GENETI C MARKERS FOR RI SK MANAGEMENT OF CARDI AC
ARRHYTHM A BACKGROUND OF THE | NVENTI ON Car di ac
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the electrical activity of the heart is irregular, or
is slower or faster than normali. Some arrhythm as are
l'ifethreatening, and can cause cardiac arrest or
sudden death. Others cause, or predi spose to, other
aggravating synptons or di sease, including stroke.
Fibrillation is a seriou’E 3Qﬁ¥ﬁ?ﬁ0¥wrhythn1a in which
the heart nuscle presents with irregular or quivering
notion due to lack of unity in the function of

(et B PR o5 LA PR hrbRaRls o
the ventricle (Ventricular Fibrillation (VF)). Aurlal
fibrillation (AF) is an abnormal heart rhythm (cardi ac

[E%Eﬁﬁk?iﬁ“@iﬁﬁojnV0|VeS the two small, upper heart

chanbers e atria). Heart beats in a nornal heart

begi n aftﬁﬁmﬁgﬁ%%@nQ'Hhv%%@%%%t%@lb@e%h%oaﬁrb§oE¥sEhe
sinoatrial node spreads through the heart and causes

cophraet 8198 8hdthe HEaEt r SpIsEt &y Pdsh M Mdge of o b iang.

In AF, the regular electrical inpulses of the
siapphraahsn@ﬂecmr@sésptMQeﬂmhy di sorgani zed, rapid

el ectrical inpulses which result in irregular heart
beats. At teale,f ithei ldlatitorphstbgeapbdt doagenfoamdngc
arrhythnma. The risk of developing atrial fibrillation

i nePeasesuni {aragean AMNIE et 2 frrReoptynematsgrial using
individuals in their 80s. An individual may

sp%ﬂt %%%%Eémh%w%?%ffﬂec bef R & X Shd é“hﬁo FEMPLRFt Rin

atri al il at t th
Y PR SR oo tanh %cf‘w%% e Ol ARG \(I)Mn to

h | h | fibrill
APt Y RTLEPIOGA  WP e g
reéyé&twpﬁcw@ 048 <§ Ridat m,eiﬁr}aﬂé nglasféle%eam

pal n, or ‘even ure. These synptons are
es,ﬁggh@éky COHTOR WeR, atdd ado fdbr,i 1d aftacfgmlel%ﬂdesnlcré
a heart rate which is either too fast or too sl ow.
adghdli @nyotdepescedssr motion of the atria leads to

bl ood stagnation (stasis) which increases the risk of
bl ood cl offhet parbcray travelidbeonst hechearidge whech
brain and other areas. Thus, AF is an inportant risk
f acompriens sat okeast h@\mﬂsqpnfr@rr@tﬁrmwd @at i on of
atrial fibrillation, The synptons of atri al

fi pFEFTERPRALC PREARIE & rwt&f%%%lﬁf&j.dcra{m oris tm ch
slow the heart rate . Several. nedications wel | .a

ol GETTT L3° cJa‘?%‘?%](Fe]szY'orfa tbelwﬁeotatcg*acbiéf SuniEhls
a r art caI d eter- ased

t hg(?a{r[?%sm%ﬁ a%gs]é/or&@ use e elreec\?cen e tmage
flf%f+ taln |nd|V|duaIs People with AF
are ten g| od thinners such as warfarin to _
pr ot ect then1fron1strokes.Any patient with 2 or nore -
identified episodes of atrial fibrillation is said to
hayveacrcrouemtartyial fibrillation. This is further
classified into paroxysmal and persistent based on
when t he Epmsodéote;nthatphoﬂpshmﬂitiherapym #hd i ahe
fibrillation is said to be paroxysmal when it

t ePPO R © INSPUNtErEdist owitthd sal dayot asests icdmepdirypm
W thin 24 hours. Persistent or chronic atrial

fidFe | IRkeDR sy Amidsiathlindited ot brsdg et Han tdeéven
days. Differentiation of paroxysmal from chronic or
establ i shed AF is based on the history of recurrent

epi sodes and the duration of the current episode of AF
(Levy S., J Cardiovasc El ectrophysiol. 8 Suppl, S78-82
(1998)). Lone atrial fibrillation (LAF) is defined as
atrial fibrillation in the absence of clinical or
echocardlographlc flndlngs of cardlopulnnnary dlsease
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I mpul ses produced by the sinus node to provide
rhythm c contraction of the heart are overwhel ned by
wobesranisl randonly generated di scharges produpetiyP07/071675
| arger areas of atrial tissue. An organized electrica
i mpul se in the atrium produceszatrial contraction; the
| ack of such an inpulse, as in atrial fibrillation,
produces stagnant bl ood flow, especially in the atria
appendage and predi sposes to_clotting. The ,
o B BD R abr SR O TR e o THEC M (BRTESHE 29N Fhe
eanIu§ agd t he dgnage grodyced.is rel ated t& wher e
t helBFFEQPAYFOR Tiakes TT9An bl LTS TG bl dfnProcess
pr e t. C [ i.on, of .atrj
'figg???%?%%n?9§§r%ﬁgﬁﬁ§§?Igwg%(g %ﬁg? ?n%?zaég?ﬁgﬂﬁiy
| b hge ABSENE ST ﬁe%éfylégé&mo§§f@f Heulation
supplyi ng the abdom nal organs)” or digit, producing
5 Of 888 PEFh bt S FAPROE- irld Gt i didltus, is
fibrillat?on i% %??ected %@ t wo égfﬁﬁ%%jectives: (1)
. pr eMphbyt@MPArArhiGi fprdctseyr yartstiabiel ithpe, (ithk
prevent stroke. The nobst common met hods for achieving
t heaiotepancacopelest i@t eo nche dunacard raan behi | e
anticoagulation is usually the desired nethod for the
| aperfolPey s biskyt Elépendimg @aradissrvi@5 ped3onDand
(2000); van Walraven C, et ai., Jama. 288, 2441-2448
( 2bbersforpmblie neRerrisl Yidry reare keomamsirkably ansy can
reducing heart rate to normal, include beta blockers
“)(eb%.}mﬂﬁ@Yﬁ?wcﬂﬂﬂﬂﬁeﬁﬂéﬁdi&@l§I968§?éésC€éF§}§ge type 1s

di i,n). | ci | bl ock (e..q., .
P et o T ST ot e by HfasuiSog o
th%%ggfg{@gion of pulses fromthe atria, and the

co ction fromthe atria to the ventricles. O her

drugs Comm@lr%t_ usedespehHdRgarLNt énf.aaéé%gwfﬂgtion,
pr opaf enone,” di sopyrani de, Sotal ol and am odar one.
Rhyt B £9nt K1 1 L4 ber@as hi @ ath Oy L Clild ¢Hojected onto
cardi oversion, i.e. by applying DC electrical shock,

15 orthy shetdsals cared armsiian, t Hes id1@ diregh cxbelt agphic
am odari one, propafenone and flecaini de. Preventive
mefsage st donisd raxker aioiside Bgntbdoggebanas. electrostatic
Rgfresentative exanpl es of anticoagul ant agents are
Dal @epailr i Findee gis zmpd M then apwteisgnedtgve drum.

C)g;ran) Enoxaparin (e.g., Lovenox), Heparin

(vERrF DRI ST TG it EN:  iMadfoep e vdderad RY(é. g. ,
Coymadj n). Sone patiepnts with lone atrial _fibrillatjon
A S CO R M TR d Mt HeXSHPRR SPeEFobP HOGHePT LHE
T ' ] ce t. i ri | opi dogrel . ar

20 oo S e Sl g e st e e B
Sthddelnieri oy Lo vl Lol @h(ecngaaa%l §ssﬁ0rﬁ&da!m the
Lancet.; 367, "1903-1912 (2006)). "(2) The new
anfé@@@gm(ﬁnﬁaegmlagatran has been shown to prevent
stroke wth equal efficacy as warfarin, wthout the
di fficult JpondDbOFPBEBPEACESSCcBSSOS| Bhedcaidh warfarin
and with possibly fewer adverse haenorrhagi c events.
Uré be: ¢ tunathed g g na pieigal iatagen fandhioigheappsiraitar of the in-
anti coagul ant drugs (comonly referred to as direct

25 t hkombi typehirbivtorad) a e aldtt v @ theraicgelby chirtendgds
Det ermi ni ng who shoul d and shoul d not receive
am¥e dYHg Uttt TIe Tnitdh B ©oAYS R 4Y@ Ynot TRe rRFgResdr war d.
The CHADS2 score is the best validated nethod of
de‘f%lf"rﬁ]r%s(ﬁg 14 e SrBkeEEnd 1 l"i’g‘r1 orBCWHESShAul d
be anti coagul ated). The UK NI CE gui del i nes have
i nstead opted for an al gorithm approach. The
underlying problemis that if a patient has a yearly
risk of stroke that is less than 2% then the risks
associated with taking warfarin outweigh the risk of
getting a stroke (Gage B.F. et al. Stroke 29,
1083- 1091 (1998)) Atrial fibrillation can sonetinmes be

ey e — e



wi th subcortical infarctions and | eukoencephal opat hy)
(Tourni er-Lasserve, E. et al., Nat. Genet. 3, 256-9

Wé;&g%)]j{;zlout eI, A et ah, Nat ur e 383, 707- 10 ﬁéﬁ/&@)b7/071675
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Cystatin Cin the Icelandic type of hereditary

cerebral henorrhage wi th anyl oizdosis (Pal sdottir, A

et al., Lancet 2, 603-4 (1988)), APP in the Dutch type

of hereditary cerebral henorrhage (Levy, E. et al.

Science 248, 1124-6 (1990)) and the KRITI gene in .

paPherpsenpihirer é8iat§, caveraoisvahep b YGimhd2 wiich

et . al., Proc. Natl. Acad. Sci. USA 92, 6620-4 (1995);

sahBgludeses develeping verllesned, ad 28wy 339 1999)).
rms_of . stroke occur on

No f th _
DaERER bARUY oF AEREF BEc G706 £ Bfiaeeher 8FBFE, byhe pin 43.
ChERERRBR PR AELEPe f kS PRttt P Debur W th

at BELESELELOsbap1 Lig! 60 VGl Yai MROTE AN O L heal th
care systemto devefop strategies to prevent stroke.
MERoBoSERGKE: PAPRRIR 44 I' T GRS IRl peell sgie.@%gtg&‘ay%sz; 0
in a significant portion of the brain supplie y e

bl pednyessel ebfers athhy dheemirTpkes nf ordgmatiels), a
the neurons thatdie cannot be revived or replaced from
a shetrtegé poppl ttid 060 ditprfore th hemeis asgeeed vt o
prevent strokes from happening in the first place.

Al tbepghnget al peadyddnoin ofha erdiai rascddmiiloalo fr itdle
factors that increase stroke risk (listed above),

t hepraratas, uperethaediltaldnissicha  dafd nes tthargendttied. A
factors involved in stroke to nore precisely define
st1pkelR9 skorfRirthefransnigrtes dppdity davediapsngr goller

co in the general popul ation and the specificit
of Obr R CETRGEBE it LEefs d TRise P D ithciG gk dice iUt
are

| ddj tional | oci h otective |oci .
bR Tor eaht ioT (T Bred ot an 1 dgsssi TrORTIP St e

' dirﬁ@ff'ﬁ'@r %P&@ide-r@ecgr?oﬂrhc'ep 30 & Y hem:t\feq/‘efl%?tirngk unit

t her apeutic agents eventl ng the first e or

furs hemrnstd @RS grid deRdi vhduak gqwhaohavensyfif ehedoarne
previ ous stroke or transient iSchemc attack. AF is an
| netepensesdmis 1 gko f attOraggir StusOkdie 1iRprRagedd Biask s
about 5-fold. The risk for stroke attributable to AF

I nengragad wiltihh dge.gelr 167 mespdrkidlie ftore akdut at5eRB%y
of all strokes. AF is also an independent risk factor

f v sthekapracatrencadchridies tengeg exevdr ity reAeiaeetihe
report, showed peopl e who had AF and were not treated

wi B9 ot ant™eTfadar tACURI LY /i Adeesgd Vien ri sk

for recurrent stroke and a 2.4 fold increase in ri

k
f OrFHEIIEROS dvere st SEBEIH Y SWHS UHa e §PPOR§ the
hy. AF h b d 2.23 ti
RS R BEFaaeh ‘eBhhaT B o RoSe RIS RAvERe

t . ) . I i ed._for
g e b S AR P dT o s e s8Phg o

I nedeased predi sposition for AF and stroke.
Identification of at-risk variants for AF can, for
exanpl e, hewdsetyl r&e&nesgesshghdhi &b i MU S iMRye
at particularly high risk for AF and subsequent
stquakel t yuimtghervantest prfetért preceseatcaentridgs bad the
adm nistered to individuals suffering fromAF and who
aregl exdrndpgres agfr agthird sknagies deptribigl eppavatiuanasef or AF
and/-or stroke. Finally, identification of at-risk

vt smed f of hAF1aREE ogest r bRePE@nideddon othdeswing
identification of new targets for drug therapy, as
wel |l as the devel opnent of novel therapeutic neasures.
SUMVARY OF THE | NVENTI ON The present .invention rel ates
to the discovery that certain genetic nmarkers have
been shown to be associated with cardiac arrhythm a,
in particular atrial fibrillation and atrial flutter,
and stroke. This discovery can be utilized in a
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the status of a genetic indicator of cardiac
arrhythm a or stroke in the individual from

wo bRRlhesence or absence of the at | east one nepdLlp@b7/071675
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hapl ot ype. Thus the genotype and/ or hapl otype status
of the individual is used as in indicator of cardiac
arrhythma, including atrial fibrillation and atri al
flutter, as well as stroke, in the individual. The
invention also relates to a nethod of assessing a
suSeRpEr bYPicly deCT ARl ach@MIhythnihe dositiske gem if
hupan i ndi vi dual , conprising screening a nugleic acid
f 1 bRFt HEVE RGP YR AUAR L oFY RSP eaBt LORe HONGRELBARE cXample.
marker _or haplotype in SEQJD NO 50 that correl ates
i EHET R Batet lecrHEnTe bRt R 16 A D

st in_ a _ PO, L on, ej . 1 nat i on ., of
enePe e e BT P AR P T R R R A 1
|l e n I i rs tslLd i the
s e R ARt P S

el eypt pdagaisceapld Ridtal dn@ 1¢ Acdiuada cgr bRy thET aeaBdbBi ng
stroke, and wherein the absence of the at |east one
atr&1 5&kr nBs ki f Bldreted Ay athd i rlgdapletty pendny e input
nucleic acid identifies the individual as not having

t hge &t pviatedidlsceptab, |and . thidhenguiro cathsnd 161 geeirhods:
of the invention in one enbodi nent entail at |east one
pol ynmor phi ¢ marker or hapl otype conprising a
contiguous nucleic acid fragnment of LD bl ock C04 as
set DEorkPSURE SHO THE NOIVENLIQY t he conpl ement t her eof
wherein the fragnent iis | ess than 500 nucl eotides in
size and $PECPFFESPFYLIRYBPFAPReSUEBNAT cBRET PRAIt Br Y
segnent of, L I.n. one, enbodi ment, the

bl ock C04.
f rRgh®ht 35S FHrE TS I HUGESt i908Y Sand | ess t han 400
nucl eoti d ' ' and wherejn. a '
Speci 1 cal TS RSBraaY 2080t b ancBhbl FBRY arb) Sebrdhe
LD, pl agk: QO A 381 P+ edEQI B NQAOCa AR i dge anal a
alternative enbodi nents, the susceptibility conferre ,
bysthde1 PO ey R tor SPH @S o ah iR RIRIED &% rind nde GPasTad us
susceptibility, i.e. the markers and hapl otypes of the
i nwiesté N « andtert idecrleased imogs k ofcean s mdireicausd
devel ops cardiac arrhythma, including atrial :
fibrputtad dro dige aenvicdloding trerl 1 eandhaougtr che. shafone
such enbodi nent, the decreased susceptibility is
cheR Rt syt fradh e MFie EEReEM vr eifatinge ri sk
(RR) of less than 0.8. In another enbodi nent, the
dRERA P S yesRssan Y ifL @hdhgc Ceiivied Bpray 6@dshe
ratio(;CR .qj | ess than 0.7. I n another enbodi nent, '
t F Yt RS S "SusEeBtibi ity is characterized by an OR
or RR of less.th . t her. .e ' t,. the
decr eased gﬁs%%ﬁ%?%?#??y$$%g€£é$§8¥g$&%%£ y dﬁ%%nﬁ%SH
of - 0. [ YeaeTe[ol r.el 0
VT ae T O] B R T di i al s oof 265g=°§eEhs
0.5pakhtih WhdRirflthe AMRELNASIPECLURE YN Fi RUENt i ON
relates to a nethod of identification of a marker for
usde el ARITeS Hd1g esuscee dnighidvieldy 5o syapt afe amagei at ed
with cardiac arrhythm a and/or stroke in a human
i rdiadiiduali,s tilmprmetedod conpri sing at | east one
pol ynmor phic marker within SEQ I D NO 50, or at |east
one pol ynod¢eeeding Kee dnethek appadits edfuitineb mingmenitt h
at |l east one marker within SEQ I D NO 50, determ ning
t H ot pe tedtud SsoPrevdsesl @ BrorRgsvragarsdge
di agnosed with cardiac arrhythm a and/ or stroke and
the genotype status of a sanple of contro
i ndi vidual s, wherein a significant difference in
frequency of at least one allele in at |east one
pol ynmor phi smin individual s diagnosed with cardi ac
arrhyt hm a and/ orstroke as conpared with the frequency
of the at least one allele in the control sanple is

-y e Y " o, oy



is located 3' relative to the detection
ol i gonucl eoti de probe when both oligonucl eotides are

whYdhgishsged to the nucleic acid; and d) a singper/P@ser /071675
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gap exists between the first segnent and the second
segnent, such that when the ol iggonucl eoti de probe and

t he enhancer ol i gonucl eoti de probe are both hybridized -
to the nucleic acid, a single base gap exists between
the oli onucleotldes . treating the nucleic acid

uf BRCBANGRUBNTOPBRSale Hhp i 10 Bavert e Gbiae: abl e

| abel fromthe 3' termnus of the detection probe to

r e?éﬁ%ErPPB@t%F%E?é‘BI EN2 G et OTALRY t HPYER Bt i I Probe

he nu C ac

‘ brid dt d f ,
deFE%t‘rEIBFIEZSEB%‘igb A eEH It Rl pf ELBhose T THE (T -

detectabls Labsl Lndisates: shatehhe: dejsot] °no<$fr§c§;

Speci rrdizes 'Pst’ sEgnent
nuFE‘é‘é‘éa fedmaf‘ﬂdaéé‘ e&r%\l}‘g SF, C chn
ymNplc site as f onpl enent etection

prQQ?d ﬁ&ééé&@eéaﬁépf@éeOéoﬁ§¥aé fﬂLﬁon relates to a
nmet hod of determ ning a susceptibiTity to cardiac

ar e Dyt hpbBhet o§t 49K EC | Pt bberedt ¢ Nk Vdeud) ,a tdey dRidiath
conprising determning the identity of at |east one

al releeof fat deaslopiveg poh yemns @it €s theat ke rldterse NgdgRi C
acid sanpl e obtained fromthe individual, wherein the

at foerastd omesadd kel edsroeh @vdecafhiom phet greoupl tofve drum
mar kers associated with the PITX2 gene, wherein the
preésefce d¢veherer: |2adiupreow)}dle nenbewn) catdwalast an
susceptlblllty to cardiac arrhythma or stroke in the

i NORYi P! Sofe %n%bql et S GIPR UL I ARG on rel ate

to a further step,o essing at | east o e addi ti ona

bi BT REFF OF %t r‘?%‘ilm'fl 1T an’rtifhl Jtresrt grain
t th ti f t f
RN AT T R

f'Pﬂé%a{é%‘u&‘iéi%#& %ﬁfﬁc}%r%% In some of

t hese enbodi nents I's a genetic marker
or e ha@t BEYIRE: od r fpoh DeNHd o dd sk f afd AsunS oMt & N
or contenplated to be, related to i ncreased or
desteased ¢tk dgatid atodrityd |datden maaty iadsdldatt erf
or stroke. | n other enbodinents the biomarker is a
priotei apix onterk erl onidhearpraptied In diii ieerikcer dfs saidsone
enbodi nents selected fromfibrin D-diner, prothronbin
actleql Fepheregmritica phqtriser®i tiveo siumsat isthirfénbi n
[11 conplexes (TAT), fibrinopeptide A (FPA),
| | PP bt F T awwﬁ%p}ﬁblq%%ﬁ @l pifazpid
be & t hronmbo ulin atelet factor 4, P-se]ectin,
R e e Rt or £ A AR s ¢ e (BN

| opr ot ei nase-9 9),. .PARK7, nucl eosi de
di p(%osp a agi k&ﬁlavmg( %&&) V{lal\él\ﬁ/jp néjl?rvc}r?tslﬁélmpfer %%e%

enol &5%n Brd ¥Oes I ALLOM BT QU LRGAE, AS0Q! T o

protein S-1 gl al ary acl di ¢ prote
Creagtdnves Pt QldhbSeWARBH A:d Ao fMHIN developing

net al | opr ot ei nase-9, vascular and intracell ul ar ceI
adhesi on, M el e Ssa itdiBia e RIS i@ alabea! phalvaed an
interleukins, including interleukin-1, -6, and -8). In
onenagaEhiodh et idrhef et dre@siti ngn ev iliho nuek e conall mae s
progenitor cells. I'n particular enbodi nents, nore than
oras SR krives tdetremiissddn mempegr efrer redeiving the
enmbodi nent, the biomarker is nmeasured in plasma from

t eeGeRfl it Lorahelr ighedifeanes Minerheridepareess
conbi ni ng non-genetic information to make ri sk
assessnent, diagnosis, or prognosis of atri al
fibrillation, atrial flutter or stroke in the

i ndi vidual. The non-genetic information can conprise
age, age at onset of disease, gender, ethnicity,

previ ous di sease di agnosis, e.g., diagnosis of cardiag
arrhythn1a (e. g., atrlal flbrlllatlon) and stroke

- o a1 r = - . Y
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pol ynor phic marker is selected fromthe the markers
set forth in Table 9, and markers in |inkage

presence of the at least one allele is indicative of a
wor se prognosi s of the cardiacsearrhythm a and/ or
stroke in the individual. Methods of nonitoring
progress of a treatnment of an individual undergoing
treatnment for cardiac_arrhythm a and/ or stroke are

al SHr W HRTR sTIpRURECd HeP i tiveMta idh, 2 s3raiet Iddghe

conpri Si deterninjng the presence or absence of at
| €

R e s e
arEr S Fl o TSl Send! o st o rdaen o et

east one po

et EOp A RR e P B R ol i B s
deg g1 mpath ops St he g esrnce, o 4 at | east one
allele is indicative of the treatnent outcone of the

i ndi vi dualhccbdpagt keubabtREPOLEPBAL SoBf thbepresent
invention, e.g. in the various nethods, uses,

proceshut Bsn, afparatius mrdrikids 0f dihetdrvperitiogiaphie
cardi ac arrhythm a phenotype is further characterized
asimmegagf atmirad dpdmidtet ifor domtimaalarf lintatger onThe

i nventors have determined that the risk conferred by

t hee QP &ing ekt aaaird lantepmdasicriingsd (Her @ wotatgbdat drirst
for individual with early age at onset than for

i oV BTN Y T gt tage sl sorieey meThgy andoge
enbodi t, thgﬁgirial fibrillation or atrial flutter
ST RS IR &4 Fe @ P Ya gl 1o iEen si sehen

i ndi vi dual  of |ess than 80 years. |n another

ertbdd Fent (T the ATEST B ﬁléijeoﬁloblptgfirl gtaFhapder to
[ r ter] of in the

R b I et R L
erdadi 1R h o ddipr A1 Ali dddr 1ddr@liingn aphadbiadl; Ehylt er
is further characterized by an age of onset in the

| skt o il coft d iefife tihan RA reans. Ocheropgeteytrabhsc
are possible in alternative enbodi nents of the

I plenitagm s ignidreaardrual;s@ ceviedopliabedplileel ddicng, but
not limted to, age cutoff of less than 75 years, |ess
t avelpiaw sin aledtess teltde 38 tgedr smager fhemadr en
age at onset or diagnosis above age 55, 60, 65, 70, 75
ors3F &ledmphadrmaEmphdice ®hat@ SRNERtAvEcOpamofithea

i nyention, as are age ranges within which diagnosis or
ST oh b QiRa e B5BbSSe c BV LAREL B ks
but_.ngt |imted t.0 e,.50-80, age 55-75 e 60-80
s g A S AREAT RSt RBReS BhofRgensiave
[ [ t T N r.t h teri S .

| SRl b B D Hendarelnfed; RebefByfoarive
Phanpiyine S BrrRar asletirzgdmas c9Rg 9 £APEe of the

i schem ¢ stroke sub-phenotypes large artery
aterASUrenowrs WikA)foredr dooenrbokiecstbpket 6§ESHh and
smal |l vessel disease (SVD). In particul ar enbodi nents
ofphdte semedntiiven d dumk aendisaequplrbbesencgkDridge is
defined by a specific quantitative cutoff. As
desviritleeld tion tdhet aialinheseienpllyi nkagbedappguatiibr alomgaan
be quantitatively determ ned by nmeasures such as r2
afxyay [dirgstd ogowfegadndcelecerprhateaboerhnient s of the
invention relate to markers in |inkage disequilibrium
bR taseaeid et Kirima dephaifh FaHPe1BBeRPIPRA, pprovided
particul ar values of r2 and/or |D| . In one such
enbodi nment, LD is characterized by nunerical val ues
for r2 of greater than 0.1. In another enbodi nent, LD
is characterized by nunerical values for r2 of greater
than 0.1. In another enbodi ment, LD is characterized
by nunerical values for r2 of greater than 0.5. In yet
anot her enbodi ment, LD is characterized by nunerica

o r o~ o e o "~ N e~ L . ey



a. a detection oligonucleotide probe that is from
5-100 nucleotides in length; b. an enhancer

w®hdogamyg) eotide probe that is from 5-100 nucl gef/nehasr071675
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in length; and c. an endonucl ease enzyme; wherein the
detecti on ol i gonucl eotide probe; specifically
hybri di zes to a first segnent of the nucleic acid
whose nucl eoti de sequence is given by SEQID NGO 2

that conprises at |eastone polynorphic site; wherein

t hendenecerdalorNgonfichedti devptebeng ohptlses for
detectabl e | abel at its 3' term nus and a quenching
noitERYPSRELFLRI5E PRFATAUECTAREPRRh EREVEMhaiEFe with a
oligonugLeotide I S frog15-100 nucl epotides in length |
anfC'42EoRPI BREAL AF§9t BEEYEBR oAy SELPeNt Fe t#Fond main
nug%gg%k?e agqggngg Bgat is 5 rg%ative to the £ >
ol P§BRURL ot T HE pr oBRMEBZACY HAT PR FhhaHter*ts of sai
ol | [ ys..10 . 3 at.i t :
GcrSerTSREaD; BELkEr e oPiL BT E Rt By fodeing member
ol i genygLk 80k hdesq a5 endyPbl i 380e s é%ﬁﬁ% Ce R ok
wherein a single base gap exists between the #|rst
segaeBhdandihhgsseaong SEOPENE rasseisd e mhigiet heg

ol i gonucl eoti de probe and the enhancer oligonucl eotide
pr ebeearen§ot he hybebdald zedt 4 01 dmel nded wi g afd ke @ when
singl e base gap exists between the oligonucl eoti des;
andawbepeonetss eadrtgidde nsichenrctedtith wilich nidien assembly
endonucl ease wil|l cleave the detectable |abel fromthe
3' ofekhenaBprafathe’ der@csd bt Probeing peitdage g ewvable
detectabl e | abel when the detection probe is

hybRi @i de8eEblPheCTRRTENE AEFR. ththeapialy ibirsifitdion of
mar ker s .descri bed herein as predjctive of risk of
caﬁa%acd%}f?ﬁ%war? %@?,waﬁe PRI AR eSS (A AR
stroke are_useful as_di ostic .markers. | n aspect,
TSNt R Hheh 6T oy E T b ARe KAy

0! '(9995’&%@8&&9 1’%9?9 Ifgrt ?Seﬁﬁﬂgf @ﬁgugrgcggfd?n . material.
di aghostic reagent for diagnosing and/or assessing
suscept i bi Irht¥et @naardhac e&p@&%@m Be2PfOL, Sifoke in
a human individual, wherein the probe hybridizes to a
segieaht e HEICHRE CoaEs Sh WhasEe MU e Gl 1de FRRUARNGR rleS
given by SEQ ID NGO 50 that conprises at | east one
pohypargit cusdnt egovdisdetait 1dve dff agree o lilowlimgb00

nucl eotides in length. I n one such enbodinent, the
potlesor bt tori ek ke gutetewrkd raymhadiangydsy wdr iec
markers set forth in Table 5, and pol ynorphi sns in

| | PKRZRN i SRR T P4 urd ke riewi I I UnGt igmotHéh the
enbodi nent, . the at | east one pol ynorphic marker is

sef ECYRRPATY UM HSHUE'YSEQ | D NO 45), rs2634073 (SEQ I D
NO 33), rs2200733 (SEQ I D NO 28), rs2220427 (SEQ ID

NO 1), rsl 0033464 (SEQ ID NO 41), and rsl 3143308 (SEQ

| D ANE: P e s GBS s 3lab! Sulibdiay T or stori ng
informati on about di sease-assocl ated markers as

descri bedphgiekniasg al §anwihhi Br85RPEMSH+ LHE Qrféf@f
invention. I' n one such aspect, the invention relates

t Oc Be CORGIH & od Rastailt e gl UB el neh g airS tSlks06ed 088 ing
identifier for at |east one pol ynorphic marker; an

I nidd cant cemiedd irkeen tf rlequene gfreaterdtedsiveonacal.l el e of
said at | east one polynorphic marker in a plurality of
i ndi vi duaFsgdiragAosedawsehtaonaal viebrof latporgesdri a
flutter and/or stroke; and an indicator of the

f rexjlencdgofaddrdigustt ohabgdigentofl .sai d at | east one
pol ynorphic markers in a plurality of reference

i ndi vi dual s; wherein the at |east one pol ynorphic
marker is selected fromthe pol ynorphic markers set
forth in Table 5, and pol ynorphisns in |inkage

di sequilibriumtherewith. I n a preferred enbodi nent,
the at | east one pol ynorphic marker is selected from
D4S406 (SEQ | D NG 45), rs2634073 (SEQ I D NGO 33),

NN\ N NN NN~ 1 1~ NS PN PNLNLN AN P~ T~



In one enbodi nent, the at |east one marker or
hapl ot ype conprises at |east one of markers D4S406

wa Sfe&otdsd MO 45 ), rs2723296 (SEQ I D NO 35 ), pC1/3p2007/071675
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rsl 6997168 (SEQ ID NO 36 ), rs2723316 (SEQ I D NG 37),
rs6419178 (SEQ I D NO 38 ), rsl 448817 (SEQ ID NG 39 ),
rs2634073 (SEQ I D NO 33), rs2200733 (SEQ I D NO 28),
rs2220427 (SEQ ID NO 1), rsl 3105878 (SEQ I D NGO 40),
rsl 0033464 (SEQ I D NO 41), rsl 3141190 (SEQ ID NO 42 ),
r s3853444 FigE®el B NO: 43¥, paﬁapre@zrsraovrewsrz@ D NG44
) . | n another enbodinent, the at |east one marker or
haPpPREFPRICOND i 5% RECTLHS eV 1197 R TRKdeIS 4 S406
(§§§} %;h[)45 rs2634073 (SEQ ID NGO 33), rs2200733

¢ rs2220427 (SEQ ID NO 1), rsl 0033464

(SEQ I D 41) nd _rsl 3143308, ( SEQ
yet anotagi eﬁﬁo i ment, PERaPs aftﬁegstlSHeoﬁa?ké?v?%Oplng

;S A R SR ceau 1 briam
theremrthylbuQeasfQﬁﬁh%&rggggdbnﬁehntﬁﬁg Bﬁ@§$@f§nof

alleles -2, - [or -8 of narker e G of
meaF&est 182 723296na B | Qd fomb 16f JRrkey s OFEEe8ng
allele T of marker rs272331 allele A of marker

r s&I A Bas abf ettee Grfcary Kﬁrﬂﬁﬂd&@%ﬂconﬂﬂr@l & A of
mar ker rs2634073, allele T of marker rs2200733, allele
T Diboditkent 152220427, allele C of nmarker rsl 3105878,
allele T of marker rsl 0033464, allele A of marker

rsl 31411901g8lreebeiA of PARFREFLL¥E8834Y4in ahld¢ ostate
aIIeIe T of marker rs4576077 is indicative of

| e e S URERH T i FARF I AR A AT hy fcgddment 1
stroke in the | ndividual articul ar enbodrnents
ort CHPT AT ori” (HE R AR Qe Ada By he
atrisk. varlantzi a particular allele at a

et

po‘?ﬁ%rn i Thit (e g, a SNP) or a particular

hapl Ot ype}sba-kner easady SUSCEPLI BhbbLY: 1hq Cottlifrure for
mar kers an apl otypes o e invention c
| nereageth ik 1Rt indioddyg) _s&%&%ﬁn@%&dlﬂc .
arrhtythma, 1ncluding atrial fibrillation and atri al
flutter, angduskrekes SHsegPplbbkbi vyelwSotyRi spdfy
characterized by the neasure Odds Ratio (OR) or,
al ¢arpiatn o/ elembdyy - dRedcdnigv & oRIEsbodRRlent! 1In one
enbodi nent, the increased susceptibility is
char act er FzedrpySahsoddsechidoal OR}cof oht theashaft 3. |
n anot her enbodi nent, the increased susceptibility is
C IR BT ARIIRE AF e Nattico R 1§ &t 1-east 1. 4. |
n anot her _enbodi nent, the increased susc Philit
char act or FY8H By L in R AL FHS601 oy et
n aﬂPther engﬁ%hﬂ%; e%euggraased us%@ptlbl|l%
é%&er ze y an Sa&EVFat @Cﬁf gPﬁF I'sk
(Fﬁﬁbégl nt gast 1.6. | n yet another enbodi nent, the
i ncrease susceptrbrlrty characterized by an odds
ratio (ORpighreelatiyesrpSkshRR) i o& @iedl e@sicrl- 8.
O her enbodinments relate to other values for OR or
Conparsid £ asalles fsar ridRn Aelsediong \ialiwes tehnim28sion
1.35, 1.45, 1.55, etc. Certain enbodi nents of the
i megtiid oranelatedond mdiivi dualesbdfy arpaet tedhamission
ethnicity or ancestry. | n one such enbodi nent, the
hurearbd mdifvitdealineae docednoy applkeeted fconbHaol to
African ethnicity, Asian ethnicity, Caucasian
ettiadimentHilspani ¢ ethnicity, and Arabic ethnicity. |
n particul ar enbodi ments, the ethnicity is
self-reported. In other enbodinents, ancestry is
determ ned by the assessnment of particul ar

~ethnicity-specific genetic markers. BRI EF DESCRI PTI ON

OF THE FI GURES The foregoi ng and ot her objects,
features and advantages of the invention will be
appar ent fronrthe follomnng hor e partrcular

o Y Y . o a1 -y e



of the marker on a chronosone. Genom c DNA from an
i ndi vidual contains two alleles for any given

wh o gRiuphi ¢ marker, representative of each copyred0dAE1675
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mar ker on each chronosone. A nucleotide position at

whi ch nore than one sequence i possible in a

popul ation (either a natural population or a synthetic
popul ation, e.g., a library of synthetic nolecules) is
referred to herein as a "polynorphic site". A "Single
Nucl eot i d&'iEBIsmorpHisSA sdrde' INpw whighpid lssgyenes an
variation occurring when a single nucleotide at a
sp@EFFPElPBCQ?iBHeiﬁh?ﬁE @%HBh%n@iW?%W%rb%?ﬁ%%% the
msnber%of a sgﬁ/%i es or between.(ﬁai red chronosonmes in
an™PHAEVPUSE. “RBsPT 3RPSPoFFhbT b7 S isC Fatd Fhot©
alh%kggimEa h,individual is in-this instance either

hom)zygougn o%'one allele of the pol ynorphism(i.e.

bot h chr onps 1%0HLseSa %%r{e%%tii_'&di".’Lh%%%'ra%%% B8 ch
sane nucleot e at the S ocation), or the _

i ndhy,dvaktks Bﬁéeéﬁé¥99£§n(bfethéh§h$ﬂ@ éééﬁf&ng member
chronpsones of the 1ndividual contain different

nU%b@@EédEEé-mabﬁt§N? 8OMERE| gt HESs AScd LPRIdRs hek®idling
refersto the official Reference SNP (rs) ID

i dept Ehboeatiinentt ag as assigned to each uni que SNP by
the National Center for Biotechnol ogical Information
(NCBI) . AFipmeantsd' isas cesler ivied Weriehnildebérstees ahe
segnent of DNA that differs fromthe reference DNA. A
"mapReption af" poeyabephi cowmt keg "meme et f iRl Het ein, |
is avariant. Alleles that differ fromthe reference

ar BORBE eRgedl t BhasProapfantargftdesaceerding to
"nicﬁoaatelliie" is a pol ynorphic marker that has
nmufPPBRE™EHEI - repeats of bases that are 2-8 ‘
nucl eoti d in length- (such as,CA repeats).at a ..

par 1 oul ar e T o LSO Rber LOF TP B5eRE FBAGPhs
vagi #3st BatDE OROCOALROPUL 3 Olhe AlhadNd8up] hdt membe
comon form of pol yhor phi sm conprising a il

i ngertiophormegheth§not hee i srdydi£atd v OMye ad&¥ding
nucl eoti des |l ong. A "haplotype,"” as described herein,
refer smbodamsegnent of genomc DNA that is
characterized by a specific conbination of alleles
arranged alionget Hé degrestideFoiedi phaoctd dldganksasesuthe
as humans, a hapl ot ype conpri ses one nenber of the
pabesbf ianiey efof ofheasha ol gonw binic mambder arcdustiug to
In a certain enbodi nent, the hapl otype can conprise

t womBpdieRet aft el es, three or nore alleles, four or

nore alleles, or five or nore alleles. The term
"susceptiﬁFﬂWF?'}7a§5d@s@FF588cﬁéV8iﬁ}e@nﬂaﬁﬁgsses

bot h,increased susceptibility. and decreased .

SUSTERC LRI T Lyt St parr e B Rt e A e
angdfprqhapl,ptypes of the invention may be
characteristic of increased susceptibility (i.e.,

i ncreased giggkk Qfg @Hﬁh@&r&k@%'bhaggeﬁaeﬁoﬁt69k€hea§haft
characterized by a relative risk (RR) or odds ratio

( ORpupl i 9 eaémbe £ hadcOr@ind\ t@rmasddselant the markers
and/ or hapl otypes of the invention are characteristic

of decr easadiusesdéptiililsitrptes. en, ofdeecaeasadofi sk shaft

atrial fibrillation or stroke, as characterized by a
r eCaup veng i mémiod r | @ssotdramy ore. Enfoddiudrgi ¢ .aci d
sanpl e" is a sanple obtained froman individuals that
cont ai ns AugNErEc 2Qcitd lustiagept anncepabaliaBnes, theeshaft
t he detection of specific polynorphic markers and/ or
hapl ot ypes, the nucleic acid sanple conprises genomc
DNA. Such a nucl eic acid sanple can be obtai ned from
any source that contains genomic DNA, including as a
bl ood sanple, sanple of amiotic fluid, sanple of
cerebrospinal fluid, or tissue sanple from skin,
nmuscl e, buccal or conjunctival nucosa, placenta,

. ., = o, o, ——r .



markers (Table 4). Further refinement of the results
reveal ed that the association signal appears to

WO k@432 N genetic ternms, to markers of rs2200@BIp00Wh71675

10

15

20

25

rsl 0033464 (Table 7) and markers in |inkage

di sequilibriumw th those markers (including, but not
limted to, the SNP markers listed in Table 9). The
ori ginal observation in the Icelandic popul ati on was
replicated in an independent |cel andic AF/ AFl caohort,

i nCRUBAGAPsHCRRCEoRBFPr AR Th Brrerbhbrt (Tabl e
7). When conbined with the Icel andic sanples, the
association to rs2200733 was unequi vocal (OR =1.72, P

el PEndy BRRE BT R 8GR ort GERE e Y T cance

OR =1.39, P = Q" i h iplicative
$mdel , t hgrhpeoﬁﬁeg?e%dat%%ﬁ%%ﬁ%gP&s%h%‘;k_k)eggb%t he .
t m@nV’@E!t?BBSw$9['beegeéérfﬂ@& OXh ”@éﬁﬂr%{%@@%rﬁ Nith the

popul ati ons of European ancestry. ernore, -the
asgeebAbkA iﬁgp&kg@iggsin a Chi nese AF cohort from .
Hong Kong able 7). The inventors have al so found
that age at diagnosis of AF/ AFl for the Icelandic
sanples correlates with the two SNPs rs2200733 and

r senB334mdnt Thus, di agnosis occurs 2.28 years earlier
per T allele of rs2200733 and 1.10 years earlier per T
al 1 el e of RefleQ03I364 o jFQignireP 1=-1 F2gxir® 8%, . thki process
effect i-s manifested by the association of the two
vafpahridpei agdsthengbset rophdiorer abighoseanatferming
younger age, although the risk remains significant
evBRPPR2EHBSRCAPAGHRS eb° aft eF M AT My BD YeaRr viege

(Tabl e %é. A sifilar age at #nset effect is observed

i nTPRENEECRoWOr T PFaBF 282G he i nventors have al so
observed a..s n iati e h I.a an
R
Th [ e | aty :
L8 0f Ot Rb el Gl s pat T ek hEb g e S A e
of s AEbr§ORy=t 3. 6Ris IS sQNhéshence interval (Cl)
1.83-3.68, P = 7.5xI 08 for rs2200733, OR = 1.94, 95%
Cl =1.26-3.00, P = .0028 for rsl0033464). In fact,
for rs2200733, the OR for these definite AFl cases is
si gGehecaht ayrangereent hah irtmdge fOrrhey cagescatiush an
AF phenotype (P = 0.0026), and close-to significantly
hi gher forf'igir@03346@wEsPa=geng4pl FHesegemsntt oft ARt
both AF and AFlI have significant genetic risk factors
tth-eﬁFéOP]PPE%‘W%@%JdC bii%e BT RtIRRA 1 USNPs ‘
rs2200733 d rs| 0033464. The inventors ve

{ uAOREEhB? BEEGt abTPER ok THERS (WP sk o Uhes oBP afPRYD
W / I's SQCI Wt e, i rticular
stheh a0t Sl Tt Sifb Makebl oG s ' o
repl,| ignyfic [ y24n C ] ‘ ' :
Isgh£§?%&§?§ogek§%5§ﬂ%hﬁa bﬁ§?§ggﬂ%§?§%ge gﬁ?%@ﬁﬁﬁﬂﬁ?
( GEShoeBot uh shswitpr ke andurr ker thal ?Q%@é@é WBkeridges
found, after genotyping additional Icelandic IS cases
and geat intBifédt vl ds DASCcEs esie Hoi& ) oislecdidn in
four large IS case/control replication sets (4,294
casks/Ba¥f%assetbb by s9f thoe agmociaatues Mo¥tl. strongly with
the CES, of which AF is the primary cause, (rs2200733:
OR=l . 53, Eeeh Pxio0es3; cast0088464: her=pn 27, P=5.9x| 0
4) (Table 21%. There is no known gene present in the
LD beeEkCORME 2T i Pl ¢ SADVOTS i s IMRysB46 45U gur e

3). The LD bl ock contains one spliced EST (DA725631)

and two singl eexon ESTs (DB324364 and AF017091).

RT- PCR of cDNA |ibraries fromvarious tissues did not
detect the expression of these ESTs (Table 16). The
PI TX2 gene | ocated in the adjacent upstream LD bl ock
is the gene closest to the risk variants. Severa
markers within the LD bl ock containing PITX2 gene are

e N a o s s S



- wodogmiaphi smis characterized by the presencep@f/jtdiaeiers
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characterized by the presence of two or nore alleles
in any given population. | n another enbodi nent, the

or nore alleles. I n other enbodi nents, the

pol ynor phismis characterizediiy four or nore alleles,

five or nore alleles, six or nore alleles, seven or

nore alleles, nine or nore alleles, or ten or nore

alleles. Al such polynorphisns can be utilized in the

met hedas 1 BAHt Rt sPRPL e R pHekentd T HYlent | OFR/ afy die 1d) .

thus within the scope of the invention. | n sone

i N8 aREdstNE ePRPEAREN TSt HERIA T Hith rithtPT958%s at

a Eolgnor hi? s{te wi t hout chggg%ggga ref erence h

al FRFE- AP ef nat 1VEF y2r @ Ret et P SEtthdS Tl pach as

referred to for tjcul p hic sjte., The

rof orifital By S0LPP L MR eridly f Haeh B

"W pe: | e djd.uspal|y | [ r

R R HE AT P sl M o H St s

"ngnghfegbedoc] ndhy] duad (& i de@Nidtird1dUal  That

does not display a trait or disease phenotype). ‘

Al tghe§i her r S MPr NBIKSSE Sa asud@f @ afk ter MERRY Reneless

to the bases A, C, Gor T as they occur at the

potyansphfacsi d tie tites tSNR rasistaw e ey ed .unflfe ralllyel e

codes for SNPs used herein are as follows: 1= A 2=C

3=Ghe4ddve Topipersohlakidd dthd m thmdrionmdil deowdwering,

reali se that by assaying or reading the opposite DNA

st vaibd, thaeteosml eﬁeﬁatﬁryt dinage famdgch w@adihecase be

nmeasured. Thus, for a pol ynorphic site (pol ynorphic

nelP ket §sehat bty eriz ey ﬁy—”&ﬁj A ot i1gRIS-heThe

ass enpl oyed may_be designed t o specifically .detect

heT LR St e i e (e e d P TRDFE

i.e. A.an ternatively, desi,gni n_assa

nbe T RRaEeT el O Ut ARb s o BDaRE Heore
I ;ﬁﬁﬂg Qf . t I I jases

%ﬁ%@c%%@ E&lﬁjre . %Jlg/;et i%n?\?gﬁyse( o?l%e%a{%%lﬁe,

I notesns phcsehatd ieatd:sigy. identical results would be

obt ai ned from neasurenent of either DNA strand (+

strand or a- ssbhaed) unIypBcabkyfoamli afet B8CRa SEfteNtDye

is referredt o for a particular sequence. Alleles

t hat dhé frenofoommdhel veefdnende kar eexgamstnigreher ef err ed

t oas "variant” alleles. A variantsequence, as used

heplkehosers B bve odzum dgueies vl widnf e foagmst ké the

reference sequence but is otherw se substantially

si hndge . LAFeENESi et the HAWHARDHITC yeirateite PRatk €fs the

descri bed herein are variants. Additional variants can

i RTURS T Hadgest 4%at’ af fect a pol ypeptide. Sequence

differencisba%gg@tco argdC 0.a £eferegﬁe nuclqgtide'

e 1 C alllsS e, recoral
sequence, “can i nclude t e ThsePtron or —del eT7on of° a

Si ti ; t l.eot.i-d

R T P R O B AR ana o P e one
NUgd 0td feenb B Ul 40D # He GhRgR tul .t he eaegdgdh@m no
acid; the change of at |east one nucleotide, resulting
i Mmd ther genefadd Oy ofe ah PrieTRine e EOR CedRr; thie

del eti on of several nucleotides, resulting in a.
detetdohind noate: 0ra I eaavaR0 taricdsyhe re eeednby riyhe

nucl eoti des; the insertion of one or severa

nuct ot fefesyokeh Hs Hpr turequald reeddmbiingapiostt ion géne
conversion, resulting in an interruption of the coding
s ERRIEHERN ofC st heathnfy Modie:ond ¥l iaPREirey ust Maih or a
part of a sequence; transposition; or a rearrangenent
of a nucl eoti de sequence,. Such sequence changes can
alter the pol ypeptide encoded by the nucleic acid. For
exanple, if the change in the nucleic acid sequence
causes a frame shift, the frame shift can result in a
change in the encoded ami no acids, and/or can result
in the generation of a premature stop codon, causing

e o o - Al «



by a percentage. | n one enbodi nent, a significant
increased risk is neasured as a risk (relative risk

wobsa12498ds ratio) of at |east 1.2, includi ngpdpir200t071675

limted to: at least 1.2, at least 1.3, at least 1.4,
at least 1.5, at least 1.6, atideast 1.7, 1.8, at

least 1.9, at least 2.0, at least 2.5, at least 3.0,

at least 4.0, and at least 5.0. | n a particular

enbodi nent, a risk (relative risk and/or odds rat.i o) of
at apegsbly. A. i sITsi g fatemil, Ilq1QQﬂﬁqkﬁeﬁxﬂtﬁQ99%%g
enbodinment, a risk of at least 1.3 is significant.
yeFoéhGFhéﬂ Eﬁﬁo@?ﬁéﬁtngaOPFsRh%fS%Eaf%%é?nI?legﬁedlng

t f h nmbodi | at
of St thateearBifar et PE af gt Toahithe Frssmtinrl) one

fu t her e di o sr nlflcant i n¢crease in.rHisk is
EyeaS? 265 %G? %?r iCan Cﬂ%ﬁm%ﬁﬁg ISH&E Pair

about® §% S76ni

gf E?raESe :38 ROt e0p! ALEGy o fn et £88ts 1. Ay o

SO on, and suc S are aﬂso

WI FaLasgcope. of bhe, pEesent gw&mtémlrt@ PANS e image
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enbodi ments, a significant increase in risk is at

| easkmalodh 20&0 phHELYEhHYL DIE @Bim |1 N ied 19 abidrding
25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75%
80fat8b%m190% 135%n 1% r 1% 0G%e IAdUesandax@@¥dge
I n one particular enbodi ment, a significant increase
in7ri(3&, i $bat 7¢eadd) 2080 inteuotddiaenboimeids, urait 5 as
significant increase inrisk is at |least 30% at |east
40%ecaintenned5@gy hraneher BEYRSs afol damAnNTBErig the

| east 80% at |east 90% and at | east 100% O her
ch@flf% bmaeeﬁgéerra%ddeen%@eseh%%f%l%yttrﬁe dermpnl (la,

e art t o.characteri.ze the j.nvention are

vercnl 30 Sont REPRISHT. aid Hote e Argn MR aR

scoge og Ehﬁ resent |Pveh$|on 5é’ls dfﬁﬂégtféte§>
er or %a% e o? the %resen ihvehti on 1s one

F@l%‘} B?aStItoe'EJfraéﬂeeﬂ eco?rf ﬁtsése%S‘pr%l%r@a“t %Bs

pe 1s nor requent present In an 1 ndi vl

at rengr&ow pesdi segse 98ciraed) (Br@ridddril ahe
arrhythm a or stroke) (affected) conpared to the

frpgEencyn 0bppbSePresense phioto SR i O EIMUP for each

20

25

(control), and wherein the presence of the marker or

‘hapbbdbypeand amdopmbds ieg ofoblscepid kppdsed acd ke

di sease or trait. The control group may in one
enbedbnaary beranpbpul 6@l bersahPl esespectiwelando
sanple fromthe general -popul ation. |In another
enbbaNFERE , Pehe goh%r%%t%FQEﬁ)4%P?Qﬁw§ﬁﬁﬂﬁQ%fqﬁF a The

i ndividual s who_are di seas -fr t;SVCh

group o

di & §%{ffje‘ée cIB‘ﬁY‘?fo“fm?/f Wone 1s carried
character t he nce .of_ one or ecific
dlsegs%%%§00|at dt%yaff fhe ho%ﬁﬁ) %ﬁt%¥ﬁ3 &:ﬁghg' tﬁe
di e t

o seasgihace eonLiol &5 o | BIALGLEZEA BB 56
Sughgki skghact @t s 94&) | Nclpder SodigRs 3ird @asin 8 red
envi ronnental ri sk factor Representati ve

enygtiRARENY abnf &Ctis St 8des et Usell t ¥ othust SShati neral s

or other chem cals which are known to affect, or
cophetpsath ett 1 ve adfwes , 1t h@hel siblakgdevel apbigetihbetween
speci fic disease or trait. Other environnmental risk

f athersppoeitick Factokbereldisebgadd |irf ddteyltasansfer
including but not limted to food and drink habits,

gebgt hphi cand | Beat sorerdarmi tranbiaatroldmrs 70 to
occupational risk factors. In another enbodi nent, the
risk factors are at | east one genetic risk factor. As

an exanple of a sinple test for correlation would be a
Fi sher-exact test on a two by two table. Gven a
cohort of chronosones, the two by two table is
constructed out of the nunber of chronosones that
|nclude both of the narkers or haplotypes one of the

Y
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whanksetupe frequencies) would predict.

10

be inherited together at a higher rate than what their
i ndependent frequencies of occurrence {e.g., allele or
_ ( Roughl ypct1/5p2007/071675
speaking, LD is generally correlated with the

frequency of reconbination events between the two

el emrents. Allele or haplotype frequencies can be
deternmined in a popul ati on by genotypi ng individuals

in a popul ation and determ ning the frequency of the
octupBAteroftheatpnar | dreger fxepl Yigperamsfge belt 9 onto
popul ation. For popul ations of diploids, e.g., human
poEDPa?P6ﬁ§9lﬂﬁdm@€%ﬁé?% ™11 typically have two

1 el f h ti I t .g., "
Papl of ype BH-TOEE) e K FOrBHE teaSur e ade Beshe
proposed for.assess}n .the_s reQ%th &% iifga € raed
d|§§ﬁ%FIfBF?bﬂg(f -2 b3t %%%t%r THE" st rehgein o

S ¢ : i . 1

roBEEaHRED PR EE SRA Eng L  2L° ey, the
d ; : h £ e
IrRRLESE PRk e0de | Bl P0L pamasur ey ol ae o
t hgbanhBterRi et at i @y idhisld 3, ardidifeRitestaltPd latent

defined in such a way that it is equal to 1 if just

t Womaget s eeophed hen poss | bh &t bogrh 91 ty RS durém Y £S Shhike,

and it is <1 if all four possible haplotypes are
préseant Thegef Ds edevelaped oy P |dévatoping doller 25.
i ndicates that historical reconbination may have
octhisefiobes wekd twbosideselereuriedye mn &#48n can

also cause |D | to be <1, but for single nucleotide

poPYAbPPRNSHELYSNEEY™t hi s fins sydighinop is8y arided tad shdmage
| likely th econbi nation), T 2 '
{ oBPERERESAt he SEBAT Ot TEL CETIHT At rEBEA vidkn e Tding
i t t h | f 1 if only two haplqt

R SRR IR YR A W

i |
U nere e R ol P P Y TR Bt e 2" and
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I nverse rel ati

the,sappl ¢0Shze 560 EL & O Lot BStH ASSPLE RN deimerny
susceptibility loci. and SNPs. These neasures are

debenedof ohe pabéw®dn Si 1285 irkie fralans@® applsi Gaticags is
a determnation of how strong LD is across an entire

r egpbphiédat o colne asesomaanyy ptatamofgehixokidres/Mritght be
desirable (e.g., testing whether the strength of LD

di ffensferghh¢i santhgaayorgléncieglergnsignages on the
popul ations, or whether there is nore or less LDin a

r egrans fpanPpt edrt @ dt i dercor g it Fiddpdel ) By doing
Nbasuring LD across a r %%gn i'S not stratgylformard“
but®ong Gpprbathr9s 1S S HP s T LA AR kst 2t

deyel qped i n popul atiqgn genety cs.. Roughl y.speaking, r
ne§5ur elﬁﬁﬁ#%%%“%&@%ﬁﬁ%ﬁgtioW'ngld Se¥P§qSPF8 & color

un rij r i t o r the LD
tnafeed BRALELLE A RERA AN SPle SRR
Pokenthal | yn&l 3Oy PI OV Heifa §d afd sfd b | ¥ Thie@@EeUS Yy, the
approach to the probl em of determ ning whether LD data
pr eytdeqd eng ogneer {1 ¢ hes piesenoayed tecaidialdiirging
hot spots. For the nethods and procedures descri bed
hepeirbioa 3% gy fileandisehamdirey carl ber a2l eadt @iking
such as at least 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4,
0.d6rtDoB, 70. £5,dsBosdd 65} the,ugheis, pdkigidh 88 Mnrid,
0.91, 0.92, 0.93, 0.94, 0.95, 0.96, 0.97, 0.98, 0.99
oragsemblynobnehraprzraielienbodi nent, the significant
r2 value can be at least 0.2. Alternatively, |inkage

di sequilibrium as described herein, refers to |inkage
di sequi l i brium characterized by values of |D| of at

| east 0.2, such as 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.85,
0.9, 0.95, 0.96, 0.97, 0.98, 0.99. Thus, |inkage

di sequilibriumrepresents a correlation between
alleles of distinct markers. It is nmeasured by

o, . Y Y e o A N |



Hapl ot ype bl ocks can be used t o map associ ati ons
bet ween phenotype and hapl otype status, using single

wOBGsRFR3Pr hapl ot ypes conprising a plurallty BET/IP2007/071675
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mar kers. The mai n hapl ot ypes can be identified in each
hapl ot ype bl ock, and then a seats of "taggi ng" SNPs or
mar kers (the snallest set of SNPs or markers needed to
di sti ngui sh anong t he hapl ot ypes) can then be
identified. These tagging SNPs or markers can then be
used in assessnent of sanples from groups of
individuals, in order to identify association between
phéﬁB??ﬁ%saﬁ@rhﬁb@%?&pe | f desired, neighboring
hapl ot ype Dbl ocks can .assessed oncurre

b ntI
Chero iy RAES SaRtetol FiREE ai SelaPRTBr f ark HooRECERES
hagg Eygg §|?Ck§ tIt h§§M§ us q$co a ent %ya f or
: 3 s

any glven obsefved a$sociation to a po rker
in efo [ I I
thg£ gﬁ%n% PFSO s%%MI5%%%%%3%?%%‘§%ﬁghk>s%§ E%Iﬁ%gﬁde 7

CO@I%?SHeBéﬁté){né hen INgAe SheSt r1Mél%ﬂ:feLLDt%cﬁre A
the genone, as observed by the large variation in

r e6QPDE N@§e ON Wil &S - cIihtea I kS Wkt ¥ dg{eeGlellow
associ ation thus in a sense represent "tags" for a
getom e, r&gtodnt fidge , 7@ waptoteampe dlreck ey doRdd ogkk
that is associating with a given disease or trait, and
asmageht areo Usef 1 dartmiskyed i/ d hévindt laohs adme kihtes tofher
the present invention. One or nore causative
(fehcthonayyn verltamt sagt anaaattiorgarsld mésicdie opinthiins

t he reglon found to be associating to the disease or
treire. toeh Qhrrant8lagy €ohPEr BAKPghBP Femat pHEUFLYKeS.

RR) or odds.ratio (OR) than obser for t in
o kers oegan Bracess: teraraddacral Tan Thne Sr cigpt 0

i nvention thus refers tp t Jrarkers ed f.or.
de %%i‘.“ negS association t% t e i 52|e6§)§e 2%5 déSer PSed

he |1 [ g equil i Briu

w b The ral Rer t T Ao ey a{?ﬁ%e%bﬁé%%& P
i nyend i %boﬁ@rﬂ@a[n% t haheati@uhNuhPe Wbt e BREKEHSwith
and/ or hapl ot ypes of the invention, as described
hetled NohdBysdres usietk abrBurr ogat,e 191 ker,s.1dfheand the
surrogate markers have in one enbodi nent relative risk
(RR)amgdiorradds: rat (2 ,( OR), \2al,uesi)srald ehet hdrahdng.
the markers or haplotypes -initially found to be
assRbelr i qg&d 4 P he i Sshise, And, deber dbedl ppiey nunit nd
ot her enbodi nents, the surrogate markers have RR or OR
va}%elér‘@YJéiaEtCerWJt%r? 4505 ARHING F1Hy-edeter-imi ned for the

markers inpjti found_.to. be. associ at with t

hesose. ' Mobydh Baath%%e%ﬂclaﬁe%x%ne%wn%&w% 27
enbo uld be .a_rar r.el ativel rare 0%
ot i pfp%%eonns e e 58 Sl et b B et

Lo aiﬂm ﬂr%nlco%e%%h?atl 00 %ﬁlfdr Eq Hg.ﬂfﬁyle ar

|n|t|a to be associ at I sease,
s%@ﬁ@ her veri pivtes ﬂeswheeenaeeel Phe | SOt b Sk S0 AR
usi ng such nmarkers for detecting the association
digeaver e prdhgiddvienorseas rides ebubednbenei angagnbe

performed by routine nethods well known to the person

skitldrerk i@t he art, and are therefore within the scope
of the present invention. It is possible that certain.
pol ynmor phRtonadkehs phot ¢ skagiet dve edpoairh i br i ammmeirtthi drived
mar kers shown herein to be associated with cardi ac
ardIginitd g €hprging irall leirh e Bngt ths ahgaatppamemnber 6
flutter) and stroke are | ocated outside the physica
boundaries of the LD bl ock CO4as defined herein by the
sequence set forth in SEQID NGO 50. This is a

~consequence of the historical reconbination rates in

the region in question, which nmay have led to a region
of strong LD (the LD block), with residual markers
out3|de the block |n LD mnth narkers mnthln t he bl ock.
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unadj usted for multiple conparisons unless
specifically indicated. The presented frequencies (for

wobagesasel | ites, SNPs and hapl otypes) are allgti/§p2007/071675
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frequenci es as opposed to carrier frequencies. To

m nimze any bias due the rel atsedness of the patients

who were recruited as famlies for the |inkage

anal ysis, first and second-degree rel atives can be

elimnated fromthe patient list. Furthernore, the

t e3recdnspesedpeatial rf%?ldasaslodi%ﬁroﬁeé@rvre@cMnghﬁor

any _remai ni ng rel at edness anong the patients

exFéﬁéPh@gam@ﬁP?énée éﬂTu%?%EﬂROEﬁ%ﬁﬁﬁﬁﬁ%Y%ééﬁF?bbd in

Ri sch, N none Res 8:1273-1

(1§§§ﬁceom g Fﬁbl(’r%i A ErBIoS oo St 3te-
026 ARPEhed.t o oener als AL 8l Lol ALLENSI DS andn

presen% usted ahd unadjuste p- Val ues

cogpgg&ﬁogssgﬁﬁlg Mf\'}fﬂ? Mo ;%&?&H Rla el Yo SiRldg

as expect ed SSesSss t e significance of

Si Bgl,eEBI keE BRSPCLRE! PRoLOsEpetetyd Uri! 1 1 P &rotated
testing we can carry out a random zation test using

theosaBBpELAOhYPE €at @heCohagts rokmpali epksadidn process.
controls can be random zed and the assocl ation
anahystRargtogeroul &+ pk eid i resat{ab gy ,maymtted 500,100
tinmes) and the p-value is the fraction of replications

t hallepnbddgcédame p2Vatheodighn Sowrechamrdderg atd elex thesriirgys
| oner than or equal to the p-value we observed using

t hé8er iAjidval L tpaits me%ﬂﬁﬁi dohtar ghagehioot $o01Rer Paersing
si ngl e-mar ker and hapl ot ype anal yses, relative risk

(RREMERE § hot HOBT at horPBTERT Bt Wbl e [SKT (PARY ¢h Be

rZ'ﬂﬁt"e%“eegF%‘ES#{?a%mh?%'? Pt i g da oy
H He 42 33 199
Rﬂ[ﬂ st oi Hnspfediiobiyy © %ﬂeﬁnggﬁmega;..§§¥e.1§§lng

?gz 25 whlékqaéorg’p?c{é S&:‘f‘f‘tﬁftﬁ&%ﬁ S nsitFive drum

hapl ot ypes a person carries nultiply or
exw&hs, i5frFRatsathe fhskapfe A1 ad -ty &, thRN a
the risk of a person honbzygote AA will be RR ‘times
t hatvelopihgt @& 0zygotf ar@ INUf RR2%sdppms dhpteed a
honozygote aa. The nultiplicative nodel has a nice
prdpeelgpih@trslh@t|25esT&wahpweioan@gcmwﬁ&&atQﬁnss-
hapl ot ypes are i ndependent, i.e., in Hardy-Winberg
equPtabablm swpdi ed hen aﬁﬁ%c@%@lplmm%tdﬁjﬁ%s fasine gl
W thin thecontrol population. As consequence,

habhéw% %O%Y%l%@l@%ed%ﬁ%f%wfarﬁfa&dﬁtq oi% st

bt ks AR e Y Y e
hy@%%??;%ﬁ?cf%?ec'f al lré/%mte}}e cié@e d)appln%ycp Vlce r%%lehbl
re%??ﬁ&k%ew gtl% popu tﬁlgﬁtnlas\hr@flfl%cﬁt e BBE%@E' ? the

e contr e there is sone
POMBEeLOSSN | & LhErdi Ue, r@&e&aétslrnfttMHé Rldieat i ve,
the loss tends to be mld except Tor extrene cases.
Mogt ri pROF{ avt | he prabeeso i@ BdMays 2al | d gekeeophay
are conputed with respect to null hypothesis. Linkage
Di segdé | BHr reum Ust eg NEMD dri2 betayeen tisineorgf arartkerts ng
can be cal cul ated using the standard definition of D
antdor 2h¢ Lewoat i per RPheGenet | W 4R vd-qpAna 38d)LerHiZY., In
WG & Robertson, A Theor. Appl. CGenet. 22:226-231
(1088) §onek| aeCHEMDIIa F g RMCH € ot a 1Rt iR @@M@é@plng
all el e conbi nati ons are estimated by maxi mum
i keli hood and devi ation fromlinkage equilibriumis
eval uated by a likelihood ratio test. The definitions
of D and r2 are extended to include mcrosatellites
by averagi ng over the values for all possible allele
conbi nation of the two markers wei ghted by the
narginal aIIeIe probabllltles V%en pIottlng aI

M . ~ -



i ndi vi dual who, based on the conbined risk of the
markers, is at significant conbined risk of devel opi ng

wohevs@ragase. Thus, in one enbodi nent of the ipggdbiodNe71675

a plurality of variants (markers and/ or hapl otypes) is

.used for overall risk assessnent. These variants are

in one enbodi nent selected fromthe variants as

di scl osed herein. O her enbodi nents include the use of
the variants of _the present invention in conbination
wi €V bERef r9me i aht stidovine o redisng umemkzﬁr @%gfﬁesu ng

a susceptibility to cardiac arrhythm a , atrial

fl%gﬁ? trPntlof %\?W%&“?ql WtRGEY MU/ e sfi‘%'e(ﬂéélg IfRSsuch
odi t th 1 at lit
Tl Rars B T ?%?%@fe%&%ﬁm@ 5 gy o e

| |nd|V|duaI %E% theLS %tgﬁtgf g SF ghggdual?égc 9€§d
Re
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with the pog ation frequency oF assot

Va’\'}i@\pt yﬂé‘e $P%éé§§erqgéhﬁ V%‘Ih' ae{'e%'eigﬁeag ulalt 4

clinica y subjects, such as age-matc

S€xs %@Q@Qb%‘%&%@ed Nes hagls denaywnyd it the apt fréHEh

as nultivariate anal yses or joint risk anal yses,
subgeseni hy bei nsed 4y detesdr naugdertoMey Piln r1|5‘5k~1h1ch
conferred based on the genotype status at the nmultiple
| ogte pesesshttiedfin itdle hasenth oy Siicimartal wieS ef@yged
subsequently be used in the nethods and kits of the

i nivetne | oime  lasnglase rivdoless igtaeiand As3 ad est rtiHge dieivie ltolpe ng -

above, the hapl otype bl ock structure of the human
geﬁﬁ)\rﬁeceha%r@he kgdeing tHatang |t elaimisari ngr- deardicgntrear
(mar kers and/ or_ hapl otypes) in |inkage disequilibrium
wi R EHI vhT i akty QPF@Qnéph thesdevsterinpt Hnatdf séase

y be used a

R %S%%Rocﬁtr R e ];?Stupp?ﬁélng
S L BTSSR 2P

ors SUC IStOI'IC |nat|on teln

thlené e&i%h %jrb M@U"pq&gﬂgf&ﬂ%ml% e &eaie R ¢

er of polynorphic sites or markers in
tf&eé@ﬂh@m}o & 4 hergxtentr ediBdsize ofr tshh ple@tlng
bl ock) in the region. These markers are usually
| ocred esho d 4iis i thierphyrsincdl reaundariiyes ohet BeuhDréhock
or hapl otype bl ock in question as defined using the
metdrodisnglekrs uggber e mirugr doppdtimey Irfetceods ckedww it
the person skilled in the art. However, sonetines '
el rotetdl $ript idtise Bssbdi-at ThA Asumpfinent obextiend 10
beyond t he physical boundaries of the hapl otype bl ock
st ric, Sl oH et AROF of THApFGEPBeRImby FRANSTItS

se cases, be al so used S surr ate mar ker s _and/ or .
AR IR 5RO Adp o geena ariving
p Sﬂc"e@' e ter% r{bgco"ééetn@flc it2e NP 9t yRpe plack ag,
efine nsequence, nar Kers and hapl-otypes in

LD} {d ot GR 10’0}9'?%3&{1@@%)%‘%@152 greater than 0.1,

such as r2 greater including r2 greater t han
0.3, al soThBChUdbNgpiRgOtigat e (hakn 0id) ridite theis

mar kers and hapl otypes of the present invention are
alsyad td tHhelseopmiaf Adheyi pverdseingewprin BBey
are physically | ocated beyond the boundaries of the
haptaotidesd bilrockheasiedefliopachg Heivs dendlrades 3agr kedsat hat
are described herein (e.g., Tables 5 and 9), but may .
altsond il e igtchefunsdrckier)s priearts dede iinn téer dayelbping-
(characterized by r2 greater than 0.1 or 0.2 and/or

| BlgVicey fgyond trfadr@ Dol 2ndve 19 the rrarer Sormatéani af
Tables 5 and 9. For the SNP markers described herein,
the opposite allele to the allele found to be in
excess in patients (at-risk allele) is found in
decreased frequency in cardiac arrhythma (e.g.,

atrial fibrillation or atrial flutter) and/or stroke
patients.. These markers and hapl otypes in LD and/or
conprising such markers, are thus protective for



on other genetic factors, biomarkers, biophysica
paraneters (e.g., weight, BMD, blood pressure), or

w@gnsh@zheal th and/or lifestyle parameters (ep@rapr2007/071675

hi story of disease or related di seases, previous

di agnosi s of disease, famly hiyrstory of disease). The

i nvention provides for enbodi nents that include

i ndi vidual s fromspecific age subgroups, such as those
over the age of 40, over age of 45, or over age of 50,

55{heOpTesesTcayridge by ghe deﬁérlO@ﬁf@@dlrﬁégrte§ b is

~the invention pertain to other, age groups, such as,
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i nH?W%IYI%ﬂisblég‘é@el%%%S%% L indg P handddq Han SHge:
I h 75, I th 70 5, 60, 55,
5089£2§34%) a%gg Er %%eh%be ¢ a’gtr‘g]g% Gelate to
i { t f t
t nee YL AT R R o ctet%.si Ao
C%‘%@t‘@é atn_ggrtkb@t gange of ages may; be 4.6l evan; ecﬂ the

such as age at onset at nore
aggeggog I@§§et@ age 60. Qther age ranges are

ver also conte ated, including all age ranges
bracket ed 1hy at %n@ﬁ%tV@y‘fb%S deivetedihg thetaRowrickt her
enbodi nents related to individuals wth age at onset
of e £ hec té seRs ed@be paphd £l i t lBthOrcagea Ftangewedilithe
it is known that predisposing factors, genetic and
nopgenes¢cs i cave alfect 1 atnahate atpvellopind wicduladr 25, it
devel ops a di sease. For cardi ovascul ar di sorders,
|nc$ud$ﬂgr@@l©|G@abrth@tWh@ﬁ@ﬁQﬂﬁﬁ%ﬂ?&ﬂd¥UMNﬁnﬁﬂ1alﬁﬂgld
factors can influence if, and at what age, an

i nEERPeTaRndeviet gPRVe her Hi% eakl e Bote Ieshifitisrertts of

the invention therefore relate to e at nset age
at "eRghosi 6t Lahilee MEORF ﬁﬁﬁa%% 4950 &Fr g%
fibrillation an /or atrlaIv ! ter Q{ kﬂ%ﬁ? in L and
ce’i“?ré? a%%]é rdhge rﬁa%n%a ?‘r‘o n]t e Sdi Vly(]e al’s

Q Y { s
at fid %gtﬁfl brﬁ?%%y 4|‘f(;n'££ndj;:r(?tiE at rl&Fr{f rLthjtgeﬁa%l orlgisttlroo eo
hayﬁea&ﬁa%lﬁgssépp{caagfo@t A0S QMRS ddieage of
I n ot her enbodi nents, the i ndi'vi dual s have age at

onset or age Qha@baq%Q&h&gObpéra@Qoﬁfoﬁ5th@rpQM@ésége
of 50, 55, 60, 65, 70, 75, 80, or 85. Oher
enbadt neads Dfwihk havéntdcoibebr (Biqute I rdid/ikigplre 2) .
who have an age at onset or age at diagnhosis at age

| edgen hialme 8bpagelichn Berhasson hish swrPISRd |tes & ehdmagfe
75, or less than age 70, 65, 60, 55, 50, 45, 40, 35,

or fageing apprRr pres el 0@d i dM FerrSseR belriving motor
IndIVIdua|S di agnosed with atri al gg{lllatlon or

at FPBPRPYI £ 272 1FS st KEC Rt AR onal

ferred t relates t dyal.s. di d
W ERCREES of CRVEP T T ORCBE o 15 PO Rr o CLr oRe

bel, oy, age /9. tl@%é\?%l%ﬁ%&rfc?ﬁl%“ hd @l @lss to

i ndi vi dual s” diragnose atri atlon or

at %@ﬂ)l)f/lr%tﬁglpér s34 oken pel oW e S r Yele BN hmber

preferred enbodi nent telates to individuals diagnosed
W 88 attHealcHd dfiidd dilaen wWltalgel als bbplited 86 $heoke
bel ow age 50. her enbodi nents relate to individuals
W thaggen@tronbet df fide theaasion idsspedif ilOEgef the
ranges, described in the above. It is also
coappapiatedt ¢ haltaage ambectof i caglelsy naye irfelcey aft the
certain enbodi nents, such as age at onset at nore than
agehdBopems|iebse t frawm aheuBOL o ey at Consesrandage for &he
than 60 and | ess than age 70, age at onset at age nore
than 70 and | ess than 80, or age at onset at age nore
than 60 and | ess than 80. Other age ranges are however
al so contenpl ated, including all age ranges bracketed
by the age values listed in the above. The invention
furthernore relates to individuals of either sex,
nales or fenales It also prOVIdes for enbodlnents
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devel op synptons associated wth cardiac arrhythm a
(e.qg., atrial fibrillation or atrial flutter) and/or
wGo bdoRls®43ni s information i s however extrenely wal/ywbhHo71675
initself, as outlined in nore detail in the below, as
it can be used to, for exanpleyginitiate preventive
neasures at an early stage, performregul ar physica
and/ or nental exanms to nonitor the progress and/or
appear ance of synptons, or to schedul e exans at a
redirge inferpakien, i teat exyoshee condeifemtet by the
gquestion, so as_to be able to apply treatnent at an
eaPfC§nN8EagBRiThé, kABwBabe2 abdtenh Heneeits vEpymsd on
that copfers a rjisk of derIoping cardi ac arrhythm a
(eﬁé?,pBPFPE?nFFBFVFIQFP%n or atrial flutter) and/or
stroke offers . the opportunity to _appl enetic test
Lo di st i nUIH B G e TR PR ga8ea oo PBK
of vel.opLRg,.th [ (] r o]

oo SABLEboRtaOpTend PERSE B ALILSS Foddlig menver
devgl ogi EHetJaSanS@éﬁ%ﬁzin&- r&?ﬂ%f e55, OfrHN@oner
protective variant). e core values of genetic
t estibpdyihgr rbndivi dual st el ongh ngudor Potie oforddie to the
above nentioned groups, are the possibilities of being
abbatke geagpnseycardine astiyidhdn ded€lepinqtdrd@ler 25.
fibrillation or atrial flutter) and/or stroke, or a
pr 8despopplied tonear ils acr Avodyddint acdely.chatgadlby the
fibrillation or atrial flutter) and/or stroke at an

10 eafkyesongeg antage ovd den i niioremteorpenipheer cldhitdian
about prognosis_of cardiac arrhythma (e.g., atrial
fi SPV?E@P%‘B‘] BplheFiab- f ITha slovedwipiog Sipskaoilhagedés
to be_ able to apply the ppst appropriate treatnent.
| n8PET 484l Eovﬁlg %ZY%HPH’J;/“% SR btSE of® At dde voltage
arrhythma (e.qg., atrial fibrillation or_atrial .
1 GOVERS Babifufn s Poradimly Bidvi G %y Ynd e £orming
varj y nefy - net.i i [ t
noh SeE By LPRL" o el AT e, SRRt PaE, stent

15 evidgpeesbpredincheanedphbsksehsPei P8 arGAr i §& kvRABped.
or nofe risk factors, may provide increased incentive
f orek8pl enendévgl dpheql £ Bsr 115 esd W vie AP A Ao
m ni m zing known environnental risk factors for
catdeopastosars it seasdsum €l at athet devaldpaagarphythnma is
(e.g., atrial fibrillation or atrial flutter) and/or
st cokbacCedet ¢ ctihesphaige s¢nciar dieacdam hytdnd alewelpps
atrial fibrillation or atrial flutter) and/or stroke
patheneseabyos v ther hdren i veagal iraed i dhfat i on
about the primary cause of the disease and can aid the

20cIPﬁ?E?%ﬁnght%%?é%¥?%glthe best treatnent options and
medi cation for each individual. The present invention
furthernore relates to risk assessnment for cardiac
arr, ] e , ' fibri ( reatrial .
R L S S A
ana s 8ghVi Jut {Ra&@d FdaiidPrafiemelqpiyng cardi ac
arrhythma (e.g., atrial fibrillation or atria
flutter) @Lakerisyr ekerifheepsl yoREPALGnIBAKERECRiNT &),
present invention can be used al one or in conbination,

25 asavebrdisg i to combs nalibadi vdrith otdremdwantions,the process
i ncludi ng other genetic risk factors or biomarkers,

f ocartskdgsséssmertte afpreard tnoi wiadiuala Ssemidgr didd@ will
arrhythma (e.g., atrial fibrillation or atria
flhetdeycaerdr stroke. Many factors known to affect

t he predisposition of an individual towards devel opi ng
ri sk of cardiovascul ar di sease are susceptibility
factors for cardiac arrhythmas (e.g., atrial
fibrillation or atrial flutter) and/or stroke, and are
known to the person skilled in the art and can be
utilized in such assessnent. These include, but are
not limted to, age, gender, snoking status, physica

I L T T



nonitored continuously for 24 to 48 hours.
Unfortunately atrial fibrillation episodes are

woBgigRei.es abl e and frequently m ssed by this apeigembieriers
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The opportunity to diagnose the arrhythma, institute
recommended t herapy, and possiibly prevent a

debilitating first- or recurrent stroke may be m ssed
with devastating results to the patient. Prol onged and
nmore conpl ex cardiac rhythm nonitoring neasures are

avai | abl e Ehd' igppls ed dédadildnaltiryteben chatsubpferenthe
of atrial fibrillation is very strong. These tests are

exPehELDE! %Hetﬂ?aﬁﬂ%%¥?%u§i%ﬁ%Pvﬁ??ﬁ%ﬁ%¥éHynhpﬁﬁb&@ﬁ
is often | ow,  and they e uysed sparingly for this

| nBFBSEPNCAFhe {AgRe! L reLRCantes caddi tFnal "Fi BROcesS
stratification.with genetic testin y_be extrenely
heF%F{CJ .18 ner%?aIP}%lil%%e?h%? 1iklllee Clhln |€t?%nalofnarqu?évstq on
cargi i the . at - &4 { [ tj.C
CaHFLERa AMCtoia ) S R MRS S plao
di ggngst { fe aRPLOFa L §BEAENT 3 HQGHST PN dFKI NGn TRLE Wa¥e,
in sone cases, unnecessary testing and therapy may be
avei geddcapdrt NoRt hes Case$ra M § oidiei el pipftHore
aggressi ve di agnostic approach, the arrhythm a may be

di ageesedgandame DT opertiidiesegyedNiddateidignd liat efuided
conpl i cations of disease dinnished. METHODS OF THE -

| NVENE| @bl ivea beesb I prouwicdk resess riEhtpofvickrdliiac the
arrhythma (e.g., atrial fibrillation or atria
flmaterysapdpby SP0DKef arke cRraidfars hefdenmand apgembly
enconpassed by the invention. The invention also
engBiPasBesPabt hbdss of R euEs P METHRRE Vidudourdring
propability of response to a therapeutic agent for

D e abr 4Rt i S (05, T ST | at von or
atrial flutter) and/ior ro S Ll.as t hods, f or
ot edi ot ng 1 R seRPecy: Ve br P ko R sBRLTT R Sgtnet
tr pat i ' wcar.dj rdwthnd 8, ( e s 1 al
figglél @é{l?g%ﬁ%%gﬁlﬁﬁlgﬁ u(?s?ger%ya%%% st ?:(;)ke. Kits
f ofpB88 YL 0mA: 8 3PE &b 19 M G0 S U &dmd 1@ tdefLCt The
susceptibility to cardiac arrhythma (e.g., atria
fipaidiagiosmeeradl igtofiddd eimn tad/nori s tasaegnbarne 1al0so
enconpassed by the invention. D agnhostic and screening
assfyshef apheratwvent s qrdvidareigim asembiodi Inereds partteé on
present invention pertains t o methods of diagnosing,
or 8 &¢ dingl i ned hepwh ediio st ewarfd denrd tace aar iytthrieg pect
(e.qg., atrial fibrillation or atrial flutter) and/or

st Fokehdrmauabee i BTt 130 ¢ 0 TREr dilg@naPLhYFRAREaZ’ 1S
(e.qg.,.atrial fibrillation or, atr. al qutLeaL nd/,or
stPBRELdeg GLERCe i AU RA AT 00I IO LT &8 bt d o
Mg ker 5o 1 hat, RPpeAr ILrs, frequentd v, 4 SHAIAG ot on.
arrBr)}y na (e g., atrT#H T bri 11 ation or rial
flghder £QEe SL T OE SRl O L OmHRPLS, Whe are
sys}g_ept%%?ggt 0 %aér d(!9ac arrhyt hf‘nl am(e. g., at r}l%
f'%béféﬁﬁ@%&fn?&ééé}ﬁbi utder,) @d/Afi it Rk®ioh 278 of
parti cul ar enbodi nent, the invention is a nethod of

di egeosl &gn en§USESR I D1 Id1ded oh aardiiac lamdiy tfitd on
(e.g., atrial fibrillation or atrial flutter) and/or
st8bke dyddehecinayiredd lwasti one 7 |elde soforatt hleeasiti n
one pol ynorphic nmarker (e.g., the markers descri bed
hezesenbl Theupdesemttigvehlt i oByddedéngbes, nehhodsocess
wher eby detection of particular alleles of particular
mat&kEE51@9e hapl vt§ 3&eq ddiveatd Jdepfingermediary
susceptibility to cardiac arrhythma (e.g., atrial
fibrillation or atrial flutter) and /or stroke. Such

prognostic or predictive assays can al so be used to

determ ne prophylactic treatnent of a subject prior t
o the onset of synptons of cardiac arrhythmia (e.g.,

atrial fibrillation or atrial flutter) and/or stroke.
The present invention pertains in sone enbodi nents to

- . o o s



and/ or stroke in a human individual, by screening for
at least one nmarker allele or haplotype as listed in

wd ahkB5245A and5B or markers in |inkage di sequipdBipMfoTieTs

therewith. In another enbodi nent, the marker allele or

hapl otype is nore frequently pggesent in a subject

havi ng, or who is susceptible to, cardiac arrhythm a

(e.qg., atrial fibrillation or atrial flutter) and /or

stroke (affected), as conpared to the frequency of its

prégéﬁééernualﬁeélKH?W§Hgﬁétt (control, such as

popul ation controls). In certain enbodlnents t he

S|gn|f|caﬁﬁé]%¥ﬁ§§§6bla@%oﬂjdﬂﬁﬁﬁét§§ to8sEtahe WREKEr
i.s characteri

~all I e or hapl otype b
0. 8¢ PFhst RS AR @%.‘?h%afﬁ%noﬁ*ssembly
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2064 Db R IE G S I T B S A

| gogggowgsgoggggm E 504 ogg 00001, l,wgé in after

e pres nce o | east™ one” mar ker

al kgkepor-hapl egsf@?la Iadfns%gvgov@ér@ Swsceptd Biddiyry

to carglac arrhyth n1aa? atriral fibrillation or

at eirahskbyt tgE}d sndige §Eﬁ@J6;e_ngT}B§§€1<§irh apN@Shi&vided

nmet hods i nvol ve detectlng the presence or absence of

at iheagta0ng oarkre alkehengr fhapd oz ypeohtdits Sto a rear
associated with cardiac arrhythma {e.g., atria

fibidel pleba 88 afrthe &pphtetysandimrassemkkey IT0OEA. By
hapl ot ypes descri bed herein include conbi nati ons of

al Helieg .ab,vaheousugeheyi ef nehkepro¢essy.GalSNPsdge 7 to
mcrosatellites). The detection of the particular

gehBEi aMABPKEPTALNG| BPERAEUFRKEO u‘borﬂmjee‘b%?t i cul ar

hapl ot ypes_can be rformed a vari t hods
descrlbed]ﬁbﬁgPﬁ;éﬁﬁ7 éWH%Hﬁntﬁg EFturﬁﬁgpéiﬁnﬁﬁethe
genetic nark can g? det d at thqén%glq<c am(jd

I eVEPTT £ear ?rane ﬁu% ?de u nC|ng By

ot Bgﬁ\bg?a%lé%%d{e&i %Hetﬁé Ligd éﬂil( é)89r %S e

amno acid vel e genetic ma ects t

C0%”958@9“598&/0{>u§hea%§l f‘h@n}IQPéjéeéjl @ﬁﬁ&gil% And,

arrhythma (e.qg., atrial fibrillation or atria

fl uhteehrandbge sbsokeonasgoss at £6h NUDD 6hoBdeh (#n Ghe

by protein sequencing or by I nmunoassays using

antippedi pssihadnr efoghe zérsuchear predeimy . 1 Theomerdter to

all el es or hapl otypes of the present invention -

cothespbnttingf pagheans8dé, avigeplonfenONO R ARMNGE main

associated with cardiac arrhythma (e.g., atrija

fi BEFEMALYoROBEt4PRIAY PPUEL@R) @hdfl LtdbleidsRinte
ment s enco ass the DNA sequence

po?%nn?ﬁhWElﬁB B? BFoﬁ%ﬁFo??ﬁ%r+ g%ugs%?cﬁPs%ﬁ&OQﬁﬂ/

al so | nment n_stron |'Qﬁﬁ9

di §89§16 Brgﬁr?fbk\vw ?ﬁp?ﬁ%gﬁﬁrrﬁaélrn oarg%%nﬁ%lg% ylpe lnn tohnee
such segnents conprises segnents in LD

MFF%gkﬂggﬁ%rker or hapl otype as determ ned by a val ue

of 12 greateryddian &2 ApH @1 ohltb-$e0p811bdN108€0f the
enbodi nent, diagnosis of a susceptibility to cardiac

ar HBMﬁlhf_ﬂ:an{ ep8aringrial eiﬁ@b%éé lattiond @irialg rember
flutter) and /or stroke can be acconplished using
hybgi girzaidea fetaotsonsushdaspbous 2 n ahel psilding

" Northern analysis, and/or in situ hybridizations (see

CumerherPP3t bsolswand Mol eeisead 1By od dg;/f}sm}mmm‘l,ng: 94t
al., eds., John Wley & Sons, including al
supppéh@ﬁ@s?n mhéei brogt caLd%ameqﬂéef&%)maaict dxt dqilgjedo.
or individual (a "test: sanple") of genom c DNA, RNA

or cDNA is obtained froma subject suspected of

havi ng, being susceptible to, or predisposed for
cardiac arrhythma (e.g., atrial fibrillation or

atrial flutter) and /or stroke (the "test subject").
The subject can be an adult, child, or fetus. The test
sanple can be fron1any source that contalns genon1c

o o o Y 4 L I 1
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refers to specific hybridization, i.e., hybridization
wWith no m snmatches (exact hybridization). | n one
the hybridization conditions for pEeskbIT71675
hybri di zati on are high stringency. Specific
hybridi zation, if present, is xdetected using standard
nmet hods. I f specific hybridization occurs between the
nucleic acid probe and the nucleic acid in the test
then the sanple contains the allele that is

c oD HERT 5 Lo-BAEbHLES Lot 410 ratse ittt a1 adsb

nuclelc acid €rob The, process can be repeated for

an%n?rarﬁ’ér@,b‘é Line PpPESkM JrQP/eW?Jr%th 1Hredelr Ketee t hat
make u | ot ype of _the ent [ nvention,,
Tobes LR on AR LR oot bt e Gt %m% 99@@&%&0
mar ke allees atat . saI q}eh
an

Toegrhrels b8e .%%Slatl € oo oI et m)re

ot conrat gt ﬂ%%@?ﬁ%ﬁ%ﬁ@'% Jif dpoegbiy
orf ﬁtoéﬁégéfg{é(eé§ té@ttﬂ'@&(et}lr@ g?‘nﬂ?ééé Cdélﬁ:rrld e 7

hapl ot ype tection of the, particular markers o

t hes haps Ot YORed Nrd Net S E® t1Se | At Lad d v it dembly
source of the sanple has the particul ar hapl otype

(e1goa anhapbotype) a@iwkiherefore is susceptible to

cardiac arrhythma (e.g., atrial fibrillation or '
atrial fl @ist ehpwandn/ digstreoke. thenabnothey portion 83a

hybri di zati on nethod, Northern analysis (see Current
Protloetist i al Mol levul arcBi bl ogsa t esubyld qontacts to the
eds., John Wley & Sons, supra) is used to |dent|fy

t hlé0®¥‘é%%@1%:rég of UBL 3o ylfﬁd? p?fsi}ﬁ@as%—?}%}‘i‘ a‘f%adf Wt iawr dilac

?{@F te‘lf?’;ql%njér?rg? e 1 stk S i restion

b d f bj b
ap% IS?‘T%‘%'Q I S%ﬁ)e L@ocgg St rVgeah hhcgnr Zlu A,r gltpoenc'y e
hy {flgaddon, Pl Mr?'fr@rpd qaepa[ ;]ﬁ wgﬁeo'ﬂuth%ng

ject is indicative apartlcu
Cofn@fh@é@néﬁwré@l&é@ fabe HYnt egolrcfe%eﬂta%é .
exanpl es of use of nucleic acid probes, see, for
exRaPheind. S Fod etoMNasy, 5286 Gddntttel &l 6320 .drum
Additionally, or alternatively, a peptide nucleic acid
( R 1 ot @bieng gro el ars 3P0 rwtaiddh tiorprazided iinstiéed fafont
a nucleic acid probe in the hybridization nethods
destd¢ etk ter®? mand\ VNAH fias BNSuhstianthiadilng Va
peptide-1ike, inorganic backbone, such as N (2-

an?‘?r‘é)@fwlf?‘g%%d nelihiasly wia Hhh Gr3famic U&‘@séirm rear
né?%%/f%% i Laﬁxﬂe%rte%ﬁté&%( Leltinga chinbhe, bresfianing,
pr%% f%%lﬁe be° dt%%s:%) Snlr‘iaeg1 t odsqsgepmnébcl& ﬁcoaqu 19‘%% i O {)E) %rg%s !
m)J)PC e mr:ﬁé{;ﬁ?& GLT pr?tft Qﬁ aq{ G Qir'qdnﬂ&e%r}e b%arlng

nor e o es or ha ot ypes that ar

asppCi fd eéjp;y\ﬁéh G OHk?éJ ﬁﬂefB‘cterH B ArdrowsAlH Idld Rr.
fibrilTation or atrial flutter) and /or stroke.
Hytid g Zaitd onc1d gohec8NA el dde thus dagnrasiniee, f or
cardiac arrhythma (e.g., atrial fibrillation or
atmared 1§ | thd edjummntrdrar sdamikey Ar0 arslsteptddun-irtey rt 0
cardiac arrhythma (e.g., atrial fibrillation or
atbéatring utl erh)icndsuprorst ridiee . pHat e sartiod wewin af
the invention, a test sanple containing genonm c DNA
obt @t deab ¥y oman H@ siraat s resl i tdaned aied ati@e to the
pol ymerase chain reaction (PCR) is used to anplify a
fragment conprising one ore nore markers or hapl otypes
of the present invention. As described herein,
identification of a particular marker allele or

hapl ot ype associated with cardiac arrhythma (e.g
atrial fibrillation or atrial flutter) and /or stroke,
can be acconpllshed u3| ng a var| ety of rret hods (e. g.,

o - o o . o,
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region can then be detected. Specific hybridization of
an al | el e-specific oligonucl eotide probe to DNA from
is indicative of a specific allelgeaip@or071675
pol ynorphic site associated with cardiac arrhythm a
(e.qg., atrial fibrillation or satrial flutter) and /or
stroke (see, e.g., Gbbs, R et al., Nucleic Acids
Res., 17:2437-2448 (1989) and WD 93/22456). Wth the
addi tion of such anal ogs as | ocked nucl eic acids
(LNASY  ashemisl vel OA ;i ndres anrhptobes éanapdiféancefhe
to as few as 8 bases, LNAs are a novel class of ,
bi €yeRrRENDNA ARl DSt § PR Edrd HeL T kL Za&iwhl&ﬁs
in_the furanose ri are joined VI an  Onret ene
(oRYDERRYDS Shet hm%hfem RISy £ Yo r?of%aw ene
Ion to aI of

va??lahfjsd?% gooraf%%l?ly OWHT o Conp rle&mre£ arby Snsuc%7§ c
aC| S r f

e e R S W e i g

S o t t tur T o]

62%%°§ﬁ§@%4%%“€%%n35% N e iy PN
or sRNAchE espest 1 vel in 8% Wd@ B0C fenttt,h 10WA
and RNA for the corresponding DNA nonamer. Substanti al
| NEf eBBRESpTHcd$} akLr ot Sy O UL ai NgskanhaitddNA FoROBRES
are used in conmbination with standard DNA or RNA
noander stafdingro fretise ateks qrigheisyn defendimy iony whekee
the LNA nononers are included (e.g., the 3' end, the
5'empdging pPortien M Adie)omitHedmedlilahdse G.ncr eased
consi derably. | n another enbodi nent, arrays of
ol i gonucl eoti de probes that are conplenentary to

‘target nucleic acid se}g}uence sSg ments from.,a subj

cantPeriser§d C?%é%ﬁ"ief BaYy sﬁélﬁpﬁralﬁﬁclp& Ton
acid socioate a# ac arr ! (r} g}( atcrelsasl
flﬁ??l YT orPbrd actl‘?lr A FTUS err}puan&)?rorl St ro
thg ngyg%g hi c markers of Tables 5A and 5B and

kersTi i nkage di sequilibriumtherew th). For
exarrpl e, &R rRldgonueheet pdecanrayregirber usedhe
A igonucleotide arrays typically conprise a plurality
of qgi&f ependn ok i poNE I 1eodd da>qrohas tdhigipotd repupl ed t
0 a surface of a substrate in different known
| osathonsre Thesetiod | gonuct eot ide @ra alesielalsing drive
descri bed as "Genechips(tn),"” have been generally
deferchetinput tperaren( sye] the.devglopiPa erpllNg. 25 in
5,143,854, PCT Patent Publication Nos. WO 90/ 15070 and
921&9019129%%&@%?#%@% ‘taf gehiet aﬁHIRPddé“%‘rtoduEéaure

usi nggmchanl cal synthesis, net hod ht dir.ected

syh% l%?ﬁa%%hﬁra% %fﬁd Forsdt Saldfo St iSgAiedr of
P PR TP Rar S SITHES o ha R FeR p%sn%otrﬁner aéods n
Ezﬁfﬁuff%*“e &' 3k B ge%ﬂ%%t He ung

et débelo& Patent Mo.; 5,143,854 aajesp uﬁlth"l irgled
PCT Application No. WD 90/15070); an odor . et

al j nneubki,shede PEF Anpl eatiepihg- dM@@LiQQQZbéﬁﬁlng 13.
U S. Patent No. 5,424,186, the entire teachi ngs of
eapbtwéemhtigd rAlieheé NCos pogmtmer thiorr efey erfcetker ei n) .
Techni ques for the synthesis of these arrays
usilagakchang cablbynt hesirsd neteh oty earap idescla e near
e.g., US. Patent No. 5,384,261, the entire teachings
of b@hr tha at &, | mcerPoraitieen byl erehde heregud.ating
anot her exanple, linear arrays can be utilized.
Addi ti onal descriptions of use of oligonucleotide
arrays for detection of polynorphisnms can be found,
for exanple, in U S. Patent Nos. 5,858,659 and
5,837,832, the entire teachings of both of which are
i ncorporated by reference herein. Oher nethods of
nuclelc aC|d anaIyS|s that are avallable to those

1 4. a . .



A variety of methods can be used for detecting protein
expression |evels, including enzyne |inked

wo baWReRes bent assays (ELISA), Western blots, pcr/gp2007/071675
I mmunopr eci pi tations and i nmunof| uorescence. A test
sanple froma subject is assesged for the presence of
an alteration in the expression and/or an alteration
in conposition of the pol ypeptide encoded by a nucleic
acid associated with cardiac arrhythma (e.g., atria
fi deigirleat pdncontattki akof thet phyptamengorive raken An of
alteration in expression of a polypeptide encoded by a
nuthei degeill@rasgospated Wbt Angages ael bl r ye i we Y@ yg
atrial fibrillation or atrial qutt€¥g and /or stroke
cafoBderf shadkanplerchatabler atiuitidt tfe dlentSuPROnFE ng

pol ypepti de expression (i.e,, the apount of,.

po§§§éﬁFP6§ BVOBUEeB}HQAﬂfaF§%r%??o opglipdinal end of
conposition of a po eptiLde _encoded b nucleic acid

5 oodB8; Heaa aPeROCEP AT BE AP r Ry Rer e taoy, Pt riisy oéStthg
fioeikliahion gr-aiLigl CLUbLecd AndiforySILOke |onal
al teration’in e qualitative polypepiide exptession

(e--gte %@&gsaicoehef o8nBUt aRL pohypeptide 08, oft@iinal
dl% ergnt S

l1cing variant). In one enbodi nent,
di agrasksoAlf t8 sUppEPLI Phbi b¥yntp &34 diage asF hintdm a
(e.g., atrial fibrillation or atrial flutter) and /or
st vekelbpingdeobyedetrettngsq parstawlar splicing
vari ant encoded by a nucleic acid associated with

10 cardi ac arIrhywthim enrlendd.merdt,r iaal Oflidhuaiml lcatipdingr 20 which
atrial flutter) and /or stroke, or a particular
patiseensbifspEpuphgnganembes. iBotsed ueh Hhe edentd onsing
(quantitative and qualitative) can al so be present. An
"aPrévat f6HRCei ANPRE POrypept i dieidydiidssiten Fdigure 8 and
conpositign,ﬁas used herein, refers to an alteratjon
o

i nF&gPrEs g SEBHEHEFEi 0h Fihe O1Ham G kings?0 will
coppar.ed to, the ression or C 0sitio t
Mt R T s A R R PR L
sa . hat ,gor p - Lhe S IS .
R L A L T i Y T TSR
whgrmk $+BQt gbktected by, and/or who does not have a
susceptibility to, cardiac arrhythma (e.g., atria
fibrillatimn dowat riralrifduitet @) tardolahagt tokpl1ihg ove
enbodi nent, the control sanple is froma subject that
doesmpot spessedsivenaskée ahdeyengrpdapl at Ve, am
descri bed herein. Simlarly, the presence of one or
noiatdirhedieny spyaging partaen s2in ame a ebtiwignplside
or the presence of significantly different amounts of
20 di PREREARISPPFELRAY ¢ari ants inthe test sanple, as
conpared with the control sanple, can be indicative Q

l.e f

a suscept i 819 iYY R SHG &QIRORG RAFELPB. g1, 15t Figpd to
fibrillatio atrial flutter),and. /o oke
) EPapfdnoT nebRe ekBtertbn Tl 0l T or Pendor the
po i in,th e comp i t-h t:he
coﬁggﬁ&sg%ﬁbg?’ cgtrl}é bgﬁfﬁgﬁﬁ v%§%f a 3{)%%]\# (:l sz]lr}lelcea o
i npEhgsbast ance el &, he aldelvwe aht efigu3 <SRl i 68 shte
relative to the reference in the control sanple.

25 Vapil @UEnAEANS Of r @XENTE| NEBhEXPHESSH 100 H  EBHPAS idri i ded
of a pol ypepti de encoded by a nucleic acid are known
t oohhe perspneskiltedfavetde wtid danek ogpirhe mslddr shaft
i ncl udi ng spectroscopy, colorinetry, electrophoresis,
i s@éliecandcafbelsi pgovaded | imunivassayser( & igle dDapsgd net
al., US. Pat. No. 4,376,110) such as imunoblotting
(see, e.g., Current Protocols in Ml ecular Biology,
particularly chapter 10, supra). For exanple, in one
enbodi nent, an anti body (e.g., an antibody with a
detectable | abel) that is capable of binding to a
pol ypepti de encoded by a nucleic acid associated with
cardiac arrhythma (e.g., atrial fibrillation or

. . . o o - e - I L



necessary enzynes (e.g., DNA pol ynerase).
Additionally, kits can provide reagents for assays to

wdodgesizt n conbi nation with the methods of thpcpiRRHENI71675

invention, e.g., reagents for use with cardi ac
arrhythma (e.g., atrial fibriddation or atri al

flutter) and /or stroke diagnostic assays. |In one

enbodi ment, the invention is a kit for assaying a

sanple froma subject to detect the presence of
caParhécnr hytAnPRovedegd, whth i e f ¢omrp ) g torr Yor

atrial flutter) and /or_ stroke or a susceptibility to,
cafan&aédurrhyPhm & (afE rPanbian A3 9 dhieodréying side

trial flutt . d. t ke i bj ,. Wwh i
RS AT ARt St behe L N Rt W A S
detect i po gt east one ol | ele of al | east_one
pol yfo? phf Ent 87 “ P hié? pr@seht™ i AVEnt 1o " Th tThe gendhE of
t h8r599£¥' gﬁ:’éé ehg%gfﬁ)@ié&fff&?b?@g Mde& he

reagents-conpri se t one conti guous

ol i 4oByeL ool | deuh Nake hybyi dizesnd 025 f ragnems of the
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wherein the

genone” of the ‘i ndividual Tonprising at |east one
POLNIRERAL S Rithhe M4 £5eNd sémYBPtddFe 1 dprie BN AR ing
enbodi nent, the reagents conprise at |east one pair of
ol bgonuglheet i teswhhalh hybs i skzend anodppasd deanisity alndsreof
a genom c segment obtained froma subject, wherein
eathaonsngssiich ent¢mder pof ngre pea in i ss swed gneld @70 of the
selectively anplify a fragnent of the genonme of the

i ndPpadabist has vhel udkesdesciidesd e ol §urr-philbis
hismis selected fromthe-group

ol ynor
coﬂéﬂg?mnﬁo‘éﬁr’)li%‘é %‘gwww%mt% Totsttelpriad VeI B A
and 5B and pol ynorphi cmarkers, in |i nkage )
e s P (PAPRL AL P2 Y e LS, ragpditpemin

the fr ni is at least 20 base pairs inp si.ze.. Such
M e A R

: ¢)
ol i:&?fé‘f'f?}i %rrﬁ’{jc el?g@?ﬁd&%ﬁ@%@ﬂf&ﬁnﬂghe axis

portions o nuc sequence A

PObY MPAPNLSTR 4 8s8nbl PNESy O oK 0SAL 1L that tde

i ndicative of cardiac arrhythma (e.g., atria

fibrislatione oflewdId@ing |81 es) 2od /or stroke. | n

anot her enbodi nent, the kit conprises one or nore

| abel ed nkelfeirciag d¢e capabbeadf vaklebé- Epeoréi €, the

detection of one or nore specific pol ynorphic markers

or Ohdipdot ypesl B3s ol atiedl ke Hesguilerd drmr mpdenidetail.
atrial fibrillation or atrial flutter) and /or

(e.qg., [ _ _
st?gﬁ%¥ea%d(¥bab%n¥@?f%ﬁCQRQQﬁﬁiYﬁ?%ﬁt%HﬁPI%ﬂﬂﬂg the
Sui tabl e | abel s iinclude, e.g., radi oi sot ope, a

{1 B6F BRCR e TR Culr orty ridid Ahefec WPy Mg Tow H of

co-factor,}abel,_a m tj.c l.abel,, a i.n_| abel., an
op HORE® | HbeT ™ | FHIBEF 1 c\ifar brigfaienr s and fo Laken

po!ai/&}‘?c% PPrHaT? £‘Iﬁ££‘{ée %eﬁﬂﬁé{ﬂ%ﬂ q P& fletacled shy, the
reagents of the kit ‘conprises one or nore markers, two
or 5 PRLE ﬂa{%epﬁgﬁf@r@p or nore markers, four or nore
markers or five or nore markers selected fromthe

group consghgt digveh theenmshkegsngnpdabies A and&Brided
n anot her enbodi nent, the marker or hapl otype to be
detetcé @b toprpw i isiesa thieb Mk erss dhistred n IFibakilee® 5A)anda
5B. | n another enbodi nent, the marker or hapl otype to
begdeteet 2tk conpiéwesd tdre ther kierteiniestiedyi enpablieyg 4
and 9. | n another enbodi nent, the marker or hapl otype

Ct PP et etd e RRDNPIS SEP Al st thife IRAWEr 2RRomrehe

group of markers in strong |inkage disequilibrium as
defined by values of r2 greater than 0.2, to at |east
one of the group of markers consisting of the markers
listed in Tables 5A and 5B. | . n anot her enbodi nent,
the marker or haplotype to be detected conprises at

| east one marker fromthe markers in strong |inkage
di sequilibrium as defined by values of r2 greater

oy Y "



including nodified A and nodified G The use of
nodi fi ed bases can be useful for adjusting the nelting
wo euResAasure of the nucl eotide nol ecul e (probep@n§¥967/071675
primer) t o the tenplate DNA, for exanple for
increasing the nelting tenperajqire in regions
containing a | ow percentage of G or C bases, in which
nodified Awith the capability of formng three
hydrogen bonds t o its conplenentary T can be used, or
f oendegedawiihy e€hehnetheénginelperae uf efdn megemest in
containing a high percentage of G or C bases, for
ex&hpl dibgctisPngofrodrFPEdHG bases that formonly two
hydr ogen bonds to their conplenentary C base in a -
doubl e st rE1fd&lr iIDNR G istu1S0949 1R 93 Peréfieny ¢ 1S

enbodi nent, .nodi fi ed bases are. us int e desj n of
thsraaﬂéeéu ﬁtﬁﬁE?%gY| étﬁrﬁbéleggan%ﬂl FHY pHSFrgure

gmg g og%he ski | | person can §Flected |Qithe se
8 P s ton VM Luﬁ BT HASES I Y

I b
L BARBEonEREE 0 177 SHA LAELDRE R0, DRS00 P
Comr g&@' ﬁﬁgﬁgégsw%hkagm bentherskith edPELRO: 4D
one of suc

iments, the presence of the marker or
haphat MpeeksibAdbeaktr¥6wot answsgepsidility (increased
susceptibility or decreased susceptibility) to atria
fibrillatimard/ 1@ Stinokeates amet keruerhed rENthet he
presence of the marker or haplotype is indicative of
1orespopﬁénQOpabvnaédfubrthéaprooeamd¢@rtsid@aé7 The
t herapeutic agent. In another enbodi nent, the presence
of prhgentii kep chhaQBgBypéomctﬁ@it@w&m@ oic aaxial
fibrillation and /or stroke prognosis. In yet another
enBédPREAPD fRe PPEBeAcENobhe heldafkefaer dhptit ypel veng

LT F5EE Y Gadhals POSERRne haabhee HaAbH: g S 20

t t d b th
(ohguneis 28, PleSHRRi Yo s IECLERL 87 O ae‘gﬁe%ser{a Helks
5 Of 2?@% @5?83& ﬁﬂxﬁetu@@tg@lgrﬂamg ) MR Ker e

hap otypes o nvention, e.g., the mar ers i sted

! Nmdafl! §§sérﬁb§9dd§$e§8§{n@ﬁtT@@uﬁlﬂ-&% Sanp he é’é@@' i® the
identify novel therapeutic targets tfor car

ar ghytheiian( 8fgtheabkial fHbbrthé aém@ns@ffa?éé i @f the

flutter) and /or stroke. For exanple, genes
codtravhhpngside enghghkggeodtsenu?Bi biTihemoniet end side of

variants (markers and/ or hapl otypes) associated with
catteaexarthgihathi¢e. gf, therphaptosensitire ghrop 1 is
atri al qutter% and /or stroke, or their products, as

wm

20 wepProysdgenestdrat AR ﬁ%lahértl% 1Raef of LB FREHIGE Rrism
|nd|rectly re uIated b; interact wt t%6$se varlant
 geff@BILPUFART P pr Ju S éﬁ¥Qﬁ9qz%%%t
devel opnent of .thera ut| ents.to.tre cardlac
ar PRycRTabeer ind REREEE' FooPf viiada %¥at 4fdve asa
Fldt s%lagdcé%fsaé%f o8 Y £ ol L Ve NS & on
synpt ons assocliated wth cartiac arr e g.,

at gpaknbi BELLL ARG Qhidthi afofl ﬂ&&&ﬁan@nﬁl / ©fe St roke.
Ther apeuti c agents™ may conprlse one or nore of, for

25 eXaapRket i sABLLo8ONNH! @Y €h Nt RO Ua ROAT NYULEEE €1 GE | & the
nol ecul es, proteins, peptides, protein fragments,
nuabeeco@ﬁ;ndSr()DI\bAr RBIA) |, I rPNA Hepe pidrdis , nutleeidy iadinds .1 de
or their derivatives or mnetics which can nodul ate
t henfagéhgopoandpor 2Beyel Bovdbiheln arlyetd genesi or
their gene products. The nucleic acids and/or variants
of the invention, or nucleic acids conprising their
conpl enmentary sequence, nmay be used as antisense
constructs to control gene expression in cells,
ti ssues or organs. The met hodol ogy associated with
anti sense techniques is well known to the skilled
artisan, and is descrlbed and reV|emed in

A._L:__.___h._. — ~:r o= N 1



NMRNA, | eading to cl eavage of the nRNA ( Thonpson, Drug
Di scovery Today, 7:912-917 (2002)). The si RNA

woBlogewses are typically about 20, 21, 22 or 2gct/3p2007/071675
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nucl eotides in length. Thus, one aspect of the
invention relates to isol ated gyucl ei ¢ acid nol ecul es,
and the use of those nolecules for RNA interference,
i.e. as small ‘interfering RNA nolecules (SiRNA). | n -
one enbodi nent, the isolated nucleic acid nol ecul es

ar 6re8s2ganvétbotheedeval Py unpr ef erably 19-25

nucl eotides in length, nore preferably 20-24

nucl eot i d€sLIUF9 gt L usid arsee theeBEraptyre1 0f2phey

23 nucleotides in |l ength. Another pathway. for
RNEPYRe 4P gt BEOEENED st ehidf n@ab?i@?‘g%%]syi%g% of the
endogenously coded pr.i Y. m cr.aRNA. (pri-m RNA
CraROEFRDESY VT b ot dcie Tl ChE Eai ( tve

ge 2 Nregu ' PEe- i T '

ol SeR EnB P8 LEen rLe hArE R i LR e

cy 3 r ' ener at
e R P O R Sy o ey Vi force
traastati paah Labémbi{ onody cS@C@fg@:_é:bl\ﬁré@IQ%o SiHes
in the 3 untransl ated regi ons of , and
supreguesh s fRiNAe deglimdat 1 ©npbyv ot essi g Rhoidi es6a
(reviewed in Kim & Rossi, Nature Rev. Genet. 8:173-204
(20871¢h. h&hi theateappdn caf | DuisstofntRINAL 1y nod dedeyut Theer

i ncorporation of synthetic si RNA dupl exes, which

pr ehepabl YT enaigprapaaritlel yle2@l2pmend| eouipdésai #3 which
size, and preferably have 3' overlaps of 2

nuéf ebh P d8SCORR oBXHO whS B Mg e Bkt dsii bl ssion member
establ i shed bg sequencespeci fic dgfign,for t he target
nRAAT SEFRFEFCEbmiet 2 af O3 t 3 ordobt1Hhl TS g Sand
synthesis o uch. nmol ecul es are .kno to those i1l
rebhathdl FRER IR FTtaTT ort IOV TS ies 25
no I ( i C - C ' ' t h,

or F B B Ay o S LS

hah, £ B, N BYNAG: S NiRNASs 3 yPisal | Y RO 149 gRYGLeblLgesng
in length). The latter are naturally expressed, as
deser i bedrb8d APRr Z guhk @k 1 @ rddmbdFEBS l&iidh as the
579:5974-81 (2005)). Chem cally synthetic si RNAs and
shebdiAsraseisnbspraties faratrd theyQFaeses Stax, riafek i
some cases provide nore potent gene-silencing than
shBheedrdesilghge (¢dupkingi ¢ NatmawlBiotiechid .axial
23:222-226 (2005); Siolas et ai., Nature Biotechnol.
23d2pgchbBan (2D05)g  PhokpIpIheraEl v i pHeendéhpophase
transi ent silencingﬁgf gene expression, because their

i nEF%ERF 1AM aPCTORR MR TEE TN 1S Hh Pt SW Y " b Gichtthe
cell . diyLsiops,, By contrast, expresse hRl di ate

I o}ﬂﬁl?e%’lh‘? et abie %%k%%%é 0 O‘{)pa]rld}eq detq?aantsc eg‘sac,m\‘eorOf
as ' NSCI i P i R ce
(ver e B AL Lt B el T D TR R Do)
Br yppRLXanp, elr dihe LOLNCE 236 r RRE 983 (D0 drive
Si nce RNAI nol ecul es, including si , M RNA and
shEbip1 a6y 66 Bs SeEedeedepandenict@ngs tHheingl i ant's
of the present invention (e.g., the-markers and
hapbapypes associcatee@dny tthel BriimoekuEl4ngeld. antihehe
markers listed in Tables 5A and 5B) can be used to
debpoga BRBA aredgemishtt hiatt o eswpyamergpedcith eaniclogihe r
acid nol ecul es conprising specific alleles and/or

halpy ot ypedrye. ¢rive heounligl e @niditert ingpl Goy fés tofthiehe
presentinvention), while not recognizing nucleic acid
nol ecul es conprising other alleles or haplotypes.
These RNAI reagents can thus recogni ze and destroy the
target nucleic acid nolecules. As with antisense
reagents, RNAI reagents can be useful as therapeutic
agents (i.e., for turning off disease-associ ated genes
or di sease-associ ated gene variants), but may al so be

Y Y | o o o ] - L, .



acid product. Assays for perform ng such experinents
can be perforned in cell-based systens or in cell-free

WO ¥SisRBg2 as known to the skilled person. CellpgfgeMor071675
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systens include cells naturally expressing the nucleic
aci d nol ecul es of interest, orpyreconbinant cells that
have been genetically nodified so as to express a
certain desired nucleic acid nolecule. Variant gene
expression in a patient can be assessed by expression
of ratesipaal cont di ng nforer | ks ct e snsidrerice tor
exanpl e, a gene containing at |east one variant of the
pr BBeRPSPATeRLVBNATWRI £h can be transcribed into RNA
containing?the at | east %ne variiant, and in_turn ,
transl at edd 1610y GESERPL Yo FeBGL1aPPERED BBl &R oA &F
a nor Iémﬁld-t¥§e.nucleic ac&? seqience due to .
vaPT dRtsP¥f FeRFFRE PASTERGT Of pattert & SHFESSHIER
of 2 _nor a rj 0 e varjants in the
sépg{lg PRLath Fﬁ& bPbSasd éﬁﬁgﬂﬁ{;@%‘e Vaf] e

reg fy or control“region o0 ene.” Assays for

008 R ELRE8nSha el udeedll fpcta el QG AG LAk
(mMRNA), assays ?or expressed protein ﬁeve S, Or assays
of prELLALRERL i GONBLEAAS. | MWRlRd i Rn2 RARAVAYsehBly
exanpl e a signal pathway. Furthernore, the expression
of dgesesphbat abeplUPng 053 dowvHigd &d eth ithd esfaense to
the signal pathway can al so be assayed. One enbodi nent
i nebedelslopetabl yfl tinki agparatepordierhqgenglsuch tas
luciferase, to the regulatory region of the gene(s) of
i ntespstt Mbduhat df seof i grener esgies siidh ddre iaxicde
enbodi ment be identified when a cell is contacted with
a Ga4REFrEaeR- cofpsUiP oM oggént thendaiRe a8gERELYi on of
MRNA i s determ ned, , The expression level of nRNA in

t hee e eSRRRRE of O PREL RAMT AXERGURI b dydrie jaxial

.to th ' I . i.n th b f th
CONPOTREBP ZHEAPT HASHI or'S Hi & ForPari Tort e sHdidat o
cogpgﬁgg§%g£?ﬁgents for treating disorders such as

I bri

atrial 1 ation, atrial flutter and stroke can be
identifieqas, these Mmduhating EHSa?@ﬂg Ngzsm&%ﬁl 99 94
t he variant gene. Wen expression o or the :
engpdegda Ph ok 8k Bmb By Sd@ké Bdpear d Yesidnirfd Gantdnyagfeatien
in the presence of the candi date conpound or agent

- t haachhothsr abgetice, erttheamddel rcarith dadin caaounlyy dr00A
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agent is identified as a stimulator or upregul ator of
expf esBe omppératies nut| gie pdcksWm@aTriicias J,ad ghase
expression or protein level is statistically

si gavipEann| Hay e’ECR Rele' e sdift 15T adie Bendidfdt &°

congound or agent _than_ inits absenge, then the

cahdf dat R cbipolintes sPident i éd &818n CPRRY bi26r TERE

down-regul gt or_of . t he. nucl el ci ression. . The

i nYRAP| (g# %?t?]’é?j%?%wrbses%ﬁg]{ ﬁtood%%?)%ot élgct |‘?2Cntt1‘§si ng

2 geupeynds | depLi{ L, Lnouah dr ups Leompoungs aad o i
agen screening as a gene nodul ator (1.'e.” stimilator
angdt 0L PPI BLE 01 o Ghe FENE PRSI P Vet dadt 2 ifUidehxial
aspect of " the present invention, a pharmaceutical pack
(két ye&sibhoxhaedst tHee Packi fPMY i NF & Hh@yrapewd C
agent and a set of instructions for adm nistration of

t hgetiber apgut iHowageItt, tWwhehumrhes mdiagaestinbal| yetresbptlent
for one or nore variants of the present invention, as

di schipsing heB erotafde drnkridpe uth as ey drett wesem Iperog estaloins
nol ecul e drug, an anti body, a peptide, an anti sense or
RNABChot eddt e, and Oiddioterer 3¢ alolgsc wlidd elach one
enbodi nent, an individual identified as a carrier of

at |l east one variant of the present invention is
instructed to take a prescribed dose of the

t herapeutic agent. | n one such enbodi nent, an

i ndi vidual identified as a honbzygous carrier of at

| east one variant of the present invention is
instructed to take a prescribed dose of the

Y Y L



Anti coagul ation is the therapy of choice for stroke
prevention in atrial fibrillation and is indicated for
wo bsimiy@s ity of patients with this arrhythni apci€o07/071675
only patients for whom anti coagul ation is not strongly
recommended are those younger idan 65 years ol d who
are considered lowrisk, i.e., they have no organic
heart di sease, no hypertension, no previous history of
stroke or transient ischem c attacks and no di abetes.
Thicshgreuphasmainhabeenbdyadevorernerk edumt inkedhnds
stroke prevention with aspirin is generally
reééﬁﬁﬁﬁ@@dbyFéheaPFgépﬁeﬁ0§§€i@ﬁtgﬁeaﬁﬁﬁ§§éﬁﬁlﬁﬁm9$r 73.
is_indicated whether the atrial fibrillatjonis
pefRENBRP] SFELERFe ?CﬂaaFBX%%ﬁgl apf rRewoent 23a-o3c are

persistent. |t nnot be generaljzed how patients o)
o BEaReRhi tRtonERT PrreeBRRtoabt Bl o S i
fibrillation.should_b e a | Si eeds
to'Be FRBESPHTITYEER FabtCEhEthINY I SRRSLEE S e
S - Lhd] n e h ] i i@l s
(BT e oo BT re 18 o el T o red e i s Hot o
Wi th aphhahi Byl b fehbBEEapys{f hyh # 0 efhe SdlfRyed
this type of therapi doespn%t affgg?qg?%oke © ©
ri gktAnthepaguhant s. THtd cioaguatdtarn sxieqomrerted in
atrial fibrillation, as detail ed above, for prevention
of deavdhgesbdti snyagdngt pokeiomhe3 nosd thelehyirstagkentbly
oral anticoagulant is warfarin and this nmedication is
10 undegesaphygnt econpehdedSB orreha bhjreedr alThe projections
anti coagulation in atrial fibrillation. Warfarin has
f edlsldeceffedtandste hebastheaTi3dk e HrEayery bith
requires regul ar and careful nmonitoring of blood _ .
vaFaes abPPRGPY nBrapYatE o2 Aeellt e FHee EIRRRt gfoumeng

anticoagul ation). The oral anticoa ant. xi nel agat r an
SnSete PP barEe 5 SOTbERp ERLH Tt b R f
at £Eahohl PELLY 41 PRe 200, DACL e AdvAn age of not
requiring regular nonitori 7T ke warfarin.

15 Xi el agat ranes Hound Newevel ko teavse HpgxPhaiped
liver injury and was w thdrawn fromthe market in
2006upbenErab aPENtS Bhe Ry dh | ADSEBOf dditd BRURNAUS
and/ or subcut aneous therapy, including heparin and the
| ovonpl ecgl 88 el ghpp hepar f nem (£.rpt@Ngxaparded in the
dal teparin, tinzaparin, ardeparin, nadroparin and
r emgpar aayemFhe sk @@ de £ at henspraes tecomPerdedtuirenay be
rapid initiation of anticoagulation is necessary or if
or BFodREe@ obgul @@ Flonof hehapyr ¢eest chE 1T uited in
high risk patients or for longer than one week in

20 ot REPMPREY eh?s F o lekdhpte e o B QST Lpfrridges.
procedures. Ot her parenteral anticoagulants are
avai |l abl e but not specifically recormended as therapy
in pal:fibril i on; f . Xa jnhibitors
forggéégfgjlcﬁ{#)l( é\%d&?%}lr‘%ga??u %(im% % tﬂ’?éo Jini]él n f|ﬂ|bi tors
Ieagw%ﬁme@t\%ﬁ%ﬂo@n&o@i%r LaSel] Adcess

~danaparoid. ( Synpt om Control . di cal and surgica
thesapyiage)ied to control synptoms of atria
fibrillation is tailored to the individual patient and

- 25 CONsi st s ®eflRearihqgr ate FARt/rer 1ILhyt Fiyaest 16, whéh

nmedi cati ons, radi of requency abl ati on and/or surgery.

Anbparabhyohno £ tneei Chdhanscoupl geneiralteempmocess

antiarrhythm c agents are used to suppress abnor nal

r hgahisidde t heohellris t¢ralvodireetthariach drd stascrgfbed.

cardiac arrhythm as, including atrial fibrillation and

atrial flutter. One classification of antiarrhythmc
agents is the Vaughan WIllians classification, in
which five nmain categories of antiarrhythmc agents
are defined. Cass | agents are fast sodi um channe

bl ockers and are subcl assified based on kinetics and

strenght of bl ockade as well as their effect on

- . -~
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chem cal cardi oversion | ess than 48 hours into the
epi sode, the decision to initiate, or notto initiate,

w@boseeagHl ation therapy, is individualized basef®907071675
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the risk profile of the patient in question and the
managi ng physici ans preferences This can be a

difficult choice to make since commtting the patient
to anticoagul ati on therapy has a major inpact on the
patients |ife. Oten the choice is nmade to w thhold

ant i coagulBitdune il2 sech gislet yaeWomhagd ﬂﬂﬂ§sﬁﬁ?tﬁé ghe
no significant consequence to the patient.

ot hepthahafere paeiRMCHey Fafefidevel ops am%%frfcﬂée thdhe
the opportunity of preventjon nma thus e bee

m s8ede FATRIRH FWPRIMBLANtES, "%k 'E?Pa’f Figure

k be of
O bac 181 B reghiathn %%%fplo?rfain‘?ﬁ%t r%enar”et?m o P

antlcoagulat%%p Jre tgﬁ trel R viduals . gﬁgrgbove

di agnosed i t atrla brlllaflon under e age ofv65
-ang aLe-OLRET W eggnéé é oyv :[ L SKod @ e SIEPKEhe imPin
have no organic eart I se , yDertenS|on no

di gbetgs19ndohHR Qfet‘:/h@lle%)ﬁéﬁé@tﬁé' Oﬁfhétcﬂ&l‘@lo;ﬂrrﬁg roller
generally treated with aspirin onIy

st pgkgnar eM@nph@ﬂoamsﬂ@iv@rm]tmagL&ﬁé | D ahdtrsaroh o
patient is found to be carrier for the at-risk

vaehant stHescr iZrechereintidrhil8acai drbeirginsi dembegr 18
support for initiating anticoagulation earlier than

ot Weiwhsésr acoomendedco Thi spwoud dobev idedaworidist eside
consi deration since the results of stroke fromatri al

fi ppveratBonigahn bebwenarst at? nghe | sedlei ¢ Refbokr P of
generally classified into fjive subtypes based
sukpeceedagangerorhigR %ﬁ?%&@geﬂ?ﬁﬁ%gc}%ro§ﬂ%d°§ﬁﬁlPO'

I di nb dt '
Z[ LAY aPSEiHg) aﬁ%ﬁ?ﬁg%ff%%gp%lftléﬁg pE e‘f‘rréj e
(bLoke;of undst eL0i ned cause, (oidhey ps

foun or nDr ausl e cause tant y

st Egggélggewﬁghcéﬁg Qﬁf@f)lcﬁ?gég@i/@nt@? @r‘l@hﬂ?&;elo 1n§

recurrenc are nost disabling and are associated with

- theoh ouespssurmiddsodd, ithd heyrefate gomearcat ilve Bet the
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overiook atrial fibrillation as the maj or cause of

st eakegipgrpoevlanil yest hog hemad eh? heasomtesctwat yto the
based on the subtype. Therefore, if an individual is

di agnosetd pbthisthrbke wrightianshentoldthemer btamck

and a pl ausi bl e cause is not identified despite

st padHidedoi k- the REGW AR ¥ haga¥hed phi i e3iid ey engaging
carrier of the_ at-ri'sk variant may, be of great . val ue
anBO§Eb68rPeéF%ﬁ%rm?%??¥a}?ohso?o hereredul drsn

treat nent ressive agnostic testi

o Peﬁﬁ&cy&géﬁg‘énﬁgég E7ond Fo 08 PPRgtaind Ata it A S
theorsn:ﬂzkg édo Pg p%(? ‘?én{ E%gg{bfo&ca@l gust%% tc%ntact

i nEP&ase’power "ar iveness of clinical’ tria

Thﬂgrt&eg' Yhéuak&%m@o A Rf- FR4F 11868, Plgatl |§§3ﬁ.oﬂﬁ1§d by

at=risk variant o he present 1nvention, i.e

i ndhui diyal supkacasewkaERi ¥ Of pird EBSI @in AHel 0
at least one pol ynorphic marker conferring increased

ri sk ehedpuetopengicavdi @acumr hytdinilei {le. gonsw@ttnitad the
fibrillation or atrial flutter) and /or stroke may be
noshapekelfy Vvt o Tres ponghding prarttiiculea timgamesper 19 can
nodality, e.g., as described in the above. In one
enb@dmﬂEﬂunedndnvpdn@lhehmwlb@rtwea@x¥$skcv%ﬁ|%hﬁs for
gene(s) in a pathway and/or netabolic network for
which a particular treatnent (e.g., snmall nolecul e
drug) is targeting, are nore likely to be responders

"to the treatnent. 1 n anot her enbodi nent, i ndividuals

who carry at-risk variants for a gene, which
expression and/or function is altered by the at-risk
varlant are nore Ilkely to be responders to a

. o, L



ot her useful information that is desirable to store or
mani pul ate in the context of the genotype status of a

woagdgioeasar i ndi vi dual . The invention further npegir2007/071675

10

15

20

25

relates to an apparatus that is suitable for

determ nation or mani pul ati on 3f genetic data usef ul
for determning a susceptibility to cardiac arrhythm a
(e.g., atrial fibrillation and atrial flutter) and
stroke in a human individual. Such an apparatus, can -

i nenoEesanebhbyie efr R aH DY cHEFYLI NG Fsuts R 3619
mani pul ati ng data stored qg t he conput er-readabl e

meRBF §1ORNBCAL +oRt THEPE Brl Yererdt i hd dh- il AT e 11c-
"l 8 st oL ute netle dha, sich mosur
nfBreRr Sl PSR PRes PR Oy BT ortiBEpgore.
o File (TELyLREPE &t Sfladadiy RO 22 kR

St@&b?&kgegfb%h&é’réi% | n YOt yish Q%ﬁi%]gemlomg is

cal cul ati ons based on the genetic data.

‘abpyeidesgel bedt RPRL §iE ab + &FSs Lo 1@l la thierpriasctiteed-aurt h

the markers and hapl otypes of the invention that have

i Nnshaeeptetai 83 beentldesappdrek we trie irre specimidloy rMetdfods

of assessing susceptibility to cardiac arrhythm a
(ewhichaposatidéndrihé apoont bomirad rpctt fdutildyr) dhgrefore,
stroke. Thus, these applications can in general be
redicéd pPosprhenedeviish Nl flarkes sl 3iat el S Rty s to
Table 4, Table 9, and Table 19, and markers in |inkage

di 5BGURKEBr P ath  hekBG BRI |35 T Bl HeRmeRfhoupling

markers or haplotypes are present. within the om
SegeHEORNBSE. beqHiencaeeT st Hart ins sty 'S he . Sbe
I n_anot her _enbodi t he | ot
coﬁﬁ%?%%gafl eas%ggign%dgﬁggﬁégﬁ%%fgé; roéﬂfﬁgﬁﬁarkers
Set EIISH.H '@%Tﬁ%ﬂ fog'gtalgfy a&%a{begd QJEOCC}Q' 'ﬂ'f?é“tené ng
mar ker s and apl otypes conprise at | east one nmarker
sepbget ednfHromt B SEQ 4 D NQrd%hi sf $2634073 a0 8EQuLR
1 33), rs2200733 (SEQ I D NO 28), rs2220427 (SEQ ID
NO:Ag, ak 55 09334 64f (S dB Wit l9i deanchgeasd idikd 3308 i(BEQ3
I D NO 51), optionally in¢luding markers in |inkage -
di séquhéi Ot dnamt benplind. 20 ni reesuctt eehbfodinenitg axis
| i nkage disequilibriumis defined by nunerical val ues
f 0R5k205f tige edeeelombmng Orallem Zndihdihss stance d3 in

enbodi nent, |inkage disequilibriumis defined by
nukBiFcafabval ubleY oRre VRFY i ii%erte Ifafrtp othqrn More

: th [ t h kel hapl .ot [
ArBpEBteShRe k| B QBT ElRe DR e Py 2P S

and/or -8.in e 6, el r
rsgé§489§%£h?££$£ éO%Aéﬁg}ké$L#§f%&@?gggyéﬁfiﬁ%smFQ§

nma 427 :

ang g? gﬁ%éﬁ%% %? éénﬁﬁlﬁjk}zr&-er\gél%%%g% J@c@&ﬁ?% dlsS and
pokypephi destHber HHE! 8F Cridei dse AP Y RO iflescess
descri bed herein can be used in nethods an kits of the
preseptidgyent tenrhasmadeschsbedbin theraboveheAapparatus.
"isol ated" nucleic acid nolecule, as used herein, is.
onklthatghstsepacmabed Wwhorh nucies ¢ raciadsyadiatg permtaldny
flank the gene or nucl eoti de sequence (as in genomc
sebeentes)mamd¢ or 1 Hass bideh wemipleteanpbeyr Ifarin dihiys
purified fromother transcribed sequences (e.g., as in
ancRRRAEReR Gy yihe FRpgaghnpI ROT PR Rfadtiay o lgcimgy
of the invention can be substantially isolated with
respect to the conplex cellular mlieu in which it
natural ly occurs, or culture nedi umwhen produced by
reconbi nant techni ques, or chem cal precursors or

ot her chem cal s when chem cally synthesized. In sone

i nstances, the isolated material will formpart of a
conposition (for exanple, a crude extract containing

o, o r r s o, o g,



function of the nunber of identical positions shared
by the sequences (i.e., %identity = # of identica
wdoRslohaes/ total # of positions x 100). | n cepédidroor/071675
enbodi nents, the length of a sequence aligned for
conmpari son purposes is at |leasi; 30% at |east 40% at
| east 50% at |east 60% at |east 70% at |east 80%
at | east 90% or at least 95% of the length of the
ref erence sequence. The actual conparison of the two .
sefeencesidan béthctbapelssedcdll wedd famounl eret hosic
for exanple, using a mathematical algorithm A
noROKEAPR} nQOeia | *eh%fe@,%%l%g nRe Hiehrn i ReAr g arenm
is_described in Karlin, S. and Al tschul, S. Proc.

NatP. 1ﬁc§8nt§EFedU§% tlap: @%W%a%%790YE©§%) laguch an
algorlthm rporated |nt NBLAST .and X
prograns 6%5? Q&ﬁ g §SécFﬁp chH&E&Ag

uclel R 2 89- 2 9
5 PRTS1 g BLAGHS abl ?é%u?% ]BiA@%P%r odTiRe chEnatyalierT
pa t h ChhV AST)
canhe Chatte oo R ER Ny B T T e
nchk sBkAY P BegQYoprlnth 0R8uS T4l sredng Pa¢ aﬁ%aﬁf@s f Qthe
sequence conparison can be set” at score=100,
wordh engyhside @ﬁg@@ﬂn@e;ﬁ&ﬁfi@fﬂ 1®. 05 ,pIMED WndHE2D) the
Oher exanpl es include the algorithmof Mers and
M hkén, a €ABKEEy (4888) o prAdEVANCRIhTth ADFM s wlielsic rhebed
in Torellis, A and Robotti, C, Conput. Appl. Biosci.
1010dessr¢m994m¢rahdaFmSEA das ditiilsad tive Reatson, PALtand

pman, D., Proc. Natl. Acad. Sci. USA, 85:2444-48

( 1988) of | the appgAGE N@nBOEE hentbea Hnparaear | ernages

bet ween twoam no aci d sequences can be acconplished
usﬁﬁ@mtHEecﬁF”Bréﬁ?én??%r%%% %ixés%ffﬂﬁ?é“ﬁgﬁ%ﬁgémrtlon

i-d . Th t t
SRS PR e e L e AR
a tcggglqgng QE%&?M o bRake hé’l?é'%&aeéaé{{%ertﬂ“é A 23c5
Stri ngen con | ONS O a nucl ei d at conpri ses,

0 S t u f
s AP Rlpat R TRy oueg g ek

COBRGL§EREnt OinCORS| StaY &Ff  bé ey Copl @t s @fm thei s
“nucl eoti de sequence of LD Block CO4 (SEQ ID NGO 50),
whegai aft bre ngl 804 s demiseguencel gttt sesusltidedsl tane
pol ynorphic allele contained in the markers and
- haphet ppesodessitbed tewri h.silde buc e@redatiakmined
fragments of the invention are at |east about 15, at
| edsetaneatdis, e P s Tafididere degthandeearriefrom
30, 40, 50, 100, 200, 500, 1000, 10,000 or nore
zonuéhéat PHBSSI nPY Wt b e hriErbled a‘b‘?’btlforrhg?r?eﬁﬁ (Fggure

Sudh) r_é??%%@%d3&&%?%2@3%%?%?%5% BroHeiT G c“%%aﬁ?éafys
%ﬁﬁ%ﬁh?%”gfkﬁ% BRI HE QIPELOE oSy gt Zﬂ?leeé' e

‘”‘Dbgeubsntéfja agghtégaht&t@% ey RNG ﬁﬁk%

prinmers | nclude pol ypeptide nuclelc aC|ds (
degehibedcbprOEel §§Nch®. afla Bl devSed B51CE 2@%@&48%1&@9
(1991). A probe or priner conprises a region of

25 Nueheotik dei 8§quens eehdiad ity bsd tht v&s 2D iad deaisti abaltoy
15, typically about 20-25, and in certain enbodi nents
abobt 46nt56t opo¥bioxwohbecwd tivehigitlmotgideiorofredative
nucleic acid nolecule. | n one enbodi nent, the probe
or tpr thermegonpassesbhy 1e@d&tobriehaldrtarajfusat [aggetfore,
one pol ynorphi ¢ marker or at |east one hapl otype
descri bed herein, or the conplenent thereof. | n
particul ar enbodi nents, a probe or prinmer can conprise
100 or fewer nucleotides; for exanple, in certain
enbodi mrents from6 to 50 nucl eotides, or, for exanple,
from12 to 30 nucleotides. | n other enbodi nents, the
probe or prlner |s at | east 7096|dent|cal ~at | east

~r~Nn7s " oy ~rns " oy ~N\N 7



anti body nol ecul es that contain only one species of an
antigen binding site capable of imunoreacting with a

weRhbodsar epitope of a polypeptide of the i nuenir00v/071675
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A nonocl onal anti body conposition thus typically

di splays a single binding affizzity for a particul ar

pol ypepti de of the invention with which it

i mrunor eacts. Pol ycl onal anti bodi es can be prepared as
descri bed above by ipmmuni zing a suitable subject with

a #BsifeBOPHALABYRNYIER gRiglpaPypebiice Hilatere to the

i nvention or fra nt thereof.. The ti body, tjter in
¢ HBa  RmgnpoBaly u%?\g%f%la%n‘bﬁfﬁ&w o AT igy the
standard,_t echni ques, such i th,an zyme |inked

I AERBEOFEEn T 0eas S TR BV ndt s eg e TE s no
po pt.i-d . desj i

A e e A e S s et
thengeppal bé@egle%fﬁ)@f‘ﬂ;f&? bt pod),@ndhd WihemPpwiidd ed
by wel I - known techni ques, such as protein A
Chéﬁ&ﬁ&?ﬂ?aﬁbi‘tl@n op1 ad il t e 1185 A4 raed drdll.y Afev@ opment
appropriate tine after imunization, e.g., when the
antb@pdyngi b8rsamrige hiohesi zeant indodyropmoduciFagueel LS,
can be obtained fromthe subject and used to prepare
nowoehonht mainbassesbby ¢¢anbepredectvimuesy SSuchtates
the hybridoma technique originally described by Kohl er
anan®l tseephasdat of et 250 n9be ooy 9751 the Inmef Bhe
cell hybridoma techni que (Kozbor et ah, Immunol. Toda
dpiying3yidet pRIFERANRYOP T Horm 4 2cHil i (fles . ex3a-53c¢
al ., Monocl pnal Antibodi es and Cancer Therapy, Al.an R
Li of, 4bgsmarpcassypply Ao oRgrert | Pt dthnl g id< I he

Gor B oSS PP AT Ty DROGRT L | hoT I by (LB CCTer

Col, ] : , J i 1. n
Vork BRis: Beerrbindn il Lyl I 1y Y &
W@h&ﬁ@ln!;SsJ&P@fgnt@B|é/r‘f@ht9r9é’tlet§'t_e(€iycm caldy 53d of the

spl enocytes) froma mammal i muni zed with an i nmunogen
asmdesCchkbedo ahoNgve BAShd e Ealbp 1y sspesnajrantis ofeach
the resulting hybridoma cells are screened to identify
a byherdoma produci ng a nonocl onal antibody that binds
a pol ypeptide of the invention. Any of the many well
known pr otfagpirs dded flastfrasiesg thegnphetygt ebeaadthe
imortalized cell |lines can be applied for the purpose
of Pyenesat Fagt bl donot? dran e | Bodyhe dial halsFsEplivdd 00A
of the invention (see, e.g., Current Prqtocols._in

| nffinbheggPPatpt s - Gt et %als, aNdCnTe t#66735052
(1977&‘ R.r. Kenne b idw.anocIon | Antibodies: A New
Di RERET B2t nVEF DI odi'Cald TANAr s £ SopIrEFa A BIbP PR RY

Corp. , Yor k : r - .
e M T S S T L P
or ghgarhbYmskh! 4 SCeMOI Kol yh 1 dpmdy ecd i B ddals iekee
are many variations of” such nmethods that al'so would be
Usgf)%hraébg ehAsh | ¥8sdifo Py EPRUA Ngr ffd Blwith each
ant i body-secreting hybridomas, a nonocl onal anti body
t ootheo! ypepthi aesiodwit hiehé nveind | s el el dentfi frihed
and isol ated by screening a reconbi nant conbi natori al
i rappaghobsl i Mdrdmpamt i(clgrlyan téet idrody nghagde

di spl ay Iibraryi wi th the polypeptide to thereby

i senagelngmpavgleobul3 rof i brargl dhamerair Hatg Fohd st he
pol ypeptide. Kits for generating and screeni ng phage
di BPFAyLPnedalp e%h%rléa%n%%?%v%fy VSRR IR @upling
t he Pharnmaci a Recomnbi nant Phage Anti body System,
Catal og No. 27-9400- 01; and the Stratagene :
SurfZAP(tm) Phage Display Kit, Catal og No. 240612).
Addi tional ly, exanples of nethods and reagents
particul arly anmenable for use in generating and
screeni ng anti body display library can be found in,
for exanple, U S Patent No. 5,223,409; PCT
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presence of the variant protein. Antibodies can be
used in other nethods. Thus, antibodies are useful as

wo b@giesti ¢ tools for eval uating proteins, SUCBCBESP2007/071675
variant proteins of the invention, in conjunction wth
anal ysis by el ectrophoretic nofylity, isoelectric
~point, tryptic or other protease digest, or for use in
ot her physical assays known to those skilled in the
art. Antibodies may al so be used in tissue typing. In
oné3shghtbrbedipseanenh wpeki the hass ahdcpraredi phdadzole
been correlated with expression in a specific tissue
t ypée - ankis aphewodiest kpaes i fidre tdie Widyd &itdeprediasiod ng
can then be used to identify the specific tissue tyfe.
Sube&riarar3| aedl Fhat Pahn of SperBR LY nde Ve hePef hgcoupling
variant proteins, . can also be determ ned usin
anPPoBHPeSOCKRE KARADEAGRpPTRSE b HRskas dmRrParetyeen
subcel lul ar.localization of .the protein,in cells in

s varngusprestesto bR UReft b Bt Lo T gt b
tesiing L al [ [J.ori ' : t
RSP r e i En ST s ol PHEr S (T et S Fter,
COLhechLiRg bBeseXpreasi Qpil eNg! s Plie PEASSHEEg Gotfifon 23,
variant protein or aberrrant tTissue distribution or
deyghopABNL Ak sEXPHESEI PRe OhalNCayEhBIN @&Wd Bbpment
anti bodi es specific for the variant protein or
fragapntiagt ber geé sapsbenusetl § canDihddr tiher ajiettanees
efficacy. Antibodies are further useful for inhibiting

10 vafiramt theotespeftincei dnumfaxisexbophee byd bl ocki ng t he
bi nding of a variant protein to a binding nolecule or
partner. Suchhsedbavgn dsissa ibedagplbioddmiepta the
t herapeutic context in which treatnment jnvolves
i nkPBRELARaA BEVARY HPBER| RS sditfetvniNRKt R | Bodyhe
can be_for exa e be_used to bl ock or conpetitjvely
R LORiRG, FRL L FReranoh rath ot i trp LIRS LS Vene
or_antagonizing) ,the.activity of.1th of el n.
AnPTBBaT S5 CianY peC BrbRRP L agal PEt L peti 17 6 7%t ei n

15 1 AAABALAGERBLY! BENORS! hPtn! SAMN L CCLL 0TS SPOGE T 16y
function or against an intact protein that is
assppliat edgWMhB aoegtliontl ceHl vimybrenee FOrthe _
adn1n|stra?|on in vivo, an antibody nay be |linked with
anpaddbbienpat i tbeaaprul i ¢ MasdeFathe , Sutle dsifluence of the
radi onucl i de, an enzyne, an inmunogeni c epitope, or a
cytotexionagénthei delatopgndpacotkererl 2% oxe nishg dr i eroraal
or plant toxins, such as ricin). The in vivo half-life
of agruaatibofytbe Bhétageesitiverdoin nhyl HesiPRYSIERY
by pegyl ation through conjugation to polyethyl ene

20 g peEl fTurhbepresent Fﬁvéﬁ{?%ﬁ%%t%@?u}?%ﬁét e kits
for using, antibodies_in the nethods descrjibed herein.
ThAeVEhePuags roRlet 25nBen P tad BT overs PO EherEtore,
detecting the giegence of 9o¥géiant protein in a test
safpFel™cHe Prateryed®enbod? hENt conprises anti bodi es
such as afrﬁba%diet o%r, ! eldqg%n%n%!iggdlén%ﬂ?iﬁﬁ portion
conpound or agent for detecting variant proteins’in a
bi ohogirCaheS8MRhem HBAPSiAGr26el &1 & Nbide AU vOrto
t he presence and/or absence of variant protein in the

25 Safpkecaandiagans, f @hdconpas i M@vihiee al®UtHe 0di Madt Bt
protein in the sanple with a standard, as well as
i ngrbEsihgneithr theeaafi st BEkkiotf. The plreesdopiingyentliler 25,
witl now be exenplified by the follow ng non-limting
exanpgl ehe EXENPE| FEICAThOMN Exasphiel 1. d¢ delhrpri¢tat ¢oup oifng
at-risk variants for Atrial Fibrillation o n
chronosonme 4 . The follow ng contains description of
the identification of susceptibility factors found to
be associated with atrial fibrillation and stroke
t hrough singl e-poi nt anal ysis of SNP nmarkers. Mt hods.
The study was approved by the Data Protection
Conm ssion of Iceland and the National Bioethics

~ " 4. o A 1 o " - a0 . 1



the nultiplicative nodel (P=. 002) and the recessive
nodel (P=. 001). The best fitting nodel gives risk

w26 pbRzhet erozygous carriers and 5.17 to honpeygeisr/071675
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15

carriers. The (uncorrected) P-value conparing this
full nodel to the null nodel ofs no association is
5.43e-1l. These data show that individuals with two
copies of the at-risk allele are at greater risk than
exgected based on a sinple multiplicative nodel .
Fi P8i Agdakhagdrativgset dpoeRI2I brg BT gtfotdhes iR ge
a P-value of 4.84e-5. Heterozygotes are estinmated to
hatétBAYEt U1RG9B FedrEI8aPPLEF tRRACRGAZLAPH] efE%afE ©O7
hoppz te carriers are estimated to haye .onset 9.6126
yoAPE BAPFPar CPRaRT AORS Ear? T of LI0S] < Juks amage
si gnifigant effect of yage, at, ongel,s; il viduals ;e on,
carrying t ABPAt S Fi €k var Tant “are at significant risk
Oftﬂgvﬁbﬂﬁkﬂﬂ Agp@ a@'VPH?ggf é éé“%é@fy%ﬁéékuko
aré non-carriers of the al-risk alle e. Il nvestigating
Magker sak b €, N By 0 £ 1 82220927 2 M8 83l gt bt
thghﬁi%?%ga%gsfy?gyn%ggeréEASMOG can be used as a -
surrogate marker for rs2220427. | n particular,
alleles -2, -4 and -8 (with respect to the CEPH
reErpeacenwepre found to be sufficient to tag the SNP
based on hapl otype frequencies: Table 1. Relationship
bet ween r sRR2042 7 iarst BASSOB EhGs, ther engdivinduabstion
typed for the D4S406 marker but not rs222047, nerging
t heeazing4mamerglg| el @59¢@ads e dxwhyreppodearing 10
estimate of the frequencg of the 4 allele of the SNP. .
Wewhhghy sBEPARtF cEhanBhetPepnstht VoriEdhort 5 SRRy 1n
cases,_and 69, 070 contro

i d.of 1269 I in this.
CoEREURE 1R Pataree: ored Ihteiet et ior Tt ah gl s
i atign | j -yal 14
ooERE' Ph1aTnh oo BFERTRANRLa s £ V3 e ndudiify
and”a ParatT¥et sk (m . L
IPHBrcoh bOLELRY RLRSLEN IR PARD SENISA S et

AFc-pabhengsctemlhponosone 4 (LD Bl ock C04) . Shown are
val ues for RR under the nultiplicative nodel.Table 3.

-Associ ati gn afreStroka 1ue tratker $hei shianel DeBboek t084

(SEQ I D NO 50) Tabl e 4. Markers in perfect |inkage

di pequeksbcauhr{d@e=71i9)mawn thed S22 202 7nad im tdms<BE) Y
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popul ation in the International HapMap data set
(1 8P dbarkeotrFarapean desda een slesswdmgdaiéth
correlation with sanples from Yuroba (N gerjia), and

Qsifﬁs(’@ﬁftg‘éoaﬁﬁbggb?%‘)‘t-1;:10%@]6%5%‘?3?%9?‘?%&&% Furthfer
: A ) T S. -~ SNP

o RRrBGyeRPR L D bl s N Eny St S e e ive
112.104,250. 04: i . 35:; |

NGO eSOk BT N PROCESS (AR BEE kS VA G
fgﬁégﬁlyg LEEE%@%C%9CF$EL£ﬂeTlﬁ@ég;ﬁﬁygofﬂmﬁﬂﬂaéa}ing

ates to a process cartridge an

el gehbePhobogrmphitei 4 magR farifing apRRY @h‘éj&g%?cbo!éﬁﬁén
the sane. Here,” the el ectrophotographic inmage form ng
appar akugrednen aphé NAYEe ONi én I €Cos st g wiedlerditad disiiailg
an el ectrophot ographi c type process. The exanpl es of

t hdiekect bophot bge apbvel opage foleng appdhatresore, the
i ncl ude an el ectrophot ographi ¢ copyi ng nmachi ne, an

el eohteaphopogt aphi £9¢r ¢ ht e (¢ga@NadI e t ok dredydaig
printer, LED printer, and so on) , a facsim|e device, .
antembasr 49pi dcesBbrCtIRet Privve sl iRRyE i £75
cartridge which conprises at |east devel opi ng nmeans

and an el ectrophot ographi ¢ photosensitive drumin the
cartridge integrally, and it is detachably nountable

to the main assenbly of the el ectrophotographic i mage
form ng apparatus. [ BACKGROUND ART] Heretofore, the
phot osensitive drum and the process nmeans actable on
the said photosensitive drumare integrally unified

o, o oy o g, .y



is mounted to the main assenbly of the apparatus, a
cartridge coupling 60 engages wth a nmain assenbly

w6 MRl Ng 61 provided in the main assenbly of pEEIP2007/071675
A
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apparatus, so that the driving force is transmtted.
driving force is transmtted tg the devel oping roller
68 through the idler gears 65 and 66 fromthe input
gear 64 as the devel opnent driving force transm ssion
menber provided on the pin 43 of the devel opi ng unit
42profédedhénpebeesseenrrgi 85eNa021 s IRUME & t he
mai n- assenbly of the apparatus The input gear 64 is
en§BFEE1RFt ROFh&CHeRP2 BT Pr B ARH 1% %?m??ﬁﬁ?ﬂ%ﬁ%ﬁﬂﬁﬂy

h dth
g ERLE 57 A EOPEORE 2 P
t phot t d 4 d .t
TR ohas B ggof?@ﬁfsﬁggmﬂma;rz%@ gdgine
apﬁ?"tﬁt aE%S%E'Eﬁ?léﬁo# 19§Ptdlexpé'é’r&{°1ma‘%?&'hmch

wever, recen her "downsi zi ng and | nage

quabhLy; LgpLoye Htfl&ﬁréﬁ‘f?ﬂ?r 0GRS GLihd0¢ rafd bhe ;s

el ectrophot ographic Fnage formi ng apparatus are
depirhoddednfi tAPHhe 08RNMmE Se RF O¥d Helh @M 1 hes i t1HC eI Bl-
whi ch does not change in the position even if the
devek@pbBgringt 1M 805rbRidde Lol vnatiexanpl e.

For this reason, the developing roller requires a
spaceithontderpbdotiecel Vie. t Mhedrafvireg fthece rfivdamgt béde
I nput gear through the idler gear of the process
carnghdgag Phetiorat? onatatakly azyprirter kievdleopi ng
roller is influenced by the engagenent anong the input
ge&Rgaghedi EPéFl@eabeaﬁh@gtW nl Aske st gegred with
[ DI SCLOSURE, OF THE | NVENTI QN resent invention
fquLHErPHE%Fb@% ’E%%ab"r‘i’%rt%r’ih%tl? AU Ys FEnt iYndde

or BEERP R ROER T8 r oot condie i PR TR dndhm
SmelL si.ge, el gct T ophotogranhi.c rage ¢ fg%@gpeee%aema

wherei n rotatio r|V|ng rde IS

' nQHEBe&&Qn%P@cﬁ@Y&H opi NG {04 185 41U oughs t% Hafihe

coupling e fromthe main assenbly of the

appaiat 4sséngepenseat byméfond sl tid W NpidBed o Rde
phot osensitive drum It is another object of the
prasent atseeblyoh00d ¢f ovheeappquraoess Caet picdge and
an image form ng apparatus wherein the rotationa
acetiracyupést aee devel opnaas othatr ¢ hmreowved,theo fibt
the image quality is inproved. According to another
2oPEEOAOTCRRE PRESERE FRAVERET OTLMLNER € G <t G i a OF
process cartridgedet achabl y noun abIe to a main
as5BRbF T BF %ﬂb%SE%??Bﬁﬁﬁfd%ﬁ i mage forning
apparatus, wherein the main assenbly includes a first
rotatabl e main assenbly drive transm.ssion nmenber, and

a ﬁ@ggggmgggagable mai n assenbly drive transnlsS|on
, said process cartridge conprising an

e'eCtrOph@hQ%b%%%‘%h%h@ﬁ@%%&Sbbhﬁﬁlﬁﬁuﬂb asdgvelophog
roller for developing an electrostatic latent i mage

f ogABEL oeosllalﬂnel R&hH P D O & P 165 th hediasBedrit Ve drum
wi th a devel oper; a drum coupling nmenber, prOV|ded on
ongpaxhal weheh of s sethe éﬂ&ﬁﬁi@ﬂﬁﬁﬁt&ﬁﬁﬂﬁuy3be used as the
phot osensitive drum for engaging with the first main
assehblryediave ¢ngansims spont nentst @hd he absyitt tdowplang
first rotational driving force to the

el Berbephol og® aphtwn phiotiosenes th e iy dhe whHeresa d
process cartridge is nounted to the main assenbly of

t he apparatus along an axial direction of said

el ect rophot ogr aphi ¢ photosensitive drunm a shaft

coupl ing nmenber, provided on one axial end of said

devel oping roller, for transmtting a second

rotational driving force with a deviation permtted
betmeen an aX|s of the second naln assenbly drlve

o e I o o o



rot at abl e second mai n assenbly drive transm ssion
menber; (ii) a process cartridge nounted detachably to
wo be@simiapy assenbly of the apparatus of said  pcT/aP2007/071675
el ectrophot ographi c i mage form ng apparatus; said
process cartridge including: a el ectrophotographic
phot osensitive drunm a devel oping roller for
devel oping an electrostatic |latent inage formed on
sai d el ectrophot ographi ¢ photosensitive drumw th a
deverspédgeavhi gh ébapring hedbeéeve prRiid et biebrigiich
axi al end of said el ectrophotographi c photosensitive
dr ifF PoPMehdadiAGSWEEh the first main assenbly drive
transm ssion nenber d transmttin first
rotationafﬁﬁrégﬁqﬁf'ﬁggcéﬁ¥%) g%eF@%Pﬁ6Eﬁopgﬁpgﬁh?8
phat osensi tive .dtu when ' ocC cartyjdge is
ToRTES e85t Heohid A aseanorgoes TS ein i L HFong an
axi practign j phet o phi g ;. :
R A A
pr @MPQSQHBI ?Bftﬁ?&hab&endﬂ@ S8 denfleMel IPIG Al bortion
for fransmtting a second rotational driving force
W §Rcaudeyi at 5pRipgr Pt t exthdeimvan d1@Xich@lyinke portion
second nmai'n assenbly drive transm ssion nmenber and an
axks ok pabtidedewophng bokse?lawher etle sanghghadit of
coupli ng nmenber includes an engagi ng portion for
enghgi agringh22he Secior Iwi thes shribliyngdrsiivie engaging
- transmnission nmenber and receiving the second
10 r oparténal 2dr i9i REOT beed, wivklena se@s pf e adsl Parerganfs
is nmounted to the nain assenbly of the apparatus; .and
saldtBnghBgi AR pBFt fon i DHORITIN i34 3 diPrectidsst with an
crossing with e axial direction of said deyel opi ng,
CoRFBr PRbRO8at s prtaasdutth | e WrTErs SG SHpLng
assenbl y_of the,apparatus; an P sedin .
o BARe T haoPRcaral ng atar Ta P4hblel Ship Ol ¥
ODLAET Sy hEAL UL e @Hgﬁggﬂér%é‘ﬂ@§o§fb5§§ PIESeRhe shaft
invention wfFl becone re” apparent upon consi deration
15 OLBBBEiBm bowi pg drscaipting ofad henprefy rgdhrtion 23 is
enbodi nents of the present invention, taken in
coppuaehbon whihgéhewatrotpanysng Ugave Ngshe [BRIEHng
DESCRI PTI ON OF THE DRAWNGS] Figure 1 is a genera
ar pangénenbeafingcoeénberl| &2t r dikotdgvaply ¢ ideagagaging
form ng apparatus according to an enbodi nent 1 of the
presehtonnyénifoproFidedeipte¢gral keciivhaihe irye isfctaons
process cartridge according to Enbodinment 1 .Figure 3
i s28Ré pef3plctRYaIsielii bl Bhe i b appERandeGilanment
©_process.cartridge according to Enbodjnment 1. Fiqure 4
20 P B REBEi SBett | VRS Gh i ofPe BEVRTOTTY TS 00 R
t°t§§$8%&§§£‘%m1m-em€ guie opklhust :T%%seésmk?l AN the
operation relrative to a main assenbly o he 1 mage
‘ f OE%QaEQQ?r %i%logrijQ:cp_re‘?r%%ﬁLn@ftt rl',d%e%_cqz‘ﬁred'd@gve
to odinment 1. Figure 6 is a perspective viewin the
st aketwbengihNgsPEABESS1 60K L& F dPfe GG FH tes 110
Enmbodi nent 1 is positioned in the main assenbly of the
i mgenbaL ot eg apparat dsivEh@usdd éhdapin@t@sridion 23,
supporting structure for a devel oping roller according
25t otkabddimenisltrafsgiteed ts tame exph quadt vvrevead < the
shaft coupling nmenber according to Enbodi nent 1 .
Fi gnréng 23 aremcthendévelenmnett tedsheduplkiouplbiarp 23a.
menber according to Enbodinment 1 . Figure 10 is a ,
pe?éﬁeé?F@élvﬂéﬁ/ @Fivheg shar¢e clotdn st ke dfe #pring
devel opi ng unit according to Enbodinment 1. Figure 11
is a perspective view which illustrates a first nmain
assenbly drive transm ssion nmenber and a second main
assenbly drive transm ssion nenber of the inage
form ng apparatus accordi ng to Enbodi nent 1.Figure 12
is a side view which illustrates an operation of the
shaft coupling nenber before the nmounting of the

S . o a — S A~
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after the nmounting of the process cartridge according
to Enbodinent 1 . Figure 16 is a side view which

wo hdow@bsas es the positioning for the shaft coupdi/mgbeoro7167s

10

15

20

25

drum) 1 (I3,

menber according to Enbodinment 2 . Figure 17 is a
perspective view which illustrates the shaft coupling
menber according to Enbodi nent 3. Figure 18 ‘
illustrates an operation of the shaft coupling nenber
according to Enbodinent 3 . Figure 19 illustrates an
opéf at Pohramshheteafate e d@‘i’?ﬁg et @iy to
Enbodi nent 4. F ure 20 |II trates an er on_ of

t hBNGAGH RS oRIpT T H hbErom it ot 1y R%ffencfﬁbd%a%?erﬂf 4he

[ BEST. FOR CARRYING OUT THE | NVENTI ON] The

pr ¥PEFP&d@nbodi ments of the present invention will be
descri bed |n ti thoth a n

drawi ngs . Enbog ng%tE?gﬁg%egﬁlngl?ggﬁggugéélgpr#na 22

.15istx'3$e<9r9§e§§e CALLL i plae and ér‘&faflo afg&pél%p%@mws

i mage form ng apparatus accordi ng enbodi nent of

t henpb@sReht | Nyend1 0k # | Huhiee deserd pathe R aUNRI cal-
ilTustrates a general arrangement of the color

el sg&poPhe n%olgé aped dsreges fOrad i appariadis aseokndksige
to this enbodi nent. (General arrangenent of inage

f ot it agnappariad s Hhey s lea dt isdomblee gedteriad provided
arrangenent of an el ectrophot ographic i mage form ng
appatat asr{he? 2 nedt eryan smuiget froy tihey dappaimat fHr ROy
As shown in Figure 1 , four detachably nDuntabIe
prbeesengagenerigesli th (the bmss 7?e3a T Hre dpuhned spyde
nounti ng nmenbers (unshown) Figure 1 , the process
caPPERELRS FORFECT mef | HY "Féﬁ‘l'étt'r% P etnsth 2 al

direction n the majn assenpl f the apparatus 100.
Edgﬁlﬁ?%cﬁﬁgec%????%ﬁﬁaRpﬁﬁi§”gﬁ?%1ectrophotographic

ot osens o U TRIDSL LS ShRef 3ok Boehnt

dr t, de of £ t e PF PLEES S A FhdIBe Tang RS & ALY %\ﬂnﬁq%r

process neans, such as a charging roller 2 (2a,

2Ct0 2(e ,  BEEEVE! OPI 11 rﬁ]}sec_r Abd2ent2Mye %ﬁ@m%@dj)

, and a cl eani ng nenber 6.(6a, 6b, 6¢c, 6d) , are
provided integrally. The charging roIIer 2 has a
function of charging charges the surface of the
photioséisént v& drum 1 uniformy. The devel oping roller
25 has a function of developging, with the toner, a

| at ent i mdge ther Fddssnemhedphenssefbrt PREadEN ROThien
a visualized i mage. The cl eaning nmenber 6 renpves the

t OPRRL WhY RSP h% oh $HEEDHGR %ﬁ]m%ée@rﬁjmeﬁrmg 10

ft t he d f d. h t
ot L A R A B IR e
Scanner i%t %sf % ow%r Tnng“léﬂ%el %beqta ' l‘r@ etggst he

ot 0SensTtivé dru 0Si ng 't he bho osensitive

%r%&df‘rﬁél@gt't\fﬁé ydﬂﬂn—t]_t@ap%céasrﬂf tihe 's”%&%Vlded with

mation, is provided in a omer part of
pr90ﬁ§§e CRlEripen 7is thLassritey bomhigh mntr@traantlm@
recording materials Sis provided in a | ower position
of di hei IR $i &S seidd yi lOQp f i drhe AppanatugerAdiameter of -
recording material feeding neans is provided so that
t hehe elcor €li hf nbt eYaade S passgs tdd ouighh & Msecortear y
transfer roller 70 portion and a fixing portion 74
podtammten ¢hethppdripiord i vifofergnsama wn@m@%nwyre
A. In the detail, it conprises a feeding roller 54
f opa ekt Pyl gl vbut thh A BepiatS st ANPIBEH RP IS ohe 3
recording materials S fromthe cassette 17 one by one.
It further conprises a conveying roller pair 76 for
feeding the fed recording material S, and a resi st
roller pair 55 for synchronizing |atent image forned
on the photosensitive drum1l with the recording
material S . In an upper part of the process cartridge
7 (7a 7b 7c 7d) , an |nterned|ary transfer unlt 5

o " o o Y o s r o Y



wa S6807A8%P, 58c,
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out contacting to all the photosensitive druns 1 . By
applying a voltage to the primary transfer rollers 58
58d) , the toner images are pcT/gp2007/071675
transferred primarily onto the transfer belt 9 from
the photosensitive druns 1 . Tdse voltage is applied
bet ween the opposition 59 rollers disposed in the
transfer belt 9 , and the secondary transfer rollers
70 totransfer the toner image fromthe transfer belt 9
onF@t?héeﬁeE%Fdmﬁ@emﬁﬁer%%Jt A EERH POt TeTsing el th

drum1 is rotated in the jmage form ng operation and
LhEher BFFE P5 ERar JRTE LAPTRF QL 1 (46 i ¥y ol it

TR B RS gy g
o TTHE NI ST P b M
L

SVHSUEQB!L@HW Weibeihdscdmage Jo1mdipnr aHeshsSin roller
pair 55 feeds the recording material S to the
segopdapyyt dansl epmdes| £b@Hl Wierss tie 1P esi Mg-1idd &Jf
59 and the secondary transfer roller 70 are opposed to
eapbs ot henimgt heldeive ansfigie bitum-SIdrernehetiveeril AnIn
i mge transfer bias voltage is applied to the
setbhdaeybodamefier tiod | srrydcure timmfdr the sdeordarsy
col or_devel oper inmges on the transfer belt onto the
reddfdi pf Hae edrhVimy . sBje congrpisy reoldy 4dredpyiafes
formed on the recording material S . The record

maf @r Val cRe Vet chi Fect tde YorheeRAGT § 4%5%%9?

d d b f ti th t
32955%%%?5% e f%%'e%go it afGonmg sRudak @

oy CheCi ket vl T o t%%‘ﬂ?."%ﬁ%’%% SRR

d' SResSed tﬁetxﬁglﬁlpi’@éex&?ﬂ{tim fr Naidn a%ﬁ;?aez@%u}’s of che

apparatus A . (Process cartridge) Referring to Fi'gure 2
&L 9WL8g 431dé r@ﬁ(ﬁ’&@ﬁﬁésp&ﬂfidd 4oL ik YnddHrS in the
enbodi ment will be described. Figure 2 is a nmgjor
seehtOfeént heupm oCes Lt tad skt 14 whdvedl opaedrad roudie ng
devel oper (hereinafter, toner) . A cartridge 7 which
cobBai Isigure tldnelb)ofi tlhes tyeltleswtbel etate whetrei dge 7b
whi ch contains the toner of a magenta color, a
cafrivige edaherdreord BNetite 4oner Rﬁsqtti@rtqﬁarby the
color, and a cartr dge 7d which contajins the toner of
th@abpaéﬁs%%P%¥ dey RPRN s SRRkt (Wedovdeh In more

7 7b, 7 7d | ud d
%*?%%lfé‘%%é'%%ﬁwz% swz%afsngaaédlglq Rt ierare dnd 8
gf@{g&eé‘%% é‘hé 4931 CF%b]tASﬂ) ﬁ%isel%ﬁﬁ‘rt %ocn% L{[ﬁ%g

drun1un|t 61S YOVI osensitive

dfm; &wﬁ), 'x%a Mm{ &)y And %ec@asﬁaﬂ%fr Qidter 2

and the cl eaning nenber 6 (6a, 6b,
GCcoggactlﬁ@dthéheiggvpjpplng unit 4 is prOV|ded W th
a devel oping roller 25. The drumunit 26 incl'udes a
cl eani ng sagBorh andrtibarphobpsensi hbve 2vEntdri s
rotatably nmounted to it through a drumfront bearing
10ravdiminy unhe ediribisay | gl ler(ddgure ot ionl 28 eay bk
t he photosensitive drum1l is provided with the drum
coppdVided 6imnthe hel ddmimye BEMeArZdund t he
photosensitive drum1 , as nentioned above, the
char gi ng FOEl 8EherafdrirEUEPEaRF Agt RenbRiRe 6aF ethat of
di sposed. The residual toner renpved by the cleaning
menber 6 fromthe photosensitive drum 1l surface is |et
fall in a renoved toner chanber 27a. A driving force
is transmtted to the drumunit 26 from5 a main
assenbly driving notor (unshown) as a driving source,
so that the photosensitive drum1 is rotated
correspondlngly to the |nage forn1ng operatlon

o T Y



peri phery of the developing roller 25. A devel oping 25
bl ade 35 regul ates the toner |ayer thereon, contacting
wo Robiaeut er periphery of the devel opi ng rol | @fr/#BooAdt1675

the toner accommodating portion 3la of the
devel opi ngdevi ce franme 31, thesdoner feeding nenber 36
for agitating the contained toner and for feeding the
toner to the toner supplying roller 34 is provided.
Figure 3 is an quter appearance perspective view of

t hghﬁlsécé’§s thgr firafecmood TRRN HevRNSpP YV 1 tthe jaf fects
rotatably nmounted to the drumunit 26. A front
suﬁﬁ@ﬁ@?ﬁgtﬁiﬁhi4e§ﬁﬁcgsr%5rt§%pﬁb¥fFrﬁﬁ?ﬁ B Wi ch
are press-fitted in the cleaning frane 27 are engaged
into the hanging holes 12a and 13a of the

deb% g@!ggggéhgg- front bearing.12 and the

devel opi ng-device-rear bearing 13. By doing so, the

s devel opi ngr it 41, d YeRlAINE S WRRYIL G 200U thBEgh the

axis of the supporting pins 14 and 15 to the cleaning

frager2proEL9yr a2t tidgdbeapl €abeNy £H A dfbdS is not
provided with a drumfront bearing 10 and a drumrear
beanengtiblEopusURRYr be Ngel HEL PROSOBEAIS] §) VEf HaBslsary,
rotatably. The drumrear bearing 11 supports a drum
cobpl bng-ikitdbadechetdhatshtt he photosensitive drum 1
The drum front bearing 10 supports the flange 85. The
drum couplimdghk6 emiesimiend st Inentdatidondlover i wilkgough
force (first rotational driving force) to the

10 ph&hesengpei Yergiten aPP2 oAt ¢ Hel frak e ak § RO ot
'~ the apparatus. The devel oping unit 4 shown in Figyre 4

i s thegRdCEB E nEN BRI ORI 15 280 byl Hpr e st hg-lsipti ng©38
rovi d in,the d [ devi f 31, d o

P e REPBR gpr i ho St RERbMRTDEF 0% Hoat? roLRe IndYE forming
egﬁggl@gfegggg' Cgucﬂfggtu@saﬁﬁgb%&ﬁgé% t eed lfmge

for ori-ofthe”process car _ ~devel opi ng
rolleg ig\_@lbsdéﬁfé’éyegn(@yt}tm@eirﬁ’éfés]:f@ﬁnf‘rpcj | 195 38 Uk

the tension spring 39 about the holes 12a and 13a of '
15t hguegvekopi BEmPEYL €8-ha&@Mie beREF&Gf 12 T@nd dihie ion,

devel opi ngdevi ce- rear bearing 13, so that it is

coatagbaght ehthenpaphesdeasy t ¢ vendfeimdembdn ias aorddACcin

type devel opi ng system which effects the devel opnent

w thet kebodnhact bethweened hebghot ostensieioe tWmen Lmmyes

the developing roller 25, it is desirable that the

pheteserBRriveodedhy 1Lranaferigd mderhanntdaediary

devel oping roller 25 is an elastic nenber. Thjis

el 5sePefREnBerLrRySBIUGN SHT Y rabber frorilSly eMmagdstd it

_have ubber er and_a resin material ~

ma the solid .la

20 CoLRF RGSRhEY eOict fr ESRETULTEY | Dh 01 £ 4R a Ry
appli i r t o The 4 e ]
oporaficoatoet AREE atoxt e el Ghar oG 1PEE <R
(Figur gréséﬂg HLQu6 €1 39 - 1 WeH: tNEnd fBge: & 'Ford Bty n i §or
supplied to the image form ng apparatus 100, the nmain
assepRbYedriMi 88 APtOFndtnsdoyust @Fd s the reiatdiony
and the rotational driving forces is transmtted to
t hpapbet asessrtiveg dhemtibdr , i oudde gevellopicwg awlderer
25, to the toner supplying roller 34, and to the toner

25 f eénlbggsnmenbesuBérinpesetby gi ran $f ewsrem| drage titse
applied to the charging roller 2 fromthe nain
asseabrdin@Onaberihk appaied usy tohe hegrr &lnee tratedlilal
the surface of the photosensjtive drum 1 uniformy.
CofRESPHAE REPLT t hreAnerel# hivr né"ﬂeoﬁ,lmﬁéreﬁ66§e¥é pge
effected by the scanner unit 3 , so that a | atent
image is formed on the photosensitive drum1 . The
toner in the toner accomodating portion 3la is fed by
the rotation of the toner feeding nmenber 36 to the
toner supplying roller 34. The toner supplying roller
34 rotates to supply the toner to the outer periphery
of the rotating developing roller 25. The supplied

.



setting, in the apparatus main assenbly 100A, of the
process cartridge 7 . In the state of (a), the process

weadokhrdge 7 is nounted in the direction of arpEmR007/071675

t hrough an opening 82a provided in a front side plate
82 of the apparatus main assemdy 100A. In that case,
a guide portion 27b integrally provided in the

cl eaning frame 27 of the process cartridge 7 is guided
on a mai n assenbly gui de nenber 81 provided in the :
maPh Oé(égéﬁbl”i}eflobéeo?r ERBNBPPRY GRLECN Th: #elPhl 2 skEdrl y
guige menber 81 _is the gnunting nenber for nounting

t h&P5P6c5¥58aPEr FlgES 7L QF e MBaneBBR 2T UF RS Fi gure 5
(b) illusggaﬁgs the state mheQF the .nounting of th

process car rladsgebe‘/er%o Cé:léofparhaetr&slnrrg’l r?rgésgﬁ‘gp§%lng

I % oC kn . gui dj r. 81, prey] in
| 008 kRecamber tnan, Thes g ding Tepber 8oty dod,
Wi tRgaBehBati RednPeRET 8RG8 ans NGhEPEGL UpNar dhy domed
downstream wi t h respect ?o the nmounting direction. The

cl panhngskeab® y2 dri §epravngad swibh aed@epnarsdihnecessary.
inclined portion 27c in an upstreamend w th respect

t oAtberauugliypgtder pebcons Yhetridige paodestse cartri dge

7 is nmounted to the apparatus main assenbly | COA, the

- guedecpoprphoho@¥bpbict heagé ebmimind rappa 27t us dese on
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the inclined portion 8la, and the inclined portion 27c
ri dewnghzefe nedithesgeas y E dageerinicorogtioBy agel ke

'so, the process cartridge 7 is displaced toward the

i nEEFRBEI ARYPraAseBPLYndF1%e (LERReEE 9100 Inepuref ghe
(c),illustrates the state where the process cartridge
bt S b IR AT SRERET v BT e oAy
When .t nting eration of the process. cartridge 7
e ERePBEBhe nE 8 A Ted rhe et M
noves to t isnter [ r; fer [ t
AbUt Ti NG oyl on BT prrodt Ao e Barary 5AengT the
cl gapbNgpf HgMBo 27 FORLRCES {fpfov&d) shdeilal® 83 afhe
the apparatus nmain assenbly 1'00A. By doing ,so, the
mouRby8gqeklibe pancessimardvédige 7 to the image
form ng apparatus 100 conpletes. In this state, a
portion-to-be-urged 1la of the drumrear bearing 11
contacts wth the back pressed nenber 91 provided in
t héINBEPFTBIYe HPRLECBBILEBYt hat it is upwardly pushed
by the pressing spring 92. And, the cartridge
posi ti oni AFIRGHINGn Ho Bhsr B¥rgeati ArVRBLLPPer 1podFti on
of the, drumrear bearing 11 contacts to the abutti

5 d 9 aaebrblgpa Lt

poP PP 3hP83atC WA SR Fur tRoHee s G fbI 52
ogitioning portion, of the rear side plate 83 Db
whi SR procetet ear TR tigel Fhs Bt bt Tl At ve

to par ' i the r, si de.
R e, I D P TR 10 O e
dr yppht 088 BSakhEIidPe FNGRASS W Hdy the-RIYY ivHe: nenlier
93 provided in a front side plate 82. The pulling
megbep 1 93g | BetipMAr £ dm reh S ath 11y BsdaisliproSpHNg 94
provi ded on the front side plate 82, and by doi ng
soapperpous i tmdéeideptl ¥ et dat hes datisai ngpviarpdity to the
rai sed. And, an abutting portion 10b which is
caphotdgenpolbivé omfymy. portion for the drumfront
bearing 10 contacts to a positioning portion 82b which
is the nai AtadserbFy POSFLPOAI hY PHPTIGR DIPEMRET/I n
assenbly front side plate 82, so that the process
carfFrahd99 -9 i ¥effedt A VPRAF AT apisdeatudhe
mai n assenbly OOA in the front side. As shown in
Figure 6 , the abutting portion 83a substantially has
V configuration, and contacts to the positioning
surface |lib of the drumrear bearing 11. The '
drumfront bearing 10 is pulled in the direction of
Arrow P by the locking with the portion-to-bepulled
10a of the drumfront bearing 10 of the pulling nenber

T T o, ~ ~ —~ o,



engages with the rotation stopper receptor nenber 51
provided in the apparatus main assenbly | COA. By doi ng
woetoshigsy otation in the apparatus nmai n assenbp¢r/ i 071675
of the process cartridge 7 is prevented. For easy
under st andi ng of the description, the driving side
engagi ng portion 23 is omtted in Figure 6 .
(Structures of devel oping roller supporting portion
and devel oping drive force input portion in_process
carotigdenaRepecriragyt 6fFiE§ar deyelopigdr Boliert he
descrlptlon w || be nade about the supporting
st FOPEQVE foFOtﬁ€a§tFB€t&PégﬁfqPﬁélaévéFobWﬁﬁoﬁ??ve

f t , dth | o | | 5

the. pr ocodth B 1017t G MBS R s et o
illustrates ne kongkgﬂglnal e gsg' e&rgar S|de£ o{
thé gﬁﬁngFl g portlon oF “fRe deVe oplng Forter %. Th

F'%%Eecznflhg QSnggpaﬁgaEQE'EFtSPé£Eh25hn8fﬁﬁbﬁe

devel opi ng ro i s rotatably engaged Wt

'n%%El§%EE§Bﬁ 9& &h%eﬁageleeleevggvgﬁsnrﬁealb§éatnsns or
et ween the rubber roller portion 25g of

develhaBkBYakOhker c3Reatidthhe eﬁ&eb@@p@geseafcehéear
bearing 13, a regulation roller 47 for regul ating
t hedegoeemehteobtrache be@opbBeophohesensidvwyrgdelais,
of the developing roller 25 engages with the
devel oping rol ler shaft 25] rotatably. Heretofore, the
supporting structure by the side of the one
| ongi tudi nal end of the developing roller 25 is
descri bed, but the bearing portion is simlarly
provided to the bearing nenber integrally at the other
end side in the longitudinal direction to support the
ot her end side of the developing roller shaft 25 .
rotatably. In this enbodi nent, an O dham coupling 20
which is a shaft coupling nenber is used as the
devel oping drive force input portion. Referring to
Figure 8 and Figure 9 , the structure of the A dham
coupling 20 will be described. For easy understandi ng
of the A dham coupling 20, the devel opi ng-devi ce-rear
bearing 13 is omtted, here. As shown in Figure 8 ,
t he A dham coupling 20 conprises a driven side
engagi ng portion 21, an internedi ary engagi hg portion
22, and a driving side engaging portion 23. The driven
side engagi ng portion 21 is fixed to the end of the
devel oping roller shaft 255 . As for the fixing
net hod, the spring pin and the parallel pin can be
used. In addition, as shown in Figure 8 , in an
‘alternative structure, the cut portion 25c is provided
on a peripheral surface of the developing roller shaft
- 25] ,-and a hole provided in the driven side
engagi ngportion 21 is provided with the.conpl enentary
configuration. A shaft portion 23b of the driving side
engagi ng portion 23 is rotatably retained in the hole
19a of an engagi ng portion bearing nenber 19. The
driving side engaging portion 23 is provided
integrally with the projections 23cl to 23c4
engageable with a main assenbly devel opnent coupli ng
53 (Figure 11) which is a second nmain assenbly drive
transm ssi on nmenber of the main assenbly |1 OOA of the
apparatus, as will be described hereinafter. This
A dham coupling 20 transmts the rotational driving
force (second rotational driving force) fromthe main
assenbly 1 OOA of the apparatus to the devel oping
roller 25, permitting the deviation between the axis
of the nmain assenbly devel opnent coupling 53 and the
axis of the developing roller 25. Referring to
sectional view of Figure 9 , the O dham coupling 20
will be descrlbed in nore deta|I Flgure 9 (a) |s the

I T 1 M I T s - Y L
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Figure 10 illustrates the structure of the coupling
provided in the process cartridge 7 . The projections

w@ 26802388 projected toward the axial directi opcBI®007/071675
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formed in the end surface of the driving side engagi ng
portion 23 of the O dham couplszng 20 nounted to the
devel oping unit 4 . A centering boss 23c4 for
alignnent (rotation axis) relative to the nain
assenbly devel opnent coupling 53 projects in the
direction of the axis fron?%géMénd surface of the
driving side engaging portion 23. The one end side of
the axial direction of the photosensitive drum1l is

provided wth a drum_cqupljng of triangul prism
config ra% é?{ocﬁsgsuicdaerocﬁgTdt eoﬁl%ﬁhﬁltyhgogggggﬁﬁgto <
portion ' er_-19 .i (,de t r Q0

of A Si %gég%{é)k!\)/g? %r% xeel %ﬂylso n utgosg%oﬁ] lSCJ;: r%g%gz%n S gﬁ?)lﬁ
tpaﬁﬁ§r9€¥§!CWHéﬁéfHugqélmafﬁ”a§§@ﬁﬂ¥§“idélda@% a first
direction crossing with the axial direction of the
deyet 9PARTe IRd 1872 Liemd 1y QhiBFe WOFLSsmild8 o iméinb@ 1Si d@id

‘engagi ng portion 23 is novable in the

di § €64 EONET BSSI o M trih rhex Lhasted 10pi g weitr ah smilsisgwhe
11 illustrates the structure of the coupling provided
i nmériee NRi Ha bs Senditesd @A tofi ddwe appariatiugy: As shown
in Figure 11, the drumdrive coupling 66 which is the
first mai mnasdenblrypirtvgraphhsnpbetonenenbeve fdrum;
transmtting the driving force of the main assenbly

| OOA of tRedgyparring rolipe HRG6t 6SEASPPLIVEG Rum 1l is
provided with a hole 66a which has the section of

s

uBseEREPEFE YL ¢ rialffth dmadfapermak st idssenbl v

devel opnment coupling 5 ich is the second. main .

act ErT e G e S i S e STt A et ng

the r ional driving force (second rotationa
dr?%Y%%géégte) to the developing roller 25 fromthe
mai n assenbly [ O8LBh i henaRBakat BSovi el O 88d ¥kiin
hol es 53a-53c. The drum'drive coupling 66 is urged by
a PRESST NGa @ DRE ctifop @pHie RSN vBPHmg,
toward the process cartridge 7 . The drumdrive
cofipt | g HHinG wintaldte: i fi idte mexiralaslanddtyi airiof t he
phot osensitive drum Wen the phase devi ati on occurs
bet neesmi hiei o umedoriplany thGareamw tthHechal €186& of t he
drumdrive coupling 66 at the tine of the nDuntin%h to
t heohal hoask edvbl Yindewste tie Wi hals,orsotoggaphic
process cartridge 7 , the drumdrive couplin%,66 IS
pURRREC &S et Fa et by Rk SR RIATHSh§aF6 F iddRevér
the drum coupl.ing 16 and t hol 6a are brought into
e BRGRE: SO LSBT GHIRATEEY (e R ARAS (o darrg
66_rof at | o th el Q qug! Y force is
tr%%%%?t%%%%%%??%éﬁ%ﬁ% é%é%%%%rv Qﬁﬂﬁﬁgggilfhe mai n
assEgbbYefevel ApEAin coHR I ng 53 is urged by a
pressing nmenber 73, such as a conpression spring,
toward the @h@%@séoﬁgﬂﬁﬁgdﬁ@mﬁeklﬂ phevibe@Chh Obne axial
parallel with the axial direction of the ,
pheth@senssdiyedealdding HovelMer, fidre trainsrassdmal
devel opnent coupling 53 is nounted to the main
asseobhy TG 0fnd hedmippiaratiisrag tvhidut apldey iwittilon
respect to the direction crossing with the axia

di pecniored | beordrn aragsis tHe e eemgehPlain assembly
devel opnent coupling 53 is novable only in the axial

di FBEYF o @bt s RIF iR He st & ARk Kéidri ve
transm ssion . Wen the driving side engaging portion
23 and the mai n assenbly devel opnent coupling 53
engage with each other by the entrance in the main
assenbly 1 O0OA of the apparatus of the process
cartridge 7 , a phase deviation may occur between the
projections 23cl to 23c3 and the holes 53a-53c. In
this case, the free ends of the projections 23cl to

NN PN I o, e .



each other by the main assenbly devel opnent coupling
53 rotating, so that the rotational driving force is
wa b@gpsi ed to the devel oping roller 25. Herepci/@o07/071675
driving force to the drumdrive coupling 66 and to the
mai n assenbly devel opnment coupdi ng 53 is supplied from
a notor provided in the main assenbly | OOA of the
apparatus. One notor may be provided for each of the
process cartridges, or commonly for a plurality of the
prd@é@éoéaﬂﬂrrégégﬁr(Cperation of O dham coupl i ng at
the tinme of devel opnent separatign-contact operation
in proces§”€%?%#q(ﬁﬁ%dIﬁﬁ@ﬁLWQ%EH%}HQi@@P@eIZlDC#Pﬁﬁﬁea“
15, the operation of the O dham cpupling in th .
or 5BESG By PPFAGEN7E6F PRPSIERBOMF Mbnthai 1540 main
descriggi.Fi?uge %2 IS a s&dg %i M/FMAgh }ééé@&{atgﬁFa
t h&°§f ybg ore ﬁ%“%?o%%s% cart ?dge i $-Frount © 0
the i e i p [ S Y,
Fi e TREgbERE PP PLAY L30T AT for b

shewn (kRgELOYECndant8s PENLLONRS: RDOYSamDEf A £ e

process cartridge 7 Is nmounted to the main assenbly
| OBpat-athe; apRar ahya, ehélwsgﬁecye;b@pw&l rod liggvadd and a
t he photosensitive drum1l are in abutnent to each
ot AetrecAoar BYpeEi henwiBa ofie adix Ld i digreemet dB swhidch
is a torsion coil spring provided on the side cover
48deivelbpiabutroikhéert ehéhessnd kp ngecgos tcannt ABigoferiters
engagi ng portion bearing nenber 19. By doing so, the
10 dr peitdgnsiideasagagligopot ¢ orpR@rasusir ged in the
direction (the direction of arrow Qin Figure 13)
crossing with the axial direction of the devel oping
roller _25. Therefore, the contact rtion 19d .of _the
engagi g p%r??%ﬂe%%a??ﬁ@r%@rccl%&o@%&ﬂ é:gtae‘d“ tg t he
conbgct.gorgianelie mhichoig.égeigolggﬁgﬁgor i€g1a
prg Faed"i RPthe“dPORT ¥ @ar be ring 7% and” tHe engagi ng
po 1_he - iS.p [ :
B T S
15 POBLE hQNEAGEA thecfONstanLt i ROSiE Ok i derdherd NGy PNt act
portion lié of the drumrear bearing 11 is forned by
t herbwessuchacesdybi ehcare tie pad o | & samdhy tde wnd S
of the photosensitive drum 1 and which constitute the
shappaott¥s. The engagi ng portion bearing nmenber 19
can be retained in parallel with the axis Ic of
t hephot osensitive drum 1 by contacting the engagi ng
portion bearing nmenber 19 to this contact portion lie.
| n additi o, P¥Peed Ui Fleardde IRy g & pdvided
integrally with a positioning portion |ib, Therefore,
20 { NEREFFIING® 41 dBOLHERGI AGF pOTR | b PP FSH Bl yA arum

supported the_en i ng._porti.on bearing nmenber 19 is
po |?F6ﬂ%d?§ftﬁuﬂ?ﬁg9%? cf F%&F?eﬁfﬁ?ﬂ% to the rear

Si ' ly | OCA
R s L
Therefore, it is positioned with high precision also

relative to the axis 53d of the main assenbly
devel opment ©e6EE s N0Het Prayd datkdiitRe RpRAaraRUSs, Mmin
assenbly 1 0COA. The driving side engaging portion 23 of
25 t heh@rdhansabdpirog RBOat Sng of it @b wi dsyagech W tdartthe dge
engagi ng portion bearing nenber 19. For this reason,
al pheughonhhegagpst 28u5fof phel dronimy i idk ergagisng
portion 23 of the A dham coupling 20 is separated from
t heaakrsdggkbpf conkbadeirey opi TR T 038N (RPgife oning
di stance d3 in this state, they are very close to each
other. More particularly, the driving side engagi ng
portion 23 is the positioning position, such that the
engagenent with the main assenbly devel opnent coupling
53 is smooth at the tinme of the entrance of the
process cartridge 7 to the main assenbly | OCOA of the
apparatus. Al though the nmenber which urges the

I



engagenent in the state of being deviated from axis
53d of the main assenbly devel opnent coupling 53 to

wo bsphaspsensi tive drum 1 side by a predeter mpEE#2007/071675
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di stance d3 . The process cartridge further enters
fromthis state, by which the jqgevell ed portion 23c6
(Figure 10) provided in the centering boss 23c4 and
53f (Figure 11) of bevelled portions provided in the
hol e 53e contact with each other, and they engage wth
eapbroibierprovidedt ingthhemaxnaksdewmbayi ofi. tAe Bppsratus.
time, the driving side engaging portion 23 is
positioned by the contact portion lie with high-
precision relative to the main assenbly 1 OOA of the
appar aPus.A TP EE DY £3 5L 5 0G0 AAGBERdnitich Hicgm 2+
precision relative to the main assenbly develo nt
coURET Ay 532 hF VP Y PR Hel Appit ARV IR h %f@ qpe of
100A, Therefore, there is no need of upsizing
ex??éﬂe?§oT%%Sb%@%?¥b§g%0rtion 23c6 and the bevel | ed
portion 53f, and the driving side engaging portion 23
and the main assenbly devel opnent coupling 53 can be
downsi ged. hown | 5 4 t.he I4
assenbléy cﬁaﬁg%prrentéa{c%%p%eg aé%orfgdtlg%eg%argc}%tlﬁ‘ei
Phageseh LHEqPEPLRET i@gér&sﬁhea Q2363 Ardr®edidivigng
si de engagi ng portion 23 and the hol es 53a-53c of the
mah §v 88§ CADE ¥ r HEeVEd O PPEs t Lonind neh B3 @l i iy, gdie tiessing
23c4 and the hole 53e engage with each other. By this,
t heat ot pt boas axecsr28tdgd bhecaht adnighcsitoe téregargd img
portion 23 and the rotation axis 53d of the nain
asseatiyl depes bphening opgt § hen §3c e idgd wint Hheadtain
other. Figure 14 illustrates the state where the
pragessbtarefi tge aRPHHREed $DD HE WhibPAEESEMRSLN900A
of the apparatus. Figure 15 is a | ongitudinal

seet f8Rat Vi b SHRROEF i TP IRE 3R He gi ng portion 23
of the A dhamcoupling 23 in the process cartridge 7
anai?ﬁgrﬂ%?%gég§%ﬁ%+?g%%%%ﬁ%ﬁﬁﬁﬁﬁfﬁﬁné%W%g 53 of the
apparatus main assenbly | OOA are engaged with each
other in an unshown the main assenbly | OCOA of the
appar ayus.  Nor&-pag td Lull ardge at&%rdﬁln\q Y $1d8m 2,
engagi ng portion 23 of the A dham coupling 20 is
Poshtirengdsh 1dt heosds s asseriye davel e nin aopligng53
by the engagenent with the boss 23c4 and the hal e 53e.
Asmshpwn for Figgteg 152 1d hengld ia g tdieore nigaditreg
portion 23 and the main assenbly devel opnent coupling
53caresingkaedrefsthorach other with the gap 80 between
t he engagi ng portion bearing nenber 19 and the
drunrear bearing 11. The axis 25k of the devel opi ng

por (1 ofi-235 BFTTS G 57 SBEF GTOTHEURR a1
d | t ling.53 bst I all l i d. The -
di BERREER T7 bih THES7ERRRTT VEoUr Ui S 1 AP OGRS I

fopaBo PR PFEEH IR RRLTTE fok Dl B R wuiTey 29

t hEQFQHdtHgiﬁoé'géérﬂlglgzdﬂ@én £ e 41Ri Js ASSeEMYEr to be

devel opnent coupling 53 rotated i ndependently of the
dr gaLde i ¥8=GOUP! tHE 66cHRR APt d e he dwitad | onal
driving force to the photosensitive drum1 .
Therehehessibe natbaengeeof thdeseaiad ingnirofaddwmbly
devel oping roller 25 to the rotational accuracy of the
phdtosensrényeigds uom Imésbasupprestses, and furt her nore,
the rotational accuracy of the developing roller 25
per se is inproved, and therefore, the inmage quality
is inproved. In addition, the driving side engagi ng
portion 23 of the A dham coupling 20 is positioned
relative to the cartridge 7, and it is novable in the
direction crossing wwth the axis 25k of the devel opi ng
roller 25, and therefore, the main assenbly

g~ o e



urgi ng nenber 18 which is provided on the side cover
48 and which is a twisted coil spring contacts to the

woagusionmisportion 19c of the engaging portion bperimr®or/071675
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menber 19. By this, the driving side engaging portion
23 is urdged in the direction cepssing wth the axi al
direction of the-developing roller 25. Therefore, the
contact portion 19d of the engaging portion bearing
menber 19 is contacted to the contact portion
27fprovided in the cleaning frane 27, so that the
engagi ng portion bearin nber 19 i s positjioned jn
ol ace. STheAcBROGETS poT 1T BHOER 1 2670 N el 1t e
27 hs forned.gy t wo surfacgs.ﬁhich a%edin aral l el.

wi VREFR&"ak 80P PRES phot b5EhSPTi Ve dY URT 1% and $h ThI
co Ltute [ L.on,. : The. ¢l ' f 7 1is
o Bor st RS ERe HHBLE b oL F EB04B0e LR NS

dr upneat nheat kagr 1dni o PaEYIEedo i 01897 by Wb iy ynit
positioning portion |ib. Therefore, the driving side
engadi R8iPAr hPPoRBsr pbELEEbYy SHRPAr E€gadInd NSortion,
engagi ng portion bearing nenber 19 is positioned with
hi ghdpesectsengagehgt pyetiont he posationeaxts «fid he
phot osensitive drum 1 and the main assenbly | OOA of

t heodgpagapostibor thhosgh easod, engagiamg beo poser | oreedi ng
with high precision relative to the axis 53d of the
mainamassenbl y devel opnent coupling 53 provided in the
mai n assenbly | OOA of the apparatus. The other .
structures are the sane as that of those of the first
enbodi_nent, and the effects simlar to the effects of

the fil’st @nBbAFARNt CAF BT pPOVi HeUC T ENbDdF Penta 3 1/

’

Al t hough the. d dham coupl{ng is used as the af t
colBRFRG arber Tact e} Do ditifivets, o Rty

whj [ he elastic portion may be used as the
in%épﬁ%ngfy engagi ng portion 22 of the shaft coupling
menber 20 as shown in Figure 17, in the :
processcartridge which includes the devel oping roller
whi ch 1has ﬁ!nﬁB@&ésg“ aaEt £1dgé Na &t @rd nd Too tdeaishal t
coupl i ng nenber 20 conprises a driven side engagi ng
povhéepailsadd shd£r nedu@l yn@ngagbeny poctudas 24 aabstaic
driving side engaging portion 23. The internediary
engagt hgnpbeti parmnhct e sa adepid g etMeerdrdrverkisi det
engagi ng portion 21 is provided with a boss 2la for

t hea éfgapeashid PO ¥ O RIAAER 225 R atdiyd daweloping
driving side engaging portion 23 is provided with a
boggl%gﬁ'mhich engages with the spring 22. The spring
22 is provided with an arm portion 22a engaged wi th

the driven side engaging portion boss 2l1a, and an arm
porti 22p e i L Vi i ngaqi
L
Sl ésreﬁsﬁgmg PRTihO% 23 15 fatStably engaged with the
hol e 19a of the engagi ng portion bearing nmenber 19.
Theodpivsggsi de engagi ng portion 23 is provided

-integrally with the projections 23cl - 23c4 engaged

25

W th the nei)naasseahkbyléererepmeatncaspknbyyS53r e ch
is the second main assenbly drive transm ssi on nenber
of t thesmis i as seertbgr | DON of ro et Aplparsdarsid Siaxn arl y
to enbodinment 1 , when the drive of the main assenbly
| Gopsefbl viedappar afassmss $¥Ahgwemef to the driving

si de engaging portion 23, the drive is transmtted to-
the arm poritilod PZRC6FSt RETEBEAAG POURFBFh fRBachably to
devel opment side coupling boss 23a. The rotationa
driving force transmtted to the spring22 is
transmtted to the boss 21a of the foll owengagi ng
portion 21 fromthe arm portion 22a of the spring 22.
As shown in Figure 18, although the spring 22 is used
as the intermedi ary engagi ng portion in this

enbodi nent, an el astic rubber 22 of the

o s - o " e L



the hole Hf is large as conpared with the outer
di anmeter of the driving side engaging portion 23. More

w@aklebarly, the driving side engagi ng portipgorz007/071675
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i sretained for novenent in the direction crossing with
the axis of the devel oping roldger 25 relative to the
hole Hf . As shown in Figure 18, in enbodinent 1 , the
driving side engaging portion 23 is positioned through
t he engagi ng portion bearing nmenber 19 with the

dethat nahnresaehybyt of t hlee aapa BB Hfof aimi n
assenbl y devel opnent coupling 53 in the di rection of
poSlEeFrbRPPABCFRUBRPRECt IMade HUMREAPRARRTYY 11. |n
this enbodi nent, the structure is such that the axis
23c5 of t @ idk PHASGSS G@Térdagrnd ForEBA 23 devi at es

to whichever dir ctl n wth respe to the direction
cr 056 ng Vit IF G t&ﬂfﬁﬁ%l&@@%%ﬁfﬁasaswsr3 B
For this rea S0, SO mh r e 7

enters thg'naln]éggrﬁ%l ﬁ ? ? eézﬁ tugg t he

dré!é&‘?ré%@&fﬁg?ﬁ’cé‘ﬂt pa%é r}%ﬁné& Sty i n the

engagenen e min a developnent coupl i ng
53¢1ELOHESndod PApht L %ﬁ&@&@&léf@l@ alnher &, the
driving side engaging portion 23 is positioned by the
naagva§§§gp}y devel opnent coupllng (unshown) . In nore
detail, the driving side engaging portion 23 is
p03|t|one@ layr uih & ol 1 n@s sefbky , devekvageenbnconpl argal
(unshown) , by which it is in the state of not

coandcdf ngatdiee heterdphotsy sdmwie i rh & greres 120, ve februm,
hol e 27f for retaining the driving side engagi ng
poEProRNQ3Ihy Wethpr ee debir $th M o ssaiinly fdaEme 27.
The other structures are the sane as that_ofthose of

t hETRNPBRES PR ITHBRART 2P pFaRF e Y & 8ttt sinil ar

toth ff f.the_first di O h Ex I

SR A Sl R T
t hi

o OFRRa R LB AP L S Ll

bym8ﬁﬁf§§ £%eghérh%bﬁoug i éf“%ﬁﬂﬂéﬁﬂé?agdg along an

nment | one ove e i mage formng apparatus

I Sakhg1typecof idni HEesaid r@lé&tﬁ&%ﬁoﬂd&j&%{ﬁﬂl@ i s not
limted to this. For exanple, it is applicable also to
ot protbsegei f Dvéri digumppar at uses, such as the copyi ng
machi ne and the facsimle device, and the image '
form ng appahatfrsesupdicly asmheconposivtidednohi ape axial
thereof. In addition, although the internediary
trandfef sehbedevelembmg | ¥rt e enfwdi trattstwiritinshed
above, the color: toner inmages are superl osedl y

t r BRSPRA r BAL Bt N2 hedF HY B el 7S ‘Hridhst gf

tially d the t [
in g?ﬁéﬁ?%ﬁiyb%{]%%‘? o1 iR L T3 P ATEE R Tt R Y
trgnsfertgg i $%Imé@5% %Ej Hpe>g{e§§gnsa dentlon
it e“c‘i or

I'S no exanple, In.an

alﬁggg?ggyg s{gyféyreanahe recordlng material carrying

ed and the color toner inmages are
super i nposgding itr arsteshad tosbapt hagr REALALFNINARLEGES ahn
carried by the recording naterial carrying member
segHgabiag | yorThen siot | @figed frertsi ar epioWatechaverint he
present invention is applied to these types of inmage
f oasbagb Appar atelsesan #si hasomhesmises @riddackceiving the
her ei nbefore, according to the present invention, the
| asgeondi detfprondhk enyagegreinras t vitdre senighginagess
portion and the second main assenbly drive
transm ssi on nmenber i s unnecessary. Accordingly, the
process cartridge and the el ectrophotographic inmage
form ng apparatus are downsi zed. Furthernore, the
engagi ng portion and the second main assenbly drive
transm ssi on nmenber of the shaft coupling nenber
engage with each other snoothly, and therefore, the



reference to the structures disclosed herein, it is
not confined to the details set forth, and this

W@ RRkleAas3 on i s intended to cover such nodifi Cpdi/PRsoAT1675
changes as may cone within the purposes of the
i nprovenents or the scope of tf#ye foll ow ng
clainms. CLAIMS 1 . A process cartridge detachably
nountable to a nmai n assenbly of an electrophotographic
i mge form ng apparatus, wherein the main assenbly
i nchgtiesdgef Lpsmovptad ab et e e bis sk by jafe the
transm ssi on nenber, and a second rotatable main
asSBRBFPLHET vener ansfi 987 RenBRFt 1% 1P fiodye in a
cartridge conprisin an el ectrophot gr ap hi c
ph8t16§€ $PRi GEOBFY ‘élﬁ}évE]P%p%galr o‘?%re‘? fipn of said

ctrostatic. | atent |rm

d
SoHevaRanlpEnrel B LR S Lt et e T e
; Seyelopg 2o dUURE9UBL pRbeE, ot oY ded on onc

axi a sai rop raphi ¢ phot osensitive
drum for @ngggi fgh fof! FERWA naS%ﬁgbkgcggayr%g
transm ssi on ne d transn1tt|ng a first .
rohggbgggh_dr|V|ng force to the el ectrophotographic
phot osensitive drum when said process cartridge is
mounted to the nmain assenbly of the apparatus al ong an
axi al direction of said el ectrophotographic

phot osensi Ahvepdavatuandceostatd couplaing IenbBrrther
provi ded on one axial end of said developing roller,

10 f orompansAnyt & nga &n sesoemb kit e $ bedn trd \Bawg oy der
with a deviation permtted between an axis of the
sepOAdtAANANESSRRBI gr@i@@% ¢ BRIl n SR At ténh @
axi s of salddevelo ing ro wherei n sai d_shaft
coeﬁpmnaeﬁéhﬁ@r #h wd%%l%nh%%@,ﬂaw PP ofP ¥ or

mﬁth t he, second |n asse

Cr SRORPLSTBR RRHBERE B P beet Vingr Te b e
ro n n rce, when said process cartridge

Eggbﬁfgh ? ?%egﬁ%ﬁn assenbly of the apparatus; and

15sald engagi ng portion is novable in a direction

crossing with the axial direction of said devel oping
rol |l en mheansapfapsO6ESScEFEIh§l0Eo Nt £irs 58 dyHEHdIN
assenbly of the apparatus. 2 . A process cartridge
accaedsbgoha @hanhmadsemiwher@r hves att threswgiagg ingh peartbeon is
is positioned to a holding portion provided on said
prpcessdedrwitdge hgldefoy urgesnittine Yrosannd
direction when said process cartridge enters the main
assehbFjopplt ABl epparberse, Sreralprviddela thy gggaged

accordlng to Cdaim2 , wherein said holdlnqgfortlon IS
20pr8& Be@l BROASAF LA REPY HECF o sTPHOITIIRF T zﬁ%ﬂﬂ%?n
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in the main assenbly of the apparatus. 5 . A process

Capbhbdgei 3CGe§8E NBohfr & §h 1 2o r ot ed Ay 158 dh ol ydiaig
portion is provided on a frane of said process

25 caltrgi dgemefiber Ap PO Ot@ss tar$4idges Ac oy chmigl it @ fCltalem
5, wherein said frane is provided with a drum beari ng
hawppgratoartri dge positioning portion for positioning
said process cartridge by contacting to the main
assenbly positioning portion provided in the main
assenbly of the apparatus, said drum bearing being
effective to support rotatably said
el ect rophot ogr aphi ¢ photosensitive drum 7 . A process
cartridge according to Caim2 , wherein said process
cartridge includes an urging nenber for urging said
engagi ng portion in the crossing direction. 8 . A
process cartridge according to Claim1l , mhereln said

.



menber. 10. A process cartridge according to Caiml
wherein said shaft coupling nmenber is an A dham

wOostRlohag, 11. A process cartridge according tpcthpdoddriers
, Wherein said shaft coupling nenber includes an
el astic portion for permttingga deviation between an
axi s of said engaging portion and an axis of said
devel oping roller. 12. An el ectrophotographic i nage
form ng apparatus for formng an image on a recording
mat er ildl., Bonpppsiragus (&fcardnatabl@ldim skZ,maiherein
assenbly drive transm ssion nenber and a rotatable
seEBAdSAEPRdaBaeRbR§SERPVE ¥ BYR nt 531 U Sekiemenkqr) ag
process cartridge nounted, detachably tothe main
as5EADPYL8F 1 PRTIPRAF AP RS b OREI A RAECH D PRSI ¢
i mage. form ng apparatus; said rocess.cartrhfge ,
| nEE GBI RG: S an"er GLES GRPBE DGR aphi KO PHot U ciisid NS
a developing roller_for devel opin el ectrostatic

5 1o Eh e Patiof of oo nd T BTl ofirait
PhOLOSERSLLLYE ALHBLI Lhy 2 devel oper: a drum coupling
menber, provided on one axial end of said
el ect rophot ogr aphi ¢ phot osensitive drum for engagi ng
with the first main assenbly drive transm ssion nenber
and transmtting a first rotational driving force to
t he el ect rophot ographi ¢ photosensitive drum when said
process cartridge is nmounted to the main assenbly of
the apparatus along an axial direction of said
el ect rophot ogr aphi ¢ photosensitive drum a shaft
coupl i ng nmenber, provided on one axial end of said
devel oping roller, for transmtting a second
rotational driving force with a deviation permtted
bet ween an axis of the second nmai n assenbl ydrive
‘transm ssi on nmenber and an axis of said devel opi ng
roller; and wherein said shaft coupling nenber
i ncl udes an engagi ng portion for engaging with the
second nmai n assenbly drive transm ssion nenber and
recei ving the second rotational driving force, when
sai d processcartridge is nounted to the main assenbly
of the apparatus; and said engaging portion is novable
in a direction crossing wwth the axial direction of
sai d devel oping roller when sai'd process cartridge
enters said main assenbly of the apparatus; and (iii)
feedi ng neans for feeding the recording material . 13.
An apparatus according to Claim 12, further conprising
a mai n assenbly positioning portion for positioning
said process cartridge by engaging with a drum beari ng
havi ng sai d hol ding portion for supporting rotatably
sai d el ectrophot ographi ¢ photosensitive drum 14. An
apparatus according to Caim1l2, wherein the second
mai n assenbly drive transm ssion nmenber is provided
with a hole for transmtting the second rotationa
driving force, wherein said hole is engaged with a
proj ection provided on said engagi ng portion when the
second mai n assenbly drive transm ssion nmenber is
engaged with said engagi ng portion, and wherein the
second mai n assenbly drive transm ssion nenber is
urged toward said process cartridge by an urging
menber provided in said nmain assenbly of the apparatus
.15. An apparatus according to Claim12, wherein the
second nmai n assenbly drive transm ssion nenber a
transm ssi on nenber positioning portion engageabl e
with said engaging portion to position said engagi ng
portion when the second main assenbly drive
transm ssi on nenber rotates.



