage display libraries” Res Virol. 149(5):327-30; Ames et al.,
1994, Isolation of neutralizing anti-C3a monoclonal antibodies from a filamentous
phage monovalent Fab display library. J Immuncl. 152(9):4572-81; Shinohara et al.,
2002, Isolation of monoclonal antibodies recognizing rare and dominant epitopes in
plant vascular celf walls by phage display subtraction. J fmmunol Methods 264(1-
2):187-94. Imnmunization or screening can be directed against a full-length protective
protein or, aiternatively (and often more conveniently), against a peptide or
polypeptide fragment comprising an epitope known to differ between the variant and
wild-type forms. Aatibodies can be expressed as tetramers containing two light and

two heavy chains, as separate heavy chains, light chains, as Fab, Fab’ F(ab'}2, and Fv,
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or as single chain antibodies in which heavy and light chain variable domains are

linked through a spacer.

Amplification of Nucleic Acid Molecules
[@316] The nucleic acid samples obtained from the subject may be amplified from
the clinical sample prior to detection. In one embodiment, DNA sequences are
amplified. In another embodiment, RNA sequences are amplified.
(1171  Any nucleic acid amplification method can be used. In one specific, non-
Himiting example, polymerase chain reaction {(PCR) is used to amplify the nucleic acid
sequences associated with AMD. Other exemplary methods include, but are not
limited to, RT-PCR and transcription-mediated amplification (TMA), cloning,
polymerase chain reaction of specific alleles (PASA), ligase chaip reaction, and
nested polymerase chain reaction.
[6118] A pair of primers may be utilized In the amplification reaction. One or both
of the primers can be labeled, for example with a detectable radiolabel, fluorophore,
or biotin molecule. The pair of primers may include an upstream primer (which binds
5'to the downstream primer) and a downstream primer (which binds 3" to the
upstream primer), The pair of pritmers used in the amplification reaction may be
selective primers which permit amplification of a nucleic acid involved in AMD.
{0119} An additional pair of primers can be included in the amplification reaction as
an internal control. For example, these primers can be used to amplify a
“housekeeping™ nucleic acid molecule, and serve to provide confirmation of
appropriate amplification. In another example, a target nucleic acid molecule
including primer hybridization sites can be constructed and included in the
amphification reactor. One of skill in the art will readily be able to identify primer
pairs to serve as internal control primers.
{6120] Amplification producis may be assayed in a variety of ways, including size
analysis, restriction digeétion fellowed by size analysis, detecting specific tagged

" oligonucleotide primers in the reaction products, allele-specific oligonucleotide
(ASO) hybridization, sequencing, hybridization, and the like.
[0121] PCR-based detection assays inclnde muitiplex amplification of a plarality of

polymorphisms simultaneously, For example, it is well known in the art to select
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PCR primers to generate PCR products that do not overlap in size and can be

analyzed simultaneously. Alternatively, it is possible 1o amplify different
polymorphisms with primers that are differentially labeled and thus can each be
detected. Other techniques are known in the art to allow multiplex analyses of a
plurality of polymorphisms. A fragment of a gene may be amplified to produce copies
and it may be determined whether copies of the fragment contain the particular .

protective poltymorphism or genotype.

Complement factor H (CFH)

[G122] 'The CFH gene is located on chromosome g in a region repeatedly linked to
AMD in family-based studies. Recently, three independent studies have revealed that
a polymorphism, a T-»C substitution at nucleotide 1277 in exon 9, which results a
tyrosine to histidine change (Y402H) in the complement factor H gene makes a
substantial contribution 10 AMD susceptibility (Klein er al. (2003) Science 308:185-
389; Haines et al. (2005) Science.308:41 9-421; Edwards er al. (2005)

Scierce. 308:421-424). These studies reported odd ratios for AMD ranging between
3.3 and 4.6 for carriers of the C allele and between 3.3 and 7.4 for CC homozygotes,
Subsequently, this association was confirmed by two other studies (Zareparsi et al.
(2005) Am. J. Hum. Genet. 77:149-153; Hageman er al. (2005) Proc. Narl, Acad. Sci.
U.5.A.102:7227-7232). In one study, seven other common SNPs were found to be
associated with AMD in addition to the Y402H polymorphism (Hageman ef al,
(2005) Proc. Natl, Acad. Sci. 17.S.A. 102:7227-7232).

[0123] Pairwise linkage analysis showed that_‘ these seven polymarphisms were in
linkage disequilibrium and one common at~risl! haplotype with a set of these
polymorphisms were detected in 50% of cases versus 29% of controls [OR=2.46, 95%
CI(1.95-3.11)]. Homozygotes for this haplotype were found in 24.2% of cases and
8.3% of the controls. Also two common protective haplotypes were found in 34% of
controls and 18% of cases [OR=0.48, 95% (1 (0.33-0.69)] and [OR=0.54, 95% (1
(0.33-0.69)].
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Factor B and Complemeni Component 2

10124]  Activation of the alternative pathway is initiated by factor D-catalyzed
cleavage of C3b-bound factor B {BF), resulting in the formation of the C3Bb complex
{C3 convertase). This complex is stabilized by (he regulatory protein properdin,
whereas its dissociation is accelerated by regulatory proteins including CFH. BF and
C2 are paralogous genes located only 500 bp apart on human chromosome 6p21. C2
functions in the classical complement pathway. These iwo genes, along with genes
encoding complement components 4A (C4A) and 4B (C4B), comprise a
“complotype” (complement haplotype) that occupies approximately 100-120kb
between HLA-B and HLA-DR/DQ in the major histocompatibility complex (MHC)

class 111 region,

Clinical Samples

0125} Appropriate samples for use with the current disclosute in determining a
subject’s genetic predisposition to AMD include any conventional clinical samples,
including, but not limited to, blood or bicod-fractions (such as serum or plasma},
mouthwashes or buccal scrapes, chorionic villus biopsy samples, semen, Guthrie
cards, eye fluid, sputum, lymph floid, urine and tissue. Most simply, biood can be
drawn and DINA (or RNA) extracted from the cells of the blood. Alteration of a wild-
type BF, C2, and/or CFH allele, whether, for example, by point mutation or deletion,
can be detected by any of the means discussed herein.

[0326] Techniques for acquisition of such samples are well known in the art (for
example see Schluger er al, (1992) J. Exp. Med. 176:1327-33, for the collection of
serum samples). Serum or other blood fractions can be prepared in the conventional
manner. For example, about 200 pl. of serum can be used for the extraction of DNA
for use in amplification reactions.

[0127] Once a sample lhas been obtained, the sample can be used directly,
concentrated (for example by centrifugation or filiration), purified, or combinations
thereof, and an amplification reaction performed. For example, rapid DNA
preparation can be performed using a commercially available kit (such as the
InstaGene Matrix, BioRad, Hercules, CA; the NucliSens isolation kit, Organon

Teknika, Netherlands). In one example, the DNA preparation method yields a
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nucleotide preparation that is accessible 10, and amenable to, nucleic acid

amplification.

Microarrays

[0128}  In particular examples, methods for detecting a polymorphism in the BF, €2,
andfor CFH genes use the arrays disclosed herein. Such arrays can include nucleic
acid molecules. In one example, the array includes nucleic acid oligonucleotide
prabes that can hybridize 10 pelymorphic BF, C2, and/or CFH gene sequences, such
as those polymorphisms discussed herein. Certain of such arrays (as well as the
methods described herein) can include other polymorphisms associated with risk or
protection from developing AMD, as well as other sequences, such as one or more
probes that recognize one or more housekeeping genes.

{01281 The arrays herein termed “AMD delection arruyg,” are used to determine the
genetic susceplibility of a subject to developing AMD. In one example, a set of
oligonucleotide probes is attached Lo the surface of a solid support for use in detection
of a polymorphism in the BF, C2, and/or CFH genes, such as those amplified nucleic
acid sequences obtained from the subject. Additionally, if an internal control nucleic
acid sequence was amplified in the amplification reaction (see above), an
oligonucleotide probe can be included to detect the presence of this amplified nucleic
acid molecnle.

[0130] The oligonucleotide probes bound to the array can specifically bind
sequences amplified in an amplification reaction (such as under high stringency
conditions). Oligonucleotides comprising at ]éast 15,20, 25, 30, 33, 40, or more
consecutive nucleotides of the BF, C2, and/or CFH genes may be used.

{0131} The methods and apparatus in accordance with the present disclosure take
advantage of the fact that under appropriate conditions oligonucleotides form base-
paired duplexes with nucleic acid molecules that have a complementary base
sequence. The stability of the duplex is dependent on a number of factors, including
the length of the oligonucleotides, the base composition, and the composition of the
solution in which hybridization is effected. The effects of base composition on

duplex stability may be reduced by carrying out the hybridization in particular
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solutions, for example in the presence of high concentruations of tertiary or quaternary
amines.

{61321 The thermal stability of the duplex is also dependent on the degree of
sequence similarily between the sequences. By carrying owl the hybridization at
temperatures close 1o the anticipated T,,'s of the type of duplexes expected to be
formed between the target sequences and the oligonucleotides bound to the array, the
rate of formation of mis-maiched duplexes may be substantially reduced.

[0133] The length of each oligonucleotide sequence employed in the array can be
selected to optimize binding of target BF, C2, and/or CFH nucleic acid sequences.
An oplimum length for use with a particular BF, C2, and/or CFH nucleic acid
sequence under specific screening conditions can be determined empincally. Thus,
the length for each individual element of the set of oligonucleotide sequences
including in the array can be optimized for screening. In one example,
oligonucleotide probes are from about 20 to about 35 nucleotides in length or about
23 to about 40 nucleotides in length.

[G134] The oligonucleotide probe sequences forming the array can be directly
linked to the suppart, for example via the 5- or 3'-end of the probe. In one exampie,
the oligonucieotides are bound to the solid support by the 5" end. However, one of
skill in the art can determine whether the use of the 3' end or the 5' end of the
oligonucleotide is suitable for bonding to the solid support. In general, the internal
complementarity of an oligonucleotide probe in the region of the 3' end and the 5' end
determines binding to the support. Alternatively, the oligonucleotide probes can be
attached to the support by non- BF, C2, and/or CFH sequences such as
oligonucleotides or other molecules that serve as spacers or linkers to the solid
support.

{0135} In another example, an array includes protein sequences, which include at
least one BF, C2, and/or CFH protein (or genes, cDNAs or other polynucleotide
molecules including one of the listed sequences, or a fragment thereof), or a {fragment
of such protein, or an antibody specific to such a protein or protein fragment. The
_proteins or antibodies forming the array can be directly linked to the support.
Alternatively, the proteins or antibodies can be attached to the support by spacers or

linkers to the solid support.
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[0136) Abnormalities in BF, C2, and/or CFH proteins can be detected using, for
instance, a BF, C2, and/or CFH protein-specific binding agent, which in some
instances will be detectably labeled. In certain examples, therefore, detecting an
abnormality includes contacting a sample from the subject with a BF, C2, and/or CFH
protein-specific binding agent; and detecting whether the binding agent is bound by
the sample and thereby measuring the levels of the BF, C2, and/or CFH protein
present in the sample, in which a difference in the level of BF, C2, and/or CFH
protein in the sample, relative to the fevel of BF, C2, and/or CFH protein found an
analogous sample from a subject not predisposed to developing AMD, or a standard
BF, C2, and/or CFH protein level in analogous samples from a subject not having a
predisposition for developing AMD, is an abnormality in that BF, C2, and/or CFH
molecule. (

(6137} In particular examples, the microarray material is formed from glass (silicon
dioxide). Suitable silicon dioxide types for the solid support include, but are not
timited to: aluminosilicate, borosilicate, silica, soda lime, zinc titania and fused silica
(for example see Schena, Microarray Analysis. John Wiley & Sons, Inc, Hoboken,
New Jersey, 2003). The attachment of nucleic acids to the surface of the glass can be
achieved by methods known in the art, for example by surface treatments that form
from an organic polymer. Particular examples include, but are not limited to:
polypropylene, polyethylene, polybutylene, polyisobutylene, polybutadiene,
polyisoprene, polyvinylpyrrolidine, polytetrafluroethylene, polyvinylidene difluroide,
polyftuoroethylene-propylene, polyethylenevinyl alcohol, polymethylpentene,
polycholorotrifluorocthylene, polysulfornes, hydroxylated biaxially oriented
polypropylene, aminated biaxially oriented polypropylene, thiolated biaxially oriented
polypropylene, etyieﬁeacryiic acid, thylene methacrylic acid, and blends of
copolymers thereof (see UL.S, Patent No. 5,985,567, herein incorporated by
reference), organosilane compounds that provide chemicaily active amine or aldehyde
groups, epoxy or polylysine treatment of the microarray. Another example of a solid
support surface is polypropylene.

[0138] In general, suitable characteristics of the material that can be used to form
the solid support surface include: being amenable to surface activation such that upon

activation, the surface of the support is capable of covalently attaching a biomolecule
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such as an oligonucieotide thereto; amenability (o “in situ” synthesis of biomoiecules;
being chemically inert such that at the areas on the support not occupied by the
oligonucleotides are not amenable to non-specific binding, or when non-specific
binding occurs, such materials can be readily removed from the surface without
removing the oligonucleotides.

[013%] In one exampie, the surface treatment is amine-containing silane derivatives.
Attachment of nucleic acids to an amine surface occurs via interactions between
negatively charged phosphate groups on the DNA backbone and positively charged
amino groups (Schena, Microarray Analysis. john Wiley & Sons, Inc, Hoboken, New
Jersey, 2003, herein incorporated by reference). In another example, reactive
aldehyde groups are used as surface treatment. Attachment Lo the aldehyde surface is
achieved by the addition of 5~amine group or amino linker to the DNA of interest.
Binding occurs when the nonbonding electron pair on the amine linker acis as a
nucleophile that attacks the electropositive carbon atom of the aidehyde group,
(6140} A wide variety of array formats can be employed in accordance with the
present disclosure. One example includes a linear array of oligonucleotide bands,
generally referred to in the art as a dipstick. Another suitable format includes a two-
dimensional pattern of discrete cells (such as 4096 squares in a 64 by 64 array). As is
appreciated by those skilled in the an, other array formats including, but not limited o
slot (rectangular) and circular arrays are equally suitable for use (see U.S. Patent No.
5,981,185, herein incorporated by reference). In one example, the array is formed on
a polymer medium, which is a thread, membrane or film. An example of an organic
polymer medium is a polypropylene sheet having a thickness on the order of about 1
‘mm {0.001 inch) to about 20 mm, although the thickness of the film is not critical and
can be varied over a fairly broad range. Pérticu]ar!y disclosed for preparation of
arrays at this time are biaxially oriented polypropylene (BOPP) films; in addition to
theix durability, BOPP films exhibit a low background fluorescence. In a pariicular
example, the array is a solid phase, Allele-Specitic Oligonucleotides (ASO) based
nucleic acid array.

[0141] The array formats of the present disclosure can be included in a variety of
different types of formats. A “format” includes any format to which the solid support

can be affixed, such as microtiter plates, test tubes, inorganic sheets, dipsticks, and the

41



153 3153042259 2 62067e00 109 250 41 73 051061147 2 0033770 273
270 112 149 054151259 04222024 343 114 1 FtS547154 3 0.036449 a
544 7 262 1334 751562 0.13201.4 12 343 324 803723309

WO 2007/095185 PCT/USI067/003696

like. For example, when the solid support is a polypropylene thread, one or more
polypropylene threads can be affixed to a plastic dipstick-type device; polypropylene
membrancs can be affixed to glass slides. The particufar format is, in and of itself,
unimportant. All that is necessary is that the solid support can be affixed thereto
without affecting the functional behavior of the solid support or any biopolymer
absorbed thercon, and that the format (such as the dipstick or slide) is stable to any
materials into which the device is introduced (such as clinical samples and
hiybridization solutions).

[0142] The arrays of the present disclosure can be prepared by a variety of
approaches. In one example, oligonucleotide or protein sequences are synthesized
separately and then attached to a solid support (see U.S. Patent No. 6,013,789, herein
incorporated by reference). In another example, sequences are synthesized directly
onto the support to provide the desired array {(see U.S. Patent No. 5,534,501, herein
incorporated by reference). Suitable methods for covalently coupling
oligonucleotides and proteins to a solid support and for directly synthesizing the
oligonucleotides or proteins onto the support are known 1o those working in the field;
a summary of suitable methods can be found in Matson et al. (1994) Anal. Biocherm.
217:306-10. In one example, the oligonucleotides are synthesized onto the support
using conventional chemical techniques for preparing oligonucleotides on solid
supports (such as see PCT Publication Nos. WO 85/01051 and WO 89/10977, or U.S.
Patent No. 5,554,501, each of which are hercin incorporated by reference).

[¢143] A suitable array can be produced using automated means to synthesize
oligonucleotides in the cells of the array by laying down the precursors for the four
bases in a predetermined pattern. Briefly, a multiple-channel amomated chemical
delivery system is employed to create oligonucleotide probe populations in paratlel
rows (correspending in number to the number of channels in the delivery system)
across the substrate. Following completion of oli gonucleotiée synthesis in a first
direction, the substrate can then be rotated by 90° to permit synthesis to proceed
within a second (27) set of rows that are now perpendicular 1o the first set. This
process creates a multiple-channel array whose intersection generates a plu;*ality of

discrete cells.
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{0144} In particular examples, the oligonucleotide probes on the array include one
or more labels, that permit detection of oligonucleotide probe:target sequence
hybridization complexes.

Kits

[0145] The present disclosure provides for kits that can be vsed o determine
whether a subject, such as an otherwise healthy human subject, is genetically
predisposed to AMID. Such kits allow one to determine if a subject has one or more
genetiic mutations or polymorphisms in BF, C2 or CFH gene sequences.

[0146] The kits contain reagents useful for determining the presence or absence of
at least cne polymorphism in a subject’s BF, C2 or CFH genes, such as probes or
primers that selectively hybridize to a BF, C2 or CFH polymorphic sequence
identified herein. Such kits can be used with the methods described herein o
determine a subject’s BF, C2, or CFH genotype or haplotype.

{0147} Oligonucleotide probes and/or primers may be supplied in the form of a kit
for use in detection of a specific BF, C2, or CFH sequence, such as a SNP or
haplotype described herein, in a subject. In such a kit, an appropriate amount of one
or more of the oligonucleotide primers is provided in one or more containers. The
cligonucleotide primers may be provided suspended in an agueous solution or as a
freeze-dried or lyophilized powder, for instance. The container(s) in which the
oligonuclectide(s) are supplied can be any conventional container that is capable of
holding the supplied form, for instance, microfuge tubes, ampoules, or bottles. In
some applications, pairs of primers may be provided in pre-measured single use
amounts in individual, typically disposable, tubes or equivalent containers. With such
an arrangement, the sample to be tested for the presence of a BF, C2, or CFH
polymorphism can be added to the individual tubes and amplification carried out
directly.

[0148] The amount of each oligonucleotide primer supplied in the kit can be any
appropriate amount, depending for instance on the market to which the product is
dircctﬂd. For instance, if the kit is adapted for research or clinical use, the amount of
each oligonucleotide primer provided would likely be an amount sufficient to prime
several PCR amplification reactions, Those of ordinary skill in the art know the

amount of oligonucleotide primer that is appropriate for use in a single amplification
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reaction. General guidelines may for instance be found in Innis er af. (PCR Protocols,
A Guide to Methods and Applications, Academic Press, Inc., San Diego, CA, 1990},
Sambrook et al. {In Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,
New York, 1989}, and Ausubel ¢ al. (In Current Protocols in Molecular Biology,
Greene Publ. Assoc. and Wiley-Intersciences, 1992).

[6149] A kit may include more than two primers, in order to facilitate the in vitro
amplification of BF, C2, or CFH-encoding sequences, for instance a specific target
BF, C2, or CFH gene or the 5" or 3° flanking region thereof.

{61501 Insome embodiments, kits may also include the reagents necessary 1o carry
out nucleotide amplification reactions, including, for instance, DNA. sample
preparation reagenis, appropriate buffers (e.g., polymerase buffer), salts {(e.g.,
magnesium chioride), and deoxyribonucleotides (dNTPs).

[0151] Kits may in addition include either labeled or unlabeled oligonucleotide
probes for use in detection of BF, C2, or CFH polymorphisms or haplotypes. In
certain embodiments, these probes will be specific for a potential polymorphic site
that may be present in the target amplified sequences. The appropriate sequences for
such a probe will be any sequence that includes one or more of the identified
polymorphic sites, such that the sequence the probe is complementary to a
polymorphic site and the surrounding BF, €2, or CFH sequence. By way of example,
such probes are of at least 6 nucleotides in length, and the polymorphic site occurs at
any position within the length of the probe. It is often beneficial to use longer probes,
in order to ensure specificity. Thus, in some embodiments, the probe is at least 8, at
least 10, at least 12, at least 15, at least 20, at least 30 nucleotides or longer.

[0152] It may also be advaniageous to provide in the kit one or more control
sequences for use in the amplification reactions. The design of appropriale positive
control sequences is well known to one of ordinary skill in the appropriate art. By
way of example, contro] sequences may comprise human (or non-human) BF, C2, or
CFH nucleic acid molecule(s) with known sequence at one or more target SNP
positions, such as those described herein. Controls may also comprise non-8F, C2, or
CFH nucleic acid molecules,

{01531 In some embodiments, kits may also include some or all of the reagents

necessary to carry ont RT-PCR in virro amplification reactions, including, for
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instance, RNA sample preparation reagents (including for example, an RNase
inhibitor), appropriate buffers (for example, polymerase buffer), salts {for example,
magnesinm chioride), and deoxyribonucleotides (dNTPs).

[0154] Such kits may in addition include either labeled or unlabeled oligonucleotide
probes for use in detection of the in vitro amplified target sequences. The appropriate
sequences for such a probe will be any sequence that falls between the annealing sites
of the two provided oligonucieotide primers, such that the sequence the probe is
complementary to 1s amplified during the PCR reaction. In certain embodiments,
these probes will be specific for a potential polymorphism that may be present in the
target amplified sequences.

[0155] & may also be advantageous to provide in the kit one or more control
sequences for use in the RT-PCR reactions, The design of appropriate posiive
control sequences is well known to one of ordinary skill in the appropriate art.

{0156] Kits for the detection or analysis of BF, C2, or CFH protein expression (such
as over- or under-expression, or expression of a specific isoform) are also
encompassed. Such kits may include at least one target protein specific binding agent
(for example, a polyclonal or monoecional antibody or antibody fragment that
specifically recognizes a BF, C2, or CFH protein, or a specific polymorphic form of a
BF, C2, or CFH protein) and may include at least one control (such as a determined
amount of target BF, C2, or CFH protein, or a sample containing a delermined
amount of BF, C2, ar CFH protein). The BF, C2, or CFH-protein specific binding
agent and control may be contained in separate containers. The antibodies may have
the ability to distinguish between polymorphic forms of BF, CD and/or CFH protein.
[0157] BF, C2, or CFH protein or isoform expression detection kits may also
include a means for detecting BF, C2, or CFH:binding agent complexes, for instance
the agent may be detectably labeled. If the detectable agent is not labeled, it may be
detecied by second antibodies or protein A, for example, which may also be provided
in some kits in one or more separate containers. Such techniques are well known.
[0158] Additional components in specific kits may include instructions for carrying
out the assay. Instructions will allow the tester to determine BF, C2, or CFH
expression level. Reaction vessels and auxiliary reagents such as chromogens,

bufiers, enzymes, eic. may also be included in the kits. The instructions can provide
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calibration curves or ¢charts 1o compare with the determined {for example,
experimentally measured) values,

[015%] Also provided ure kits that allow differentiation between individuals who are
homozygous versus heterozygous for specific SNPs {or haplotypes) of the BF, C2, or
CFH genes as described herein. Examples of such kits provide the materials
necessary to perform oligonucleotide ligation assays (OLA), as described in
Nickerson et al. (1990} Proc. Natl. Acad. Sci. {J.5.A. 8T:8923-8627. In specific
embodiments, these kits contain one or more microtiter plate assays, designed to
detect polymorphismis) in a BF, C2, or CFH sequence of a subject, as described
herein. Instructions in these kits will allow the tester to determine whether a specified
BF, C2, or CFH allele is present, and whether it is homozyvgous or heterozygous. It
may also be advantageous to provide in the kit one or more conirol sequences for use
in the OLA reactions. The design of appropriate positive control sequences is well
known 1o one of ordinary skill in the appropriate art.

(01607 The kit may involve the use of a number of assay formats incloding those
involving nucleic acid binding, such binding to filters, beads, or microtiter plates and
the like. Technigues may include dot blots, RMNA blots, DNA blots, PCR, RFLP, and
the like.

{0161] Microarray-based kits are also provided. These microarray kits may be of
use in genolyping analyses. In general, these kits include one or more
oligonucieotides provided immobilized on a substrate, for example at an addressable
location. The kit also inchudes instructions, usually written instructions, to assist the
user in probing the array. Such instructions can optionally be provided on a computer
readable medium

[0162] Kits may additionally include one or more buffers for use during assay of the
provided array. For instance, such buffers may include a low stringency wash, a high
stringency wash, and/or a stripping solution. These buffers may be provided in bulk,
where each container of buffer is large encugh to hold sufficient buffer for several
probing or washing or stfipping procedures. Alternatively, the buffers can be
provided in pre-measured aliquots, which would be tailored to the size and style of
array included in the kit. Certain kits may also provide one or more containers in

which to carry out array-probing reactions.
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{01631 Kits may in addition include one or more containers of detector molecules,
such as antibodies or probes {or mixtures of antibodies, mixtures of probes, or
mixtures of the antibodies and probes), for detecting biomolecules captured on the
array. The kit may also include either labeled or unlabeled control probe molecules,
to provide for internal tests of either the labeling procedure or prc-ybin g of the array, or
both. The control probe molecules may be provided suspended in an aqueous sofution
or as a freeze-dried or lyophilized powder, for instance. The container(s) in which the
controls are supplied can be any conventional container that is capable of holding the
supplied form, for instance, microfitge tubes, ampoules, or bottles. In some
applications, control probes may be provided in pre-measured single use amounis in
individual, typically disposable, tubes or equivalent containers.

{0164] The amount of each control probe supplied in the kit can be any particular
amount, depending for instance on the market to which the product is directed. For
instance, if the kit is adapted for research or clinical use, sufficient control probe(s)
likely will be provided to perform several controlied analyses of the array. Likewise,
where multiple control probes are provided in one kit, the specific probes provided
will be tailored to the market and the accompanying kit. In certain embodiments, a
plurality of different control probes will be provided in a single kit, each control probe
being from a different type of specimen found on an associated array (for example, in
a kit that provides both eukaryotic and prokaryotic specimens, a prokaryote-specific
control probe and a separate eukaryote-specific control probe may be provided).
{01651 In some embodiments of the current invention, kits may also include the
reagents necessary ta carry out one or more probe-labeling reactions. The specific
reagents included will be chosen in order 1o satisfy the end user’s needs, depending on
the type of probe molecule (for example, DNA or RNA) and the method of {abeling
(for example, radiolabel incorporated during probe synthesis, attachable fluorescem
tag, etc.).

{6166} TFurther kits are provided for the labeling of probe molecules for use in
assaying arrays provided herein. Such kits may optionally include an array to be
assayed by the so labeled probe molecules.

[01671 The disclosure is illustrated by the foilowing non-limiting Examples.
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EXAMPLES
Example |,
Maierials and Methods
[0168) Subjects: Two independent groups of AMD cases and age-matched controls
of Buropean-American descent over the age of 60 were used in this study. These
groups consisted of 350 unrelated subjects with clinically documen}ed AMD (mean
age 79.5 +/- 7.8) and |14 unrelated, controf individuals {(mean age 78.4 +/- 7.4;
matched by age and eihmcity) from the University of lowa, and 548 unrelated
subjects with clinically documented AMD (mean age 71.32 +/- 8.9 years), and 275
unrelated, matched by age and ethnicity, controls (mean age 68.84 -+/- 8.6 vears} from
Columbia University, Subjects were examined by trained ophthalmologists.
[0169] Stereoscopic fundus photographs were graded according to standardized
classification systems as described in Hageman, 2003, supra; Bird ef al. (1995) Surv.
Ophthalmol. 39:367-74; and Klaver er al. 2001) Invest. Ophthalmol. Vis. Sci.
42:2237-41. Controls did not exhibit any distinguishing signs of macular disease nor
did they have a known family history of AMD (stages 0 and la). AMID subject were
subdivided into phenotypic categories based on the classification of their most severe
eye at the time of their recruitment. Genomic DNA was gencrated from peripheral
blood leukocytes using QlAamp DNA Blood Maxi kits {Qiagen, Valencia, CA).
[0170] Studies were conducted under the protocols approved by the Institutional
Review Boards of Columbia University and the University of Iowa. Informed
consent was obtained from all study subjects prior to participation.

{0171] Immunohistochemistry: Posterior poles were processed, sectioned and

labeled with antibody directed against factor Ba (Quidel}, as described in Anderson ef
al. (2002) Am. J. Ophthalmol. 134:411-31. Adjacent sections were incubated with
secondary antibody alone, to serve as controls. Some immunolabeled specimens were
prepared and viewed by confocal laser scanning microscopy, as described (Anderson
et al., 2002, supra),

[0172] Mutation Screening and Analysis: Coding and adjacent intronic regions of

BF and C2 were examined for variants using SSCP analyses, denaturing high
performance liquid chromatography (DHPLC) and direct sequencing. Primers for

SSCP, DHPLC and DNA sequencing analyses were designed to amplify each exon
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and its adjacent intronic regions using MacVector software (San Diego, CA). PCR-
derived amplicons were screened for sequence variation, as described in Allikmets ef
al. (1997) Science 277:1805-1807 and in Hayashi er al. (2004} Ophthalmic Gener,
25:111-9. All changes detecied by SSCP and DHPLC were confirmed by
bidirectional sequencing according to standard protocols,

f0173] Genotyping: Single nucleotide polymorphisms (SNPs) were discovered
through data mining (Ensembl database, dbSNP;: Celera Discovery System) and
through sequencing. Assays for variants with greater than 10% frequency in fest
populations were purchased from Applied Biosystems as Validated, Inventoried SNP
Assays-On-Demand, or submitted to an Applied Biosystems Assays-By-Design
pipeline. The technique employed was identical to that described in Hageman er al.,
2005, supra. Briefly, Sng of DNA were subjected to 50 cycles on an ABI 9700 384-
well thermocycler, and plates were read in an Applied Biosystems 7900 HT Sequence
Detection System.

[0274] Statistical Analysis: Genotypes were tabulated in Microsoft EXCEL and

presented to SPSS (SPSS, Inc.) for contingency table analysis as described in
Fageman et al., 2005, supra, and Klaver et al., 2001, supra. Compliance (o Hardy7
Weinberg Equilibtium was checked using SAS/Genetics (SAS Institute, Inc., Cary,
NC), and all SNPs in both cases and controls survived a cut off of p<0.G5. For
haplotype estimation we used snphap (written by David Clayton; Cambridge Institute
for Medical Research, Cambridge, United Kingdom), dewnloaded from the
Cambridge Institute for Medical Research website http:/fwww-
gene.cimr.cam.ac.uk/clayton/software/), SNPEM (Written by Dr. Nicholas Schork
and M. Daniele Fallin and obtained from D. Fallin), and PHASE version 2.11 (written
by Matthew Stephens; University of Washington, Seattle, WA, and availabie from his
web site at www .stat. washington.edu/stephens/software.html). The haplotype
analysis strategy used was first to obtain haplotype estimates using the Expectation
Maximization (EM) or Gibbs sampling algorithm, second, to identify htSNPs
representing a minimal informative set within a region of linkage disequilibrium, and
third, to assess these for significant association with AMD. Linkage disequilibrivm
was assessed (not shown) using the graphical tools available at the Innate Immunity

PGA wehsite (www.innateimmunity.net). All p-valiies are two-tailed and X2 values
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are presented as asymptotic significance. Overall type I error rates (), were
retrospectively calculated using the method of Benjamini and Hochberg (1993) J. R.
Star. Soc. Ser. B 57:289-300 as implemented at the Innate Immunity PGA website
(https://innateimmunity. net/HPGA2/Bicinformatics/multipietestfdrform), and were
below 2x107,

[0175] Significant haplotypes were subjected to permutation testing in both SNPEM
and PHASE. The protective SNP model drawn in Fig. 2A was presented to Exemplar
2.2 (available on the Sapio sciences website at htip://www.sapiosciences.com) and
statistically evaluated by that software for fitness against the three datasets (lowa,
Columbia and Combined) presented in Fig. 2B. Generation of the genetic algorithm
(GA) derived model (shown as Fig. 2C) involved Exemplar soflware. The GA
options were set to: 1500 AND/OR modets, of 15 iterations each, with a model size
no larger than 5 (which permits 16 possible genotypes). Further details of the genetic
algorithm implementation and significance testing are included as Example 2.

101761 A Classification & Regression Tree Analysis was performed with the SPSS
version 14.0 statistical package with the appropriate module on the Columbia, lowa
and combined data recoded as with (+) or without {-) minor alleles. Models were
automatically generated using each of the three datasets that incorporated both CFH

and C2/BF loci as contributors {0 the dependent onicome.

Results

[0177] All 18 BF exons, including 50-80 bp of flanking intronic regions, were
analyzed initially by denaturing HPLC in approximately 90 AMD cases and 90
contrals from a cohort ascertained at Columbia University. Seventeen sequence
variants, including eight missense changes, were identified and the LOH (rs4151667)
and R32Q (rs641153) alleles were more frequent in conftrols than in cases (Tab}'e 1.
Haplotype-tagging SNPs (WSNPs) within BF and its adjacent homolog C2 were
identified (Fig. 1) anci genotyped in a quumbia University cohort comprised of 548
AMD cases and 275 controls. These analyses revealed four variants that were
significantly associated with AMD. The L9H variant in BF, which was in nearly
complete linkage disequilibrivm (L.D) with the E318D variant in C2 (1s9332739), was
highly protective for AMD (X2=13.8 P=0.00020, OR=0.37 [95%Ci=0.18-0.601). The
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R32Q ailele in BF was in nearly complete LD with the rs547154 SNP in intron 10 of
€2, and was also highly protective (X2=33.7, P=643X10-9, OR=0.32 {95%CI=0.21-
0.480.

[0178] Genotyping of an independent cohort of 350 cases and 114 controls from the
University of lowa confirmed these findings. For example, the C2 E318D/RF LSH
SNP pair was significantly associated with AMD in this cohort (X2=10.6, P=0.0012,
OR=0.34 [95%C]=0.18-0.67]. To analyze haplotypes across the C2 and BF loci, the
data from the two cohorts were combined (Table 2). The common haplotype (H1,
Fig. 1} conferred a significant risk for AMD (X2=10.3, P=0.0013, OR=!.32
[95%CI=1.1-1.6]). The haplotype tagged by the BF R32(Q) SNP (H7), compared to all
other haplotypes, was highly protective for AMD (X2=26.9, P=2.1X10-7, OR=0.45
[95%CE=0,33-0.61] and the C2 E318D/BF L9H-containing haplotype (F10) was also
significantly protective (X2=21.6, P=3.4X10-6, OR=0.36 [95%C1=0.23-0.56]) (Fig.
1}. The I1} haplotype, when employed as the reference haplotype, preduced slightly
more significant results for H7 {(X2=29.6, OR=0.42 [0.32-0.58}) and for Hi0
(X2=249 OR=0.33 [0.21-0.52]). Analysis with the SNPEM program also
demonstrated that the same haplotypes were significantly agsociated with the disease,
confinming the hypothesis that alleles in the C2 and/or BF gene are predictive of risk
for AMD. Individuals with the two protective haplotypes (either homozygous for H7,
H10, or 7/10 compound heterozygotes) were found in 3.4% of the controls, but in
only 0.77% of the cases (X2=12.2, P=0.060048, OR=0.22 {0.087-0.56}). The odds
ratio of subjects with two protective alleles was approximately half of that of the
subjects with one protective allele, consistent with a co~-dominant model.

[02179] The observed associations were highly significant when the entire AMD
subject cohort was compared to controls, or when major subtypes of AMD, including
early AMD (e AMDD), choroidal neovascularization (‘CNV) and geographic atrophy
(GA), were anafyzed separately. The GA group (a total of 133 subjects from the 2
cohorts) deviated from the general trend in some cases, similar to our observations
related to CFH (Hageman et al., 2005, supra). Specifically, the haplotype tagged by
the R32Q allele demonstrated the strongest protection against the disease — OR was
0.22 when the GA group was compared to controls vs. 0.45 when the rest of AMD

samples were subjected to the same analysis. Although this deviation may be

wn
.



216 94051.1-T 2 0 545 54 274 7377 R53791395 3 0,488 9 541 9 250
R54151657 2 0.397 al 339 5599 7150332739 2 0.382 10 527 23 294
R59202739 2 0 375 99 339 1599 R5547154 2 0.373 43

WO 2807/095185 PCT/US2007/003696

significant in terms of varying etiology of the disease, it did not reach statistical
significance (the confidence intervals overlapped), most likely due to the small
number of GA cases.

[0180] Combined analyses were inttially performed by stratifying the subjects
according o status at the CFH Y402H allele. Protection conferred by C2/BF was
strongest in CFH 402H homozygotes (OR=0.27), intermediate in 402H/Y
heterozypotes (OR=0.30), and weakest in 402Y homozygotes (OR=0.44), However,
the confidence intervals of all these estimates overlapped. The effect was principally
due to a trend in which the frequency of C2/BF protective alleles was greatest in
402H homozygoles (the “risk” genotype); 40% of these subjects in the control cohort
carried at least one protective allele. In contrast, controls that were 402H/Y or 402Y
had progressively lower frequencies of C2/BF protection (32% and 26%
respectively). In other words, individuals at high risk due to their CFH genotype,
who did not develop AMD, have a high frequency of protective allele(s) at the C2/BF
focus.

[G18F] Toidentify possible com'binatidns of CFH and C2/BF SNPs that are
protective for AMD, as suggested by the individual SNP analysis, the analyses of the
avatlable data was performed by two means; first by an empirical hand-built model
and then by a machine-learned model using the Exemplar software (Fig. 2}, The first
model was a hypothesized ¢(hand-built) model, as one would ereate by an empirical
inspection of the data (Fig. 2A). The model description is provided as panel A, and is
mnterpreted as giving four possible combinations of genotypes that would protect from
AMD (combinations that result in the model being “true™). When this model was
applied against the samples, the distributions shown in pane! B were obtained
separately for each cohort and for the combined cohorts (Fig. 2B). The case
percentage is the percentage of cases for which the model was false; in other words, .
they did not have protection as described by the model. The control percentage is the
percentage of controls that did have the protective factors described by the model,
meaning the mode} was true. These distributions were subjected to significance
testing by Fisher's exact test and evidenced p-values of P=0.00237, P=4 28X10-8 and
P=7.90X10-10, respectively. Following this, the Exemplar software was tasked to

generate a protective model that provided a “best fit” to the data using a machine-
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learning method calied Genetic Algorithms; i.¢., we tested the hypothesis that the
machine-learning software can outperform the hand-built model. Models were
learned on the Columbia cohorl; the resulting fittest models were retained and then
applied to the lowa cohort as a verification test (out-of-sample verification) on an
independent cohort. Finally, the models were applied to the combined sample sel.
The resulting best performing model is depicted in Fig. 2C. This model describes
four possible individual (or combinations of} genotypes that would protect from AMD
(i.e. combinations resuliing in the model being “true”). The mode! performance is
shown in Fig. 2D for the lowa, Columbia, and combined cohorts, respectively. These
distributions were subjected to significance testing by Fisher's exact test and
evidenced p-values of P=7.49X107, P=2.97X 10 and P=1.69X 10", respectively.
The method was further validated by randomizing the case and control designations
. and performing 3000 permutations of the dataset. The actual data was more
significant than any of these
permutations.
[0182] In summary, combined analysis of these haplotypes with the variation in
CFH by the Exemplar software revealed that 56% of unaffecied controls harbor at
least one protective CFH or C2/BF haplotype, while 74% of AMD subjects lack any
protective haplotype at these loci. Inspection of the data shows that approximately
60% of the risk in cases and 65% of the protection of controls is due to the effect of
the CFF focus, and the remainder (40% and 35%, respectively) to the C2Z/BF locus.
The machine-learned model outperformed the hand built model, allowing for
significantly better predictions of a clinical outcome. A classification and regression
tree (C&RT) analysis provided results that support the role of C2/BF in AMD,
producing similar trees as did the Genetic Algorithm analysis. Using the Columbia
dataset alone, the C&RT model accounts for 37% of cases through C2/BF allele
presence, using fowa, 36%, and the combined analysis produced a slightly weaker
effect of 27 %. These estimates are all consistent with the 35-40% estimated
contribution of the C2/BF locus from the genetic algorithin analysis. The detailed
description of the methods and specific analyses are provided in the Example 2.
[6183F BF and C2 are expressed in the neural retina, RPE, and choroid. PCR

amplicons of the appropriate sizes for BF and C2 gene products were detected from
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isolated RPE, the RPE/choroid complex, and the neural retina, from human donor
eyes with {two donors aged 67 and 94) and without (two donors aged 69 and §2)
AMD (data not shown). BF protein was present in ocular drusen, within Bruch’s
membrane, and less prominently in the choroidal stroma (Fig. 3A). Ba (a BF-derived
peptide} immunoreactivily was less pronounced, but distinctly present in paiches
associated with RPE cells and throughout Bruch’s membrane (Fig. 3B). The
distribution of BF is similar to that of C3 (Fig. 3C), both of which are essentially
identical (o that of CFH and C5b-9 (Hageman er al., 2005, supra).

[0184] In summary, these data show that variants the complement pathway-
associated genes C2 and BF are significantly associated with AMD. Protective
haplotypes in the C2/BF locus contain nonsynonymous SNPs in the BF gene, an
important activator of the alternative complement pathway. Available data confirms
the hypothesis that the AMD phenotype may be modulated by abnormal BF activity.
Indeed, the BF protein containing glutamire at position 32 {resulting from one of the
two BF SNPs tagging a protective haplotype), has been shown to have reduced
hemolytic activity compared to the more frequent arginine 32 form (Lokki and
Koskimies (1991) Immunogenerics 34:242-6). The same study did not document a
functional effect for the R32W variant, which was not associated with AMD in the
current study. Based on these data, we suggest that an activator with reduced
enzymatic activity provides a lower risk for chronic complement response that can
lead to drusen formation and AMD. This hypothesis is compatible with our previous
proposal that insufficient inhibition of the alternative complement cascade due to
variation in CFH results in chronic damage at the retinal pigment epithelium/Bruch’s
membrane interface (Hageman e al., 2003, supra; Anderson, 2002, supra; Hageman,
2001, supra). Another BF hiSNP, LOH, resides in the signal peptide. While'the
functional consequence of this variant has not been directly demonstrated, this variant
could modulate BF secretion.

[0185] The genetic and functional data suggests that variation in BF is likely causal
for the observed association with AMD. This is based on the fact that the two
haplotype-tagging variants in BF are non-conservative and one of the two is
documented 1o have a direct functional relevance (a reduced hemolytic activity),

whereas the variants in C2 are a conservative change and an intronic SNP. In
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addition, BI participates directly in the alternative pathway, a pathway that also
involves CFH. A direct role cannot be ruled out for C2, however, particularly since
both C2 and BF regulate the production of C3. C2 and BF have nearly identical
modular structures, including serine protease domains within their carboxy termini
and three CCP modules within their amino termini. Additional support for BF being
the gene involved in pathogenesis of AMD comes from studies of drusen
composition. While the majority of proteins involved in the alternative pathway
(CFH, BF, etc.) are found in drusen, their analogs from the classical pathway, such as
C2 and C4, are not (Mullins et al. (2000} Faseb F. 14:835-46; Crabb er af. (2002)
Proc, Natl. Acad. Sci. U.5.A. 99:14682-7). These data further suggest that the SNPs
in C2 gene are associated with AMD due to extensive LD with BF.

{01861 Several common functional variants in both €2 and BF have been described
(Davis and Forristal (1980) J. Lab. Clin. Med. 96:633-9; Raum et al. (1979) Am. J.
Hum. Genet. 31:35-41.; Alper er al. (2003) J. Clin. fmmunol. 23:297-305), but most
of these are rare. All missense alleles with frequencies greater than 2% in Buropean
populations as judged from the re-sequencing data on both genes available at the
SeattleSNPs project website (www.pga,mbt.washington.édu/) have been analyzed.
Moreover, no additional ponsynenymous variants in either gene have been found after
complete sequencing of several HLA haplotypes, including examples of our
haplotypes H2 , H5, and H7 (Stewart et al. (2004} Genome Res. 14:1176-87).

[0187] Because C2 and BF reside in the HILA locus tegether with many other genes
involved in inflammation, one must consider the possibility that the associations
observed in this study are due to LD with adjacent loci (Larsen and Alper (2004)
Curr. Opin. Immunol. 16:660-7). Five lines of evidence, however, suggest that the
C2/BF locus is the main contributor to the observed association. First, only modest
LD between C2/BF and adjacent class Il loci is observed in HapMap data. Second,
MHC class If foci and BF haplotypes H7 and H10 do not show strong LD. Third, in a
whole genome scan performed by Klein e al. (2005) Science 308:385-9, the MHC
locus did not demonstrate a statistically significant association with AMD. Their
analysis, performed with the Affymetrix Mapping 100K Armray, included 80 SNPs
across the MHC locus; however, the array did not contain any of the 8 SNPs typed in
this study {bttps://www.aifymetrix.com/analysis/netaffx/index.affx). Fourth,

n
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estimated recombination rates from HapMap data indicate regions of high
recombination on both sides of the C2/BF locus (Myers er al. (2005) Science 310:321-
324). Finally, the single published study on MHC in AMD demonstrates modest
protection for the class 1 locus B¥4001 {P=0.027) and the class 11 locus DRB1#]1301
(P=0.009) (Goverdhan &t al. (2005) Invest. Ophthalmol. Vis. Sci. 46:1726-34). Since
the protective alleles identified in this study were assoclated with AMD at a
substaniially higher statistical significance it is very unlikely that the C2/BF

assaciation is due to LI with these and/or other loci in the MHC.

Table 1. Sequence variants in the BF gene detected by DHPL.C screening.

Nuclectide [Amino Acid Altele Frequency in Cases

Exon Changes Changes {AMD Total N GA £ Controls
1 .26 T>A LOH 18/1002 10/546 21178 6/368 23/546
2 c.94 C>T R32w 109/1096 | 52/546 20/182 377368 55/550
2 .95 G=A R32C 44,1096 21/546 4/182 19/368 B81/550
3‘ c.405 C=T Y135Y 1/184 /184 0/184
4 ¢.504 G>A P168P 4/184 44184 6/184
4 c.800 C>T S2005 /184 0/184 2/184
5 ¢.673 C>T Y252y 2/184 2/184 5/184
5 . 754 G=>A G2523 7/184 7/184 6/184
& c.887+170>A 2/184 2184 /184
8 c.1137 C>T R373R 1/184 /184 0/184
g c.1189-35T=A 1/184 17184 084
12 c. 1588 A>G K533H 3/184 3/184 97184
14 c.1693 A>G K565E 8/182 /182 4/184
14 c.1697 A>G E586A 9/182 9/182 4/184
15 €.1856-14C>T 131182 13182 21/184
15 €.1833 G=A V451 1182 1/182 ‘ /184
18 c.'23 C>T 4/182 4/182 7/182

]
L=
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Table 2. Association analysis of C2/BF variants in combined Columbia and lowa

cohorts
#

Gene | dbSNPi# {Location! # Cases | Controls X p OR 95%Cl
ce rs93327391 E318D 897 381 21.2 4,14E-06 .36 0.23-0.56
cz2 rs847154 1 VS 10 894 382 28.7 8.45E-08 .44 0.33-0.60
BF ris4151687 LaH o903 383 21.3 3.93E-06 0.36 0.23-0.56
BF rs6411531 R3z2Q 551 269 337 B5.43E-09 0.32 0.21-0.48
8F rs104870% R150R 892 381 012 NS
BF rs4151659] K565E s02 384 1.1 NS
218 rs2072638] WS 17 883 379 4.05 0.044 0.84 0.70-0.88

Example 2. Exemplar Statistical Methods

[0188] Sapio Sciences collaborated with the NCI 1o analyze genotyping data. The
NCI provided ~1360 total samples with 10 bi-allelic SNP’s genotyped. The data was
presented (o Sapio with numeric representations of alleles. A script was writien to
convert the data (o Exemp}ar—'friendly format, by converting the alleles to genotype
numeric representations (1 17 became “I" for AA, "1 27 became “2” for AB and *2
27 became 37 for BB, 0 0" was a nocall and was converted to “0") and to dedup
the sumples. The phenotype was age-related macular degeneration (AMD). There
were several subclasses of AMD identified, but for this analysis the data was used as a
whole to determine if there was a common genotype underlying the various AMD
phenotypes. '
[0189] Sapio Sciences utilized its Exemplar Genotyping Analysis Suite to analyze
the supplied data. Exemplar performs several association based analyses for case-
control studies. The modules utilized for the analysis were:

= Genetic Algorithm Module (GA Module) — This module implements a
machine leaming approach to finding Jogical combinations of SNP’s (models) based
studies.

+ Association Study Module (AS Module) ~ This module calculates many
useful statistics like Chi Square, Yates, Fisher Exact,"Odds Ratio, Relative risk,

Linkage Disequilibrium, I’, r2 and Haplotype Estimates.

n
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[0190] Exemplar typically finds models correlaiing with a phenotype. In other
words, the models predict the factors contributing to getting the phenotype, not to
proiection from il', although protective factors can be inferred from the models. For
example, if a model indicates that samples having.. .RS00] as BB OR RSQ0! as
AB...correlate with having the phenotype, then i1t can be inferred that those with
RS001 as AA are protected from the phenotype.

{0191] Exemplar models are logical combinations of SNP°s. The models can be
hand-built to test hypothesis, or the Genetic Algorithm can be utilized to attempt to
find

modeis with high wtility. Genetic Algorithms are a machine learning method that
excels at finding patterns within large data spaces., T“né GA utilizes the two-thirds,
one-third, validation method. This is accomplished by randomly assigning 2/3 of the
cases and controis to the training set. The GA then learns models on this training
set. When it completes the learning phase, it applies the best performing models to
the test set (the remaining 1/3 of data). The best performing models across test and
training are returned to the user. In this study, even Lﬁougil only a small number of
SNP’s were being interrogated, the lai‘ge number of samples made 1t difficolt for a
human to effectively discern patterns that would be applicable across all the data. For
this reason, the GA was utilized 1o find more complex patterns with higher utility.
The benefit of these types of models over traditional approaches is in their ability to
incorporate multiple loci from across the genome in making a prediction. This
enables one model to identify what is often a complex interaction of polymorphisms
that correlate with outcomes.

[G192] This study was uniqixe in that its focus was on finding modeis that were
protective against AMD. As this deviates from the normal Exemplar approach of
finding additive models, a change had to be made to the input data. By simply
instructing Exemplar that the cases were controls, and vice versa, it would then Jearn
models that demonstrated why a sample would not get the phenotype. In other words,
it would be finding the combinations of SNP's that conferred protection,

10193]  Study Group information: Data was provided from two separate cohorts, the
Iowa cohort and the Columbia cohort. The Columbia data was a larger group with

about 830 total samples of which 560 were cases and 270 were controls. The Iowa



661 240 259 112 [18104 8709 3 1.44 27 867 7 374 R32072633 2 1.11
416 479 164 215 [18415 16591 1.99 870 34 374 10 [18415 1559 2 1.09
3487010 374

WO 2007/095183 PCT/US2H07/0036%6

cohort had about 529 total samples with 414 cases and 115 controls. Having two
sample groups allowed model building to be done with the GA Module on one cohort
and the efficacy of the resuitant models out-of-sample to be tested on the remaining
cohorl.

[6194] Study Results: Multiple statistics were generated for each SNP/genotype in
the input dataset. Statistics were generated by building 2 x 2 contingency tables and
doing proper counts of genotypes (Note that this is not allele counts, but genotype
counts where the two genotypes not being calculated are coilapsed into one value}.
The values for each cell of the 2 x 2 (able are provided in the tables under the
headings Case True, Case False, Control True, Control False. All statistics were two-
tailed calculations.

[0195] Tables 3 through 6 show statistics on the Iowa and Columbia cohort side by
side. NOTE: The “Category” column is the genotype where: 1 corresponds 1o AA, 2

to AB and 3 to BB. Table 7 shows statistics for the combined cohorts.

Table 3. Columbia and Towa Side-By-Side Chi Square Statistics
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Table 4. Columbia and lowa Side-By-Side Chi Square Yates Statistics
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Table 5. Columbia and Iowa Side-By-Side Fishers Exact Statistics
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Table 6. Columbia and lowa Side-By-Side Odds Ratio Statistics
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Table 7. Combined Cohorts Chi Square Statistics
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Table 8. Combined Cohorts Chi Square Yates Statistics
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Exact Statistic WO 2007/095185PCT/US2007/003696

WO 2007/095185 PCT/US2007/003696

Table 9. Combined Cohoris Fishers Exact Siafistic

0611
A5106117G 1 1.08E-13 285 812 47 329
INDELTT 3 5.56E-09 681 213 227 152
RS547154 1 1.17E-08 805 21 304 78
{HDELTT 1 1.45E-06 13 81 26 353
RS547154 2 1.68E-08 a8 810 70 312
HS84151667 i 3.14E-05 867 38 343 40
RS59332739 7 3.21E-05 861 38 341 40
INDELTT 2 4.16E-08 200 B84 126 253
ASa151667 2 1.04E-04 28 ag7 38 348
R59332739 2 1.06E-04 38 861 as 343
HS2072633 3 0.0048033 113 782 70 309
RS547154 3 0.0173168 & 481 2] 74
RS1061170 2 Q.0176623 434 463 157 219
HS3753396 3 0.0379421 15 886 13 358
RS1061 147 2 00397575 433 462 161 215
RS4151667 3 0.0882608 G 805 2 aai
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Table ID. Combined Cohorts Odds Ratio Statistics [0196] Clearly many of
these SNP's were highly statistically significant in both cohorts. This was
mainly due to the a priori information that led to their selection for this
study. Particularly notable was RS1061170 as 3(BB a.k.a T/T) with fishers
wediB1ER@sIndicating its strong potential as a protective gemotyrendn/dhess
side by side comparisons it becomes clear that there are some differences
between the lowa and Columbia cohorts. [0197] To further assess which
SNP's/Genotypes are protective or contributive, Fishers was used as a
basis for genotype penetration variance. To do this the genotype
percentage was calculated for cases and controls and the absolute value
of their difference was calculated. Table I | provides this information and is
sorteﬂdm@rdemnm@maaqu@@asdﬁﬁa@mm@ble li. Genotype

: gy B
16.28 %zéN@lEdzﬁT 559 37% 33.25% 45, %A? 15461580.84% 70. 58%9 -
10.269:RB3%46354 1 2.661 867 38 343 40
H59332739% 1 2.658 851 38 341 40
135547154 1 2.270 805 231 304 78
INDELTY 3 2.141 681 213 227 162
AS1048709 3 i.684 27 8867 7 374
RS4151659 2 1462 34 87d 10 374
RS1061170 2 1.3086 434 463 157 218
RS1061147 2 1.252 433 462 61 2156
RS3753396 i 1.1491 B&1 240 258 112
RS2072633 2 1.139 416 479 164 215
AS2072632 1 1117 366 528 145 234
AS1048702 1 1.008 g4z a52 273 i08
RBSA15165% i 0684 B70 34 374 10
RS207 2533 3 0.638 113 782 70 308
INDELTT A4 0878 200 5094 126 253
RS547154 2 0.473 86 810 70 312
R53753396 3 0408 15 a86 13 358
AS633273% 2 0,388 35 861 38 343
RS54151667 2 0,388 38 33574 38 345
Rs1061170 3 0.284 178 719 172 204
R5547184 3 G.262 5 881 B8 474
INDELYT i 0.200 13 &84 26 353
ASi061170 k! 3.260 285 512 47 229

[6196] Clearly many of these SNP’s were highly statistically significant in both
cohoris. This was mainly due o the a priori information that led to their selection for
this

stady. Particularly notable was RS1061170 as 3(BB a.k.a T/T) with fishers p<4.81E-
20, indicating its strong potential as a protective genotype. In the side by side
comparisons it becomes clear that there are some differences between the lowa and

Columbia cohorts.
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2 9.60% 13.32% 8.73% R51061170 2 48.38% 41.76% 563% R59332739
1 95.77% 89.50% 6.27% P841 51667 1 95.90% 89.56% 6.24%
R52072633 3 12.63% 18.47% 5.84% R59932739 2 4.23% 9.97% 5.75%
R54151667 2 4.20% 9,92% 5.72% R81061147 2 48.39%

WO 2007/095185 PCT/USZ007/003696

10197] ‘To further assess which SNP's/Genotypes are protective or contributive,
Fishers was used as a basis for genotype penetration variance. To do this the
genotype percentage was calculated for cases and conirols and the absolute value of
their difference was calculated. Table 1 provides this information and is sorted in

order of bighest frequency difference.

Table 11. Genotype Penetration Variance

Gonotype . Caso %

_ Control % Differsnce  Cau

| RS1061170 3 10.84% 45.74% 25.00%
RS1061170 1 31.77% 12.50% 19.27% c
[HDELTT 3 5.17% 52.89% 16.28% C
INDELTT 2 22.37%% 33.28% 10.87% el

| Resar154 1 89.84% 79.58% 10.26% c
RS547154 2 $.60% 18.32% 8.73% P
RS1061170 2 48.38% a1 76% 6.63% c
RE9332799 1 95.77% £9.50% 6.27% G
RS4151667 1 95,80% 89.56% 6.24% o
HS$2072633 3 12.68% 18.47% 5.84% P
RS9332739 2 4.25% 9.97% 5.75% p
RS4151667 2 4.20% 9.92% 572% p
R&1061147 2 43,38%% 42.82% 5.56%, ¢
INDELTT 1 1.45% 5.86% 5.41% B

[0198] Hypothesized Protective Models: In this study, preliminary work indicated
possible combinations of SNP’s that would protect from AMD. To test this
hypothesis, a hand-built model was constructed per an NCI specification. The modc:}
graphic appears in Fig. 2A. This model can be written as an IF statement as follows:
IF RS547154 is G/A and RS1061170is T/T or
R5547154 15 G/A and RS1061170 is C/C or
RS4151667 is T/A and RS1061170 is C/T or
RS54151667 is T/A and RS1061170 js C/C
THEN The Person is protected from AMD.
Therefore, this model gives four possible combinations of genotypes that would
protect from AMD (combinations that result in the model being “true’):
1.RS547154 as G/A AND RS1061170 as T/T
* Controls 8.82%, Cases 5.45%
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42.92% 5.56% 1HDELTT 1 1,45% 6.96% 5.41% [0198] Hypothesized
Protective Models: In this study, preliminary work indicated possible
combinations of SNP's that would protect from AMD. To test this
hypothesis, a hand-built model was constructed per an NCI specification.
Wheonrodelsgraphic appears in Fig. 2A. This model can be vwdttersa® znisse
statement as follows: IF RS547154 is G/A and RS1061170 is T/T or
RS547154 is G/A and RS1061170 is C/C or RS4151667 is T/A and
RS1061170 is C/T or RS4151667 is T/A and RS1061170 is C/C THEN
The Person is protected from AMD. Therefore, this model gives four
possible combinations of genotypes that would protect from AMD
(combinations that result in the model being "tnie"): 1. RS547154 as G/A
AND RS106117®aB 3577 IGont als8:a20rE pses 30ARI/ WO

2007/095185PC'[/ég%?QQ%/QQ?G%G 2. R 7154 as G/A AND
RS1061170 as C/C_Controls 7.2 6}3%5?5?31_93% 3. RS4151667 as T/A

AND RS1061170 a8 1€dhtrold % AM0R8 L) 7005 4./R54151667 as
T/A AND RS106t THhast CIQuCoakkosdd 4/ %, Cases .79% When this

model was applied lgggi@%%geagaﬁr}pjgﬁ%%fﬂjlé)l\lywa%eé ted for the
: 0

combined lowa and Columbia cohorts cases did ave the
protective factors {R&'FAdet (asTaise)7990.12% 88 controls did have the

pro®¥ttiuefaciard:(thesmgs elavas; Hilie)e saaSiRY0uB Fafdhe.casesdidhaye
ProfReie sl and-88%,.836.9 the. controls did not have the protective

factors...76.47 NOTE: statistics on aﬁ:moqlels were calculated by applying
the model"agAinstthe e aritited doREtec Brel frelekinthtsPrgb was false)...90.12%

Positive(TPj EatseNeghtive(iN)plaseRostiee{ R} aRdAWE; rue).. 23.52%
Negative(Thh @Q%'CI&@%QWQSF&%’X&%% g%ﬁ% Rlacedkin a 2 x 2 tables

from which all statistics were generated. Table 12 shows the statistics for
each cohdrt P4HIEe soRfeIsIb Bt bavethPratcive foae. STEtics

ithi&thTE: statistics on all models were calculated by applying the model against the
combined cohorts and tracking its True Positive(TP), False Negative(FN), False
Postive(FP) and True Negative(TN) rates. These nurbers were then placedina2x 2

tables from which all statistics were generated. Table 12 shows the statistics for each
cohort.

Tabie 12. NCI Hypothesized Protective Model Statistics

* 31d
CHNEESG AT R e e o o e T R
A T R T T

A EScorenihvalie
P=7.902e.10 P 4,28 40-81 P=0.00227

2.8081 3.0703 2.3608

8id Error: 0.4664

G5%CI: 2.027<0.R.<3.889
Inverse OR: 3¢

P=4.473E-11% 32.928 P=8.563E-9 10.276] P=0.0013

P=3.020E-10) 31.659 P=1.837E-8] 9334 P=0.0022

[6199] Genetic Algorithm (GA) Derived Model(s): In an attempt to see if the GA
Module could find better combinations of SNP’s, the GA module was tasked to learn
models on the inverted data (to learn protective models). Various parameter settings

were utilized including:

* Model Type: indicates whether the model can have and’s and or’s, and’s

only, or or’s only.
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, .. P=7.902e-1c ;.,,. ric,".r. ...3...," P-4.284e-8 ,:rtr .w. s:=4,gs/f.,09.-
P-0.00237 cl.d.191IR: P, 2.8081 Sld Error: 04666 95%a:
2.02740.R.c3.869 Inverse OR: .36 3.2703 2.3608 S' 40291 P=4.473E-11
32.928 R.9.563E-9 10.276 P-0.0013 :?T.lli71.4104- 39.661
We3020Er40131.659 P=1.837E-8 9.334 P=0.002 (0199) Geretitze7/003696
Algorithm (GA) Derived Model(s): In an attempt to see if the GA Module
could find better combinations of SNP's, the GA module was tasked to
learn models on the inverted data (to learn protective models). \{arious
parameter settings were utilized including: Model Type: indicates
whether the model can have and's and or's, and's only, or OF'S only.

= Model Size: indicates an upper limit for how many SNP's can be in the
modely

* GA Specific Parameters: such as generations, number of models, etc.

[6200] Generally speaking, AND-only models of small size are preferable. The
reasons for this are two-fold, First, an AND-only model requires that all its SNP’s be
true for the model (o be true, and its interprelation is therefore unambiguous, whereas
maodels with OR’s do not require all SNP’s to be present for the model to be true,
which introduces a level of uncertainty. Secondly, smaller models are easier to
interpret due to having fewer SNP’s 1o assess.

[0201] Exemplar utilizes a two-third, one-third validation method to avoid over-
fitting to the input data with the desired outcome of having more generally appliéable
results. |

[0202} Further, given that there were two distinct study groups, this allowed models
to be built only on the Columbia data and the resultant models to be tested against the
lowa cohort. If the model(s) performance is consistent across the two groups, this is a
strong indication of the general applicability of the model(s). This would be
particularly challenging given the interesting statistical differences between the two
greups as discussed in the above statistics section. Given such variance, it was highly
possible that the GA would find high fitness models on the Columbia data, but would
perform poorly on the Towa data.

{0203] The GA did find a model that performed well across Columbia, lowa and the
combined dataset. .The models performance on the Columbia data was superior to the
lowa data, as would be expected given that the model was trained on the Columbia
data. Nonetheless, the model performance is notable given that the GA had no prior
knowledge of the Iowa data and there was significant statistical difference between
key SNF’s between the two cohorts. The resultant best model cutperformed the hand
built hypothesized model on the combined cohorts (RS1061 170}. Initially, the model
included an additional section with “INDELTT is homozygous AND RS547154 is
GG,” but upon further inspection, this section was determined to be extrancous to
model interpretation and was therefore eliminated to produce the model with identical

performance. A graphic of the final model may be found in Fig. 2C.

68



WO 2007/095185PCT/US2007/003696 Model Size: indicates an upper
limit for how many SNP's can be in the models GA Specific Parameters:
such as generations, number of models, etc. [0200] Generally speaking,
AND-only models of small size are preferable. The reasons for this are
waHoldyFrst, an AND-only model requires that all its SNPR @ f#e7foE696
the model to be true, and its interpretation is therefore unambiguous,
whereas models with OR's do not require all SNP's to be present for the
model to be true, which introduces a level of uncertainty. Secondly,
smaller models are easier to interpret due to having fewer SNP's to
assess. [0201] Exemplar utilizes a two-third, one-third validation method

to avoid over- fitting to the input data with the desired outcome of having
motr¥2§éheriilly Gpplivalie Rsitis: HOR0R 1aBurther agiverhat there were
twautigtinel siudly grounse hisalewed madals @R%QHM[RQ['X&W ;tlhez\llvtgundation

Co&umb’iald,ata and the resultant models to be tested against the lo
cohort TP the SitdekEIhBISTMARETS consistent across the two groups,
thid 938 btrdtegpintlicalion withelbenerdleappkcabilitynaf fhemads!(5). Akiss went

woyldihenRarticylatly ghgllenging given the interesting statistical
differences between the two groups as discussed in the above statistics

sedflBROGiIVERG cregariantkis, t s Krsily pordebidahar tHerari w6 firsd
higeefimesss neagglsoin thedgadunoliid data, but would perform poorly on
theydoun daia.da03L TAR GO UC TR 3.MAg e 1l eI el 3RS o,
Columpbia, Jowa and the combined dataset. The models performance on
the"EOIMBIA data was superior to the lowa data, as would be expected
givER At tRbimoddtivas trainmad:onsthe IGalumbiendaidoNanetheless, the
model performaneqis, DeEabie RD JARRBRGA ARe Aerhtior knowledge
of the lowa data and there was significant statistical difference between
key SNP's betw MEYhS Sofidts. The resultant best model
outperformed th& braifd iilisHlfzothhesized model on the combined cohorts
(RS 1061170). Initiaty thesmpedel included an additional section with
"INDEL I''is hor’%géz{:iygqlus AND RS547154 is CC," but upon further
inspection, this section WaBHRBIMREHs bl WrMddus to model
inté¥BPSatidiiambre g iher &forpelininatdil toupt edom theamodelrwitotypes that
identical pestimancaMroranhisgfithe Igaeilmogz%m@%n@; foung 29:
2C. WO 2007/09% 5P 04| The GA spetific

r

; : 4%?1' /U820/07/003696 é

Options for this tadkWate’as fSIfw M GRS L 5besHidis the number of
models the GA biédntechallyad)d formelaioh ifr @nnlving new
generations of moggls[32Q5) ltgrations: 25- this is the number of
evolutionary itergy)ons th(?,m?(%%ls went thro%gh to find a solution [0206]
Model Size: 5 - this affowed fof theRaddls I6HRME A naximum of 16

- genotypes to appdd¥rtihd Gige Thvdel [0207] Model Type: AND/OR's -
this let the GA buiiddanesels pscauld use both and:s and or's [0208] This
model can be W“E‘itﬁpf?‘i%%”: statement as follows: IF RS1048709 is GIG

and RS1061170'is of R&547154 is G/IA or RS4151667 is T/A or

INDEL't I' is +/+ TPENTThénpetSondss proiddt@dchomAMD. [0209] This

Mool gives/ feurprsakie Wivighal O comPinatons)of IR0AMBES Ak ulted for
quﬁlad rgEtiectf om AMgiI)Cgomblnatlons resulting in the model being

' S

true' ol BOUE Y LS R YRS 8 F 61170 as T/T Occurred in 14.20%
cases, 34.842pttmtrols iR 86UTE4lag Glé-tDecurred {1476%)cases;d.

18.32% cantils @eRIMSLGAE AR TAeLoeudad N 42682388 A8
cog)t% !@\/4,}%‘%?}_4 las +/+ chu,rrefcj in 1.45% cases, 6.86% controls

[021 % hen Hiis ModEr WS BIsH QG sarb e EanBres Arnerfomarntel
reSeiesd sy khardombingt lowa wittl Gopmibia cohettss GR2-phtheyaasesodel
didvaat haveithe,py @é@:@iﬂ(@!ﬁ@@@x&%ﬂﬁ%@ 1A qJﬁ’hout tﬁg%ﬁx‘o%cwe factors.
controls had the protective factors (55.74%), 162 did not. [0211] Table 13
shows the statistics for each cohort, The GA performed well across the
board. Overall, those with the protective factors described by the model

were 3.6581 times less likely to get AMD than those without the protective
factors.



WO 2007/095185PCT/L1520117/003696 Table 13. Genetic Algorithm
Derived Model Statistics ir . Fishers., P :-- 1.680e-23 P . 2.974e-22
P=0.0000745 ii Odda Mirka 3.6581 Sid Error: 0.4792 95% CI
2.8298s0R<4.7288 Inverse OR .27 4.727 22512 :r.cht Square, 103.128
Wa30821E12% 95.451 P-9.148E-23 13.17 P=0.00028 101.8041/US2007/003696
P=6.138E-24 94.886 P=2.016E-22 12.24

Table 13. Genetic Algorithm Derived Mode| Statistics

¥ HE » e]F: DA

L, P Seorayr LY SRR LS alues) < Soore A - ValislSeore e v Valin
) P = 1.6892-23 P . 2.0740.22 F=0.00007 40

3.6581

Std Ertor: 0.4792
95% C} 2.8298<0R<4.7258 arar 22612

Irverse QR .27
103.128 P=3141E-24 96.451] P=9.148E-23113.47 P=0.00028
101.801 P=6.138E.24 94,8688 P=2.016E-22{12.94 P=0.00044

(0212} Given the clear statistical difference in several key SNP’s between the two
cohorts, finding a single model that would more accurately predict
outcornes/protection was a challenge for both humans and machine learning alike.
The hand built model performed admirably, and interestingly identified the identical
heterozygous pairing of SNP’s that the GA did (RS$547154 as AB, RS4151667 as
AB‘), including the same OR’ing together of those SNP’s.

[0213] Despite the difficulty of the task, the GA performed well on the out of
sample test (Fishers lowa p<0.0000749). The GA outperformed the hand built model
on all cohorts. Nonetheless, the hand built model does a very adequate job of
predicting outcomes. Other variants of this model were tested but were unable to
improve on its performance. Given the many possible combinations of
SNP’s/Genotypes/logical Dperatoré, this is to be expected and hence the value of the
machine leéming approach which can test 10's of thousands of model variations
within a reasonable timeframe. _

[0214] Given the highly statistical significance of the single SNP (RS1061170 as
T/T: x2=07.25), one might conclude that by itself it can predict risk for AMI. In
order to test whether the single SNP or the multi-loci models would have potential
suitability for prediction of protection in the gencral population, permutation testing
was conducted on the data. The Permutation testing showed that the single SNP was
much more likely to produce a statistically significant result with-random mixing of
the data than either the GA or hand built models with a mean chi square score of
4.8153 over 3000 permutations versus, 3.3157 for the GA and 1.2207 for the hand
built. On the Odds Ration evaluation, the single SNP had 625 permutations with an
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P=0.00044 [0212] Given the clear statistical difference in several key

SNP's between the two cohorts, finding a single model that would more
accurately predict outcomes/protection was a challenge for both humans
and machine learning alike. The hand built model performed admirably,
vinaiusrerestingly identified the identical heterozygous pairinBCof iSNPg ket
the GA did (RS547154 as AB, RS4151667 as AB), including the same
OR'ing together of those SNP's. (02131 Despite the difficulty of the task,

the GA performed well on the out of sample test (Fishers lowa
p<0.0000749). The GA outperformed the hand built model on all cohorts.
Nonetheless, the hand built model does a very adequate job of predicting
outcomes. Other variants of this model were tested but were unable to
impRve.Hrdtsupefdimahe & Gived:thadraanpposdibid bombirmaibn$lefhand built
SNﬁé%’é;’?ﬂ?&%ﬂ%ﬁ@&%?'&@s&%ﬂ%éﬁ'§ﬁ§&%%@§<ﬂﬁﬁ§%@é}9 BERCEANE: any

value of the machine learning approach which can test 10's of thousands

of BTV EtAtSHY Swihir P4 r@adshaib irddhahee {05 tATGioBR e HiyHIg ce
statistipalisigniicangéaf the single SNP (RS1061170 as T/T: x2=97.25),
ongyyigNt GRRGIYHE MakPyisaltit eR-RACLHUSICIRN AMD): ILQTHENIBKed at

test whether the single SNP or the multi-loci models would have potential
suftaBimy v prearateh BrgRGERSHAA tRE e ARBREIASE IR BERSHE outcomes s
pe s skabion tagtiﬁggwasm@ﬁdmctﬁdmt@exdﬁtg:‘a?hmaem utation testing
Sh%@]th%%%éhﬁ‘%%smf SWI9§ Q%ﬂﬂ@r&hﬁ& IQ@W&Q%@%@ alternative

statistically significant result with-random mixing of the data than either the
GA RS BRGNS Bith d AreReh? SHOAR 8E a8 BF 4 8 £ B3 s e
BOQmpmmuﬁaﬂensaatergasjc&331151_Z)afdmﬁhen@mandlaymmtmrtﬁmihaﬁd COMmon
buﬁﬁx&?etmagquﬁl Ig,all,'l,orkgygl%;pp, t}g&g&g@ §‘!|\,I Bd@(,js@ 5{1; Hageman et al .,
permutations with an OR>1.5 versus 133 for the GA model and 46 for the
haf@Beiitfiddel. The hand built model simply represents of combination

of genotypes that is rarely occurring in any sample. On balance, the GA
moglel gxhubited;the Restil6Gase SANIIOFREEABIANGR Nt RRIMBIANRD ment
results. !02151 When the model statistics, ROC plots and permutation

tes oked at collectively, it appears that the multi-loci model

appidath tasprégict putcomes s Sgrperioy o sanypsingl e lgevaerosdudiverdaisen.
gropRSs, fﬁ%@@l%@&é@%ﬂa@m %@Mé&metﬁmﬁswﬁmmw&qtm% BF,
the role of the alternative complement pat Wa(%{ in the pathobiology of = . o
AMBENE RS SHEY i tHd PisBRBEPARIdartaT ffagtion: dnaiet
inflarevatioBplaoeimdjor mdatin Rz ontiymondisease Thagdnvanieadhinistered
20Q3 SRR ANCELSON R ke 2002 SHPR ddaaaroan gt abfiZ00% (s Wpia) the

Example 3. Administratign of Protectiye BF. or C2 Protein to Prevent .
DeTRIBIRIE DRI TOZEH EabjLaEh LR N S R ARy mons.
symptoms ot AMDBuineiugingpdigsehicl deusebjsct téists e gativadopfiggher signs

projgetive Relymorphisme REZR: andd Slrdd9,Bhiand J¥ anid aackE348D
in C2. Itis rgcod[’nmended th?t the sutg'% t be treated with rotectit}{e
= a 1N in

pratSIR RSN The RS G BSIoTphism). The SUbject e Sdhiiters
intraiitb moesilp e afibant viqtctettivel BF hatinyed irsaaiinky suffidientet but at
bringitherse i coRGaHE@LoN of BF to between 9 and 31mg/dL;, once a
month. for six months. At this time, the subject is_monitored for drusen as

el AL e 1B i B e B S R ARG e e
andipresyFaihroms ehdtiMBy haveavbiqrogeessstdaennistrgtiomhefprotective
prateetinegBird$ crgtinued, once a month indefinitely, with monitoring of

the clinical status of the patient as frequently as indicated, but at least

once every six months. [0218] In other clinical regimens, the protective BF
prdféiads adidipisleracistradasatiy epcécedets dan toprdviddapeeification are
susiingd@ReRKIe 9 hermiedive sfactsiptibaPiowinciOZiShMhtion
publications and patent applications mentioned in the specification are
indicative of the level of skill of those_skilled in the art to which this

invention pertains. All publications and patent applications are herein
incorporated by reference to the same extent as if each individual

publication or patent application was specifically and individually indicated

to be incorporated by reference. [0220) In view of the many possible
oambodimaente to which the nrinecinlace af orir invvention mav he annlied it

daEﬁnitely,



6.the method of claim 1 comprising detecting a genotype from a cell of the
subject. WO 2007/095185PCT/1JS2007/003696 7.The method of claim 1
comprising detecting a protein variant in the subject. 8.The method of
claim | comprising detecting mRNA from a cell of the subject. 9.The
wethoedoofislaim 6 further comprising determining whether thre subpect /83696
homozygous or heterozygous for a said polymorphism. 10.A kit for
assessing the risk of development of, or likely progression of, disease
character zed by alternative complement cascade disregulation, including
macular degeneration, in a humans subject, the kit comprising reagents

for detecting in a sample from the subject one or more of the
polymorphisms or one or more of the allelic variants: a) A or G at
rsEETEES ot @ Wdinpiementipgn BHBF) GunarohRedr QarpositiohBRference

of ek Areteikn: 40)rRh Tk 1sdia A6 -afitheBF @8NS A chi RInH, &
positio the BF protei r T at.rs547154 of the C2 gene; and,

0.9, in, . ©) G ! ;
P e R P oSl o o AR Steeot tha 2
prof&R%h 1 Irhddit of bRaimdOresihépeising magfenesWbicheteqting inlas of our

Sam@lﬁhﬁ&fﬂﬁﬂ?&%@&%&ﬂ%%dﬂ%@ QLRI PAMMPRBISMS,AlaNBEMBES: is
of thq allelic va%ﬁnts %)HZelln the complement factor H (CFH) gene;

. C ne, .
b) B3¢ Tt FETOR TN 8T8 B GEHR 8PV BP A PSSt diT adR i iggtion on
CPiepodnt 1B Theckitof diatired.Oteorpdsih ¢hreagestiofos defieetiny tho
or ROERVafdReRRlY MAPRIRTSQL VA A JRore 0f4be Alelis VBRRR R ithin the scope
13'“218 kﬂ,{of Iﬁ\im 1P comprising an oligonucleotide that detects a said
polymsmRism" W '288%7/095185PCT/U52007/003696 14.The kit of claim
10 further comprising reagents for amplifying a target polynueleotide
sequence., wherein the target sequence comprises a said polymorphism.
15.The kit of claim 10 comprising oligonueleotides immobilized on a solid
support. 16.The kit of claim 10 comprising a specific binding protein that
recognizes and binds specifically to a said allelic variant. 17.A microarray
comprising oligonucleotide probes capable of hybridizing under stringent
conditions to one or more nucleic acid molecules having a protective
polymorphism selected from the group consisting of: a) R32Q in BF
(rs641153); b) L9H in BF (rs4151667); c) IVS 10 in C2 (rs547154); and,
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d) E318D in C2 (rs9332739). 18.The microarray of claim 17, further
comprising oligonuclebtide probes capable of hybridizing under stringent
conditions to one or more nucleic acid molecules having a polymorphism
selected from the group consisting of: a) the del 11' polymorphism in CFH,;
Ry ghedRa&DR polymorphism in BF; and, c) the Y402H polymisFBHiSAMH003696
CFH. SEQUENCE LISTING <110> University Of lowa Research
Foundation Allikmets,Rand L. Rageman,Gregory S. Dean,Michael..C.
Gold,Albert M. <120> Variants In Complement. egulatorv Genes Predict
Age-Related Macular Degeneration <130> 020618-002420PC <140>
WO POT/U52007/003696

CLAIMS
i A method for ussessing the risk of development of, or Iikely progression

of, disease characterized by alternative complement cascade disregulation, including
macular degeneration, in a human subject, the method comprising the steps of:
iy obtaining a biological sample from a human subject;
iiy analyzing the sample to determine whether the subject carries one or more
of:
a) A or G at rs641153 of the complement factor B (BF) gene, or R or Q at

position 32 of the BF protein;
b) A or T at rs4151667 of the BF gene, or L or H at position 9 of the BF

protein;
¢y G or T at rs547 154 of the C2 gene; and
d) C or G at rs9332379 of the C2 gene, or E or D at position 318 of the C2
protein.
2. The method of claim 1 further comprising determining whether the subject

carries one or more of:
a) delTT in the complement factor H (CFH) gene; and
b) Cor T at rs1061 170 of the CFH gene, or Y or H at position 402 of the

CFH protein.

3. The method of claim 1, wherein the subject is asymptomatic of macular
degeneration.

4. The method of claim 1, wherein the subject has symptoms of macular
degeneration.

5. The method of claim 1, wherein the sample is an accessible body fluid.

6. The method of claim 1 comprising detecting a genotype from a cell of the
subject.

73



<141> 2007-02-13 <150> US60/772,989 <151> 2006-02-13 <160> 15
<170> Patentln version 3.3 <210>1 <211>43 <212>DNA <213>
Artificial <220>

WO 2007/095185 PCTAIS2007/003696
7. The method of claim | comprising detecting a protein variant in the
subject.
8. The method of claim | comprising detecting mRNA from a cell of the
subject,
9. The methed of claim & further comprising determining whether the subject

is homozygous or heterozygous for a said polymorphism.

10. A kit for assessing the risk of development of, or likely progression of,
disease characterized by alternative complement cascade disregulation, including
macular degenerat-ion, in a humans subject, the kit comprising reagents for detecting
in a sample from the subject one or more of the polymorphisms or one or more of the
allelic varianis:

a} AorGatrs641153 of the compierréent factor B (BF) gene, or R or Q at
position 32 of the BF protein;

b} AorTatrs4151667 of the BF gene, or L or H at position 9 of the BF protein;

¢} GorT atrs547]54 of the C2 gense; and,

dy CorGatrs9332379 of the C2 gene, or E or D at position 318 of the C2

protein;

b The kit of ciaim 10 comoprising reagents for detecting in a sample from
the subject one or more of the polymorphisms or one or more of the atlelic variants

a) delTT in the complement factor H (CFH) gene;

b) CorTatrsl061170 of the CFH gene, or Y or H at position 402 of the CFH

protein.

12. The kit of claim 10 comprising reagents {or detecting two or more of the

polymorphisms or two or more of the allelic variants.

13. The kit of claim 10 comprising an oligonucleotide that detects a said

polymorphism.
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<223> Based on SNP ID:rs641153 <400> 1 ccactccatm gtottiggcc
crgocccagg gatoctacto tot43 <210> 2 <21.1>51 <212> DNA <213>
Artificial <220> <223> Based on SNP 1D:rs4151.667 <400> 2 atggggamca
ctcbcagccc ccaacwectgc ctgat.gecct ttatcttggg ¢ <210> 3 <211> 46 <21.2>
DNA <213> Atrtificial <220> <223> Based on SNP ID:rs547154 <400> 3
Y9888 ocagaggoce gtkitchigaa cmtgmacaca gtgocc4d <HTGYY 103698
<212> DNA <213> Artificial <220> <223> Based on SNP ID:rs9332739
<400> 4 acgacaactc ccgggatatg actgasgtga tcagcagcct ggaaaatcjcc a1
<216>5

14, The kit of claim 10 further comprising reagents for amplifying a target

polynucleotide sequence, wherein the target sequence comprises a said

polymorphism.

5. The kit of claim 10 comprising oligonucleatides immaobilized on a solid
support.

j6. The kit of claim 10 comprising a specific binding protein that recognizes

and binds specifically to a said allelic variant.

17 A microarray comptising oligonucleotide probes capable of hybridizing
under stringent conditions to one or more nucleic acid molecuies having a protective
polymorphism selecled from the group consisting of:

a) R32Q in BF (rs641153);

b) L9H in BF (rs41516067),

c) IVS 10 in C2 (rs547154); and,

d) E318D in C2 (rs9332739).

18. The microarray of claim 17, further comprising oligonucleotide probes
capable of hybridizing under stringent conditions to one or more nucleic acid
molecules having a polymorphism selected from the group consisting oft

a) the delTT polymorphism in CFH;

b) the RISOR polymorphism in BF; and,

c) the Y402H polymorphism in CFFH.



<211> 51 <212> DNA <21.3> Atrtificial <220> <223> Based on SNP
ID:rs1048709 <400> 5 atcgcacctg ccaagrgaat ggccgrtgga gtgggcagac
agcgatctgt g <210> 6 <211> 60 <212> DNA <213> Atrtificial <220> <223>
delTT polymorphism sequence <400> 6 ccttgctatt acaractaat tcataacttt
ttttttcgtt ttagaaaggc cctgtggaca60 <210> 7 <211> 62 <212> DNA <213>
Artificial <220> <223> delTT polymorphism. sequence <400> 7 cottgotatt
acatactaat tcataacttt tttttttee: ttttagaaagigccctgtgga60 ca62 <210> 8
<211>51 <212> DNA <213> Artificial <220> <223> Based on SNP
“1iD:rs08; 70 >18“trtg}&é§éa‘ibgéfé?ééﬂ@%aaatyatgg aagaaagttt
gtocgggﬁﬁa 33,1% 764 <212> POT <213> Artificial <220>

Dean, Vilchae-! C.
Gold, Albert M.

<120> Variants In Complement Regulatory Genes Predict Age-Related
Macular Degeneration

<130» 020618-002420PC

<140> WO PCT/US20G07/003626
<141l> 2007-02-13

<15%0> USs &06/772,88%8
<1lbl» 2006-02-13

<160> 15

<170>» Patentin version 3.3
<210> 1

<211> 43

<z1Z2>» DA

<z13>» Artificial

<220>
<223» Baszsed on SNP ID:raf4illb3

<d400> 1
ccacteccaltyg grtetttggce crgeoocacagg gatootgote tot 43
<210> 2

<Ziix 531
<212>  DNA
<213» Artificial

<220>
<Z23>» Based on SNP ID:rsd4i5tees?

<40G> 2

atguggagea atctcageee coaacwebge ctgatgocclt thatottoggg c Hi
<216> 3

<2il> 446

<2iZ2> DNA

<21i3» Artificial

<220>

<223> Based on SNP ID:rs547154

<400 3

gaggageoog ccagaggcce gtkttgggaa cctdgscaca gtgccoc 46
<210 4

<Z21ix 5%



<223> Factor B amine acid sequence 9H and 320 <400> 9 Met Giy Sot
fsn Lou Ser Pro Gin His Sys Tell Met Pro Phe lle Leu 151015 Sly Lou Lou
Sot Sly Sly Val Thi Thr Thx Pro Trp Ser Leu Ala. Arg 202530 Pro Can.
(Sly Set Sys Per Lou Giu Sly Val Giu lle Lys Sly Sly Set 354045 Phe Arg
Leui...leu Gin Giu Gay Gle Ala Lou Giu Tyr Val Cys Pro Ser 505560 Sly
Phe Tyr Pro Tyr Pro Val Gin Thx Arg Thr Sys Arg Sot Thr Sly 65707580
<2190t Tgp Set Thr Leu Lys Thr Gin Asp Gan Lys Thn Val Arg Lys Ala
<21859095iGlui€ys Arg Ala lie His Sys Pro ftp Pro His Asp P.ho Glau fan Gly

o2 00los110 Slu Tyr Trp Pro Arg Sec Pro Tyr Tyr Asn Val Set Asp Sin lle

--9et 115120125,Phe His, Sys, Jyr Asp Sly Tyr Thr Lou Arg Sly Ser Ala Asn
Arg Thr 130135140 Sys Gin Val Aso. Sly Arg Trp Sot Sly Gan Thr Ala lle
<“08ys Asp Aso 145150155160 Sly Ala Sly Tyr Cys Sot Asn Pro Sly lle Pro
"I STy THY K 1357165170175 Var'Sly Sét Gifi T3 Arg Cou Giu Asp Sot”™'
Val Thr Tyr His Sys Ser. 180185190 Sly Ser Trp Ser Sly Thr Glu Pro Ser
<218ys Glm Asp Ser Phe Met Tyr 210215220 Asp Thr Pro GIn Giu Val Ala

= 6lu Ala Phe Leu Ser Ser Lou Thr Giu 225230235240 Thr Ile Gla Sly Val.
<21Asp Ala; Glu; Asp Giy HAG Sly Pro Sly Giu Gin 245250255 Gin Lys Arg
Lys lle Val Lou Asp Pro Ser Sly Ser Met Aso lle Tyr 260265270 Lou Sall
<22
ou Asp Sly Ser Asp Ser lle. {y Ala Ser Asn Phe Thr Sly 275280285 Ala
<22iI%’ys %féeby% L%lj \)eﬁﬂ‘égi?e?' le Giu Lys Val Ala Her Tyr Sly

<d00> &
atcgeacctyg ccaagtgaat ggcecgrtgga ghgggcagac agegatotgt g 51

<210> 6

<211>» &0

<Z212>»  DNA

<213»> Artificial

220>
<Z223» delTT polymorphism seguence

<4040> 6

caotbgetatlt acataciaat tecataaclit tbbtoroghbt ttagsaaggoe cotglggaca 60
<210> 7
<211»> &2

<Z12» DNA
<213» pArtificial

<220>
<223>»  delTT polymorphism seguence

<400> 7
cectbtygetatt acatactaat tecataachttt ttotitittieg tittagasag goocigtgga 60
of=1 62

<210 B

<Z211» Hl

<zl DA

<213» Artificial

<220
<223>  BRased on SNEP ID:xsl051170

<400> 8
tttggaaaat gygatataatc aaastyatgqg asagaazgLit gtacagggta a 51
<Z2i0> 9



290295300 Val Lys Pro Arg Tyr Sly Lou Val Stir Tyr Ala Tho Tyr Pro Lys
lle 305310315320 Trp Val Lys Jai Ser Giu A..a Asp Ser Ser Aso Ala Asp
Trp Val.. Tho 325330335 Lys SIn Leg AsoSu lie Aso Tyr Glu Asp His Lys
Leu Lys Ser Sly 340345350 Thr Aso Thr Lys Lys Ala Lou Gin. Ala. Val Tyr
Ser Met Met Ser 355360365 Pro Asp Asp Val Pro Pro Giu Sly Trp Ash Arg
Tho Arg His Val lle 370375380 lle Leu Met Thr Asp Sy Lou His Asn Met
<218y Giy:Asp Pro lle Thr 385390395400 Val lle Asp Giu lle Arc; Asp Let Leu
<21Tyr lleeSly Lys Asp An; Lys 405490415 Asn Pro A.rg Giu Asp Tyr Lou Asp
“2al Tyi-ValPhe Sly Val Sly Pro 420425430 Gin Gin His Val Phe Lys Val.
-2-kysS Asp Met Glu Asn Len Gin Asp Val 450455460 Phe Tyr Gin Met lle
<22Asp GltrSerGiniSerden SerlkerCys Gly Met 465470475480 Val Tip Gin
<4@|Z|>is AC\}rg Lys Giy Thr Asp Tyr His Lys Gin Pro Trp GIn. 485490495 Ala. Lys
‘lle Seér Val lle Arg Pro Ser Lys Gly His Gin Ser Cys Met 500505510 Gly
vetAMal Yal Ser GILLsEyr RbhecVal:LendisAnAla-His.CysBhe 515520525
1 Th.r Val Asp Asp lays GIn His Ser IlelLys Val Ser Val Gly.&ly Gin
530535540 Lys Arg Asp Len Gin lle Giu Val. Val Len Phe His Pro Asn. Tyr
c1yASN, 545550555560 lleAsn Giy:kyshys:Ginda Gly lle Pro. Gin,Phe Tyr Asp
Tyr Asp 565570575 Val Ala Leridle Lys Len Lys Asnicys Len Lys Tyr Gly
Gin Thr lle 580585590 Pro lle Cys Len Pro Cys Thr Gin Gly Thr Thr Arg
P]:@AJ;@J—%WA\EQ T59§§QUQ§O5@¢ Glu Gly Val Giu Tie Lys Gly Gly Ser
35

44 15

Fhe Arg Leu Leu Gin Glu Gly Gln Ala Leu Glu Tyr Val Cys Pro Ser
50 55 60

Gly Phe Tyr Pro Tyr Pro Val Gln Thr Arg Thr Cys Arg Ser Thr Gly
65 T 75 a0

Ser Trp Sexr Thr Leu Lys Thr Gln Asp
85

v
w0
e

]

in Lys Thr Val Arg Lys Ala

Glu Cys Arg Ala Tle His Cys Pro Arg FPro His Asp Phe Glu Asn &Gl
100 1405 210

=)
]
pue

d
b

Giu Tyr Trp Pro Arg Ser Pro Tyr Tyr Asn Val Ser Asp Glu Ile Ser

Fhe His Cys Tyr Asp Gly Tyr Thr Leu Arg Gly Ser Ala Asn Arg Thr
130 135 140

Cys Gin Val Asn Gly Arg Trp Ser Gly Gln Thr Ala Ile Cys Zsp Asn
145 1540 155 160

Gly Ala Gly Tyr Tys Ser Asn Pro Gly Ile Pro fle Giy Thr
165 170

Lys

[
~1
[Sppte)]

Val Gly Ser Gln Tyr Arg Leu Glu Asp Ser Val Thr Tyr His Cys Ser
180 185 190

Arg Gly Leu Thr Leu Arg Gly Ser Gln Arg Arg Thr Cys Gln Glu Gly
165 200 205



Len Pro Pro Thr Thu Thr Cys Gb GLn Gin. Lys Gin Gin Len Len Pro
610615620 Air Gin Ash lle Lys Ala Len JOSe Val Ser Gin GIn Gin Lys Lys
Len 625630635640 Thr Ary Lys Gin Val Tyr lle Lys Asn Gly Asp Lys Lys
Giy Ser Cys 645650655 Gin Arg Asp Ala GinPro Gly Tyr Asp Lys Val Lys
Asp lle 660665670 Ser Glu Val Tab Thr Pro Arg Phe Len Cys Thr Sly Gly
Val Ser Pro 675680685 690695700 Vol His Lys Arg Her Arg Phe lle Gin

o1y Vel Gy VakHedHerrTrpdGly #1Q5710 715720 Vieh Vel AspVial CysLys Asn
GinoLys Arg Gin Lys Glie®Val Pro Ald. 725730735 His Ala Arg Asp Phe His
lle Asn Les Phe Gin Vol Lon Pro Trp Len 740745 Lys Gin Lys Len Gin

rspABR GltbAsp Len Gly Rhe Len 755760 750 «£210).10., <211x764
228<212>PHI?  <2133Artifihial 235 240

Thr Ile Glu Gly Val Asp Ala Glu Asp Gly His Gly Pro Gly Glu Gln

245 250 255
Gln Lys Arg Lys [le vVal Leu Asp Fro Ser Gly Ser Met Asn Ile Tyr
260 265 276

Leu Val Leu Asp Gly Ser Asp Ser Ile Gly Ala Ser Asn Phe Thr Gly
275 280 285

Ala Lys Lys Cys Leu Val Asn Leu Ile Glu Lys Val Ala Ser T
290 295 300

Gly

]
W
[}

Val Lys Pro Arg Tyr Gly Leu Val Thr Tyr Ala Thr Tyr Proc Lys Ile
305 310 315 320

el
jaf]

Trp Val Lys Val Ser &lu Asp Ser Ser Asn Ala Asp Trp Val Thr
325 330 335

Lys Gln Leu Asn Glu Ile Asn Tyr Glu Asp MHis Lys Leu
3410 345

Ser Gly

I
(n e
< in
9]
4l

|
L,.J‘_=

Thr hsn Thr Lys Lys Ala Leun Gin Ala Val Tyr Ser Met Met Ser Trp
355 360 365

Fro Asp Asp Val Pro Pro Giu Gly Trp Asn Arg Thr Arg His Val Iie
370 375 380

Tle Leu Met Thr Asp Gly Leu His Asn Met Gly Gly Asp Pro Ile Thr
385 390 395 400

Val Ile Asp Glu Ile Arg Asp Leu Leu Tyr Ile Gly Lys Asp Arg Lva
405 410 415

Asn Pro Arg Glu Asp Tyr Leu Asp Val Tyr Val Phe Gly Val Gly Pro
420 425 430

Leu Val Asn Gin Val Asn Ile Asn Ala Leu Ala Ser Lys Lys Asp Asn
135 440 445



<220> <223>Factor H ornino onid sequence 9L and 32Q <400>10
Met Gly Ser Asn Len Per Pro Gin Len Cys Len Met Pro Phe lle Len 1015
Gly Les Len Her Gly Giy Vol T.hr Thr Thr Pro Trp Ser Len Ala Gin 202530
Pro Gin Gly Her Cys Her Len Cie Gly Vol Gin lle Lys Gly Gly Ser 354045
Phe Arg Len Len Gin Gin Gly Gin Ala Len Gin Tyr Val Cys Pro Per
505560 Gly Phe Tyr Pro TyrVol Gin Thr Arg Thr Cys Arg Ser Thr Gly

¢1u08¥0 7580/ er-TeprServhhi L.en Lysdhr-GinAsp Ginkys.Thh, Yol Arg Lys
Alar 859095 Gin Gys ArgrAla lle His Cys Pra #Arg Pro His Asp Phe Gin
Asn Gly 100105110 Phe His (Sys Tyr Asp (Sly Tyr Thr Lou Arg (Sly Her

pheABASD AR TREL30135140.(Sys Gin Val Asn (Sly, Arg Tt Her (Sly Gin

165Thr Ala lle (Sys AsprAsn 14515015516Q (Sly Fla (Sly Tyr (Sys:skHer Aso
Pro (Sly lle Pro lle (Sly Thr Arg Lys

Val Trp Glu His Arg Lys Gly Thr Asp Tyr His Lys Gln Pro Trp Gln
485 490 495

Ala Lys Ile Ser Val Ile Arg Pro Ser Lys Gly His Glu Ser Cys Met
500 505 510

Gly Ala Val Val Ser Glu Tyr Phe Val Leu Thr Ala Alas His Cys Phe
51s 520 525

o

o

(S|
4]
00}
—

Thr Val Asp Asp Lys Giu
530

Ile Lys WVal Ser Val Gly Gly Glu
540

Glu Val Val Leu Phe His Pro Asn Tyr Asn

Lys Arg Asp Len Glu T
55 555 560

<

Ile Asn Gly Lys Lys Glu Ala Gly ile Pro Glu Phe Tyr Asp Tyr Asp

Yal Ala Leu Tle Lys Leu Lyvs Asn Lys Leu Lys Tyr Gly Gin Thr Iie

m

Arg Pro Ile Cys Leu Fro Cys Thr Glu Gly Thr Thr Arg Ala Leu Arg
505 00 605

Leu Pro Pro Thr Thr Thr
610

Gin Lys Glu Giu Leu Leu Pro
620

oy ()
teud B
[Sal i)
]
i
=
-~
v}

Ala Gln Asp Ile Lys Ala Leu Phe Val Ser Glu Giu Glu Lys Lvs Leu
625 630 630 640

Thr Arg Lys Glu Val Tyr Tle Lys Asn Gly Asp Lys Lys Gly Ser Cys
645 B50 655

Glu Arg Asp Alz Gln Tyr Ala Pro Gly %yr Asp Lys Val Lys Asp Ils
660 665 670
Ser (GGlu Val Val Thr Pro Arg Phe Leu (ys Thr Gly Gly Val Ser Pro
675 620 685

Tyr Ala Asp Pro Asn Thr Cys Arg Gly Asp Ser Gly Gly Pro Leu Ile



165170175 Val (Sly Her Gin Tyr Arg Lou Glu Asp Her Val Thr Tyr His (Sys
Her 180185190 Arg (Sly Lou Thr Leo Arg (Sly Her Gin Arg Ar9 Thr (Sys
(Sin Giu (Sly 195200205 (Sly Her Trp Her (Sly Thr Glu Pro Her (Sys Gdn
Asp Her Phe Met Tyr 210215220 Asp Thr Pro Gin Glu Val Ala Glu Ala
Phe Lou Her Her Lou. Thr Giu 225230235240 Thrlu (Sly Val Asp Ala Glu
Asp (Sly His (Sly Pro (Sly Giu Gin. 245250255 Gin Lys Arg Lys lle Val Leo
Asp Pro Her (Sly Her Met Aso lle Tyr 260265270 Lou Val. Lou Asp (Sly
Her Asp Her lle (Sly Ai..a Her Aso Phe Thr (Sly 275280285 Ala Lys Ly
Val(S ys Loy Val Aso I]:?u lie Giu Lgs Val Ala Her Tyr (Sly 290295300 Val Lys
VAP ARG TYT (Siy Lot Val “Thr Tyr Al Thi yr Pro Lys fié 305315315320
Trp Val. Lys Val HerFla Asp Her Her Aso Ala Asp Trp Val Thh 325330335
Lys Gin Leu Aso Giu lle Aso Tyr Giu Asp .His Lys Lou Lys Her (Sly
3@3&%@50 Thp;/ ASH Sl'l‘i‘f”i_y%hllﬁ ?Rlé ef4AlA Xal Tyriger: Iy@et}\ﬂ/f”et Her Trp
355360365 Pro Asp Asp Val Pro Pro GIu (Sly Trp Asn Arg Thr Arg His Val
lle 370375380 lle Lou Met Thr Asp Ply LouHis Asn Met Ply Ply Asp Pro
"0lig! THT 3853901395400 Val 11" Asjy Gitr Il ArgPAsiy Ldli | ouTyrHle Ply Lys
Asp Arg Lys 405410415 Aso Pro Arg Giu Asp Tyr Lou Asp Vol Tyr Vol
Phe Gly Vol Ply Pro 420425430 Leu Vol Aso Plo Vol Asr Ele Asn. Ala Lou
LysNlal PEF Ly Ly Asp ASo @354@4&5‘@%&@%@%5 Vol Phe Lys Val Lys
Asp Mét eau Aso Lou Glu ASp Vol

<20 10

<zll» 764

<Z212> PRT

<213> Arvificial

<220
<223» Factor B amino acid sequence 8L and 320

<400> 10

Met Giy Ser Asn Leu Sery Pro Gln Leu Cys Leu Met Pro Phe lie Leu
E 5 15

u
o

Gly Lew Leu Ser Gly Gly Val Thr Thr Thr Pro Trp Ser Leu Alza Gln
20 25 30

Pro Gin Gly Ser Cys Ser Leu Glu Gly Val Glu Tle Lys Gly Gly Ser

Phe ZArg Leu Leu Gln Glu Gly Gln Ala Leuw Gilu Tyr Val Cys Pro Ser
50 55 50

Gly #Phe Tyr Pro Tyr Pro Val Glnn Thr Arg
) T

r Cys Arg Ser Thr Gly
8a

~r
=y
i

[#a]

Ser Trp Ser Thr Leu Lys Thr Gln Asp Gln Lys Thr Val Arg Lys Ala

85 L% 55

Glu Cys Arg Ala Ile His Cys Pro Arg Pro His Zsp Phe Glu Asn Gly
100 105 110

H

Glu Tyr Trp Pro Arg Ser Pro Tyr Tyr Asn Val Ser Asp Gluo Ile Se



450455460 Phe Tyr Gin Met lle Asp Giu Ser Gin Per Lou Per Lou Cys Ply
Met 465470475480 Vol Trp Glu His Arg Lys Ply Tinx Asp Tyr His Lys Gill
Pro Trp Gin. 485490495 Ala. Lys lle Per Vol lle Arg Pro Ser Lys Gay His
Glu Per Cys Met 500505510 Ply Ala Val Vol Per Glu Tyr Php Val Leo. Thr
Ala Ala His Cys Phe 515520525 Thr Val Asp Asp Lys Giu His Per lle Lys
Val Per Val Ply Ply Giu 530535540 Lys Arg Asp Lou Gip lle Glu VolVal
rhe LOU Rhe His Rrg Asn Tyr-Asn 545550555564 llenAsn. Rly:Lystys Giu Alp
Plydle Pro Glu Phe TyrAsp Tyr Asp 565570375 Vol Ala Lou lle Lys u Lys
Asn Lys Louys Tyr Ply Pin Thr Ile 580585590 Arg Pro lle Cys Lou Pro Cys
cys TORGi Py ThE Thr, Arg Ala l.eu Arg 595600605, 10615620,Ala Gin Asp
1251le Lys Ala Len ShesVal Sea Gim Glu Gladys Lys Len 625630635640 Thy
Arg Lys Gin Val Tyr lle Lys Asn Gly Asp Lys Lys Gly Sea Cys 645650655
51y GILAMG AeegGg@waafEmlgmyﬁx%sglley&%a%megswe
660665670 Sea=Gin Val Val Thy Pro:Arg She Len Cys ThrGly Gly Val
Sea Pro 675680685 Ala Asp Pro Asn Thy Cys Arg Giy Asp Sec Giy Gly
val PCI’O Len lle 690695700 Val His | 5%/ Agg\ﬁgaﬁ[g Phe,lle ESII’] Val Giy Val lle
Sea Tap (ﬁjy 76571(337 15720 Vala al Asp Vval Cys Lyggesn Gin Lys Arg
Gin Lys Gin Val Pro Ala 725730735 His Ala. Arg Asp She His lle Asn Len

rrg 1§ G- YAl Len Pro JapLen.f40745109 11 cys c1n c1u cay

195 ?b@ 205

Gly Ser Trp Ser Gly Thr Glu Pro Ser Cys Gin Asp 3er Phe Met
210 215 220

1M
o
=i
L
=

Asp Thr Pro Gln Glu val Ala Glu Atla Phe Len Ser Ser Leu Thr Glu
225 230 235 240

Thry Ile Glu Giy Val Asp Ala Glu Asp Gly His Gly Pro Gly Giu Gln
245 250 255

Gin Lys Arg Lys Ile Val Leu Asp Pro Ser Gly Ser Met Asn [le Tyr
260 265 270

Lew Val Leu Asp Giy Ser Asp Ser Tle Gly Aia Ser Asn Phe Thr Gly
275 280 285

Ala Lys Lys Cys Leu Val Asn Leu Ile Gia Lys Val Rla Ser Tyr Gly
2590 295 300

Val Lys Pro Brg Tyr Giy Leu Val Thr Tyr Ala Thr Tyr Pro Lys Iie
205 310 315 320

Trp Val Lys Val Ser Glu Al er Ser Asn Ala Asp Trp Val Thr
325 330 335

o]
=]
Wl

=
6]
0l
]

Lys Gin Leu Rsn Giw Ile Asn Tyr Gilu Asp His Lys Leu Lys Ser Giy
340 345 350

=
<!
]
%]
D
8t

Thr Asn Thr Lvs Lys Ala Leu Gln Ala Val Ty:z - Met Met Ser Trp
355 360 365

Pro Asp Asp Val Pro Pro Glu Gly Trp Asn Arg Thr Arg HEis Val Ile



Ile

385

Val

Asn

Lew

Giu

Fhe

4865

Val

Ala

Gly

Thr

Ul
o
[S2 el

Ile

Val

Arg

Leu

Lys Gin Lys Len Gin Asp Gin Asp Len Gly She Len 755760 <210> 11
<211> 764 <212> SRI <213> Atrtificial <220> <223> Factor H amine acid
sequence 9H and 320 <400> 11 Met Gly Her Asn Len Ser Pro Gin His
Sys Len Met Pro She lle Lem 151015 Gig, Len Len Sea Gly Giy Val Thy
Thy Thr Pro Tap Sea Len Ala Gin. 202530 Phe Arg Len Len Gin Gin Gly
Gin Ala Len Gin Tyr Val Cys Pro Her 505560 Gly P e Tyr Pro Tyr Ore Val
Gy Thr Arg Thr Cys Arg Her Thx Gly 65707580 Ser Trp Her Thr Len Lys
Thr Gin Asp Gin Lys Thr On Arg Lys Ala 859095 Glu Cys Arg Ala lle His
Cys Pro Arg Pro His Asp Phe Gin Asn Gly 100105110 Gin Tyr Trp Pro Arg
Her, Qre Tyr. TyrAsn,On Her Asp,Glidie Her 115120125 Rhe;His Cys Tyr
Asp Gly Tyr Thr LercArg Giy Her Air Asm:fArg Thr 13013514Q@ys Gin On
Asn Gly Arg Trp Her Gly Gin Thr Ala lle Cys Asp Asn 145150155160 Gly
Ala.Gly Tyr Cys Her § Pro Gly Jle Bra lle &% Thr Ag LP% 163170175
On Gly Ser Gindyr eu. Gin AgﬁoSer Val Thr Tyr His Gys Her
180185190 Arg Gly Leg Thr Leu Arg Gly Her Gin Arg Arg Thr Cys Gin Gin
Gly 195200205 Gly Her Trgpl]jq)r §I¥ Thr Glu Pro. Her, Cys Gin Asp Her
Phe M gtl'yb 2102 %220 Asp Tlnbero Gln Gin On ,X\Ia,ﬁln ,X\Ia Phg Len
Her Her Len Thr Giu 225230235240 Thr lle Gin Ggy On Asp Ala Gin Asp
C;;fl H!% xGJEy PI’O Gl}{;Gm |£15§4ﬁ§lza59g§57\ la Ser Lys Lys Asp Asn
435 440 445

Gln His Val Phe Lys Val Lys Asp Met Glu Asn Leu Glu Asp Val
450 455 460

Tyr Gin Met Ile Asp Glu Ser Gln Ser Leu Ser Leu Cys Gly Met
470 475 4890

Trp Glu His Arg Lys Gly Thr Asp Tyr His Lys Gln Pro Trp Gin
485 490 495
Lys Ile Ser Val Ile Arg Pro Ser Lys Gly His Glu Ser Cys Met
500 506 510

Ala Val Val Ser Glu Tyr Phe Val Leu Thx Ala
515 520

His Cys Phe

(SR
[Saam]

Val Asp Asp Lys Glu His Ser Ile Lys Val Ser Val Gly Gly Glu
530 535 540

Arg Asp Leu Glu Ile Gilu Val Val Leu rhe His Pro Asn Tyr Asn
550 565 560

Asn Gly Lys Lys Glu Ala Gly Ile Pro Glu Phe Tyr Asp Tyr Asp
565 570 575

Ala Leu Ile Lys Leu Lys Asn Lys Leu Lys Tyr Gly Gln Thr Ile
580 585 580

Fro Tle Cys Leuw Pro Cys Thr Giu Gly Thr Thr Arg Ala Leu Arg
595 650 505

?ro Pro Thr Thr Thr Cys Gin Gln Gln Lys Glu Glu Leuw Leu Pro



GIn Lys Arg Lys lle On Leu. Asp Pro Her Gly Her Met Asn lle Tyr
260265270 Len On Len Asp (fly Her Asp Her lle Giy Ala Her Asn Phe Thr
Gly 275280285 Ala Lys Lys Cys Len On Asn Len lle Gin Lys On Ala. Her
Tyr Gly 290295300 Vol Lys Pro Arg Tyr Giy Lou Vol Thr Tyr Ala Thr Tyr
Pro Lys lle 305310315320 Trp Vol Lys Vol Ser Giu Ala Asp Ser Her Asn
Ala Asp Trp Vol ([hr 325330335 Lys Gin Lou Asn Giu lle Asn Tyr Giu Asp
Hisys Lou Lys Ser Giy 340345350 Thr Asg {fhr Lys Lys Al.a Lou Gin Ala
Vol Tyr Per Mot Met Ser Trp 355360365 Pro Asp Asp Val Pro Pro Glu Gly
AlaT{[[;Pr}AggpArgg@([_hrSArgaH;Jse y%|k}||ev37,0§7.,53§89 I_l@ Lou Met ([hrSAEEHGiy Lou
. 2His AsO Met Gly Gl ASp Pro e {[hr 385390395400 VoI 16 Asp.Glu lle Arg
Asp Lou LouTyr Ib Clv Lys Asp Arg Lys 405410415 Asn Pro Arg Glu Asp
. .\T}/r Lou ‘ASP’V_OJ Tyr Vol Phe (ﬂX Vol (fly Pro 420425430 Lou Vol Aso GIn
TPOITASS I8 AspiAla Tot Ald Pef TS Lys Rep Ks6 435440445 GTu Gip His
Vol Phe Lys Vol Lys Asp Met Giu. Aso Lou Giu Asp Val 450455460 Phe
__ Tyr GIn Hot lle Asp Clu Her Gin Her Lou Ser Lou Cys Gly Met
(111"4‘%%‘?‘6&77%‘586%707%&@& His Atg ys ‘Gly (ftir Ksp T4 Fi§ LyS Gin. Pro
Trp Gin 485490495 Ala Lys lle Her Vol lle Arg Pro Ser Lys Gly His Glu
Ser Cys Met 500505510 Gly Ala Vol Vol Ser Glu Tyr Phe Vol Lou ([hr Ala
Jo Al His Cyé Phe 515520528 -580535540" 917 C1v Vel sex Pxo

685

Tyr Ala Asp Pro Asn Thr Cys Arg Gly Asp Ser Gily Gly Pro Leu Ile
630 595 700

i
-
1

val His Lys Arg Ser Arg Fhe Ile Gln Val Gly Val Ile Ser Trp Gly
7G5 710 715 720

Val Val Asp Val Cys Lys Asn Gln Lys Arg Gln Lys Gln Val Pro Ala
725 730 735

His Ala Arg Asp Phe His Ile Asn Len

T40

Phe Gln Val Leu Pro Trp Leu
750

q_
D
o

Lys Glu Lvs Leu Gin Asp Glu Asp Leu Gly Phe Leu

155 760
<210> 11
<211> 764

<212> PRT
<213» Artificial

220>
<223> Factor B amino acid segquence 9H and 320

<400> 11

eu Met Pro Phe Ile Leu

=

Met Gly Ser Asn Leu Ser Pro Gln His Cvs

i 5 i 1>

Gly Leu Leu Ser Gly Gly Val Thr Thr Thr Pro Trp Ser Leu Ala Gln
20 25 30

Pro Gln Gly Ser Cys Ser Leu Giu Gly Val Glu Tle Lys Gly Gly Ser
35 40 45



Lys Arg Asp Lou Giu lle Giu Vol Vol Lou Phe His Pro Ass Tyr Ass
545550555560 lie Ass Gly Lys Lys Glo Ala Gly Ile Pro Gio She Tyr Asp
Tyr Asp 565570575 Vol Ala Lou lle Lys Lou Lys Ass Lys Lou Lys Tyr Gly
Gin Thr lle 580585590 Arg Pro lle Cys Lou Pro Cys Thr Giu Gly Thr Thr
Arg Ala Leo Arg 595600605 Lou Pro Pro Thr Thr Thr Cys Gin Gin Gin Lys
Glu Giu Lou Leo Pro 610615620 Ala Gin Asp lle Lys Ala Lou Phe Val Ser
r=Glth Gl GluLys Lys | €9.62563063564Q ThiArg/Lys-GluVals Jyr lle Lys
Ass Giy Asp Lys Lys Gly Ser Cys 645650655:Glu Arg Asp Ala Gin Tyr Ala
Pro Gly Tyr Asp Lys Val Lys Asp lle 660665670 Ser Glu Vol Vol Thr Pro
c1,A5.Phe Loy Gys Thr, Gly, Gly, Viol, Ser Pro 675680683 TyrAla:Asp Pro Ass
&5 Thr Cys Arg Gly Asp Ser Cly Gly Pro Lea lle 690695700 Vol His Lys Arg
Ser Arg Phe lle GIn Vol Gly Vol lle Ser Trp Gly 705'710715720 Vol Vol
SerAiSIPD V‘S%rc%ﬁsr LyeS'uA§1/SS (%Wr L&&MQE)G(!QHL¥§SG+@IV 9!1? G&@|§y?52§]7330735 His
Ala Arg Asp Pho His lle Ass Lou Phe Gin Vol Lou Pro TrpsLou 740745750
Lys Glo Lys Leo Gin Asp Glu Asp Lou Gly She Leo 755760 <210> 12
. <211>752 <212> PRT <213> Artificial <22( > <223> Com lement
C’}'ucgﬁp%fnger%téé é?ﬁirfg%cﬁss%e;a%q%%eﬁ 31013 Sioo%elz(j l}\jet“ i;/E Pro Leu Met
Val Leu Phe Cys Leu eu Phe lieu Tyr Pro Gly

Gla Tyr Trp Pro Arg Ser Pro Tyr Tyr Asn Val Ser Asp Glu Ile Ser
115 120 125

Phe His Cys Tyr Asp Gly Tyr Thr Leu Arg Gly Serxr Ala Asn Arxg Thr
130 135 140

Cvs Gin Val Asn Gly Arg Trp Ser Gly Gln Thr Ala Ile Cys Asp Asn
145 150 155 180

Gly Ala Gly Tyr Cys Ser Asn Pro Gly Ile Pro Ile Gly Thr Arg Lys

L

165 17e 175
Val Gly Ser Gin Tyr Arg Leu Glu Asp Ser Val Thr Tyr His Cys Ser
180 i85 194

4l
I
=

Arg Givy Lewu Thr Leu Arg Gly Ser Gln Arg Arg Thr Cys G
185 200 20%

Glu Gly

Gly Ser Trp Ser Gly Thr Glu Pro Ser Cys Gln Asp Ser Phe Met Tyr
210 215 220

Asp Thr Pro Gln Giu Val Ala Glu Als Phe Leu Ser Ser Leu Thr Glu
225 230 235 240

Thr Tle Glu Gly Val Asp Ala Glu Asp Giy His Gly FPro Gly Glu Gln
245 250 255

Gin Lys Arg Lys Tle Val Leu Asp Pro Ser Gly Ser Met
260 2650

Mo T
-]
o3

Leu Val ILeu Asp Gly Ser Asp Ser Iie Gly Ala Ser Asn Phe Thr Giy
275 284 285

Ala Lys Lys Cys Leu Val Asn Leu Ile Glu Lys Val RBla Ser Tyr Gly

10



11015 Lou Ala Asp Ser Ala Pro Ser Cys Pro Gin Asn Val Asn lle Ser Gly
202530 Gly Thr Phe Thr Leu Ser His Gly Trp Ala Pro Gly Ser Lou Leo Thr
354045 Tyr Ser Cys Pro Gin Gly Leu Tyr Pro Ser Pro Ala Ser Arg Lou Cys
505560 Lys Ser Ser Giy Gin Trp Gin Thr Pro Gly Ala Thr Arg Ser Leu Ser
65707580 Lys Ala Val Cys Lys Pro Val Arg Cys Pro Ala Pro Val 3cr Phe
Glu 859095 Asn Gly lle Tyr Thr Pro Arg Leo Gly Ser Tyr Pro Val Giy Gly
Asp 100105110 Val SerPhe Giu. Cys Glu Asp Gly Phe lle LRu Arg Gly
Ser Pro Val 115120125 Arg GIn. Cys Arg Pro Asn Gly Met Trp Asp Gly
. qu3 Th(D AArp \[P%Ircﬂs 1&01%51140 ﬁ% 7AspﬁC§{I_%wAlma.erl OHis C¥§ePro Asn
121 Pro Gly I1e Ser et Gly Ald 145150155160 Val Arg int GIy Phg{Arg Phe
Gly His Gly Asp Lys Val Aug Tyr A 165170175 Cys Ser Ser Asn Lou Val
Lou Thr Gly Ser Ser Giu Ara GIm Cys Gin 180185190 Gly Asn. Gly Val
T8 T S G’I?/lTlgﬁftZ(ncﬂlTbr%lﬂeA@i/Sg Wrgfy?j%irﬁﬁ?oAi"f/rpf@Srﬁﬁbgy@% S&r Tyr Asp
Phe Pro Glu Asp Val Ala Pro Ala Lou Gly Thr Ser Plc 210215220 Ser His
Met Lou Gly Ala Thr Asn Pro Thr. Gin Lys Thr Lys Giu Ser 225230235240
Lv° 156 Gy Arg LY IIe Gin‘tte i Ag Ser By His [t Ash Eou Ty
245250255 Leu Leu Leu Asp Cys Ser Gin Ser Val. Sér Glu Asn Asp Phe
feu lie 260265270 She Lys Glu Ser Ala Ser Lou Met Val Asp Arg lle She
e Sér shie Gla 27528022511€ AshValSet VaPAla'lé Ife THFPHé Ala Ser
Glu Pro'Lys Val o }

Pro Asp hsp Val Pro Pro Glu Gly Trp Asn Arg Thr ARrg His Val Ile
376G 375 380

lms

fle Leu Met Thr Asp Gly Leu His Asn Met Gly Gly Rsp Pro Ile Thr
385 390 395 400

Val Ile Asp Gilu Tle Arg Asp Leu Leu Tyr Tle Giy Lys Asp Arg Lys
445 410 415

Asn Pro Arg Glu Asp Tyr Leu Asp Val Tyr Val Phe Gily Val Gly Pro
420 425 430

Leu Val Asn Gin Val Asn Tle Asn Ala Leu Ala Ser Lys Lys Asp Asn

435 440 445

1
f—

Glu Gln His Val Phe Lys Val Lys Asp Met Gilu Asn Leu Glu Asp Val
450 455 460

[o5]
5]
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g

D
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ohe Tyr Gln Met Ile ARsp Glu Ser Gln Ser Leu ! Cys Gly Met
465 470 475 488

Val Trp Glu His Arg Lys Gly Thr Asp Tyr His Lys Gln Pro Tro Gin
485 495 495

Ala Lys ILle Ser Val Ile Arg Pro Ser Lys Gly His Giu Ser Cys Met
500 505 510

Gly Als Val Val Ser Glu Tyvr Phe Val Leu Thr Ala Ala His Cys Phe
3515 520 525

Thr Val Asp Asp Lys Glu His Ser Ile Lys Val Ser Val Giy Gly Glu



290295300 Leu Met Ser Val Lou Asp Asp Asn Ser Arg Asp Not Thr Asp
Val lle 305310315320 Ser Ser Leu Glu Asn Ala Asp Tyr Lys Asp His Giu
Asp Gly Thr Giy 325330335 Thr Asn Thr Tyr Ala Ala Lou Asp Ser Val. Tyr
Lou Met Met Asp 340345350 Gin Met Arg Lieu Lou Gly Met Glu Thr Met
Ala Trp Gin Glu lle Arg 355360365 His Ala lie lle Lou Len Thr Asp Gly Lys
Ser Ash Met GGly Ser 370375380 Pro Lys Thr Ala Val Asp His lle Arg Giu
lleskou Ash lle Asn Gin, 385390395400 Lys Arg Asp Asp Tyr Lou Asp lle
Tyr Ala lle Gly Sal Gly Lys Leu 405410415 Asp Val Asp Trp Arg Glu Leu
. ..Asn Giu LouGly Ser Lys Lys Asp Gly 420425430 Giy Arg His Ala She lle
Lo ) B AR T LA Lo i ot Vol A EAT A S G Hhs Mt Lou
Asp Val Ser Lys Lou Thr Asp Thr lle Cys Giy 450455460 Vol Gly Asn Met
., bar Aéq Asn Ala S(gt Asp GiGQ Glu Arngr}:rq Pro, Trp 46%470m475480 Vol Thr
CleLys BreTysiSer Gin Giu Thr Cys Arg Cly KiR ol 485490485 lie Sot
Asp Gin Trp Vol Lou Thr Ala Ala His Cys She Arg Asp Gly 500505510 Asn
Asp His Set Lou Trp Arg Val.. Asn Vol Gly Asp Pro Lys Ser. Gin
V=l515550625 Trp Gly LyS 1S L pi b 'Glu TYs Ria. b1 i barPro Sly
Phe 530535540 Asp Vol She Ala'Lys Lys Asn Glu. Gly Tie Lou Glu She
Tyr Gly Asp 545550555560 Asp lle AIR Lou Lou Lys Lou Aia Gin. Lys Vol
ArILYS Met Ser THIHIS 565570575 AI&Arg Pro Tte Cys tou Pio Eys Thr Met
Glu Ala’Asn Leu Ala Lou

Leu Pro Pro Thr Thr Thr Cys Gin Gin Gin Lys Glu Gilu Leu Leu Pro
610 615 620

Ala Gln Asp Ile Lys Ala Leu Phe Val Ser Glu Glu Glu Lys Lys Leu
025 630 £35 640

Thr Arg Lys Glu Val Tyr Ile Lys Asn Gly Asp Lys Lys Gly
645 650

o Cvys

(92 0]

(633

[ IR

Glu Arg Asp Ala Gln Tyr Ala Pro Gly Tyr Asp Lys Val Lys Asp Ile
660 665 670
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o
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Ser Glu Val Val Thr Pro Arg Phe Leu Cys Thr Gly Gly Val S
675 680 685

Tyr Ala Asp Pro Asn Thr Cys Arg Gly Asp Ser Gly Gly Pro Leu Tle
090 695 700

His Lys Arg Ser Arg Phe Ile Gin Val Gly Val Ile Ser Trp Gly
710 115 720

]
s
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I8!

Vai Val Asp Val Cys Lys Asn Gln Lys Arg Gin Lys Gin Val Pro Ala
725 730 735

dis Ala Arg Asp Fhe His Ile Zsn Leu Phe Gin Val Leu Pro Trp Leu
740 T45 750

Lys Glu Lys Leu Gln Asp Glu Asp Leu Gly Phe Leu

Thh 760
<210> 12
<211l> 132



580585590 Arg Arg Pro Gin. Sly Sot Thr Cys Aug Asp His Giu Asn Giu
Lou Lou 595600605 Asn Lys Gin Set Vol Pro Ala His She Val Ala Leu Asn
Gly Ser Lys 610615620 Lou Asn lle Asn Lou Lys Met Giy Val Glu Trp Thu
bar Cys -la Giu 625630635640 Val Val Ser Gin Giu Lys Thr Met She Pro
Asn Lou Thr Asp Val Arg 645650655 Glu. Val Vol Thm Asp Gin She Leu
Cys bar Gly Thu Gin Giu Asp Giu 660665670 Set Pro Cys Lys Sly Giu Sot
<2:6ly &ly AIR Val She Leu Glu Arg Arg 675680685 She Arg Phe She Gin
<21¥0l GlyilfouVol Ser. Tip Gly Lou Tyr Asn Pro 690695700 Cys Lou Gly
Per Ala Asp Lys Aso Per Arg Lys keg Ala Pro Arg Per 70571.0715720 Lys

<220

<22 Yal Pra R Rro Arg AspPhetlislle Aso.Lou-Phe ArgsMet Gin.
725730735 Pro Trp Lou Arg Gin Hrs Lou Gly Asp Vol Lou Aso Phe Lou

<40Pro Lou. 740745750 <210> 13 <211> 9 <212> PRT <213> Artificial <220>

ver 2237 EagtorB.amino.acid sequence, 320, <400>.13 Trp Per | 210>

1 <211><212><213> <220> <223> 400> Lou Per <210>x211> <212>
<213> <220> <223> <400> Asp Met 1

Leu Ala Asp Ser Ala Pro Ser Cys Pro Gln Asn Val Asn Ile Ser Gly
20 25 30

Gly Thr Phe Thr Leu Ser His Gly Trp Ala Pro Gly Ser Leu Leu Thr

Tyr Ser Cys Pro Gln Gly Leuw Tyr Pro Sexr Pro Ala Ser Arg Leu Cys
50 55 60

Lys Ser Ser Gly Gin Trp Gln Thr Pro Gly Ala Thr Arg Ser Leu Ser
65 70 75 80

Lys Ala Val Cys Lys Pro Val Arg Cys Pro Ala Pro Val Ser Phe Glu
85 a0 55

Asn Gly Tle Tyr Thr Pro Arg Leu $ly Ser Tyr Pro Val G
1

v Gly hen
100 105 0

Val Ser Phe Gilu Cys Glu Asp Gly Phe Ile Lew Arg Gly Ser Pro Val
115 120 125

Arg Gln Cys Arg Pro Asn Gly Met Trp Asp Gly Giu Thr Ala Val Cys
130 135 140

Asp Asn Gly Ala Gly His Cys Pro Asn Pro Gly Ile Ser Leu Gly Ala
145 150 155 160

Val Arg Thr Gly Phe Arg Phe Gly Hizs Gly Asp Lys Val Arg Tyr Rrg
165 170 175

Cys Ser Ser Asn Leu Val Leua Thr Gly Ser Ser Glu Arg Glu Cys Gln
180G 185 150

™

Gly Asn Gly Val Trp Ser Giy Thr Glu Pro Tle Cys Arg Gln Pro Tyr
195 200 205



Lou Ala Gin Pro Gin Giy Ser 5 14 9 PRT Atrtificial Factor B amino acid
seguenme 96 14 Pro Gin Nis Cys lieu Met Pro 15 7 PRI Artificial 7
Complement component 2 amino 15 Thr Asp Val lle Ser 5 acid ie 3180

Ser Tyr Asp Phe Pro Glu Asp Val Ala Pro Ala Leu Gly Thr Ser Phe
210 215 220

Ser His Met Leu Gly Ala Thr Asn Pro Thy Gln Lys Thr Lys Glu Ser
225 230 235 240

r

Leu Gly Arg Lys Ile Gln Ile Gln Arg Ser Gly His Leu Asn Leu Tyr

245 250 255
Leu Leu Leu Asp Cys Ser Gln Ser Val Ser Glu Asn Asp Phe Leu Ilie
260 265 270

Phe Lys Glu Ser ARla Ser Leu Met Val Rsp Arg Ile Phe Ser Phe Glu
275 280 285

Ile Asn Val Ser Val Ala Ile Ile Thr Phe Ala Ser Glu Pro Lys Val
290 255 300

i
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Leu Met Ser Val Leu Asn Asp RAsn Ser Arg Asp Met Thr aAsp Val Ile
305 310 315 32z
Ser Ser Leu Glu Asn Ala Asn Tyr Lys Asp His Glu Asn Gly Thr Gly

325 330 335

o
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Thr Asn Thr Tyr Ala Ala Leu ARsn Sexr Val Tyr Leu Met T~ Asn Asn
340 345 350

T
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Gin Met Arg Leu Leu Gly Met Glu Thr Met 7 Trp Gin Glu Tie Arg
355 360 365

His Rla Ile Ile Leu Leu Thr Asp Gly Lys Ser Asn Met Gly Gly Ser

370 375 380
Pro Lys Thr Ala Val Asp His Tle Arg Glu Ile Leu Asn Ile Asn Gin
385 390 395 400
Lys Arg Asn Asp Tyr Leu Asp Ile Tyr Ala Tle Gly Val Gly Lys Leu
405 410 415

I
0]
i

Asp Val Asp Trp Arg Glu Leu Asn Glu Gly Ber Lys Lys Asp Gly
]

425 £30

Giun Arg His Alaz Phe Ile Leu Gln Asp Thr Lys Rla Leu His Gln Val
435 440 445

u His Met Leu Asp Val Ser Lys Leu Thr Asp Thr Ile Cys Gly



Val
465

Trp
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Asp

Ala

Lew

625

Val

Glu

Ser

Fhe

Val

Ser

Gly

530

Val

Tle

ATg

Arg

Lys

610

Agsn

Fro

Arg

Asn

Thr

Asp

His

515

Lys

Lla

Pro
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WO B
(S|

Gln

ile

Ser

Val

Cvys

675

Met

Ile

Gln

C

500

U2
I
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Glu

Ser

Gin

Thr
660

Ser

Lys
485

Trp

© Leau

Phe I,
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Cys

Gly

Giu
G485

Gly

Gln

Ala

476

Pro

Val

Trp

Lys
550

Leu
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o
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Pro

Lys

630

Lys

Gin

Val

455

Asn

Leu

Leu

Pro

Met

Thr

Phe

Ser

Ala

Ser

Thr

Val
520

- Cys

600

His

Gly

Leu

Gly
630

Ser

Gin

Lys

L GLY

Gin

585

FPhe

Phe

Cys

6565

Gly

Val

Thr i

Giu
490

Ala

Lys
570

Wal

PoGlu T
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Ser

Gln
475

Thr

Gl

dis

Ala

Asn

- Trp

460

Glu

Cys

Cys

Ile

540

Glu

Lys

Ala

Glu

Leu

Thr

Phe

Ely

Arg

Aroy

Fhe
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Ser

Phe 7

Met

Asn

Asn

505

Asn

Gln

Leu
685

Thr

Gly

Leu
590

Gia

Giy

2r Cya

Glu

SWAY

Glu

Ty

Pro

Ala

495

Lap

Gly

Leu

Ser

Ala

o
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Asp

Arg

Asn

Trp

480

i.en

Gly

Gin

Phe

Asp

560

Leu

Leu

Lys

Arg

FPro



520

695 700

Cys Leu Gly Ser Ala Asp Lys Asn Ser Arg Lys Arg Ala

705

710 715

Pro Arg Serx

Lys Val Pro Pro Pro Arg Asp Phe His Ile Asn Leu Phe Arg

725

Pro Trp Leu Arg Gln
T40

<zZ10> 13
<Z211> 8
<212> PRT

213> Artificial

<220>

730

His Leu Gly Asp Val Leu Asn Phe
145

<223>» Factor B aminc acid sequence 320

<400> 13

Trp Ser Leu Ala Gln

1 5

<2i0> 14

<Z21ix> 9

<212>  PRT

<213» Artificial

<220>

Pro Gin Gly Serx

<Z23> T[actor B amino acid sequence YR

<400> 14

Len Ser Pro Gln His
i 5

1

<210> 1
<211> 7
<212> PRT

<213> pArtificial

<220>
<Z223» 7 Complement
<400> 15

Asp Met Thr Asp Val
1 5

Cys Leu Met FPro

component 2 amino acld seguaence

Leu
150

3180

720

Met Gln
735

Fro Leu



