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GENETIC MARKERS FOR RISK MANAGEMENT OF CARDIAC
ARRHYTHMIA

BACKGROUND OF THE INVENTION

Cardtac arrhythmla is a group of medical conditions, In which the electrical activity
af the heart Is Imegular, or is slower or faster than normal. Some arrhythmilas are life-
threatening, and can cause cardlac arrest or sudden death. Others cause, or predispose
to, othar aggravating symptoms or disease, Including stroke. Flbrillatlon is a serious forrn
of arrhythmla, In which the heart muscle presents with Irregular or qulvering motion dus te
lack of unlty In the functlon of contractile cells. FibHllation can affect the atrium (Atrial
Fibrillation (AF) or Atrial Flutter (AFL}), or the ventricle {(ventricular Pibdllation {VF)).

Atrlal ﬂbril]al:h-::n (AF) Is an abnormal heart rhythm (cardlac arrbiythmia} which
Involves the two small, upper heart chambers (the atria). Heart beats In a normal heart
begin after electricity generated In the atrla by the sinoatrial node spreads through the
heart and causes cortraction of the heart muscie and pumping of blood. In AF, the regular
electrical Impulses of the sinoatrial node are replaced by dfsnrganizad, rapid electrical
Impulses which result In Irregular heart beats.

Atrial fibrillatten Is the most common cardlac arrhythmta, The rislk of developlng
abrial Abrillation Increases with age — AF affects four percent of Individuals in thelr 80s. An
mdividual may spontaneously alternate between AF and a normal rhythm (paroxysmal
atrial fibrilation) or may continue with AF as the dominant cardlac rhythm without
reverslan to the normal rhythm (chronic atrial fbriflation}. Atrlal Abrillatlon is often
asympkomatic, but may result in symptams of palp!tatlons, falnting, chest paln, or even
heart fallure. These symptoms are especially comman when atrial fibrllation results In a
heart rake which Is elther too fast or too slow. In addition, the erratlc moton of the atrla
leads to blood stagration {stasis) which Increases the risk of blood clots that may travel
From the heart to tha braln ang other areas, Thus, AF Is an Important risk factor for stroke,
the most feared complication of atrial fibriliatlon.

The symptoms of atrial fibrillation may be treated with medications which slow the
heart rate. Several medlcations as well as electrical cerdioversion may be used to convert
AF to & normal heart rhythmn. Surglcal and catheter-based theraples may also be used to
prevent atrial fibrillation In certaln individuals. People with AF are often glven blond
thinners such as warfarin to protect them from strokes.
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Any patlent with 2 or more fdentiffed eplscdes of atral fAbrillation is said to have
recurrent atral fibrillaon, This Is further classifled Into paroxysmal and persistent based
on when the eplsode terminates without therapy. Atral fibrltabon Is sald ko be paroxysmal
when [t terminates spontansously within 7 days, most commonly within 24 hours.
Persistent ar chronlc atrlal fibrillation Is AF established for more than seven days.
Cifferentiztlon of paroxysmal frarmn chronlc or established AF is based on the history of
recurrent eplsodes and the duratlon of the current eplsode of AF (Levy 5., J Cordiovasc
Efectrophysicl. B Suppl, 578-82 {1938)).

Lone atrial fibrllztlon {LAF} is defined as atrlal fibrillation In the absenca of dinlcal
or echocardlographilc findings of cardiopulmonary disease.

Atrial fibrdllation Is uswally accompanled by symptoms related bo elther the rapld
heart rake or embolization. Rapld and Irregular heart rates may be percelved as
palpitations, exerclse Intolerance, and octasionally produce anginz and congestive
symptoms of shortness of breath or edema. Somatimas the arrhythmiz will be Identifled
with the onset of a stroke or a2 translent Ischemle attack (TTA). It Is not uncommeon to
identlfy atrlal fibrillabien on a routine physlcal examination or electrocardicgram
(ECG/EKG), as It may be asymptomatic In some cases. Paroxysmal alrial fibrillation Is the
eplsodlc cccurrence of the arrhythmla and may be difficult to diagnose. Eplsodes may
oceur with sleep or with exerdse, and their episadic nature may require prolonged ECG

monitering {e.q0. a8 Holter monjtor) far diagnaosis.

Atrlal fibrllation Is dlagnesed on an electrecardlogram, an Investlgatlon performed
routinely whenever frregular heart beat Is suspected. Characteristic findings include
absance of P waves, uncrganlzed electrical activity In thelr place and irregularity of R-R
Interval due to lregular conductlon of Impulses to the ventricles. If paroxysmal AF Is
suspected, eplsodes may be documented with the use of Holter monitoring {continuous
ECG recording for 24 hours or longer).

While many cases of AF have no definite cause, It may be the resuit of various
other problems (see belaw). Hence, renal function and electrolytes are routinely
determined, as well as thyroid-slimulating hormone and a blood count. A chest X-ray Is
generally performed. In acute-onsel AF assoclated with chest paln, cardiac troponins or
other markers of damage ko the heart muscle may be ordared. Coagulation studles
{INR/aPTT; are usually performad, as antlcoagulant medication may be commenced. A
trensesophageal echocardiogram may be Indlcated to Identify any Intracardiac thrombus
{Fuster V., et /., Clrculatlon. ;104, 2118-2150 (2001)).

Alrial Flubter (AFT) Is charecterized by an abnormal fast heart rhythm in the atra.
Patlents who present with atrlal flutter commaonly also experience Atrial Fibrdllation and
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vlce versa (Waldo, A., Progr Cardiovasc Disease, 48;41-56 (2005)). Mechan/stically and
blclogically, AF and AFl are thus likely to be highly related,

AF {and AFl) Is linked to several cardlac causes, but may occur In otharwlse normal
hears, Known assoclations indude: High blood pressure, Mitral stenasis (e.g. due to
rheumatic heart disease or mitral valve prolapse), Mitral regurgitation, Heart surgery,
Coronary artery disease, Hypertrophic cardlomyopathy, Excesslve ateohol consumption
("binge drinking” or "holiday heart™), Hyperthyroldism, Hyperstimulation of the vagus
nerve, usually by having large meals ("blnge eating™}, Lung pathology (such as
pneumoenia, lung cancer, pulmonary embollsm, Sarcoldosis), Pericarditls, Intense
emotlonal turmaoll, and Congenltzl heart disease.

The normal electrical conduction system of the heart allows the Impulse that Is
generated by the sincatrial node (SA node) of the heart to be propagated to and stimulate
the myoacardlum {muscle of the heart). When the myocardium Is stimulated, It contracts. It
Is the ordered stimulatlon of the myocardlum that allows efficlent contractior of the heart,
thereby allowling Bleod to be pumped to the bedy. In atrial fibrlllation, the regular
Impulses produced by the sinus node to provide rhythm!c contraction of the heart are
overwhelmed by the rapid randomly generated discharges produced by larger areas of
atrial lissue, An organtzed electrical Impulse In the atium produces atrial contracton; the
lack of such an Impulse, as In atrial fibrillation, produces stagnant blood flow, espedally In
the atrlal appendage and predisposes to clotting. The dislodgement of a clat from the
atrium results In an ernbolus, and the damage produced Is related to where the clraulation
takes It. An embolus to the brain produces the most feared complication of atrlal
fibrillatlon, stroke, while an embolus may also lodge in the mesenteric dreulatlon (the
clrculation supplying the abdorrinal organs} or dight, preducing argan-speclfic damage.

Treatment of altrial fibrillation Is directed by two maln objectives: (1) prevent
termporary clrculatory Instabllity; {II) prevent stroke. ‘The moest common methods for
achleving the former Includes rate and rhythm control, while anticoagulation is usually the
deslred method for the latter (Prystowsky E.N., A J Cardiol.;B5, 3D-11D (2000); van
Walraven C, ef af., Jama. 288, 2441-2448 (2002)). Common methods for rate control, l.e.
for reducing heart rate to normal, Include beta blockers (e.g., metotprolol), cardlac
glycosldes (e.g., dlgoxin) and =lcium channel blockers (&.g., verapamil). All these
medlcatlons work by slowing down the generatlon of pulses from the atria, and the
conductlon from the alria to the ventricles. Other drugs commonly used Include quinidine,
fecalnide, propafenone, disopyramide, sotalol and amlodarone. Rhythm contro! can be
achleved by electrlcal cardioversicn, l.e. by applying DC electrical shock, or by chamical
cardloverslon, using drugs such as amlodarione, propafenone and flecalnlde.
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Freventlve maasures for stroke Include antlicoagulants. Representative examples
of antlcsagulant agents are Dalteparin (e.q., Fragmin), Danaparcid {e.g., Crgaran),
Encxaparin (e.g., Lovencx), Heparin {varlous), Tinzaparn (e.g., Innohep), Warfarln {e.g.,
Coumnadin). Some patients with lone atria! fibrllstlon are sumetlmé.s breated with asplirin
or clopldogrel, There Is evidence that aspirin and clopldogrel are effective when used
together, but the comblnation Is stll Inferior to warfarin {Connolly 5., ef 3/, Lancet.;367,
1503-1912 (2006)).(2) The new anbcoagulant kimelagatran has been shown to prevent
stroke with equal efficacy as warfarin, without the difffcult menitering process assoclated
with warfarin and with possibly fewer adverse haemorrhaglc events. Unfortunately,
xImegalatran and other simllar anticoagulant drugs {commonly referred to as direct
thrombin Inhihltors), have yet ta bz widely licensed.,

Determining who should and should not recelve anti-coagulation with warfarin Is
not stralghtforward. The CHADSZ2 score Is the best valldated method of determining risk of
stroke (and therafore whao should be anticmagulated). The UK NICE guldellnes have Instead
opted for an algorithm approach. The undedying problem Is that IF 2 patlent has a yearly
risk of stroke that Is less than 2%, then the risks assoclabted with taking warfarin outwelgh
the risk of getting a strolea {Gage B.F, ef 3. Stmke 29, 1083-1091 {1998))

Atrlal fibrillation can sometimes be controlled with treatment. The nabural tendency
of atrial Abrlllabon, however, is to bacomea a chronle condition. Chronle AF leads to an
increased risk of death, Patients with atrizl Abrillatlon are at slgniflcantly Increased chance
of stroke,

Atrial fibrillzton is common among older adults. In developed countries, the
number of patients with atral Abrillation is likely to increase during the next 50 years, due
to the growlng proportlon of elderly Individuals {Go A.S. et af., Jama., 285, 2370-2375
(2001))(3). In the Framingham study the lIfetime risk for development of AF is 1 In 4 for
men and women 40 years of age and clder. Lifetime risks for AF are high {1 In 6).
According to data from the Natlonal Hospltal Discharge Survey {1996-2001) on cases that
included AF as a primary discharge dlagnosis found that 45% of the patients are male, and
that the meaan a2ge for men was 66.8 years and 74.5 for wornen. The raclal breakdown for
admisslons was found to be 71.2 % white, 5.6% black,2% other races, and 20% not
specifled. Furthermore, African American patlents were, on avarage, much younger than
other racas, The Inddenge In men ranged from 20.58/100,000 perscns per year for
patients ages 15-44 years to 1203/100,000 persons per years for those ages 85 and clder.
From 1996-2001, hospltallzations wlth AF as the Arst lished dlagnosis, Increased by 34%.

Stroke Is a common and serlous disease, Each year In the Uplted States more than
£00,000 Individuals suffer a stroke and more than 160,000 dle from stroke-related cavses
{Sacco, R.L. ef &f., Stroke 28, 1507-17 (1997)). Furthermore, over 300,000 Indlviduals
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present with Translent Ischemic Attack, a mlid form of stroke, every year In the US. In
western countrles skroke Is the leading cause of severe disabillty and the third leading
cause of death (Bonita, R., Lancet 339, 342-4 {1992)). The lifetime risk of those who
reach the age of 40 exceeds 10%,

The dinical phenotype of stroke |s complex but Is broadly divided Into ischemlc
{accounting for B0-90%:} and hemorrhagic stroke (10-20%) (Caplan, L.R. Caplan s
Stroke: A Clinical Approach, 1-556 {Butterworth-Helnemann, 200M). Ischemlc stroke is
further subdlivided Into [arge vessel occluslve disease {referred to hera as carotld strolee),
usuzlly due to atherosclerotlc Involvement of the common and Intemal caroild arteries,
small vessel acrlusive disease, thought to be a non-atherosclerotlic narrowing of small end-
arteHes within the braln, and cardlogenic stroke due to blood dots arising from the heart
usually on the backgroung of atrlal fibrillatlon or ischamic (atheroscleroticy heart disease
{Adams, H.P., r. at al., Stroke 24, 35-41 (1993)). Therefore, It appears that stroke Is not
one disease but a heterogeneous group of disarders reflecting differences In the
pathoganlc mechanlsms {Alberts, M.J. GeneHos of Cerebrovascular Disease, 386 {Futura
Publishing Company, Inc., New Yorlk, 1999); Hassan, A. & Markus, H.5. Brain 123, 1764~
812 (2000)). However, all forms of stroke share risk factors such as hypertenslon,
diabetes, hyperlipldemla, and smoking (Sacco, R.L. ef al., Stroke 28, 1507-17 [{1997);
Leys, D et af., J. Newrol, 249, 507-17 {2002)). Famlly history of stroke is alsc an
Independent risk factor suggesting the exlstence of genetlc factors that may Interact with
envirenmental factors {Hassan, A. & Markus, H.S. Brafn 123, 1784-812 (2000); Brass,
L.M. & Alberts, M.). Baifllferes Clin. Neurof, 4, 221-45 (1995)).

The genetlc determinants of the commen forms of stroke are stlll largely unknown.
There are examples of mutatlons In specific genes that cause rare Mendelian forms of
stroke such as the Notch3 gene In CADASIL (cerebral autosomal dominant arteriopathy
with subcortical \nfarctlons and leukoencephalopathy} (Tournler-Lasserve, E. et af., NMat.
Genet. 3, 256-9 (1993); Joutel, A. et al., Mature 382, 707-10 {1956)), Cystatln Cin the
Icelandlc type of hereditary cerebral hemorrhage with amyloidosls (Palsdottr, A. ef &l
Lancet 2, §03-4 {1988)), APP In the Dukch type of heredltary cerebral hemorrhage {Levy,
E. et al,, Sclence 248, 1124-6 (1590)) and the KRIT1 gene In patlents with hereditary
cavermous angloma (Gunel, M. ef af., Proc. Nall. Acad. 54l USA g2, 6620-4 (1995);
Sahoo, T. et al., Hum. Mof, Genpet. B, 2325-33 {1999)). None of these rare forms of stroke
oceur on the background of atherosclerosls, and therefore, the corresponding genes are
nat likely to play roles in the common forms of stroke which most often occur with

atherosclermsls.

It Is very Important for the health care system to develop strategles to prevent
stroke. Oncz a stroke happens, Irreversible cell death occurs In a slgnificant pertlon of the
braln supplied by the blood vessel affected by the stroke. Unfortunately, the neurons that
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die cannet be revived or replaced from a stem cell population. Therefore, there is a need
ko prevent strokes from happening in the first place. Although we already know of certaln
clinical risk factors that Increase stroke risk {llsted above), there 1s an unmet medical need
to define the genetlc factors Involved in stroke to more precisely define strake risk.
Further, If predispesing alleles are common In the general population and the speclficty of
predicting a disease based on thelr presence Is low, additonal locl such as protective lod
are needed for meaningful prediction of disposition of the disease state, There Is alsc a
great need for therapeutic agents for preventing the first stroke or further strokes In

- Individuals who have suffered a previous stroke or translent Ischemle attack.

AF Is an Independent risk factor for stroke, Increasing risk about 5-fold. The risk
for stroke attributable to AF Increases with age. AF Is responslble for about 15-20% of all
strokes. AF Is also an Independent risk factor for stroke recurrence and stroke severity. A
recent report showed pecple who had AF and wera not treated with antlcoagulants had a
2.1-fold increase In risk for recurrent stroke and a 2.4 fold increase In risk for recurrent
severe stroke. People who have stroke caused by AF have been reported as 2.23 timas
more likely to be bedridden compared to those who have strokes from other causes.

There is @ need far an understanding of the susceptibility factors leading to
increasad predisposition for AF and stroke. Identifiation of at-risk varlants for AF can, for
example, be useaful for assessing which Individuals are at particularly high risk for AF and
subsequent stroke, Furthermore, preventive treatment can be adminlsterad to individuals
suffering from AF and who are carders of at-risk susceptibillty variants for AF andfor
stroke. Finally, ldentification of at-risk variants for AF and/or stroke can lead to the
identiflcation of new targets for drug therapy, as well as the development of novel
therapeutic measures.

1) RY TION

The present inventlon relates to the discovery that certaln genetlc markers have
been shown to be associated with cardlac arrhythmia, in particular atrlal flbrillation and
atrial flutter, and stroke. This discovery can be utllized in a variety of metheds,
procedures, apparzaius, medla and ldts, as described hereln, relating te metheds and
procedures of dlagnosis andfor determination of a susceptibillty, methods of genotyping
assoclated variants, methods of predicting response to therapeutlc agents, methads of
predicting prognosls, methods of monltoring progress of treatment, and systems and kits
for use In such methods.
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One aspect of the Inventlon relates to a method of determining a suscapkibillty to
cardlac arrhythmia or stroke In a human Individual, the method comprising detarmining
the presence or absence of at least one allele of at least one polymorphlc marker In a
nuclelc acld sample from the Individual, whereln the at least one polymorphlc marker Is
selected from the polymorphlc markers set forth In Table 5, and markers In linkage
disequilibriur therewith, whereln determination of the presence cor absence of the al least
ane allele Is Indlcative of a susceptibllity bo cardlac arrhythmia or stroke In the Indlvidual.
In one embodiment, the at least one polymorphlc marker is located within the LD Block
€04, set forth in SEQ ID ND:50 hereln. In another embodiment, the at least one
polymorphic marker Is selected from the markers set forth In Table 9, and markers in
linkage disequlllbrium therewlth. In one embodiment, the at least one marier Is selected
from marker rs2220427 (SEQ 1D NO:1) and marker rs10033464 {SEQ ID NO:41), and
markers In linkage disequillbrium therewith, In another embodiment, the at least one
polymorphle marker Is selected from the markers set forthy In Table 19. In cne
ernbodiment, the method further comprisas a step of assessing at least one haplotype
comprising at least two polymorphic markers In the Indlvidual,

In anocther aspect, the Invention relates to a method of determining a susceptlbllty
to cardiac arrhythmla or stroke In a human Indlvidual, comprising determining whether at
least one at-risk zllele In at least one polymorphic marker !s present in 2 genotype dataset
derlved From the Individual, whereln the at least one polymarphlc marker Is selected from
the markers set forth In Table 5, and markers In linkage dlsequllibrium therewlth;, and
whereln deterrnination of the presence of the at least one at-risk allele Is indicatlve of
Increased susceptibllity to cardlac arrhythmla or stroke In the indlvidual.

The genolype dataset comprises In one embodiment Information about marker
Identity, and the allelic status of the Individual For the at least one polymorphle marker, l.e.
Information about the ldentity of the two alleles carried by the Individual for the marier
and/or Informaticn about whether an Individual is a carrier of a particular at-risk allele for
the at least one polymarphic marker. The genotype dataset may comprise allellc
information about one or more marker, Including two or more markers, three or more
markers, five ar more markers, one hundred or more markers, etc. In some
embodiments, the genotype dataset comprises genotype Information from a whole-
genome assessment of the Individual induding hundreds of thousands of markers, or even

one milllon or more markers,

The Invention, In ancther aspact, relates to a procedura comprising a step of
analyzing 2 nucletc acld from a human Indlvidual to determine the presence or absence of
at least one allele of at least ane pelymorphlc marker or haplotype assoclated with the
genomlc sequence with sequence as set forth In SEQ ID NO:50; and a step of determining
the status of a genetic Indlcator of cardiac arrhythmila or stroke In the Individual from the
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presence or absence of the at least one marker or haplotype. Thus the genolype andfar
haplotype status of the Individual 1s used as In Indicator of cardlac arrhythmia, Including
atrial fibrliation and atrlal flutter, as well as stroke, In the Individual.

The Invention also relates to a method of assessing a susceptlbllity to cardlac
arrhythimiz or stroke In @ human Individual, comprising saeening a nuclale acld from the
Indlvidual for at least one polymerphlc mariker or haplotype In SEQ ID NC:50 that
correlates with Increased occurrence of cardlac arrhythmia or stroke In a human
population; whereln determination of the presance of an at-risk marker allele In the at
least one polymarphlsm or an at-risk haplotype in the nuclelc acld Identifies the Indlvidual
as having elevated susceptioliity to cardlac arrhythmia andfor stroke, and wherein the
absence of the at least one at-risk marker allele or at-risk haplotype In the nucleic acld
identlfies the Indlvidual as not having tha elevated susceptibllity.

The procedure or methods of the inventicn In one embodiment entall at least one
polymnerphic marker or haplotype comprising a contigucus nucleic acld fragment of LD
block €04 as set forth In SEQ ID NO:50, or the complement thereof, whereln the fragment
Is less than 500 nucieotides In slze and specifically hybridizes to a complimentary segment
of LD block €04, In one embodiment, the freagment s mere than 15 nudeotides and less
than 400 nucleatides In slze, and whereln the fragment speciflcally hybridizes to a
complimentary segment of LD block C04 as set forth in SEQ 1D NO:50.

In alternative embodiments, the susceptlbllity conferred by the polymorphic
markers or haplotypes Is decreased susceptibllity, l.e. the markers and haplotypes of the
Invention confer decreased risk of an individual develops cardlac arrhythmla, including
atrlal frillation a2nd atrial flutter, andfor stroke. In one such emhbodiment, the decreased
susceptibllity Is characterized by an odds ratio (OR) or ralabtive risk (RR} of less than 0.8.
In another embediment, the decreased susceptibility is characterized by an odds ratlo (OR)
of less than 0.7. In another embodiment, the decreased susceptlbllity 1s characterlzed by
an OR or RR of less than 0.6. In another embodiment, the decreased susceptibility is
characterized by OR or RR of less than 0.5, Other embediments relate to other values for
OR or RR Including values of 0.9, 0.85, 0,75, 0.65, 0.55, etc.

Another aspect of the invention relates to a method of Identification of a marker for
use In assessing susceptibility to symptoms assoclated with cardlac arrhiythmla and/or
stroke In a humao Indlvidual, the method comprlsing at least one polymorphle marker
within SEQ ID NO:50, or at least one polymorphic marker In linkage disequilibrium with at
least one marker within SEQ ID NO:50, determining the genctype status of a sample of
Individirzals dlagnosed with cardiac arrhythmia andfor stroke and the genotype status of a
sample of control Individuals, whereln a signlficant diferenca In frequency of at least one
allele in at least one polymorphism In Individuals diagnosed with cardlac arrhythmla and/ar
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stroke as compared with the frequency of the ak least one allele in the contrel sample Is
Indicative of the at least one polymorphlsm being useful for assessing susceplibllity to
cardlac arrhythmla and/or stroke. In one embodiment, an Increase in frequency of the at
least one allele In the at least one polymarphism In Individuals dlagnosed with cardlac
arrhythmla and/or stroke, as compared with the frequency of the at least one allele In the
control sample, 1s Indicative of the at least one polymorphlsm being useful for assessing
Increased susceptibllity to cardlac arrhytbmla. In another embodiment, a deaease in
frequency of the at least one allele In the at Jeast one polymorphlsm In Individuals
dlagnosed with cardlac arrhythmla andfor stroke, as compared with the frequency of the at
least one allele In the control sample, Is Indicative of the at Teast one polymorphlsm belng
useful for assessing decreased susceptibllity to, or pratectlon agalnst, cardlac arrhythmia
and/or stroke. In preferred embodimeants, the slgnificant difference in frequency Is
characterized by a statistical measure. In one embodiment, the statjstical measure Is a P-
value. In particular embodiments, a slgnificant P-value Is less than ©.0%, less than 0.01,
less than 0,001, [ess than 0.0001, less than 0.00001, less than 0.000001, less than
0.00009001 or less than 0.00000001. In other embodiments, the significant difference Is
characterized by an odds ratio (OR) or relatlve risk {RR) with particular confidence interval
(CE} values.

In another aspect, the Inventlon relates to a methed of genotyplng a nuclelc acld
sample obtalnad from a human Indlvidual, comprising determining the presence or
absence of at least one allele of at least ona polymorphlc marker predictive of ncreased
rsk of cardlac arrhythmla andfor stroke In the sample, whereln the at feast one marker Is
selected from the markers set forth In Table 5, and markers In linkage disequlllbrium
therewlth, and whereln determination of the presence or absence ¢f the at least one allale
of the at least one polymorphlc marker Is predictive of increased risk of cardlac arrhythmia
andfor stroke In the Individual. In one embodiment, genctyping Is performed using a
process selected from allele-specific probe hybridization, allele-speclfic primer extenslon,
allele-specific amplification, nuclele acld sequencing, 5-exonuciease dlgestion, malecular
beacon assay, oligonuclectide llgatlon assay, slze analysls, and single-stranded
conformatlon anzlysls. In a preferred embodiment, the process comprises allele-speclfic
probe hybrdizatlon. The process of genotyping preferably comprises amplifylng a segmenkt
of a nudelc acld that comprises the at least one polymorphle marker, by Polymerase
Chaln Reaction (PCR), using a nucleotide primer palr flanking the at least one polymorphlc
marker. In a preferred method of genatyping, the following steps are performed:

1. contacting coples of the nuclelc acld with a detectlon oligonucleotide probe and
an enhancer ollgonucleotide probe under conditions for speclflc hybridization of
the oligonucleotide probe with the nuclelc acld;whereln
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a) the detectlon ollgonucleotide probe Is from 5-100 nudleotides In length and
spacifically hybridizes to a first segment of the nuclelc acld whose
nuclectlde sequence Is given by SEQ 1D NO:50 that comprises at lzast one
polymorphlc site;}

B} the detectlon cligonucleotide probe comprlses & detectable label at Its 3°
termilnus and a quenching moleky at Its 5 terminus:

¢) the enhancer oligonucleotide Is from 5-100 nuclectldes In length and 1s
complementary to a second segment of the nucleotide sequence that Is 5
relabive bo the aligonucleotide probs, such that the enhancer ollgonuclactide
Is located 3° relative to the detection oligonuclectide probe when both
oligonuclectides are hybridized to the nuclele acid; and

d) a single base gap exlsts between the first segment and the second
segment, such that when the ollgonucieotide probe and the enhancear
ollgonuclectlde probe zra both hybridized to the nudelc acld, a single base
gap exists between the oligonuclectides;

2. reating the nucleic acld with an endonuclease that will cleave the detectable
label from the 3' terminps of the detection probe to release free detectable
label when the detectlon probe 1s hybridized to the nuclelc acid; and

measuring free detectable label, wheran the presence of the free detectable label Indlcates
that the detedtion probe speclfically hybrdizes to the first segment of the nuclele acld, and

Indicates the sequence cf the polymorphic site as the complemeant of the detection probe.

A further aspect of the Invention relates to 2 method of determining a susceptibllity
to cardlac arrhythmla or stroke In 2 human Individuzal, the method comprising determining
the identlty of ak least one zllele of at least cne polymorphlc marker In a nuclelc acld
sample obtalned from the individual, wherein the at least one marker Is selected from the
aroup of markers assoclated with the PITX2 gene, whereln the presence of the at least one
allele Is Indlcatlve of a susceptibillty to cardlac arrhythmla or stroke In the individual.

Some embodiments of the Inventlon relate bo a further step of assessing at least
one addtional blomarker for atrlal fibrillation, atrial flutter ar stroke, whereln combining
the genetic Information from the markers provides risk assessmenk for atrial fbrillation,
atrial flutter or stroke. In some of these embodiments, the biomarker Is a genetic marker
or haplotype, |.e. genetlc risk factors shown to be, or contemplated to be, related to
Increased or decreased risk of atrial fibrlllatlon, atrial flutter or stroke. In other
embodiments the blomarker Is a proteln blomarker. The protein blomarker Is In some
embodiments selected from fibrin D-dimer, prothrombln actlvatlon fragment i.2 (F1.2),
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thromb!n-antithrombin III complexes (TAT), fibrinocpeptide A (FPA), llpoprotein-associated
phospholipase AZ {Ip-PLAZ2), beta-thromboglobulin, platelet factor 4, P-selectn, von
Whlebrand Facter, pro-natriurelic peptlde {BNP}, matrix metallaproielnass-9 (MMP-9),
PARK?Y, nucleoslde diphusphate Knase {NDKA), tau, neuron-specific enolase, B-type
neurctrophle growth factor, astrogllal proteln 5-100b, gllal fibrillary zcldic proteln, C-
reactlve proteln, seum amyicld A, marlx metalloprotelnase-2, vascular and Intracellular cell
adheslon molecules, tumor necrosls facter alpha, and Interleukins, Including Interdeukin-1,
-6, and -8). In one embodiment, the at least one blomarker Includes progenitor cells. In
partlicular embodlments, more than one blomarker Is deterrminad. In a preferred
embodiment, the blomarker s measured In plasma frem the Individual, Cther
ermbodiments further relate to combining non-genetlc lnfu!'matlc-n o make risk
assessment, diagnosls, or prognosls of atrlal fikdliatlon, atrlal flutter or stroke In the
Individueal. The nen-genetle informatlen can comprlse age, age at onset of disease, gendar,
ethnldty, previous disease dlagnosis, e.q., dlagnosils of cardlag arrhythmia {e.q., atrial
fibAllatlon) and stroke, medlcal histary of the Individual, famlly history of discase,
blochemlcal measurements, and clinlcal measurements (e.q., blood pressure, serum lipld
levels), Analysls of such combined Infarmation from varlous genetlc markers, or genetic
markars plus non-genetlc markers Is possible by methods known o those skilled In the art.
In ane embodiment, analysls is performed calculating overall sk by loglstlc regrassion,

The Inventlon further relates to a methed of diagnosing Increased susceptibllity of
stoke In a human Indlvidual, comprising the steps of (a) determinlng whether the
Indlvidual has experlenced symptoms assoclated with Atral Hﬁnllattnn, Atrlal Flutterora
Translent Ischemic Attack; (b) determining whether a nuclelc acld sample from the
Individual comprises at least one copy of an at-risk allele of at [east one polymorphilc
rarker selected fram the markers set forth In-Table 5, and markers In linkage
disequilibrivm therewlth; wherein the presence of symptoms assoclated with Atrial
Flbrlllatlon, Atrlal Fiutter andfor Translent Ischemlc Attack and the presence of the at least
one copy of the at-risk allele Iz Indicative of Increased susceptiblilty of stroke,

The Invention In a further aspact relates to a method of agsessing an Indlvidual for
probabllity of response to a therapeutlc agent for praventing and/or amellerating
sympioms assoclatad with cardlac arrhythmla andfor stoke, comprising: determining the
presence or absence of 2t [east one allele of at least one poalymorphic marker In a nuclele
acld sample obtalned from the Individual, wherein the at least one polymorphle marker is
selected from the markers sat forth in Table 9, and markers In linkage disequillbrium
therewlth, whereln determination of the presence of the at least one allele of the at least
onre marker |5 indicatlve of a probabillty of @ posltive response to the therepesutlc agent for
cardlac arthythmla and/or stroke.
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in ane embadiment, the therapeutlc agent Is an antlceagulant, an anti-arrhythmic
agent, & hear rete control agent, a cardloversion agent, or a heart rhythm control agent.
In another embodiment, the therapeutic agent 1s selected from warfarin, heparin, low
molecular weight heparins, factor Xa Inhlbitors, and thrombin lnhlbll;ors, sodium channel -
blockers, beta blockers, potassium channel blockers, and calclum channel blockers.

In ancther embediment, the therapeutic agent Is selected from warfaring,
xlmelagatran, heparin, enoxaparin, dalteparin, tinzaparin, ardeparin, nadroparin, reviparin,
fondapannux, |draparinux, leplrudin, blvallrudin, argatroban, danaf:-arnld, disopyramide,
moridzine, procalnamide, quinldine, tidecalne, mexiletine, tocalnlds, phenytoln, encalnide,
flecainlde, propafencne, ajmaline, cibenzoline, detajmlum, esmolal, propranolal,
metoprolol, alprenolal, atenolol, cér'.redilul, blsoprolol, acebutolol, nadalol, pindololol,
labetalol, oxpranotel, penbutclol, dmolal, betaxolol, carielol, satalol, levobunolal,
amlodarone, azimllide, bretylium, dufetllide, tedisamill, Ibutilide, semakilide, N-acelkyl
praocainamide, nifekalant hydrochlerde, vernakalant, ambasiide, verpamil, mibefradil,
dlltlazem, dlgoxin, adenosine, Ibutliide, amledarone, procalnamlde, profafencne and
fiecainide.

Yet another aspect of the Tnvention relates to a method of predicting prognosls of
an Individual dlagnosed with, cardlac arrhythmla andfor stroke, the metivod comprising
determinlng the presence or absence of at lzast one allele of at least one polyrmomphlc
marker In 2 nuclelc acld sample obtalned from the Individual, wheraln the at least ona
polymorphilc marker Is selected from the the rmarkers set Forth In Table 9, and markers In
linkaga disequllibriumn therewlth, whereln determinatlon of the presence of the at least cne
allele Is Indicatlve of 3 worse prognosis of the cardiac arrhythmia andfor stroke in the
Individuzl.

Methods of monltoring pragress of a treatment of an Individeal undargolng
treabment for cardlac armhythmla andfor stroke are also within scope of the Inventlon, the
methods comprising determining the presence or absence of at least one zllele of a2k least
ona polymorphlc marker in a nuclelc acld sample obtalned from the Individual, whereln the
at least one polymorphlc marker Is selected from the markers set forth In Table 2, and
markers In lInkage disequlllbrium tharewlth, whereln determination of the prasence of the
ak least one aliele Is indlcatlive of the treatment outcome of the Individual.

In particutar embodiments of the Inventon, e.g. In the varicus methods, uses,
procedures, apparatus and kits of the Inventon, the cardlac arrhythmis phenotype Is
further characterized as belng atrial fibrlllation or atrial Autter. The Inventors have
determinad that the risk conferred by the AF at-risk varlants described hereln 1s greater for
individual with early age at onset than for Indlviduals with late age at onset, Thus In one
embodiment, the atrial Abrillatlon or atrlal flutter !s further characterized by an age of
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onset In the Indlvidual of less than 8¢ years. In another embodiment, the atrial Abrillation
or atrial Autter Is Further characterized by an age of onset In the Indlvidual of less than 70
years. In yet another embodiment, the atrial Abrillatlon or atdal flutter is further
characterized by an age of onset In the Indlvidual of less than 60 years. Other age cutoffs
are possible in alternative embodiments of the Inventlon, and are zlso contemplated,
including, but not limited to, age cutoff of less than 75 years, less than 65 years, and less
than 55 years. Furthermore, age st onset or diagnosls above age %5, 60, €3, 70, 75 or 80
ara also conternplated and within scope of the Inventlon, as are age ranges within which
diagnosls or symptoms or onset of the disease occurs, including, but net limited ke, age
5D-80, age 55-75, age 60-80, age 65-75, eic,

In certaln embodiments of the Invention, the stroke Is further characterized as
|schemle stroke. In other embodiments, the stroke phenctype may be characterized as
one or maore of the ischemlc stroke sub-phenotypes large artery atherosclernsls (LAA),
cardloembollc stroke (CES) and small vesse! disease (SVYD).

In particular embodiments of the invention, dnkage disequllibrium (LD) Is defined
by a3 speclfic guantitative cutoff, As described In detall hereln, linkage disequllibrium can
be quantiztively determined by measures such as 2 and |D']. As a consequence, certaln
embodiments of the Invention relate ko markers in linkage disequillbrium by a measure
within a gertaln range specifled by particular values of r? andfor |©’]. In one such
emnbodimeant, LD Is characterized by numerical values for r* of greater than 0.1. In
ancther embodiment, LD Is characterized by numerical values for r* of greater than 0.1,
In another embadiment, LD Is characterized by numerical values for r? of greater than 0.5,
In yet another embodiment, LD Is characterized by numerical values for r of greater than
0.8. Other cutoff values for r*are also conternplated, as described In more datall hereln.
In certaln embodiments, LD Is characterized by certaln cutoff values for i and/or |D°]. In
one such embod!iment, LD Is characterlzed by values for 7 and/or |D’| of greater than 0.2
and 0.8, respectlvely. Other comblnation and permutations of these or other measures of
LD are possible to practice the invention, and are alse contemplated and within scope of

the invenbon.

The procedures, usas, or methods of the Invention In some embadiments further
comprise a step of adminlstering to an individual determined ko be at increased risk for
developlng cardlac arrhythmla or stroke a composition comprising at least one therapeutic
agent effective to treat or prevent cardlac arrhythmla nr' stroke, or prevent symptoms
assoclated with cardiac arrhythmla or stroke. Thus, the Inventlon can be used to
determine whether an Individual Is sultable for a partlcular treatment module.

Klts for use In the varlous methods and procedures described herein are also withip
scope of the invention. Thus, In one aspect, the Invenkion relates [o a kit for assassing
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susceptibility to cardlac arrhythmla and/er stroke In a human Indlvidual, the kit comprising
reagents for selectively detacting at laast one allele of at least ane polymorphlc marker In
t_he genome of the Individual, whereln the polymorphic marker is selected from the group
consisting of the polymorphlc markers within the segment whose sequence Is set forth In
SEQ ID NO:50, and markers In linkaga dizequllibrium therewith, and whereln the presence
of the at least one allele Is Indicative of a susceptibliity to cardlac arrhythmla andfor
strake,

In one embodiment, the at least one polymorphic marker |s selected from the
markers set forth In Table 5. In another embadiment, the at Teast one polymorphic
marker is selected from the group of markers set forth in Table 9, and markers In linkage
disequllibrium therewith. In another embodiment, the at !east one polymorphlc marker Is
selected from marker rs2220427 {SEQ ID ND:1) and rs10033464 (SEQ ID NO:41), and
markers in linkage disequilibrium therewith. In one preferred embodiment, the at least
one polymorphic marker Is selected from the markers set forth in Table 19. In ancther
preferred embodiment, the at least one polymarphlc marker [s selacted from D45406 (SEQ
1D NO:45), rs2634073 (SEQ ID NO:33), rs2200733 (SEQ ID NO:28), rs2220427 {SEQ ID
ND:1), rs10033464 (SEQ ID NO:41), and rs13143308 (SEQ ID NO:51). Inone
embodiment, the reagents comprise at least one contlguous oligenuclectide that hybridizes
to a fragment of the genome of the Individual comprising the at least ene palymorphlc
marker, a buffer and & detactable label.

In ancther embodlment, the reagents comprise at least one pair of oligonucleotldes
that fiybridize to apposlte strands of 2 gepomic nuclele acld segment obtalned from the
subject, whareln each ollgonucieotide primer pair is deslgned to selectively amplify a
fragment of the genome of the individual that Induedes one polymorphlc marker, and
whereln the fragment Is at least 30 base palrs In size. The at least one cllgonucleotide Is
in preferred embodiments completely complementary to the gename of the Individual. In
one embodiment, the ollgonucleotide Is about 18 to about 50 nucleotides in length, In
another embodiment, the gligonucleotide 1= 20-30 nuclectldes in length. In ong preferred
embodiment, tha kit comprisas:

a. a detectlon oligonucleotde probe that Is from 5-100 nudectldes In length;

b. an enhancer oligonucleatide praobe that Is from 5-100 nucleotldes In length;
and

c.  an endonuclease enzyme;

wheraln the detectlon ollgonucleotide probe specifically hybridlzes to a first seament of the
nuclalc acid whose nucleotide sequence Is glven by SEQ ID NO: 2 that comprises at least
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one polymarphlc site; whereln the detection ollgonuclectide probe comprises a detecizahie
label at its 3" terminus and a quenching malety at Its 5° terminus; whereln the enhancer
ollgonudentide is from 5-100 nucleotides in length and Is complementary ko a second
segment of the nucleotlde sequence that Is 5° relatlve to the ollgonudeotide prabe, such
that the enhancar oligonuclectide Is located 3° relative ko the detectlon ollgonudeotide
probe when both ollgonucleotides are hybridized to the nuclelc acld; wherein a single base
gap exlsts between the fArst segment and the second segment, such that when the
oligonuclectide probe and the enhancer ollgonucleotide probe are both hybridized to the
nuctelc acld, a single base gap exlsts between the oligonucleotides; and whereln treating
the nuclelc acid with the endonuclease will cleave the detectable label from the 3" terminus
of the detectlon probe Lo release free detectable labal when the detectlon prabe Is
hybridized to the nudeic acld.

The polymorphlc markers described hereln as predictive of risk of cardlac
arrhythmla (e.g., AF and Atrlal flutter) and stroke are useful as dlagnostic markers. In
aspect, the [nvention therefore relates to the use of an ollgonucleotide probe In the
manufacture of a dlagnostic reagent for dlagnosing and/or assessing susceptibllity to
cardlac arrhythmla and/or stroke in @ human Individual, whereln the prebe hybridlzes to a
segment of a nuclelc acld whose nudeotide sequence Is glven by SEQ 1D NG:50 that
comprises at least one polymorphic site, whereln the fragment Is 15-500 nucleatides In

length.

In one such embodiment, the polymorphic site is selected from the pelymorphic
markers set forth In Table 5, and polymorphisms In linkage disequllibrium therewlth. In
another embodiment, the ak least one polymorphlc marker Is selected from D45406 {(SEQ
ID NO:45), rs2634073 (SEQ 1D NC:33), rs2200733 (SEQ ID NO:28), rs2220427 (SEQ 1D
NO:1), rsi0033464 (SEQ ID NO:41), and rs13143308 (SEQ ID NO:51),

Computer-readable medium For storing Information about disease-assoclated
markers as described hereln are alsc within scope of the present Inventfon. In one such
aspect, the Inventlon relates to a computer-readable medlum on which s stored an
kilentifier for at least one polymorphic marker; an Indlcator of the frequency of ak least one
allele of sald at least one palymorphic marker In a plurallty of Individuals diagnosed with
atrial fibrillation, atrial flutter andfor stroke; and an Indlcator of the frequency of the [east
one allele of sald at least one pelymorphlc markers In a plurality of reference Indlviduals;
whereln the at least one pelymorphlc marker Is selected from the polymorphle markers set
forth in Table 5, and pelymorphisms In linkage disequilibrium therewlth. In a preferred
embadiment, the at least one polymorphlc marker 1s selected from D4540& (SEQ ID
NO:45), rs2634073 (SEQ ID ND:33), rs2200733 (SEQ 1D NO:28), r52220427 (SEQ ID
NO:1}, 510033464 (SEQ ID ND:41), and r513143308 (SEQ ID NO:51).
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The Invenbon also relateu.:l ko an apparatus for deterrnining a genetlc Indicator for
cardiac arrhythmla and/or stroke In 2 human Individual, comprising: a computer readable
memory; and 2 routing stored on the computer readable memory; whersin the routlne Is
adapted to be executed on a processor to anal-'-,rze genotype andfor haplotype data for at
least one human Individual with respact to at least one polymorphic marker selected from
the markers set forth In Table 5, and markers In linkage disequllibrium therewith, and
generate an cutput basad on the marker or haplatype data, wheraeln the output comprisas
a risk measure of the at least one marker or haplotype a5 a genetlc indlcator of cardiac
arrhythmla and/or stroke for the human Indlvidual. In a preferred embodiment, the
routine further comprises determining an [ndlcator of the frequency of ak [east one allele of
at least one polymorphlc marker and/or at least ona haplotype In a plurallty of individuals
dlagnosed with cardlac amhythmila andfor stroke, and an indlcator of the frequency of at
the least one allele of at least one polymorphlc marker or at least one haplotype In a
plurallty of reference Indlviduals, and calculating a risk measure for the at least one allele
andfor haplobype based thereupon; and whereln a risk measura for the Individuzal 1s
calculated based on a comparison of the at least one market and/or haplotype status for
the Indlvidual to the calculated risk for the at least one marker andfor haplotype
Infarmation for the plurzllty of Individuals dizagnosed with atrial flbrliztion, atnal flutter
andfor stroke, In aartain embodiments, the risk measure s characterized by an Odds
Ratlo (OR) or a Relatlve Risk {RR), as de=cribed In more detail hareln.

The polymarphilc markers discovered In the present Invantion as predictive of a
susceptibllity of cardlac arrthythmla and stroke, as described, as well as markers I[n linkage
dizequilibrium therewlth, are all ussful For practlang the various aspects of the present
Inventlon. Thus, although particular polymorphle markers were used by the present
Inventors do detect an associatlon of a particular reglon on chremosome 4 to cardlac
arrhythmla {e.g, atrial fibrillatlon and atrial flutter) and stroke, It Is equally useful to assess
markers In strong linkage disequlllbrium with those markers. As a consequence, In one
embodiment of the methods, uses, kits, procedures, apparatus and medla of the Inventlen,
the at least one polymorphlc marker or haplotype useful In the methods or procedure of
the Inventlon comprises at least one of the markers set forth In Table 5 {e.g., Table 5A and
Table 5B) and markers In linkage disequlltbrium therewlth. In another embeodiment, the at
least one polymerphic marker or haplotype comprises at l=ast one of the markers sat forth
In Takle 9, and markers In lInkage disequlllbrium therewlth. In one embodiment, the at
least one polymoerphlc marker or haplotype comprises at least one of the markers set forth
In Table 5. In another embodiment, the at least one polymorphic marker or hapletype
comprises at least one of the markers set forth In Table 9. In ancther embodiment, the at
lzast one polymorphle marker Is selected from the markers set forth In Table 4. in one
embodiment, the at [east one markar Is selected from marker 52220427 {5EQ ID NO:1)
and marker rs10033464 (SEQ 1D NO:41), and markers in linkage disequllibrlum therewith.
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In ancther embodiment, the ak least ane polymorphic marker Is selected from the markers
set forth In Table 19.

In one embodiment, the at least one marker or haplotype comptises at least one of
markars D45406 (SEQ 1D NQ:45 ), rs2723296 (5EQ ID NO:35 ), 516997168 {SEQ ID
ND:36 ), rs2723316 (SEQ ID NO:37), rs6419178 (SEQ ID NO:38 ), rsi448617 (SEQ 1D
NO:39 ), rs2634073 (SEQ ID NO:33), t52200733 (SEQ ID NO:28B), rs2220427 (SEQ [D
NO:1}, rs13105878 (SEQ ID NO: 40), rs10033464 (SEQ ID NO:41), rs13141190 (SEQ ID
NO:42 ), rs3853444 (SEQ ID NO:43), and rsd576077 (SEQ ID NO:44 ). In another
embodimeant, the at least ana marker or haplokypa comprises at least one of the markers
D45406 (SEQ ID NO:45), rs2634073 (SEQ ID NO:33), rs2200733 {(SEQ 1D NO:28),
rs2220427 (SEQ ID NO:1), 1510033464 (SEQ ID NO:41), and 513143308 (5EQ ID
NO:51), In yet another embadiment, the at [east one marker !s selected from
rs10033464, rs2200733, rs13143300 and rs2220427, and markers in linkage
disequlllbrium therewlth,

In & further er:nhndlrnent, the presence of alleles -2, -4 and/or -8 of marker
D45406, allele G of marker 152723205, allele T of marker rs16997168, allele T of marker
rs2723316, allele A of marker rs6419178, allele G of marker rs1448817, allele A of marker
rs2634073, allele T of marker rs2200733, allele T of marker rs2220427, allele C of marker
rs13105878, allele T of marker rs10033464, allele A of marker rs13141190, allele A of
marker rs3853444, andfor allele T of marker rs4576077 Is Indicative of Increased
susceptibliity of cardiac arrhythmla or stroke In the Inglvidual.

In particular embodiments of the Inventlon, the susceptibllity conferred by the at-
nisk varlant {l.e. a partlcular allele at a polymarghlc marker (e.g, a SNP) or a particular
haplotype} |s increased susceptibllity, l.e. the markers ard haplotypes of the Invention
confer Increased risk of an Individual develops cardlac arrhtythmla, Including atrial
fibrllation and atdal Autter, and stroke. Susceptibllity Is typlcally characterized by the
measure Odds Ratlo {OR} or, altermnatively, by a Relatlve Rlsk (RR). In one embodiment,
the Increased susceptibllity Is characterized by an odds ratio (OR) of at least 1.3. In
another embodiment, the Increased susceptlbllity is characterlzed by an odds ratlo (OR} of
at least 1.4. In another embodiment, the Increased susceptibllity characterized by an odds
ratio (OR} of at least 2,5. In another embodiment, the Increased susceptibllity
characterized by an odds ratle {OR} or relative risk {(RR) of at least 1.6, In yet another
embaodiment, the !ncreased susceptibllity characterzed by an odds ratio (OR) or relatlve
risk (RR} of at least 1.8. Other embodiments relate to other values for OR, or comparable
values for RR induding values of 1.25, 1.35, 1.45, 1.55, etc.

Certaln embodiments of the Invention relate to Indlviduals of a particular ethniclty
or ancestry. In one such embodiment, the human Individual has ancestry selected from



10

15

20

25

ao

18

black African ethnicity, Aslan ethnlclty, Caucaslan ethriclty, Hispanlc ethnicity, and Arablc
ethnlclty. In particular embodiments, the ethnidty Is self-reported, In other
embodiments, ancestry Is determined by the assessment of particular ethnlcity-spedific
genetlc markers.

BRIEF DESCRIPTION OF THE FIGURES

The foregolng and other ohjects, features and advantages of the Inventlon will be
apparent from the following more partlcular description of preferred embodiments of the

Invention.

FIZ. 1 Shows a plot of inkage disequlllbrium (LD} In the reglon comprislag varlants of the
present Inventlon for the CEPH population {HapMap data). The LD block C04

{111,954,811 - 112,104,250 on Chromoseme 4, NCBI Buifld 35 positions) Is Indlcated on
the Flgure by a black box. The plot shows two measures of LD, l.e. D In the upper and leit
part of Flgure 1 and r? In the lower and right part of the fgure.

FIG. 2 Shows a schematic of the haplotype structure at the assocfated reglon within the LD
block, The areas of the dark (left} circles are propartional bo the haplotype frequencles of
the haplotypes In Iceland and the areas of the light (dght} clrcles are proporticnal to the
haplotype frequencies in Hong Kong., The Intermediary haplotype, shown in the middle of
the graph, no longer exists with certalnty In elther of the two populations (its estimated
frequancy Is less than 0.2% which is Indistingulshable from genotyping errors).

FIG .3 Is an overview of a 200kb genomlc nelghborhood of rs2200732 and rs10033464, It
Includes predicted ESTs, the locations of the three maln classes of equlvalent SNPs In the
CEU-HapMap samples and an overview of the LD structure of the reglon in the various
ethnlc HapMap samples.

FIG 4. Shows Northern Blot analysls of PITX2 expresslon In human heart and aorta.,

The PITXZ cDNA done HU3_p9B83E0327D was used as a probe and detected 1.8, 2 and 3
kb transcripts and 2.2 and 3 kb FITX2 transcripts In left atdum and aorta respectively.
Lane 1: Fetal heart, lana 2: Whole heart, lane 3: Aorta, lane 4: Apex of the heart, [ane 5:
Left atrium, Tane 6: Right atrium, lane 7: Left ventricle lanz 8; Right ventricle. Blot probed
with PITX2 cDNA clone (HU3_p983E0327D).
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DETAILED DESCRIPTION OF THE INVENTION

A description of preferred embediments of the Inventlon follows.

Definltions
The followlng terms shall, in the present context, have the meaning as Indicated:

Atral fibrllation (AF), as described hereln, refers to AF as commonly deflred .
according to established medlcal crlteria. AF classified by ICD-10 1n class 148 and by ICD-
9 In class 427.3

Atrial Alutter (AF1}, as described hereln, refers to AF] as commonly defined .
according to establishad medical crterla. Afl is classified ICD-10 class 148 and by ICD-% In
class 427.32.

A “polymorphlc marker”, sometime referred to as a *marker®, as described hereln,
refers to a aenomic polymorphic site. Each pelymorphic marker has at least bwo sequence
variztions characteristic of particular alleles at the polymarphic site. Thus, genetic
assoclation to a polymerphlc marker Implies that thers is assoclatlen o at least one
specific allele of that partlaular polymorphlc marker. The marker can comprise any allele
of any variant type found In the genome, Including SNPs, microsatellltes, insertions,

deletlons, dupllicatiens and translocations.

An "allele” refers to the nucleatlde sequence of a glven locus (posltlon} on a
chromosome. A polymerphlc marker allele thus refers to the composition {l.e., sequence)
of the marker on a chromosome. Genomlc DNA from an Individual contains two alleles for
any glven polymorphlc marker, representative of each copy of the marker on each

chromosome,

A nucdleotide position at which more than ona sequence 1s possible In a populatlon
{efther a natural population or a synthetic population, e.g., a llbrary of synthetlc
molecules) Is referred to hereln as a “polymorphic slte”,

A “sing'e Nuclectide Polymorphlsm” or "SNP” Is a DNA sequence variation accurring
when a single nucdectlde at a specific location in the genome differs between members of a
species or between palred chromosemes In an Indlvidual, Most SNP polymorphlsms have
two alleles. Each Indwidual Is In this Instance elther homozygous for one allele of the
polymorphism (l.e. both chromosomal coples of the Indlvidual have the same nucleotide at
the SNP Tocation), or the Indlvidua!l Is heterozygous (l.e. the two slster chromeosomes of the
Individual contaln different nucleotides). The SNP nomenclature as reported herain refars
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> the offldal Raferenca SNP (rs) 10 identification @y as assigned to each unique SNP by
the National Center for Biotechnological Information (NCBI).

A ™arlant¥, as described hereln, refers to a segment of DNA that differs from the
reference DNA. A “marker” or a “polymorphic marker”, as defined hareln, Is 2 varlant,
Alleles that dIffer from the reference are referred to as “varlant” alleles.

A "microsatellite” Is 2 polymorphlc marker that has multiple small repeats of bases
that are 2-8 nucleotides in length (such as CA repeats) at & particular slte, in which the
number of repeat langths varles In the general population. Ap “indel” Is a common form of
polymarphism comprising a small Insertlon or deletion that is typlcally only a few
nucleotides long. ’

A "haplotype,” as described hereln, refers to a segment of genomlc DNA that Is
characterized by a speclflc combinatlon of alleles arranged along the sggment. For diploid
organlsms such as humans, a haplotype comprises one membar of the palr of alleles for
each polymorphlc marker or locus . In a certaln embodiment, the haplotype can comprise
two or more alleles, three or more alleles, four or more alleles, or flve or more alleles.

The term “suscaptibllity”, as described hereln, encompasses both Increased
susceptibllity and decreased susceptibllity. Thus, particular polymarpmhlc rmarkers and/or
hapletypes of the Invention may be characteristlc of Increased susceptibllity (i.e., Increased
risk} of atrial fibrlllatlon or stroke, as characterized by a relatlve risk (RR} or ¢dds ratle
{OR) of greater than ona. Alternatively, the markers and/or haplotypes of the Inventlon
zre characteristic of decreased susceptibllity {l.e., decreaased risk) of atrial Fbrillatlon or
stroke, as charecierized by a ralatlve risk of less than one.

A*nuclelc acld sample” is a sample obtalned from an Individuals that contains
nuclelc acld. In certaln embodiments, l.e. the detection of specliic polymorphlc markers
andfor haplotypes, the nuclelc acld sample comprises genomic DNA, Such a nuclelc acld
sample can be obtalned from any source that conkalns genomlc DNA, Including as a blood
sample, sample of amnlotic fluld, sample of cerebrospinal fluld, or tissue sample from skin,
muscle, huczal or conjunctival mucosa, placenta, gastrointestinal tract or other organs.

The term “atrlal fibrillatlon andfor stroke therapeutic agent”™ refers te an agent that
can be u1sed to ameliorate or prevent symptoms assoclated with atrizal fbrillation (AF),
atrial flutter (AF1) or stroke, as described In more detall herain.

The term “cardlac arrhythmia (e.g., atrizl fibrlllatlon or atrial flutter) and/for stroke
-gssoclated nucleic acld”, as described herealn, refers to @ nuclelc acld that has been found
to be assoclated to c=rdlac arrhythmia, e.g., atrlal fibrillatlon {AF), atrial flutter (AFT} or
stroke. This Includes, buk is not limlted to, the markers and haplotypes described hereln
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and markers and haplotypes In strong linkage disequillbrum {LD) therewith. In cne
embodiment, an atrial fibrillation, atrial flutter or stroke-assoclated nudelc acld refers to
the LD-block €04 found to be assoclated with atrial fibrllatlon and stroke. In another
embodlnent, the atrial Abrillatlon, atrial Autter or streke-assoclated nuclele add refars to

the PITX2 gene.

The term ™D Block C04”, as described hereln, refers to the Linkage Disequillbrivmm
(LD} block on Chromosoma 4 between posifion 111,954,811 and 112,104,250 of NCBI
{Natlanal Center for Blotechnology Informatlon} Bulld 35, with the genomle sequence as
sek forth in SEQ ID NO:50,

The term “fragment”, as described hereln, refars to a segment of & nuclelc acld or
proteln sequence. Fragments are of slze smaller than thelr reference polnt, l.e. a fragment
of a reference nuclelc acld molecule that Is 1000 nucleotldes in slze is smaller than 1000
nucieotides In slze. Nudelc acd fregments of the inventlon are commonly more than 5
nucleotides In size and typlcally more than 15 nudeotides In size, with an upper limit as
deflned by either thelr reference nucleotide or by the practical utllity of the nucleotide
fragment. For example, nucleatide fragments useful as hybridizatlon probes In sorne
embodiments of the Tnvention are more than 15 nucleotides and less than about 500
nuclect/des In slze, Other size ranges will apply for other nucleotide fragments and protein
ar peptlde fragments of the Invention.

The term “PITX2", as described hereln, refers to the palred-llke homeodomain
transcription factor 2 gene on chromosome 4q25. This gene Is also referrad to as pltuitary
homeabox 2 (PTX2), rieg bicold-related homeobox transcription factor 1 {RIEG1),
solurshin, and all-1 responsive gene 1 (ARP1).

The present Invention relates to the observatlon that certaln pelymorphic markers
on chiromosome 4g25 of the human genome have been found to be assoclated with cardtac
arrhythmia an stroke. In partlcular embediments of the Invention, polymorphlic markers at
chromosome 4925 are assoctated with the cardlac arrhythmlas Atrlal fibrillation {AF) and
Atrfal flutter (AFD), and stroke. These observation have Important and unforeseen
Implications for the development of dlagnostic and therapeutics methods, uses, kits and
systems, as described In further detzll hereln.

In a gencme-wlde scan for genetlc varlants confarring susceptibllity to AF, several
markers on chromosome 4q25 were found to ba assoclated with AF, The most significant
assoclation was found for markers rs2220427 and rs2220733, both of which gave p-values
close to 10 {Table 2) for AF, and smaller, but nominally slgnificant assoclation to stroke
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{Table 3). A large number of markers were |dentfled as perfact surrogal:eds for these
markers, Induding the microsatelllte marker D45406 (Table 1) and a number of SNP
markers {Table 4}.

Further refinement of the results revealed that the assoclatfon slgnal appears ko
canter, In genetlc terms, to markers of rs2200733 and rs10433464 {Table 7y and markers
In Mnkage disequilibrium with those markers {Including, but not llmlted %o, the SNP
markers listed In Table 9).

The original cbservation In the Icelandic population was replicated in an
Independent Icelandic AFfAF! cohort, In 2 Swedish AF cohort, and In a US AF eohort {Table
7). When comblned with the Icelandlc samples, the assoclatlon bo 2200733 was
unequlvecal (OR = 1,72, P = 3.3x107}, and the significance of rs10033464 was well
beyond the threshold of genome-wide significance (OR = 1.39, P = 6.5%107"), Assuming
tha rmultiplicative mode!, the population attributable risk (PAR) of the bwo varianks
comblned 1s approximately 20% In populations of European ancestry. Furthermore, the
association replicated In 2 Chinese AF cohort from Hong Kﬂnq {Table 7}.

“The Inventors have also found that age at dlagnosis of AFfAFI for the Icelandic
samples correlates with the two SNPs rs2200733 and rs10033454, Thus, dlagnosis 0ccurs
2.28 years earller per T allele of rs2200733 and 1.10 years earller par T allele of
rs10032464 (jolnt # = 1,29x10°%). This effect Is manlfested by the asseclation of the two .
varlants belng strongest In those dlagnosed at a younger age, although the risk remalns
signlificant even In those dlagnosed after reaching 80 years of age (T=ble B}. A slmilar age
at onset effect Is observed In the US cobort (Table 8)-

The inventors have also observed a strong assoclatlen between the varlants and
AFl, that appears to be even stronger than for AF. Thus |s revealed by the assoclation to
the subset {(N=116) of the Icelandic patients that have a dlagnosls of AFl (OR = 2,60, 85%
confidence interval (CI} = 1.83-3.68, P = 7.5x10°" for rs2200733, OR = 1.94, 95% C1 =
1.26-3.00, # = ,D028 for rs10033464). In fact, for rs2200733, the OR for these definlte
AF] cases Is significantly higher than that for the cases with an AF phenotype (P = 0.0026),
and close to significantly higher for rs10033464 (P = .084). These results that both AF
and AFl have slgniflcant genetic visk factors that are llustrated by the assodation to SNPs
rs2200733 and rs100334€4.

The Inventors have Furthermore established that the varkants associating with
AF/AF] also assodated with stroke, In partlcular Ischemic stroke (T able 21}, Marker
rs2200733 replicated slgnificantly 1n Ischemic strake and In the Ischemic stroke (IS)
subphenotype cardloembollc stroke (CES). Both this marker and marker rs10033464 were
found, after genotyping additional Icelandic IS cases and controls (total 1,943
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cases/?25,708 contrals) and four large 15 casefcontrol replication sets {4,294 cases/3,709
controls), bo assoclate most strongly with the CES, of which AF Is the primary cause,
(rs2200733: OR=1.53, P=1.5x10"%; rs10033464: OR=1.27, P=5.9x107) (Table 21).

There 1s na known gene present in the LD block contalning 7s2200733 and
510033464 (Figure 3). The LD block contalns one spliced EST {DAF25631) and two single-
exon ESTs {DB329364 and AF017091). RT-PCR of cDNA llbraries from varlous tissues did
not detect the expresslon of these ESTs {Table 16). The PITXZ gene located In the
adjacent upstream LD block is the gene closest to the risk varfants, Several markers
within the LD block contalnlng PITX2 gene are carrelated to the markers showing
assoclation to AF and Afl, as shown In Tzble 18, It Is therefore possible that varants
within the PITX2 gene are the underlylng causative varlants, Altemnatively, It [s possible
that the variants of the present Invention, as described hereln, affect the function,
stabllity, expresslon, post-translational modIfication, splicing, message stablllty of AITXZ,
or by other means affect the gene so as to predispose to the symptoms assoclated with
atrlal fibrllatlon, atrizl Autter andfor stroke. The proteln encoded by this gene, the palrad-
llke homeodomaln transcription factor 2, Is an Interesting candidate for AF/AFI as It 1s
knawn to play an Important role In cardlac development by directing asymmaetric
morphogenesTs of the heart (Franco, D., Trends Cardlovasc Med 13: 157-63 (2003]).
Furthermare, In a mouse knockout mode! Plix2 has been shown to sUppress 2 default
pathway For sincatrial n;;nde formation In the teft atrium, There Is very ltile mRMA
expresslon of AI7TX2 In all eeslly accesslble tissues, such as bloed and adipose [issue,
hampering the study of correlation between genctypes and expresslon levels. The next
gene upstream of PITX2 Is ENPEP, an aminopeptidase responsible for the breakdown of
anglotensin IE in the vascular endothellum. This gene is expressed more widaly, but the
varants assoclated with AF showed no comrelation to lks expression in blood or adlpase
tissue, No other annotated genes are located within a 400kb region upstream and 1.5 Mb
reglons downstream of the assoclated varlants.

Assessment for markers and haplotypes

The genomic sequence within populations Is not Identical when Indlviduzals are
compared. Rather, the genome exhlblts sequence variablllty between individuzls at
many locatlons In the gencme. Such varlatlons In sequence are commonly referred to as
polymaorphisms, and there are many such sites within each genome For example, the
hurman genome exhlblts sequence varlations which occur on average every 500 base palrs.
The most commen sequence variant consists of base variatlons at a single base position In
the ganome, and such sequence variants, or polymorphlsms, ars cammonly ¢alled Single
Nucleotide Polymorphisms ("SNPs™). These SNPs are believed to have occurred In a slnale
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mutatlonal event, and therefore there are usuzlly two possible alleles possible at sach
SNPslke: the orlginal allele and the mutated allele. Due to natural genetic driit and
possibly also selectlve pressure, the original mutation has resulted In a polymorphism
characterlzed by a partlcular frequency of lts alleles In any given population. Many other
types of sequence varfants ara found in the human genome, Including microsatellltes,
Insertions, deletlons, Inverslons and capy number variatlons. A polymorphilc microsatellite
has mulkiple small repeats of bases (such as CA repeats, TG on the complimantary strand)
at a particular site In which the number of repeat lengths varies In the genarzl population.-
In general terms, each verslon of the sequance with respect to the polymorphlc site
represents a specific allele of the polymorphic slte, These seguence varlants can all be
referred to as polymorphisms, occurring at specific polymorphlc sites characteristic of the
sequence variant In question. In general terms, polymorphlsms c@n comprise any number
of specific alieles. Thus In one embodiment of the inventlon, the polymorpghlsm 15
characterized by the prasence of two or more alleles in any glven populatien. In anotfer
embodiment, the polymorphiem Is characterized by the prasence of three or more alleles,
In other embodiments, the polymerphlsm 1s characterized by four or more alleles, five or
more alleles, slx or more alleles, seven ar mare alleies, nine or more alleles, or ten or
more alleles, All such polymorphlsms can be utllized In the metheds and kits of the
present Inventlon, and are thus within the scope of the inventlon.

In some Instances, reference is made to differen'f: alleles at a polymorphic slte
without chooslng a reference allele. Alternatlvely, @ reference sequence can be referrad to
for a particular polymorphlc slite. The referance allele Is sometimes referred to as the
“wild-type” allete and It usually Is chosen as elther the first sequenced allele or as the
allele fram a “non-affected” Indlvidual {e.g., an Individuai that does not display a tralt or
dlsease phenoktypa).

Alleles for SNP markers as referred to hereln refer to the bases A, C, G or T as they
pceur at the polymorphlc site 1n the SNP assay employed. The allele codes for SNPs used
hereln are as follows: 1= A, 2=C, 3=G, 4=T. The person skilled In the art will however
reallse that by assaylng or reading the oppasite DNA strand, the complementary allele can
In each case be measured. Thus, for a polymorphic site {polymorphlc marker)
characterized by an A/G polymorphism, the assay employed may be deslgned to
specifically detect tha presence of cne or both of the two bases possible, l.e, A and G.
Alfemnatlively, by designing an assay that [s designed to detect the opposlte strand on the
DNA template, the presence of the complementary bases T and C can be measured.
Quantitively (for exarmple, In terms of relative risk), ldentical results would be obtalned
from measurement of elther DNA strand (3 strand or - strand).

Typleally, a reference sequence Is referred to for a particular sequence, Alleles that
differ from the referenca are sometimes referred o as “varlant” alleles, A varlant
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sequence, as used hereln, refers to a sequence that differs from the reference sequence
but Is otherwise substantially skmilar. Alleles at the palymorphlc genetic markers
described hereln are variants. Additlonal varlants can include changes that affect a
polypeptlde. Ssquence differences, when compared to a reference nucleotide sequence,
can Include the Insertion or deletion of a single nuclectide, or of mere than one nuclectlda,
resulting In a frame shift; the change of at least cne nucleotlde, resulting In a change In
the encoded amino acid; the change of at least one nuclectlde, resulting n the generatlon
of a premature stop codon; the deletion of several nucleatides, resulting in a deletlon of
one or more amino acids encoded by the nucleotides; the Insertion of cne cr several
nudeotldes, such as by unequal recombination or gene conversion, resulting In an
Interruptlon of the coding sequence of a reading frarme; dupllcatlen of all or a part of a
sequence; transposition; or a rearrangement af a nucleotlde sequence,. Such seguence
changes can alter the polypeptide encoded by the nucleic acid. For example, If the change
in the nuclelc acld sequence causes a frame shift, the frame shift can resulk In a change In
the encoded amino acids, andfor can result In the generatlon of a premature stop codon,
causing generation of a truncated polypeptide. Alternatively, a polymorphism associated
with a disease or tralt can be a synonymaous change In one or more nuclectides (i.e., &
change that does not result In 2 change In the amlino acld sequence). Such a
polymorphlsm can, for example, alter splice sltes, affect the stabllity or transport of mRNA,
or otherwlse affect the transcripticn or translation of an encoded polypeptide. It can also
alter DNA to Increase the possibllity that structural changes, such as amplificatlons or
deletlons, occur at the somatc level, The polypeptide encoded by the raference nucleatide
sequence Is the “reference” polypeptide with a particular referance amino acdid sequence,
and polypeptides encoded by variant alleles are referred to as “varant” polypeptides with
varant amino acld sequences. A sequence or 2 reference sequence an gither represant
the (+) or (-} direction of deuble stranded DNA. Such sequences are related as belng the
reverse complament of one another, as well known to the skilled parson.

A haplotype refars to a segment of DNA that Is characterized by a speclfic
combination of alleles arranged along the segment. For diplold organisms such as
humans, a haplotype comprises ong member of the palr of alleles for each polymorphlc
marker or locus . In a certaln embodiment, the haplotype can comprise two oF more
alleles, three or more alleles, four or mere alleles, or flve or mare alieles, each allele
corresponding to a specific polymorphle marker along the segment. Haplotypes ¢an
comprise a comblnation of varlous polymorphic markers, .4., SNPs and migosatellltes,
having particular alleles at the polymorphic sites. The haplotypes thus camprise &
comblnation of alleles at various genetic markers,

Detecting specific polymorphTc markers and/or hapletypes can be accomplished by
methods known In the art for detecting sequences at polyrorphic sltes. For aexample,
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standard techniques for genotypling for the presence of SNPs andfor microsatellite markers
can be used, such as fluorescence-based technlques (Chen, X. ef a'.'., Ganome Res. 5(5):
492-98 (1999)), utilizing PCR, LCR, Nested PCR and other fechniques for nudeic acid
émplfﬁcatlun. Specific methadologles available For SNP genotyplng include, but are not
limlted o, TagMan genotyping assays and SNPlex plaifforms (Applied Blosystems), mass
spectrometry (e.q., MassARRAY systemn from Segquenom), minlsequencing methods, real-
time PCR, Blo-Plex system (BloRad), CEQ and SNPstream systems (Beckman), Molecular
Inverslon Probe array technology {e.g., Affymetrix GeneChlp), and BeadArray Technologles
{e.g., Ilumina GoldenGate and Infinlum assays). By these or other methods avallable to
the person skdlled In the art, che or more alleles at polymorphle markers, Including
microsatellltes, SNPs or ather bypes of polymorphilc markers, ¢an Ire Identified.

In certaln methods described hareln, an Individuzal who |5 at an Increased
susceptlbllity {).e., Increased risk} for any speclfic disease or tralt under study, is an
Individual In whom at least cne speclfic allele at one or more polymomphlc marker or
haplotype conferring Increased susceptlbllity for the disease or tralt Is Identified (L.e., at-
risk marker alleles or haplotypes). In one agpect, the at-risk marker or haplotype |5 one
that confers a slgnifient Increased risk {or susceptibllity) of the disease or tmalt. In one
embod!ment, significance assoclaked with a marker or haplotype Iz measured by a relatlve
risk (RR). In another embodiment, slgnificance assoclated with a marker or haplotye Is
measured by an odds ratio (OR). In a further embodiment, the slgnificance Is measured
by a percentage, In one embodiment, a significant increased risk is measured as a risk
{relative risk and/for odds ratle) of at least 1.2, Including but nat limited bo: at least 1.2, at
least 1.3, at least 1.4, at least 1.5, at least 1.6, at least 1.7, 1.8, at legst 1.9, ak least 2.0,
at least 2.5, at least 3.0, at least 4.0, and at least 5.0. Ir a particular embodiment, a risk
{relatlve risk andfor odds ratlo)of at least 1.2 Is slgnificant. In another particular
embodiment, @ rsk of at least 1.3 Is slgnificant. In yet another embodiment, a risk of at
least 1.4 Is slgnlficant. In a further embodiment, a relatlve risk of at least about 1.5 is
significant. In another further embodiment, a significant Increase In risk is at least about
1.7 Is significant. However, other cutoffs are also coantemplated, e.g. at least 1.15, 1.25,
1.35, and so on, and such cutoils are also within scope of the prasent Invention. In other
embodiments, a significant increase In nisk is at least about 20%; Including but nok limiked
to about 25%, 30%, 35%, 40%, 45%, 50%, 55%, &0%, 65%, 70%, 75%, 80%, B5%,
00%, 95%, 100%, 150%, 200%, 300%, and 500%. In one partlcular embod!ment, a
significant ncrease In risk Is at least 20%. In other embodiments, a significant Increase In
risk is ak laast 309, at least 40%, at least 50%, at least 60%, at least 70%, at least BO%,
at least 50% and at least 100%. Other cutoffs or rangss as deemed sultable by the
person skilled In the art to characterize the Inventlon are however also cantemplated, and
those are also within scope of the present Inventlon.
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An at-risk polymorphlc marker or haplotype of the present Inventlon Is one where
at least one allele of at least one marker or haplotype is more frequently present 1n an
individual at risk for the disease or tratt {e.g., cardlac arrhythmia or stroke) faffected},
compared to the frequency of its presence Tn 8 comparison group {control), and whereln
the presence of the marker or haplotype Is indicative of susceptibllity to the dissase or
tralt. The contrel group may In one embodiment be a population sample, Le. a random
sample from tha general population. In another embodiment, the contzol group Is
represented by a group of Indlvlduals who are disease-free. Such disease-free control may
In one embodiment be characterized by the absence of one or more spedific dizease-
assoclated symptoms. In ancther embodiment, the disease-free control group Is
characterized by the absence of one or more dlsease-specliic risk factors. Such risk
factors are In one embodiment ak least one environmenta! risk factor. Representative
environmental factors are natural praducts, minerals or other chemicals which are known
ko affect, or contemplated w affect, the risk of developing the speclfic disease or bralt.
Other environmental risk factors are risk Factors related to lIifestyle, Induding but not
iimited to food and diink hablts, geographical lecatlon of maln habitat, and occupational
risk Factars. ‘In ancther embodiment, the risk Factors are at laast one genetlc risk factar.

As an example of a simple test for correlation would be a Fisher-exact test on a bwo
by two table. Given a cohort of chromosomes, the two by two table Is constructed out of
the number of chromosomes that Include both of the markers or haplotypes, ana of the
markers or haplotypes but not the other and nelther of the markers or haplotypes.

In cther embodiments of the inventon, an Individual who Is at a decreasad
susceptiblllty {!.e., at a decreased risk) for the disease or tralt is an Individual In whorn at
least ona speciflc allele at one or more polymorphlc marker or haplotype conferring decreased
susceptibllity for the disease or tralt Is Identified. The rmarker alleles andfor haplotypes
conferring decreased risk are aiso sald to be protectlve. In one aspect, the protective marker
or haplotype |s one that confers 2 slgnificant decreased risk (or susceptibllity) of the diseass
or tralt. In one embodiment, significant decreased risk Is measured as a retative risk of less
than 0.9, Including but not {imited to less than 0.9, less than 0.8, less than 0.7, Jess than 0.6,
less than 0.5, [ess than 0.4, less than 0.3, less than 0.2 and less than 9.1. In one partlcular
embodiment, slgnificant decreased risk Is less than 0.7. In another embediment, signiflcant
degeased sk Is less than 0.5. In yet another embodiment, slgnificant decreased sk Is less
than 0.3. In another embodiment, the decreass In risk {or susc2ptibllity) Is at least 20%,
Including but not limited to at least 25%, at least 30%, at least 35%, at teast 40%, at least
45%, at least 50%, at least 55%, ak least 60%, at least 65%, at least 70%, at least 75%, at
least BO%, at least 85%, at least 90%, at least 95% and at least 03%. In one particular
embodiment, a slgniflcant decrease In risk Is at least about 30%. In a2nather embadiment, a
significant decreasa In risk at laast about 50%. In another embodiment, the decrease In risk
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is at least about 70%. Other cutoffs or ranges as deemed sultable by the person skilled In the
art ko characterize the Invention are however also contemplatad, and those are also with!n

gcope of the present Inventlon,

The person sklled In the art will appreclate that for markers with two alleles present In
the population belng studled, and whereln one allele Is found in increased frequency In a

- group of indlvlduals with a trait or disease in the populatlen, compared with contrals, the

other allele of the marker will be found In decreased frequency in the group of indlviduals with
the brait or disease, compared with controls. In such a case, one allele of the marker (the one
found In Increased frequency In Indlviduals with the tralt or disease} will be the at-risk allele,
while the other allele will be a protecilve allele.

Linkage Disequilibrium

The natural phenamenon of recomblnation, which cccurs on average once for each
chromosomal palr during each melatic event, represents one way In which natore provides
variations in sequeance (and Blologlczl function by consequence}. It has been discoverad
that recombinatlon does not cccur rendombly In the gencme; rather, thera aire large
varlatlons In the frequency of recomblnation rates, resulting In small reglons of high
recomblnation frequency (also called recombination hotspots) and larger reglons of low
recamblnation fregueancy, which are commonly referred to as Unkage Dlsequillbrium (LD)
blocks {Myers, S, et a/l., Biocham Soc Trans 34:526-530 (2008); Jeffreys, AJd., et
sk, MNature Genel 29:217-222 (2001); May, C.A., et al., Nature Genet 31:272-275(2002)).

Unkage Dlsequillbrium {LD} refers ko a non-random assortment of two geneatle
elements. For example, IF a partlcular genetlc element (e.g., an allele of a polymorphle
marker, or a haplotype) occurs In a populatlon at a frequency of 0.25 {25%) and another
element occurs at a frequeancy of 0.25 (25%), then the predicted occurrance of a parson's
having both elements Is 0.125 {12.5%), assuming a rendom distribution of the elements,
However, If It |s discovered that the two elements cocur together at a frequency hlaher
than 0.12%, then the elemsnts are sald to be In linkage disequlllbrium, since they tend to
be inherlted together at a higher rate than what thelr Independent frequencies of
occurrence (2.4., allele or haplotype frequencies) would predlct, Roughly speaking, LD Is
generally correlated with the frequency of recomblnation events between the two
glemants. Allele or haplobype frequencles can be determined n a populatlon by
genctyping Indlviduals In a populatlon and determining the frequency of the occurence of
each allele or haplotype in the populatlon. Fer papulations of diplolds, e.g., human
populations, Indlviduals wlll typlcally have two alleles for each genetlc elemant (e.g., a
marker, haplotype or gene).
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Many different measures have been proposed for assessing the strength of linkage
disequilibrium (LD). Most capture the strength of assoclation between palrs of biallellc
sltes, Two Important pairwise measures of LD are r* (sometimes denoted A%) and |DY].
Both measures range from O {no disequillbrium} ke 1 (*‘complete’ dlsequ?lll::riﬁm], but thelr
Interpretation Is slightly different. D] Is deflned In such a way that It Is equal ko 1 IF just
hwo or three of the possible haplotypes are present, and Ik Is <1 If all four possible
haplotypes are present. Therefore, a valua of |D’| that Is <1 Indicates that historical
recombination may have occurred between two sltes (recurrent mutation can also cause
|D’] to ke <1, but for single nuclectide polymorphisms (SNPs) this Is usually regarded as
belng less lkely than recombinalion). The measure r? represants the statistical correlation
between two sites, and takes the value of 1 If only two haplotypes are present.

The r? measure Is arguably the most relevant measure for association mapping,
bacausa thera s a simple inverse relatlonship bebweean r? and the sample size required to
detect assaclation between susceptibllity locd and SNPs. These measures are defined for
palrs of sites, but for some applications a determinaticn of how strong LD Is 3cross an
entire reglon that contalns many polymorphlc sites might be desirable (e-g., testing
whether the strength of LD differs slgnificantly among lodl or across populations, or
whether En"ere ls more or less LD in a region than predicted under a particular model).

. Measuring LD across a region Is not stralghtforward, but one approach Is ko use the

measure r, which was developed in population genetlcs. Roughly speaking, r measures
how much recemblnation would be required under a particular population mode( to
generate the LD that is seen In the data. This type of method can potentially also provide
a statistically figorous approach to the problem of determining whether LD data provide
evidenge for the presence of recomblnstion hotspots. For the methods and procedures
described hereln, a slgnificant r* value can be at least 0.1 such as at least 4.1, 0.15, 0.2,
0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.91, 0.92, 0.93,
0.94, 0.95, 0.96, 0.97, 0.98, 0.99 or 1.0. In one preferred embodiment, the significant r*
value can be at least 0.2. Alternatively, linkage disequllibrium as described hereln, refers
to linkage disequllibrium characterized by values of |D’| of at least 0.2, such as 0.3, 0.4,
0.5, 0.8, 0.7, 0.8, 0.85, 0.9, 0.95, 0.96, 0.97, 0,98, 0.99. Thus, linkage disequllibrium
rapresents a correlation between alleles of distinct markers. Itls measured by correlation
coeficlent or |D'j (r* up to 1.0 and |D] up ko 1.0). Unkage disequillorium ¢an be
determined In a single human populatlon, as defined hereln, or It can be determined in a
collection of samples comprising Indlviduals from more than one human population. In
one ermbodiment of the invention, LD Is deterrnined In a sample from one or more of the
HapMap populations {caucaslan, african, japanese, chinese), as defined
(http://www.hapmap.org). In one such embodiment, LD Is determined In the CEU
population of the HapMap sampies. In another emboedlmnent, LD Is determined In the YRT
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population. In yet ancther embodiment, LD is determined in samples from the Icelandic
population. )

If all pelymorphisms In the genome were [denticai at the population level, then
every single one of them would need to be Investigated In assoctation studles, However,
due to linkage disequillbrium between polymorphisms, tightly linked polymerphlsms are
strongly correlated, which reduces the number of pelymorphlsms that need to ba
Investigated In an assoclatlon study to observe a significant association. Another
consequence of LD s that many polymorphisms may glve an asscciatlon signal due to the
fact that these polymorphisms are strongly correlated.

Genomlc LD maps have been generated across the genome, and such LD maps
have been proposed to serve as framework for mapping disease-genes {Risch, N. &
Merklangas, K, Science 273:1516-1517 (1996); Manialis, N., et al., Proc NaH Acad Sci USA
99:2228-2233 {2002); Reich, DE et al, Nature 411:199-204 (2001}}.

It Is now established that many portlons of the human genome can be broken into
series of discrete haplokype blocks containing a few common haplotypes; for these blocks,
llnkage disequillbrium data provides lttle evidence Indlcating recomblnation (see, e.g.,
wall., 3.D. and Pritchard, 1.K., Nature Reviews Genelics 4:587-597 (2003); Daly, M. et al.,
Nature Genet. 29:229-232 {2001): Gabrlel, S.B. et al., Sclence 296:2225-2229 {2002);
Patll, N. et af., Science 204:1719-1723 (2001); Dawson, E. et al,, Nature 418:544-348
(2002); Phillips, M.S. et al., Nature Genet. 33:382-387 (2003))-

There are two maln methods for deflning these haplotype blocks: Blocks can be
defined as reglons of DNA that have limlted haplotype diversity (see, e.g., Daly, M. et al.,
Nature Genel. 29:229-232 (2001); Patil, M. ef al., Sclence 294:1719-1723 (2001);
Dawson, E. et al, Nature 418:544-548 {2002); Zhang, K. et &l, Proc. Natl, Acad. Scl. USA
99:7335-7339 (2002)), or as reglons between kransitlon zones having extensive historical
recomblnation, tdentified using linkage disequilibrium {see, &.g., Gabrlel, 5.B, et al.,
Sclence 296:2225-2229 {2002); Phillps, M.S. et al,, Nature Genet. 33:382-387 (2003);
Wang, N. et al., Am. . Hum. Genet. 71:1227-1234 (2002); Sturnpf, M.P., and Goldstein,
D.B., Curr. Biol, 13:1-8 (2003}). More recently, a fine-scale map of recomblnation rates
and corresponding hotspots across the human genome has been generated {Myers, 5., et
al., Sclence 310:321-32324 (2005); Myers, 5. et 3l., Biochem Soc Trans 34:526530
{2006)}. The map reveals the enormous variabion In recomblnation across the genome,
with recomblnation rates as high as 10-60 cM/Mb in hotspots, while closer to € In
Intervening regions, which thus represent reglons of lImited haplatype dlversity and high
LD. The map can therefore be used to deflne haplotype blocks/LD blocks as reglons
Aanked by recombination holspots. As used herein, the terms "haplotype block™ or *LD
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block” Includes blocks defined by any of the above described characteristles, or other
alternatlve methods used by the person skilled In the art to deflne such regians.

Haplotype blocks can be used to map associations between phenotype and
haplotype status, using single markers or haplotypes comprising 2 plurality of markers.
The maln haplotypes can be ldentifled In each haplotype block, and then a set of "tagglng”
SHPs or markers (the smaliest set of SNPs or markers needed to distingulsh among the
haplotypes) can then be Identified. These tagglng SNPs or markers can then be used In
assessment of samples from groups of Individuals, in order to Identify assoclation betweaean
phenotype and haplotype. If desired, nelghboring hapletype blocks can be assessed
cancurrently, as there may alsa exlst linkage disequilibrium among the haplotype blocks.

Tt has thus become apparent that for any glven observed assoclation te a
polymorphlc marker In the genome, It Is likely that addidonal markers In the genome also
show assoclation. This Is a natursl consequence of the unaven distributlon of LD across
the genome, as observed by the large variation In recombination rates. The rmarkers used
to detect assoclatlon thus In a sense represent “tags” far a gencmlc region {l.e., a
haplotype block or LD block) that Is assoclating with a given disease or tralt, and a5 such
are usefu! for use in the methods and kits of the present Invention. One or more causatlve
(functlonal} variants or mutations may reside within the reglon found to be assoclating ko
the diseasa or tralt, Such varlants may confer a higher relative risk (RR) or odds ratio
(CR) than observed for the tagging markers used to detect the assoclation. The present
Invention thus refers to the markers used for detecting assoclation to the disease, as
descrlbed herein, as well a5 markers In linkage disequillbrAum with the markers. Thus, in
certaln embodiments of the Inventien, markers that are In LD with the markers and/or
haplotypes of the Invention, as described hereln, may be used as sur:rngate markers. The
surrcgate markers have In one embodiment relative risk {RR} and/or cdds ratlo (OR)
values smaller than for the markers or haplotypes Initially found to be assoclating with the
disease, as described hereln. In other embodiments, the surrogate markers have RR or
OR values greater than those Inltizlly determined for the markers inltially found to ba
assoclating with the disease, as described herein. An example of such an embeodiment

would be a rare, or relatively rare (< 10% allelic population frequency) variant [n LG witha .

more common variant (> 10% population frequency) Inidally found to be associating with
the disease, such as the varants descrbed hereln, Identlfying and using such markers
for detecting the assoclatlon discovered by the Inventors as descaribed hereln can be
performed by routine methods well known to the person skilled In the art, and are
therefore within the scope of the present Invention.

It Is possible that certaln polymorphlc markers In linkage disequllibrium with the
markers shown hereln to be associated with cardlac arrhythmla (e.qg., atrial flbrillatlon and
atrlal fiutter} and stroke are located putside the physical boundarles of the LD block Co04
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as defined hereln by the sequence set forth In SEQ ID NO:50. This Is a consequence of the
histarlcal recombinatien rates In the reglon In question, which may have led to a regicn of
strong LD (the LD block), with residual markers outslde the block In LD with markers
within the block. Such markers are also within scope of the present Invention, as they are
alse useful for practicing the Invention by virtue of thelr genetlc relationship with the
markers shown hareln to ba assoclated wlth cardlac arrhythmla and stroke, Examples of
such markers are shown In Table 18 {rs7668322 {SEQ 1D NO:46), 152197815 (SEQ ID
NO:47), rs6B31623 (SEGQ ID NO:48), rs2595110 (SEQ ID NO:49})

Determination of haplotype frequency

The frequendes of haplotypes In patlent and control groups can be estimated using
an expectation-maximization algorithm (Dempster A. et 3., J. R. Stat. Soc. 8, 39:1-38
{1977}). An Implementation of this algorithm that can handle missing genolypes and
uncertainty with the phase can be used. Under the null hypothesis, the patlents and the
controls are assumed to have Identlcal frequencles. Uslng a likellhood approach, an
alternative hypothesls Is tested, where a candldate at-risk-haplotype, which can Includa
the markers described hereln, Is allowed to have a higher frequency in patlents than
controls, while tha ratios of the frequencles of other haplotypes are assumed to be the
same In both groups. Ukelthoods are maximized separately under both hypotheses and a
corresponding 1-df likelthcod ratio statistlc Is used to evaluate the stafistical slgnificance.

To look for ak-risk and protectlve markers and haplotypes within a linkage reglon,
for example, assoclation of all passible combinations of genotyped markers Is studled,
provided those markers span a practical reglon. The combined patient and control groups
can be randomly divided Into bwo sets, equal In slze to the orlginal group of patlents ard
controls. The marker and haplotype analysls is then repeated and the most signiflcart n-
value registered s determined. This randomizatlon scheme can be repeated, for example,
over 100 thmes to construct an emplrical distributlon of p-values. In a preferred
embodiment, a p-value of <0.05 Is Indicative of an slgnlficant marker and/or haplotype
assoclation.

Haplotype Analysis

One general approach to haplotype analysls Involves using likelthood-based
Inference applled to NEsted MOdels (Gretarsdottr 5., et &f., Nat. Genet, 35:131-38
(2003)). The method Is Implemented In the pregram NEMO, which allows for many
polymorphic markers, SNPs and microsatellltes. The methad and software are specliczlly
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deslgned for case-control studles where the purpose Is to Identlfy haplotype groups that
confer different risks. It Is also a bool for studylng LD structures, In NEMO, maximum
likellhood estimates, likellhaod ratlos and p-values are calculated directly, with the ald of
the EM algoritbm, for the observed data treating Ik as @ missing-data problem,

Even though llkellhood ratlo tests based on likellhoods computed directly for the
observad data, which have captured the Informabion loss due to uncertainty In phase and
mlssing genotypes, can be relled on (o glve valld p-values, It would still be of Interest to
know how much Infermatlon had been lost due to the Informatlon belng Incomplete. The
Information measure for haplotype analysls Is described In Nicolae and Kong (Technlcal
Report 537, Dapartment of Statlstics, University of Statistlcs, Unlversity of Chicago;
Biornetrics, 60(2):369-75 (2004)) as a natural extenslon cf Information measures defined
for linkage analysls, and Is Implemented In NEMO,

Far single marker assaclatlon to a disease, the Flsher exact test can be used to
calculate two-slded p-valuas for each Indlvidual sllele. Usually, all p-values are prasented
unadjusted for multlple comparisens unless specifically Indlcated. The presented
frequencles {for microsatellites, SNPs and haplotypes) are allelle frequencles as opposed to
carrler frequencles. To minlmlze any blas due the relatedness of the patlents who were
recrulted as famllies for the linkage analysis, first and second-degree relatlves can be
ellminated from the patlent list. Furthermore, the test can be repeated for assoclatlon
correctdng Far any remalning relatedness among the patlents, by extending a varlance
adjustment procedure desaibed In Rlsch, N. & Teng, J. {Genorne Res,, 8:1273-1288
(1998)), PNA pooling {/bid) for sibships so that It can be applled te general famllial
relationships, and present both adjusted and unadiusted p-values for comparison, The
differences are In general very small as expected. To assess the signlficance of single-
marker assodation corrected for multipls testing we can carry cut & randomlzation test
using the same genotype data. Cohorts of patlents and controls can be rendomized and
the association analysls redone multiple tmes (e.g., Up to 500,000 times) and the p-value
Is the fraction of replications that produced a p-value for some marker allele that is lower
than or equal to the p-value we observed using the original patent and control cohorts,

For both single-marker and haplotype analyses, relative risk (RR) and the
population attributable risk (PAR) can be calculated assuming a multiplicetive model
(haplotype relative risk model) (Terwilliger, 1.D. & O, J., Hum. Hered. 42:337-46 (1992)
and Falk, C.T. & Rubinsteln, P, Arn. Hum. Genet. 51 (Pt 3):227-33 (1987})}, l-e., that the
risks of the bwo allelasfhaplotypes a person carrles multiply. For example, If RR |5 the risk
of A relative to a, then the risk of a person homozygote AA will be RR, times that of &
heterozygote Aa and RR? Umes that of a homozygote ga. The multiplicative model has a
nlce property that simplifies analysis and computations — haplotypes are Independent,
i.e., In Hardy-Welnberg equilibrium, within the affected population as well as within the
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control population. As a consequence, haplotype counts of the affecteds and controls each
have multinomial distributions, but with different haplotype frequencies under the
alternative hypothesls. Speciflcally, for two haplutfpes, hrand hy, risk{ty)/rsk{hy =

{fI D)/ (), where £ and p denote, respectively, frequencles In the affected populaton and
In the control population. While there |s some power loss If the true model Is not
multiplicative, the loss tends to be mild except for extreme cases. Most Importantly, p-
values are always valld since they are computed with respect ko null hypothesis.

- Linkage Disaquilibrium Using NEMG

LD between palrs of markers can be calculated using the standard definition of D'
and 1* {Lewontin, R., Genetics 49:49-567 (1964); HIll, W.G. & Robertson, A. Thear, Appl.
Genet. 22:226-231 (1968)). Using NEMO, frequencies of the two marker allele
comblnations are estimated by maximum lkellhood and deviation from linkage equillbrium
Is evaluated by a likellhcod ratlo test. The definitlons of D and r? are extended to Include
microsatellites by averaging aver the values for all possible allele cornblnatlon of the bwo
markers welghted by the marginal zllele probabllities. When plotting all marlker
combination to elucidate the LD structure {n a particular region, we plot D' In the upper left
comer and the p-value In the lower right comer. In the LD plots the markers can be
plotted equidistant rather than according to their physical location, If desired.

Risk assassment and Dfagnostics

As described hereln, certaln palymorphlc markers and haplotypes comprising such
markers are faund to be useful for risk assessment of cardlac arrhythmla (e.g., atrial
fibrilation or atral Autter) or stroke. Risk assessment can Involve the use of the markers
for diagnosing a susceptbillty to cardiac arrhythmila {e.g., atrlal Abrillatlon or atrial futter}
or stroke. Particular alleles of polymorphlc mariers are found more frequently In
Indlviduals with cardiac arrhythmla (e.g., atrial Abrillation or atrial flutter) or stroke, than
In Indlvlduals without diagnosis of cardiac arrhythmia (e.g., atrial flbrdllation or atrial
flutter) or stroke. Tharefore, these marker alleles have pradlctve value for detecting
cardlac arrhythmila (e.g., atdal fibrillation or atrial flutter) and/or stroke, or a susceptibllity
to cardlac arrhythmta (e.g., atrial fibrillation or atrlal flutter) or stroke, In an Individuzal.
Tzgging markers within haplotype blocks or LD blocks comprising at-risk markers, such as
the matkers of the present fnventlon, can be used as surrogates for other markers and/for
haplotypes within the haplotype block or LD block. Markers with values of  equal to 1 are
perfect surrogates for tha at-risk varjants, |.e. genotypes for one marker perfectly predicts
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genotypes for the other. Markers with smaller values of 7 than 1 can also be surrogates
for the at-risk varlant, or altematively represent vartants with relative risk values as high
or possibly even higher than the at-risk varlant, The at-rlsk variant Identifled may not be
the functonal varlant [tself, but Is in this instance In [nkage disequlilbrium with the true
functional varlant. The present Inventlon encompasses the assessment of such surrogate
markers for the mafers as disclosed herein. Such markers are annotated, mapped and
listed In public databases, as well known to the skilled persen, or can alternatively be
readlly identified by sequencing the reglon or a part of the reglon tdentifled by the markers
of the present Invention In a group of indlviduals, and Identify polymorphisms In the
resulting graup of sequences. As a consequence, the person skilled In the art can readlly
and without undue experimentation genotype surrogate markers In linkage disequllibrium
with the markers andfor haplotypes as described hereln. The tagging or surrogate
markers [n LD with the at-risk variants detected, also have prediciive value for detecting
assoclation to cardlac arrhythmia (e.g., atrial Rbriilation or atrial flutter) and/or stroke or a
susceptibllity ta cardlac arrhythmla {e.g., atral fibrlllation or atrlal flutter) or stroke, In an
individual. These tagglng or surrogate markers thaF are In LD with the markers of the
present Inventlon can also Include other markers that distingulsh among haplotypes, as
these simllarly have predictive value for detecting susceptibllity to cardlac arrhythmla
(e.g., atrial fibrillation cr atrial flutter) and/cr stroke.

The markers and haplotypes of the Invention, e.g., the markers presented In Tables
S and 9, as well as markers In linkage disequllibriumn therewlith,, may be useful for risk
assessment and dlagnostlc purposes for, elther alone or In comblnation. Thus, even In
cases where the Inarease In sk by individual markers is relatively modest, l.e. on the
order of 10-30%, the assodation may have slgnlficant Implications. Thus, relatively
common varlants may have slgnificant contribution to the overall Hsk {Population
Attributable Risk Is high}, or comblnation of markers can be used Lo define groups of
Indlvidual who, based on the combined risk of the markers, |s at slgnificant cormbined risk
of developlng the disease,

Thus, In ona embodiment of the inventicn, a plurality of varlants (markers andfor
haplotypes) Is used for overzll risk assessment. These variants are In one embodiment
selected from the varlants as disdosed hereln. Other embodiments include the use of the
variants of the present Inventlon In combination with other variants known to be useful for
dlagnosing a susceptibllity ko cardlac arrhythmia {e.g., atrial fAbrllatlon or atrial flutier)
andjor stroke. In such embodiments, the genotype status of a plurality of markers and/or
haplotypes is determined In an Individual, and the status of the Indlvidual compared with
the population frequency of the assoclated variants, or the frequency of the varlants In
clinlczlly healthy subjects, such as age-matched and sex-matched subiscts. Methods
known In the art, such as multivariate analyses or joint risk analyses, may subsequently
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be used to determine the overall risk conferred based on the genotype status at the
multiple locl. Assessment of risk based on such analysls may subsequently be used In the
methods and kits of the Invention, as descalbed herein.

As described In the above, the haplotype block structure of the human genome
has the effect that a large number of variants (markers and/or haplotypes) In linkage
diszquilibrum with the varant originally assoclated with a disease or tralt may be used as
surrogate markers for assessing assoclation to the disease or tralt, The number of such
surrogate markers wlll depend on factors such as the historical recomblnation rake In the
region, the mutatlonal frequency In the reglon {l.¢., the number of polymorphic sltes or
markers In the reglon), and the extent of LD (size of the LD block) in the region. These
markers are usually locatad within the physical boundares of the LD block or haplotype
block In questlon as defined using the methods described hereln, or by other methods
known to the person skilled In the art. Howaver, sometimes marker and haplobype
assoclation Is Found to extend beyond the physical boundaries of the haplotype block as
defined. Such markers and/or haplotypes may In those cases be also used as surrogate
markers and/or haplotypes for the markers and/for haplotypes physically reslding wlthin
the haplotype block as defined. As a consequence, markers and haplotypes In LD
{typlcally characterized by r* greater than 0.1, such as r? greater than 0.2, including r*
greater than 0.3, alse Induding 2 greater than 0.4} with the markers and haplotypes of
the present Invention are also within the scope of the Inventlon, even If they are physically
located beyond the boundaries of the haplotype block as defined. This Includes markers
that are described hereln (e.g., Tables 5 and 3), but may also Include cther markers that
are In strong LD {characterlzed by * greater than 0.1 or 0.2 and/or |D'] > 0.8) with one or
more of the markers listed In Tables 5 and 9.

For the SNP markers described hereln, the opposita allele to the allele found o be
In excess In patients (at-risk allele) Is found In decreased frequency In cardiac arrhythmla
(e.g., atrial fibrllation or atrial flutter) andfor stroke patlenis., These markers and
haplotypes In LD andfor comprising such markers, are thus protective for cardlac
arrhythmta (e.g., atrial fibrillation or atrial flutter) and/or stroke. l.e. they confer a
decreased risk or susceptibllity of indlviduals carrying these markers andfor haplotypes
develeping cardlac arrhythmia (e.g., atral Abriliation or atrial flutter) andfor stroke..

Certaln varlants of the present Invention, Including certaln haplotypes cornprise, In
some cases, a combinatlon of various genetlc markers, e.g., SNPs and microsatellites,
Detecting haplotypes can be accomplished by methods known in the art and/or described
hereln for detecting sequences at polymorphic sltes. Furthermore, correlation between
certaln haplotypes or sets of markers and disease phenotype can be verified using
standard techniques. A representative example of a simple tast for correlation would be a
Fisher-exact test on a two by ftwo table,
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In specific embediments, a marker or haplotype found to be assoclated with
cardiac arrhythmla (e.g., atrial fbrillation or atrial flutter) andfor stroke,, {e.g., markers a5
listed In Table 5 {Tables 5A and 5B), Table S and/or Table 19, and markers in linkage
disequillbrlum therewith) is one In which the marker allele or haplotype Is more frequently
present In an Individual at risk for cardiac arrhythmia (2.g9-, atrlal fibrillatlon or atrlal
Autter) and/or stroke {affected), compared to the frequency of its presence In a healthy
Individual {control), whereln the presence of the marker allele or haplotype is Indicatlve of
cardlac arrhythmia (e.g., atrial fibrillatlon or atrial flutter) and/or stralke. or a susceptlblliby
ko cardlac arrhythmia (e.g., atrial fbrillation or atyial flutter) andfor stroke.. In aother
embodiments, at-rAsk markers In linkage disequllibrium with one or moere markers found te
be assoclated with cardlac arrhiythmia (e.g., atrial fibrillation or atrial flutter) andfor
stroke. (e.g., marker alleles as llsted In Tables 5A and 58, and markers In linkage
disequilibrium therewlth) are tagglng markers that are more Fequently present In &n
Individual at risk for cardlac arrhythmla (e.g., atrlal Abrillation or atrial flutter) andfor
stroke (affected), compared to the frequency of thelr presence In & healthy Individual
(contral), whereln the presence of the trgging markers Is Indicative of Increased
susceptiblilty to cardiac arrhythmila (e.g., atrial fibrillation or atrial flutter) and/or strole.
In = further embodiment, at-risk markers alleles (f.e. conferring Increased susteptbllity} In
linkage disequilibrium with one or more markers found to be assoclated with cardlac
arrhythmla (e.g., atrlal fisAllation or afrial flutter) and/or stroke. {e.g., marker alleles as
llsted In Tables SA and 5B and markers In linkage disequillbrium therawith), are markers
comprising one or more allele that Is more frequendy present In an Individual at sk for
cardlac arrhythmla {e.g., atrial Rbrillatlon or atrial flutter) andfor stroke comparad to the
frequency of thalr presence In a healthy individual (control), whereln the presence of the
markers |s Indicatlve of Increased susceptibllity to cardlac arrhythmta {e.g., atrlal
fibrillation or atrlal flutter} andfor stroke.

Study population

1n a genersl sense, the methods and kits of the Invention can be utllized from
samples contalning genomlc DNA from any source, .e. any Individual. In preferred
embodiments, the individual ts a human Indlvidual, The Individual can be an adult, child,
or fetus. The present Invention also provides for assessing markers andfor haplotypes In
Individuals who are members of a target populatlan. Such a target populatlon Is In one
ernbodlment a populatlon or group of Indlviduals at risk of developing the diseass, based
an other genetic factors, blomarkers, blophyslcal parameters {e.g., weight, BMD, blood
pressure), or genaral health andfer lifestyle parameters (e.g., history of disease or related

diseasas, previous dlagnosls of dlsease, farlly history of disease).
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The Invention provides for embodiments that include Indlviduals from specific age
subgroups, such as those over the age of 40, over age of 45, or aver age of 5, 55, 60,
65, 70, 75, 80, ar 85. Other embeodliments of the Inventon pertaln to other age groups,
such as individuals aged less than B85, such as lzas than age 80, less than age 75, or less
than age 70, 65, 60, 55, 50, 45, 40, 35, or age 30. Other embodiments relate to
Individuals with age at onsek of the disease In any of the age rangas described In the
above. It s alsec contemplated that a range of ages may be relevant In certaln
embodiments, such as age at onset at more than age 45 but less than age 60. Other age
ranges are however also contemplated, Including all age ranges bracketed by the age
values listed in the above.

Other embodiments related to Individuzls with age at onset of the disease at
particular age or age rangs. Thus, It Is known that predisposing factors, genetic and non-
genetlc, can affect at what age an Individual develops a disease. For cardiovascular
disorders, Induding cardlac arrhiythmlas and stroke, commen risk factors can Infiuence If;
and at what age, an Individua! develops the disease. Some embodiments of the Inventton
therefore relate to age at onset or age at dlagnaosls of cardiac arrhythmla (a.g., atnal
fibdllation and/or attial flutter) or stroke In 2 certaln age range. In one embodiment, the
Individuals at risk for developing cardlac arrhythmla (e.g., atrial fibrliatlon and/or atrial
flutter) or stroke have age at onset or age at dlagnesls cver the age of 4D, In other
embodiments, the Indlviduals have age at onset or age at dlagnosis over age of 45, or
over age of 50, 55, 60, 65, 70, 75, 80, or 85, Other embodiments of the Inventlon pertaln
to Individuals who have an age at onset or age at dlagnoesis at age less than 85, such as
less than age 80, |less than age 75, or less than age 70, 65, 60, 55, 50, 45, 40, 35, cr age
30. One preferred embodiment Includes individuals dlagngsed with atrial Abrdllatlon or
atrial futier or stroke below age 80. Another praferrad embodiment relates to Individuals
diagnosed with atrial fibrlllation or atrlal Autter or stroke below age 70. Another preferred
embodiment, relates to Individuals dlagnosead with atrial fibrillation or atrial flutter or
strake below age 60. Yet another preferred embodiment relates to Individuals dlagnosed
wlth atrlal fibrllation or atrial flutter ar stroke below age 50. Other embodiments relate to
Individuals with age at onset of the disease In specific age ranges, described In the above.
It Is also centemplated that a range of ages may be relevant In certain embadiments, such
as age at onset at more than age 45 but less than age 60, age at onset ak age more than
60 and less than age 70, age at onset at age more than 70 and lass than 80, or age at
onset at age more than 60 and less than 80, Other age ranges are however also
contemplated, Including all age ranges bracketed by the age values listed In the above.

The Inventlon furthermore relates bo Individuals of elther sex, males or females. It
also prevides for embodiments that relate w human subjects that are from one or more
hurman population Including, but not limited to, Bantu, Mandenk, Yoruba, San, Mbut
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Pygmy, Orcadlan, Adygel, Russian, Sardinlan, Tuscan, Mozabite, Badouln, Druze,
Palestinlan, Balachi, Brahul, Makrani, Sindhl, Pathan, Burusho, Hazara, Uygur, iKalash,
Han, Dal, Daur, Hezhen, Lahu, Miag, Crogen, She, Tujla, Tu, Xibo, ¥, Mongalan, Naxl,
Camhbodian, Japanese, Yakut, Melaneslan, Papuan, Karitlanan, Surui, Colmblan, Maya and
Pima. The Invention also relates to European populations, American populations, Eurasian
populations, Aslan populations, Central/South Aslan populations, East Aslan populatlons,
Middle Eastern populations, African populatlons, Hispanic populatlons, and Qceanlan
populaticns. European populations Include, but are not limited to, Swedish, Norweglan,
Finnish, Russlan, Danish, Icelandlc, Irish, Kelt, English, Scottish, Dutch, Belglan, French,
German, Spanish, Portuguese, Ttallan, Pollsh, Bulgarian, Slavic, Serblan, Bosnlan, Chach,
Greek and Turkish populations.

iIn one preferred embodiment, the Inventlon relates to populztions that indude
black African ancestry such as populatlons comprising persons of Afrlcan descent or
lineage. Black Afrlcan ancestry may be determined by self reporting as Afrlcan-Americans,
Afro-Americans, Black Americans, belng a member of the black race or belng a member of
the negro race. For example, African Americans or Black Americans are those persons
Iving In North America and having origins In any of the black raclal groups of Afrlca, In
another example, self-reported persons of black African ancestry may have at least one
parent of black African ancestry or at least one grandparent of black African ancestry.

The raclal contribution In Individual subjects may aiso be determined by genetic
analysls. Genetlc analysls of ancestry may be carried out using unlinked micosatelllte
markers such as those set out In Smith et al. (Am 7 Hum Genet 74, 1001-13 (2004))-

In certaln embodiments, the Inventlon relates to markers and/or haplotypes
\dentifled in spetific populations, as described In the above, The person skilled In the art
willl appreciate that measures of linkage disequllibrium {LD) may give different results
when applled to different populatlons, This Is due to different population history of
differant human populatlens as well as differential selective pressures that may have led to
differences In LD In speclfic genomic reglons. It Is also well known to the person skllled In
the art that certain markers, e.g. SNP markers, are polymorphic In one population tut not
In another. The person skilled In the art will however apply the methods avallable and as
kaught ?7hereln to practice the present Invention In any given human populatlon, This
may Include assessment of polymorphlc markers In the LD reglon of the present Inventlon,
so as to Identify those markers that glve strongest assoclation within the speclflc
population. Thus, the at-risk variants of the present Invention may reside on different
hapletype background and In different frequencles In various human populations.
However, utllizing methads known In the art and the markers of the present inventlon, the

invention can be practleed In any glven human population.
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The person skilled In the art will appreciate and understand that the varlants
described herain In general do not, by themselvas, provide an absolute idenbfleation of
Individuals who will develop cardlac arrhythmla (e.g., alrial fibrlllatien or atrizl flutter) and
for stroke. The varlants described hereln do however indicate Increased and/or decreased
llkebhood that indlviduals carrylng the at-risk or protective varianks of the Inventlon will
davelop symptoms assoclzted with cardlac arthythmla {&.g., atrlal fibrillatlan or akrlal
flutter} andfor stroke This Informatlon Is however extremely valuable In Itself, as outlined
In more detall In the below, as It can be used to, for example, inltlate preventlve measures
at an early stage, perform regular physlcal andfor mental exams to monltor the progress
andfor appearance of symptoms, or ko schedule exams at 2 regular Interval to [dentify the
condltlon In question, so as Lo bea able to apply treatment at an early stage.

The knowledge about z genetlc variant that confers a risk of developing cardlac
arrhythmia (e.g., atrial fibrillatlion or atrlal flutter) and/or stroke offers the oppartunity fo
apply a genetlc test to distingulsh betwesn Indlviduals with Increased risk of developing
the disease (l.e. carriers of the at-risk varant) and those with decreased risk of developing
the dlsease (l.e. carriers of tha protective varlant). The core values of genetlc testing, for
Indlviduals belenging to both of the above mentloned groups, are the possiblilties of belng
able to dlagnose cardlzc arrhythmla (e.g., atrial fibrlllatlon or atrial Rutter) and/or stroke,
or & predlsposition to cardlac arrhythmla (e.g., atrizl fibrillation or atrial flutter) andfor
stroke at an early stage and provide informaticn to the dinlclan about prognosts of cardlac
arrhythmla (e.g., atrial fibrillatlon or atrlal Autter) and/for stroke In order to be able to
apply the most approprilate treatment.

Indivlduals with a famliy history of cardlac arriwthmia (e.g., atrial fibrillatlon or
atrial flutter) andfor stroke and carriers of at-risk variants may benefit from genetlc testing
since the knowledge of the presence of a genetle risk factor, or evidence for Incregsed risk
of belng a carrier of ane or more risk factors, may provide increased Incentive for
Implementing a healthler lIfestyle, by avolding or minlmizing known environmental risk
factors for cardlovascular diseases related to cardlac arrhythmia (e.g., atrlal Abrillatlon or
atrial flutter) and/or stroke. Genetlc kesting of cardlac arrhythmla (e.g., atrial fibrillation or
atrlal flutter) and/or stroke patlents may furthermore glve valuable Informatlon aboput the
primary cause of the disease and can afd the clinlclan In selecting the best treatrment
options and medication for each Indlvidual.

The present Inventlon furthermore relates to risk assessment for cardlac
arhythmla (e.g., atrzl fibrillation cr atrial flutkter) and/or stroke, Including determining
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whether an individual Is at risk for developlng cardlac arrhythmla (e.g., atrlal fibrillatlon or
atrlal flutter} andfor stroke. The polymorphlic markers of the present invention can be
used alone or in comblnation, as well as In comblnation with ather factors, Including other
genetic risk factors or blomarkers, for risk assessmant of an Individual for cardlac
arrhythmla (e.g., atrial flbrillation or atrlal Autter) andfor stroke, Many factors known to
affect the predisposition of an Individual towards developing risk of cardlovascular disease
are susceptibllity factors for cardlac arrhythmlas (e.g., atrial fibrillation or atrial flutter)
and/or stroke, and are known to the person skilled In the art and can be utllized in such
asse;sment. These include, but are not imlted to, age, gender, smoking status, physlcal
activity, walst-to-hlp circumference ratio, famlly history of cardlac arrhythmta (In particutar
atrial fibrlllatlon and/or atrizl flutter) and/for stroke , previously dlagnosed cardlac
arrhythmla (e.g., atrial fibrillation or atrial flutter) and/or stroke, obeslby,
hypertriglyceridemnla, low HDL cholesterol, hypertension, alevated blood pressure,
cholesterol levels, HOL cholesterol, LDL cholesterol, triglycerides, apollpopmtelin AT and B
levels, fibrinogen, ferrtin, C-reactlve protein and leukolrdene levels., Particular blomarkers
that have been assoclated with Atdal fibrillatlon/Atrial flutter and stroke are discussed In
Allard et al. (Cfin Chem 51:2043-2051 {2005) and Becker (J Thromb Thrombolys 19:71-75
{2005)}. These Include, but are not limlted te, fibrin D-dimer, prothrombln activatlen
fragment 1.2 (F1.2), thrombln-antithrombin Hi complexes (TAT), fbrinopeptide A {FPA),
lipoprotein-asscclated phospholipase A2 {Ip-PLAZ), beta-thromboglobulln, platelet factor 4,
p-sefectin, von Willebrand Factor, pro-natriuretic peptlde {BNP)}, matrix metalloprotelnase-
9 (MMP-9), PARK?, nucleos]de diphosphate kinase {(NDKA), tau, neuron-speciflc enclase,
B-type neurobophlc growth factor, asirogllal proteln 5-100b, glial fibrillary acldic protein,
C-reactlve proteln, seum amylold A, marix metallopretelnase-9, vasaular and Intraceliular
cell adheslon molecules, tumor necrosls factor alpha, and Interleukins, Including
Intedeukin-1, -6, and -8). Clrculating praegenitor cells have also been Implicated &s belng
useful blemarkers for AF. In particular embediments, mare than cne blamarker |s
Jetermined for an individual, and comblned with results of a determination of at least one
polymorphlc marker as described herein. Preferably, blomarker Is measured In plasma or
sarum from the Individual. Altematively, the biomarker Is deterrmined In other sultable
tssues contalning measurable amounts of the blomarker, and such embodlments are also

within scope of the invention.

Methods known I the art can be used for overall risk assessment, including

muitivariate analyses or logistic regresslon.

Atrial fibrillatlon Is a disease of great slgnificance both be the Individual patient and
to the health care system as a whole, It can be a permanent condition buk may also ba
parexysmal and recurrent In which case It can be very challenging to dlagnose. The most
devastating complication of atrial fibrillation and atrial flutter Is the occurrence of
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debllltating stroke. Importantly the risk of stroke Is equal In permanent and paroxysmal
atrlal fibrillatlon. It has repeatediy been shown that therapy with warfarin anticoagulation
can slgnificantly reduce the risk of frst or Rurther episodes of stroke In the setflng of atrizl
fibrillatlen. Therefor, anticoagulation with warfarin Is standard therapy for almost all
patlents with atrial Rbrillation for stroke-preventlon, whether they have the permanent or
paroxysmal type. The anly patlents for whom warfarin Is not strongly recommendead are
those younger than 65 years old who are consldered low-risk, l.e., they have no organic
heart disease, Including, nelther hypertension no coronary ariery disease, no previous
history of stroke or translent Ischemic attacks and no diabetes. This group has a lower
risk of stroke and stroke-prevention with aspirin is recommended.

Due to the nature of paroxysmal atrial fibrillation it can be very difficuit to
dlagnose. When the patlent seeks medical attention due to disease-related symptoms,
such as palpltations, chest paln, shoriness of breath, dizzlness, heart fallure, trcmslfant
Ischemlc attacks or even stroke, normal heart rhythm may already be restored precluding
dlagnosls of the arriiythmia. In these cases cardlac rhythm monltoring Is frequenty
applled in the attempt to dlagnose the condltion, The cardlac rhythm Is commonly
monltored continuously for 24 to 48 hours. Unfortunately atrial fibrillatlon episodes are
unpredictable and frequently missed by this approach. The opportunity ta dlagnose the
arrhythmila, Institute recommended therapy, and possibly prevent a dabllitating Arst or
recuztent streke may be missed with devastating results to the patient. Prelonged and
more complex cardlac rhythm monitoring measures are avallable and applled occaslonally
when the suspicien of atrial fibrillatlon Is very strong. These tests are expensive, the
dlagnostic yleld with current approach s often low, and they are used sparingly for this
Indication. In these cireumstances additional sk stratificatlon with genetlc tasting may be
extremely helpful. Understanding that the Tndividual In question carrles elther an at-risk or
a protectlve genetlc varfant can be an invaluable contributlon to dlagnostic and/or
treatment decislon making. ‘This way, In some cases, unnacessary testing and therapy
may be avolded, and In other cases, with the help of more aggressive diagnastlc approach,
the arrhythmla may be dlagnosed andfor proper therapy Inltiated and later complications
of disease diminlshed.

METHODS OF THE INVENTION

Methods fer risk assessment of cardlac arrhythmla {e.g., atrial fibrlllation or atrial
fiutter) andfor stroke are described hereln and are encompassed by the Inventlon. The
Invention also encompassas methods of assessing an Individuzl for probability of responss
to a therapeutic agent for cardlac arrhythmla (e.g., atrial flbrlladon or atrizl flutter) and/or
stroke, as well as methods for predicting the effectlveness of a therapeutic agent to treat
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patients with cardlac arrhythmla (e.g., atrlal Abrlllation or atrial flutter) and/or stroke, Kits
for assaying a sample fromn o subject to detect susceptibllity to cardiac arrhythmla (e.9.,
atrial fibrilfakion or atrilal flutter) andfor stroke are also encompassed by the Invention.

Dlagnostlc and screening pssays of the Invention

In certaln embodiments, the presant Invention pertalns to methods of diagnosing,
or alding In the dlagnosls cf, cardiac arrhythmla (e.g., atrial fibrillation or atrtal fiutter)
andfor strake or a susceptbllity to cardlac arrhythmia (.g., atrial Abriliation cor atrial
flutter) andfor stroke, by detecting particular alleles at genetlc marlers that appear more
frequently In cardlac arrhythmia {e.g., atral fibrilation or atrial flutter} and/or stroke
subjects or subjects who are susceptlble to cardlac arrhythmia (e.g., atrial fibriliation or
atrial flutter) and/for stroke. In a partlcular embodiment, the Invention Is a method of
dlagnosing a susceptibllity to cardlac ar{-hythrnla {e.g., strizl fibriliation or atrial flutter)
and/or stroke by detecting at least one allele of at least one polymorphic marker (e.g., the
markers described hereln). The present Invention describes methods whereby detectlon of
particular alleles of particular markers or haplotypes Is Indicative of a susceptibllity to
cardiac arrhythmla (e.g., atral fibrillatlon or atral flutter) and for stroke. Such prognostle
ar predictive assays can alsc be used to determine prophylactic treatment of a subject
pricr te the onset of symptoms of cardlac arrhythmla (e.g., atral fibrlllatlon or atrlal
flutker) andfor stroke,

The present Invention pertalns In some embodiments te methods of clinlcal
applicatlons of diagnosis, &.g., dlagnosls performed by a medical professtonal, which may
include an assessment or determination of genetic risk variants, and thelr Interpretation.
In ather embodiments, the Inventlon pertains to methods of risk assessment (or dlagnaosis})
performed by a layman or a non-medical professlonal. Recent technologlcal advances In
genotyping technolegies, induding hilgh-throughput genctypling of SNP markers, such as
Molecular Inversion Probe array technology (e.g., Affymetrix GeneChlp), and BeadArmay
Technologles (e.g., Illumina GoldenGate and Infinlumn assays) have made It posslble for
Individuals to have thelr own genome assessed for large number of variations
simuitaneously, or up ko ane millfon SNPs. The resulting genotype Informatlen, made
avallable to the Individual, can be compared to [nformatlon from the public sclentlfic
litterature about disease or tralt risk assoclated with varlcus SNPs. The dlagnostic
application of disease-assoclated alieles as described hereln, can thus be performed elther
by a health professlonal based on results of a clinlcal test or by & layman, or non-medical
professional, Including an Individual providing service for performing an assessment of
SNPs throught SNP genotypling, elther on an Individual SNP basls or by large-scale high-
throughput methods such as array technologles. In other words, the dlagnosls or
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assessment of a susceptibllity based on genetic risk can be made by health professianats,
genetlc counselors, genotypa services providers or by the layman, based on Information
about his/her genotype and publications on various risk factors. In the present context,
the term “dlagnosing”, and “dlagnose a susceptlbllity”, |s meant to refer to any avallable
dlagnostic method, including those mentloned above.

In additon, In certatn other embodiments, the present Inventlan partalns to
methods of dlagnosing, or 2lding In the dlagnosis of, a decreased susceplibility to cardlac
arrhythmla {e.g., atrial fibrliation or atrial flutter) and/or stroke by detecting partlcular
genetlc marker alleles or haplotypes that appear less frequently In cardlac arrhythmla
{e.q., atrial fibrllatlon or atrial flutter) and/or stroke patlents than In Individual not
dlagnosed with cardlac arrbythmila (e.g., atrial fibrillatian or atrial flutter) and/for stroke or
In the general population.

As described and exemplified hereln, partlcular marker alfeles or haplotypes {e.q.
the markers and haplotypes as listed In Table 5 (Tables 5A and 5B} and markers in linkage
disequllibrium therewith, e.g., the markers listed In Tables 4 and/or @ markers In linlage
disequillbrium therewlth, e.g., the markers as set forth In Table 19) are assoclated with
cardiac airhythmla (e.g., atrial fibriliation or atrial flutter) and/or stroke. In one
embodiment, the marker allele or haplotype Is one that confers a slgnlficant rislk or
susceptibllity to cardiac arrhythmia {e.g., atrial fibrillation or atrial flutter) andfor stroke.
In znother embodiment, the Invention relates to a method of diagnosing a susceptbility to
cardiac arrhythmia {e.g., atral fibrlilation or atrial flutter} andfor stroke In a human
Indlvidual, the method comprising determining the presence or absence of at least ona
allele of at least one polymorphic marker in a nucleic acid sample obtalned from the
IndWwidual, whereln the at least onea polymorphlc marker is selectad from the group
consisting of the polymorphic markers listed In Tables 5A and 58, and markers [n linkage
disequitibrium therewlth. In ancther embodiment, the Invention pertalns fo methads of
dlagnosing a susceptiblity to cardlac arrbythmla {e.g., atrial Abrillation or atrial futter)
and/or stroke In a human Individual, by screening for at least one marker allele or
haplotype as listed in Tables 5A andSB or markers In linkage disequlllbrium tharewlth, In
another embadiment, the marker allele or haplotype is more freguantly present in a
subject having, or who Is susceptlble to, cardlac arrhythmnla (e.g., atrlal fbrillatlon or atria)
flutter} and for stroke {affected}, as compared to the freguency of its presenca In a
healthy subject (control, such as population controls). In certain embodiments, the
slanificance of assoclatlan of the at least one marker allele or haplotype is characterized by
a p value < 0.05. In other embodiments, the slgnlficance of asscclabion Is characterized
by smaller p-values, such as < 0.01, <0.001, <0.0001, <0,00001, <0.0000{1,
<0.0000001, <0.00000001 or <{.0Q0000001.
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In these embodiments, the presence of the at least one marker allele or haplotypea
Is Indicative of a susceptibllity to cardlac arthythmla (e.g., atrial flbrillation or atrlal flutter)
and/or stroke. These diagnostlc methads I:_wulve. detecting the presenca or absence of at
least one marker allele or hapiotype that Is assoclated with cardlac arrhythmia (e.g., akriai
fibriffation ar atrial Autter) and/or stroke. The haplotypes described herein Include
combinatlons of alleles at various genetic markers (2.g., SNPs, microsatellites), The
detectlon of the particular genetlc marker alleles that make up the particular haplotypes
can be performed by a variety of methods described hereln and/or known in the art. For
example, genetic markers can be detected at the nuclelc acid level {e.q., by direct
nuclestide sequencing or by other means known to the skilled In the art) or at the amino
acld level IF the genetlc marker affects the coding sequence of a protein encoded by 3
cardiac arrhythmia (e.g., atrzal Agriliation or atrial fiutter) and/or stroke -assoclated nucleic
acld (e.g., by proteln sequencing or by Immunoassays uslng antibodles that recognize such
a proteln). The marker alleles or haplotypes of the present Invention correspond to
fragments of a genomlc DNA sequence assoclated with cardlac arrhythmila (e.g., atrial
flbrilation or atrlal flutter) and/or stroke. Such fregments encompass the DNA seguence
of the polymorphlc marker or haplotype In question, but may also Include DNA segments In
strong LD {lInkage disequllibriumn) with the marker or haplotypa. In one embodiment,
such segments comprises segments In LD with the marker or haplotype as determilned by
a value of 12 greater than 0.2 and/for |D’| > 0.8,

In one embodiment, dlagnoslis of a susceptibllity to cardlac arrhythmila (e.g., akrial
fibrillatlion or atrlal flutter) and for stroke can be accomplished using hybridization
methods, such as Southern analysls, Nerthern analysls, and/or in situ hybridizations (see
Current Protocals In Molecular Blology, Ausubel, F. ef af., eds., Iohr Wlley & Sons;,
Including all supplements). A blologlical sample from a test subject or Individual (a “test
sample”) of genomic DNA, RNA, or cDNA Is cbtalned from a subject suspected of having,
belng susceptible to, or pradisposed for cardlac arrhythmla {e.g., atrial Abriliatlon or atrial
flutter) and for stroke (the *test subject). The subject can be an adult, child, or fetus,
The test sample can be from any source that contains genomlc DNA, such as a blood
sample, sample of amnlotlc fiuld, sample of cerebrospinal fuid, or tissve sample from skin,
muscle, buccal or conjunctival mucosa, placenta, gastrolntestinal tract or other organs. A
test sample of DNA from fetal cells or Hssue can be obtalned by appropriate metheds, such
as by amnlocentes!s or choronic villus sampling. The DNA, RNA, or cDNA sample Is then
examined. The presence of a speclfic marker allele can be Indicated by sequence-spadflc
hybridizatlon of a nuclelc acld probe specliic for the particular allele. The presence of more
than specific marker allele or 2 speclfic haplotype can be indicatad by using several
sequence-speclfic nuclelc acld probes, each belng speclfic for 2 particular zllele. In one
embodiment, a haplotype can be Indicated by a single nuclelc acld probe that is speclfic for
the specific haplotype {l.e., hybridizes speclfically to a DNA strand comprising the specific



10

15

20

25

30

35

46

marker alleles characteristic of the haplotype). A sequence-specific probe can be directed
to hybridize to genomic DNA, RNA, or cDNA. A "nuclelc acld probe®, as used herein, can
be a DNA probe or an RNA probe that hybridizes to 2 complementary sequence. One of
skill In the art would know how to design such a probe so that 5&quénca specific
hybridization wiil occur only If a particular allele Is present In & genomic sequence from 2
test sample.

To diagnose a susceptiblilty Lo cardiac arrhythmia (e.g., atrlal fibrillatlon or atral
fiutter) and for stroke, 2 hybridization sample Is forrned by contacting the test sample
contalning an attial Abrllation and for stroke -assoclated nuclelc acld, such as a genomlc
DNA sample, with at {east one nucleic acld probe. A non-limiting exarple of a probe for
detecting mRANA or ganomic DNA Is a labeled nuclelc acld probe that Is capable of
hybridizing to mRNA or genomlc DNA sequences described hereln. The nucleic acld probe
can be, for example, a full-length nucleic acld molecule, or a portion therecf, such as an
oligenudectide of at least 15, 30, 50, 100, 250 or 500 nuclectldes in length that is
sufficient to specifically hybridlze under stringent conditions to apprapriate mRNA or
genomic DNA, The nucleotlde acld probe may be up to 1000 or mere nucleotides In
length, Including up to 500 auclectides, 400 nucleotide, 300 nucleotides, 200 nucleotides
or 100 nucleotides. Certaln embodiments include nucleotlde probes that are from 15 to
1000 nucleotides In length. Other embodiments pertaln to use of nucleotide probes that
are from 15 to 500 nuclectides in length, or from 15 to 400 nudeotides in Tength, or from
20 to 400 nuclectldes In length. Other slze ranges of the nucleotide probes of the
Invention are contemplated, as well known to the skilled person. In one embodiment, the
nuclelc acld proba can comprise all or a portlon of the nudeotide sequence of LD Block
€04, as described herein, optlonally comprising at least one allele of a marker describad
hereln, or at least one haplotype described hereln, or the probe can be the complementary
sequence of such a sequence. In 2 particular embediment, the nuclelc acld probe is a
partion of the nucleotide sequence of LD Block C04 as set forth In SEQ 1D NO:=50 or , as
described herein, optionally comprising at least one allele of a marker described hereln, or
at least one zllele of one polymoerchic marker or haplotype comprising at least one
palymorphlc marker described hereln, or the prebe can be the complemantary sequence of
such a sequence. Other sultable probes for use In the dlagnestic assays of the-lnventiun
are described herein, Hybridization can be performed by methods well known Lo the
parson skiiled 1n the art (see, &.9., Current Protocels In Molecutar Blology, Ausubel, F, at
al., eds., John Wiley & Sons, Including all supplements). In one embodiment, hybridization
refers to specific hybrdization, 1.e,, hybridization with no mismatches (exact
hybridlzation). In one embodiment, the hybridization condltlons for specific hybridizatlon
are hlgh stringency.
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Speclfic hybridization, If present, is detected using standard methods. If speclfic
hybridfzation occurs between the nucleic acid probe and the nucleic add In the test
sample, then the sample contalns the allele that Is complementary to the nuclectide that is
present In tha nuclelc acld probe. The process can be repeated for any markers of the
present Inventlon, or markers that make up a haplotype of the present Inventlon, or
multiple prabes can be used concurrently te detect more than one marker alleles at a time,
1t Is also possible to design a single prabe contalning mere than one marker alleles of a
parttcular haplotype (e.g., a probe contalning alleles complementary to 2, 3, 4, 5 or all of
the markers that make up a particular haplokype). Detectlon of the,partleular markers of
the haplotype In the sample Is Indlcative that the scurce of the sample has the particular
haplotype {e.g., a haplotype) and therefore 1s susceptible to cardiac arrhythmia (e.g.,
atrial Fibrllatlon or atrial flutter) ang for stroke.

In ancther hybridizatlen method, Northern analysls {see Current Protocols In
Molecular Blology, Ausubel, F. et al., eds., John Wiley & Sons, supra) Is used to ldentify the
presence of a polymorphism assoclated with cardlac arrhythmla (e.g., atrial fipriliation or
atrial flutter) and for stroke. For Northern analys!s, a test sample of RNA Is obtalned from
tha subject by appropriate means. As described hereln, specliic hybridizatlon of a nuclelc
acld probe to RNA from the subject Is Indicative of a particular allele complementary tc the
probe. For representatlve examples of use of nucleic acld probes, see, for example, U.S.
Patent Nos. 5,288,611 and 4,851,330.

additionally, or alternatively, a peptide nuclelc acld (PNA) probe can be used In
additlon to, or Instead of, a nudelc acld probe In the hybrdization methods described
hereln. A PNA Is a DNA mimic having a peptlde-like, Inorganic backbone, such as N-{2-
arminoethyl}glycine unfts, with an organic base {A, G, C, T or U) attached o the glyclne
nitrogen via a methylene carbonyl linker {see, for example, Nlelsen, P., et 3/, Bloconfug.
Chem. 5:3-7 {1954)). The PNA probe can be desigred to spedfically hybridize to a
malecule In a sample suspected of contalning one or mere of the marier alleles or
haplatypes that are assoclated with cardiac arrhythmia (e.g., atrial fibrillation or atrial
flutter) and for stroke. Hybridizatlon of the PNA probe Is thus diagnostic for cardiac
arrhythmila {e.g., atrial fibrliilation or atrial flutter) and for stroke or a susceptibillty to
cardlac arrhythmla (e.g., atrial fibrillatlon or atrlal flutter} ané for stroke.

In one embadiment of the Invention, a test sample contalning genomic DNA
obtalned from the subject Is collected and the polymerase chaln reaction (PCR) is used to
amplify a fragment comprising cne ore more markers or haplotypes of the present
Invention. As described hereln, Identificatlon of a partlcular marker allele or haplotype
assoclated with cardlac arrhythmla (e.g., atrlal fibrillatlon or atrial Autter) and for stroke,
can ba accomplished using a variety of methods {e.g., sequence analysls, analysls by
restriction digestlon, spedific hybridizatlon, single strended conformatlon polymorphlsm
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assays {SSCP), electrophoretic analysis, etc.). In another embadiment, dlagnosls Is
accomplished by expression analysls using quantitative PCR {klnetlc thermal cyding). This
tachnlgue can, for example, utillze commerdlally avallable technologles, such as TagMan®
{Applied Blosystems, Foster City, CA) . The tel:hnl-que can assess the presence of an
alteration in the expresslon or composition of a polypeptide or splicing varlani(s) that Is
encoded by & nuclele acld assoclated with cardlac arrhythmia {e.g., atrial fibrillatlon or
atrlal flutter} and for stroke. Further, the expression of the varlant(s} can be quantified as
physically or functlonally different.

In another method of the Invention, analysls by restrictlon digestion can be used to
detect a particular allele if the allele results in the creatlon or ellmination of a restriction
site relatlve to a reference sequence. Restrictlon fragment length polymarphism (RFLP)
analysls can be conducted, e.g., as described In Current Protocols In Molecular Blology,
supra. The digestlor pattern of the relevent DNA fragment Indicates the presence or
absence of the particular allele In the sample.

Sequence analysls can also be used to detect specific alleles or haplotypes
assoclated with cardlac arrhythmla (e.g., atrial fibrllabon or atral flutter) and for stroke
(e.g. the polymarphlc markers of Table 5 (Tables 5A and 5B}, Table 9 andfor Table 19).
Therefore, In cne embeodiment, determination of the presence or absence of a particular
marker alleles or haplotypes comprises saquence analysls of a test sample of DNA or RNA
obtained from a subject or Individual. PCR or other appropriate metheds can be used to
amplify a portlon of 2 nudeic acld assoclated with cardlae arrhythmta (e.g., atrial
fibrillation or atral Autter} and for stroke, and the presence of a spedfic allele can then be
detected directly by sequencing the polymorphic site (or multiple polymorphie sltes in a
haplotype) of the genomlc DNA Tn the sample,

Allele-speclfic ollgonucleotides can also be used to detect the presence of a
partlcular allele In a nucleic add associated with cardlac arrhythmla (e.g., atrial fibrillation
or atrlal flutter} and for stroke, (e.g. the polymorphlc markers of Table 5 (Tables 5A and
5B), Table 9 andfor Table 19), through the use of dot-blok hybridizatlon of amplified
oligonucleotides with allele-specific ollgonucleotide (ASO) probes (see, for example, Salkl,
R. ef al., Nature, 324:163-166 (1986)). An "allzle-specific oliganucleotide” (alsc referred
to hereln as an Mallele-speciflc ollgonuciactide probe™) Is an ollgonucieotide of
approximately 10-500 base palrs, approximately 15-400 base palrs, approximately 15-200
base palrs, approximately 15-100 base palrs, approximately 15-5D base palrs, or
approximataly 15-30 base pairs, that specifislly hybridizes ko a nuclelc acld assoclated
with cardlac arrhythmia (e.g., atrial fibrillation or atrial flutter} and /or stroke, and which
contzins a specific allele at a polymorphic site {e.g., a marker or haplotype as described
hereln). An allele-speclfic cligenucleotide probe that is speciflc for one or more particular a
nuclelc acld assoclated with cardlac arrhythmia {(e.g., atrial fibrillatlon or atrial flutter) and
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for stroke can be prepared using standard methods (ses, e.g., Current Protocols In
Molecular Blology, supre}. PCR can be used to amplify the desired reglon. The DNA
contalning the amplified reglon can be dot-blotted using standard methods (see, e.g.,
Current Protocols In Molecular Blology, supra), and the blot can be contacted with the
ollgonuciectide probe. The presence of speclfic hybridization of the probe to the amplifled
reglon can then be detecied. Speclfic hybridization of an allele-specific oligonudeotide
proba to DNA from the supject Is indicative of a specific allele at a pelymorphic slte
assoclated with cardlac arrhythmila {e.q., atrial fibrillation or atrial flutter) and for stroke
{s=e, e.g., Glbbs, R. et af.; Mudialc Aclds Res., 17:2437-2448 (1989) and WO 93/2245¢).

with the addition of such analogs as locked nuclele aclds (LNAs), the size of
primers and probes can be reduced to as few as 8 bases. LNAs are a noval class of blcycllc
DNA analogs In which the 2' and 4 posltions in the firanose ring are jolned via an O-
methylena (oxy-LNA), S-methylene {thlo-LNA), or aming methylene {amino-LNA) molety.
Common to al] of these LNA variants Is an affinity toward complemeantary nuclelc aclds,
which Is by far the highest reported for a DNA analog. For example, particular all oxy-LNA
nanamers have been shown to have melting temperatures (T,,) of 64°C and 749C when In

complex with complamentary DNA or RNA, respectively, as apposed to 289C for both DNA

and RNA for the cormesponding DMNA nonamer. Substantlal Increases In T, are also
abtalnad when LNA monomers are used In comblnatlen with standard DNA or RNA
monomers., For primers and probes, depending on where the LNA monomers are Incuded
{e.g., the 3' end, the 5' end, or In the mlddle}l, the T, could be increased conslderably.

In another embediment, arrays of allgonuéleotide probes that are complementary
to target nuclelc acld sequence segments from a subject, can be vsed o Identlfy
polymaorphlsms [n a nuclele acld assoclated with cardiac arrhythmla (e.g., alrial fibrillation
or atrlal flutter) and for stroke (e.g. the palymorphic markers of Tables 54 and 5B and
markers In linkage disequlllibrium therewlth). For example, an ellgonucieotlde array can be
used. Ollgonudeotide arrays byplcally comprise a plurallty of different olloenucleatide
probes that are coupled to a surface of a substrate In different known locations. These
ollgoniuclectlde arrays, also described as “Genechips™,” have been generally described In
the art (see, e.g., U.5. Patent No. 5,143,854, PLT Patent Publicatlon Nes. WO 90/15070
and 92/10092). Thesa arrays can ganerslly be produced using mechanlcal synthesls
methods or light directed synthesls methods that Incorporate a combinatlon of
photollthographlc metheds and solld phase allgoruclestide synthesls methods, or by other
metheds known to the person skllled In the art (see, e.g., Fodor, 5. et al., Sclence,
251:767-773 (1991): Pirrung ef /., U.5. Patent No. 5,143,854 (see also published PCT
Applicatlon No. WO $0/15070); and Fodor- S. ef al., published PCT Application Na. WC
92710092 and U.S. Patent No. 5,424,186, the entire teachings of each of which are
Incorporated by reference herelin). Technlques for the synthesls of these arrays using
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mechanlcal synthesls methods are described In, e.g., U.5. Patent No. 5,2684,2561; tha
entlre teachings of which are Incorporated by reference hereln. In another example, lnear
arrays can be utlllzed. Additlonal desciptlons of use of oligonudectde arrays for detection
of polymorphlsms can be found, for example, In U.5. Patent Nos. 5,858,659 and
5,837,832, the enlire teachings of both of which ara incorporated by reference herein.

Other methods of nuclelc acld analysls that are avallable to thase skilled in the art
can be used to detect a partlcular allele at 2 polymorphlc slte assodabed with atrial
fibrlllatlon and for stroke {a.q. the palymomphlc markers of Table S {Tables 5A and SB),
Table 8§ and/cr Table 19). Represantative methods include, for example, direct manoal
seguancing {Church and Gllbert, Proc. Natl Acad. Scf, USA, 81 1591-1995 (19388);
Sanger, F., et al., Proc. Nall. Acad, Sct, USA, 74:5463-5467 (1977); Beavis, et al., UG,
Patent Ne. 5,288,644): autemated Huorescent sequencing; single-stranded conformation
polymorphism assays (SSCP); clamped denaturing gel electrephores!s (CDGE); denaturing
gradlent gel electrophoresls (DGGE) (Sheffield, V., et al., Proc. Nall. Acad. 5cf. USA,
86:232-236 {1989)), mobllity shiRt analysls (Orita, M., et al., Proc. Nafl. Acad. Scf. USA,
86:2766-2770 (1989)), restrictlon enzyme analysis (Flavell, R., ef al., Celf, 15:25-41
(1978); Geever, R., et al., Proc. Natl, Acad, Scf. USA, 78:5081-5085 (1981));
heteroduplex analysls; chemlcal mismatch cleavage (CMC) {Cotton, R., et al., Proc. Natl.
Acad, Sai. USA, 85 :439?-4401 {1985)); ANase protectlon assays (Myers, R., et al.,
Sdlence, 230:1242-1246 {1985); use of polypeptides that reccgnlze nuclectide
mismatchas, such as £ cof muts proteln; and allele-specific PCR.

In another embodiment of the Inventlon, diagnosls of cardlac arrhythmla {2.g.,
atrlal fibrlllation or alral Autter) and for stroke or & susceptibillty to cardlae arrhythmila
{e.g., atral fbrillatlon or atrial Autter) and for stroke can be made by examining
expression andfor composition of a polypeptide encoded by a nuclelc acld assoclated with
cardlac arrhythmla (e.g., atrial Abrliation or atrial flutter) and for stroke In those Instances
whers the genetlc marker(s) ar haplotype(s) of the present Inventlon result In a change In
the compositlon or expresslon of the polypeptide. Thus, dlagnosls of & susceptibllity to
cardlac arrhythmla (e.g., atrlal fibrillatlon or atrial flutter) and for stroke can be made by
exzmining expression and/or composltlan of one of these polypeptides, or another
polypeptlde encaded by a nuclele acld assoclated with cardlac arthythmla {e.g., atriat
fibrilatlon ar atrial flutter) and for stroke, In those Instances where the genetle marker or
haplotype of the present Inventlon results In a ¢hange in the composition or expression of
the polypeptide. The haplotypes and markers of the present Inventlor that show
assoclatlon to cardlac arrhythmla (e.g., atrial Abrillatton or atrial Autter) and for stboke
may play a mle through thelr effect on one or more of these nearby genes (e.q., the PITX2
gene). Possible mechanlsms affecting thess genes Include, e.g., effects on transcription,
effects on RNA splicing, alterations In refative amounts of alternative splice forms of
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mRNA, effects on RNA stabllity, effects on transport fiom the nucleus to cytoplasm, and
effects an tha efflclency and accuracy of translation,

Thus, In ancther embodiment, the variants {markers or haplotypes) of the
Invention showlng assoclation to cardlac arrhythmia {e.g., atrlal fibrlllatlon or atrial flutter)
and for stroke affect the expression of a nearby gane. It Is well known that regulatory
elemant affecting gene expression may be located tenths or even hundreds of klobases
away frem the promoter reglon of 2 gene. By assaylng for the presence or absence of at
least one allele of at least ane polymorphlc marker of the present invention, it is thus
possible o assess the expression leval of such nearby genes. It Is thus contemplated that
the detectlon of the markers or haplotypes of the present Invention can be used for
assessing expresslon for one or more genes that are linked to cardlac arrhythmla {e.g.,
atrial fbrillatlon or atrial flutter) and for stroke.

A variety of methods can be used for detecting protein exprassion levels, Including
enzyme linked Immunosorbent assays {ELISA), Western blafs, immunoptrecipltations and
Immunoflucrescence. A test sample from a subject Is assessed for the presence of an
alteration in the expresslon andfor an alteratlon In composlilon of the polypeptide encoded
by a nucleic acid associated with cardlac arrhythmla (e.g., atrial fibrillation or atrlal flutter)
and for stroke, An alteration In expression of a polypeptide encoded by a nudelc acld
assoclated with cardiac arrhythmia {e.g., atrial fibrillatlon or atral Autter) and for stroke
can be, for example, an alteration In the quantliative polypeptlde expression (i.e., the
amount of polypeptide produced}. An alteration In the composlton of a polypaptide
encoded by a nucleic acid assoclated with cardlac arrhythmla {e.g., atria! fibrillatlon or
atrial flutter) and for stroke is an alteration in the qualltative polypeptide expression {e.g.,
axpresslon of a mutant polypeptide or of a different splicing variant}. In one embodiment,
dlagnosis of a susceptibllity to cardlac arrhythmila (&.q., atdal fibrillation or atrzl flutter}
and for stroke Is made by datecting a particular splicing variant encodaed by a nucleic acid
assaclated with cardlac arrhythmla (e.q., atrizl Abrllation or atrial Autter) and for stroke,
or a partlcular pattemn of splidng varlants.

Both such alteratlons {[quantitatlve and qualltative) can also be presant. An
*alteretion” In the polypeptide expression or composltion, as used hereln, refars to an
alteratlon I expressicn or composition In a test sample, as comparad to the exprasslon or
cormnposition of the polypeptide In a control sample. A control sample Is 2 sample that
corresponds to the test sample (e.o., |s from the same btype of cells), and is from a subject
who is not affected by, andfor who does not have a susceptiblllty to, cardlac arrhythmia
{e.g., alral fibrillatlon or atrial flutter) and for stroke, In one embodiment, the contrel
sample Is from a subject that does not possess a marker allele or haplotype as described
herain. Simllarly, the presence of ong or more different splicing variants In the test
sample, or the presence of significantly differant amounts of different splicing varlants In
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the test samiple, as compared with the contral sample, can be Indicatlve of a suscept/blllty
to cardlac arrhythmla (e.q., atral fleriliation or atrial flutter) and for stroke, An alteration
In the expression or compeositlon of the pnlyp'eptlde In the test sample, @5 compared with
the control sample, can be Indicatlve of a speclfic allele In the Instance where the allele
alters a splice slie relative to the reference In the control sample. Varlous means of
examining exprassion or composlkion of a polypepbde encoded by a nuclelc acld are known
to the person skllled In the art and can be used, Including spectroscopy, colorimetry,
electrophoresis, Isoelectric focusing, and Immunoassays (e.g., Davild et al., 1.5, Pat. No.
4,376,110} such as Immunoblotting {see, e.g., Current Protocols In Maolecular BloTogy,

partlcularly chapter 10, supra).

For example, In one embodiment, an antbody {e.5., an antlbody with a detectable
label) that is capable of binding to a polypeptide encoded by a nucleic acid assoclated with
cardiac arrhythmia {e.q., atrial fibrillatlon or atrial flutter) and for stroke can be used.
Antlbodles can be polydonal or monoclonial. An Intact antibody, or & fragment thereof
{e.q., Fv, Fab, Fab', F{ab’);) can be used. The term "labeled”, with regard ta the probe or
antibody, Is Intended to encompass divect iabeling of the probe or antlbady by coupling
{l.e,, physically linking) a detectable substance to the probe or antlbody, as well as Indirect
labeling of the probe or antlbody by reactlvity with another reagent that Is directly labeled.
Examples of Indirect [abealing Include detectlon of 2 primary antiboady using a labeled
secondary antibody (e.g., a fiuorescently-labeled secondary antlbedy) and end-labeling of
a DNA probe with blotln such that It can be detected with fAuorescently-labeled
streptavidin.

In one embodiment of this method, the level or amount of polypaptide encoded by
a nuclele acld assaclated with cardlac arrhythmla {e.q., atrial fibrillation or atria! flutter)
and for stroke [n a test sample Is compared with the level or amount of the pelypeptide in
a control sample- A level or amount of the polypeptide In the test sample that Is higher or
Iower than the level or amount of the polypeptide In the contrel sample, such that the
difference |s statistlcally slgnificant, |s Indicatlve of an alkeratlon In the expression of the
polypeptide encoded by the nuclelc acid, and Is dlagnostic for a particular allele or
hanlotype responsible for causing the difference In expresslan. Alternatlvely, the
composition of the polypeptide In a test sample Is compared with the composition of the
polypeptide In a control sample. In another embodiment, bath the level or amount and
the composition of the polypeptide can be assassed In the test sample and In the control

sample,

In ancther embodiment, tha diagnosis of a susceptibllity to cardlac arrhythmta
(e.g., atrial Abrillatlon or akrlal Avtker) and for stroke |s made by detecting at least one
marker or haplotypes of the present Inventlon {e.g., assoclated alleles of the markers
listed in Tables 5A and 5B, and markers In linkage disequilibrium therewlth), In
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combination with an addiional protein-based, RNA-based or DNA-based assay. The
methods of the Invention can alse be used In combinatlon wikh an anaiysls of a subject’s
famlly history and risk fFactors {e.g., environmental risk factors, lIfestyle risk factors).

Kits

Klts useful in the methods and procedures of the Inventon omprise componants
useful In any of the methods described hereln, including for example, hybridlzation probes,
restrictlon enzymes {e.g., for RFLP analysls), allele-spedfic oligonucieotdes, antibodles
that bind to an altered polypeptlde encoded by a nuclelc acid of the Inventlon as described
hereln (e.g., a genomic segment comprising at least one polymarphic marker and/or
haplotype of the prasent Invention) or to a non-altered {natlve} polypeptlde encoded by a
nucleic acld of the inventlon a5 described herein, means for amplification of a nuclele acld
assoriated with cardlac arrhythmlz {e.g., atrial fibrillation or atrlal flutter) and for stroke,
means for analyzlng the nudlel: acld sequence of a quclelc acld assoclated with cardlac
arrhythmla (e.g., atrial fibrillation or atrial flutter) and for streke, means for analyzing the
armino acld sequence of a polypeptide encoded by a nuclele acld assodated with cardlac
arrhythmilz {e.g., atrial fibrillation or atrla! futter) and for stroke, etc, The kits can for
example Include necessary buffers, nudelc acld primers for amplifying nuclelc adds of the
Inventlon (e.g., one or more of the polymorphic markers as described herein, and
rezgents for allele-specific detectlon of the fragments amplified using such primers and
necessary enzymes {e.q., DNA polymerase). Additionally, kits can provide reagents for
assays to be used In combination with the metheds of the present Inventlon, e.4., reagents
for use with cardlac arrhythmla (e.g., atrlal Abrillation or atrial Autter) and for stroke
dlagnestic assays.

In one ermbodiment, the Inventlon Is a kit for assaying a sample from a subject to
detect the presence of cardiac arrhythmila {e.g., atrial fibdllation or atrial flutier) and for
stroke or a susceptibllity to cardlac arrhythmila (e.g., atrlal fibrillation or atrial Autter} and
Jor stroke In a subject, whereln the kit comprses reagents necessary for selectively
datecting at least one allele of at lzast one polymorphism of the present Inventlon In the
genome of the Individual. In a partlcular embodiment, the reagents comprise at least one
contiguous oligonucleotide that hybridizes to 2 fregment of the genome of the Individual
mmprising at least one polyrmorphism of the present Invention. In ancther embodiment,
the reagents comprise at least one palr of cligonuclectidas that hybridize to opposite
strands of a genomlc segment obtalned fromn a subject, whereln each ollgonuciectde
primer pair Is deslgned to selectively amplify a fragment of the genome of the indlvidual
that Includes at least one palymorphism, whereln the polymorphlsm s selected from the
group conslsting of the polymorphlsms as listed In Tables 5A and SB and palymorphic
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markers In linkage disequillbrium therewlth. In yet another embodiment the fragment Is
at least 20 base pairs In slze. Such ollgonucleotides or nuclelc aclds {e.g., ollgoenucleotide
primers) can be designed using portlons of the nuclele add sequence flanking '
polymorphlsms (e.g., SNPs or microsatellites) that are Indlcatlve of cardlac arrhythmla
{e.g., atrial AbrillaHon or atrial Autter) and for stroke. In another embediment, the kit
comprises one or more labeled nudleic acids capable of allele-specific detectlon of one or
more specific palymarphlc markers or haplotypes assoclated with cardlac arrhythmila (e.g.,
atrlal fbrillatlon or atrla! flutter) and for stroke, and reagents for detection of the label.
Sultable (zbels Include, e.g., a radiglsotops, a flucrescent label, an enzyme Jabel, an
enzyme co-factor label, 8 magnetlc label, a spin label, an epltope label.

In particular embodiments, the polymorphic marker or haplotype to be detected by
the reagents of the kit comprises cne or more markers, two or more markers, three or
mora markers, four or mare markars or flva or more markers sefected from the group
consisting of the markers In Tables 5A and 5B. In ancther embodiment, the marker or
haplotype to be detected comprises the markers lIsted In Tables 5A and 5B. In another
embodiment, the marker or haplotype to be detected comprises the markers listed In
Tables 4 and 9. In another embodiment, the marker or haplotype to be detedted
comprises at ieast one marker from tha group of markers in strong linkage disequillbrium,
as defined by values of r* greater than 0.2, te at least one of the group of markers
conslsting of the markers listed In Tables 5A and 5B. In another embodiment, the marker
or haplotype to be detected comprises at least one marker fram the markers In strong
linkage disequiiiorilum, as defined by valuas of r* greater than 0.2, Lo at least one of the
graup of markers conslsting of the markers listed In Tables 4 and 9. In another
embodiment, the marker or haplotype ta be detected comprises marker rs2220427 (SEQ
ID NO:1) or marker rs1033464 (SEQ ID NO:41}, or markers In linkage disequllibrium
therewlth. In another embodiment, the marker or haplotype to be detecied comprises at
least one of the markers set forth In Table 19. In ancther embodlment, the marker or
haplotype o be detecied comprises markers D45406 {SEQ ID NO:45), rs2634073 (SEQ ID
NO:33), rs2200733 (SEQ ID NO:28), rs2220427 (SEQ ID NO:1}), rs10033464 (SEQ ID
NO:41), and rs13143308 (SEQ ID NO:51) and markers In linkage disequilibrium therewith.
In yet another embodiment, the marker or haplotype comprises the at-risk alleles -2, -4
and/for -8 In marker D45406, allele A of marker rs2634073, allele T of marker rs2200733,
allele T of marker rs2220427, allele T of marker rs10033464, and/or allels G of marker
rs13143308. In one such embodiment, linkage disequlllbrium Is defined by values of r
greater than 0.1. In another such embodiment, iinkage disequlllbrium Is deflned by values
of A greater than 0.2,

In one preferred embodiment, the kit for debecting the markers of the Invention
comprises a detection ollgonucleotide probe, that hybridizes to a segment of template DNA
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cortaining a SNP polymorphisms to be detected, an enhancer, ollgonuclectide prebe and an
endonuclease. As explalned In the above, the detectlon oligonuclectlde probe comprlses a
fAuorescent molety or group at iks 3° terminus and & quan:l_'ler at lis & terminus, and an
enhancer ollgonudieotlde, |s employed, as described by Kutyavin et al. (Muclefc Acid Res.
A4:a128 (2006)). The fucrescent moiety can be Glg Harbor Green or Yakima Yellow, ar
other suitable Auorescent moleties. The detection probe Is deslgned to hybridize to a short
nucleotde sequence that Includes the SHP polymorphism to be detected. Preferably, the
SHF Is anywhere from the terminzl resldue to -6 residues from the 3" end of the detectlon
probe. The enhapcer Is a short oligonucleotlde probe which hybridizes to the DNA
template 3’ relative to the detectlon probe. The probes are desigred such that a single
nudeobide gap exlsts between the detectlon probe and the enhancer nuclestlde probe
when baoth are bound to the template. The gap creates a synthetic abasic slte that is
recognlzed by an endonucleasa, such as Endonuclease IV. The enzyme cleaves the dye off
the fully complementary detection probe, but cannot deave a detectlon probe containing a
mismatch. Thus, by measuring the fluorescence of the released fluorescent molsty,
assessment of the presence of a particular allele defined by nudeotlde sequence of the
detection proba can be performed.

The detection probe can be of any sultable slze, although preferably the probe Is
relatively short. In one embodiment, the prebe Is from 5-100 nuclestides in length. iIn
another embediment, the probe is from 10-50 nudeotides in length, and In ancther
embodiment, the probe is from 12-30 nuclectides In length. Other lengths of the probe
ara posslble and within scope of the skill of the average person skilled in the art.

In a preferad embodiment, the DNA template containing the SNP polymaorphism is
ampllfied by Polymerase Chain Reactlon (PCR) pricr to detection, and primers for such
amplificatlon are Included In the reagent kit. In such an embodiment, the ampliied DNA
serves as the template for the detection probe and the enhancer probe.

Certaln embodiments of the detactlon probe, the enhancer probe, and/or the
primers used for amplification of the template by PCR Include the use of modifled bases,
including maodifled A and modified G. The use of modlfied bases can be useful for
adjusting the melting temperature of the nucleotide molecule {probe and/or primer) to the
template DNA, for example fer increasing the melting temperature in reglens cantalning a
low percentage of G or C bases, In which modIfled A with the capabllity of forming three
hydregen bonds ta its complementary T can be used, or for decrzasing the melting
temperature In regions contalning a high percentage of G or C bases, for example by using
modifled S bases that form only two hydrogen bonds to thelr complementary Cbase Ina
double stranded DNA molecule. In 3 preferred embodiment, modifled bases are used in
the deslgn of the detection nucleotide proba. Any modliied base known te the skilted
person can be selected In these methods, and the selection of sultable bases Is well within
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the scope of the skllled person based on the teachings hereln and known bases avallable
from commerclal sourcas as known to the skllled person.

In cne of such embodiments, the presence of the marker or haplotype Is Indleative
of a susceptibllity {Increased susceptibility or decreased susceptibllity) te atral Abrillation
andfor stroke. In another embodlment, the presence of the marker or haplotype Is
indicatlve of response to atrial Abrllation andf;:r stroke therapeutic agent. In another
embodiment, the presence of the marker or haplotype (s Indlcative of atrial fibrillatlon and
Jor sktroke prognosis. In yet another embodiment, the presence of the marker or
haplotype Is Indlcative of progress of atrial fibrillatlon and/for stroke treatment. Such
treatment may Include Intervention by surgery, medlcatlon or by other means (e.g.,

IIfestyle changes).

Therapeutic agents

YVariants of the present Inventon (2.4., the markers and/or haplotypes of the
Inventlon, e.g., the markers lsted In Tables 5A and 5B and/for Table 19) can be used to
Identify novel therapeutic targets for cardlac arrhythmla (e.g., atrlal Rbrllatlon or atrial
flutter) and for stroke. For example, genes contalning, or In inkage disequillbrium with,
variants {markers andfor haplotypes) assoclated with cardlac arrhythmla {e.g., atrial
fibrllation or atrtal flutter} and for stroke, or thelr preducts, as well as genes or thelr
products that are directly or Indirectly regulated by or Interact with these variant genes or
thelr products, can be targated for the development of therapeutic agants to reat cardlac
arrhythmila (e.g., atrial fibrlllatlon or atrial Autter) and for stroke, or prevent or delay
onset of symptoms assoclated with cardlac arrhythmia {e.g., atral fibrillatlon or atrial
flutter) and for stroke. Therspeutic agents may comprise one or more of, for example,
small non-proteln and non-nuclelc acld melecules, protelns, peptides, protein fragmenis,
nuclelc aclds {DHA, RNA), PNA (peaptlide nuclele ackis}, or thelr derlvatives or mimetics
which can modulate the functon andfor levels of the target genes or thelr gene producls.

The nudlelc aclds andfor varlants of the Inventon, or nuclelc adds comprising thelr
complementary sequence, may be usad as antlsense constructs to contzal gene expression
In calls, tissues or organs. The methodology assoclated with antlsensa tachniques Is well
known to the skilled artlsan, and Is described and reviewed In Anlisensalrug Technology:
Princlples, Strategles, and Applications, Crooke, ed., Marcel Dekker Inc., New York (2001).
In general, antisensa nuclele acld molecules are deslgned to be complementary to a reglan
of mRNA expressed by a gene, so that the antlsense meclecule hybridizes to the mRNA,
thus blocking ranslatlon of the mRNA Into proteln. Severzl classes of antlsense
allgonucleotide are known to those skilled In the art, Including cleavers and blockers, The
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former blnd to target RNA sites, actlvate Intracellular nucleases {e.g., RnaseH or Rnase L),
that cleave the target RNA. Blockers bind bo target RNA, Inhiblt protein transiation by
steric hindrance of the ribosomes. Examples of blockers Include nuclelc aclds, morpholino
compounds, locked nuclelc acids and methylphesphonates (Thompson, Drug Discovery
Today, 7:012-917 (2002)). Antisense ollgonucleotides are usefll directly as therapeutic
agents, and are also useful for determining and validating gene Functlon, for example by
gene knock-out or gene knock-down experlments, Antlsense technology (s further
described In Lavery et al., Curr, Opin. Drug Discov. Devel. 6:961-569 (2003), Stephens et
al., Curr. Opin. Mol Ther, 5:1118-122 (2003}, Kurreck, Eur. J. 8fochemn, 270:1628-44
(2003), Plas et af., Mol. Cancer Ter. 1:347-55 (2002), Chen, Methods Mol. Med, 75:621-
636 (2003), Wang et al,, Curr. Cancer Drug Targets 1:177-96 (2001), and Bennett,

Antfsense Nucleic Acld Drug.Dev. 12:215-24 (2002)

The varlants described hereln can be used for the selection and design of antisense
reagents that are spedflc for particular varlants. Using information about the variants
described hereln, antsense ollgonucleotides or other antisense molecules that specifically
target mRNA molecules that contain one or more varlants of the Inventlon can be
desigred. In thls manner, expresslon of MRNA malecules that contain one or more varlant
of the present Inventlon {markers and/or haplotypes) can be Inhibited or blockad. In one
embodiment, the antlsense molecules are designed to specifically bind a particuiar allelic
form (l.e., one or several varants (alleles and/or haplotypes)} of the target nuclelc acld,
thereby Intiblting translation of a product originating from this specific allele or haplotype,
but which do not bind other or alternate varlants at the speciflc polymorphic sites of the
target nudelc acld molecule, -

As anbtsense molecules can ba used bo Inactivate mRNA so as to inhlblt gene
expression, and thus proteln expresslon, the molecules can be used to treat a disease or
dlsorder, such as cardiac arrhythmta (e.g., atrial Abrillatlen or atrizal flutter) and for stroke.
The methodology can Invalve cleavage by means of ribozymes contalning nucleotide
sequences complementary to one or more reglons In the mRNA that attenuate the ability
of the mRNA to be transiated. Such mRNA reglons Include, for example, protelin-coding
regions, In particular proteln-coding reglons corresponding to catalytlc activity, substrate
andfor ligand binding sites, or other Functlonal demalns of 2 protain.

The phenomencn of RNA Interference (RNAI) has been actively studled for the last
decadsa, since Its orfginal discovery In C. efegans {Fire et a/. Nature 391:806-11 (1398}),
and In recent years its potentlal use In treatment of human diszase has been actively
gursued (reviewed In Kim & Rossl, Nature Rev. Genet, B:173-204 (2007)). RNA
Interference (RMNA!), also called gene sllencing, Is based on using double-stranded RNA
molecules {dsRNA) to turn off specific genes. In the cell, cytoplasmic double-stranded RNA
molecules {dsRNA) are processed by cellular complexas Inte small Interfering RNA (sIRNA),
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The sIRNA gulde the targeting of a proteln-RNA complex to specific sites on a target
mRNA, leading to cleavage of the mRNA (Thompson, Drug Discovery Today, 7:912-917
(2002)). The siRNA molecules are typlcally about 20, 21, 22 or 23 nucleatides In length,
Thus, one aspect of the Invention relates to Isalated nuclelc acld molecules, and the uses of
those molecules for RNA interference, i.e. as small Interfering RNA molecules (sIRMA). In
ane embediment, the Isolzted nuclelc acld molecyules are 18-26 nucleobdes In length,
preferably 19-25 nucleotides In length, more preferably 20-24 nuclectides In length, and
more preferably 21, 22 or 23 nucleotides in length.

Another pathway for ANAI-medlated gene sliendng originakes in endogenously
encoded primary microRNA (pri-mIRNA) transcripts, which are processed In the cell to
generate precursor miRNA {pre-miRNA). These mIRNA molecules are exported from the
nudeus to the cytoplasm, where they undergo processing to generate mature mIRNA

‘moleculas (mIRNA}, which direct translational Inhibltlon by recognizing target sltes in the

3 untranslated reglons of mRNAs, and subsequent mRNA degradabon by processing P-
Bodles (revlewed In Kim & Rossi, Nature Rev, Genet. 8:173-204 {2007)).

Clinlcal applications of RNA! Indude the Incorporation of synthetic SIRNA duplexes,
which preferably are approximately 20-23 nuclectides In size, and preferably have 3°
overlaps of 2 nudeotides. Knockdown of gene expressicn Is established by sequence-
specliic deslgn for the target mRNA. Severzl commercial sltes for optimal deslgn and
synthesls of such molecules are known Lo those skllled In the art.

Other applications provide longer sIRNA molecules (typlcally 25-30 nucleotides In
length, preferably about 27 nucleotides), as well as small halipln RNAs (shRNAs; typlcally
about 29 nuclectides In length). The latter are naturally expressed, as described In
Amarzguloul et af. {FEBS Lelt, 579:5974-81 (2005)}. Chemlcally synthetlc sIRNAS and
shRNAs are substrates for in vivo processing, and In some cases provide more potent
gene-sllenclng than shorter deslgns (Kim et 2/, Mature Blotechnol. 23:222-226 (2005);
Slolas et al., Nature Blotechnol. 23:227-231 (2005)). In general sIRNAs provide for
transient sllencing of gene expresslon, because thelr Intracellular concentration Ts dliuted
by subsequent cell divislons., By contrast, expressed shRNAs medlate long-term, stable
knockdown of target transcrips, for as Iong as transcription of the shRNA takes place
(Marques et al., Nature Biotechnol. 23:559-565 {2006); Brummelkamp et af,, Sclence

286: 550-553 (2002)}.

Since RNAI molecules, Including sIRNA, mMIRNA and shRNA, act In 2 sequence-
dependent manner, the varlants of the present Inventlon {.g., the markers and
haplotypes assoctated with LD Block C04, e.g., the markers listed In Tables 5A and 5B) can
be used Lo design RNAI reagents that racognlze spedfic nuclelc acld molecules comprising
specific alleles andfor haplotypea‘t {e.q., the zlleles andfor haplotypes of the present
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Invention), while not recognlzing nuclelc acid molecules comprising other alleles or
haplotypes. Thesa RNAL reagents can thus recognlze and destroy the target nuclelc acld
melecules, As with antsense reagents, RMAIl reagents can be useful as therapeutic agents
(l.e., for tuming off disease-associated genes or dlseasejassucfated gene varlants), but
may also be useful for characterizing and validating gene function {g.g., by gene knock-out
or genie knock-down experiments).

Delivery of RNAlI may be performed by a range of methodologles known to those
skilled In the ari. Methods uHilzIng non-virel dellvery Indude cholesterol, stable nuclelc
acld-liptd particle (SNALP), heavy-chein antlbody Fragment {Fab}, aptamers and
nanopartides. Viral dellvery methods Include use of lentlvirus, adenovirus and adeno-
assoclated virus. The sIRNA molecules are In some embodiments chemically modified to
Increase thelr stabllity. This can Includa modiflcaticns at the 2 position of the ribose,
Including 2*-0-methylpurines and 2-fluoropyrimidines, which provide resistance to Rnase
activity. Other chemlcal medifications are possible and known to those skilled In the art.

The following references provide a further summary of RNAI, and possibllities for
argeting speciflc genas using RNAID Kim & Rossi, Nat. Rev. Genel. 8:173-184 {2007),
Chen & Rajewsky, Mat. Rev, Genet. B: 93-103 (2007), Reynolds, et 2., Nat. Blolechnol.
22:326-330 {2004), Chi ef al, Proc. Nall. Acad. Scl. USA 100:534}5345 {2003}, Vickers
et &l., 3. Biol. Chem. 278:7108-7118 (2003), Agaml, Curr. Opln, Chem. Biol. 6:829-834
(2002}, Lavery, ef al., Curr. Opin. Drug Discov, Devel. 6:561-569 (2003), Shi, Trends
Genet, 19:9-12 (2003), Shuey et al., Drug Discov. Today 7:1040-46 (2002), McManus et
al.,, Nat. Rev. Genet. 31737-747 (2002}, Xla et al,, Nal. Blotechnof, 20:1006-10 (2002),
Plasterk et af., curr. Opin. Genet. Dev. 10:562-7 {2000}, Bosher at al., Nat, Cell Blol.
2:E31-6 (2000}, and Hunter, Curr. Biol. 9:R440-442 (1999).

A genetlc defact leading to Increased predisposition or risk for developmeant of a
disease, induding cardlac arrhythmla (e.g., atrlal fibrillation or atrial flutter) and for
stroke, or a defect cavsing the disease, may be corrected parmanently by administering to
a subject carrying the defect a nuclele acid fragment that incorporates a repair sequence
that supplies the nermalfwild-type nucieotide{s) at the slte of the genetlc defect. Such
slte-specific repair sequence may concompass an RNA/DNA ollgonucleotide that operates
ko promote endogenous repalr of a subject’s genomic DNA, The administration of the
repalr sequence may be performed by an appropriate vehicle, such as a complex with
polyethelenimine, encapsulated in anlonic liposomes, a viral vector such as an adenovirus
vactor, or other pharmaceutical composltions sultable for promoting Intracellular uptake of
the administered nuclelc acld. The genetlc defect may then be overcome, since the
chlmeric oliganuclectides Induce the incorporation of the normal sequence [nto the genome
of the subject, leading to expression of the normal/wild-type gene product. The
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replacement Is propagated, thus rendering a permanent repalr and allevlation of the
symptoms assoclated with the disease or condlItion.

The present Inventlon provides methods for Identifying compounds or agents that
can be used to treat cardlac arrhythmia, &.4. atrlal fibrilladon and atral Flutter, and siroke.
Thus, the variants of the Invention are useful as targels for the Identification and/or
development of therapeutlc agents, Such methods may Include assaying the abllity of an
agent or compound fo madulate the actlvity andfor expression of a nudlele acld that
Includes at least one of the varfants (markers andfor haplotypes) of the presant Inventlon,
or the encoded product of the nudleic acid. This In turn can be used to Identify agents or
compounds that Inhiblt or alter the undesired activity or expresslon of the encoded nudele
acid product, Assays for performing such experlments can be performed In cell-based
systems or In cell-free systems, a5 known to the skilled person. Cell-based systems
Include cells naturally expressing the nuclelc acld molecules of Interest, or recomblnant
cells that have been genetlically modified so as to express a certaln deslred nuclelc acld

molecule.

Variant gene expression In a patlent can be assessed by expression of a varlant-
contalning nudelc acld sequence (for example, a gene contalning at least ane varlant of
the present knventlan, which can be transcribed Into RNA contalning the at least one
varlant, and In turn translated Into proteln), or by altered expression of a normal/wild-type
nuclelc acld sequence due to varants affecting the level or pattern of expresslon of the
normal transcripts, for example variants In the regulakory or control reglon of the gene.
Assays far gene expresslon Indude direct nucleic acld assays (MRNA), assays for
expressed proteln levels, or assays of collateral compounds Involved in 2 pathway, for
example a sIgnal pathway. Furthermore, the expression of genes that are up- or down-
regulated In response to the signal pathway can also be assayed. One embodiment
incudes operably lIinking 2 reporter gene, such as luclferase, to the regulatory reglon of
the gena(s} of Interast,

Modulators of gene expression can In ong embodiment be Identifted when a cell is
contacted with a candldate compound or agent, and the expresslon of mRNA Is
determined. The expresslon level of mRNA In the presence of the candldate compound or
agent Is compared to the expression lavel [n the absence of the compound or agent.
Based on thls comparisen, candldate compeounds or agents for treating disorders such as
atrial fibrlllation, atrial flutter and stroke can be ldentifled as those modulating the gene
expresslon of the variant gene. When expression of mRNA or the encoded proteln Is
statlstically s\gnificantly greater In the presence of the candldate compound or agent than
In Its absence, then the candldate compound cor agent !s ldentifled as a stimulator ar up-
regulator of expression of the nuclelc acld. When nuclelc acld expresslon or protein level s
statistically significantly less in the presence of the candidate compound or agent than In
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Its absence, then the candidate compound s (dentifiad as an Inhlbltor or down-requlator of

thea nuclelc acld expresslon.

The Invantion further provides methods of treatment using 2 compound identified
through drug (compaund and/or agent) screening as a gene meodulator (i.e. simulator
andfor Inhibltor of gene expression),

In a further aspect of the present Inventlon, a pharmaceutlcal pack (kit) 1s
pravided, the pack comprising a therapeutic agent and a set of Instructions for
administration of tha therapeutic agent to humans dlagnostically tested for one or mora
variants of the prasent invention, as disclosed hereln. The therapeutlc agent can be a
small molecule drug, an antibody, a peptide, an antlsense or RNAI mplecule, or other
therapeutic molecules, In one embadiment, an Individual ldentifled as a carrier of at least
one variant of the present Inventlon is Instructed to take a prescribed dese of the
therapeutlc agent. In ene such embodiment, an Indlvidual identifled as a homozygous
carrler of at least one variant of the presant invention Is Instructed to take a prescribed
dose of the therapeutic agent. In ancther embodiment, an individual Identlfied as a non-
cz=rrier of at least ong vardant of the present invention Is Instructed to take a prescribed
dose of the therapeutic agent.

Methods of assessing probability of response to therapeutic agents, methods of monltoring
progress of treatment and methods of treatment

As Is known In the art, indlviduals can have differential responses to a partlcular
therapy (e.g., a therapeutic agent or therapeutlc method}. Pharmacoganomics addresses
the Issue of how genetlc variatlons {e.g., the varants {markers and/cr haplotypes) of the
present Inventlon) affect drug respense, due to altered drug disposition and/or abnormal
or altered actlon of the drug . Thus, the bazls of the differential response may be
genetically determined In part. Clinical outcomes due te genetlc varations affecting drug
rasponse may result In toxiclty of the drug In certaln Individuals (e.g., carriers or nan-
carrlers of the genetlc variants of the present Inventlon), or therapeutic fallure of the drug.
Therefore, the variants of the presant Inventlon may determilne the manner in which a
therapeutic agent and/or method acts on the body, or the way In which the body
metabolizes the therapeutic agent.

Accordingly, In one embodiment, the presence of a particular allele at a
polymorphic site or haplotype Is Indlcative of a dlifferent, e.g. & different response rate, to
a particular treatment modzlity. This means that a patlent diagnosed with cardlac
arrhythmila {e.g., strial fibrllaticn or atrlal flutter) and for stroke, and carrylng & certaln
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allele at a polymorphic or haplotype of the present invention {e.g., the at-risk and
protectlve alleles andfor haplotypes of the Invention} would raspond better to, or warse to,
& specific therapeutlc, drug and/or ather therapy used to break the diseage. Therefore, the
presence or absence of tha marker allele or haplotype could ald In declding what treatmeﬁt
should be usad for a the patlent. For example, for a newly dlagnosed patlent, the
presence of @ marker or haplotype of the present inventlon may be assessed {=.g.,
through testing DNA derived from a blood sample, as described hereln). If the patient Is
positlve for a marker allele or haplotype at (that Is, at least one speclfic allele of the
marker, or haplotype, |s present), then the physlclan recommends one partlevlar therapy,
while If the patlent 's nagatlve for the at least one allele of @ marker, or a haplotype, then
a different course of therapy may be recommended {(which may Include recommending
that no Immediate therapy, other than sertal manltoring for progression of the disease, be
performed). Thus, the patlent’s carler status could be used to help determine whether a
particular treatment modallty should be administered. The value Tles within the
possthllides of belng able to dlagnose tha dlsease at an early stage, to select the most
approprlate reatment, and provide Information to the clinlclan about
prognoslsfaggresslveness of the disease In order to be able to apply the most appropriate

treatment.

Treatment of Atral Fibrlilatlon and Atral flutter Is generally directed by bwo_main
obiectlves: {1} to prevant stioke and 113} to treat symplomns.

(1) Stroke Prevention

Antlcoagulation s the tharapy of choice for stroke preventlon In atrial Abrillation
znd 15 indlcated for the majority of patlenks with thls arrhythmila. The only patients for
whom antlcoagulation Is not strongly recommended are those younger than &5 years old
who are conslderad low-risk, l.e., they have no organle heart disease, no hypertension, no
previous history of stroke or trenslent ischernlc attacks and no diabetes, Thls group as a
whole has a lower risk of stroke and stroke preventlon with aspirin 1s generally
recommended, For z2ll other patlents, anticoagulation Is Indicated whether the atrial
fibrillation Is permanent, recurrent paroxysmal or recurrent persistent. It cannot be
generallzed how patlents who present with thelr first eplsode of paroxysmal atrial
fibrillztion should be treabed and the declsion needs to be Indlvidualized for each patlent.
Antlcoagulation 1s alse Indlcated even when the patlent with atrlal fibrillation 1s falt to be
malntalned In sinus thythm with antiarrhythonlc therapy (rhythm contralied) since this type
of therapy does not affect stroke risk.
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Anticoaguiants, Antlcoagulabon Is recommended In atral Abrllatlon, as detailed above, for
prevention of cardloembellsm and stroke, The most widely studled oral antlcoagulant 15
warfarin and th!s medication is universally recommended for chronic oral anticoagulation In
atrial fibrillation. Warfarin has few side effects aside from the risk of bleeding but requires
regular and careful monitoring of blood values during therapy {to measure the effact of the
antlcoagulztion). The oral antlcoagulant ximalagatran showed promilse in stroke
preventlon [n patlents with atrlal fibrillatlon and had the advantage of not requiring regular
monltoering llke warfarin. Ximelagatran was found however to cause unexplained liver
lmjury and was withdrawn from the market In 2006. Several agents are avallable for
Intravenous and/or subcutaneous therapy, Including heparin and the low molecular welght
heparins (e.g. enoxaparin, dalteparln, tinzaparin, ardeparin, nadroparin and reviparin}.
These medjcatlons are recommeanded when rapld Inltlatlon of antlccaqulation Is necessary
or If oral antlcoagulation therapy has te ba Interrupted In hlgh risk patiegnts or for longer
than one week In other patents for example due to a series of procedures. Other
parenteral antlccagulants are avallable but not specifically recommended as therapy In
atrlal fibrlllation; e.q., the factor ¥a Inhibltors fondaparinux and ldraparinux, the thrombiln-
inhibitors leplrudin, bivalirudin and argabtoban as well as danaparold,

(i) Symptom Contral. Medical and surglcal therapy applied to control symploms of atrial
fibrillation Is tallored Lo the Indlvidual patlent and conslsts of heart rate andfor rhytbm
control with medications, rediofrequency ablation andfar surgery.

Antiarrhythmic medications. In general kerms, antlarrhythmic agents are used to suppress
abnormal rhythms of the heart Ehat are characterlstic of cardiac arrhythmlas, Including
atrial fibrillation and atrlal flutter. Cne classification of antdarrhythmlc agents Is the
Vaughan Willlams classification, In which flva mzaln categories of antlarrhythmic agents are
defined. Class I agents are fast sodlum channel blockers and are subdassifled based on

"kinetes and strenght of blackade as well as their effect on repolarization. Class Ia includes

disopyramlide, moricizine, procalnamlde and quinidine. Class Ib agents are lidocalne,
mexlleting, tocinide, and phanytoln. Class Ic agents are encalnlde, Ascalnlde,
propafencne, ajmaline, dbenzoline and detajmlum. Class II agents are beta blockers, they
Llock the effects of catechalamines at beta-adrenergic recapters. Examplas of beta
blockers are esmolal, propranolol, metoprolol, alprenclol, atenolol, carvedilol, blsoprolol,
acebutelol, nadolol, pindolol, labetalol, oxprenctol, penbutolol, timolol, betaxolol, cartelol,
sotalol and [evobunglol. Class III agents have mixed propeartles but are collectively
potassium channel blockers and prolong repolarizatlon. Medlcatlons In this category are
arnlodarone, azimllide, bretyllum, dofetlllde, tedlsamii, butllide, sematlllde, sotalcl, N-
acetyl procalnamlide, nifekalant hydrochloride, vernakalant and ambaslllde. Class IV
agents are calcium channg! blockers and indude verapamll, mibefiadil and dlitlazem.
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Fnally, class V conslsts of miscellaneous antiarrhythmics and ncudes digoxn and

adenosine.

Heart rate control, Pharmacologlc measures for malntenance of heart rate control Include
beta blockers, caldum channel blockers and digoxin. All these medications slow the
electrical conduction through the atrloventricular node and slow the ventrloular rate
response to the rapld atrial fibrillation. Some antiarrhythmics used primarily for rhythm
control (see below) also slow the atrioventricular node conduction rate and thus the
ventricular heart rate response. These Include some class OF and I¢ medicatlons such as

amlodarone, sotalal and fecainide.

Cardioversion. Cardloverslon of the heart riythm from atrial fibrillatlon or atrial flutter to
sinus rhythm can be achleved electrically, with synchronlzed direct-current cardloversion,
or with medicatlons such as Ibutllide, amlodarone, procalnamide, propafenone and

flecalnide.
Heart rhythm controf

Medicatlons used for malntenance of slnus rhythm, L.e. rhythm control, Include
malnly antiarrhythmic medicatlons from classes II1, Ta and Ic. ' Examples are sotatol,
amlodarone and dofetilide from class 11, disopyramide, procalnamide and quinidine from
dass Ia and flecinide and propafenone from class Ic. Treatment with these antlarthythmic
medications is complicated, can be hazardous, and should be directed by physlcians
spacifically tained to use these medicatlons. Many of the antarrhythmlcs have serfious
clda effects and should enly be used In speclfic populations. For example, class Ic
medlications should not be used In patlents with coronary artery disease and even If they
can suppress atrial fibrillation, they can actually promote rapld ventricular response In
atria] flutter. Class Ia medications cn be used as last resort In patlents without structural
heart diseases. Sotalol (as most class III antlarrhythmics) can cause slgnificant
pralongation of the QT Interval, specifically In patlents with renal fallure, and promote
serlous ventricular arrhythmias. Both sotalel and dofetllide as well as the Ia medlcations
need to be inltlated on an Inpatlent basls to monltore the QT Interval. Althcugh
amlodarone Ig usually well tolerated and |s widely used, amiodarone has many serious slde

effacts with long-term therapy.

How genetic testing may directly affect cholce of treatment

when individuals present with thelr first (dlagnesed) eplsode of paroxysmal atrial
Abdllation and elther spontaneously convert to sinus riythm or undergo electrical or
chemical cardioversion less than 48 haurs Into the eplsode, the declslon to inltlate, or not
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to Inltlate, anticoagulation therapy, Is Indlviduallzed based con the risk profile of the patient
In questlon and the managling physiclans preference. This can be a difficult cholce to make
sinca committing the patlent te antlcoagulation therapy has a major Impact on the patients
life. Often the cholce |15 made Eo withhold antlcoagulation In such a sltuation and thls may
be of no significant consequence to the patlent. On the other hand the patient may later
develop a stroke and the opportunity of preventlon may thus have bean missed. In such
circumstances, knowlng that the patlent is a carrer of the at-risk variant may be of great
slgnificance and support Initlatlon of antlcoagulation treatment.

Individuals who are diagnosed with atrlal fibrillation under the age of 65 and are
otherwlse considered low risk for stroke, Le. have no organlc heart dlsease, no
hypertension, na diabetes and no pravious history of strcke, are generally reated with
asplirin only for stroke-prevention and nct antlcoagulatlon. If such a patlent Is found to be
carrier for the at-risk veriants described herein, thls could be consldered suppaort for
Inttlating antlcoagulation earlier than otherwlse recommended. This would be a reasonable
conslderaton since the results of stroke from atrial Abrilladon can be devastating,

Ischemlc stroke Is generally dassified Into five sublypes based on suspected causs;
large artery atherosclerosis, small artery occlusion, cardioembollsm (majority due to atrial
fibrillatlon), stroke of other determined cause and stroke of undetermined cause (elther no
cause found or more than 1 plausible cause). Importantly, strokes due {0 cardieembeilsm
have the highest recurrence, are most disabling and are assoclated with the lowest
survival. It [s therefore Imperatlve not to ovarook atrial fibrillation as the major cause of
stroke, particularly since treatment measures vary based on the subtype. Therefore, If an
Indlvidual is dlagnosed with stroke or a trensient ischemle attack and a plausible cause Is
not Identified despite standard work-up, knowing that the patlent Is a carrier of the at-risk
variant may be of graat valug and support gither Inltlatlon of anticoagulation treatment or
more aggresslve dlagnostic testing in the attempt to dlagnose atrial fibriltation.

Furthermore, the markears of the present Inventlon can be used to Increase power
and effectlveness of clinlcal trlals. Thus, Indlviduals who are carriers of at least one at-risk
variant of the present inventon, I.e. Individuals who are carriers of at least one allele of at
least one polymorphic marker conferring Increased risk of developlng cardlac arrhythmia
{e.g., atrial Abrillatlon or atrlal Rutter) and for stroke may be more llkely to respond to a
particular treatment modallty, e.g., as described in the above. In one embodiment,
indlviduals who carry at-risk varlants for gene(s) in a2 pathway and/or metabollc network
far which a particular treatment (e.g., small molecule drug) is targeting, are more likely to
be responders to the kreatment. In another embodiment, Indlviduals who carry at-risk
variants for a gene, which expression andfor function Is altered by the at-risk variant, are
rcre likely ko be responders to a treatment modallty targeting that gene, Its expresslon or
It= gene praduct. This application can Improve the safety of dlinlcal trials, but can also
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enhance the chanca that a clintcal trlal will demonstrate statistically significant efficacy,
which may be limited to & certaln sub-group of the populabdon. Thus, one possible
ouvtcome of such z trial Is that carriegrs of certaln genetic variants, e.g., the markers and
haplotypes of the present Inventlon, are statlsticzlly signlflcantly Tikely to show positive
rezponse ko the therapeutlc agent, |.e. experience alievlation of symptoms assoclated with
cardlac arthythmiz {e.g., atrial fibrillatlon or atral flutter} and for stroke when zking the
therapeutlc agent or drug as prescribad,

In & further aspect, the markers and haplotypes of the present inventlon can be
used for targeting the selection of pharmacesutical agents for specific Individuals.
Personallzed selectlon of treatmeant modalltles, lifestyle changes or combination of the two,
can be reallzed by the utllizatlon of the at-risk variants of the present Invention. Thus, the
knowledge of an Individual’s status for pardcular markers of the present Inventon, can be
useful for selection of reakment optlons that target genes or gene praducts affected by the
at-risk varants of the Invenbdon. Ceartain comblnations of vartents may be sultable For one
selectlon of treatrment optlons, whlle other gene varant comblnatinns may target other
treatment optlons. Such comblnatlon of varlant may Include one varlant, two variants,
three varlants, or four or more varants, as needed to determine with clinlcally refllable

accuracy the selectlon of reatment module.

Computer-implemented applicalions

The present inventlon also relates to computer-implemented applicatlons of the
polymorphlc markers and haplotypes described heraln to be assoclated with cardlac
arrhythmla (e.g., atrial Abrillatlon and atrial flutter) and stroke. Such applicaticns can be
useful for storing, manlpulating or otherwlse analyzing genclype data that Is useful In the
methods of the Invention. One sxample pertalns to storing genotype Information derived
from an Indlvidueal on readable media, so as to be abla to provide the genotype Information
to a third party (e.g., the Indlvldual), cr for deriving Information from the genotype data,
e.4., by compzring the genotype data to Informabon about genatlc risk Factors contributing
to Increased susceptibllity ko cardlac arrhythmia {e.g., akrlal Abrllatlon and atral Autter}
and stroke, and reporting results based on such comparlson.

One such aspect relates bo compubter-readable medla. In general terms, such
medlum has eapabllides of storing (1) Identifer Informakbien for at least one polymorphlc
marker or 2 haplotye; {II} an Indicator of the frequency of at least one allele of sald at least
one marker, or the frequency of 2 haplotype, In Indlviduals with cardlac arrhythmla (=.0.,
atrlal fibrillatlon and atrlal flutter} andfor stroke; and an Indlcator of the frequency of at
least one zllele of sald at least one marker, or the frequency of a haplotype, In a reference
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population. The reference population can be a disease-free population of Individuals.
Alternatlvely, the reference populaticn Is a andom sample from the general population,
and s thus representative of the population at large. The frequency indlcator may be a
calculabed frequency, a count of alleles and/or haplotype coples, or normazlized or
otherwlze manlpulated values of the actuzl fraguencles that are sultable for the particular

medium.

Additional inl’ormati-:-n about the Individua! can ba stored on the medium, such as
ancestry Information, Informatlon about sex, physical attributes or characterstics
{Including helght and welght), blochemical measurements {such as blood pressure, blocd
lipid levels, fasting glucose levels, insulin response measurements), blomarker results, or
ather useful Information thak Is desirable to store or manlpulate In the context of the
genotype status of a partlcular Indlvidual.

The Inventlon Furthermore relates to an apparatus that Is sultable for determination
or manlpulatlon of genatle data useful for determining a susceptlblilty to cardlac
arrhythmla (e.g., atrial fbrillation and atrial Alutter) and stroke In a human individual.
5uch an apparatus can Include a computer-readable memory, a routing for manlpulating
data stored on the computer-readable memory, and a routine for generating an cutput
that Includes a measure of the genetlc data. Such measure can include values such as
alleltc or haplotype frequendes, ganctype counts, sex, age, phenotype Informabion, values
for odds ratlo {OR) or relatlve risk (RR), population attributable risk (PAR}, or other useful
informatlon that Is elther a direct statistle of the original genotype data or based on
calculations bassd on the genstlc data.

The above-described appllications can all be practlced with the markers and
haplotypes of the Invention that have In more detall been described with respect to
methods of assessing susceptibllity to cardiac arriythmia (e.q., atrial fibrillatlon and atrial
flutter) and stroke. Thus, these applications can In general be reduced to practica using
markers |[sted In Tables &, Table 4, Table 9, and Table 19, and markers In linkage
disequlilbrium therewith., In one embodiment, the markers or haplotypes ara present
within the genomle segment whose sequencas [s set forth In SEQ ID NG:50. In another
embodimetn, the markers or haplotypes comprise at least one marker selected from the
markers set forth In Table 1. In another embodiment, the markers and haplotypes
comprise at l2ast one marker selected from D45406 (SEQ ID NO:45), 52634073 (SEG ID
NO:33), rs2200733 (SEQ ID NO:28), 152220427 (SEQ ID NO:1), rs10033464 (SEQ ID
ND:41), and rs13143308 {SEQ ID NO:51), optlonally Including markers n Tinkage
disequllilbrium therewlth, In one such embodlment, linkage disequllierium is defined by
numerical values for r* of greater than 0.1, In another such embodiment, linkage
disequilibrium Is defined by numerlcal values for r* of greater than 0.2. In another
embedimant, the marker oy haplotype comprises at least one allele selected from zlleleg -
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2, -4 andfor -8 In marker D45406, allele A of marker rs2634073, allele T of marker
2200733, allele T of marker rs2220427, allele T of marker rs10033464, and/or allele &

of marker rs131433048

Nuclelc adlds and polypeptides

The nuclele aclds and polypeptides described hareln can be used in methods an kits
of the present Inventian, as described In the above.

" An "Isolated” nuclelc acld moleaule, as used herelr, Is one that Is separated from
nudelc acids that normally Rank the gene or nuclectide sequence (as In genomic
sequences) and/or has been completely or partally purifled from other transcribad
sequences (&.g., as [n an RNA llbrary). For example, an Isolated nuclelc acld of the
Invantlon can be substantlally isolated with respect to the complex cellular milleu In which
It naturally occurs, or culture medlum when produced by recomblnant technlques, or
chemical precursors or other chemicals when chemlcally synthesized. In some Instances,
the Isolated matkerial will form part of a compesitlon (for example, a crude extract
contalning other substances), buffer systemn or reagent mix. In other ciraumstances, the
material can be purified to essentlal homogenelty, for example as determined by
polyacrylamide gel electrophoresis (PAGE) or column chromatography (e.g., HPLC). An
Isolated nuclelc acld molecule of the Inventlon can comprise at least about 50%, at least
about 80% or at least about 90% {on a molar basls) of all macromolecular species
present. With regard to genomilc DA, the term “lsolated” also can refer to nudeic aclid
moleciles that are separated from the chromosome with whick the genomlc DNA Is
naturally assoclated. For example, the Isolated nucleic acld molecule can contain less than
about 250 kb, 200 kb, 150 kb, 100 kb, 75 kb, 50 kb, 25 kb, 10 kb, 5 kb, 4 kb, 3 kb, 2 kb,
i kb, 0.5 kb or 0.1 ki; of the nuclectidas that flank the nudelc acld molecule In the
genomlc DNA of the cell from which the nudele acld molecule Is derlved.

The nuclelc acid molecule can be fused to cther coding or regulatory sequences and
still be consldered Isolated. Thus, recombinant DNA contalned In a vector Is Included In
the definltion of "Isolated” as used hereln, Also, Isolated nuclelc acld molecules Incude
recomblnant DNA melecules In heterologous host cells or heterologous organisms, as well
as partlally or substantlally purified DNA molscules In solution. “Isolated” auciele acld
molecules alsc encompass fn vive and in vitro RNA transcripts of the DNA molecules of the
present Inventlon. An Isolated nudele acld molecule or nucleotlde sequence can Indude a
nuclele acid melecule or nucleotlde sequence that Is syntheslzed chemlezily or by
recomblnant means. Such Isclated nucleotlde sequences ara useful, for example, In the
manufacture of the encoded polypeptlde, as probes for Isclating homelogous sequences
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(e.g., fram other mammalian specles), for gene mapping {e.g., by Irr situ hybridizatlon
with chromosomes), or for detecting expression of the gene In Hssue {e.g., human tlssue),
such as by Northern blot analysls or other hybridizatlon techniques.

The Invention also pertalns o nudele acid molecules that hybridize under high
stringency hybridization condltions, such as for selective hybridization, to a nudeotide
sequence described hereln {=.g., nudelc acd n:mIe-::uIF;s that specifically hybridlze to 2
nucleotide sequence contalning a polymorphic site associated with a marker or haplotype
described hereln). In one embodiment, the Invention includes variants that hybridize
under high stringency hybridizatlon and wash condltlons (e.g., for selactive hybridizatlon)
te a nucleolide sequence that comprises the nucleotide sequence of LD Block C04 {SEQ ID
NO:50). Such nuclelc acld molecules can be detected and/or Isolated by allele- ar
sequence-speclific hybridizatlon (e.g., under kigh stringency condltlons). Stingency
conditlons and methods for nucleic acld hybridizations are well known to the skilled person
{see, e.g., Current Protocols in Molecular Biology, Ausubel, F. et af, John Wley & Sons,
(1998), and Kraus, M. and Aaronson, S., Methods Enzymol., 200:546-556 (1991}, the
entira teachlngs of which are incorporzted by reference hereln,

The percent 1dentity c;f two nucleotide or aming acid sequences can be determined
by aligning the sequences for optimal comparison purposes (e.g., gaps can be Introduced
In the sequence of a first sequence)}. The nudeotides or amino aclds at corresponding
positions are then compared, and the percent Identity between the two sequences Is a
funcdon of the number of identl'cial positions shared by the sequences {l.e., % 'dentity = #
of IdenHcal positions/total # of positions x 100). In certain embodiments, the length of a
sequence allgned for comparlson purposes Is at least 30%, at least 40%, at leask 50%, at
least 60%, at least 70%, at least 80%, at least 9054, or at least 959, of the length of the
reference sequence. The actuzl comparison of the two sequences can be accomplished by
well-known methods, for example, using a mathematical algerthm. A non-limiting
example of such a mathematical algorithm Is described In Karlin, 5. and Altschul, S., Proc.
Natl. Acad, Scf. I5A, 90:5873-5877 (1993). Such an algorithm Is Incorporated Into the
NBLAST and XBLAST programs {version 2.0), as described In Altschul, S. et af., Nucleic
Aclds Res., 25:3389-3402 (1997). When udllizing BLAST and Gapped BLAST programs,
the default parameters of the respective programs (e.g., NBLAST) can be used. See the
webslte on the werld wide web at ncbi.nim.rlh.gov. In one embodiment, parameters for
sequence comparlson can be set at score=100, wordlength=12, or can be varied {e.g.,
W=5 or W=20).

Other examples include the algorithm of Myars and Miller, CARIOS {1980,
ADVANCE and ADAM as described In Torellls, A. and Robott), C., Comput, Appl. Blosgi,
10:3-5 {19894); and FASTA described In Fearson, W, and Lipman, D., Proc. Matl. Acad. S,
USA, 85:2444-48 {1968). In another embodiment, the percent Identity between bwo
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aminc acld sequences can ba accomplished using the GAP program in the GCG software
package (Accelrys, Cambrdge, UK).

The present Inventlon alse provides Isclated nuclele acld molecules that contaln =
fregment or portion that hybridizes under highly stringent condltlons te a nuclelc acld that
comprises, or consists of, the nucleotlde sequence of LD Block C04 {SEQ 1D NO:50), or a
nuclectlde sequence comprising, or conslsting of, the complement of the nudectide
sequence of LD Block C04 (SEQ ID NO:50}, wherzin the nucleotide sequence comprises at
least ona polymorphic allele contalned in the markers and haplotypes described hereln.
The nuclele acld fregments of the Invention are st least abouk 15, at least sbout 18, 20, 23
or 25 nudeotides, and can be 30, 40, 54, 100, 200, 500, 1000, 10,000 or mare
nuctleotides In length,

The nudelc add fragments of the Inventlon are used as probes or primers In assays
such as those described hereln. "Probes” or "primers” are ollgonudectides that hybridlze
In a base-specific manner to  complemantary strand of a nucdielc acld molecule. In
addition to» DNA and RNA, such probes and primers Indude polypeptlde nuclelc acids
{PNA), as describad In Nlelsen, P. at af., Sclance 254:1497-1500 (1991). A probe or
primer comprises a reglon of nucleotlde sequeance that hybridizes to at least about 15,
typically about 20-25, and In certaln embodiments about 40, 50 or 75, consecutlve
nucleotldes of a nuclels acid malecule. In one embodiment, the probe or primer comprises
at least one allele of at least one polymaorphlc marker or at least one haplotype described
hereln, or the complement thereof. In partcular embadliments, & proba or primer can
comprise 100 or fewer nuclentidas; for example, in cerfaln embodiments from & to 50
rnucleotldes, or, for example, from 12 to 30 huclectldes. In other embodimeants, the proba
or primer Is gt least 70% ldentcal, at least 80% (dentlcal, at least 85% |dentical, at least
90% [dentcal, or at least 55% Identical, to the contiguous nucleotide sequence or to the
complement of the contlguous nucleotide sequence. In another embod!iment, the probe or
primer Is capable of selectively hybridizing to the contlguous nucleotlde sequence or to the
complemnent of the contiguous nucleotlde sequence. Often, the probe or primer further
comprises a labsl, e.g., a radiolsotope, & fluprescent labe!l, an enzyme label, an enzyme
co-factor label, @ magnet!c label, a spin label, an epltope label.

The nuclelc acld molecules of the Invention, such as those described above, can be
Identlited and Isclated using standard molecular blology bechnlques well known to the
skllled person. The amplified DNA can be Iabeled (e.g., radlolabeled) and used as a probe
for screening a ¢DNA library derlved from human cells. The ¢cDNA can be derived from
mRNA and contalned In a sultable vector. Coarmesponding clones can be Isolated, DNA can
obtalned followlng in vivo exclsion, and the claned insert can be saguenced In elther or
both erlentations by art-recegnized methods to dentify the correct reading frame encoding
a polypeptlde of tha appropriate molecular welght, Using these or similar methods, the
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polypeptide and the DNA encoding the polypeptide can be isclated, sequenced and further
characterized.

In general, the isolated nuclelc acld sequences of the Invéntlun can be usaed as
molecular welght markers on Southem gels, and as chromesome markers that are labaled
to map related gene positions. The nudelc acld sequences can alse be used to compare
with endogencus DNA sequences In patlents be Identlfy cardlac arhythmila (e.g., atrizl
fibrillation or atrlal flutter} and for stroke or a susceptibllity to cardlac arrhythmla (e-g.,
atrizl fibrilation or atrial flutter) and for stroke, and as probes, such as to hybridlze and
discover relatad DNA sequences or to subtract out known sequences from a sample (e-g.,
subbractive hybrdlzation). The nuclefc acid sequences can further be used to derlve
primers for genetlc fingerprinting, to ralse antl-polypeptide antibedles using Immunlzaticn
techniques, and/or as an antlgen to ralse antl-DNA antlbodles or ellclt immune responses.

Antibodias

Polyclonal antibodles andfor monoclonal antibodias that specifically bind one form
of the gene product but nof to the other form of the gene product are also provided.
Antlbadles are also provided which bind a portlon of either the variant or the reference
gena product that contalns the polymorphic site or sltes. The term “antibody” as used
hereln refers ta Immunoglobulin molecuies and Immuneloglcally actlve portions of
Immuncglebulln molecules, Le., molecules that contain antlgen-binding sltes that
specifically bind an antigen. A molecule that specifically binds to a polypeptlde of the
inventlon 1s 2 molecule that binds to that polypeptide or a fragment thereof, but does not
substantizlly bind other molecules In a sample, &.4., a biological sample, which naturally
contalns the polypeptida. Examp'es of Immunaloglcally active pertions of Immunoglobulln
molecules Include F{ab} and F{ab); fragmants which can be generated by treating the
antlbody with an Enz;'n_.rme such as pepsin. The Inventlon provides polyclonal and
monodonal antibadles that bind to a polypeptide of the inventlen. The term “meonoclanal
antibody™ or *moncclonal antibody compositlon”, as used herein, refers to a population of
antibady molecules that contzin only one specles of an antlgen binding slte capable of
Immunoreacting with a particular epltope of a polypeptide of the Invention. A monedonal
antibody compositlon thus typlcally displays a single binding afinity for a particular
polypeptide of the Inventlon with which it Immunoreacts,

Polyclonal antibodles can be prepared as described above by Immunizing a suftable
subject with a deslred Immunogen, e.g., polypeptide of the Inventlen or a fragment
thereof. The antlbody tlker In the Immunized subject can be monltored over tme by
standard technlques, such as with an enzyme linked Immunosorbent aassay {ELTSA) using
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Immoblllzed polypeptide. If destred, the antbody molecules directed agalnst the
polypeptide can be isolated from the mammal (e.g., from the blood) and further purifted
by well-known technlques, such as protein A chromatography to obtaln the IgG fraction.
At an appropriate time after immunization, e.g., when the antlbody tters are highest,
antlbody-producing cells can be obtalned from the subject and used to prepare manoconal
antibodles by standard technlques, such as the hybridoma technlgue crglnally described
by Kohler and Milstein, Nature 356:495-497 (1575), the human B cell hybridoma
technlque (Kozbor et al., Immunol. Today 4: 72 (1983)), the EBV-hybridoma technlque
(Cole et al., Monocionaf Antibodies and Cancer Therapy, Alan R. Liss, 1985, In¢., pp. 77-
96) or tioma techniques. The technology for preducing hybridomas 1s well known (see
generally Current Profocols in Immunology (1994) Coligan et al., (eds.) John Wiey &
Sons, Inc., New York, NY). Brefly, an Immortal cell line {typlczlly 3 myeloma) Is fused Lo
lymphacytes (typleally splenocytes) from a mammal Immunlzed with an Immunogen as
described above, and the culture supematants of the resulting hybridoma cells are
screened ko [dentify a hybridoma preducing a monocional antibody that binds a
polypaptlde of the Inventbon.

Any of the many well known protocols used for fusing lymphocytes and
Immertallzed cell ines can be applled for the purpose of generating 2 monoconal antlbody
to & polypeptlde of the Inventicn (see, e.q., Current Protocals in Immunelogy, supra;
Galfre et al., Nature 266:55052 {1977): R.H. Kenneth, In Monodional Antibodies: A New
Dimension In Blologlcal Analyses, Plenum Publishing Corp., New York, New Yark (1980);
and Lerner, Yale J, Biol. Med. 54;387-402 (1951)). Moreover, the ordinarity skifled worker
wlll appreciate that there are many varlations of such methods that also would be usefyl,

Alternatlve to preparing monoclonal antthody-secreting hybridomas, a monoclonal
antlbody ko a polypeptide of the Inventon can be Identifled and Isolated by screening a
recombinant comblinatortal immunaglobulin library (e.g., an antibody phage display library)
with the polypeptide to thereby [solate Immunoglobulin library members that bind the
polypeptide. Kits for generating and screening phage display libraries are commerclally
avallable (e.g., the Pharmacla Recombinant Fhage Antbody System, Catalog No. 27-9400-
01; and the Stratagene SurfZAP™ Phage Display Kit, Catalog No. 240612). Additionally,
examplas of methods and reagents particularly amenable for use In generating and
soreening antlibedy display lbrary can be found In, for example, U.S. Patent No.
5,223,409; PCT Publicatlon No. WO 92/18619; PCT Publlcation No. WO 91717271; PCT
Publication Ne. WO 92/20791; PCT Publlcation Na. WO 92/15673; PCT Publicatlon No. WO
D3/01288; PCT Publication No. WQ 92/01047; PCT Publlcation Na, WO 92/09690; PCT
Publication No. WO 90/02809; Fuchs et a/., Blo/Technology 9: 1370-1372 (1991); Hay &t
&l., Hum. Antibod. Hybridomas 3:81-85 (1992); Husa et al., Sclence 246: 1275-1281
(1589); and Griffiths et afl., EMBO J, 12:725-734 (1993).
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Additionally, recombinant antibodies, such as chimerlc and humanized monocional
antibodles, comprising both human and non-human portlons, which can be mada using
standard recombinant DMNA technlques, are within the scope of the Invention. Such
thimeric and humanlzed moncclonal antbadles can be produced by recombinant DNA
technlques known In the art.

In general, antlbodles of the Invention (e.g., a moncclona! antibady) can be usaed bo
Isclate a polypeptide of the Invention by standard techinlques, such as affinlty
chromatoegraphy or Immunoprecipltation. A polypeptide-specific antlbody can facllitake the
purification of natural polypeptide from cells and of recomblnantly produced polypeaptide
expressed In host callsj Moreover, an antibody spedfic for a polypaptide of the Invention
can be used to detect the polypeptide [e.g., In a cellular lysate, czil supernatant, or tissue
sample) Ir order o evaluate the abundance and pattern of exprassion of the polypeptide,
ﬁntlbudles €an be used dlagnostically to monltor proteln levels In tissue as part of a clinical
testing procedure, e.g., to, for example, determine the efflcacy of a given treatment
regimen. The antibody can be coupled to @ detectable substance to Fadilitate Its detection.
Examples of detectable substances Include varous enzymes, prosthetlc groups, fluorescent
materlals, luminescent materals, bloluminescent materials, and radioactive matarials.
Examples of sultable enzymes Include horseradish peroxidase, alkaline phosphatase, bela-
galactos|dase, or acetylcholinesterase; examples of sultable prosthetic group complexes
Include streptavidin/blotin and avidin/biotin: examplas of suitable flucrescent materlals
Include umbelliferone, Auoresceln, fucresceln Isothiocyanate, rhodamine,
dichlorotrlazinylamine fluerescein, dansyi chloride or phycoerythrin: an example of a '
luminescent materlal includes lumincl; examples of bloluminescent materals Include
luciferase, luciferin, and asquorln, and examples of suitable radloactive material Include
1257 8Ly 35g or H,

Antlbodles may also bz useful In pharmacogenomic analysls. In such
embodiments, antlbodies agalnst varfant proteins encoded by nudele aclds according to
tha Invention, such as varlant protelns that are encoded by nuclele aclds that contaln at
least one polymorphic marker of the Inventlon, can be psed to Identify Individuals that
require modifled treatment modalltles.

Antlbedles can furthermore be useful for assessing expresslion of variant protelns In
disease states, such as In actlve stages of a disease, or In an !ndividual with a
predispositlon to a disease related to the function of the proteln, In particular cardiac
arrhythmia (e.g., atrial flbrllation or atrlal fiutter) and for stroke. Antbodies speclfic for 2
variant proteln of the present Invention that Is encoded by a nuclelc acld that comprises at
l2ast ane polymorphic marker or haplotype as described hereln can be used to screen for
the presence of the varant protein, for example to sareen for a predisposltion to cardiac
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arrhythmia {e.g., strlal fibrlllation or atrlal futter) and for stroke as Indlcated by the
presence of the varlant proteln.

Antlbodies can be used In other methods. Thus, antlbedles are useful as diagnostic
tools for evaluating protelns, such as variant protelns of the Invention, In conjunction with
analysls by electropharetlc mobility, 'soelecttc polnt, tryptic or other protease digest, ar
for use In other physleal assays known to those skllled in the art. Antlbodles may zlso be
used In Elssue typIing. In one such embodiment, a specific vadant proteln has been
correlatad with expression In a specific tissue type, and antlbodlas speclfic for the varlant
prateln can then be used to Identify the speciflc tissue type.

Subcellular locallzation of protelns, Including varlant proteins, can also be
determined using antibodles, and can be applled to assess aberrant subcellular localization
of the proteln In cells In various tssues, Such use can be applied In genetic testing, but -
also In monltoring & particular treatment modallty. In the case where treatment Is almed
at correcting the expresslon lavel or presence of the varlant proteln or abarrrant tssue
distributlon or developmental expression of the variant proteln, antlbodles specific for the
varlant proteln or fragments thereof can be used to moniter therapeutic efficacy.

Antlbodles are further useful for Inhibltng variant proteln function, for example by
blocking the binding of a variant prateln to a binding mclecule or partner., Such uses can
also be applled In a therapautic context In which treatment Invelves Inhlblting & variant
proteln’s functlen. An antlbody can be for example be-used to block or compehitivaly
Inhlbit binding, thereby modulating {l.e., agenlzing or antégun!zlng} the activity of the
proteln. Antlbodles can be prepared agalnst spedific proteln fragments contalning sites
required for specific functlon or 2galnst an Intact proteln that Is asscclated with a cell or
cell membrane. For administration /7 vive, an antlbody may be linked with an additianal
therapeutic paylead, such as radlonuclide, an enzyme, an Immunogenic epltope, or a
cytotoxle agent, Including bacterlal toxins (diphteria or plant texins, such as ricln}. The in
vive half-life of an antbody or a fragment thereof may be Increased by pegylation thraugh
canjugation to polyethylene glycol.

The present Invention further relates to kits for using antlbodles In the methods
described hereln. This Includes, but Is not limited to, kits for detecting the presence of a
variant proteln In @ test sample. One preferred embediment comprises antlbodles such as
a labelled or lahelable antibedy and a compaund or agent for detecting varlant proteins in
a blologlcal sample, means for determining the amount or the presence andfor absence of
variant proteln In the sample, and means for comparing the amount of variant proteln In
the sample with a standard, as well as instructlons for use of the kit.
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The present Inventlon will now be exermnplified by the following nen-limiting

example.

EXEMPLIFICATION

Fibrillati

The following contalns description of the Identification of susceptibllity factors found
ko be assoclated with atrial fibrillation and stroke through single-point analysls of SNP

markers,

Methods, The study was approved by the Data Protection Commission of Iceland and the
Natlenal Bioethles Commiites.

Iceiandic AF cohort, The patients were zll dlagnosed with AF at the Landspltzll Unlversity
Hosplhtal In Reykjavik, Iceland, from 1987 to 2003. Dlagnoses were confimmed by a 12 lead
electrocardicgram demanstrating no P waves and imegularly Iregular R-R Intervals, All
ECGs were mapually read by a cardlelogist.

Tcefandic Stroke cohort. The stroke cohort was derlved from bwo major hospltals In
Iceland and the Icelandlc Heart Assoclatlon. Patients with hemorrhagle stroke represented
6% of all patlents {patients with the Icelandlq type of heredltary cerehljal hemorrhage with
amyloldosis and patients with subarachnold hemorrhage were excluded). Ischemlc stroke
accounted for 67% of the total patlents and TIAs 27%. The distributlon of strake suptypes
In this study s simllar ba that reported In other Caucasian pepulations {Mohr, 1.P., et al.,
Neurology, 28:754-762 (1978); L. R. Caplan, In Stroke, A Ciinicaf Approach {Butterworth-
Helnernann, Stoneham, MA, ed 3, (1993)).

Genotyping. A genome-wide scan of 437 Icelandic Indlviduals dlagnosed with Atral
Fibrillatlon {AF} and 7406 population controls was performed using Infinlum HumanHap300
SNP chlps from Tllumina for assaying approximately 317,000 single nuclectide
polymorphisms (SNPs) on a single chip (Illumina, San Diego, CA, USA). SMP genotyping
for replication In other case-control cohorts was carrled using the Centaurus platform
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{Nanogen), A total of 347 Indlviduals dlagnosed with Strc;ke and 7497 controls was also
performed for SNPs with!n the LD Block found to be assoclated with Atrial Fibrillation.

Statistical Methods for Assoclation Analysis. For single marker assoclation to atrlal
fibrillation or stroke, we used a likelihood ratlo test to calculate a two-sided p-value for
each allele. We calculated relative rsk {(RR) and population attributzble sk (PAR)
gssuming & multiplfcative model (C. T. Fafk, P. Rublnsteln, Ann Hum Genet 51 (Pt 3), 227
{(1987); 1. D, Terwllliger, J. Ot, Hum Hered 42, 337 (1992)). For the CEFR Caucaslan
HapMap data, we calculated LD between palrs of SNPs using the standard definltlon of D”
{R. C. Lewontin, Genetlcs 50, 757 (1964)) and R*  W. G. HIll, A. Robertson, Genelics 60,
15 {Nov, 1968). When plotiing all SHP combinatlons to slucldate the LD structura In a
particular reglon, we plotbed D' In the upper left comer and p-values in the lower right
cormer. In the LD plots we present, the markers are plotied equldistantly rather than
according ko thelr physlcal positions.

RESULTS
Genome-wide assodfation study

We successfully genctyped 437 Icelandic Atrlal Fibriallation patlents and 7406
population control Individuals using the Illumnina 330K chip. Assodiation analysis was
performed for single SNPs. The most significant assoclatlon was found for markers
152220427 and rs2220733, both of which glve p-values close to 10™. The value for
r52220427 Is signlficant after correcting for the number of tesis performed, l.e. the
assoclatlon Is significant at the genome-wide lavel.

There Is an apparent excess of homozygotes In affected Indlviduals, We reject both
the multipilcative model (P=.002) and the recessive model {P=.001). The best fitting
model gives risk 1.46 to heterozygous carrlers and 5,17 ko homozygous carriers. The
{uncorrected) P-value comparing thls full model to the null modsl of no assoclation is
5.43e-11. These data show that Indlviduals with two coples of the at-risk allele are ak
greater risk than expected based on a simple multiplicative model.

Fitting an age at onset mode! for all genotypes glves a P-value of 4.84e-5.
Heterozygotes are estimated to have onsct 1.4090 years earlier than non-cartlers and
homozygete cartlers are estimated to have onset 9.5125 yaars eariler than non-carriers,
This shows a significant effect of age at onset — Individuzals carrying the ak-risk variant are
at significant risk of developing AF at & younger age than Individuals who are non-carriers
of the at-Hsk allela.
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Investigating markers in Ehe vicinlty of 2220427, we reallzed that the
micrasatellite marker D45406 can be used as a surrogate marker for rs2220427. In
partlcular, alleles -2, -4 and -B (with respect to the CEPH reference) were found to be
sufficient to tag the SNFP based on haplobype frequenclas:

Table 1. Relationship belween rs2220427 and D4S406

Frequency Haplolype
MS allele SNF Allele

7.55E06 -2 D45406 2 rs2220427
0.000102727 16 D45406 4 rs2220427
0.000148065 -6 D45408 4 rs2220427
0.000749885 20 D454G6 2 rs2220427
0.000140755 4 D45408 2 re2220427
0.000210154 8 D45406 4 rs2220427
0.000225802 -8 D45406 2 rs2220427
0.000227036 4 D45408 4 rs2220427
0.000299371 18 D48466 2 rs2220427
0.000899281 0 D45406 4 rs2220427
0.00203514 -4 D4s408 4 re2220427
0.00673851 -4 D45406 2 rs2220427
0.02454B84 2 D45408 2 rs2220427
.0394983 -2 D45406 4 rs2220427
0,0422712 14 D45404 2 r8Z220427
0.0564303 0 D45406 2 rs2220427
0.0762831 -4 D45406 4 re2220427
0.0855451 6 D4E408 2 2220427
0.0948753 12 D45406 2 rs2220427
0100405 id D4S408 2 rsZ220427
0.145942 4 D45406 2 rs2220427
0.155838 8 D4340% 2 rs2220427
0.164364 10 045408 2 rs2220427

Thus, for Individuals typed for the DAS408 marker but not rs222047, mergling the -2, -4
and -8 alleles leads to a very good estimate of the frequency of the 4 allele of the SNP.
We analyzed an Icelandle replication cohort for AF, comprised of 1269 cases and 69,070
controls, In this fashlon, The results are qulte dramatic in that the assoclation Is
accompanled by a p-value of 2.94e-14 and a relatve risk {muitipllcative model) of 1.53.
Thus, our Inltal finding has been replicated In an Independent Icelandic cohort.
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Chromosome 4 (LD Block C04) .

Relatlve
p-value Risk Afffreq | Confreq | Allcle Marker
(16639030 0.8473 0.802746 | 0.916352 3 rs 10033464
0.1683P0380 11802 0.027254 | 0.083648 4 rs10033464
0.242753486 0.8746 0.098398 | 0.7110939 1 rs13105878
0.24275246 1.1433 0.801602 | 0889061 2 rs13105878
4.89E-06 1,2818 0441648 | 0.364078 1 rs131411890
4.B8E-06 0.7238 0.558352 | 0.6350927 3 rs13147120
1.25E-08 0.6905 0.677346 | 0752458 1 r=1448817
1.25E08 1.4483 0.322654 | 0.247502 3 r=1448817
0.00925956 0.7803 0.611213 | 0.844653 2 rs16927 166
0.00225098 1.2654 0.188787 ! 0.15587 4 rs16097164
1.07E-09 0.5601 0.611213 | 0.884688 2 T92200733
1.07E-02 1.7855 0.188787 | 0115312 4 rs2200733
7.78E-10 0.557 0.810345 | 0.9984673 2 rs2220427
7. 78E-10 1.7853 0.1856G55 | 0.115327 4 rs2220427
D.75E-08 1.5803 0.236233 | 0.163692 1 rs2634073
9.76E-08 0.6328 0.763761 | 0.836308 3 rS2634073
086027011 0.9350 0.768872 | 0.769444 1 rs2723206
0.88227011 1.0032 0.231121 | 0.230558 3 2723706
0.03281713 0.8520 0.665004 | 0.7303114 2 rs2723316
003281713 1.1724 0.334096 | 0,289689 4 rs2723318
0.01803327 1.1855 0.635832 | 0.595303 1 rsJdgs3444
£.01803327 0.89435 0.364368 | 0.404807 3 rs3053444
040105752 0.9214 0.14G789 | 0.15734- 2 rad4576077
2.40105752 1.0853 0.853211 | 0.84265 4 rs4576077
0.93265521 1.0084 0.145300 | 0144275 1 6419778
093260821 0.5917 0.854691 ! D.BE5725 3 re6479178

Shown are Values
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Relalive
p-valueg Rlsk Afffreq | Confreg | Allele Marker

0.37707852 0.8672 090834 | 0916022 3 510033464
0.37701852 11272 0.083656 | 0.0B3078 4 rs 10033464

0.2838194 08717 0.0675983 | 0.170807 1 rE13105678

{.28an1p4 1.1472 D.202017 | 0.889193 2 213105878
0.01534506 1.2723 0.412104 { 0.366378 1 rs13147190
0.041534590 0.8245 0.587B0& | 0.632622 3 rs13141180
D.046856224 0.8418 0.716138 D. 7498 1 r=T44BB1Y
0.04856524 1.1872 0.283862 | 0.2502 3 rs1448817
0.14450 85 0.8509 0.822767 | 0.823717 2 316297188
D.14450185 1.1629 0177233 | 0,156283 4 r=16207168
{.00374992 0.724 0.84438 ! 0.882271 2 rs2200733
0.003749p2 1.3812 015562 | Q417729 4 rs2eG0733
&.0025713 .41 0.842666 | 0.882274 2 52220427

0.0025713 1.4003 0.1574H [ 0117728 4 rs2220457
0.01864881 1.2882 0.201729 | 0168154 | ™ 1 rs2634073
0.01664881 0.78B5 0.798271 | 0.832846 a rs2834073
0.589350156 0.9571 0.780807 | 0.769811 1 re2 723208
050350156 1.0514 0.230193 | 0.230189 3 rs2723206
0.03150475 0.8367 0.661383 | 0.700107 2 2723316
0.03150476 1.1852 0.338817 | 0.2995803 4 2723316
0.16517616 11172 0.622832 | 0.596452 i re3553444
0.16517516 0.89p51 0.377168 | 0.403538 3 rs3853444
0.24301928 0.87a7 0.14121 | 01574758 2 re4576077
0.243019265 1.1367 0L.B5A70 | 0.842527 4 rs4S 7077
019773377 1.1482 0.161383 | 0.143543 1 rs6419178
0.18773377 0.8709 0.838817 | 0856457 3 rsB419178




g0

Table 4. Markers In perfect linkage disequilibriurn (# = 1.0) with rs2220427 In the CEU
population in the International HapMap data set (Individuals of Curopean descent), Afsc
shown are correlation with samples from Yuroba (Nigeria), and Asla (China and Japan} -
cohort description s further documented on http://www.hapmap.org.

SNP Allele | CEU_R2 [ CEU_frq | YRIR2 | YRI frq | ASIA R2 | ASIA frg
s17042050 | 1 1 0.117647 | 0.500382 [ 0117647 | 0.473183 | 0.20814
rs4529121 1 1 0.116667 | 0.604801 | 0.1 | 0.539766 | 0.337078
rs4543199 2 1 0.116667 | 0502038 | 0.116667 | 0.539766 | 0.337079
10019888 | 4 1 0.116667 | 0128175 | 0.341667 | 0.664071 | 0.388882
rs4626276 2 1 0.116667 | 0,603474 | 0.100B4 | 0.537439 | 0333333
17042076 | 2 1 0.117647 | 0128175 | 0341667 | 0.664071 | 0.386889
;511008089 | 2 1 0.117647 | 0.549368 | 0,108333 | 0.530766 | 0.337079
511930528 | 4 1 011017 | 0.120773 | 0.321428 | 0.662026 | 0.377907
rs17042008 | 1 1 0.416667 | 0.669219 | 0.002437 | 0.64207 | 0.355556
rs17042402 | 1 1 0091743 | NA NA__ | 0.560822 | 0.302632
rs17042121 3 1 0.116667 | 0.736119 | €.141667 | 0.639142 | 0.353933
10516563 | 3 1 0.109244 | 0.846743 | 0.126205 | ©.636329 | 0.364706
rs4605724 i 1 0.116667 | 0.748252 | 0.083333 | 0.845257 | 0.359554
rs2350269 4 1 011017 | 0.495806 | 0.038214 | 0.626257 | 0.346154
156533527 1 1 0.116667 | 0.425151 | 0.133333 | 0.804123 | 0.421348
rs17042144 | 2 1 0119658 | 0.727891 | 0.077586 | NA NA
rs1906618 2 1 0115044 | NA NA NA NA
rs1906617 2 1 0.116687 | 0.541206 | 0.183333 | 0.977348 | 0.454545
12646447 | 2 1 0.119658 1 0.106333 1 0.444444
12646754 | 4 1 0.110658 | 0.681842 | 0.11017 1 0.426
rs2129084 1 1 0116667 1 0.108333 1 0.444444
E12639654 | 4 1 0116657 | 0.139505 | 0.016667 1 0.438202
756817105 2 1 0117647 | 0.27862_| 0.209145 1 0.440476
r=17042171 1 1 0109244 | 0.281063 | 0.302524 1 0.425287
r51908591 1 1 0,118887 1 0.108333 1 0.444444
rs1906502 3 1 0.109244 | 0283480 | 0.3 1 0.446429
re2200732 2 1 0.112009 | 0,272544 | 0.308334 1 0.449438
rs2200733 4 1 0.116667 | 0.276161 | 0.301724 1 0.445783
re4611894 2 1 0.116667 | 0.272544 | 0.308334 1 0.440438
rs4540107 1 1 0.116867 | 0.27862 | 0.305085 1 0.44382
31906593 4 i 0117647 | 0.285134 | 0.301724 1 0.438202
151808596 2 1 0.121739 | 0.255884 | 0330275 | 0.97478 | 0.448718




Table 5,

A. SNP markers within 1D Block €04 (Between 111,954,811 and 112,104,250 on C04;

NCBI Build 35! SEQ ID NO!50).

g1

Pos In SEQ .

Marker ID Pos Bulld 35 1D NO:50 Type Strand
r=1448824 - 111954811 1 AfG -
rs19471089 111955221 411 AfG -
rs1947188 111555479 669 /G -
rs1952927 111956353 1543 () -
rsi470619 111957122 2312 AfG -
51448823 111958466 3676 AfG -
rs4034327 111958676 3856 AT

rs1448822 111958702 3352 C/T

2044674 111955075 4265 AG -
rs2B445748 111959470 4660 AT +
rs2595116 111959551 4781 ciT -
52585115 111959725 4015 AfC -
rs13120244 111961548 7138 AlG +
rs272329% 111962087 7277 AfS +
rs2723297 111962201 7391 AT +
rs10021211 111962246 7436 T +
rs17042011 111962331 7521 CiT +
s2505114 111962791 7581 c/G -
rs2595113 111962792 7982 C/G -
rs2595112 111563368 8558 CfG -
rs6831623 1118964577 Qga7 gy -+
rs6854803 111864419 10109 C/T +
52255793 111965457 10647 AfG +
rs27232G8 111966089 11276 oy} +
rs125055B66 1119662148 11408 AT +
rs28718253 111966220 11410 AT +
1512501913 111966355 11545 RfC +
13126974 111966385 11575 AT +
536194761 111966385 11575 AT +
rs28473341 111966486 11678 C/T +
rs361650675 11319687780 12970 G/T +
rs131471390 111968754 13954 RIG +
rs13147480 111958795 13985 c/T +
rs131472590 111958812 14002 AfC +
rs13147726 111968823 14113 C/T +
1513147730 111968926 14116 C/T +
rs13147552 111968949 14139 ASG +
rs13123918 111968996 14186 AT +
535510510 111970561 15751 (afry +
rs36162200 1119714B0 16670 GfT +
rs11098086 1119719097 17187 C/T +
rs4 034950 111972120 17310 AfG -
511724067 1115972144 17334 ASG +
527232599 111872436 17626 ASG +
52723300 111972512 1702 ASG +
13138211 111972606 17795 /G +
rs2595075 111973312 18502 C/T -
rs2723301 111973731 igoz21 C/G +
rs2595074 111974709 19E00 AT -
rs2723302 111974736 13926 C/G +
rs2723303 111974741 19931 A/G +
r=2218695 111575356 20546 G/T -
rE2 218697 111975357 20547 o7 -
rs2595073 111975436 208625 AfG -
52723307 111575800 20920 AfT +
rs1584430 111976043 21233 C/G -




. B2

- . Pos in SEQ
Marker ID Fos Build 35 ED NO:50 Type Strand
51584420 111975151 21341 GG -
rs1900428 111978526 21716 C/T -
rs7672226 111976785 21975 C/T 3+ -
rs1839180 111976971 22161 T -
515799456 111977724 22914 NG -
rs12500115 111977892 23042 AfG +
rs1579945 111978006 23286 AT -
rs7661383 111579181 24371 AfC +
rs2122078 111979201 24391 AfG -
E2122077 111979254 24444 /T -
rs2723311 111979626 24816 A/G +
rs7667451 1119797319 24928 AlG +
rs1448795 111980385 25576 C/T -
rs14487938 111980789 25979 C/T -
r=12650829 111980380 26070 AIG +
52723312 1119305856 251445 Al +
151900827 111981343 25533 ASG -
rs68156208 111531980 27170 CiF +
rs6838131 111581993 27163 Al 1
rs5838130 111582000 27190 AfC +
rsBEB3E205 111982012 27202 ciT +
rs4582211 111982043 27233 AfG +
rs4353365 1119820848 27278 AT +
rseB838535 111062144 27334 T +
rs1375302 111983088 28258 (afay +
rs1375303 111583089 28259 AfGG T
rs76959114 111983094 28254 CiT +
rs2197814 11i983098 29288 ASC +
rs2218700 111983340 2B530 A/G +
rs959542 111933529 2B719 G +
517042020 111084067 25257 AfC +
rs2585099 111984371 20561 BJC +
rs4371683 111984371 29561 AJC +
rs2595093 111984960 aniso c/T -
17625509 111984508 30188 ASG +
re2723313 111935093 30283 AfG +
rs2723314 111085111 303 GfT +
rs2595092 11319891312 30302 &fG -
(22595091 111985223 30413 CrG -
rs1375301 111985458 3NE4A AfG -
rs2245595 111395715 30905 C/T +
r=2595084 111985958 31148 /T -
rs981150 111986232 314922 Cm -
rs16997168 111996543 31533 C/T +
r=50812840 111986554 31844 AfT +
rs15097169 1119866485 31875 O +
rsd527540 111986742 31932 C +
rs2595078 111987397 32557 AFG +
rs11058087 111987538 32728 C/T +
rsa843456 1119881655 33355 i +
rs9951031 1iiogg2i9 J3409 AfG -
r<i13120535 1119896R%1 34881 ASG +
s17042026 111989979 35168 AlG +
r=e840880 111991045 36235 i +
2122079 111991105 36258 T +
rs2166961 111991365 36555 C/T +
2723318 111091801 37081 CIT +
52595070 1115520109 37209 Al +
57865126 111992019 37209 ASG +
2595080 111992042 37232 A/G +




B3

- Pos In SE
Marker ID Pos Build 35 I%SND:EI:? Type Strand
rs12646859 111992237 37427 cTa) +
r=10222783 111992430 37620 oT +
rs12498380 111992553 37753 o +
rs2595081 111992751 37951 oI +
rs2595082 111992886 38046 GfT +
s2723317 111993104 38294 AfG +
rs54191748 111593104 38294 AJG +
rs13110876 111993525 38815 AfG +
rs2595083 111993525 30815 AflG +
rs7690164 11ie24059 39259 o +
52595084 111994163 39353 MG +
rs2565085 111954377 39567 CrG +
rs2595086 111594385 39575 CiT +
rs2723318 111594576 397606 o/T +
517042050 111924805 Jgeqs cT -+
rs9958222 1115250B8 40278 AG +
s2723319 111995233 401423 AT +
rs2595047 111995380 40157 /T +
rs17042052 111995521 40711 AT +
rs26558677 111095664 AQBSS GiT +
rs5812731 111095691 40881 AJC +
rs2723320 111997050 42240 cT +
512644107 11189975848 42778 /T +
rs2B8482179 1115968237 43427 T +
rs28759131 111998558 43749 o +
rs14468617 111998657 43847 A/G +
528526075 111998725 43915 AJG +
r=17042059 111998700 43080 AfG +
rs10014075 112000023 45213 GiT +
5100261440 112000455 45645 G/T +
512351232 112000455 45645 G/T -+
rs7666806 112000477 45667 G/T +
rs10028327 112000485 45679 /T +
rs12550941 112002415 47505 AT +
5280650220 112002617 47807 T +
rs131132361 112002671 47861 G/T +
rsi3113522 112002685 47876 G/T +
rs4528121 112003155 43349 AfG +
rs5531284 112003562 48772 /T +
rs10005621 112003846 49036 C/T +
r=10021534 112003945 40135 C/T +
rs10032150 112004222 49412 AfG +
rs10024267 112004571 457561 ofT +
rs10012705 112004725 45915 c/T +
rs11943627 112005073 50263 CfT +
rs45431599 112005744 L0924 CiT +
rs28410055 112006340 51530 BSG +
rs7593227 112006532 51722 C/T +
56852197 112006679 5186% AfG +
512647316 112008355 52045 c/T +
rs12647353 112006886 20756 =T +
rs100159845 112007248 52438 G/T +
rs10019689 112007473 52663 AC +
rs4526275 1120075593 52783 AfC +
rs10022067 112007572 52862 CfT +
rs4469143 112007678 52868 CfG +
rs6636205 112007902 £3002 T +
rs13350653 112008088 53276 G/T +
rs11737632 112008416 53606 T +
rs5011975 112008427 53617 A/G +




Paos in SEQ

Marker ID Pos Bulld 35 ID NO:50 Type Strand
rs6811511 112008425 53519 AJC T+
rs43IB3676 112008437 53627 NG +
r=28392642 112009161 54351 T +
rs17631468 112009386 54576 AfE +
rs17042076 112009942 £5132 T +
rs4434326 112010480 SS870 C/T +
rsi7042081 112010815 SE005 GIT +
4833436 1120311350 56540 . CfT +
r=7679623 112011519 56709 AfC +
rs11098088 112011728 56918 C/T +
rs4530590 112011761 L6051 AT T+
rs11098080 112011830 57020 ASC +
rs17042088 112012414 57608 C/T +
1512648785 112013406 BB686 MG +
rs12639620 112013644 58834 c/T +
rs10001807 112013708 CEROA AJG +
rs10024486 112013722 5a012 G/T +
rs12648889 112013890 55080 C/G +
rs28376747 112013925 59115 ASG +
rs11098090 112014012 59202 (o' an +
1511944770 112014571 59761 A/G +
rs7436333 112014951 60141 AfC +
rs4307025 112015107 &0297 AT +
rs4447925 112015252 60442 C/T +
rs28523292 112015772 60962 /T +
rs2B635581 112015858 61048 C/T +
rs28508237 1120156004 61194 o7 +
rs28521134 112016167 613q7 o) +
rs17042093 112017716 62906 C/G +
rs11930430 112017749 62939 C/T +
rs2B542185 112017795 62985 C/T +
rs11930528 112017798 652068 G/T +
rs13i21382 112020177 65357 G/T ¥
574349525 112021082 65272 AST +
rs2A501998 1120213318 66508 AJT +
rs10016538 112021718 66908 /T +
517042098 112021762 56952 ASG +
rsi0005076 112021953 67143 T +
10027473 112022056 67246 ASG +
52634073 112023387 BA577 PG -
51906611 112023520 66710 &G -
rs1906610 112023521 68711 T -
rs28446238 112024025 65215 AT +
r=1906609 112024055 69245 AfC -
rs344 8665 112025294 70484 G/T +
rs17042102 112026230 71420 MG +
rs17042104 112026555 71745 /T +
rs10015819 112026620 71818 G +
rs2634071 112026824 72014 A/G -
rs10007386 112028021 73211 c/T S
rs10007547 112028050 73240 MG +
512647522 112028465 73655 /T +
rsio06614 112028900 74090 A/G -
rs2723335 112029230 74420 AfG +
rsi7042112 112025281 74471 C/T ¥
rs17{142115 112029414 74604 A/G +
rs10013510 112029527 FA717 C/G +
rs11939957 112029755 74045 c/T +
rs2634076 1120290877 75067 AfG -
rs2723293 112031377 76567 AL +




BE

Pas in SEQ

Marker ID Pos Build 35 ID NO:50 TyYpe Strand
rs2g424131 112032777 77967 c/r +
rs2634075 112033582 78772 AfG -
rs13121715 112034239 7920 G/T +
rs2634074 112034645 72835 AT -
rs17042121 112034705 79895 AfG +
rs10515563 112035326 80515 G +
rs17042125 112035883 81073 MG +
5131364309 112036254 1444 G/T +
rs13114686 112036503 d41693 o +
536166388 112037782 g2972 AG +
rs2450934 112028532 H3722 AT -
rs3613804% 112040474 85664 AIC +
rs36158695 112040495 85685 A/C +
rs35122850 112040548 B5738 AfG +
512513264 112041966 B7156 T +
52882365 112041975 B7165 AG +
rs3a135549 112042072 872562 c/T +
rs4033107 112042072 o7252 T +
rs361756410 112042052 87282 AG +
rs4033108 112042092 87282 AG +
54450997 112042160 87350 AC +
52350265 112042213 47403 A/G +
rs4613627 112042225 87415 AC +
4033105 112042227 B7417 o +
r=4833443 112042247 B7437 o +
rs2723336 112042258 B7448 T -
54033111 112042302 B7492 AfG +
rs1807350 112042333 87523 c/T -
rs4605724 112042685 87875 AfC +
rs0856872 112043066 882556 AT +
rso834418 112043172 883562 cT +
52466455 112043219 8840% MG -
rs6857810 112043220 88410 AG +
rs2634079 112043541 806731 GG -
rs28356840 117043710 B8200 AT +
52350269 112044778 BOO1B T +
57665409 112045070 90260 cT +
rsa6533527 112045118 a0i0B AfC +
rs12649717 112045283 o471 AfC +
rsbB822831 112045374 0564 A +
rs35916701 112046074 1264 oT +
6629419 1120461748 91368 cir +
rs2723334 112046356 91546 AG -
rs2634078 1120455208 91718 C/T -
m™12512815 112046597 01787 GT +
rs17042144 112047270 92460 CfT +
rs2171594 112047908 83098 AfG -
rsoB8420887 112048170 £3360 AfG +
rs2171593 112048375 03565 G/T -
rs7530874 112048581 93871 AfG +
rs17342145 112049101 94291 G/T +
s17042145 112045106 94256 T +
rs99585815 112049504 95094 (oo +
57683236 112051207 95397 T +
1517042150 112051452 95642 AT +
rs10015842 112051810 97000 Cfr +
rs10005432 112052219 97409 AG +
rs1906620 112052624 07814 c/T -
rs1206619 112452670 57B60 C/T -
rs1906618 112053026 08216 c -
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Posins
Marker ID Pos Bulld 35 I0 N O:EEE? Type Strand
rs1906617 112053418 OBGOB T -
rs6847535 112054255 o445 AT +
rs6831873 112055138 100328 T +
r=190661¢& 112085172 101362 o -
r=6837901 112055712 100902 C/T +
rs2723333 11205695 101885 o7 -
rs12645447 112056930 102120 T +
rs6820558 112057435 102625 CiT +
rs1506615 112052402 104592 A/C -
152634077 117061112 106302 AfG -
7689774 112061114 106304 G/T +
rs12646754 112061176 105366 T +
rs35807830 112061497 i06687 G/T +
rs2129983 112061684 106874 T -
52129982 112061747 106937 /T -
(52129981 112051803 106993 AC -
rsbA54111 112062140 107330 AT +
12639554 1120428585 1080489 T +
4515229 112062285 108175 &G +
rs2129%84 112063610 109200 C/T +
r=s6817105 1120653372 108562 o +
512503217 112063765 108855 T +
rs2634070 1120540165 102206 AfC +
rs17042171 112065891 111081 AfC +
7434417 112066042 111232 AfG +
rs1506591 112066493 111683 &G +
;19056592 112056608 111758 G/T +
rs12510087 112066632 111822 NG +
7661554 112067221 112411 MG +
rs34795144 112067333 112523 AfC +
s2200732 112067646 1128365 oT +
152200733 112067773 112253 oT +
rs17042175 112068571 113761 AT +
1611954 112068645 113835 /T +
r=4540107 112068706 113896 AfC +
rs1906593 1120695256 114716 i +
4371684 112069551 114841 NG +
51006594 112069739 114929 ASG +
rs1906595 112069788 114978 G/T +
rs1906596 112089840 115030 T +
6838775 112089908 115098 G/T +
rs2129977 112070036 115226 NG +
rs2129978 112070158 115348 AfC +
1006597 112070190 115380 afT +
r=1906598 112070229 115419 T +
rs190655% 112070290 115480 ciT +
rs190&8500 112070480 115670 T +
rs1906501 112070883 116073 C/T +
rs1206602 112070927 116117 o +
rs1506603 112071040 116230 o +
rs289645285 112071426 1166146 AG +
rs2171590 112071435 116625 T +
rs6B52357 112571939 117129 C/T +
rs13143308 112072023 117213 G/T +
=2220427 112072453 117683 o +
s17632693 112072538 117724 CiT +
511935917 112072850 118040 AfG +
rs4B833456 112073911 119101 C/T +
125644625 112074117 119307 ot +
rs4400058 112074277 118467 A/G +
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Pos in SEQ

Marker ID Pos Bulld 35 1D NO:-50 Strand
r=1906604 112074452 119542 +
r=1906605 112074796 1199865 +
13126975 112075129 120319 +
rsSe37490 112075447 120637 3
se843082 1120755671 120851 +
r=13105878 112075751 120941 +
rs&533528 112076843 122033 +
7692272 112076857 122047 +
rs2171591 112077012 122202 +
rs17042195 112077142 122352 +
11931959 112077289 122479 +
17042158 112077582 1227372 +
r=iD0334E64 1120783565 123555 +
52171592 112078392 123582 +
=13121924 112078423 123613 -+
rs2129979 112078601 1237351 -+
rs2350539 112070614 124004 +
rs1906606 112080994 126186 +
rs7a72570 112081189 126370 3
rsdB3441g 112081408 126598 +
rs7 23564 112082075 127265 -
s723363 112032105 127285 -
rs7597491 112083422 128&12 +
rs13125644 112083705 1285605 +
rs2350294 1120844445 128635 -
r=2350293 112084451 129641 -
rs3055019 112084767 129957 -
s2220428 112085064 130254 +
s2220420 112085089 130279 +
r=11727565 112085934 131124 -+
rs13141190 112086218 13140B +
4032976 112086371 1318861 -
rs3866829 112086379 131559 -
rs7671348 112086408 131598 +
rs3866B830 112086593 131788 e
r=6B11267 112086942 132132 +
rs3853440 112087213 132403 -
r=3853443 112087344 132534 -
re3B53442 112087632 132822 (W -
rs3ghiq4a 112087733 132023 AG -
rs4124158 11208774986 132988 /T +
54124159 1120087847 133037 AjG +
rs12506083 112088015 133206 AC +
s34809202 112088051 133241 MG 3
s76B3219 112088051 133241 A/C +
rs7583618 1120808259 1334449 AfC +
7683625 112088269 133459 AJG +
rs7eE62080 112088325 133515 /T +
rs36183416 112088804 133904 /T +
rsdd47926 112088804 133004 ciT +
4594787 1120845813 134003 AfG +
rs10390275 112089005 134199 AT +
5316170422 1120892005 134199 AT +
rs10005559 112089033 134220 G/T +
t53618159% 112089078 134268 A/G +
r=s/0730 1120829078 1342&8 Al +
rs10005881 112089277 134457 T =+
rs3igl149087 112089277 134467 T =+
65533530 112089540 134730 C/T +
6533531 1123089559 134756 G/T +




BB

- Pos In SEQ
Marker XD Pos Buijld 35 ID NO:5D Type Strand
r=3B66831 112089718 134908 cT -
rs4260241 112089333 135023 AlG -+
rs4032975 112089842 135032 AIC -
rs4032074 112090140 135330 AG -
rsd124160 112050452 13h642 AfG +
rs3866832 112091304 136494 C/G -
rsdBS53444 112091740 1365930 MG -
r=7562345 112091756 1365856 &G +
rs2350545 112092258 137443 =T -
rsl7042215 112002562 137752 oT +
r<2003121 112003023 133213 (2] 4
r<8R0309 112093143 138333 AfG +
rs9991046 112093346 138536 ofT -+
rs17042216 112094463 1305653 CfT +
rs175706569 112094486 139676 AT +
=17042218 112094520 135710 AIG +
m170a2223 112004922 140112 oT +
I=IBGARE3 112095138 140328 o -
=17042224 112096509 141699 Gfr +
rs131304446 112086760 141950 /T -+
rs105i6564 11209566065 142086 AfG +
rs7086320 112097215 142405 AT +
rs7086499 112097282 142472 o +
rs17042230 112097319 142509 o +
4124146l 112097459 142549 T .+
re4576077 112028061 143251 CiT +
=4260600 112008008 143288 CiT +
5125484093 112098445 143635 AfG +
rs4l124162 1120985593 143783 AfG +
rs7674295 112099042 144232 &G +
11938968 1121003556 145545 &G +
rs2B601312 112101457 145647 AfC +
4032983 112101551 146741 G +
r=1B56834 112101617 146807 AG +
rsGaS2021 112101716 146506 MG +
rs28580:491 112102583 147773 cT -+
rs13110989 112102671 147851 G/T -+
rs3B66d35 112102983 148173 T -
r=1i24163 112103203 148393 B&/G 4
r=3B66E836 112103244 148434 AfG +
=17042238 112103458 148628 MG +
rs4124154 112104250 149410 CfT o4

B. Microsatelfite markers within LD Block C04 (Detween 111,954,811 and 112,104,250 on

C04; NCBI Build 35; SEQ 1D NO:50).

End
Marker | Siart posidon posidon Forward primer Reverse Primer
D45193 112082811 112062911 ACAACOCCATTTGTGAAGAC | TTTATAGAASATT TAGCATOGA
CniS280 1120765 112070267 CTAAGTTETGOABCCATEAA | TGGAACCACTTTTGCAGTAA
D4S408 112076047 112075292 CTGETTTTAAGGCATGTTTG | TCCTCAGGGAGISTETAATCA
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Table 6, Key to sequances presented In sequence listing.

SEQ ID NO Marker ID
1 rs2220427
2 rs17042059
3 rs4529121
4 rs4543199
5 rs1001963%
6 54626276
7 rs17042076
8 rs11098089
9 rs11930528
10 rs17042098
11 rs17042102
12 rs17042121
13 rs10516563
14 rs4505724
i5 rs2350269
16 rs6533527
17 rsi7042144
iB rs1906618
io r=1906617
20 rs12645447
21 rsi2645754
22 rs2129981
23 rs12639654
24 rs6817105
25 rsi7042171
26 1506591
27 rs2200732
28 rs2200733
20 r=4611994
30 rs4540107
31 rs1806593
a2 rs1906595
33 rs2634073
34 rs12065%2
35 rs2723296
36 rs16997168
37 rs2723316
38 rs64i0178
3o rs1448817
40 rs13105878
41 510033964
42 rs13141190
43 rs3953444
44 rs4576077
45 D45406
45 rs7656322
47 rs2197615
48 rs66831623
49 rs2595110
5 LD} Block €04

o1 13143308
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Example 2. Characterization of AF risk variants

The following centalns further description of the Identification of varants canferring
rigle for alrial fAibriilation on chromosome 425

Alrial flbrllation (AF) is the most common su-stained cardiac arrhythmia In man and
15 characterized by chaotic electrical activity of the atrlal, It affects one In ten Individuals
over elghty, causes significant morbldity, and Is an indeperdent predictor of mortallby®.
Recent studles have provided evidence of 2 genetic contribution to AF*, Mutations In
potassium channel genes have been associated with familal AP but account for only a
small fracticn of all AF cases™ ‘2. We performed @ genome-wide assoclation scan, followed
by replicatlon studies In thres populations of Burocpean descent and & Chinese population
from Hong Kong and find a strong associabon betwesn two sequence varants on
chromosome 4q25 to AF. Approximately 35% of individuals of European descent have at
feast one of the variants and the risk of AF Increases by 1.72 and 1,39 per copy. The
aasociation be the stronger variant was replicated In the Chinese population, whers It [s
carrled by 75% of Individuals and sk of AF Is Increased by 1.42 per COpY. A stronger
assoclation was observed In indlviduals with byplcal atrial flutter (AFl}). Both varlents are
adjacent to PITX2, which is known to play a critical role In left-right asymmetry of the
heart'***.We conducted a genome-wide assoclation study using the Thumina Hap300
BeadChip on an Icelandic population with AF and/or AFl. 316,515 SNPs satlsfylng cur
quallty criteria were tested Individually for assoclatlon to AF/AF] In a sample of 550
patlents and 4,476 controls from Iceland. Three strangly correlated 5NPs, all [ocated within
a single linkage disequlilbrium (LD) block an chremasome 4925, were the only SNPs found
to be genome-wlide sigrificant after accounting for the 316,515 SNPs tasted (P <
0.05/316,515 = 1.58 x107): rs2200733 (OR = 1.75; P = 1.6%10™%), rs2220427 (OR =
1.75; P = 1.9%10"°) and rs2634073 (OR = 1.60; P = 2,1x10°°). These results and all
other results based on the Icnlandic population were adjusted for the relatedness of
Individuals. The two most signlficant SNPs, rs2200733 and rs2220427, are perfect proxies
for one another In the CEPH CEU HapMap'® dataset and are close to belng perfect proxles
for one another In the Icelandic dataset (D' = 1, /* = .999), therafore, only rs2200733 will
be referred Lo In the following discusslon. The correlation of r=2634073 ko 52200733 1s
weaker in the Icelandlc dataset (D' = .95, r* = .605). Upon further study of the Hlumina
Hap300 SNPs In the vicinlty of the first three SNPs and conditlening on the asscclation to
rs2200733, an assoclatlon to a new SNP, rs10033464, was Identified {(OR=1.42; p=
.0024). After accounting for the assedation to rs22007%3 and rs10033464, the assacjatlon
to 52634073 was ne longer slgnificant {£ = 0.30). Henceforth, all asscclation results for
rs2200733 T and rs10033464 T, Induding those prasented In Table 7, are based on
comparison to the wild type haplotype which carries nelther of the two at risk allelas,
rather than comparison to the major alleles of each SNP separately. Spedfically, odds-
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ratles for s2200733 T and rs10033464 T are each computed conditlenally and could he
intarpreted as the estimated refative risk of each variant compared to the wild-type. The at
risk alleles T of rs2200733 and T of rs10033464 have estimated population allellc
frequendes of 12.05% and 8.53% In Iceiand, respectlvely, and ars never observed
together on the same chromosome, In the Icelandic dataset or [n the CEU HapMap dataset.
A third SNP, rs13143308, which has 2 minor allele that correspands completely o
chromosomes carrying either the T allele of rs2200733 or the T allele of rs10033464, was
Identified through the CEU HapMap dataset, Flgure 2 dernonstrates the haplotype structure
over the key SNPs of the assoclated reglan. Sets of SNPs, that are perfect proxles (l.e.,
perfect surrogates, r2 = 1.0 to the tagging SNP) of each of these threa key SNPs In the
CEU HapMap samples, ara provided In Table 9 and relative locatlons displayed In Figure 3.
We emphasize that the SNPs named should be considered representatives of the
haplotypes defined by the SNPs which they are eguivalent ko and are primarily chosen for
the sake of convenlence.

A microsatelllte marker, D45406, located In the same LD block as the two SNPs was
Identified, In Iceland, three of the four shortest alieles of D4S406 {-8, -4, and -2) comblne
to form a near perfect surrogate for the T allefe of 52200733 (D’ = 995, /* = .98) and the
Ewo shartest remalning efleles {-6 and 0) form a good surtogate of the T allele of
rs10033464 (D’ = .28, r' = ,75) (Table 10). None of the remalning (longer) alleles of
DA45406 are assoclated to AF/AF! after accounting for the effect of the short alleles. For the
replication of the ariginal chservation in Iceland the D4S406 genotypes were used to
provide Information when SNP genotypes wera not available.

In an attermnpt to replicate our origlnal discovery we analyzed an additional Icelandlc
samples conslsting of 2,251 AF/AF) patlents and 13,238 controls (Table 7). The assoclation
of bath SNPs to AF/AF was replicated In these samples (OR = 1.64, £ = 2.7x10°2 for
rs2200733, OR = 1.40Q, £ = 8,2x10° for rs10033464) and both achleve genome-wide
slgnificance In the combined Icelandic samples (OR=1.68, P = 1.9x10° for rs2200733, OR
= 1.38, P = 9.4x10 for rsi0033464). We also typed all the 18 Hap300 Iiumina SMPs [n
the reglon araund our slgnal in 404 of the additlonal AF cases and 2,036 of the additional
controls, None of these SNPs remalned significant afier accounting for the assoclation to
rs2200733 and rs10033464 (Tzble 11),

In further attemplts to repllcate our results, we tested these varants for an
assoclation to AF In two populatlons of Eurcpean ancestry, one from Sweden, consisting of
143 cases and 73B controls, and the other from the United States {U.5.), conslsting of 636
cases and 804 controls (Table 7). The assoclation to r=2200733 was strongly replicated In
both populations (OR = 2,01, # = 0.00027 In Sweden, OR = 1,64, P = 9.8x10°° In the
L.5.). The assoclation to rs10033464 Is weaker, but was nonetheless replicated In the
Swedish population (OR = 1,65, 7 = G.0087) and was nearly slgnificant In the U.S.
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population {OR = 1.30, £ = 0,052). Wher comblned with the Icelandic samples, the
assoclation to rs2200733 was unequivocal (OR = 1.72, # = 3.3x10™"), and the significance
of rs10033464 was well beyond the threshold of genome-wlde slanificance {CR = 1.39, P
= 6.9%x10™""). Assuming the multiplicative model, the population attributable risk (PAR) of
the two varfants comblned Is approximately 20% In populatlons of European ancestry,

Finally, we attempted o repllcate these slgnals In 2 Han Chinese population from
Hong Kong conslsting of 333 cases and 2,836 contrels. The assoclation to rs2200733 T
was significantly replicated {OR = 1.42, P = 0.00064)}, but the assoclatlon to rs10033464 T
was nat signlifcant, although In the Aght direction (OR = 1.08, F = 0.55) (Table 7}.
Interestingly, the T allele of rs2200733 Is much more frequent In the Chinase (allellc
frequency In controls: 0.528) than In those of European descent (allellc frequency In
controls; 0.098-0.139) {Figure 2) which Is reflected In a greater joint PAR of approximately
33%, even though the estimated risk Is less. The LD bleck contalning the two variants Is
more fragmented In the Chinese CHB and Japanese JPT HapMap samples than in the CEU
HapMap samples (Figure 3). We therefore analysed several markers In the Hong Kong
population which were In perfect LD with rs2200733 In the CEU samples, but In Imperfect
LD In the CHB and IPT samples (Table 12). These markers had wealker apparent
assoclation to AF than rs2200733, suggesting that the functional variants driving the
assoclation Is located in the approximately 20%b reglon around e orlglnal rs2200733
variant and deflned by tha SNPs that remaln equivalent to rs2200733 In the CHB and JFT
samplas {ooloured red In figure 3).

For the Inltlal kcelandlc discovery samples, rs2200733 had a slgnificantly higher OR,
than rs10033454 (P = 0.041). This held truz In the replication samples, and overall there
15 2 significant difference In the risks assoclated with Ehe two varlants {F = 0.00019 in the
combined European samples and 2 = 0,009% In Hong Kong). When genotype-specific odds
ratios were studled, some devlatlon away from the multiplicatlve model Is detectable In the
combined dataset (P = 0.018 for European samples, see Table 13). Estimated risks of
heterozygous carriers relative to non-carrlers were similar, but homozygous carriers of
rs2200733 T and rs10033464 T have estimated risks that wera, respectively, higher and
lower than that predicted by a multlplicative model. A similar trend was seen in the Hong
Kong samples; although the sample size is too small to have power to detect such

_deviations with slgnificance. In the combined populations of European descent tha

abserved OR for Individuals homezygous for rs2200733 T was 3.64 as compared bo
Individuals homozyaous for the wild type haplotype and 1.77 for the Chinese population
demonstrating that these variants are Important components in any predictive modeling of
AF.

The age at dlagnosls of AF/AF] for the Icelandic samples correlates with the two SNPs
(dlagnosls oocurs 2,28 years earller per T allele of rs2200733 and 1.10 years earller per T
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allele of rs10033464, jolnt P = 1.29x10%), The effect of the age at dlagnosis was also
evaluated by measurng the strength of assoclatlon while stratifylng by age at diagnosls.
The as=soclzton of the bwa varants is strongest in those diagnosed at a younger age,
although the risk remalns significant even In those dlagnosed afier reaching 80 years of
age {Table B}, Infarmation on age at dlagnosis of AF was not avallable for the Swedlsh
samples. The U.S, samples were comprised of bvo maln groups, younger patlents with
elther lone AF or AF and hypertension (HTN), and older AF cases who are mostly
hemorrhagle and Ischemlc stroke patlents. In both populations there Is a clear trend
towarzls a stronger assoclatlon In younger AF cases than In older cases. Our enalysis of the
data did not suggest any differential assoclation by sex {Table 8).

AF1 often accompanles AF, but can occur In Isolation™. Interestingly we chserved a
strong assoclaton between the variants and the small subsst (N=116) of the AF1 Icelandlc
patlents {OR. = 2.80, 95% confidence Intarval {CI) = 1.83-3.68, P = 7.5%10™ for
rs2200733, OR = 1.94, 95% CI = 1,26-3.00, P = .00286 for rs10033464). Indeed, for
52200733, the OR for these definlte AFI cases Is significantly hlgher than that for the
cases with an AF phenotype (P = 0.0026), and close to slgnificantly higher for rs10033464
{P = .384). Our results suggast that while these tralts share genetlc risk fadors, AF] Is [ess
Influenced by phenccoples than AF.

Nelther vadant showed a assoclatlon to obeslby, hypertenszlen or myocardial
Infarction In the Icelandle samples, all known risk factors for AF (observed OR < 1.1 in all
Instances, Table 14). Although these negative results do not exclude the pesstbllity that
the new varlants assoclate with thesa phenctypes, they do sugaest, along with the high
Hsk In U.5. lonz AF and eariler age at onset In cartiers, that the new variants are not
affacting Hek of AF through these known risk factors.

Thare Is no known gene present In the LD block contalning rs2200733 and
rs10033464 {Figure 3). The LD block contains one splliced EST {DA7?25631) and two single-
exon ESTs {DB324364 and AF017091). RT-PCR of cDNA llbraries from varlous tissues dld
not detect the expression of these ESTs (Table 18). The PITX2 gene located In the
adjacent upstream LD block [s the gene closest to the rsk varants. Several markers
within the LD Block contalnlng the PITX2 gene are correlated ko the markers showing
assoclation to AF and Afl, as shown In Table 1B. The proteln encaded by this gene, the
palrad-like homecdomaln transcription factor 2, Is an Interesting candidate for AF/AF| as It
Iz known to play an Impaortant role In cardlac development by directing asymmetric
morphogenes!s of the heart™. In a2 mouse knockout model PIEx2 was shown to suppress a
default pathway for sincatrlal node formation In the left atrlum 1. There Is very litde
mRNA expresslon of AI7X2 In all easlly accessible tissues, such as blood and adipese
tissue, hampering the study of correlztion between genotypes and expression levels. The
next gene upstream of AITX2 Is ENPEP, an aminopeptidase responsible for the breakdown
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of angiatensin 11 In the vascular endothellum!®, This gene Is expressed more widely, but
the variants assoclated with AF showed no correlation to Its expression In hlood or adlpose
Lissua, No other annotated genes are located within 2 400kb reglon upstrearn and 1.5 Mb
regions downstream of the associated varianks.

In summary, we have [dentified bwo variants on chromosome 4q25 that are strongly
associated with AF In three disdnct populatians of European descent, The stronger variant
also repllcates well In a Chinese population where It Is much mare commen and has higher
PAR than In populations of Evropean descent. This assoclation !s particularly compelling In
younger patlents and In those with lone AF, but is also present In older patlents with more
commonly encountered forms of AF. Although the mechanism for this assoclatlon Is
unknown, our resuits provide a foundation for Further studies on the molecular

underplnnings of AF.

METHODS
Subjacts

Tne Icelandlc cases conslsted of all patients dlagnosed witk AF andfor AFl at the
bwo largest hospitals in the country from 1987 to 2005, The Swedlsh cases were recrulted
from 1996 to 2002 as a part of an ongolng geneatic epldemiclogy study, the South
Stockholm Ischemlc Stroke Study. The LS. cases were a mixture of stroke patlents with a
AF dlagnosls and younger consecutive patlents with lane AF or AF with a coexlsting
diagnosls of hypertenslon. The Hong Kong cases were a collactlon of stroke and diabetes
patlents with an AF dlagnosis. The AF dlagnosls was confirmed by a bwelve lead
glectrecardlogram In all study populations.

The Iceiandlc controls were chosen at rmndom from Individuals who have participated In
othar genetlc studies at deCODE, excluding first-degree relatives of patlents and controls
{Table 15}, The Swedish contrcls were recrulted frem the same reglon as patlents from
blood donors (In 2001) and healthy volunteers {1990-1994). The U,5. contrcls wera
recruited from a large primary care practice and from patients particlpating In a
hemorrhaglc stroke study. The Hong Kong controls were indlviduals without an AF

dizgnosis.
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Icelandic study poputation

This study Inltially Included the all patlents congenting to particlpation, which were
dlagnosed with AF and/for AFI (ICD 10 dlagnos(s 148 and ICD 9 diagnosls 427.3} at
Landsplitall University Hospltal in Reykjavlk, the enly tertiary referral centre In Iceland, znd
ak Akureyrl Regional Hospltal, the second largast haspltal In the country, from 1967 to
2005. Al diagnoses were confirmed by a twelve lead electrocardlegram {EKG) which was
manuzlly read by & cardiologlst. All cases were Included, regardless of whether the
patlents had clinfeal symptoms or not, except those dlagnosed only Immedlately after open
cardlac surgery,

A set of 550 cases were successfully genotyped according to our quallty control
criteria in & ganome-wlde SNP genotyping effort, using the Infnfum II assay methad and
the Sentrix HurmanHap300 BeadChlp (Illumina, San Dlege, CA, USA). The mean age at
dlagnosls for this Inftlal group of 550 patlents {370 males and 180 females) was 72.5 (SD
= 11.Q) years and the range was from 34.7-96.2 years. The valldation group of 2,273
patlents (1,359 males and 913 females) had a mean age at dlagnesis of 70.5 (5D = 13.0)
and the range was from 16.8-100.6. The AF/AF free controls (2,201 maies and 2,275
females st the Inltal genorme-wide screening with mean age 61.5 {SD = 15.8) and 5,654
males and 7,597 females at the valldation stage with mean age 61,9 {SD = 18.4}) used In
this study consisted of controls randomly selected from the Icelandic gensaloglcal
database and Indlviduals from other ongolng related genetlc studies at deCODE. Controls
having first-degree relatives (slblings, parents or offspring) with AF/AFI, or a first-degree
control refative, were excluded from the analysis.

Irelandic MI, obesity and hypertension popufations

Individuals who sufferad an MI wera Identifled from & reglstry of over 10,000
Individuals who: a) had an MI before the age of 75 In Ireland in the years 1981 to 2002
and satlsfy the MONICA criteria 9 {REF I}, or had MI discharge dlagnosls from the major
hospltals In Reykiavik In the years 2003 and 2005, MI diagnoses of all Individuals In the
reglstry follow strict dlagnostc erterla based on slghs, symptems, electrocardlograms,
cardlac enzymes and necropsy findings-. Genotype Informatlon was available for 2,462
mafes and 1,114 females, mean age 72.6 (5D = 11.7). Body mass Index (BMI) was
measured for Individuals participating In the cardlovascuiar atrial fibrlation and for stroke
(CVD) genetlcs program at deCODE {elther patients with CVD, thelr first degree relatives
or spouses). For the purpose of thls study subjects with BMI > 35 were deflned as obese,
Genotype Informatlon was avallable for 555 males snd 1,046 females, mean age 53,2 {SD
= 16.1). Hyperiensive patlents Included those wha had attended the ambulatory



10

15

20

25

30

a5

26

hypertenslon clinic at the Landspitall, Unlversity Hospltal in Iealand and/for had been glven
the dlagnosis on discharge from the hospltal. The dfagnosls was verifled by confirming that
they were taking antihypartenslvemedications as 8 treah.’nent for hypertenslon. Genotype
Infarmation was avallable for 1,293 males and 1,327 females, mean age 71.5 (5D = 12.5).
The study was approved by the Data Protection Coemmissien of Iceland and the Natlonal
Bloethlcs Committee of Iceland. Written Informed consent was obtalned from all patients,
relatves and conkrols. '

Swedfsh study popufation

PaHents with Ischemic stroke or TIA attending the stroke unit or the stroke
outpatient dinlc at Karolinska Unlversity Hospital, Huddinge unlt In Stackhelm, Sweden
were recrulted from 1996 to 2002 as part of an ongoing genetlc epldemiclogy study, the
South Stockholm Ischemic Stroke Study {SSISS). The study was approvad by the
Bloethlcs Comnmitiee of Karolinska Institutet {(Pnr 285/96 and 08/02). AF dlagnesls in the
swedish samples was based on a twelve lead EKG. The fractlon of males In the Swedish AF
cases was 46.2% and the mean age at stroke dlagnosls for the Swedlsh AF cases was 74.4
(SD=8.7).

The Swedish controls used in this study are population-based contrels recrulted from
the same reglon In central Sweden as the patients, representing the general population In
this area, The Individuzls were elther blood donors (recrulted In 2001) or healthy
volunteers {collected In 1990-1994) recrulted by the clinical chemlstry department at the
Karolinska Unlversity Hospltal to represent a narmal reference populatian. The fraction of
males In the Swedlsh controls was 59.7% and the mean age at recrultment for the
Swedlish controls was 43.1 (SD=12.3).

{L5. study population

U.S. subjects were enrolled in ongoing case-control and cohort studles at
Massachusetts General Hospltal (MGH) between January 1998 and July 2006. All aspects
of these studles have been approved by the local Insttutional Revlew Board. Subjacts
enrolled In the case-control study consisted of patlents haspltahized with acute Ischamlc or
hermorrhagle strole conflrmed by CT or MRI, admitted te 3 single acute care hospital, Of
the 328 hermnorrhaglc stroke patients recrulted 78 were dlagnesed with AF and were used
as cases for the current study, the remalnlng 250 were used as controls. 170 Ischemic
stroke patlents had an AF dlagnosis and were treated as cases but no Ischemic stroke
patients were treated as controls. Patients were excluded for primary subarachnold
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hemorrhage and for inttacerebral hemorrhage secondary to head trauma, tumer, vascular
malformatbon, or vasculltls. 624 stroke-free controls were recrulted from a large, primary
care practce {>1B 000 pailents) serving the hospltal catchment area as well as the -
hospltal’s Antlcoagulaton Management Service, 70 of the 624 Indlviduals collected as
controls wera dlagnosed with AF and treated cases for tha purposes of the current siudy,
£0.9% of all Indlviduals used as controls were males and thelr mean age was 67.4
{5D=12.3). All subjects or an accompanylng Infermant provided Informed consent for
partldpation In genetic studles and were Intervlewed prospectively regarding medlcal
history, medications, soclal and family history. Presence or absence of atrdal Abrllation was
praspectively decumented through interview and from review of medlcal records.

The second part of the U.S. subjects consisted of consecutive patients with lane AF
or AF with coex!sting diagnosis of hypartenslon referred to the arrhythmla sarvice who
provided written Informed consant for partidpation In genetic.. Incluslon criterla were AF
documented by EKG, and an age less than or equal Lo 65 years. The exclusion criteHa
were structursl heart atral fibrilladon and for stroke as assessed by echocardiography,
rheumnatlc heart atdal fbrlllation and for stroke, hyperthyroldlsm, myocardlal Infarction, or
congestive heart fallure. Each patient underwent a physical exarnlnation and &
standardized Inkterview to ldentify past medlcal conditlons, medlcatlons, symptoms and
possible triggers for Inltlatlon of AF. All patlents were evalirabted by twelve lead EKG,
echocardlogram, and lzboratory studies. EKGs and echocardlograms wera Intarpreted
using standard criteria.

Hong Kong Stody popufation

All subjects In the Hong Kong study populatlon were of southem Han Chinese
ancastry residing 'n Heng Kong. The cases conslsted of 217 Indlviduals (49.1% male,
mean age £8.1 {SD=9.6)) selected from the Prince of Wales Hespltal Dlabetes Reglstry™
and 116 subjects (30.2% male, mean age 76.1 {SD=10.9)) from the Siroke Reglstry®’, All
subjects were dlagnosed to have atrial fibrillatlon by EK(G. The controls conslsted of 2,836
subjects without evldence of AF. Informed consent was obtalned for each particlpating
subject. This study was approved by the Clnlcal Research Ethics Committeg of the Chinese

Unlversity of Hong Kong.

Iffurnina genome-wide genotyping

All Icelandlc case- and control-samplas were assayed with tha Infinlum
HumanHap300 SNP chlps (Illumina, SanDlego, CA, USA}, contalning 317 503 haplotype
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tagging SNPs derlved from phase I of the International HapMap project. OF the SNPs
assayed on the chip, 162 SNPs generated no genotypes, and an additlonal 178 5NFs had
yleld lower than 90%. Forby-elght SNPs were mongmorphic and 107 others nearly
menomorphic (1.e. tha minor allele frequency In the combined cohort of patlents and
controls was less than 0.001). An addltonal 475 SNPs showed very slgnificant distortion
from Hardy-Welnbarg equillbrium In the controls {p < 1x10%%), Lastly, a few markers
{n=18) were determined ko have genotyping problems after Investlgation of particular
reglons and possible signals In several different an-going genome-wlde assoclation studles
In house. Thus, the final analyses presented In the text utilizes 316,515 SNPs. Any
samples with a call rate below 98% were excluded from the analysls.

Single SNP- and Microsateflite Ganotyping.

5NP genotyplng was carrled out by the Centaurus {Nanogen) platform?. The
quality of each Centaurus SNP assay was evaluated by genotyplng each assay In the CEU
andfor YRI HapMap samples and cormparing the results with the HapMap date. Assays with
>1.5% mismatch rate were not used and a linkage disequllibrium (LD) test was used for
markers known to be In LD,

Association analysis

An akternpt was made to genotype all participating Individuals for rs2200733,
rs4611994 (a perfect proxy for rs2200733}, 113143308, and rs6843082 {a perfect proxy
for rs13143308). For each of the SNPs, yleld was higher than 90% In every group, In
additlen genotypes for the D45406 microsatelllte were avallable for all Icelandic and
Swedish subjects. Because of the redundancy In genotyping, observed genotypes reduced
the amount of Information lost due to missing genctypes through a likellhood approach we
have used befora?, This ensured that results presented In the Ehles wera always based on
the same number of indlvlduals, allowIng meaningful comparlsens of results. As data on
rs10033464 was only directly avallable In the inltial Icelandic discovery samples and In the
HapMap project the rs2200733 C rs13143308 T heplotype was used to tag this SNP. This
tagging was perfect In both the Inltlal discovery samples and the CEPH CEU HapMap
samples,

A likellhood precedure described In a previous , and Implemented In the NEMO
software, was used for tha assoclatlon analyses. We tested the association of an altele to
each phenotype using a standard likellhood ratio statistic, which, If the subjects were
unrelatad, would have asymptotically a chi-square distribution, with one degree of
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freedom, under the null hypothesls, Allele-specific OR was calculated assuming a
multiplicative model for the two chromosomes of an Ingdividual®. Results from multiple
case-control groups were combined using a Mantel-Haenszel model® In which the groups
were allowed to have different allelic population frequencles, haplotypes and genotypes but
were assumed to have common relakive risks. There was no significant devlation from
Hardy-Welnberg equillbdum (HWE) In any contrel group.

In Tables 7 and 8, P valugs far both rs2200733 and rs10033464 were computed
baszd on companson to the wild bype rs2200733 C, 1513143308 G, r=10033464
haplotype carrying nefther of the at sk alleles. The corresponding cond!tional odds ratio
for 52200733 T Is deflned as [f(rs2200733 THEWT)]/Ip{rs2200733 T)/p{WT)] where WT
danotes the wild-type haplotype, and [{.) and p{.) denote frequencles In cases and controls
respectlvely, Under the multiplicative model and when the controls could be considered as
population controls, this conditlanal odds ratio Is the appropriate estimake of the relative
risk of rs2200733 T versus the wild-type. Conditional odd-ratio for rs13143308 T Is
simllarly defined and has a sirmilar Interpretation.

Correction for refatedness and Genomlc Conirol,

Some of the Indlviduals in the Iceland!c case-control groups were related to each
other, causing the aforementloned chl-square test statlstic to have 2 mean >1 and medlan
> 0,675%. We estimated the Inflatlon factor by using a previously described procedure
whera we slmulated genotypes through the genealogy of 731,175 Icelanders®. For the
Initial discovery samples, where genotypes for the 316,515 genome-wlde scan SNPs were
avallzable, we also estimated the Inflation factor by using genomic controls and calculating
the average of the 316,515 chl-square statlstlcs, and by computing the medlan of the
316,515 chi-square statlstics and dividing It by 0.675% as describe previously™ %2, For
these Inftlal samples the Infation Factors, estimated by our genealogy method and the two
genomlc contro! mathods gave simllar inflatlon Factor estimates; 1.047, 1.058 and 1.054
respectively . The P values and confidence Intervals presented are based on adjusting by
the Iaflatlon factor estimated by the genealogy method.

PCR screening of cDNA lfbraries.

To confirm the expresslon of the spliced ESTs (DA725631, DBE324364 and AF017091)
within the LD block we scrasned commerclzlly avallable cDNA llbrarles and libraries
generated at deCODE. The commercial lfbrarles screened were heart (Clontech-639304),
aorta (Clontech-639325) bone marrow (Clontech 7416-1), testis (Clentech 7414-1) and
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whole brain {BD> $0598) Marathon Ready cDNA |Ibrarles. In addltion cDNA librarles were
constructed for whole blood and EBV-transformed human lymphoklasteid cells. Total RNA
was isolated from the [ymphoblasteld cell Ines and whole blond, using the RMeasy RNA,
Isolation kit from Qlagen (Cat. 75144) and the RHeasy RNA 1solation from whole blood kit
{Cat. 52304), respectively. cDNA llbrarles were prepared at deCODE using High Capacity
cDNA Archive Kit with random primers {(Applied Blosystems PN 4322171).

RCR screening was carried put using the Advantaged® 2 PCR Enzyme AT _PCR System
{Clontech) according to manufachurers instructions and using PCR primers frarmn Operon
Blotechnologles. The PCR reactlons were done In 10 pl volume at a final concentration of
3,54M of forward and reverse primers (Table 16), 2mM dNTP, 1x Advantage 2 PCR buffer
and .54l of cDNA lTbrary.

Northern Blot analysis.

Commerclal multlple tissue pely-A Northemn blots were obtalned from Clontech {Human
Cardlovascular system, Cat. G36825).

Probes used:

i] The PITX2 cDNA done {HU3_p983EC327D), obtalned frorm RZPD Deutsches
Ressourcenzentrum fr Genomforschung GmbH, Germany
http:/fwww.rzpd. defproducts/genomecube.shtml) (seqguence verifled, data not shown);

I} cDNA clone that corresponded to exons 1-12 of the ENPEP transcripts obtalned from RT-
PCR. experiments. The ENPEP clong was sequence verified:

TOCTGCTCCAGCTTGTGGATAT T I TGCAAAAAAGCTCTCCATCTGCCACAGTTGCAG T TCAGTET IS
AATEGECT TG TATT G T G ACAATTC G CCAAGETTTCTGTTAT T GAGTGTATATCTGT TGACTAGAT
AGTCCCAGTTGAGT TG TATCCAATTCCAGGCCATGTT CTTCCCATAGCTGTTATATGAGATATATCG
AATGACTGTAAACACATCCTOAGT T TTAATAAGGTTCGTGTOCT TGAGCAAATCCAMATACCTTGGAL
AAAAGAGTAACGT TCTTCACTGATGLT. MTCCATHCAGCAGT!‘I‘FFCETFI‘FF CTTGAGCTAATGAAGT
TTTCTGGETAT TG TCAAGAGTGTAGTTCCATGAAATCTCAT TGLCAGAGT TCTECATCCCATACCGA
TACACCAGAAGCCTGAGAT T TACG GGAAGGCTTACAGTCCCATT TAGCCACTGCTCAAATAACGAG
GAAGCATTGTTCAAGGCT TCTCTETCTCCCAT O TG ACGCAAACCCTAACACGGAGEAACGHEAGT
AACTTTETGACAT GG TCT CCAG AT AT T ATCCCAGAGAATCTGCAATAGGC T ICACTTGACCTT
GEAACTAT T T CAATCATAGGATATAG T T T TATCATC T TCAAACATGCTAATGATGTAGGTTACA
G GAAA T TAC T T TG A TGETARAAAATTC T T TCCCTT T TEAGATACTTEGTCAAGTTCAAAG
A CCTTATAATCTAGAAGT TGAGCTCTTGCCAAGGCAAAAGCATCATCAATAAGACTTGCACGATC
TECTGRAGRAAATGTCT IGT GGT TCAAGGAGAGCGCTGTAGCTATOGAGTCCCARGTTGCTACTTC
ATAATTTACACGATAAAACCCAATATGATCTGGETTTATT I TGAGAAMAGCATTTCCACTAGSATEA
GAGGAGTTCAAAGTGATTCCTICT TT T TCTGACCTATTAAA TAACACACTGCTTET TATATTATCTTC
AGTOCANTTAACTEGGATATTCCATGTATAACCAAGATC TG AAGGGRECTGAGAAGGETTAGETCT
TEGETOCAACAAAAAGCGTTTCTGTGTGATGT T CTTGACACCGTTCACGT TAAGCACAGGATAACT
CATCTgGTCTGETCCAGGTETCCATTACTTCTTTCACTGGTAGCCTACTTGCCTCTTCCAGTGCTGC
CCAAARAT
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CONA fragments were radlolabelled with [a-*?P]dCTP {specific activity600CIf/mmo!), using
the Megaprime labellng kit {GE Healthcare Cat. RPN 1607) and unincorporsted nucleatides
remaoved from the reaction using ProbeQuant G-50 microcolumns {GE Healtheare Cat. 27-
5335-01}. Membranes were pre-hybridized In Rapid-hyb buffer {GE Healthcare Cat. RPN
1635) for at [east 30 minutes and subsequentiy hybridized with 10D-300ng of the labelled
CLCMA prabe. Hybridizatlens were performed In Rapid-hyb buffer at 65°C overnight, The
labelled probes were heated for S minutes at $5°C before addition to the filters I the pre-
hybridization solution. After hybridization, the membranes were washed at low stringency
in 2x S5C, 0.05% 5D5 at room temperature for 30-40 minutes followed by two high
stingency washes In 0.1x SSC, 0,1% SDS at 50°C for 40 minutes. The biots were
Immediately sealed and exposed to Kodak BloMax MR X-ray fiim {Cat. 8715187).

Surveylng for candidate regutatory vatiants In the AF region

The UCSC browser was vsed to extracted posltlons of SNPs and conserved
franscription facter binding sltes (TFBS) for a 172.5 kb reglon around the SNPs assodatad
with AF {hg releass 17, chromosaome 4, 111,942 401-112,114,901). The two tables were
cross referenced and SNPs that landed In binding sltes were further Interrogated for LD
with r52220427 or rs6843082 In the HapMap data. This was done for releases 16, 17 and
18 of the human genome, but the results are reparted In hg 17 coordinates. This ylelded 3
SNPs that land In conserved binding sites for known transcription factors {Table 17). Note,
this apalysls only detects a imMted sample of functlonal candidates as 1) the AF haplotypes
Rave not been sequanced fully, 1) several candidate SNPs are hot typad In Hapmap and It
is unknown whether they sit on the AF haplotypes, I} polymorphisms In less conserved
reglons could be functlenal.

Evolutlonary conservation of Hiree TFBS

Utllizing the Multiz alignment In the UCSC genome enabled an assassment of the
evolutionary conservatlon of the reglons affected by these SNFs, In all three cases Is the
core part of the TF binding sites Intact, but the positlons affected are preserved to a
different degree. The SQX5 affected by rs12510087 Is least conserved In mammals but the
second one {affected by rs2220427) Is strikingly preserved (with the exception of
Opossum it Is malntalned In all specles to the chicken}, The rs17042171 mutation Is In last
pesition In the core GGAAAA motif of the NFAT bBinding slte. The conservation Indicates
that a G Is preferred at this locatlon, rasulting In a GGAAAG motlf.
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Corrafation between genofype and expression of ENPEP

Blood was collected In the moming, between 8 and 10 am, afier ovemnight Fasting
{from 9 pm) and RNA extracted within 2 hours from phlebotomy from 1,002 Indlviduals,
RNA Isclatlon was performed using the RNeasy MIdl Kit (QIAGEN GmbH, Hllden, Germmany),
Subcutanecus fat samples {5-10 cm®} wera removed through a 3 cm inclsion at the bikini
Iine {always from the same slte to avold slke-specific variabon) after local anesthesla using
10ml of {ldocalna-adrenalln {1%) from 673 Indlviduals. Purification of the total RNA was
perforrned with the RNeasy Minl Kt (QIAGEN GmbBH, Hlldan, Germany).

Integrty of the total RNA was assessed through analysls on the Agllent 2100
Bloanalyzer (Agllent Technologles, Palo Alto, U.S., CA). Each labelled BNA sample including
reference pocls, 1,765 samples In tolka!, was hybridlzed to @ Human 25K array
manufactured by Agllent Technologlas. Array Images were pracessed as described
previously to obtaln background noise, single-channa! Intensity and assoclated
measurement error estimates®. Expresslon changes between two samples were quantifled
as mean logarithm (logyg) expression ratio (MLR), l.e. exprasslon ratios compared ko
background carrected Intenslty values For the two channels for each spot on the array!?.
The hybridizations went through standard QC process, |.e. signal to nolse ratio,
reproducibllity and accuracy at splke-in compounds, comparing Cy3 to Cy5 Intensitles.

Helther assaciated SNP was correlated to the expression of ENPEP adjusted far age
and sex In bleod (P = Q.90 and P = 0.82 for rs2200733 and rs10033464, respectively) ar
adlpose flssue (P = .23 and P = 0.37 for 52200733 and rs10033464, respectively)
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Tabia 7. Analysis of the assoclaton of 52200733 and 10033464 on chromosome 4g25
to AC/AFL

Sample rE2200733 T° 5100223464 T*0

(M cases/ OR OR ~ Jaint
. Camp-

N controls) Freq® (95% CI P Fraq®  {95% Cl} P alson ¥ PAR

leeland®

Blscovery 101 1.84 2.0x10" 0,110 1.42 0.0024 0.041  0.21B

(550/4,476) 0114 {1.54-2.21) 0,080 (1.13-1.77)

Replicalion 0.166 1.64 27102 0108 140 8.2x107 0028  0.178

{2,251/13,239) 0408  (1.49-1.81) 0,080 (1.24-1.58)

Combined 171 1.68 18x10* p.i08 1.40 D4x107 00025 0.180

(2,801/17,714) 0110 {1.53-1.83) 0.080 {1.25-1.55)

Other European

ancestry

Sweden 0.179 2.01 0.00027 0172 1.65 0.0087 0.41 0.272

(143/738) 0.098 (1.38-2.93) 0111 (1.14-2.47)

u.s. 0.220 1.84 8.60107™  0.105 1.30 0.052 0026 0,232

(636804} 0139 (1.51-2.23) 8,083  {1.00-1.69)

Combined' - 1.88 121012 - 1.41 0.0019 0.027 0237
- (1.56-2.23) - (1.13-1.75)

All European

ancesfry

Combined’ - 1.72 33010 - 1.39 69x10"  p.o00iD  0.206
- (1.59-1.88) - {1.26-1.53)

Hong Kong

Hong Kong 0.605 1.42 000064  0.990 1.08 0.55 00022 0,346

(333/2,828) 0.528 {1.16-1.73) 0.218  {0.84-1.39)

Each row conlains the resulls from a joint analvsis of two varants, 52200733 T and
rs10033496<¢ T, The numbers of cases and contrels (N} are shown for aach case-controf study
and for each varfant the alfelic frequencies of the variant In cases and controls, the OR with a
95% CI and two- slded P values, are shown. In addition a P value for comparing the effect of
the two varianis and their joint population atiributable risk (PAR} Is reported, For example, Hhe
Arst row indicates that, for the Initis! Icelandic discovery samples, rs2200733 T has an
estimated odds ratio (OR) of 1.84 (95% CI {1.54-2.21), P = 4.1x1071) vs the witd bype
{(rs2200733 C, rs13143308 G, r51003345¢ G haplotype), and rs1003346¢ T has an esmated
OR of 1.42 (85% LT {1.13-1.77), P = 6.0024} vs Fha wild type,

* Results of cormnparing rs2200733 T and rs10033464 T to the wild fype rs2200733 C,
513143308 G, rs10033464 G haplotype.

b In the Swedish and tfie U.5. samplas rs10033464 T was tagged by the rs2200733 c,
rs13143308 T hapiolype

© The frequancy in casas (above) and controfs (helow)

4 P vafue for comparing the ORs of ri52200733 T and rs10033464 T.

" The assoclabion analysis was adjusted for the refatedness of some of the individuals.

! For the combined study populations of European decent, the PAR was calculated by using the
average, unwelghted controf frequency of the populations, whlle the OR and the P value were
estimated using the Manktel-Haenszel model.
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Table 8. Assoclation by age at diagnosis In Iceland and by AF sub-phenotype in the U.5.

104

5220073  rs10032464%

Sample 3 v

(M cases! Male Age OR OR

N controls) % 5D (95% CI) {95% Cl} P Sex P

Iceland®

Dlagn. £ 60 778  50.7 212 1.59 630" 0.82
(177254  (1.34-2.12)

(510/7,714) 8.4

Diagn. 60-70 662  65.6 1.88 1.44 68.7x107°  0.58
{1.60-221)  (1.181.77)

(654117.714) 2.9

Dlagn.70-80 589 75.0 1.60 1.23 7.5x101" 096
(1.39-1.84)  (1.03-1.47)

{958/17,714) £2.8

Diagn.>B0 474 856 1.20 1.31 00044  0.36
(1.01-1.43)  {1.08-1.60}

{670/17,714) 4.2

[TE-3

Lone AF 81.7  46.1 2.92 1.68 1.2x10" 046
(1.80-29%)  (1.19-2.37)

(261/804) +11.5

AFJHTN 745 545 2.23 . 1.68 G.oD10  0.54
(1.43-3.48)  (0.90-3.04)

(67i804) 0.2

Other AF 528 752 144 0.97 0.015 .85
(112184  (0.69-1.37)

{21B/804) #11.3

Each row containg Fhe resufts from 2 joink analysis of two variants, rs2200733 T and
re10033464 T°. The numbers of asas and controls (N), the percentage of male cases, and the
mean age (£ 5D) for cases, are shown for each case-conirol skudy. The OR, with a 93% (I, and
E values are shown for each variant, In addition & Joint P value for the combinad effect of the
two varants, and a Jolnt P value for testing If there Is a difference of te aflelic frequency of the
varfanis between the sexes withln each sub-group of patienis.

¥ Rasulie of comparing rs2200733 T and rs10035461 7 to the wild hype rs2200733 C,
r513143308 G, re10033464 & haplotype.

b In the (.5, samples rs100334649 T was tagged by the rs2200733 C, r513143308 T haplolype,

¢ The assodlation analysis was adjusted for the refatedness of same of the Individuals.
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Table 9. SNPs equivalent to rs10033464, 513143308 and 152200733 in CEU HapMap dala

SNP Tapging SNP | Build 35 location | SEQ ID NO:50 locatlon
rs12303217 | rs10033464 112063765 108955
rs12510087 | rs70033464 112066632 111822
rsG852357 | rs10033464 112071938 117129
rs4400058 | rs10033464 112074277 119467
re10033464 | rs10033484 112078365 123555
rs2171592 | re{0033464 1120783582 123582
rs2350538 | rs10033484 112078514 124004
rs1806606 | rs10033464 112080996 126186
rs723364 =2 T0023464 112082075 127265
rs2220420 | 510033484 112085089 130279
ra4032976 | rs10033464 1120858371 131561
re3853440 ! r=10033464 112087213 132403
rs3853441 | rs10033464 112087344 132534
ra3853442 | 10033464 112087632 132822
3853443 | rs10033464 112087733 132323
rsd124158 | rs10033464 112087753 132088
rs4124152 | rs10033484 112087847 133037
rs12506083 | rs10033464 1120880109 133208
rs4032975 | rs10033464 112089842 135032
rs4032974 | rs10033484 112090140 135330
rs2634074 | rs131423308 112034645 79835
rs2466455 | rs13143308 112043219 83409
152723334 | rs13143308 112046356 91546
rs1906676 | re13143308 112055172 100382
rs1908615 | s13143308 112058402 164502
rs2129983 | 13143308 112081684 106874
r=2120982 | 13143308 112061747 106937
rs1006599 | rs13743208 112070280 118480
rs13143308 | re13143308 112072023 117213
rs6843082 | rs13143308 112075671 120881
rs1 7042058 | m2200733 111996780 43980
rs4520121 | re2200733 112003153 48340
r=4543189 | rs2200733 112005744 50234
rs12647316 | rs2200733 112008655 52045
rs10071R689 | rs2200733 112007473 52683
re4626276 | rs2200733 112007593 527083
el 7042076 | rs2200723 112000942 53132
rs11098069 | rs2200733 112011830 87020
rs17042088 | rs2200733 112012418 57608
511830528 | rs2200733 112017708 62988
rs17042098 | rs2200733 112021762 66952
rE17042102 | rs2200733 112026230 71420
rs17042121 | rs2200733 112034705 70845
rs10516563 | r=2200733 112035328 80516
rs4605724 | 2200733 1120425685 BY875
rs2350269 | rs2200733 112044728 82918
38533527 | rs2200733 112045118 0308
rs17042144 | rs2200733 112047270 B2460
rs1906618 | rs2200733 112053026 B8216
rs1806617 | s2200733 112053418 286508
re12648447 | rs2200733 112056930 102720
rs12646754 | 52200733 112061176 106366
rs21289681 | rs2200733 112061803 106993 |
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SNP Taguing SNP | Build 35 location | SEQ 1D NO:5) loczation
212639654 | r=2200733 1120626899 108089
rs6817105 | rs2200733 112063372 108562
17042171 | m2200733 112085891 171081
100659 | rs2200733 112068493 111683
rs1006522 | 2200733 112066608 111788
1s2200732 | rs2200733 112067646 112034
rs2200733 | rsZ200733 112067773 112863
r£4611004 | rs2200733 112068645 113835
4540107 | re2200733 112068706 112806
re1206593 | rs2200733 112069526 114716
21906596 | rs2200733 112069840 115030
rs2220427 | r=2200733 112072493 1176083
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Table 1Q. Haplotype structure (haplotypes with estimated frequency > 0.1%) over key
SNPs and the D45406 microsatelfite in Iceland

Frequency | D45406 | rs2200733 | 1313143308 | rs10033463
0.0800 -4 T T G
000847 - -6 c T T
0.00225 -4 T T G
0.0415 -2 T T G
0.00108 0 T T G
0.0592 0 C T T
0.00672 2 cC T T
G.0169 2 C G G
0.00223 4 C T T
0,135 4 c G G
0.0853 6 C G G
0.1587 ] Gc G G
0.163 10 c G G
0.0228 12 < £ G
0.0398 14 c G G
0.101 16 C €] G

Table 11. Assodation to ali Hap300 lifumina 5NPs In 3 200kb region around 52200733
and rs10033464 in an extended set of Icelfandic AF/AFf cases and controfs, Resufts havea
not been adjusted for refatedness of individuals.

10

Adjustingfor  Aleo adjusting

rs2220427  for ra10033464
SNP Localion Al Freq OR Pvalue OR Pvalue OR Pvalue
4834205 111892610 G 0817 10 027 10 039 103 063
E2278782 111899758 C 0863 10 079 09 070 099 0093
rs2585110 111202027 T 0637 10 013 1.0 10 101 089
976588 111908325 A 0743 10 083 09 062 087 058
2167815 119924481 T 0030 1.4 034. 1.1 034 097 0p4
2723286 111940938 A 0231 10 025 1.0 050 103 D59
;s2723296 111962087 G 0220 10 038 10 060 103 067
1639776 111986643 T 0153 13 47x10° 09 0589 085 053
2723316 111091881 T 0297 12 19x10° 10 058 065 040
56419178 111993104 A 0,943 1.1 017 10 025 D98 077
1448817 111998657 G 0252 14 42x10 14 0035 106 GG
fs2634073 112023387 A 0.167 16 24x10° 1.2 0030 090 048
rs2200738 112067773 T 0419 17 7.8x{0° - - - -
m2220427 112072483 T 0120 1.7 S5&x10 - - - -
1310587 112075751 G 0888 10 033 09 085 085 056
Is1003346 112078365 T 0082 12 0013 13 514x10° - -
1314119 1120862168 A 0368 13 20010 11 00067 408 029
;s3853444 112001740 A 0604 14 0053 10 045 108 024
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Table 12. Association study of SNPs which are equivalent to /52200733 in CEU HapMap
samplas In the Chinese samples from Hong Kong.

SNP Locatlon All. Freq OR Pvalus HapMep D’ HapMap R®
rs11930528 112017798 T 0472 1.27 0.011 0,91 0.86
rs17042121 112034705 G 0418 132  0.0029 0.07 0.64
rsG6533527 1120457118 A 0518 137 0.0014 0.95 0.79
relB066E17 112053418 C 0524  1.35 00026 1.00 0.08
512639054 112062808 T 0519 132 00012 1.00 1.00
2200733 112067773 T 0518 142 BaAx10™ - -
rsd611BRP4 112068645 € 0518 1389  0.0012 1.00 1.00

The LD values reported are to rs2200733 In the comblned CHB and JPT HapMap samples

Table 13. Association to AFFAF by genolype

Allelic RR Genotype RR

1 2 o o1 02 11 12 22  Pvalue
lcetand 168  1.38 1 155 136 342 247 158 ° 0.12
Sweaden 2mMm 1.65 1 i66 1.72 586 310 204 0.68
u.s. 184 130 1 163 140 486 231 090 0.25
Comblned 1.71 1,38 1 156 137 264 244 143  (Q.018
Hong Kong 142 107 1 115 095 177 134 087 087

The three possible haplotypes are coded as

0 =rs2200733 C, rs13143308 G, rs10033464 G
1 =r52200733 T, r513143308 T, rs10033464 G
2 = rs2200733 C, 513143308 T, r51G033464 T

Table 14. Association of various phenotypes, considered risk factors for AF to risk
variants.

Phenotype T rs2200733 T rs10033464

{N cases/N controls) OR  Pvalue UOR Fvalue

Hypertension

1.08 011 1.05 0.37
{2,620M19,882)
Myuacardial infarclion

1.05 0.26 1.04 0.49
{3,576/19,542)
Dbesity —BM| =~ 35

0.pg 0.51 1.00 1.00

(1,601/21,503)
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Tabie 15, A summary of the source of the Icelandic controls, Note that Individuals may
come from misdtiple project and that some Individuals may have been coflected as refatives
of probands.

. Source Project Count  Frequency of Frequency of
T =2200733 T rs10033484

Diecovary Controlg
Addiction 376 £.098 0.082
Anxiety 337 0110 0.088
Breast Cancer 876 D.1716 0.085
Colon Cancer 370 0.118 0.070
Infectious Disease 297 0149 0.096
Ml 454 0.104 0.076
Populatlon Confrals 389 £.009 0077
Prostate Cancer 713 0123 0.081
Schizaphrenta 21 0.710 0.091
Type Il Diabelas 551 0.102 0.078
Replicatlon Controls
Braasl Cancer 228 122 0.074
Type |l Dizbales 30 0.087 0.082
Alzhelmer 450 0.107 0.081 -
Osleoarlhrlls 1,175 G107 0.081
PAD 479 0.026 0.083
COFD 325 0.125 0.082
Siroke 444 0.002 0.069
Osteoporosis 1,155 0162 0.072
Mi 380 0,112 D075
Hypertenslon 210 01186 Q.10
Deprassion 152 0.128 0.061
Asthma 538 0.106 0.076
Parkinson 173 o102 £.058
Population Conlrols 305 0.105 0.097
Anlkylosing Spondylitis 155 0.085 0.077
Sleep Apnca 422 o118 0.074
AMD 442 0101 0.067
Rheumatold Arlhritls 430 0,100 D.054
Lung Cancer 237 0.106 a.084
FCH 265 0.112 0.057
Longavity ag2 0.0 0.077
Benign Prostalic Hyperplasia 245 0.101 058
Pre-eclampsla 282 0.129 0.063
Enurasls 249 0.104 0.087
Migrane 500 0112 0.085
Myopia 353 0.123 0.085
Thyrold Cancer 104 D121 0.0097
ADHD 123 0.118 0.089
Prostate Cancar 580 0.117 0.073
Anxiety 546 Q121 0,006
Ohbesliy 162 0.081 0.092
Endometriosls 258 0,106 0.084
Kidney Cancer 174 0.099 0,100
Malanoma 283 0.0a8 0.089
Addlction 201 0.138 0.0PA
Psorlasls 392 0.136 0.078

18D 358 0.023 0.102
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Table 16. Primers used for ESTs screenfng of cONA Hbrories

ESTs® Forward primer Reverse primer

DAT25631 AGTGGAGGCTGCCAGACTTC TGCACCACTCATCACCAACA
DB324384 CCCAGGATGTCTTTAGTCTGCAA  ATCATACAGCAGGAATGCAAACA
AFD17091  TGAGATTCCACATCCAACATCTIT TGGCAAACTTGATATTGTTICTTG

*EST names are from NCEF BUTLD 35

Table 17. 5NPs that land In conserved TFBS In the region associsted with AF.

SNP Locatlon Sirand Ancestral F'c;l ym. TFBS TF start TF and
317042171 112065890 + C AlC NFAT 112065889 112065800
rs12510087 112066631 + A AfG SOXs 112086632 112066841

re2220427 1120724892 + ¥ CiT S0OX5 112072483 112072493

Strand Indlcates the strand In genome allgnment that the mutation lands In.
Polym. Is the two alleles of the polymorphism at this site. \

Table 18. Mariers In or near the PITX2 gena in LD with mariers in the LD block Co4.
Shown are markers Ir or near PTTX2 (marker 1) and thelr correlation to markers In LD

block CO4 (marker 2).

Marker1 Marker2 1} r2 p-value

rE76E8322 rs10033464 048291 0133423 0.000053
rs2197816 rs10033464 (0660377 0.300172 2.55E-06
reG831623 rs2200733 1  0.02834 0.,025473
re2585110 rs2200733 (699643  0.02906 0.087245




Table 19. Markers in linkage disequifibrium with marker rs2220427 and

111

Mmarkerrs10033464 by values for % of greater than 0.1, LD was calculated based on the
HapMap CEU papiiation sample.

Marker 1
rs00a84891
rs1 1558995
rs4658804
sr21413
rs10466883
rsgas4883
rs2285783
rR2723208
rs2723300
rs2723307
rs15844249
r=1444789
1448798
1800827
2197814
r=050642
rs25905093
rs2245505
rs2585088
081150
5716997180
= {8927165
rs4527540
rs17042026
m2723316
r=2595081
rs2595085
ms2723318
el 448817
3170420508
rsd526721 -
r=10032150
rs4543199
512647310
512647393
rs1 0019689
rsd 626276
rs1 7042078
=11 008089
17042088
s11944778
r=d 307025
r=11230528
17042098
rs2634073
rs17042102
rs2634071
rs2634074
317042721
510516563
rsdB05724
rs2466450
rs23h0289
r=6533527

anchor

rs2220427
rs2220427
re2220427
rs2220427
rs2220427
rs2220427
2220427
rs2220427
rs2220427
rs2220427
152220427
=2220427
rs2220427¢
re2220427
s2220427
52220427
rs2220427
s2220427
rs2220427
52220427
rs2220427
s2220427
rs2220427
1s2220427
2220427
s2220427
s2220427
rs2220427
rs2220427
rs2220427
s2220427
rs2220427
2220427
rs2220427
52220427
rs2220427
rez220427
rs2220427
2220427
rs2220427
rs2220427
2220427
rs2220427
rs2220427
rs2220427
rs2220427
rs2220427
s2220427
rs2220477
s2220427
=2220427
rs2220427
rs2220427
rs2220427

Dl

[~ T N N A

0.78888

Ll I i . N S N §

0.830131
1
1
1
0819277
1
1
0633488
1
0.832621

0.915

re

0.128322
0.128329
0.128329
0.128329
0.128320
0.51018&
0.245283
0.274924
0.236507
0.176558
0.245283
0.245283
0.245283
0.246741
0.240506
0.245283
0.513828
0252078
D.254202
0245283
0.507451
0.245283
0.245283
0.354106
0.245283
0.549261
0242283
0.236507
0206277

1

1
0.286277

1’

1
0.91737p

L R A A T

0.811842
0.296277
1
1
0.523052
i
0.528302
0433962
1
1
i
0.421956
1
1

F-value

2.002914
0.002914
0.002514
0002914
0.002914
4.17E-09
B.27TE-09
B.232E-09
1.40E-08
2 98E-07
027609
0.27E-09
8. 27E-09
4.60E-08
1.20E-08
9.27E-09
1.52E-70
&.20E-00
1.99E-08
9.27E-02
211E-10
0.27E-09
9.27E-09
1.23E-11
9. 27E-04
3.07E-11
1.18E-08
1.40E-0B
9.75E-10
1.62E-70
1.43E-20
4.75E-10
1A3E-20
1.43E-20
1.57E-18
1.43E-20
1.43E-20
1.62E-20
1.62E-20
1.62E-20
4 20E-12
9.75E-10
1.42E-19
1.43E-20
1.42E-12
2.07E-16
218E-13
5.12E-12
1.43E-20
1.43E-20
1.43E-20
5.72E12
1.42E-78
1.43E-20

Pos In
Bas
111142057
111255189
111287649
111305212
111305486
111964919
111865457
111866082
111972572
111975800
111976161
111880385
711280789
111981343
111983008
111983529
111484060
111985715
111085958
1119686232
111986643
111686685
111986742
111989978
1110915891
1118982761
111994377
111994576
111098557
1718998790
112003152
112004222
112005744
112006855
112006886
112007473
112007593
112009042
172011830
112012418
112014571
112015107
112017798
112021762
112023387
112026230
112026824
142034945
1120347056
112035326
112042685
112043210
112044728
112045118

Posin SEQ ID

NOD:50

109
10647
11279
17702
20090
21341
25576
25070

282484
28718
30150
30805
31148
31422
31833
318735
31932
35168
37081
I7B31
39367
o768
42847
43980
48340
48412
50934
52045
52076
52663
52783
55132
27020
57008
59761
60287
62588
68252
68577
71420
F2014
72835
79895
80516
87875
88409
52214
BO308



Marker 1
ra2723334
rs17042144
rs1906618
Is1906617
rsGR47935
rs1a0G516
r=12646447
r=1906615
rs12G448754
r=2120983
r=2128p02
rs21 29581
r512639854
rs85817105
rsf 7042774
re1206291
rs1800592
122200732
r=2200733
r=46119804
r=d540107
rs 1206593
r51B0G596
rs 1206590
rs13143304
reGB43082
rs11931959
rs13121524
rs21290970
rs723363
r=7607491
13147790
6333530
rs853351
r=3866831
rs3866632
rs11028083
rsT1721423
rs1 0005845
r=7663322
=2197815
r=8831623
rs7661383
rs7667487
rs 1900827
rs998101
r=12846B55
r=12428380
rs7620164
r=11008000
2634073
rs2634071
2634074
rs2466455
rs2723334
r=1906616
rs1B06615

anchor
rs2220427
rs2220427
rs2220427
rs2220427
r=2220427
rs2220427
2220427
220427
r=2220427
m2220427
rs2220427
22220427
r=2220427
rs2220427
=27°0427
s2220427
rs2220427
rs2220427
s2220427
ra2220427
s2220427
rs2220427
rs2220427
s222047%7
rs2220427
rE2220427
2220427
r=2220427
2220427
rs2220427
52220427
52220427
rs2220427
22220427
re2220427
rs2220427
r=10033464
10033464
r=10033484
raT0033464
rs10033464
rs10033464
r51 0033464
r=10033464
210033464
r510033454
rs10033464
r=10033464
;100353364
10033464
re 0033464
rs10033464
rs10033464
10033464
rs 10033364
rs10033464
rs1 0033464

DI

0.637611
0.637611
0.735008
(.635687
0.715793

0.60232
(.496308
0.551083
0.640180
0.8376171

e - e

1i2

r2
0.433962
1
1
1
0.821053
0.433g82
1
{.433962
i
0.428571
0.4330962

_L—l-.—.\._l._l.—.\._h._l.—;._l._l—\

0433082
0.438445
0.433962
0246853
0.156089
0.256789
0.166089
0.164058
{.756060
0.158089
0.155080
0.158080
0106603

0.12964

211129
0101848
0.133423
0.300172
0.511236

0.21478

0.21476
0.134278

0.20214
0.271048
0.176165
0.148752
0.169181
0.223624

0.21478
0.433002
0428256
0.433982
0.433962
0.43305G2

P-valug
S 12E12
1.43E-20
267E-19
1.43E-20
1.10E-18
S12E-12
1.84E-20
S.12E-12
2.08E-20
861E12
S512E-12
1.43E-20
1.43E-20
1.62E-20
1.43E-20
1.43E-20
1.26E-18
1.88E-19
1.43E-20
1.43E-20
1.43E-20
1.62E-20
2.68E-20
S512E-12
5.3G6E-12
5.12E-12
T.B5E-02
BAGE-07
5.7T8E-05
9.36E-G7
1.07E-06G
8.38E-07
9.38E-07
9.36E-07
8.38E-07
0.000186
0.03205
0.003321
0.004763
0.000953
2.55E-06
3.33E-10
0000014
0.600011
0.000358
$.0000174
0.00H 91
D.000097
0.005455
0.000104
8 35E-06
Q.000071
5.12E-12
1.77E-08
5.12E12
5. 12E-12
0.12E12

Posin
B35
112046366
112047270
11205302G
712053418
112054255
112065172
712056930
112055402
112061178
112081684
112061747
112061803
112062893
112063372
112065891
112066493
112086608
112067646
112067773
112068645
112068706
1120658526
112069840
112070290
112072023
112075671
112077289
112078423
T12078607
112082105
112083422
112086218
112080540
112085560
112082718
112091304
111855820
111858873
111860013
111906200
1711824481
1119684677
111979181
111975738
111981343
111988219
111992237
111982583
111894068
112014012
1712023387
112026624
112034645
112043218
112046356
112055172
112058402

Pos in SEQ ID
NO:-50

01546

22460

98216

83508

Q9445
100362
102120
104592
106366
106874
106937
106983
108082
108552
111081
111883
111788
1128386
112963
113825
113896
174716
115030
115480
117213
120881
122478
123813
123791
127295
128612
131408
Tad7Fa0
134759
134008
136464

9857
24371
24928
26533
33409
3r427
7753,
30259
58202
GB577
72014
76835
88409
546

100362
104592



Marker1
s2129983
rs2120082
rs12503217
12510087
51206599
rsGa52357
rs1 3143308
r:4833456
rsd400058
r=8843092
rz2171592
rs13121924
rs2350539
rs 1806608
s723384
rs723363
rsfea7499
52220429
rs13141190
rsA4032976
=3853440
rs3855441
Ts3853442
33053443
rs4124158
rsd124159
={25060083
rsG533530
r=6533531
33888831
=4032875
r=4032974
Fs3B66832
7854080

anchor

rs10033464
m10033464
r=10033464
s 10033464
rs10033464
r=100234654
re 10033484
re{0033484
rs10033464
rs10033484
r=10033464
r=10033464
rs10033464
rs 10033484
rs 10033454
rs10033464
rs1 0033464
510033464
rs10033464
10033354
10033464
rs10{33484
rs10033464
210033464
ra70033464
rs 10033484
rs10033464
rs10033454
rs10033464
rs10033464
100334564
rs10033464
rs10033464
rsT0033464

DI

—'I.—I-—L..L—l—k—x-‘h-l.—k—.\..-.\._h_h_L_L_L_LA_LA_L_L_L—L_L_L_L_L_L_L_L_L-L

i13

r2
0.428571
0.433962
1
1
0.433062
1
0427583
0223859
1
0.433262
!
0.156089
1
1
i
01566089
0.154058
1
0.156089

D T Y N T TR Y

0156089
0.156085%
0.156089

1

1
0.148936
0151515

P-value

G6B61E12
5.12E12
1.43E-20
1.43E-20
512E-12
1.43E-20
2.22E-11
G.67E-12
1.43E-20
5.12E12
1.43E-20
B.3GE-07
1.43E-20
1.43E-20
1.43E-20
B.AGE-D7
1.07E-DE
1.43E-20
9. 38E-07
1.62E-20
1.62E-20
1.43E-20
1.43E-20
143620
1. 10E17
1.43E-20
1.43E-20
9.38E-07
9.36E07
0.36E07F
F.O08E-20
1.43E-20
1.44E-06
0002405

Pos in
B35
112061684
112081747
112083765
112066632
112070290
112071939
112072023
112073211
112074277
12075671
112078392
112078423
1120702814
112080906
112082075
112082106
112083422
112085089
112086218
112086371
112087212
112087344
112087632
112087733
112087798
112087847
112088016
112089540
112089569
112088718
112082842
112080140
112091302
112585323

Pos in SEQID

NO:50
106874
106037
10A255
111822
115480
117128
117213
11811
112487
120861
123582
123613
124004
126186
127265
127205
1268612
130279
131408
131561
132403
132534
132822
132923
132989
133037
133206
134730
134754
134908
135032
135330
136404
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Example 3, Association of Chromosome 4 variants to Ischemic stroke

Stroke is a common cause of death and the leading cause of adult disabllity In
Western socletles. It Is now also becoming a major health problem In low-Income and
middle-Income counbies due to pepulatlon agelng and changes in modifiable risk factors
for cardiovascular diseases®. Stroke Is not a single disease but a highly complex syndrome
conslisting of & group of heterogenecus disorders wlth many genetlc and environmental
risk factors®. Studies on twins, family history and animal models*® provide evidence for
genetle contribution to the common forms of stroke but ne major risk variant has yet been
Identified showlng conslistent results across populations.

Ischemic strokes {IS), accounting for the majority of cerebral Insults (>=-80%),
result from thrombesls or embollsm leading to obstruction of cerebral arterles. Varlous
pathophyslclogleal mechanisms can cause IS but the most common ones are large artery
atherosderesls (LAA), cardloembollc stroke (CES) and small vessel disease (SVD)",

Methods
Study poputations.

Iceland; Icelandic stroke patlents wers recrulted from a reglstry of over 4,000
indlviduzls dlagnosed with Ischernlc streke or TIA at the only university hospltal In
Reyidavik, the Landspltall Unlversity Hospltal, during the years 1993 to 2005, Stroke
patlents have bean enrolled over the last nine years through the cardiovascular disease
{CVD) genatics program ak deCODE, Stroke diagnosls was clinlcally conflrmed by
neurologlsts (see below). The discovery cohort Included 1,661 patlents and when
analysing the SNPs on 4925 we used an addltional set of 282 patlents {mean age+5D:;
77.2+11.3 years, 45% females). We used 25,708 controls (nlean age+SD: 59.2+21.1
years, 59% females) from various genetlc programs under study at Decode, Including:
abdomlinal aneurysm (25Q), atrial Abriflatlon (1,150), addictlon {(750), Alzhelmer (350),
amxety (200}, asthma {1300), COPD {850), twlon cancer {200}, deep veln thrombasls
(550), dyslexia (200), Infection dlseases (250), longevity (400), lung cancer {750),
myocardlal Infarction (2,400}, migralne (1,100), peripheral artery diseasz {1,200),
pelycystic ovary syndromea (1,200}, pre-eclampsla {700), prostate cancer (400), psoriasls
(750}, rheumattec arthritis {550), restiess leg syndrome (350), and type 2 dlabetes {40D).

The study was approved by the Data Protectlon Commisslon of Iceland {DPC) and
the Matlonal Bloethlcs Committee of Iceland. All particlpanis gave Informed consent.
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Sweden; Swedlsh patlents with lschemlc stroke gttending the stroks unit or the
stroke outpatient clinlc at Karolinska Unlversity Hospltal, Huddinge unlt In Stockholm,
Sweden, were recrulted from 1996 to 2002 as part of an angolng genetic epldemiclogy
study, the South Stockholm Ischemle Stroke Shudy (S515S) (mean agexsSD: 67.3+11.58
years, 44% females). The Swed!sh controls used in this study are populabon-based
controls recrulted from the same region In central Sweden as the patients, representing
the general popiriation In this area. Tha Individuals were elther blood donors recrulted at |
the Huddinge or Karolinska Unlversity Hospltals or healthy volunteers (recruited In 1990-
1994) recruited by the Clinlcal Chernlstry Department at the Karolinska Unlversity Hospltal
to represent a normal reference population {mean age+5D: 46.8%15.9 years for controls
from Huddinge hospltal, 41% females, age Information not available for biood donors
recruited at the Karolinska hospital). The study was approved by the Bioethles Committes
of Karolinska Institutet.

South-Genmany: The German population, hereln referred to as Germnany-5;
conslsted of IS patients consecutlvaly recrulted during the pertod 2001-2006 at the stroke
unit of the Department of Neurology, Klinfkum Grosshadern, University of Munich,
Germany (mean age+SD; 65.3+13.7 years, 38% fermnales). The control group consisted of
age and gender matched |ndividuals without a history of cardiovascular disease (tnean
age+5D: 62.7+10.9 years, 38% femnales). These were selected from the KORA 54 study,
a communlty tased epidemlological preject near Munich 2. The study was approved by
the [ocal ethics committes and Informed consent was obtalned from ali indivlduats (or
refatlves or legal guardlans).

Westphalla reglon, Germany: The second Genman population, referred to ag

Germany-W, reaulted jschemlc stroke patients through hospitals participating In the
reglonal Westphalian Stroke Register, located In the west of the country, during the period
2000-2003 {mean agexsSh: 70.4%12.6 years, 53% females). Populztion controls without
a self-reported history of stroke were drawn from the cross-sectional, prospeactive,
population based Dortmund Health Shudy*, conducted In the same reglon, and
subsequently frequency matched to the cases (mean agexSD: 52.3413.7 years, 53%
females). Both studles were approved by the ethlcs committee of the Unlversity of
Munster. All particlpants gave thelr Informed consent.

SE-Epgland, United Kinodam. Ischemlc stroke patients of European descent

attending a cerebrovascular service were recrulted 1995-2002. All cases ware phenotyped
by ane experlenced stroke neurologlst with review of original imaging {mean age+5D:
64.6212.7 years, 41% females). Communlty controls free of symptomatlc cerehrovascular
dlsease were also recruited by sampling famlly doctor lists from the same geographical
reglon as the palients. Sampling was stratified to provide a stmillar distributlon of age and
gender as In the patlent group (mean age:5D: 64.8+8.6 years, 41% females). The study
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was approved by local research ethlcs committees and Informed consent was cbtalned
from all participants.

Phenotyping. Only patlents with Ischemic but not with hemorrhagic strokes were included
In the study. Al patlents had clinlcally relevant dfagnostic work-up performed, [ncluding
Eraln Imaging with computed tomography (CT) orfand magnetic resonance Imaging (MRI)
2s well as anclliary diagnostic Invastigations Including duplex ultrasonography of the
carotld and vertebral arterles, echocardlography, Holter monltoring, MR-anglography, C7-
anglography and blood tests, Patients with clinlcally confirmed Translent Ischemnic Attack
(TIA) were Induded [n the Ischemic stroke graup frem Iceland, Germany-S and Sweden.
Patlents ware dasslfied Into etlologle subtypes according to the Trial of Org 10172 In Acute
Stroke Treatment (TOAST} %, 'This classification Includes six categories: (1) large-artery
ocdusive disease (large vessel disease), {2) cardloembollsm {cardlogenlc stroke), (3}
small vessel disease {lacunar stroke), (4) other determined eticlogy, (5) etiology unknown
desplte dlagnestic efforts, or {(6) more than one etlology. Patlents dassifled Into the
TOAST categorles 4-6 were excluded from the strokz population from Germany-W. In
Ieelend, patlents wera classified as having large-artery occluslve disease If stenosls was =
70% which Is a stricter criterlon than usually used Ie. = 50%. Classificabon of stroke
patlents Into subtypes according to the Trial of Crg 10172 In Acute Stroke Treatment
{TCAST} classlficatlon system™ In the Icelandic discovery and the four replication sampla
sets Is listed in Table 1. ,

Iffurnine genome-wide genotyping. All Icelandic cases and control samples were assayed
with the Infinlum HumanHap300 SNP chips (Ilumina), contalning 317,503 tagglng SNFs
derlved from phase 1 of the International HapMap projact. OF the SNPs assayed on the
chlp, 6,622 SNPs were exduded because they showed elther () a ¢all rate Jower than 95%
In cases or conlrols, {ll) minar allele frequency less than 1% In the populatlon ar {ill)
significant distortion from Hardy-Welnberg equlllbrium In the contols (P<1x107°). Any
sample with yleld <98% were excluded from the analysls. In the flnal analysis 310,881
SNPs were used,

Single SNP Gepotyp/ng. Single-SNP genotyplng for all 121 SNP was carrled out at deCODE
genetics In Reyldavik, Iceland using the Centaurus {(Nancgen) platform %, The qualfty of
each SNP assay was evaluated by comparing the genotyping of the CEU HapMap samples
with the publicly avallable HapMap data. All SNPs passed mlsmatch tests, linkage
disequlilbrium {LD) tests and were In Hardy-Welnberg equilibrium.

Assoclation analysis, For assoclation analysis @ standard Dkellhood ratlo statlstlcs was
used, as Implamented in the NEMO software crested at deCODE?, to calculate two-sided P
values and odds ratle (OR) for each Individual allele, assuming a multiplicative model for
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risk, |.e., that the risk of the twno alleles a person carrles multiply. Allelic frequencles,
rather than carrier frequencles are presented for the markers.

At the locus on chromosome 4q25, we analysed 2 5NPs, rs2200733, rs10033464
and rs13143308. The third SNP, rs13143308, Is In high LD with both rs2200733 and
rs10033464 (D'=0.99 for both) and has a minor allele that corresponds completely to
chromosemes carrylng either rs2200733 allele T or r=10033464 allele T. It was genobyped
In all populations using a Centaurus assay, and was used to Infer genotypes far those
Individuals who had missing data for elther rs2200733 or rs14033464 on the Hlumina
Infinlum platform. In Table 21 and Supplementary Table 22, P valuas and QR for both risk
alisles rs2200733-T and rs10033464-T were computed on the basls of comparison with the
wlld-type rs2200733 allele €, rs131433208 allele G, rs10033464 allele G haplotype, which
contzins neither of the at-risk alleles™.

For the Icelandlc study groups, £ values are glven after adjustment for the
relatedness of the subjects and other pusslhlé population stratiflcation using the method of
genomlc control®. The Infiation factors for the chl-squared statistics are estmated to be
1.07, 1.04, 1.06 and 1.02 for the genome-wide assoclztion analysls of the 15, CES, LAA of
SVD patient groups respectively. With the addidonal cases and contrels typed feor the 44
locus, we estimated the inflatlon factors using simulations as previously described®®. The
resulting Inflation factors are 1.09, 1.03, 1.06, 1.05, 1.01, 1.00, 1.21 and 1.G0, for the
groups I5, CES, 1S exc! CES, LVD, SVD, other, unknown and more than one cause,
respecthvely.

Due to the largs number of controls used, the effactive samples size after adjusting
For the relatedness of the cases and controls corresponds o testing 2,650 IS patients and
2,690 controls. The corresponding effective sample sizes for tha CES, LAA and SVYD
palients are 710, 417 and 467, respactively,

Results from multiple case-control groups were combined using a Mantel-Haenszel
model in which the groups were allowad to have different populatlon frequencles for
2lleles, haplotypes and genotypes but were assumed to have a comman relative rigk?®

Results

The associatlon of variants within the LD Block CD4 reglon to Ischemlc Stroke was
Investigated. In order to Investigate further the contribution of the two AF risk variants on
4q25, rs2200733 and rs10033464, to the risk of developlng Ischemlc Stroke and fts
subkypes, large artery atheroscleros|s (LAA), cardloembolic stroke {CES) and small vassel
disease (5VD), we genotyped marker rs2200733 and marker rs10033464 in Icelandic



samples, and for replicetlon purposes we also analyzed replication data sets In cohoris
from South-Germany (1,181 cases and 1,189 controls, Germany-5), Sweden (1,032 cases

and 1,387 controls), Westphalla region In Germany {1,388 cases and 1,106 contrals,

Germany-W), and United Kingdom {654 cases/676 controls, UK}. The phanobype
tlassiflcation of the study cokorts Is shown In Table 20.

Table 20. TOAST subclassification of genotyped stroke cases, n {%)

Dlscovary aroup Repllcation groups
Unlled
leeland Germany-&  Sweden GermanyW . gdom
Izchemle alroke 1043 1183 1068 13 G654
TOAST subtyplng: 1443 1183 T061 13092 654
Cardloembolism 385 (45) 297 {38} 185 (37) 554 (40 70 {18}
Large artary
atherosclarosls 228 (27) 372 (47) 230 (44) 560 {40) 232 (55)
Small vessel diseasa 248 {29} 118 (15) B2 (18} 275 {20) 114 27}
other cause 42 67 56 rol racruiled a
more than one cause 34 4z not recrutied 40
unknown cause 507 329 466 not recnilied 187

TOAST= Trial of Qrg 10172 In Acute Stuke Treatment,
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AddItonal patlents (282) and controls (14,893) from Iceland were also genotyped

_ for these particular SNPs. The assoclabon test was done by comparing each SNP with the

wild-type haplotype (see Methods). As shown In Table 21, rs2200733 conferred an
Increased risk of Ischemlc Stroke In all sample sets, and the assoclatlon with Ischemlc
Stroke was highly signlificant with a comblned OR=1.26 (P =8.8x10™*%). For rs10033464,
the association with Ischemic Strolke was not sioniflcant (OR=1.03, P=0.45). Both SNPs
however, assoclated slgnificanty with Cardiembalic Stroke and this risk was slgniflcankly
greater than in the Ischemlc Stroke group as a whole (rs2200733: OR=1,53, P=1,5x107%;
rs10033464; OR=1.27, P=5.9%10™). This is as expected glvern the known contributian of
Atrial Flbrillatlon {o this subphenotype. By removing patients with Cardicembollc Stroke
from the Ischemic Stroke group, the cbhserved effect for hoth SNPs was weaker In the
remaining Ischemic Stroke patlents, but remalned significant for the stronger variant
(rs2200733: OR=1.18, P=1.5x10%, rs10033464: OR=0.96, P=0.3%). Apart from
Cardicembollc Stroke, Large Artery Atherosclerosls and stroke of undetermined cause were
the only subphenotypes showing slgnificant assoclation with 52200733 {OR=1.,22,
P=1.5x107, Table 2 and OR=1.1B, P=0.01), These results suggest that a slgnificant
partion of strokes classifled as elther cryptogenic stroke or large artery atherosclerosis
may be due Lo undizgnosed, Intermittent AF,
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Table 21, Associatlon between rs2200733 (allele T) and rs1032464 (allele T) and Ischemic stroke. Assoclatlon results for
rs2200733 allele T and rs10033454 allele T for Ischemle stroke and the subphenotypes: cardioembolic stroke, large artery atherosclerasts and
small vessel disease, In five Study populations. Alsc presented are the resulks for Ischernic stroke after excluding patlants with cardloembollsm.
Results for each phenotype are also Included after combining the study populations using a Mantel-Haanszel model ({all groups), Number of
controls {(m) and cases (n) Is shawn in parenthesls, the allallc frequencles In each group, the OR with a 95% CI and two-slded £ value for

comparison to the wiid type haplotype (see Supplementary Methods)., The results for the Icelandic population are adjusted for relatedness of the
Individuals.,

0743- k|

Phenotypa rﬁzt?u:::y-r m:fg:iﬁiﬁ;ﬁ

Study populatlon {mfn)  Controls Cases OR (95% CN) F Confrola  Cases  OR(95%ChH P
Ischamilc strake

leelend { 26708/1243) 0.119 0142 123 (1.11-1.38)  4.7=10% 0.082 0.085 1.07 {0.85-1.21} 028
Germany-S (1188/1183) 0118 0438 119(1.00-741)  0.05 0.083  0.083 0,90 (0.73-1.10) 0.31
Garmany-WY {110711391) 0.114 0.146 1.24{113-1.58) 7.0m10* 0092 G088  1.40(0.91-1.33) 0.34
Swoden (740/1066) 0098 0121  1.27{1.02-1.58) 0.03 0113 0111 1.01{0.81124) 0.8
UK (878/854) 0087 0119 1.43(1.11-174)  0.0056 0090 0088 1.02(0.764133})  0.90
Afl groups (28417/6237) 0.107 033 120(1.47-1.35)  gpxio! 0.094 0.083  1.03(0.95-1.12) 0.45
Cardleembollsm

lealend { 25708/385) 0118 0164 1.50(1.22-1B5) 1,1x10* 0032 0105 1.39(1.09-1.79) 0,000
Germany-S {1108£297) 0118 0175 1.61{1.25-208) 2.5x=10" 0083 0088 1.11{081-1.52)  0.502
Gamany-W (1107/554) 0114 0961 152(1.231.88) 1.0v10° 0082 0104 1.22(0.851.58) 0.112
Sweden (740/185) 0.008 0149 197 (1.18-2.36) 4.0w10° 0113 01339 1.20(0.90-1.82)  0.162
UK (a7ar7e) 0.087 0,080 1.08 (0.80-1,95) 0.79 0080 0122 1.42(083243) 0.188
All groups { 20417/1498) 0.107 0148 1.53{1.36-1.72) 1.5x10™ 0.0924 012 127 (1.11-1.45)  s5.0xi0™
Ischamle atroke excl Cardloembeollam .

Iceland { 25700/1558) 0118 0,130 1,17 {1.05-1.31) 0.1 0.082 0081 1.00{067-1.14}  0.05
Germany-S (1108/886) 0418 0425 1.09(0.87-1.28) 057 0.003 0078 0,83 (0.67-1.04) 0.11
Garmany-W (1107/837) 0114 0138 122(1.01-1.48)  0.04 0.092 Q091 1.02(082-128) 0.4
Sweden (740/081) 0098 0115 1.16 (0.951.50 0.13 0113 01068 085(0.76-1.19) 0.8
UK (B7B/576) D087 0123 1.48(1.141.91) 0,003 0.090 0083 0.95(0731.28) 0.BD

All groups (29417/4738) 0107 0127 1.18{1.10-128) 1.5=10" 0.084 0.088 _ 0.88 {0.88-1.05) .38
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As discussed In the above (Example 2}, the risk alleles of rs2200733 and
rs1(033464 correlate slgnificantly with the age of dlagnosis of Atrlal Fibrillation. A non-
stgnificant trend In the same dlrection was ohserved In our stuedy far the age at dlagnosls
of Cardioembolic Stroke (0.62 years per copy of T rs2200733, P=0.33, and 0.29 years per
copy of T rs10033464, P=0.71, Table 23), suggesting that the chserved age effect on AF
may apply to Cardloembolic Stroke alsa, albelt balng a weaker effect.

Table 23. Linear regression of age at dlagnosis on the number of risk alleles of
rs2200733 allela T and r510033464 eltele T. Shown are the regresslon coefficlents
and the corresponding two-sided P-values obtalned using tha age at dlagnostics as a
response (in years} and the number of at risk alleles as predlctor variables. The sex
was induded as a covariate Factor In all tests, and also the population In the test for
all groups comblned. Numbers of cases used In the analysis are shown in parenthes)s

{n).
rs2200733-T s2200733-T  rs10033464-T  rs10033464-T

lschemic reg.coaff P reg.coeff P

leeland (1830) .11 0.85 -0.35 0.62
Germany-5 (1174) 0.22 0.73 0.B5 0.43
Sweden (700) 0.56 0.56 1.11 0.23
Germany-W (1352) a7 0.80 1.21 0.14
UK {(654) 0.24 0.83 0.47 0.71
All Groups (5790) 0.40 0.26 0.65 0.70
Cardloembalic reg.coeff P reg.coaff P

leeland {356) -1.52 0.18 -0.28 0.85
Germany-S (226) -1.72 321 -2.53 0.18
Sweden {173) -2.09 0.20 0.81 0.62
Germany-W {1352) -0.04 1.00 0,82 0.53
UK {78) 711 0.084 -5.20 0.18
All Groups (1441) -0.62 0.33 0.29 .71

Discussion

Through this study on 1561 Icelandic IS patlents and 10815 controls and the
follow-up replication in targe and well characterized European Ischemic Stroke casefcantrof
sample sels we ldentlfied and valldated a risk varlant on chromosome 4425, tagged by
r52200733, that assoclates with Iscemic Stroke. In our study, as expected, these vanants
assoclated most strongly with the subphenctype Cardinembolic Stroke, which 1s a major
complicatton of Atrlal Flbrillatlon. The risk that Is observed In Ischemlc Stroke patlents
without Cardloembollc Stroke Is possibly due to an underdlagnosls of Atrial Fibrillatian and
thereby Cardloembuolic Stroke, slnce Atrdzl Fibrillation 1s often asympbtomatic or intermittent
and can consequently be difficult; to detect In stroke patiants,
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Up to 30% of Ischemlc Stroke are caused by cardicemballsm(s, &) of which 2 iarge
proportion occurs [n the presence of Atrlal Fibrillatlon(7, 8). Atrlal Fibrillation Is the most
cormnman sustalned cardlac arrhythmia of man and its prevalence Increases with age,
affecting approximately 10% of those over BO years of age (3, 9). As such, AF |s one of
the most powerful independent risk factors for stroke and on a populatlon lavel, AF Is
assoclated with a fourfold to fivefold Increase in the risk of stroke(3, 7, 8§, 10). Moreover,
Caridembolic Stroke is generally severe, reflected by greater disabllity, higher rates of
stroke recurrence and highar martality than In other subtypes of strokes (6, 11 ). Early
daetection of those at risk for AF Is Important in order to réduce the risk of suffering 2
future stroke. Cilnlcal trials on stroke prevention In patlents with AF havae shown that
antlcoagulant medicatlons (e.g. warfarin) reduce the risk of stroke substantlally(7, 22) and
Is much more effective than antl-platelet agents such as aspirin and dopldogrel. Our
results strongly suggest that a significant portion of stroke patlents have undlagnosed
atrial fibrillation and are classified elther as cryptogenic stroke or as large vessel stroke,
Such patlents may have asymptomalic, Intermittent AF that 1s not detected during routine
workup of 24 to 48 hours of cardlac monitoring. This Is supported by two studles of post-
stroke patlents who underwent another 4 to 7 days of ambulatory cardlac monitoring; the
rates of Infermittent AF previcusly undiagnosed were 5.6 and 14.3%(13, 14). Stroke
patlents with asymptomatic or Inteyrmittent AF would be Inadequately treated If
misdiagnosed instead as e.g. cryptogenic stroke or large vessel stroke since such patlents
are placed on an anti-platelet agent Instead of warfarin. Therefore, these markers for AF
may help determine which patient might benefit from prolonged cardlac monitaring as an
outpatfent to document the presence or absence of AF. Prospective studies are needed to
determine whether these findings can be trapslated Into better prevention or treatment for

stroke,
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<110> deCODE Genekics

<120

<130> 2504-PCOD

<160= 51

<l70> PatentIn versien 3.4
<210> 1

<211> 201

<212> DNA

<213> Homo saplens

<q00> 1

tgtattcbts arcagkcbgbg tataatecta
cagtbtgatt ccagggatat cteaggotia
gcatactaat ckatactact ggocgegaac
atbtgagacta ttgooccaga t

210> 2

<211> 201

<212» [DHA

<213> Homo sapiens

<Jo0= 2

ggcktbtaat acattactgg sagtttaaga
cccbgttttlt asaatagakg gaattgetag
attoctgbge tatgtgktact aatcaccate
cetgbagaty sakgoetetg a

210> 3

=<211> 201

<212> DNR

<213> Homo sapiens

<400> 13

gttascacaa ttattgatkt cetgictecte
atecttagtaa tagtaceatc atcetchagg
ggatttceea gobacktetk ttcagtghot
saacagbggk gtktbiggett a

<210> 4

<21ll> 201

<212> DHNA

213> Homo sapiens

<400> 4

tecagaaatat actaatggag tbctttattyg
ataagaataa tatctgectce atcaackgea
btgtacazaga acacaagoct ttatckcaat
getgtatgac atcaagaaaa a

<210> 5

<211lx> 201

<212 DMA

<213> Homg sapisns

400> §

qggaszaktggk gkgcattatt taaagaaggh
ogatgazaat gtatatactt accazcasag
atgaggaaga ggagaacaaa tattgugaaa
cagqagacatt taamaatghg t

210> _ §

<211> 201

<212> DHNA

<213> Homo saplens

aatgatacac
tttaacaatg
cacattcctt

aatttasaaa
ggatteggeok
ctatgecooe

abtcoccocagt
teetizatket
tgeakggtta

sdagaaaaca
tekcamaatt

aggtctgggt

coccagaatg
Jagattgtga
aagotagett:

atgggttgge
ytaccettag
ggtatcbttk

atattktttc
rgtgttaakt
tEcaccbgek

gateetekte
rkaaatctag
chttitttga

tatataagaa

yotgctagga
tctttteccs

ttgtaktazaa
tatatagtek
cttagacaeca

GENEFTIC MARKERS FOR RISK MANAGEMENT OF CARDTRAC ERRAYTHMIA

atagkgtget
aacaacatka
aactggatqgog

tektgaraaa
geatttttet
ctetaagtee

agtetbtoecat
tagketibck
tgtattettl

tebkcttaat
tttagcaagk
attgbkecactg

Ettgbteocact
gtceatgltc
agaacaatga

60
120
180
201

14
120
180
201

G0
120
180
201

a0
120
180
201

60
120
180
201


efiling
Pencil


<400> b
atgaggaaga ggagaacaaa
cagaggeatt taaaaakgig

ggagtgaace cgggaggegyg
tgagogacag agecaagacte

<210 7

211> 200

<212> DRA

<213> Homo sapiens
400> 7

atcttcbgat ttguwgkbagtg
aakgakcaag catagakakt
azaaatceak Liaggaktta
sacacagaac atctgagaza

210> 8

“211> 201

<212> THA

213> Homo saplens

<400> 8

tgcgtagtgtg tatgeataca
ttctbtttet gtttttetet
gttgtktcbg agatttaags
ttgatttaca tocagtatttg

<Z10> 9

<211> Z01

<212> [NHA

<213> Homc saplens
<4Q0> o

gaagaciggg gcagoacoga
ctaaacageoa ageazaraaa
goataaatag aktttkttat
ctttecattot teaacgktkt

10
199
DRA

<210
<211>
<212
«213> Homo =aplens
400> 10

cotocaaaag goooctacetkt
#aktittgggg ggacacaaac
ataggaatece cebctagact
agattaaktt ttetattea

210>
<21lix
<212
<213> Homo sapiens
<400 1]

ttcabettag agakcttttt
tgoetaggaa tatakttakt
gtgttcacag ttggagaatg
atagtecttat tecatcectth

11
201
DRA

<210
<211>
212>
<213=
<400

12

201

CHA

Homo sapiens
12

tattgggaaa
teccagatkana
agektgeagk
t

gbtgoatitte
gateceatat
gatagaaage

agcatgeakg
coctgeaagac
aaacaagoos
g

cteccacaatk
atecetetbtg
acazactatec
o

cagotateat
atgcagkoea
geaggtacec

aatgaaaatt
tttatgattt
gtkgtaagtt
t

129

aagotageet
ttgagaaazaa
gagcogagat

acccaaaget
ttckkascet
aggattteck

tatgcatgtk
atgtacktetg
Ettetgraga

coegbtccace
gacteocacat
takacacact

cacattggog
tagcagktgke
ctgackgitk

agkggagaaa
ccttaaatac
cktacectgeta

cttagacaca
maccageaas
tgocgoecactyg

aaatbgcaaa
ytatgaatet
tttgacteta

atectgatge
moagtbitet
aacccgeaac

satteaceoct
yitoooecck
c=bgooogott

ggattagatk
rgtteageat
acctaaaatkt

adaatttagag
raaasaccaa
ttttggtaag

agazacaatga

@aaaggaagg
cagtocagoc

gaaagbggac
attakckbce

cagkgtataa

cgettttalbg
gtattbktetyg

.8aagggtagy

acgacacaaa
ctgttebgtt
cckcttette

cbtaacatata
gatttgaaga
aaackatktag

taaggactgt
ttotttgegg
teasaccaat

a0
i20
iB0
201

&0
120
1380
200

&l
izo
1sc
201

&0
120
iAo
201

60
120
180
129

&0
120
180
201


efiling
Pencil


tcagtaaage cocaaatttaa
gagagaatgt agakgiagaa
dacatacact atttggtagh
tictaaaatg ggkatkttet

13
201
Rz

210>
<211>
<212
<213> Homo sapiens
<400> 13

ttgagaagoe ktctagatga
ttgectcaac tggbgecttg
ttaaasatttg cotgbtbbte

atattittac tttttakttt
<210> 14

<21l> 200

<212> DHA

<213> Homo sapiens
<400> 14

atacaaaget gtaaggggoa
ggagecttgtt gaktctgtcat
tgtatktocamsa teagabgbbt
aatgagttge cataagggag
<210> 15

<21l> 201

212> DHA

<213> Homo saplens
400> 15

catatggact aggtacccac
akiccagtee ctttecteat
tiagaacaat cltagagagaa
tactoctlect tececccckea
210> 1§

<211> 201

<212> DHA

213> Homo sapiens
<400> 18

atgzacaage tittekeogaa
caaagocccet tgaaggagtt
tecttaaceca thctaabcag
ctactttget =zaagactagt
210> 17

211> 201

<212> DNA

<213* Homo sapiens
<400» 17

cttakbactgt tocatgeata
acaaataasg tgagactigt
acaaatgtte gctattacaa
gaaagatate tiggtiatag
<210> 18

<211> 203

<212> DNA

<213> Homo saplens
<400> 1§

tckitttgag asakgtgata

tgaacttcaza
agaaccagaz
gktbtctagt
24

Ettgaaacag
atgeobggtac
atggtaccea
t

agaggtacat
attttkeaag

tggaaktggt

toacetggat
ttteaatkbtt
ctteccanca
=}

acagttetge
gkectatactt
ttaggocktet
£

cagtttcoctea
tzastgctta
ttataaceaa
2

agaatakbara

130

EEkteckagat
cbogaaaact
cticatbett

gtggteckak
teatteatat
ttakgaattg

gggocagoog
tktgagetack
agacckgota

gackatkbea
agctgatbga
ceakgttiga

catccageac
cttgttttea
actgoocteo

tctaatgagt
geaccatgac
taatgataat

gagtgagaaa

ttcacttaaa ggtggatgtt
rtaaatttag caaacactta
geaatacagt thtcbgaatec

gaccacacbe teatgatcte
yiigtocetta gacttgtaat
gtacctetta btcitageag

taaagtttgt ttattcaaat
mtgecagggc aacattchac
gtgtctgitk ctgaacactg

cractitett toittbcaza
yetbtbtkaa aatgagacat
tecateagoat tacaktcett

gatkttigte ceetibgeaz
mEkccattes tecacaktckeo
cctatggtet ceoaatggect

agtattatag aktazatatect
ygtecacktbg takaskctta
tattaagttg ttagccagaa

ttactagetg ttgtttgacce

6o
120
180
201

ao
120
180
201

o0
120
1D
200

60
1zd
160
201

Gl
120
l8o
201

60
120
1B0
201

&0
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Pencil


ttktgatibte tgectoatgta
cacacataca cacacaagat
tyggtatcta geatttkata

<210
<211>
<212
<213> Howmo sapiens
<400> 214

anaacagtag atakgatecte
agagtcatca abgzactgga
ctattgaatg gktatecackg
aatgtaaatt tgtttaarcat

15
201
Cnun

=210
<211>
<212
<213> Homo =apiens
<400> 20

gtaggkttatea cagtacccan
tagtagtees cagtgectat
ceckgttece atgbbtatgt
tgtetatatg tacteastgo

20
201
DHL

<210
211>
<212>»
<213> Homo saplens
<400> 21

Etgggkgitt taatthagkg
tictgatttt glatcaacet
tatatataaa tazaaaktet
cacaatakaa ttttattaca

21
201
DHA

<210
<211
212>
<213> Home sapiens
<400> 22

cakccacege cakgaggoea
ctoagagagg catteechkga

22
201
DA

accetggoty ctttatteke
tEktEatttgt ttatgaaatt
«210> 23

<213> 201

212> DA

<Z213> Homeo sapiens
<400> 23

ttcttagtea tttttataga
gtgtgtgtgt gtgtgtgtgt
atactgatat atacctgget
teccbagaaa kakactottk

<210
211>
<212
<213> Homo sapiens
<400> 24

tttactttty aktcagatkg
ttgaaktget tatktacatt

24
201
DHA

acccazaktt
ataccaaaaa
k

toakgacktt
aacacagtat
gctocaghgte
o

taggtagtet
tgttececeatqg
ctgtatgtac
t

attebtitga
tgaatgtgga
acatattaca
t

cataacacaa
gcacctaaga
tacctgotit

g

aaakttageos
gtgkgeatte
ckitcectta
=

ataccttttg
aattgatcag

131

acaaagggtg ygtgeataca
caagtgtaat tcacatgaaa

aqcaagattk

gggtcacaca
aaccgggtgg

ttataccegt
tttatgtcka
tcagtgeotea

tgttkbcigg
attaaaatag
tatgtagetg

gooetcoagh
ggcoeketcac
ckatektgge

tggatateak
caagtcttea
atcagaagge

ctgattacktt
tttttbkatta

tagetttage
yactattgag
gaaatgaatka

gettebkckoo
yacgtactea
getecchgtt

gggatagaat
yazatcteta
atattaakat

cteagobekg
mcttacecto
tctkakgaat

acaketghkgt

yaaatggggt
taagktgaceca

gteatkitat
yoebttbtbot

cacacacaca
gaaattgtgy

cageatgatlt
ggctgeoacag
gaazatcoca

ctocebgooa
gtgottaget
ccogbghtia

ttecatbbet
cktbgtattt
gtatkatata

acaccactkt
ckitattetet
tgeagktatt

gtgtgtgtgt
tgtattataa
tctgtitgag

tttcakttck
gotcockktic

120
180
201

)
120
180
201

60
1240
180
201

&0
120
180
201

60
120
120
201

eQ
120
180
201

il4]
120



Etactaattt gtacaagcat
abgecaacct tttetbttit
<210> 25

<211> 199

<2132> DHA

<213>» Homgo sapliens
=<400> 25

tttagagtke atactagaga

gtcttgotag acagggtgce
attkbgttaaa ttazataakt

ttaaggacat ggagaaaas
210> 26

<311> 199

<212> DHA

<213> Homo sapiens
<4pd> 26

aaactgaasa atagactcect
ckgtcamabg agaatbgctt
atgtatagtg ttggtcettt
actaaatecac atagitkta

<210x 27

<211> 140

<212> DHA

213> Homo sapiens
400> 27

abtgaactaglk gcatcacact
tactageaag ecctocaggt
ttttatatga tgtgaazaaa
ggggagtagt aattetges

210> 28

211> 199

<212> DNR

<213> Homo sapiens
<40Q> Z8

tgatgtgasa azacagaagt
agtaattetg cctbgotggt
aakatttaag gtagtttiga
teckggtaga gggaageoct

<210> 29

<211> 1048

<212> DHNA

<213> Homo saplens
400> 29

satccbggaa toccaggttaa
cagtaaaaga ggyacaggag
atgaaatgga atggggagag
aaaataaaat agaacatg

14
201
DRA

<210
<331>
212>
<213> Homo saplens
<400> 30

agtazaagag ggacaggaga
tgaaatggaa tggggagago
maataaaata gaaecatggig

tgtakaaatt
q

agaatcteac
tgaggacagt
agakttatte

akttbtgaaac
aaktctiata
gatggaakkt

gactgectge
tetcacagte
cagaagbatk

attaatgaaa
acktgggttt
agaatgagta

gaattettte
aaactttggt
getgaagkta

zactbkggtt
ctgaagttaa
acacagagat
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dgasazattag

Etgaanacat
ggcatageas
ctoatgtige

ckagaaaaaa
cttaaggaac
chgagaaaaa

tckgtgteag
taatgagatg
aatgaaatge

tgctogtggga
tgaktttkbgat
aaattttecea

tcbgggeagt
tatagaatga
accacatecat

atagaatgat
cocacabkeatg
tgtgtgtggt

ctebkecaactg

tteacctata
mttbccaghky
cttygggtoa

gttgtgeket
rtgggaaatqg
acaaactatk

gtkctacttg
vagcaatgta
tgtgggaaca

acakaaacta
Yagagaaaat
gaaagtttgg

gagtgcoect
ygactgckgk
goaggaggtt

gactgckgta
maggaggktt
gatcgaaagg

teasaatkakg

togtatgeggt
aggtasctta

tgaggaggag

aaacttbbct
aazaggeaga
ccagatgaty

aggooocaga
aacagckact
taaactaact

actagggagt
tagaacaggt
ggaatgtaat

gacaataktt
aatttaaaca
tkgggattat

ati:taaacaa
tgggaktata
gaacagaasaa

1BOD
201

&0
120
180
192

a0
120
160
199

60
120
180
139

60
1240
1BO
1959

€0
120
180
128

&0
120
180



tgattccaag

<210=
<211>
212>
<21 3>
<400> 31

gattcaatag
asacaagaaa
agatagaaga
gactagocaaa

1
201
DRA

<210
<311>
<212
<213>
<400> 32

aaatatazat
teatghetat
tttaatotac
tattagtagt

32
201
DHA

<210
<211
<212
<213>
<400> 33

aatktgectic
teagaacath
aaattcttag
toggaacttat
ataaagacaa
cititteaggt
gtgcactgat

33
401
3125

<210
<211
“2l2x
<213
<400> 34

goagaatgta
Egatgactaa
acygcatatbg
cckaacaath

KE
201
DHA

<210
213>
212
<213
<400> 35
taatcactga

35
400
DHA

agcaakateca
catktgecaaa
geaggeackt
ttggktgggt
gaagtcattt
attttacggg

<210> 3o
<211> 400

gtittctaack

Homo sapiens

acagctatkg
aagiggagat
ggagazaagag
catggtggac

Homo saplens

tetageagea
catctaacta
aatacaggaa

aagagtgacg
tgogaateta
gCaaaaagaa
t

acatattgaa
tbkzattttta
agkootgitg

gatgattkbte L

Homo sapiens

tgctggaggg
daaggteocaga
agggiaaaat
agtggaagak
cecaaqgbat
gggaagtatt
dgcasaggaa

Homo sapiens

tagtgttgot
atcacatagk
tteoaakataa
ttacaakgaa

Homo saplens

gectgotgha

gaagcattitt
yogtgaatgt
Etqoctbgogt
tactceageo

gatcttgggy
ttttktaagag

taggaasact
gaatgggaag
acaktggkaaa
racattggaa
gagackttat
akttateagag
gtactigaag

cokttgatgg
tttaaatetk
taaatatktyg
a

cktattotgt

tgkaaktaaa
gttetiabtt
regtttecag
atecatklbice
aacaagaaak
aatasaattot

tgaaagkgac
gattacktek
tagggagakt

taattgcoaac
ccagataaas
aktatgakttt

Etettgagag
gggcaakcag
aatgggagtg
atgtaaatty
tebgtaggea
ctgaacicta
agcttygcaza

sattkekgag
ckgbtagattt
tagagtcagg

cagbothbtth

teattgtege
cocococactoe
cctaatggee
agagacagte
dzzacgagoa

gtgataaqtk
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actgoagyag
ytaagggakt
acktatttta

aagtataaggt
ytagtacatk

geckgbggge

gkggttttac
atagaagaaa
gtgtgtagaa
tagctggatt
atagagagag
Egcagggcag

aaaaaacaza
ytaatggttt
azaatgacaa

gocaaaaaga

tttactggaa
ckacthbgact
tecEtacege
ataatceocke
acaataattk

gtggaagaat
ggttaggaae

ggacztaaga

gktgethatkt
agggaataca
tgggtgactg

saggaatggg
teatgggaat
akatgagaat
gttgaagtee
ccockgaaag
gttcagagag

ctatteoccaga
tttticanmaa
attetttetk

tttcatgggt

aatctectta
togtagtttac
aatatteatt
aaktgakgaca
ckttaggace

201

60
120
180
201

el
120
180
201

&0
120
180
240
ago
3ag
401

a0
120
180
201

el

120
180
240
300
3ed
400
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<212> DNA

<213> Hemo sapiens

<400> 35
totaggaceo
acatekgget
gtgtgatggyg
tgakttatkte
gtcagkgttt
taccectcaak
aatkgktgak

<210
<211=
<212
<213
<400> 37

ckebobiget
Ltgacagckg
ttketatict
agacacegat
agaggtaaaqg
cactgttgag
actcattttt

37
100
DN

36
400
DA

<210
<211
w<2l2>
<213
400> 3B

aaaccacaat
caatagatge
attagtteag
accatttgat
attecatatgt
ccabocatbgg
tgrageatta

<210>
<211z
<212
<213
<40Q0> 38

ttgagegget
agaaggagdga
tacggotgaa
tatcttgagt
aatacatktac
tLtaazakag
tgctatgtgt

g
400
DHE

<210
<211>
<212-
<213>
<40Q> 40

tgcagggaac
ctEtttgaay
gttteagete
accagaacag
ggcctyagag
tgtaaagakt

40
400
DNE

toggbtgoceoa
gackteoageo
ggaagcackg
ttcaactcag
ccatttacca
taazacttgg
ggctittgat

Homo sapiens

ttocecetgeo
ctoggoacctt
ttataattac
gtEitkctia
tgoattatea
tttaaccttg
cckoekitok

Homo sapiens

gtgatacecat
tggogagget
ccackgtaga
ccagtaceoca
tcattgeocas
tggactggat
aazagaataa

Homo =zapiens

citgtacctat
aaggoaaaga
ttaggtgget
tobtbcagact
tggaagtkka
atggaattgco
ackaatecacc

Homo sapiens

ataggtaaqo
atgctgatac
tgaggctate
ctchbtaacag
aaattactge
aagtaacaaq

goottetthg
Egcaaatget
aRgaagaagg
¥igteocttgat
agtagetatt
cacatatgtl
tgaagtctaa

cktetagetkt
gatctbggac
cCagtotygtg
ygattagaty
trcacattaka
atcacctaak
gaggtgkatt

ckcacactag
gcagagaaaa
aagoagktty
raggmazata
actatteaca
aaagaaaatyg
cateatghbee

cagaakgtkt
gattgctagta
tkttteecock
ratagtaaaa
agaaaktkaa
tagggakteg
atcetakgoe

ttagaatatg
mactkctgac
agaktagkgaa
mectoacktt
ctaaacaatg
gkticaatkt
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tacaggtteo
tcagaacaac
taccacagte
ckgagggaga
caakogtett
gacaacctta
aacecaaaaghk

ccaccatgtg
tteccacete
atattekgkt
ggaggttatgt
trcaagaaktat
tgaggtagkg
aktttggaagg

teagaabggo
ggcttbtata
gagatticto
aatagatcat
atagcaaaga
tgatatacac
tttgoageaa

cltacacectno
coctakkgote
tcctatgtgg
tbgacggita
zaaatatbtk
gekggtgtta
cocttcacck

gotaktttta
actgktiggtg
agagaatett
cetgaglkaag
aaggaaggag
gatacaatagk

tgtkecktce
ctttcktatg
tacckgottg
gtkttakgag
atagcetaac
gatkgcaattt

atgatgtakt
cagaactcotyg
ataggagcak
gtkttggaka
gtaclatcaa
tttgteagtt

tattactaaa
cackgktggt
aaagaackts
taktaacecaaa
catggaateca
atatacacca

ggtactgaag
tictcotgte
caggoacttk
agococaqgoogg
ttoctettaac
attgeatttt

ackgamactg
atgagkggtg
ctacaktacaa
ctgaaggtgg
Dacagococi
ggggaattte

cttccageek
cageatcttt
ggockketgg
ctaaaaatck
catkcecaak
tttaattgaa

aagaaggoac
agagazatasza
azaatgaaata
tgatgactac
catgacttak
tactecacta

aagtrcaaaaa
gggaakataa
aaacagagek
agacacaagc
accigggtges
togaakacke

ctgaatgetg
cecgthatte
tettgtgieo
ackggekitt
aaaccchogtt
toctatteckg

tactgacttt
catzacagoe
atcecaggac
ctaactasaa
BEggangacas
agtktaatte
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360
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120
1E0
240
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360
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120
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240
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taattbakac

41
jq00
DMA

<210>
211>
<212
<213
<400= 41

agaataatca
gotaktbtee
gazaaacatt
“acattgttag
agtaaagyga
tttazatgtt
gtgacatgkt

210>
211>
<212
. w213
<400> 42

atatakazag
tebettacaa
tteckbeteott
zagacaaact
tcazagtagga
gaktgtgaagg
ctgoccocbga

42
400
DHA

13
400
DHA

<210>
<211
<212
213>
400> 43
tatatagtac
aaatgcocatk
aactcagoeyg
taaktcazatt
tgekactitt
actetecatts
cgttazagta

<210>
<211>
<212>
<213
<400Q> 44

ttaktatggaa
tactaaatte
aaatcattlt
aktaaggttte
aggacaattk
caaaatcaza
atgotaaaat

44
400
DHA

<210
211>
<212
<213
<400> 45

tcecteaggga
tktcktgagg

15
246
Dha

tzatttckea

Homo aapiens

tacagcagaga
ccctaactaa
ttaactarctg
agtcaagaaa
agagyataac
tgeagactas
ttatitbght

Homo sapilens

cagoctotbtt
atgcbggatt
gacctagggat
ctgaateocat
gocagagagac
acaaggtgge
atccagtaag

Heme sapiens

teatatakbtt
tatacctktak
goaactgtga
agcoagtaac
tetgacacaa
gagbotaaaa
atggatkttat

Homo sapiens

tgtamataag
attgaggaca
atgtatoaga
teatghetag
agbtactgga
tecaaaagaa
tagtgaacka

Home sapisns

ggtctaakca
caatbggecta

taattgteott

atgraaacac
gaattaattyg

aggaattcta

kaagtgottt
ctteagatgt
agacatccte
acttaaceet

gagtaktakgk
tgggacttee
cogoacatkt
raattgageec
aaaggtgagt
toccagbghet
ttaaaganarc

cacaataatg
geatagaggg
aatcataaght
rtaketacat
ctgcatgatt
agtttgatat
ttaacaactyg

gacaktgaaaz
ctgataccrca
atgactgtga
yatbtttagek
Ytggtatteca
cagagaktta
agtaaggtga

tatgktttct
attaakgata
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gatectitac

gtgatttceca
caactktaaa
aatgacttca
cakcaagcke
cttekgbgat
ggebgkgagg
tgtataaaza

teaagtgkge
tgtettaacc
cagattgect
agktgobgga
ccacaazaac
azacbctggy
agcagtgcta

tgactaagat
aatksaataa
Laataaataa
atktacaagte
ctttttatkte
tocoeottatka
ttitkktet:

agaattgtaa
ttgtoaktgaa
cacagtttba
tttggttbga
aackactgga
LEcteatatc
atcaaagtta

taaagcaaag
ataaatagtt

aagagaakti
gaaggttiga
atktaaaatt
tgagttacag
gaaatgttge
cckazaagaa

tatacectete
tgggatecca
gtagagottkt
aagctaaaat
agaktttcskt

agtgagagaa

gatkbgockat
atatggagit
aatacaatga
agckckcata
agtgtacatt
azacatacag

aagtcaacca
tugtgacack
atktttgasza
gaattattkt
cktackcaat
taataggaak

Ectttteckt
attgageate

tatktceatak
ttgkgtctat
thottthtbet
aatttatktag
agkttaaaaat
taaacaaaat

catceagkge
catbtagggac
bocagocttt
cckakekckqg
accteocagagh
tagcgaagaa

ctgaaaaaat
tgttaasgaog
tgatttacca
aaaaggeckt
tatgtgakaa
aaggagagck

agagetetas
ggecactataa
ataktagkttgt
aazagaatat
atkckbceat
chagtagaca

ttcakttagge
acagakakte

400

&0
120
1g0
240
3p0
3e0
400

&0
120
1a0
240
300
ja0
400

a0
120
160
240
3400
e
400

&0
1zo
180
240
300
o0
400
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iz2Q
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taaateockoo
gtgtgbgtgt
aaccag
<210> 48
<211>
<212=
€213
<400> 46

atattgages
cagetetage
atggcagtgg
gagggggeat
tgttactgec
ctaagkaaaa
aatatgaaat

DA

a7
349
DHA

<210
<211x>
212>
<213>
<40Q> 47

gococcoaaga
ttttaateta
ctatgacaga
taaagatqgtg
tgatgktgaca
tgaaattatg
gtgtagetgg

d8
L
onp

210>
<211>
<212>
<213
<400> 48

acacagagca
cagggaagaa
gagaagacca
gtycamaaga
goattatggt
tcacettgke
acatcctttt

<210>
<Z211=
<213>
<213>
<d00> 49
tttaatttet
azaggtgatt
ctaggettit
aagacagoet
gttakttgge
agctcasggt
acaagagagt

15
ass
DHR

<210
<21l>
<2l2n
213>
<400

a0
DHE

S0

Jg9

agtgktcatac
gtgtgtgtat

Homo sapians

acagocacec
tgetcaacca
gagttaceac
ttgctazaak
acagttttee
taaagagaak
tgagrataga

Homo sapiens

agtgatgtgt
gttettbcag
attttecate
asatatttgk
Ecatttbctt
aagcatgaga
ctatatttct

Home sapiens

cabtagggebh
gtagecaagqe
ctkggtgtge
tgagagacay
Egkgttkaat
aaatagtgat
ckgocooaect

Homo =apians

ttggaaatta
tEtbttghit
cgoeocttage
tgagekcacy
aacattctta
tgktgatteot
cgaatttaaa

145440

Home sapiens

atttggaagg
gtatgtgkgt

tetotoggte
ttbgagaktt
ctcacagtgg
cactocaacga
taggtogteoac
ggtatagecac
tatecaggte

ctgctagaaa
gtakecacgeok
tgktaaatts
agaactctgy
cagtactigg
atgcattace
ggaagkaatt

gaagacchtgt
aaccgggageo
attktagakg
tgggeaatgt
aggaataace
ttaggggcta
teteccagaac

aakbttgetkg
tatataaata
toacacacac
gggaaaagaa
attgtatgga
acaggcttbka
gogtggotek
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@aaaaagace
gtgtgtgtat

cctocanatyg
ggggkaacta
cctagggaag
acatgctagil
tgagtcteca
atgbtgtttog
aggasagaa

agcectgaac
deataacecag
guckaataat
dazacakgce
agtttagkca
aagggaccgk
tzaacatag

tabtggaogeoat
ackttkbgagt
gtgeckgagat
ggaaatgaag
aaagcaaaca

gggaagtata
ttagtattka

gaascagkge
aggkttkgck
coocktetgeg
aakgactgtt
aatbcattaa
tggattizaa
cteggglta

agktagataaa
gtgtaacaaa

gktacocattt
coctgggggaa
agaagagaaa
aakgotteoct
gaaagcaact

dgaaggogaa

atagaatttc
gtgkaactet
akttttcatet
cootactaak
atagatatac
aggaggctck

ggatgkgett
tEcctetett
gogatcaaca
aataggatta
atgatcacat
Lcaceteiga

takaaagagt
titgetagtt
tgcittggact
azaaakkate
ggcatakitbe
tckgattgat

cttaggaaga
caktgocktaa

ttocaaccera
cagtgtteag
gagattagag
cacatttgea
acktbgecgaa
ggaagggtgg

ctgactttgh
ctaazagtet
ttttttagqgg
tagagcttth
agtgtagety
ttactgaaza

gacagggaag
tgecaggeat
aaggtggagi
ttgctcggaa
ttgttgtect
ggttgctaca

tgatgtekce
gagecgeaghkt
ttaatggete
cttgasattg
atatataakt
aataaagtaa

180
240
2495

&0
1z0
180
240
300
360
3889

&0
120
180
240
3on
360
359

60
120
180
240
aoo
360
39z

60
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180
240
2040
g0
339



tooctkkotEt
gaackgagaa
cttteateat
agtacacaat
gaaktggtaat
tEgctacaaa
caatttctga
tgaggaitgca
aatagttgyga
ttgggtetgt
gaagcagaat
gocaatazga
aggatgtgee
agctgaggea
aacktgckgka
gtteoaagaca
tacaggggac
gtgattaact
tteccagetgy
caccecatakt
ttgactgaca
aatttaggag
taaaagaggk
atetatgagg
cocagtetet
takttkbgett
aatackitaa
gectectica
tgeotetgete
gcaaagaaco
tgcakcatat
ttttigkatk
caacatgkttg
gtgctgttta
taktttetet
atgagaeeaa
ctoogtgaat
aatgtygaack
ctbataccck
takctagata
ttecaggtett
totggattks
gagtbtagtgt
toatttgoka
teactazctg
atacakgktyg
agtgtggeag
agtecagtett
catgggttag

gkaaatgtct
actgotgeag
atcactgaqga
atataggaag
tgaacaagktn
taaaatatch
ttgatgacta
coctocoogag
taagaaaaak
coocckocooo
cattaglaaa

tattaatgta
akgtgeceak
tttttgtate
takbtagaga
gtttetttka
atgkcagtaa
gottgtoggot
gtteaggtag
gttgaattga
ggCegaaacs
tEtbagctgy
tatbagcaag
tirtetgtick
gctgtgattg
ckkgcatgac
ceactattlbo
agagtoctbs
tcbgggataa
ggaggeatec
tttetactge
aaatkcakat
gkgakbaggk
taaagaaages
gatgagktcct
tygaactgtaa
tageagocaa
gtattgagta
gacttcagta
ccactogtoat
tattckagat
ttatgtgatt
tagattttaa
gtagaagaga
cragcatgge
cagbtgoctca
aagtgeotbg
ttgogetgge
tgegttectg
teEetebgge
atttckttta
aagacatakc
agtatagtka
tggttgctce
coccagtattg
ttgeaceclkeg
aatgaatgaa
taatacagta
gectghbgteoa
aggasazagt

gtggaaagga
ctetgggaaa
attatttatt
agtggattec
atcatectate
fakcktattac
ttcacagtaa
tagggatcte
gtckaataga
agcttcaaca
aacacaccoct

gkgactgett
aataatcact
taaagogatta
gocagagatea
gtzacazatg
tatattcatg
tgcoctoktt
aacaggagoc
ggagacaaga
gocagtbbgtt
gooctettghbg
gttgctgtgt
cttekigtoe
agcazaaage
ttcktgggact
aggtetgtet
cattgagtca
tgggacktcoac
ckteteatlbe
taacckggta
taazagccaa
catgaggaal
tgocttgttt
caccagacct
gaaatacatt
aatagattaa
gatticacaa
gaaaghtackg
tttttaaagt
atkbtagtgga
caacktacakt
tetetotgot
tebggboagg
Eebebgacoo
atttactakt
sacakcatga
agqtciteatg
ccaacagatog
caattgeoete
agktaccttt
agtgtttace
cteteocotkkg
tkcctttekg
tecataatggg
ggotiggoac
tgagcaaatg
cagattagtyg
ctgaaactga
tackgatgtt

gotggggage
tatchkigtte
tebgetgtot
tttagaakat
tecagaageak
gsaakttgcttt
gtagacaaat
tgtaggtaca
atkagagaga
atgtcaceag
tetgecocte
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agaataggta
ttecazmactat
azattgataca
tataotkteca
agktettaka
aggtgaatca
agagkggcea
ctgaaatkat
ggaaggekig
ceckggtake
caattggtgk
guaacticksa
ctgebgactg
tagaaaggagt
geackbgaga
attacaaaaq
gtcteocraage
tttateatea
agtbtgtaggt
aaaaccttceo
toctecattgt
ccacaateat
tttotgooat
ggcatctgeb
tocbgttgtet
aacagagqggg
gactgatbktt
accktecaaaa
ttattettte
gtattggaag
tatctgatkk
ttgtttetic
aattaggaan
tecaatktkee
chkgtgattaa
agtcttatat
gtgaaghbtgy
ctcbcageaa
ckractbiog
agttttgket
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cocetttateo
tbgttageqgy
tttttbgaag
cttgeetict
atgttaggqgt
attteectot
teteattagt
cattcaggay
toctgagkte
tEtkacatit
gotgkagtge
ctattagtke
gteckeattga
gggagtctaa
tattgggbkge
ttakgtaatg
agactaggak
ateckitcat
acactgatgg
agtccaktttt
tkagetggtt
atkttggcet
tocaggaget
gtaaagktatt
ggttgaaaat
agggtttctg
cotttetete
attakgtgte
tgaatctgaa
agaghbgttte
agaktttggqte
chtttttete
accetbbcokt
tgageckiog
gktetacatt
Ecckececgta
kcatbtcbkety
gaggogobet
gttttatcta
tocbttetgh
agtaceckge
geteggggat
cagctgegta
cbgeagaggt
cagaggoaag
gebbtgtits
gocettgeagt
coctocgage
aagogeagta
ttgattgggt
gotteageke
agktgagatga
caggcoctggga
tttgtctaat
tattttigge
atgtttagat
gaatattgat
taaaagecaaq
taktatttatt
caagktactt

attktkitatt
tetateaatt
ggtttattgt
getagotket
gtcaatttig
acagackget
tteaaagzac
caggttgkto
tagtktgakt
goctgaggaga
tgazaaazat
tgectbagtgo
totgtetaat
gicketttgl
atatatattt
gkektetbtg
tgcaaccect
ttkgagccta
gtottgacke
catetaaagk
attttgcteg
gatttkbgeag
cktttaggge
ttatgteteo
tetttiottt
cogagagate
tggctgooct
ttggagttgc
cgttggectg
teascttggl
ttttcacata
tazackttee
ccagttgate
tEtttecagetg
cttctaaatt
geiecagagta
tecagetitg
gatttktaga
ctitbgatet
tEgttagktt
egtgtgaggt
caggggteag
cEgagagaac
tactoctgic
caggcochect
cctaageaag
ttgatetcag
caggtaeggg
tteggatgag
aagggaacteo
gtgcacygtg
accoggtace
goctgtagact
Jeasaakeco
tttgtttgtt
ttgacacaac
taacttotas
tetgetttaa
geatacaaca
dacatacecat

gecatctatkt
ttottgakeoc
gtekctatkt
gaatgtgttt
gatcttteck
thgaakacat
atetttatki
agttEceatyg
gecactatagt
gctttactlie
gtatattctg
agagcbgagt
gttgacagtg
aggteactga
aqgatagkta
tetektttga
goottheEbtt
tgtgtatets
tttatceaat
taataitgthk
ttagttgaktg
cggetggtac
aggeekggbg
tEtracktatyg
azagaatgttg
tgetgttagk
taacattktt
Ectbctegag
cgktgetaga
tecatkbctee
gtcocgtatt
ttobegettc
gtattggecte
catecagekbeo
Ltttteaaag
akttgattgk
ttocecattget
gtttocagtt
ttgatgatgy
tocctiecthazc
gtecagtgtge
ggacccactt
cactygckcte
ttttbgbktyg
tgagotatgg
cckgggtaat
actgoctgitge
mkataatcte
agtgaccega
ccbtgacoctk
cgogoaceoa
tocagetggaa
ggagctgtte
taacactgga
ttcagagaaa
titettggtg
acktaagata
azaaccttlt
tggtgttitg
tacctecakak
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gattettete
tttcaaaaaa
cekkcagbie
gekektgekt
gobtictcEt
cecagagatt
ctgootteat
tagttgagog
ctgagagata
caactatgkg
ttgatttggg
toaattectg
gygkgttaaa
ggactbgctt
gkteottettg
tetktgbbgy
gtttbeocatt
tocacytgag
ttkeocagtet
atgtgtgaat
tagttkettc
tggtbgttec
atgacaaaat
aagettagtk
aatattggee
ctgakggget
tecbbcattt
gagtatocttt
ttggggaszat
cocakeackik
tetiggagge
atttcattca
ckagaggethe
tttaagcack
ttttcaacke
cbgaaqgqoctt
ggtgaggage
tttetgkbot
tgatatacag
agacaggace
cockgebgoa
yaggaggcag
ttcazagety
tebgtgecet
tggockocac
gutgggegee
Eagcaatcag
gtggkgegee
ttctecaggt
tgetteecga
ctgtectgtg
atgoagaaat
ctattcoges
aaatccthbge
aaggaakgck
atttaggeeca
ectggkttgg
daaaaagtta
zaakatgtat
actekttbtt

tctttkttke
ccagetectyg
tgototgatk
ttetagttet
gtgggeattt
ctggkatgtt
ttecatbtabgt
gktktgagty
gtttgtiata
gteoaattibig
gtggegagtt
ggtatccktg
atctececatt
tatgaatclkg
ttgaattigat
tEtazagtct
tgcttggtag
abtgggtttec
gtcttitgaat
ttgatcecegt
ctagktcbgga
tttecatgih
ctcockecageat
tggoctggata
cocactotek
tcectbktgag
caactitggt
gkggcattct
teboctggat
caggtacaceo
tktgetbgtt
tEtecatette
tgeatictie
teketghkatt
ckbtgeettt:
cttoteteag
tgegktectg
gttititece
atgggkttet
ckcagetgea
gaukgetice
tctgeecegkt
teoagacaggg
geccccakag
ccagtbtgag
ccteceecag
cgagacktoog
attkbtttaag
gacgkeoagte
gtgaggoaat
cocackgtet
cacckgbett
atetktagete
ctatcbittg
tzazacaata
atbtittttl
gtaktaattea
tktkkttattg
acattatgaa
Lo =k P ok ol o o

tttattatbe
gattcattaa
tbagttattt
tttaattgtg
agkgctataa
gtgtocktigt
acccagtagt
agattecttaa
atitotgite
gaataggkgk
ctgtagatgt
ttgactttct
atteakgtgt
ggtgeteckg
cocthtacea
gttttatcag
atettectec
tgaatacage
tggagoaktt
cattatgatg
tggtctteacn
tagegebiee
ttgetbghck
tgaaattghg
tetagothgt
ggtaacececga
gaatctgaca
ctgtatttee
aatateckge
aatcagacqgk
tettEttatt
cattygctgak
acgtagttek
ggttaticta
ggtttgaatg
<kbtgteaaag
Lggagyagga
catctttgtg
agtgtggatyg
ggtctgtigg
cagktaggck
ctoagateote
ccatktaagt
gtggagecta
cktocogget
cockegebgoe
tggggtagga
cocatbggas
acecoctbtot
geckegeoeck
gagcacktect
cbgegtcqgot
ctoceaatatk
titetttagtk
acaaatagga
taagaaggaa
gatgaaaaca
acazaattta
atggctaaan

gtggtggaaa

14520
14580
14540

‘14700

14780
14820
14880
14240
15000
15060
13120
15180
15240
15300
15360
15420
15480
15540
15600
13860
15720
15780
15840
15200
15960
16020
ig0ad
16140
1ez200
16260
15320
146380
16440
1500
18560
16620
15600
18740
16ED0D
1BB0
16020
16980
17040
17100
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17800
17540
1800
180560



cacttaasat
atacaataan
caaccccake
tbcaactttt

ttgatecagat
tgagtbgatt
tattatctet
ggaagctiag
abtoococcgaa
ttcaktbggt
atttgttzat
taatttoctt
ttkgttttat
tgggtggggt
cttattcEet
ctatttette
tacctacata
aatggbtocte
aaatecactet
aataagtgtyg
tagktatgata
tgattglaca
ctgkttettt
actattaget
ttcatakgea
gtgekattgt
gotettgett
attttaaata
aaabkteccat
gtggtacagg
takttkecaaaqg
ctgtacttta
tetgkbgatea
attittetet
ttEtaaattt
tktgitatct
aatatatata
gtatttacat
tacatttaaa
ttttgagaag
actgoasack
agettcaggt
cacoattttg
teccaaagkg
aaaatackitt
aaactebckg
tteatgtite
ttgetgataa
tttgoatttkg
geatgttten
ccttgtckga
gacaaaggkt
tttttaaatt
ttttgaatar
tttaacttct
caatatttas
tecatteoctet
tttgactate
tetgotbcta
atctbteaat

ctackotokt
tctettanac
cteocacoes
asaaattbat

toggoctagagg
tEktgetatt
tcectectget
atcootakatg
gocctgekik
traaaatact
ttocaagtat
gtotcagagyg
ggocccagagt
tggetggeag
tacttackga
ttteatgeoct
tttagtattqg
tttatcttgg
gatattctet
gttetttcag
akckeckgatk
cagatacaac
ttttekokkt
atatemcatak
gtctaagaac
cataaatkbtt
tocgttatttt
tttagectaa
ctggkttgac
catttbggea
aaatagkttc
aagatggtac
ttcbbtattt
ctgtttttag
tgttaatecet
tLtgteagkt
tgaaaatgty
atacatttta
atectatata
gagtckbget
cocacctectg
gocgaccacc
gcoceggotgy
ctoggoattac
tttteootgte
agattgaccc
actbttogata
aactyacaaa
gctottottl
catkttttee
tegtictaat
tikttkttgg
gtatattgac
aatgtggaat
tttgleatga
ttattageta
tatctaactkg
akcteckgat
taagtteagt
gkttggoika

ggcaaticke
ttctteoctte
cckoctctgg
taaazaataa

ttatceaktt
ttktbtokgt
tactttggkg
Egtctottat
agctgtgtac
gotettotkt
tggaggtttt
ccatatitiy
ctaatazatt
bgttggtcac
caggkttitl
aceagtbtie
ttatgkckbEc
tagtattkck
tgattagtat
goctgettiika
tttgtgtgta
agtttgctet
teattbgtat
ctticecaste
ctbasaatag
acttgkacte
taaataaktt
ticteoctgtl
catatectbt
ataaaktecte
attggatata
tecattgtct
gktbtbetgt
ttbtktageaa
gtttgagtte
tagaaatgtg
tgkgkatata
aatakatgtg
tatatataka
ctgttgoeca
ggcccaagtg
acgcooggok
tcktgaactkes
aggtgtgage
atgttkktte
aagocktcekg
gttactaktk
tgaatkttcca
atagtttcaa
tettgateck
agctgaatea
ttgtttttet
aaatkatagt
gattaaacta
gaacattagy
tattcagoat
agactttgta
toccococaac
tgttttagat
tbttcacktiag
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dagaatatag
tgekkbktgta
taaacatcat
aagttagata

tettateatt
tEketakttta
taakttetie
Lttctaztac
tacaatttkt
atgacttttt
caaggazttt
tgtgakttea
gtagttktaaza
atectbttata
tgaactclct
gootgkgtgt
ttgattaakt
tgtactgaaa
thgoataget

ttktggtckt”

gaccacktga
ttttckbgttt
tgecatatget
agagtgoacc
tacacttkta
aggttataca
daataactat
ttgattekck
ckgcktgaag
tckgottttyg
tagattectta
tetggttbageo
atgtagtttt
gttaactectyg
coccaagkato
tgtgtatata
taktttacaka
tgktatatata
aasactaktak
ggctggggtt
atkttectge
aatkittgta
ckgacctcaa
caatgbgoos
ttckcttttk
agttaazaaa
acctatettt
tettogatak
totekgtgeot
ftaacatatt
tekctggate
tttecattttg
tgtatatatt
agctaatcaa
satttattet
gocggbactat
tecttbgact
ccoctgecke
ttecacatata
caktaakatte

totattgkta
tectbtgace
tetacktetet
atgkcbttet

taaaagcatk
ttgckiteta
tothktotgkt
agktactlaa
gtttaggttt
gacttatatt
tkeggatatt
ackcocttac
aatgtgtgtt
ttecktacgea
aaccacactt
tEtamagtte
ttattecktk
tetacattgk
tttocecatec
gctbcktaaa
atttaataca
cktthetget
tatgakktca
tEtaaatagk
ttktectenck
tectacaata
aaazasttaa
caatttcktt
sactteoattt
tttatctaga
atttacagtkt
Etatagkttc
tttttocage
atgobbctte
ttgcakttatg
tatacaktta
tacattttaa
catbcaaant
atatatagitk
tagtgggaca
ctocageootee
tgtbtagktaca
gagattgagoc
ggtctgaaat
aggaatctac
aacaaaaact
aakttoctttac
tgtgtktkta
gaaaatccta
aattatgate
tagttetgtt
tgcaaagtag
tatataaakg
cataketatt
cttagtgata
tgatctaaza
atcatcteog
tggtaaccac
agtgagaaca
tetaatbcka

ttaarctatat
aacatcagee
acketkatgag
tttocttthte

agctttgage
ctkaktbott
ttettaagaa
tgoecatagaa
agktttbagt
taatttagaa
catttetght
attgttaaga
ctackgtkbgt
Etttcatita
gbggatthbt
caktattagg
ageatiaktg
ckttattata
ttktackttt:
dabecasaktt
attattgaca
Ectatttgkt
ttktaacaca
attgtictac
ccaattebtt
cattgctact
aktaattaaaa
gtgtagakec
aatatttctt
aazaattctt
Etbcacktth
taatasgaaa
tactttcaag
Etcatttgtt
cattatgktt
taaatacata
atgtatgtqgt
attttatata
tEtotbtett
ateteoggcte
coagtagelkg
Jatggkgttt
cacctcagoe
gtatatktkt
ttakacaatt
gqtatttteta
tekgttgtqt
atttctataa
attratkgag
tcaaaaatgt
gtetaateke
attgtaktat
gtottatgac
actteocaaats
cggaaaggta
azaattzazc
gaktttgtgtec
caktetaceeo
tgcagtattt
cocatgitgt

181240
l61eBqQ
18240
18300

18360
1420
18480
18540
18600 °
18&00
18720
lg7s80
iBg4Q
1E900
12960
laczg
12080
19140
15200
19200
19320
15380
12440
18500
19560
195620
15GR0
12740
10800
15860
15320
19280
20040
20100
20160
20229
20280
20340
20400
20480
20520
20580
20640
20700
207e0
20820
20880
20940
21000
210&60
21120
21180
21240
21300
21360
21420
21480
21540
21600
21680



tocaaaczac
ceacactkto
tatitgtgaat
atttttaaat
tagktittbg
acagtgtaca
cakbaghagoo
tttaatgakt

tttgagaaak
ttagagggtk
cktgeagata
gatgtgctit
ttggggkcaa
tttktkttet
gttagkttbt
ccaghkikeo
tcazagagace
tatgteotakt
tgazatctas
Ltkbgtaattt
agtgacakts
gacattttaa
atgbkttikckt
chtaggttaa
ctectgattt
ghettgakbtt
ttatagaatc
atttatetet
tattgagtag
ttticaactt
tegtattgag
gatattaaat
cetteatock
geatectagg
ttcagtttge
tgtagtttie
tgytazsasgga
ttaggtattag
tgkttrthtt
ttggattttE
thcattkett
ateccthbeat
tttgagickt
toktttoaaa
ttacatttiat
acttttbtgt
accagtagag
ctgttaatgt
aacattacck
gtgettactt
cttkeageag
ctcagktgea
cectggtote
tttatcaceca
aggtctbtgaa
tatbagtaca
gctactagtt
tatectekoo
gtogatebit
tttattkgag

agaatttett
titatocatt
agtgcigoaa
ctibtogogta
aggaacckeo
aggattocct
attcbtaacag

agtgatottg

gtctattlLag
gtttgagttt
tttteteoea
tkattttaak
acctaaaaan
agtagkttta
ctatgtggkg
caacaccatt
acagakgaat
tttatgecag
tagtgtaatg
ttttgagagg
gaattttgat
czakattaat
gaatticttt
atttattect
ctttkicaga
tgtatecckgo
tttaggtikt
tocghtttla
aagtggtaga
ttetooaktyg
gtacatttct
tttgteaaat
attaatgtga
aattagtecc
tagkgktttiy
tttbcbkgkg
gtttgygaagk
gtotttaaat
gatggaagee
aktatttottt
ctagatzate
tteoecatgatg
ttctebbbit
adaacecaac
ttebgobeca
ctgabaattt
tetgaagkaa
agygaagttg
ttgtgracta
tgggaccitaa
accctaaata
tatbgetagg
agoeckeagte
ctoctgeoctt
Laggagagac
gttgaataga
atckctcagt
taacagoccto
gectggghbag
agcaggatca

tetttEtaaa
tatbtccktta
Lgaacatggg
teagaaattqg
ataccatgtt
ttectecaaa
ttgtgaggty
ageabitbtt

atectkbigee
ctiatatatt
atcecataggt
gtaatogeat
taategeeta
cagktktaga
tamaataagyg
tgttgttcoca
gtottctbte
taccatgekg
cotcoaacta
tttcatazga
agagtbtgck
ccbkbocaatt
cattaakgtt
aagqtacattk
macttcattyg
aacttlbactg
tEEttaatat
ttteectgeo
aatgggeate
aatatgatgt
tecatatcta
gotbbktoctg
catattacat
aattgatbgt
gtgacagett
atgbtocitet
atttectetg
gtktgataga
tttatakttac
gtgattegge
taatkttktbtg
tcagttgtaa
ttettggtta
teagttteat
gteckbcakta
tkttgktgac
gtagaattaa
agecaakctg
caggotgeag
agbgcaggaa
tetatgeata
tacaaagett
ttagttagge
tcockgacak
agtctttgkt
ttkeckgttg
agekgakgge
tcacteoagac
gagactttke
gaaatygcaga
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ggkbktgaatag
tggacactta
gatacaggca
tattackaazs
ceatgthtghk
tectbgotaa
ctatekeatt
catataktetg

catktcitaa
tratataktg
takctcttea
ttgkckatek
gaccaakgtt
tettacattt
gtogaattie
attggatakk
ckggattctg
ttttagttac
Etttottttt
attkiaadan
tEgaacatagt
cakgaacatg
ttatagtbtt
ttttttgtag
ttagtgtega
aatttakcag
ataagakbazc
ttattgecot
tibtgtottgt
tagctakgaa
atitttigag
tatcltagtga
ttataaattt
agtgaataat
tEgoatetag
ctggeottigg
ctotgattbt
attcageagt
agctboaate
ctbgataaqt
goacaktaakt
tgtetottot
gectagetaa
taatcottett
ttccaktect
tgtgaagett
ctectagaaa
gttagtagek
attebickag
gotktbbeta
aacgggggtt
atggtaggga
ccltatatkek
agtagceoata
ctteocteagt
tekgectace
tttgoctgag
agebttigtg
tgchktetote
tacagtttea

tattteattr
ggttgattce
ggcatctett
tgatgtagta
actazatttge
caccktgkebl
qigoktktaa
aagtcatikbg

ttgggkaatt
atccattatt
ctebgtbaatk
ttgotktbgt
gtgtagttte
atgtctttaa
attekttice
cttggcacet
tatagkgtco
tattgattig
geaaataatkte
cttttkctac
aggtcacttt
agagatattt
tagktgacagg
cgattgtaaa
gaaacackac
tkekaagkbat
atggtctgaa
ggctgggaac
tccaggtett
cttgteatat
agtttiitta
gataatcata
gtgtgtgtta
tcttttaatg
atttatecaaq
tgkcaggata
ttggaacaat
gaaqocatea
ttekotEget
tgoatgtgbe
gtkcataata
tteatttetg
agattigttg
tatkgettrt
tckgotaaca
tttttktett
tggykctccte
dagetgggot
ctetgggtgg
tgttetbget
ctttatgeto
aagcggyagat
tggtectetg
tektacethg
agtagaaggt
ccaatgggoe
agtggaggtg
toctaceatet
tecagaggeaa
acocktatggh

tgtatataka
ataakttgge
cancacactg
attctakktk
attooccacea
ttgttgetkt
ttigeatete
tatgkotick

tgttbkckbt
aqgatgtatgy
tgtctootet
tycckazacck
toeectglkgh
tobatttiga
ctaktagacac
ttgtkgaaaa
cattggekge
tagtatagtt
gacktagtta
atctgtgaga
gggeagtatg
ttatttatit
tettteackt
taagacggtt
tgattittgt
teetbcbEtL
aatagggaca
tccagtacka
agagaaacaq
atgacctkta
atecataaaaa
tgatttitat
agoccatettt
tgkbkgttgaa
gatectkggee
akgktggktet
ttagtgyagaa
ggteooctgage
atkggtotgt
tagamatgka

gttkecbtatg”

atktktgktka
attttgttta
ctagtcteta
tebaacaatt
ttktbtitag
tEttkicaag
tttbgkiget
ctgctacctt
teactcheag
tigeeoetok
ttbetktgtt
tgaktgaggge
catcbtgkeaa
ckectgocktc
aakggatttt
tacagktkbs
cocagaagea
aggektitge
tcaccaagog

21720
21780
21849
21900
21360
22020
22080
22140

22200
22260
22320
22380
22440
22500
22560
228240
22680
227140
22800
22850
22920
22880
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23840
23700
23760
23820
23880
23840
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
24660
24720
24780
24840
24800
248950
25020
25080
25140
25208
25260



ggaagayagg
egagaatcat
agcagkbebga
cktratecach
atcecatbba
‘ttatttkgta
attatckgee
toectaagagg
cocagetbtot
ttttagtttg
tgaaaagecac
taaaaagatc

ggatgkgata
gaastactkyg
atatgagaac
agaaaacatt
agteccchgga
tacktaagga
atcacaaaka
tatgaagata
tygagoagga
coctgotgaca
gtgagakaat
ccataggaca
ggtggctoat
tcaggagtic
aaattageca
gagaaktgeck
ccagoccoggg
tEEbaktits
aagaatttta
acaaagtatt
coaggcbgga
goaagtctoo
agataatttg
ckeoctggeook
agooactgag
taazagtgtt
ctgagakgaz
gagakgcktct
ggttoocace
cttgacacte
actttctecag
tattbtgaktg
thbtaactgoo
catattgtat
togtgeatag
" tatetakeke
cttgotecaa
tagegaatyga
agaggtgkta
ctitaatgac
atgcttamaz
gatactocot
acaaageckt
aatocbbeat
agaegactcc
azggacattg
tgctackggg
cagogacooc

goctocctcag
ggaaaacaac
attgkecctag
tttacakbgg
ttEtcagaay
actctgtgat
ttktteoeckkg
agcagaackc
caacaaacat
agtttgtatk
ateocktktgg
tgaaacctag

tactgicattk
gaattcoagat
agggatttbt
gtkccietgkg
acctgtaazat
ttktgagakg
ctbkegtgag
aggtaggiac
agacaggcaa
cgckgatt:it
aaattteocac
ckaatacakg
gococtgtaake
gagaacagce
ggtobggtag
tgaacctggg
cgacagagtg
tkattaaaaa
akttgttiea
tatttttaaa
gtacagtggt
togeckecagee
tatttttagt
caagtgatec
cceagghgaa
aactcaaktk
atacatakat
cattaatect
aaaataatga
cttebggggt
gtakctbeca
tggactaaat
taagaacatg
tatgtatcte
cagitgtett
ttctaatkeyg
atgocctaaaa
aggaakgact
gttgkgttan
ckagagttaa
tgactecaatt
cotaccacho
ttaccatgtk
guctggoock
cakaacceth
ggaaatatct
tetaatgagt
Cacaacagag

atectettghto
tgaagaatge
cacacacttg
cagattctte
gogtktattgo
tttagotetg
chagtaaggyk
catgteatat
aazatacktaz
gacagktkgg
taataaaata
agktggectiot

tactttkact
caacackteg
coccaaakgek
gtaggctgaa
gttacctttit
gagagattat
sagagoagadq
tggaatgatg
ggagcagakt
ggcccagtga
tgtgktaage
taktcttagte
coageattih
tgaccaataa
cakgbgooty
agggagaggt
agactetgto
aattttgagt
akttatctiat
tttatttatt
acgakcttgg
tcctgaatag
agagatggay
accogocktg
gekatttatit
actbazaage
tkacagakta
gacatgaatk
ctimaaggga
gococckaagek
gtcagtteac
agaatgaaaa
gtgtattgat
caccataatt
ctaccatatt
acataagetc
cagtgtctgg
aattckbacag
attctaacct
aaaaattacc
gtctagagga
tceccacago
sgggkgttty
tteatatear
gaagocaghka
ggagacaghkhk
aaakgggktg
aattatceoag
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akgtbcoagt
atgtggattc
gettktgtaa
cibactckic
tcktiggaatk
stgggcttaa
aggagtgaky
gatttttagt
tataazaaaa
aatkgatakc
attktgtigt
ttteatgtta

taacacttec
ctgtetgtit
tgaatktktagt
aaatggettt
tggaaaaggy
cctagattat
ggaaattaga
cagtactoca
ctccactgga
agcagatbca
caccatgtet
tttasaamaa
gggaggccga
ggitgasacos
tagktccaga
tgeagtgage
tcaazanaaa
acaktaatage
tkgaaatgte
tatttttgag
ctcactgcaa
ctgagacaak
Ethegocatyg
gooctteoaga
attatgatkta
aataaaagat
chekbkatgag
gacaccaatg
gkcacctatt
tegecacety
aagatccatt
taaaagaata
tatattttite
totgtectit
atacamataa
caagagggke
ggegtactgg
aatataaaga
gttttaaaaa
cttgocaceca
ctoctcatgat
teaggagget
cocttatoca
ttEgoeteag
gtteccaack
ttgtitgteg
gggatgoige
coccaazaagt

ckttocttgkg
cocoacgyggth
zaaagtogtty
caaagatgga
ttagttttag
gaagagtgat
Etatetbgtyg
atgtgagtgt
tggagattec
caatictacg
agtaatgttt
attagggtga

aatbeatbtt
getgatgaac
tocceccatkto
craaaagaca
tttttgcagg
ctggatgage
cacacagagos
caggaakgec
gockccagag
gactbetgye
gtagaaattt
akctattigk
ggcgggtaga
taktckbetacc
taccocgggag
cgagakeaca
Bamaaaasaa
tgtatatakt
attgaztaaa
atggagtctt
cocteckgeocke
gggcatgtge
ttgoccagqge
gtgctgagat
caccecacaat
tagaganaat
tgatttgttyg
gEcatacagt
catkgtbgat
cacacaatbyg
tatgagaaaa
aakggaaagk
ttcktetaga
teateoctgeot
ttttecattak
ggatoctttet
geacbcaaka
catcaatagh
titeanagat
tbtkttectg
ckgaasgktgi
tecagooacon
tecectaget
atcagatgte
ggktggtaatt
cacctaggaa
taaacatecck

cagcagtgece

agcascgagh
tgatckgeca
caghtbbett
acagttcekl
tEtgoctgat
atttttgtag
atgtbtbeaa
ggcetaggag
teagtctagt
accackaaaa
ttetttaaat
aaabtcaggaa

aataggatag
tgaaatgctt
cceaktbtatgka
tttatgtieee
tgkgattgat
eczkgaakgog
ggaaggkgga
ggcagocace
aakgtacggo
ttocagaact
cktacagtga
gackgggocaa
teocacckhgagg
azagatacaa
goctgagacag
ctacbgcact
amagattkgk
gtcttgacag
agkecagkbgk
gcetotgtage
ccgggbtcaa
cackacaccec
bggtebtgaa
tcoaggtatg
tgogaagtht
tatgekbbgge
gtagattttt
cakacatttg
ttkcagacaa
ggkcbtgbtlh
taagacaaag
tckagaaatg
cEktattgtea
tkataatkbtt
gktktatatt
tktttteagt
aatattkgct
totctoooag
azaagaaags
atasarctasa
ctacctetEh
cagccaatac
tctaccoecea
accteoktteag
ttgtecetoa
ggagaggktt
acaatgeaca
aagatkggga

25320
25380
25440
25500
255a0
25820
25680
25740
25800
258460
25920
25980

26040
26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26020
264RD
26940
27000
27000
27120
27180
27240
27300
27360
27420
27480
27540
274600
27660
27720
277180
27840
27900
279560
28020
20080
2B140
2B200
28260
28320
28380
28440
28500
28500
28620
20660
28740
28B00
28860



aackckgooe
ttecackicet
tttgtteteg
attecacgtat
asataascaa
gtckttttag
agtacttitea
aateagoaca
catttegaat
gtgattggat
accagatetg
accgtataag
gictctcoag
gtctkagglta
tarctagkbet
tatktttgtg

aagagagctac
tatatatktg
cgtatataac
tgtaakcata
ttaaqectice
tgatgtigga
ttgetcaakg
ckgeecatglg
tegghtbgaa
ttgatggtat
atagggocte
totgetektg
cokcaccagy
aatgteothtt
gataagacat
tatgtgbkgaa
Eagttttata
tagagattag
caaacgacklk
gagggttttk
tcatacaact
ttagtoctaa
taaaaatacg
ttgcbtggaag
Ltttgeaakg
gotagacate
aattkitata
aaakcaccto
Ltcagtagta
catacectgaa
ctectbactae
coctteocage
tgcagcatek
tgggectict
agotaaaaak
accatbtecoeoa
tttttaathg
" cccatgatte
atacecaccac
agaaacecktt
aagtggcaga
gatktagatga
attattaktck
acaatttgtt

tgggctaatg
cakagoactt
ctactotact
tgtectragt
tecatatactg
ctacaacttt
cgaacacchtg
tekggottea
tatazatetga
catggaggey
aktggtttlbaa
acgtaccttg
cocatgtggaa
gtatcttiat
gtaagaetct
gEcecttagat

tktgaagack
tecattattat
ataazatita
ttgkgeaact
cktikgkgekyg
tagaattaga
cateobgeatg
tttatetett
tgtgtotteo
ttagaggtag
catcatgtea
cctttktgte
tgcagettet
tgkeoataactk
tgycacacat
atcckigeoca
atecctaaaak
aagaatagas
gaaagaaktceo
CoCRAaggaaz
gtktaaatac
gaggectaagea
aktctaatea
cttticaaga
taagttttat
cagtktatclg
cacggagbtt
attaggctoy
caakceaact
accoaggtcea
tekctaggac
ctgeatctgg
ttgtgtgatg
ggkgattatt
ctgtecagitgt
attacecctea
azaattgtty
agateckttgg
tttctaaagy
ttcaagtgte
gyggttatggg
ctteagaatqg
gaacacttgt
ttgagatcca

cagocoocoac
cekgeaaghc
agaatgtaag
gcacctagta
sccattitct
gagatagttt
tggaagteat
gkecagactga
atbkgtaatec
gqttteeccaa
aagkagcact
ckicctette
ctgtgagkbca
agtaakatga
attgaagaag
tteccazatee

daacygataat
tattactack
ccatoccaac
gttatkatta
tgtctectac
tegaceoeata
cbkaagggtyg
cataagtgkt
aaakttttagg
ggcctttggg
ctgagbtggett
ctgkgakgee
tgackttaga
tagocoaghct
tttattketg
ccttcaactt
acaggotkbaa
attgggtittt
ttaaaatacc
aaatatecka
agkckcttag
gaaacasagyg
ctocacaakt
ggatagattik
agtctktatt
aaccagagtt
tgttatzacc
gagcatacay
aacattttgt
tetgagetgg
cetggatgoe
ctgactteag
ggggaagcac
tetbcaacte
Ltecatttac
attaaaactt
atggotittg
tgtggttocte
ccagtaaakg
gtakggteta
aktgggaaaat
tagagtggag
ttaaggacay
cktitettle
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ctoetgacact
daaaatactt
ctecatgaat
gacatctaat
ctococracea
tacktttcag
tatacacggt
tacggtttgc
coagatgttg
cackgticte
ttecectgkg
ticttiggge
atcaaaccge
aaacagacta
ttacttitatt
tttagaagaqg

gcacataaag
attatktaatt
cattttacak
Ettktatect
boctcakaata
attettagat
tacattttce
tkcccagtaa
bgttgaakas
agataaktag
tataagaaga
ttetgteakg
cttocagaat
gkgatactgt
ackgtgbtgec
gatagtaaca
tagoazatea
acagtaateg
aaggtitaaa
ctcacktaat
gtttctaaaa
tgtkkctcaa
tagazaaggeo
gktgtgatag
catgaaaactk
ttaktaaatga
tcagtacacg
cttocecaaqgg
craaggakee
agacagtggc
cagectbcett
cchygcazatg
tgaagaagaa
agetgtettg
caagtagoka
ggcacataty
attgaagtet
agattattta
tcatgggbtg
tatitttgtt
gaagaatggh
atggoaaa=at
goccagaccth
tcatcoeage

cacttteotty
tatkaatttg
geaaaagoct
tacttattge
catkattggt
catggeciket
taaacaacca
ctakgtecte
agggagggac
ckbecatagtga
ctecactbkget
atgattgtaa
thctetttak
atacatagac
aactottgga
ggtaatatkta

cacetggoac
ttkattktat
gtacagtteca
ckgaatctgl
gtattecaaga
agkatgtacc
ckatgtaktg
tRatatagaa
ttaatcceea
aattagataa
gasagagaga
tkatgatgca
tgkazgaatt
gctatagtaa
caataagcat
agkecacagaa
togazagtaaa
aatsactatt
acaagakcta
taagcaattt
taacaaakta
caakcacgtt
taatggtecta
attteakctg
teoteceaaag
gtgtgtgtag
ggtgaggeac
ggaaakgeat
atagatzact
tEktkecttte
tgtacaggtk
cktecagaaca
ggtaccacag
atctgagggs
ttcaategtt
tkgacaacck
Zagaccaaaa
ctgtecagtta
aaggeagght
cataggeaga
gbtgttgtaaa
aagaacktge
gtaaagaaat
cttkttekgh

ccaccagtgt
tteackitet
tgkckgkckt
ctagakgaat
gttctcaact
tttcektatka
cagactetaa
acctaaatet
atggtgggag
gggagtbete
gteteckgeoo
gtitoctgayg
aaattacteca
ctttataakt
zaagktgekL
atacttccte

atgaagcaca
tatggteaaa
atgeaktaag
aktktatkbgt
bLagatcctac
atacattita
aataggktkat
accttgtiget
aatatatatg
qggcatgagg
cetgagebgg
gtaagaaggc
gtaagaatta
cagaaaacag
acccactctg
gatgaatkatc
gatttgatta
adagaakactt
gatatggact
ttaaaaattg
cgbgygaaaz
“tggattatkt
ttagtgaceck
tgaagtgaaa
tazttgaaag
gotaggasaa
attazaszaa
agkttggggg
agtagteaac
cocteotacect
cobgbteoctt
accttbekty
tctacciget
gagtbttakg
ttatagecta
tagatgcaat
gktgcacaakt
tgatecacatg
gaggctitggg
tetgagacte
aataaggaag
attgeteage
gtgaagcagg
ttctteckae

28920
28580
23040
29100
20T ED
20220
20284
28340
25400
20460
29520
28580
28540
29700
29760
29820

20880
23940
30000
30060
apizo
30160
0240
30300
30360
30420
30480
30540
30€00
JhaH0
30720
30780
30840
Ja9400
30360
31020
31080
Jilao
31200
31260
31320
31i3e0
31440
31500
Ji5a0
31620
Jis80
3140
31800Q
314aa0
31820
31980
32040
32100
32160
32220
22280
32340
32400
32450
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catatoctgea
aketgecace
aattgttaac
Lttggagtaa
tteccagtgt
aggkckttct
cttetgktett
ctattacage
tagoaegktt
gekataghag
tttgtgackt
catgbgoaaa
gggaaatatyg
ttcttgtaaa
aagzaaggta
tbgactgtac
gtggcaacat
ccaackttes
tatakgzttk
aggattatag
agtggatkteg
ttaaatgagy
cEkcagogeocs
aaakatattg
agtttgaatg
aaatetiage
atcttgtett
ttgctagasa

ajaasaaccca
gakgctataec
gogctgagaa
gagettgoco
geataattbgy
aatattggit
attbttaaac
tgatkttaac
ttattetgtl
acktockttt
calaccgaag
gagaaazaat
tttggttate
ggggagatgt
taagtaacgk
tgatazaaat
tgtaatkagt
caacttagaa
taamaattea
ettaagtatg
ccaccktbbga
aattgobota
gaccotgtgt
gatgtcatag
cttkbbkactte
ttttcatgaa
ttkbggtctea
tectgbtttt
gkgétgaage
ttagatececa
tctagetect

ggtgggtaag

aaggoaccag
teagttgaca
tcaacezaat
titgtiaage
ttckggakga
gazattgtgt
aatatgaktt
atttttgaac
ctgatggaca
2agagttaaa
ackggtagtyg
atggggatea
aacagaactt
atatabggge
goctttotty
tggggactet
gaaggoibigk
tagecabgagy
cectittgoy
tageoaaagct
ctcoccaatace
cctatttoag
ttcktigatg
goaasatgtaa
atgectcoaay
azasaagogk
cteasacckt
agattaagtg

aaattgotta
aaaacaacag
caaagcetact
tgcetaaagg
gaaggccaga
aaasagatgg
atkgaattata
tasaccaaat
gakcagcekte
taagaakacg
gagtyggetta
tagaatgttt
bctatateta
ctaaattgal
agktagaataa
titggtttagt
ackbaagtgt
tttcttetta
ctttakttaaa
tgaatgtact
sakbcttbazg
gqhacacocac
atteccakeca
tooateatta
tteacatttyg
cgetgbtbgg
aactktcacat
gggacaaaat
agtagggtag
ttgectktagg
cttcakggak
gaggcetcag

atgtakgggt
acacgeagag
gtgagatata
agaaztaaat
goagtgoatc
tgtoccakbt
attcaattat
atttaccagt
gtocokocte
tgacctagtk
tgagcttgayg
teataactac
tgtacattgt
toacakaggk
agaaaattag
gagctttaak
goaktackbtt
aktcctgaca
gactagocaaa
ggaazaaaza
cagaccatga
gcagagecac
tgtagctgat
geagectack
gaatttgaat
taacktcttt
tggcaetaac
ttttggacac

aktakttktaca
agtactakag
gygttoaaaa
tattcaaatt
Ecaggeotttt
tactftaatc
tgaacacatk
ggagggtttt
tgaacatcte
zaatgttbge
atetckaktkt
aatcactgtyg
getatitaga
aatatagaaa
attecaactag
ttecttaggac
tgktakttac
aaktakttttaa
bttobkbthbe
tggtazattg
tatcceatge
togcaacaatt
teagttioct
ttattactes
actggcaaaa
ggaaaaaatk
aggcicaacc
tttacacatk
gagaaackta
taacttttgg
gatatctaga
atatgcttaa
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gaagocatoet
cagacaaatt
acaaaatgat
aactasastqg
ttttgaogagt
gocaktgaaaa
atatttatat
tgactittoe
gatoagttte
tgggagteag
taagqtgackk
cttaazagtt
cagctckast
agkaatkcta
ggagatttte
citcacagag
aktcazaaag
tgoccatett
cagaagataa
tggcagaaat
aggttcttta
taatccages
atggaactga
gctaaktact
gtaagaaaak
atggtlbgaaa
atgtttattt
ttttanzata

aatgaaaata
gocaaaggke
cataaagocga
caaataattk
gtacteaacy
agEttactac
Ectteotacka
tttitaackt
azattttaaa
attctgtgga
chgtgatgaa
tttaattygaa
ctaatttttt
daacgazago
ctaaceccaat
acctgtatta
atggttgttt
akaaktitaa
ccbgbaghcea
tacataatta
tgtgatgeeo
cktcaatgtc
cocghetboa
cibbgckaakg
getcaaccet
cacacacgga
asaatctaga
gtaacagaqo
gatataaatg
gtgtittgte
catatgggoc
taapcbgglbc

tggatgates
gkocagocta
tatagttitaa
gtaggottbk
gtgagttage
Eattbkbgat
aatgeaabktt
aagoctggtat
tgattitace
agtteagtia
agtgktitcat
tgctgtagaa
atttttataa
Ekgacaktteca
cotagbiett
aggtgtggtg
gatgttagea
ctgtgacaeqg
aagagattac
attcagtaca
attteocecca
ckgaggtgoa
gkgeecaacat
acactectgaa
daatataktata
ctggaagaca
aaggaacteca
agaaagggec

agaacaakat
acaaattaaa
atactgktggg
togagtacta
tEgtggbeoct
atatttecaaa
stttigtaaa
ttagbgakgg
tatagaaaty
gatgtggaga
ttgacEkeckg
aggaatttgt
tctaatttgg
agktgtiattk
aattaaccas
atgaaaadgaa
ctaaatttec
abtaatttect
ggaagagtta
gaacatbgkg
akgtettatL
atagagacet
tktecktket
coctamacct
gattogaacco
ggctgactga
gattcactga
aasagcbhgek
taatgaatgg
ttotagakck
agotaactta
agoctgctgtg

agaccagooo
ckocctgttge
ttcactaagt
aaaattbtgca
chgbegkceaa
tattkecckac
ttaataatga
gatckgacte
teoaatackea
acattbtggt
coogtbgoct
gatkgkatga
ttekttggty
cagkaataaa
ggtecttght
ggtgbgggte
gazagaagced
gtbgagaaag
aactttoocog
gottttkgbt
aactatacte
atacttecte
atgtttgkac
ceteatgtga
catatkttte
ctcgagaakt
ggtcazacag
gcitaaatta

aatEtazaca
qaccattbak
aacttcagag
tgctggokia
tgattbtagac
ckaaaacakbkt
tattaagggt
atatatagaa
tktatcageak
asactaaage
ctagtcagat
aatgattcaz
tttagttaca
tttkazaatg
ctaagkaatt
aaggkcgatt
tagtgtgett
gaattgttak
aatazatact
agkgacacca
cttecagoke
coagtecagg
tgtkcagegt
ccttgotect
maccategeo
tggctaaatt
tttttttieoe
gatgotggkg
agtcttaatt
cktcacktte
aktktatgat
Ettgeggagg

35720
32730
392840
3na00
30560
40020
40080
40140
40200
40260
40320
40360
40440
40500
40560
40620
40680
40740
40800
40860
40520
40980
41040
41140
41160
41220
412800
41340

41400
41460
41520
§1580
41640
41700
41760
41820
41980
41940
42000
12060
42120
42180
42240
42300
42360
42420
42480
12540
42600
42660
42720
42780
42840
42800
1289a0
43020
432080
43140
43200
43260



aggagggatc
gbeegetooo
tettagotgh
goeggakcke
caagektttaa
gttcigtceoo
gaageagtag
acocteggta
btgckeottet
atgtggcagg
cagttaagco
tatttittet
gtgttaatkg
Eeacctgebe
atagagatge
ctackaagtt
tokeoattact
tcactgagaa
stcttttict
tecagetttg
atckttbaca
tgtagbatie
fkttttaatat
gatacaggeoa
gtaktteocbeh
aattecktte
cacccttick
tgaaatcact
ggtagcoatth
gotiocacac
ggotttteck

tttggggaag

tctggkgeac
caacoccaco
goatcokeat
coetgagkiac
ctattttatt
tatatgtata
ggcebggtbce
tettttttat
aaatggkagt
taccagttita
aratetatta
atrgtgattt
gtttggoeat
tgatgggatt
tactaateock
gtttacketg
cttatttate
taagocaatyg
tettatatel
atoccagbiclt
ggtgacaggy
ctgtaagtat
ckttkatact
teaggtaazag
gecohtiglt
atgatggtak
tetteatgtt
catetattgk

coctatettt

ctgtggockt

tEgtockggt
tEtttggktaa

gaagccagtg
agtgagggac
gotagetota
ctgaagctga
cobgbeoocg
gactkttkbokt
agecggactg
cttgacanac
cakttttbcka
tctaagteco
dazagagaan
tactttbkeca
cttoceoocte
aaattatagt
tetttacaga
ctkgegatko
ttatgagtgt
chkcttittka
ttgtgggtac
tgamsagatga
tektgaagga
toctgoecacon
atgcagttte
tgtgocaaat
ageatagetg
tettetgget
cetttbbtgt

agotagtgtt

ceghoacoty
catookbktoo
agcttagote
ttcacttaga
cetttitbatg
tatacacata
atatttttge
ataatgatki
tctactetta
cattkteotee
ckttktgatt
tgackigeat
tEgtetaket
abttgEEEEL
tbgtecagatg
ckgaktattt
tttatttttg
fctagaagag
aagectitga
aktctteotae
tgtckttteoc
ttgactktgt
agtaccatge
tgetgeoeteo
tggttccata
tktgatggga
attgatteta
tkoctttcaas

actgatagkt
ttggaggtet
tgcatagake
ctagecotet
goatatgogt
ticigetaat
atgtbettgg
atagckgagaa
ttatkbctacqg
gbtgtcckake
gcktttaaka
cobgbtttta
Etecskgbget
ctgtagatga
egocacakttza
titctatgaga
tttektaces
cattggagaa
aaagatgtaa
tattbootet
ctttktetac
ttgtagaact
ataataggtg
aataatcaca
aazaaaactkc
ttocctggeka
dasaccactoa
ccaakgkttba
attattttet
ktcttcktgt
aattttaatt

tgottacakbg

agcagtgtac
cocaagtooo
ctatttacaa
ataakgctect
gcbtgagtagt
atttteokbtia
aattgggaak
ctitbktebkgt
gttetttaag
agcagigtaa
tttazattat
ttocktgate
tekttigaaa
kLttccttgak
catagttigk
ctitbgeegk
ttgoattigt
kttttckgat
ttcakcktga
gigikgactig
tcactittact
ttcbtgagttc
tgttitgata
egatbtetic
tgaattttag
attgeatiga
catatocatg
agtgttttgt
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ggeccktgge
tgtgtatuca
ttgtacttat
catcaccktt
gotatbggtl
ggtttatatec
goggckckgt
ggagyaaagy
gotgaatbag
ttgagttakt
cattactgga
aaatagakgy
atgtgtacta
atgockekga
tatatatcaa
tgactacttt
agtteckeoage
ctetcackge
gaagagtcaa
tatcttctaa
tgaattaktc
taatzazack
tacatattaa
tecatggaaaa
accocatate
agkbcktkag
aatatggeth
tgattatgek
cttttagggas
cteoatkbagea
ttatttaaat
gatacatkck

atggtagecca
cagagktceak
gtgaaaacat
ccaatkbteat
attttatggk
tocackggtt
tgtgetgcta
gggtagaacc
gaatctocac
aagtgttect
geecattelbtg
attagtgatg
attgtcotgtt
gatttgtttg
gaatatattc
acagaagecti
tttbgggtte
gttatctect
gktgattttk
ccaattabog
ttitttgtktag
teotatibetgk
actatagact
tktktgotta
agtkghtttt
attkatagat
agcatggtat
agtbittectt

atiggtacce
gotgiktekg
gtgtecocibtt
atgtocacte
ctgkgoocat
tctteotagge
acctateaga
caaagaggilk
gtggotteks
cagactaaka
agktttaagaa
aattgetaqgg
atcaccakoo
gtagaaagas
aaattgttat
gtctgctkgg
agaagaccos
tgagkakbate
ttetactgaa
acattteagk
tcatcagkat
ttatktattt
tggggtacat

tgggghakoe
ttocccacoo

aaaagtagtc
tcktototck
cttgkeoktac
aaaaattteg
actecaatcteo
tattttcaak

ttagtggtga

tegtgtacte
tatatcatte
acgatgbkbtg
ccaagibgak
atatttacat
aattgetbga
cazacatgeoa
agkaktggga
ackgttekbce
ttcttaccac
caggaghkaayg
ttgagcaktk
catgteootta
agkteoottgk
toccackotg
ttbvagtikaa
ttggbecakga
agaattttta
gtatzaggtg
cageaccatt
ctttgttgaa
Ltcattggte
tgkagtagta
gtotbgeoett
ttetagiict
tgttttkgge
gtgtttocat
gtagagatek

actgaggktat
éaakktgeag
ttiktekggt
atactecaca
togacakttgg
tetgoetgga
atgktitctac
gobgtacebe
Locoobbock
gtaaaattga
atttaazaza
gakboggetg
tatgeccock
ggtcacgtckt
cokbghtaca
tecttagage
atctoatgaa
cataatctge
gaccaatcce
cotbktcectktt
aagaatatge
aatttazaza
gagatgttbt
atceoectoaa
tcaatttact
taktatgetgt
accatttcac
thaatkteceo
atgteteckta
atbkcittact
tteaatagtt

ttkebgagat

ttttaaacecqg
ttacgeookbEt
ttotceooakt
gtgaakteca
atattatata
tggacetitba
tgtgcaagtyg
tEgcEggato
atagtggotcg
atccakgcta
atggtattge
ttkeatatgt
geccacttEt
agatbcigga
tggabigtet
ttaagteeca
ackcbttgeo
tygttbocagg
agagatgagy
tgttgaacag
gattacttgg
tacatbgtgkyg
tagtttgaay
ggotatgtgg
gkgaagaakg
agtatggkca
ttgktagkgt
ttgacgtctbt

43320
43280
43440
43500
435560
43620
43680
43740
43800
43B60
43520
43590
44040
441400
44160
44220
44280
44340
44400
44460
44520
44580
444640
447400
44760
4493z20
44BBQ
44940
45000
45060
45120
45180

45240
45300
453080
45420
45480
455340
45600
45660
45720
45780
45840
45300
45550
48020
48080
46140
46200
46200
46320
46380
46440
463500
46560
46620
46680
46740
46000
46860



tegttaggta
tettgatkty
Egttgatttt
atgagtcktt
ctteotekbtt
ggacttceag
tkctocagaga
catagatgge
tastecataaa
atattatttk
gttaagecat
gatatggtgt
cagggatatt
ggtgatacty
tagtgtecaat
tccatetggt
acktocitatt
tattkcecagg
atagbagoet
atggetbtbe
tttatttttt
ccacataakt
tcaaacatic
ttaacatggt
totbeocatat
gtcttichbag
takttctttaa
cocctaatcaa
aabttateto
teaacatekt
ttgetacatt
gcatctaatka
tcaticacat
agbtaasctcat
agactghtgo
agtcagaatqg

tatktttaata
gattgkcate
ttgtttctta
abtgaaaaaca
aatagigcag
tagtaaataa
ctaggcacat
gcaagtkecag
ggtcagacgt
tactgbaght
atacaatata
gataccagect
ttctaatgek
tttgetttte
aatttacaga
gattggtagt
atttacatkc
ttagttgoca
agagatttga
gatgogboaa
ttgataatogg
ctbccactca
tatatateckt

gggcakaagg

tattcotaag
attctkeatet
gtatectgaa
agagtttick
accaakbigg
tactaetgtty
gagkgetttc
tEttgttace
gggatgebgyg
tgkttttaat
cochgockes
tggatttggt
gotttgtagt
gettcataga
agggtbkggta
cctggget
gotoctglica
aatttaccea
tgaataatet
ctcktaacte
tttazaatatk
agaattikbeos
aaactatctt
taacacaatt
cttagtaata
attteccage
acagtggtgt
ttggaktctac
taaccktgga
tatttegakg
cccaataact
gagtcacaag
tmaatcoatc
cttecttbet
agcagtekee
atttetgaga

ttatgettea
cotcaktggg
ageatettge
acazagggac
ticagtkttg
atctagtatg
gagtgagtag
gaccacaget
aagktacaga
teotgtaasac
gataacttgy
actagtasaa
tatagaaaaa
aatotbctEt
tcatakatat
tcectaagttet
Coaccagoasa
godagaaggg
aataaatata
tgtgagttea
ggaggcccac
tekkkgetak
accagtggca
gtteagcegt

taktkttakt
tgatteoctgt
actttgctga
teoctatagga
g2tgoocktta
actagaaatg
aacttttoet
tbazagtatyg
attttgteaa
tetgtttaat
chkggtatgaa
tggctagtat
ttkoctiktit
ataakttagg
ccaactot ko
ttttgttgge
gagkttoctat
tkteootetag
tttgtatttc
azactctaaa
ttttccaaag
acaktkgtak
cttgatgtct
atktgatttce
gtaccatcak
tactiakttt
ttbggektag
ttotatggek
tttgottaty
ttecacagga
catgctteoct
ctagaatoct
agghbitighc
catgaascta
teatttteat
aagcaaataa

tazatctgeca
attcatgcte
acagttteco
tcagkaatoa
tactaaaaky
gaattoccatt
ttttocootgt
aggecckthy
taktettaaa
aaaggaggac
taatasaagg
taccacctes
tggacttaat
gygaaaaggyg
atatattkttk
ttgagaaatc
tgtatataca
gtgagatggg
tatatcagtt
toasktghat
acatgagbgg
gaacctaaga

gyggatgbggy
gtekteatte
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tttbtorage
tggkgtatag
atteocatktgt
ccaktatcake
tetcttbote
gtaaaagtgg
cattcagtat
tecthtottt
atgecbetttt
gtagtgtate
acccactbga
tttgttgagg
tgttatgacc
gaggattcoa
titcgaatate
aattttitta
tkctgtckgg
gktctckagt
tgtagtatty
tgttggcoecat
ttoecteotoc
ckoctoagac
ctgtttgaag
tgtectcicak
cckchagate
cagbtgbtettg
cakctactea
teatbgiecak
aaattgtgge
aacctoaaat
tetigkcocce
ggataccact
acctogatgt
ccttggaaca
ttttacteac
gaccatgtca

atcattbtogt
catgtgaaga
zagecaccakt
acatagaggt
acattbtagt
tttcagektt
tactctakak
aagagaatoca
gtgacktttt
catttagktt
attkttaaktt
coocacaaca
gatktttygga
taacctgtgt
ggatatatac
tocaaactgo
catcataatt
ggctaagaaa
taaaaatata
aggtaacaakg
dagcasggga
chgctchbaca
tagagtggag
agatacceoca

cakttgtaaaa
cagtgktack
cagatctagg
agtgaatage
ttgketoath
goakoottat
aatgttgget
gotgaktttig
ckgeatcotat
acaktttatkg
ccakbggotha
atttttgoat
tktootgglt
ttttbcktta
tgatagaatt
ttactgekte
tttaatctag
Etgtgtgeat
gttgtaatat
cttcagggckh
ceactttatg
ttckagtetg
gaakcacage
tococagkas
cttaatotgt
catggttact
cttttecatct
catatgcbga
cctkatatkE
tttectates
toctckoagkg
cktggtaagt
ctaaaatatg
gogtcktbcta
Etccattcta

ttgtcctgtg

ttatecattt
aggtigtgto
tcktaatgat
ctggtecacea
gaakttaaac
gttktcaagg
gaggoctaca
tatgtgtaga
gtettbctgg
caagaataca
aatttaggka
aacacatata
ttaatctkte
ckocaactttt
cotaatgaga
tktecacact
tgamtatgek
aagatgakag
takttattect
tatcactkeg
tatgtgggaa
gaataasgtec

agkagggcta
tggaacecack

ggggttgagt
gatttatgita
agcttktbgg
aacagtttga
gkttocaggota
cktgtbecas
atgogtttat
ctgaggattt
tacgatgatc
acttgcatat
ttagetbitit
ttatgbttat
ttggtattag
tocktktggaa
cagcbtgbgaa
aaktctcact
gaaggttgaa
aacagtgtte
ctoccoatktto
tagtoccagoc
ackttaaaka
agekatggac
catctbaaac
teetettcag
aaatckagta
tttttktgatyg
gaabktktbel
tgactttety
aaatacttag
agaatggaat
agtaakatga
tgtecetitt
gcacaaakkt
atbtttgtet
ttottcaaga
tasagcoatt

gtttatetat
tgottatckt
satagtzakg
gaaaboocaa
teagacatkt
gattgkgask
goetbgeteaa
actetasceca
ckggataktga
aktaktgggkaa
Ettatgtkta
ctelkagtagt
ttaaktttea
tatgatgatec
ttgeteogek
ggccaaacta
atgttecaga
caatataaaa
gggtgatack
gtgggggaty
atockbchkgtat
takttazaaaz
gggaghkiteca
gaagggcttt
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47580
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47700
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47880
47940
48000
45060
4E1Z20D
48120
45240
45300
48360
48420
48480
48540
48600
48660
48720
4B7EB0
4BE40
49300
49960
49020

49080
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49440
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15860
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45380
50040
20100
50160
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50340
50400
50450



cooaggtato
gtazaatgtg
ttcttbrace
gaaatctaay
taattgtgta
dtatasaaig
aagtgktaatc
gaatcttekt
ggatttagea
ccaattgkea
ttatctetay
ctgtktcate
atattaktaka
agktatttga
attaacctag
gcatggeoaat
tooctotbgkg
accttittaa
tacabotttg
aaaatagttt
tkgtagtita
gogagoaata
atgacakaca
ccatcagtag
zagtgattac
ggtacttcat
gaactitgtaa
traattlita
tgotackett
adagggkeit
aatgggeatt
ghottaagta
aaggetgatg
thgotekitt
tetageteoa
aaggamaaatg
ckggatgaaa
tecatgaggaa
gacagaggos
ggggagtgaa

cotgggocgac
tgtagectakg
cakgtaatta
tgktaktgayg
tetetagtaa
attaattata
aactkggtcc
cggctgoocsa
cottocateaa
tggtotttet
tgaaatgtca
atgaatatte
ttecaaactag
gtgtgtgtgt
atgaogtoctga
goocagkatg
ccitttgaca
ttattttaga
ctzaatktta
taatktegte

chacagtage
tgaattoigk
tcagaaccik
catttotgtt
gttaacccgk
agtcttaceca
acatcagaaa
aatataagaa
agitgtacaa
chggetgbgt
aasagagttge
tkcoaaactt
accaagakga
aaactgtggt
atgbttegbtt
aactttagaa
cagkgaaagg
tgactetgtqg
aagasaggga
tataggagaa
atcktbtgoes
ataktktabg
ggcggoatea
agtaagggta
ttgttgaaac
ttebttgggt
cakbgohacot
taaactagge
acattattat
azaagkcoca
attakttagg
aadattgaaak
tgotgogtea
gtgtgtgget
gocatcaagh
gtgtgeakta
akgtakatac
gaggagasca
tkiazaaakg
cocgggaggo

agagcaagac
ttagtckgag
toaaacatac
aqgaaaacaa
gtaagtttek
ttockgttatk
ctgggtgtea
agggygaggto
atgeatgkaza
actgecatgta
gdaatzatazaa
agitgaaaka
tgatacaecac
gtatecactag
tatcagakca
akttogaggea
gotktibkaate
ggctagtttag
attcacaata
tttttaazat

atgugeataca
gtttctagge
tgeggagtgy
tettitttck
ggctggetgt
gukttataasa
tatactaatg
taatatctgeo
agaacacasag
gacakbcaaga
actagatgat
goaaattcoat
ctgtgtgeta
goattgattg
ttgttattgg
Ltattggtga
aatackaaaa
acakttgckaa
taatgockghk
ttctektthga
abtggoaaaga
aatgtotete
Ettgakaatt
tgtetgagga
aaaggetatg
ckhagbotttt
aaccctgatg
accagbbttea
tetetaagig
aagtttataa
attagagatt
ttatttetot
gttcoacaga
cetaatttae
ccacattcta
tttazsagaag
ttaccaacaa
aatattggga
tgtcecagat
ggagabktgea

teotgtotcaa
ttaggkbggtk
cgaagockas
tetectggat
ttbkgetbktca
ttttkgacta
atcaataaag
atccaagaat
Zacagaccag
tazstttccaa
tockatgtygg
gtaaagteat
acacatatat
tttatacecag
getaactaac
atgacatatk
acckgttack
aatattitaat
ttatteatat
tgamtetatt
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cteaaggtha
aattatgaac
tcagctasag
kcattatttk
agagggatte
gaaaaagtkc
gagttettta
teeatocaack
cotbtakete
aaaactecta
geoccaagaat
togattttgat
aattaatgch
cecatcteotta
agaaktciboggo
gataagaaat
ttttagagat
gtoacttaat
btekgeataca
gttattgecaa
taaaktactt
tgggktbggag
ctgcbatcoct
atactgtakg
goagacacaqg
titateooctgge
agcttataaa
ctetecckoa
cagagatttg
atcackgekk
acktgagaakta
gacactigaaa
ghoctcagyyg
caaggtcate
gctagoagaa
gkooocagaa
aggaggtbgt
aaaagokage
aaktgagaaa

gtgagceegag

dadazaagaa
atktakgagga
tttgeagtet
tectittetea
gtgaagcaka
gaaaaccaka
cacgtgaata
gaaatecagbg
azagacatca
tttaacaaag
gtasactaga
ttasatecaca
atatatatat
aakagatata
atctgatace
afttaagtaaa
ttciktcagt
ctagtbettgt
tazaktectgth
ttaakaatit

gtygagagaa
accaggtraz
tgaactagac
ktgtgteagaa
tatbcbciasa
cctatatkcak
ttgazagaaa
gecatcotcaan
aataggbctg
acattgcagy
ttctctgget
gkttttaktgg
aabkeeccagy
atgaaacktte
tgttggtatbg
agktttcaaaa
agcatikigaa
ttetckgata
ttataagteg
aatgcagaac
coaackgeta
acchygcagea
gatcetgetd
goactctaca
tatcakcaak
bekageactt
aggaaaagthk
aanatggtag
caggoatata
tecccasate
acagagacoc
ggtktgkaga
aorcagobos
tcatggckea
2agaggadqg
tgttgtataz
gacakatagt
ttethagaca
adaaccagea
aktkgageocac

dagaagnagga
trttgktgtt
tygagettittg
teckggaagt
tgtattacck
tackttaaga
accaghgoaa
taacaacagc
attcocoaatg
gktaataceca
tggtggtttk
tcagcagaglt
atatatatat
tatteolbggat
tegtetitta
aaattetaga
tttttatkbce
ctttbackgk
cataagataa
tckttazaktca

ctettaackg
acaatgteag
agtgactcag
acttggtggt
akgcaatcoe
taaktktkat
acatatataa
atttgtackta
ggthekbttbe
ggcactttte
ttagaaktkt
ttgeatgcte
ackaaataaa
cgggaccttg
gtateaatat
tocabgtaac
ttttggoekt
Etkaatttit
actataagtg
atkcteraaga
atkttgygaa
tttgtaggaa
actgoastat
ctoticatag
ctkbcbgackh
actggeatgt
gtatagatea
ctattgtatk
catockaaag
cketattgoc
azaatatack
taagtagktk
gteotattgtg
acatagtkge
gacaacagaa
aatktgteca
chgtocatgt
caagaacaat
zaasaaggaa
tgocagtccag

aggggatata
gttgtitgtta
LtbtLttage
atggakbgock
Ltaaaaaaac
aggatttaat
agtggboack
tgaatkgcak
ckggtatgag
tgttgtaatt
aaaattkata
tkttokbektt
gtgtgigigt
aacagobitt
gugtcagoatg
tagagtattt
ttgaggtaac
gaatttcett
aatgtgttag
aaaaattaaa
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50700
507840
50B20
50800
20840
51000
51080
51120
51180
51240
51300
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51420
51480
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51720
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52020
52080
52140
52200
52260
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52500
52560
52620
52680
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52000
52860
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tittgbktttca
ctoghteatt
caggactgtg
tettegigby
akckghokea
attaactcoe
tacteatttc
cgeaaktttl
gtbtocktckg
cttakattec
coctiteocigs
attgggicca
tktgaatata
ttoacaggtt
caatettetg
ctgtgbcaaa
ceatgbgtea
gtgatggtga
gettgeacke
ccatcatgat
acchibthttt
ckgactaata
gobtggtaat
actocacktt
caggaagatt
tocaagaattc
taatceocteoa
gtaggattgk
saackggaca
Ekcagotete
gtggaggaac
atgactagtc
toctatghbe
atttctatkct
gtcbgaagtt
gaatattaga
cattcchgge
toaggekkte
ttggagactt
agetkkbtcta
agaagadasa
ckaaaaaaaa
tgtgttggye
ttttaacata
cttatgctag
actctitagea
ctgtaaktat
atktaatckta

tactagtacc
aakgagaact
ttttckotta
tkttbestie
tttaaaaaca
tgecaatqataa
cgoacctgta
tegagaccat
agctggtgtg
ecctgagtco
cgggkggeag
tattgroaaaa

gtcktoraaa
cctatgocak
gygaggactg
gacaacagbg
atgataatge
atctacttkt
ckgtbactge
tatcktattg
agtygctetag
tcagotoaty
chtotgatett
catggatate
cttaacttag
tcocaggattg
tactttacas
tetcakotet
ggggagggaa
gtgagttcte
acketetect
tttaagttes
ttettitatga
daktctectet
tgatgtggck
accaatgtct
caatgaagac
attatttteoc
gttttttete
taagttttaa
ttgttacact
tggggtcaca
tcacatette
atetoctgget
cacgooacig
cocaccasagt
atgaaaagag
ccteagaagt
acagagcoca
agggccasng
cacctebtty
cctataaage
tEgkcttagg
aaaaskeaca
tgtgtgtecag
agaagaaggt
tttaktataa
tteteateokt
ttasaaktas
azsataggata

tcaatpaazaa
tatgoakgte
ggatttgaag
taagatakat
aggcaattta
actkteatga
gtococecagtak
ccttggocac
gtggitgraca
aggaagttga
adatgagacco
zagazaazghkg

zatgtgtkga
tazazasatt
tggotggagt
ctggtggetg
tgkgggacaa
tetettgtha
tgcaataaaa
ttetggaggk
gacaaatcocg
geooccacako
ckgketteckt
catbtgkeocca
tcacacctat
ggatgktggac
acattkgaac
aattgtzatt
gtgakgggat
tracgagatqg
gtagoakigt
tbguggocte
attacccagt
aaaactbckt
tecagattea
ttttioagta
aacatbtoos
tgygaacatt
atygtaaagta
aaatattaat
taggtaagce
ttttaaattk
ccketbaata
aatcatotat
toacttitEl
tetaccaace
atagcatgeoa
atctktatea
ggttgacatc
thkoeetbbokt
ggggtaaaga
aggggegtac
ceacacataa
caaaazdaaat
aaaagactig
toracckbtt
ttkttgaaag
kttaaagocs
geggbtaatt
gagastaaag

ttttggcaaa
aznatgccatg
agattttete
tktkaacaat
ggctattata
attagtttaa
thtggaggeose
atggtgeaac
ctgtagtete
daggcgcaagt
tgtcteaaaa

aagtgeagtk
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taatteoccac
cctttattca
gagcatbatc
agetecacat
ggckbttgoa
ttkageatta
atgaccacaa
cagaagttta
tEEkcttbggl
acktctaackk
cktbcakcsEl
tttggataat
agagkttockt
atkctttgggg
aaacgttatyg
gtcatgtgte
catggggong
tgacggtktl
gaagaagatg
cocbgoaacy
cteagghatt
tttaggttak
teaccatock
toccasactg
tggttetaga
tttgactaat
ctogtgaggt
gcoactatakt
cagtgbecage
aaacaaatta
tgtteocaagac
tictackgay
goatbtigtt
caggkttata
gcttagatag
ticktgeoete
aggckggbgg
takbtteotge
aactatgaag
aasktcttbbogt
agtacactaa
ctcataatght
agtcthbgeta
ticeattiat
gogattoocac
caaattteat
ttaaataatt
agoaatteta

aakgecacta
ctggatigas
ttaggacaat
amakktataca
ttbgkcagog
gaakttaagac
makgchggoa
ccogtoctota
agctakgeag
gagetatgat
addaadanead
cattttttgt

ccackgttec
ttaacekgta
agctgacktc
coggaggocks
gtgaactgaa
tggagactat
atttagtctt
aaaagggtgg
ctttecaget
ctactktkat
ttaaggacce
atggataatc
ctgocatgea
goocaktaatt
tottetgata
gagggagggsa
atttaceccta
ataagcactg
cotgettecc
cagaactgkg
tetttatage
cataagaatt
tattgocten
aacatagakta
cacctggett
atcgatektk
ttktocecate
caagkcckak
tgootacakbg
ccakgggtoe
tte=ttgggga
ctokcaacke
gtectagoct
tatatagact
taz<aazaca
tgtgaacktee
atktockoeoos
tgcagageea
gtatttggeckt
cbkcochaggy
tgcbgacagt
tttaagaaag
taaagagkte
ckckgtgana
tgeacagtgt
agatattttk
aactaattet
tazackttac

ctttiegtgge
gatatgettt
tttatgbkekt
ttkttaaaga
akcagagaty
taaggeckgy
gattgettga
caaazasata
gaggchgazag
ggugoeacky
agaaactcaa
atetgtaget

ttctttetea
tgtttctgag
cggggttlkgc
goacagutca
gttetatoco
ttacttittg
ttgaaacaac
gcagagetat
tttgaggcoca
tgtgaceact
ttgtgattac
cattgbcoea
agataackta
cktgcktbgeca
tgottbtggek
cctgbaaktoe
tgecbetiekt
gecaktttcget
cktttgeeckt
agtceaktaa
agkgtgaaaa
gtittteackt
ateckgettit
tgatcagact
ataasacaqgec
teacecaacta
ctgtattkck
taggggtcag
tcocbcagtic
tatetcaaga
agtkggeact
ccaatckbgoa
ggakacctca
tttackgaay
aaacaaasat
tcoccaggooc
ttctgetche
ggktgbectea
gaacagaaak
cageattgga
ageckgataag
tttacaasatt
catoccagga
aatkbocatgtke
Ektbgktecke
ckacakkttc
aaakazaakta

ttygtgttgg

acaaggabag
gockgaagaga
tggtgttete
ttkEEbtoce
tbkgactocoo
tgocagtageh
gtccaggaat
caaaaaaakt
Egggaggakes
cactctagoe
ggctactatt
ataattttia
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tataacatca
ttactigaat
aaatbktggte
agaattgaaa
cagaacktaktt
tttaaaaack
attacaatgt
ttgettecea
actgtgggak
tttttckcte
taaactgtgt
gaggtcagta
Zaanaagaag
aggctggaat
gaagcgatce
ccageoktatt
gactggtabke
tattacagge
cacacacagg
tctaaggaat
getcottaka
ttoctagaact
attaataakt
tatttagggg
tttgtcaaat
gkcaggaagt
ttocktgtgaa
gocetgygaa
agacaaacta
ttctgttgea
cttottoott
actgeecktg
tcococatiggt
ttctgtgaka
gebggeotett
ccteetktet
asataktktaka
toetactegac
gaattctita
aaatoccacca
ttkectckeca
aatttaaaca
atkectocaca
tgctkaazaac
tgaccttcaa
cckgggacce
atagaccaag
aacckaataa
gggaagetck
cagtgaagty
ctatagekgg
atmattatkeo

tttgagkttkt
tgotagaage
cctgagatha
atatcatago
tagteatitg
tgtatgtgtg
tttgakgttt
tatttatcta

aagtttaact
tgcteacagy
tgecbctigac
tggacatage
aatatatakt
teatatttta
gttactetga
caatgtgeak
caaaatekga
tttcactaag
cctectaaan
aggtggtgta
aatttatttt
geagtgakac
tottaceckea
aattaktatt
aaactoctgg
atgagccackt
gagaatgceca
gocaazngakt
gococcteagaa
gkgagataac
tottaactes
gaaatttbtet
aaaccattco
caaattgacg
tgyaactgaat
gactgyggca
aacageaagc
taaatagatt
tcatbcttcoa
ccaagggkct
agoaktitgge
cecatactece
ccktgotokat
tbktctgtite
tataggekga
gtectgtatet
ttoeooatgea
gaagtctaca
tekgoattes
gockobatot
tagtatccag
teftetatyga
ggcectotgt
ccattootta
getttttetg
catggtakaa
tkttgbggeoa
gagtecggeca
tgggtggace
cttggaaaga

atacocattc
tgcttbgeat
coeckttgott
ttkkattteca
cattteaket
egagtgtgig
taagttacac
ggtaccatgt

ttctaatatky
tekcagtaag
tatgeoagtgg
atctitaact
ttatatttat
cazaazgcaa
atbtccaget
cobacagtio
ccaaatacea
aagaggaaag
coeooagkac
ttggtcaact
tatttatttk
catecacaack
gockohgaak
atttetinth
actceagtgg
acgccbggoa
tgtgaacaag
gocageaack
ggaatcagte
acatttckaa
ctgatetkatt
tactacagga
tttktaaatge
tttaccaatg
gtttatgaak
geaccgacte
zddacaazakc
tttttataca
acgttitoca
gagacteocat
actgttaace
cgggtcttoa
ctgttetttka
tactgketec
tgaattttot
gtaaatgkca
accaagocktt
agtecagocct
tgctackata
aatcackett
aaatatekgt
attectattg
aaccatgtcc
ctcactgotlh
tgtcaggaca
ggaaagacat
gggaagktgg
ggtggaggat
tgoagcatka
gagatatggte

tgaggagaat
gcaaaatast
ttttaaaaan
gacckittet
ttaggatktkt
tgtatttcta
ckitetaktt
aaaattgbga

154

acctgagtag
ttaatacata
azaattbataa
ctatgagage
tataktttat
ttackataaa
acatgaaktaa
tbggacocac
tgaagctaaa
gotgtttotg
tccagaakgt
gotatatiee
ttttcmagac
tgactcacty
agetggaact
gytagaggcsa
ttctoctges
caaggyasaaa
aaggtagaga
coctagaaga
ctoocaacac
agccacceec
tckaaactaa
agaccgttgg
caaatakcca
agktettgtgg
gtogaccaga
ccacaakbceg
ckekitggac
aactatectatk
atctggecttk
goccagcaaca
atttgctock
ccakbatekta
tttgtEgktc
ctgogckgte
gagkbccagya
tkgtatettg
tgtttotkec
tattoctote
goccaggeka
ctgooockct
atataktgaaa
cacttagatt
ctgectocet
tocateatac
ttttecacate
agktazakca
gatgcbetbkee
ttetaateta
aagagtcecte
aaaattektt

tgatttagta
aagtgaazat
ataatgoaac
tkkgtgakea
tagaaatattt
acttaatatt
ataacaaaat
ttcatcagka

ctatttitatg
aaakattaaa
catttteottt
ttateaactc
gaazakaaca
ttatecagtck
tetaggghkac
agaagtcadgac
gatatcgooco
tktaagkgea
gacettatkt
aztacgacky
aaggkckocayg
cacccttgae
asaggtgecac
gggtctecact
ttggoectece
tttacacaca
teoagkgkeat
tageggacag
Ektgatettyg
tkttgotaaaa
aatatggtgg
tceskattaa
tckggazaag
ticttetktgg
tecagaaatc
tEtccaccaat
tecacakgkt
acacactcig
atcocctggea
tttoocecte
tgotyggaatg
ctkgaacatte
cttktgagcht
tocakteocaate
cttttatate
tazacaacat
aacactttat
ttecoctaatk
ccatcattta
tgocttecoe
ataggatcak
aaaatccaga
ctetactigt
ratbggoktg
ticettetgt
tattgtggac
tggtccagtec
tacatgtgta
ataagggtga
ccactkazaac

acatakaggt
gaattgtatt
ttttazatat
tattcteatg
ckatcteatt
aacatetgga
gcataaaktea

tgtaagtacc

tgttetgtta
tgcagatktca
catacaceck
cktegttaca
tatacatata
caaaataaag
ckgeaaagtlh
ckgkataaga
acaaaagkgg
tcgtgggggt
ggaagtaagk
gtgtecktat
tEctgkcacce
ckccbgggok
gkcaccacac
attttgoeca
aaagtgotkg
gagacagaca
gkgtctataa
gtetggggea
gactgctagg
tgaagacttt
gaaaacackt
ttaacatatt
atacttctgk
aagaackgtc
agaaacgaat
traccchacy
coococctetg
cocgettockE
ttcaattgaa
atcktactec
cetebeckgge
ctobgtetlt
tgoccgtaggt
tecatggatkt
cascktaccka
ctitccasack
catcEcagka
ttaccateoca
atakggaack
tcecteakta
ttaattctce
cotatkctag
agaacageat
aatktcttga
canaaatgkbt
tgggecackt
attbggggtt
tggactgaaa
Ettcatgroag
catbtgattcec

gaaaaagaca
aattgatgte
gtaktttoca
tockaaactkt
tgttttagtkg
aaagcakgag
taccataast
actbtttgaa
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aaagetatkta
atttacectea
agcatgeacc
anaatktigs
tagtttacca
gaccctgtat
tactcttgga
cacacacatg
Lattazatcta
tetatkkakk
catagttegg
attgaattga
agatocaaca
atggttaata
agagagcaga
taatactsag
atacggtcag
ckatgetasat
taagggocaa
cacattacca
cagtaaccag
ctatgttaas
aatggagget
ttggocacat
ckatatagkt
gbttttbckte
toockatbtk
gacktecett
tcacattcac
actataacag
ctggaggctyg
cctectogkt
geactetotg
tgacctaatt
tectaacakat
tgatktgagg
taaactatia
tatgeecctgl
cacggeagit
attcasaagc
gggatbktgac
ggaagctagg
gtgoaaaagt

gaacctteat
ttagatbtet
gtteattttt
gactatibti
aagtgkgtaa
tttbaccatit
atatctaaat
gttgaattce
ttgataaaag
gqagtbattat
tcaaatbgot
ttataatecat
ctocakbtgt

cotackoatt
caattatacc
tgttataatt
ctttgoeate

tataccateo
tktazatittg
agttgaagac
cttatgtaac
agttatatct
ggaaaagact
gactgagtgt
cagatgaace
tatatazaaak
attcotbagh
ttgggaccic
agatecgackk
ctcatggaaa
taccatgcag
toagaaagea
tgttagggaaa
acagaatgac
tgcatctagta
ttogtaagtyg
taatattatc
akactetgge
tggtazagtt
goecktkakbEt
Ltgocagacac
ctgaccacat
ceckteocktet
tttgaaaata
gkttiggtage
agtectaaggct
aataccatkag
ggaagtocaa
cgtggatagc
gagtetattt
gectoozaaa
aastcttagg
aataggaate
gagattaakt
gataggtaak
ttagttascg
asaaktakcket
ttecaatctaa
arcactggatg
ggtgagggty
ttatttgeca
gagtcactga
ragataatcht
ttgactgtit
gatcactata
ttaakcacaa
aaktcaagag
gtgactttag
cacaaktgtt
cectatbghat
tatttceoecek
ggtazagatc
cacattocoac

cattttette
ataaagatgt
tagetettta
agtgcacctc

ttaaactkag
tettatttaa
atcasagata
agaaaagatog
atcteotoctat
gytcaatect
atttteagtc
raaktttcatg
atgaaagbtg
cttookttig
tggtaataga
tgaccteatt
cactcaaagg
cttkgtagat
ggatkttttat
aktacttagga
actgoaaack
ccagteacak
agaaggtaag
acagaakgga
taktgttgtt
aggaggaata
aggaacaaga
aggaaatage
ctgaaaactk
ctektatkboe
atkttaktygk
takgagtttg
gyacctbtga
attgggtgac
gatcasggbg
catectcica
ttazagggca
ggccctacck
gggacacaaa
ccototagac
ttbetattea
aaanaataaaas
caatagtago
tggagtaaat
gaggaaggct
agaggaastg
acttgsagac
tttktkgece
aaaktcacckt
gktatggett
acatattaat
ctaacagatk
aaatatatge
ataaagaaat
atcattgaat
tgcaattata
tatttitagag
gaactatggg
agtagcaaac
sazacctooo

amacctgect
ttttteatge
ttttttteaa
tetgaacckg
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cockackbag
gotaagatta
ctatggaaag
tazaatatac
atttatgkt:
ackiageakt
tktacazatg
tctaacagca
ctittcaata
atgamctaca
acagatcaas
agcacaatga
anaaactcat
gaaagattas
ctttagroatat
agcagggcta
gtegtaatea
aatgagaatg
aaaacecctge
aataaatagec
tgacatggakt
ggatttoeaa
tacaagtgta
atgagtyeag
gketttecte
ckgkttoett
tgaaticttt
tattaakgat
gtaagktgte
ttaaagzaca
tobgeagakt
ckatgtecks
ctaatcoceac
tcagotakeca
catgecagbecs
tgcaggkace
gtiaatattt
Letgeoaaaaa
ageaaktatc
atcaagackt
ctgtagaage
ctatbbtgot
cbtgatctaca
attakttatkg
cagbtgtect
tteatttkch
geakatitte
tgagttagag
tactttgaat
aaatagaata
attttgatat
tgotiatiat
cocageacaa
ataggtaake
ckttacaatg
cttecktete

cttttittet
tcattggttc
coagaaatkt
cectgectay

ctgacakaat
aaaggaatta
catgaagooa
cagtgaataa
ggagtikttge
aatcckttge
atgaactatt
tataktcatt
gaatgatgga
cckattcack
gttaattgga
tatagtcage
ttcazaggga
aaaagaatta
atttgactea
atkecatcakg
ctetacaage
geeaatgeota
agaggcakak
aagccaacck
atttaactte
ageaacatgo
tagzagkckg
agtcatcaaa
tLttaaagaca
ccbktocaagac
ckooaatata
aktgetactgg
Egtettaate
aacatkbkatt
tagtgtctgg
acatggtaga
teatgagbge
tecacattggy
atagcaghkgt
cckgactgtt
aktaaatggec
acaaagkbata
tttbggackt
tagccattaa
agchtttgac
tamagoackg
tactgagaaa
tttagttgag
gtttkagkca
aatgkbetgck
aazaactata
tttgoasaat
attkacktct
gaatazataa
aaaacaatgt
tttgaktata
ttkgktactac
tazakazath
ttcaaatkca
totgactkta

ctcagttgac
atktecateca
gcaagotett
agtteagcte

ttgacaacac
gkakttttctg
ggctgeaatt
taaaggaatag
cocktatbgat
acggggagac
gaatagatca
ttattkecata
tggctgatga
actcaqgacaa
ctacatggge
taaggttgka
agttggatgt
tagaactatc
gtttcocaac
gtattagaag
atcattgaaz
tgeagtggat
ttaagttatg
tttckgaatg
agceazaaaga
Lataggggat
tggagtgtat
tggeaatket
guyaaactktca
atgttattea
totkgacetk
Eaacaatggt
agttbgggck
tobcacagtt
taggogoccs
aggaaggaga
ttbkgocteoca
gggatitagat
cggktcagea
tacctazaat
tattgeatge
gtetttgtgt
ctaggetooe
cgotttagag
ttaggecacth
atktgcggyg
taagaagcta
gatgtgaaaa
ttaacakitgt
tcocaazakt
atttkatckt
ttttagekta
ttttataceca
tagcazakat
tttktkttag
tihatettaak
gkccagotaa
cacttagaka
aggoctbcat
ttgggactoa

tatgtbtbgt
tetetgacac
caagbactic
tgataataat
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actkecceace
coktgggtty
tteocactata
ttacecctcta
gacectktaat
tocagoagaa
ttatttcaga
aggtgaggge
gktgctcecatg
ckttegoagk
teetkbtetge
tacckttaag
aatattggtyg
gttgtattat
aagagagaac
ttaaccattg
teaagttgaa
gttgagitibtt
ttetottggt
ctagaataaa
gtgktaatat
tttcotgtet
atgagttagg
accaktteott
tictgokitg
agatgattta
atttcaccte
cktttaatgt
thgggtitie
cektkeaaag
tttgatttct
ttatttktce
aakaacacta
gaagtcagoa
tasacktagtyg
cttgtgecat
aaabcaacat
cocatgtagg
asatgaaaat
ggtatttbgg
ttctacacea
agggtaagea
gtaagaagac
gktecacaga
atgtzaatga
tatgatktckg
cataggcagt
aggggcatag
atgaaaatta
ttatgatite
ttgtaagtte
tetatbkttee
attbtecagaat
goootaactg
taagtagttg
acckoataag
agtkttazaa
cocteatbgat
atacagaaat
tggcoktgatg

tgaazagekt
tekttatgga
agtteocaatt
agaatttakt
gktotgaces
ggcaatttec
gtagctgaag
atattatget
ttgecagttea
Egtcacagca
ctggastbga
teogatagama
agoactakta
tteattgggt
atcekttttg
sataktgatat
gaagoctocota
gtcaaacttt
gagatggaktt
ttoccacatag
tttattgagy
tgtaatatet
acotgttooo
cockaaatat
gaaggtaatt
ttteecettg
ggttatcaza
gtatgggatc
chtebtttttt
aactagottt
goctetaaktk
agehtectaa
ttaattteta
tktgtgattk
tbktcoaaac
ttatgataat
ttitagaatg
aatcttgaaa
attactbggo
aaatcagtga
gagattttaa
ttaztagaac
atgaatltaa
atktttgtby
gatasattac
cacagatatg
tttttktaag
gtagagtkac
gtggagaaza
cttzaataecg
taccigokak
aagigttcak
tgcatacaaa
attaagtget
gagtaagagy
aktesaaaatil
agagatacat
ataatgaagt
gtotgeatic
taakagtaka

teaggggete
ctfcaacaat
ctecataktte
cocatgabtt
aktcotbgta
cktkteotetc
chgttetgtt
gtggtaacea
actttgaagg
gaaggagcta
tacacatcke
agtgtaaaac
attttttect
aggacittcea
tcktgttcet
taactgtggg
tctaatkceta
tttactacat
agattagetka
toatgataka
attktcacat
tigkchagkk
tetgttttta
ttggtagaat
aattattgak
tgtgagkttt
tktgtaggee
tatagtgaat
tettgcttag
tatttteatk
ttatttikty
gatatettag
tcatamtats
etbcttcact
ctocagbcatt
acttaactaa
ggatttttaz
aatatatatt
tactakctga
aacaaataca
acktbttact
ggttacetta
atgooctgtt
grtagaaagaa
aattatgttt
cctgtatcta
caacaktktgt
taaatatcaa
aatttagggk
aaaaaccaat
tttgotaagt
tttttgeteo
caacatgatk
ttatccetta
tzesagtaaat
attttagtta
tecaggagatt
cactocttbgg
tgaagtgtaz
gaatctagac
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tetekattge
ccagckbacaa
ftacacaccas
cktetatetg
aaaccaccke
tocckaktakt
agttaaatgt
aaasactoccac
chkgettbktga
catggqgaate
tteocacteata
citbgaakgh
teceaatctg
atazaatatt
gatctiagyy
ckittgeaga
gtttgckgag
ttacggakat
atktctgeat
taattcattt
ctgtgtteat
Ltggtatitg
ttttecaggaa
ttaccagtga
tcazatttaaa
cacagactgt
tacagttatt
gkteteoackt
ttggtctygga
tgtktkoteg
tettoigett
akttattgakt
tgtgaaaact
gtattEbtet
cecagtcoak
ttcttaaaaa
tacaactata
aaacktectata
agtecoctckta
aatgaaagag
ttattttett
atgtgaaggg
tttctaccteo
tcaatgakgk
tazaatigte
coctittata
goazctithtt
zaaacaagat
aaggactgtt
tektbgeggg
caaaccaata
tEktttketig
caccakttokt
actgaaggat
tagecaaatac
magktecttg
atttzabaca
gctagatgts
acaaaggagh
atggataaka

ctacagaaka
tttacattte
teccatbttet
attgocoockt
ccaagaaagt
tcatazatta
atccagacat
caasabcttaa
cacctctatc
acacaccags
tttecakbgge
gcagazaaga
tatacettgt
gyctaagagt
ggazagcaac
ttctctaaaa
aatttatate
gatecatakga
gttgaaccag
tgtacattgt
gagagatatt
ggtaatgctg
tagattatag
aaceatoaga
acacasatak
gtctbtoaag
cataatakte
tcatbcctgg
ggtttatcaa
aattttttLL
accttggakc
ttagatattt
atcgtagact
aggtcaaaga
cttcacatkt
ggaatcactt

aatggaaatc’

aaaktatkbtac
aataccagag
gatacaaakg
ggggttaaat
azaszaatalt
cktgctgeat
togetbgatt
tagttttatg
atgtagtatt
tttgaaakod
tcatestiaga
goecbaggaat
tgttecarcagt
tagtettatt
ceagaatktk
tggtaccata
tgacttckga
ttcatgagco
aaatatbtitt
gaagcattgg
agkcactgta
aaatazatik
gakgcaactc

aagtotcoaga
caatgttatc
accatgtakt
coccattetet
tktcctaces
fgazataatk
gktattaatkt
tggcttaget
teaagaaakg
tetktaagtge
caaagoaage
gagaaccaga
ctttoetita
ggtaagagak
EakbiEtEttt
agaaaaaaac
ataaacggat
LEttaakttta
ccktgratac
tbgatteank
gacakatagt
atetbataga
ggaatetgtt
atctggigek
aggectatth
gaatbggbet
cttecattate
tattagtaak
tttcakttgeck
gaazaaktEe
taattbtgtte
cttectkbikct
gtacattttk
gaagceaccea
titgecatagt
ttaaaaaack
aggatctett
tgaaaatatg
ttatettkgk
tatgocaaay
ataggaactt
tagatttata
gagacagasas
atattgtcag
ggaagaggat
caaaghtgtay
gtactitgace
gatcttttta
atatttatkt
tggagaatgg
caboockttt
ctaaagagkt
taagcaaaaa
gecaccatac
aaatgggagt
ctaagaatea
aagaktttgt
gtkettgagg
attttttaca
agtcaacalg
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£B5B0
&H640
LB700
58760
o8B20
&808430
68940
63000
630a0
&9120
69180
63240
€9300
€92260
69420
69440
69540
G960
=10
69720
€780
G40
63800
£9960
FO020
TO0G0
70140
FD200
F0250
J0320
70380
F0440
Fos500
70560
70620
FOEG0
FO740
TOROD
FOBE0
70920
70380
71040
71100
711e0
71220
71280
71340
71400
71460
71520
71580
71640
71700
71760
71820
71B80
71840
72000
72060



gataagoaaa
taztgaggaa
tcaatgggag
aaaaatecctt
gocatggage
agcacaatet
tactkgtata
ctgtggtatt
goottttike
ggocttectt
ggtctgetta
tgtgactggg
tgktactagt
agcaaagaaa
attcaacatt
aaagaaactt
ctgatggeca
titeagggec
agetakttazsc
tasgaacata
agctaaatga
cttobtttEt
tgckttcigE
ctaagetege
atttgggega
Ecctgakgaq
ataatkcaag
tatctaaaag
gctietgaag
geategtgtt
caatttteat
gaaaagtgat
agakteatct
tgaaatacta
caaattbtcic
ttttgkatta
tcaagattag
tkateatigh
tcokttckaa
aktgtgatggg
mazattaaaa
tgtatgactt
taatecagogt
caagkctgta
azccktteat
tetatgeoooeo
ctatttgragt
atgaazcata
taatctiaat
actgaggtic
ttggagttitc
tttggktaat
tatacattat
taagaatata
gactgtgact
ggocctaaagt
gaatatgack
ttggtttkta
tccagaagag
gataasaagt
tataactita

gttcttaaaa
tgggagccag
ttbgokitacg
aaactcktte
tttctgaacc
aatcagagkt
teactaktag
tasta=zakca
tteatttbtt
ctcatageac
atckagtoroe
cckgetttgt
agkttaactk
agtakbttttt
ttatgttiga
tggcazatgc
gaactigtia
gtazacgeic
aggcatcaaa
cgoagactcg
gtttggectga
ctgtttttia
ttttocatac
cccaageagh
teoagagoaac
attecacatc
ctgaaagaac
atttaaagat
catogtgate
ttygggggoeg
ctaggtgate
tgaaatacat
ttkthtatge
gctakgktgh
atctataggg
aactaattaa
toatgttaaa
aatbckttict
toecaatkat
gaagaazacy
ccagtgttag
ttaaagcatg
gtoaatgete
ggactazagltg
geatgigata
cattagagat
ctttagetta
attatagatg
attcteaget
agagtgakta
tactigaaag
ggtgggagag
Laaktttack
ttktgtetet
caccaaaaat
tkaggttgta
caattttete
aacaagcgag
atgktectig
ctggtggget
cagtettith

ctacgotika
ctcocigtgat
tasgggetgo
aacattaata
tagcaagtag
caatgagazg
acatctttat
agtitecatg
ttteockcagg
taaaagtgag
agtgtgaaac
gchagattag
cakttzataat
tttttttttg
tgttatattt
ttgrcanzsaza
aacatagtag
cktetgagte
ataggggagt
cataggagtg
attazacaca
agebtgotiia
tattgakatk
gykcacttac
agctggggag
caacatctlkt
azrgctitbgat
attickgtka
tacaagaaca
gagttgtatt
aagattbecatt
takggagaty
ctgtgottat
agaaattaaa
gaatttttgt
acggacagat
aatocactiit
gkatktttackt
tatttkitke
tagacctgat
azaaktaaaca
aaggtttage
coaazggaaa
gtacaaatat
aaggkeatet
agegagtgak
cactttaata
tbkgttttatt
ctgaagtagy
aaggacttte
tttagtacte
gazacagtaa
tgtasttkga
gttagaggga
akkaaaggga
actectacaga
ckootibglkt
aaakttagaa
ctggtgaata
gacagatatt
cootitattt
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aatgaacaca
attkatgcaa
saactitage
ttocckgtaa
aagggtaaarc
caatattata
gtagtccatt
gcoghkgagac
tgoaattctg
ataatcecty
tgttgacatt
gracaaatet
gtatgaagaa
cttcteccaa
tacaattcaa
cacacotite
gaaakttaaat
attcocaata
gctaaatkaa
cagakbgakeg
aakgtteocaa
cagacgaaza
tgtggaaagt
aagtactttt
actttttcaa
tgtaaktatyg
cotibetbaa
caagatckag
atakcaagtk
taatgaagak
tteckbgbtot
tgtcatbgeca
taagtbgtgk
aaataaagte
geaazatakt
tgaacotaacs
acttgtttat
cktacattat
ckgagactaa
tttaattttg
ttctbcaaak
tgekagtbhtgg
atagokbtgat
tazaactatt
ggaagatcat
cocoagtgeka
gkgtittoca
tecattiaggh
tateaktatt
acaggtatga
tttckgekgk
gkaatacagc
taataabttt
gttggctgaa
acagagktaga
tatkataktica
aggtthagtt
tattgaaaas
tgaczaagge
agatkttbac
aaaatagaca

tatcektitga
ctactaaatt
ctoccagagat
ggaatccagc
agkagacacc
tttgatetet
atocazacaa
tgagtgagag
tgbktzatata
tgtaagaaat
tgkictittt
cckatgeoage
aatgtaskbee
atccetttggs
cttocatagt
acaattttaa
akttakteat
acaagaattt
gatgagatty
ttkckgattg
aagataagco
tggaactata
cacaaazatgg
gtactectgta
caaagatgag
tcacattcag
accttbooct
tgtttecteoa
tgoocaaacac
atcaataata
gtcaktcoaaa
cakakazage
ttiaatagaa
atocaagatac
tatattttac
acaagattet
agtaatcata
tktttbEtott
attcgkraca
acktgaagaa
ttaatttkta
tttaktgage
ttggtagaaa
tktgeocaaa
chtkcocaca
aatagaacat
ttaaaaktat
ctttaaatgg
ackattttgt
gacaakgctg
actatggbtt
cactoazaac
taaazatcta
gkagatggaa
catttoegkg
aagggtttga
aktkckgatg
cctgacecact
cagkacacat
cocggtacces
ttttgtcatg

gcaagackaa
ckcactgaag
taaaggggaa
catgacckaa
agtkakttka
aaggtattaa
tggcbtaagt
tggggatgaa
agagaagtgt
cagbaagtac
tetateatta
acatttggca
atgacaagga
atgagtaatt
gatatkttaaa
atgtgattta
cttatttcat
cfbaccagkaa
tagaagoaan
agatgtktat
gkagctggig
tktggaacaa
cctaaggaag
ctcockgteoac
tgtcagataa
ctgtaatgga
gtggactage
gagaagkcat
atttctgaaa
tgciatgekbk
taggroagaca
atctgbgkge
actgacctag
tagecaagitc
ttttattagg
tgeoalaatca
tttcteooaag
catttebbtt
acaggadaga
aattaktkact
aaagtgaake
caagazaaga
tgazaagagg
ccagtgaagk
gaacatttco
gcbctaacct
gtatttgkaa
at:gtotgatt
agatgagaaa
ggacktgaaaa
ettbttetga
tatttkktie
aacttattgt
atbgtackct
cttgccttta
atattcmatt
aaacgacaag
atcactgtcc
thecocaaas
cktocaccgka
cotatecattt
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73140
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acatatkaga
gygaaaticta
taacceoatst

attceocttat
camagaktakt
aaaasattag
cazaaacacc
tgcagobgtg
taaacgkgge
catatattta
tgtggegact
tatktatata
ttktaagggg
atagtattat
tticacgtat
tctgtaaata
akctackgac
acagackhtt
tttecaatesa
agtggttagg
gckacgbgge
atactacktta
gcttagkgeeo
agttggaatt
tgetcaacta
attktaatgtg
ggcaagckag
goctaaacag
tgaacaccct
ccackeckca
agaggagaat
tgbkttgattk
caagaaakat
tgatkgktttg
gagebtagaaa
atcaggagct
gtaaggagka
gtygctictac
agqoaagtgat
actgtatgeo
aatcketeoco
tgtktagcaaa
gagagttatg
gaztagogac
tagacaaaag
gaakggcaag
atgkgtgtac
aggggtatga
gotgtgtaca
gegkgtaaat
tgeetgktga
gaaatgackta
tgatetatag
gaaactttay
taagtagtat
acckttagaa
caacatgtza
attagaatgt
gaaaaakkta
tgatgckaty

aktgaacaca
ggtcbctaac
tatgbgtite

tggocagtatk
thggggagas
aakcttetgt
catttiekte
gttttgaggs
tgtagaazaa
aagatgeatt
gtotagaaaa
gaacacacac
tatgttaaas
aattoctcogt
aktteeccaca
ttccaktakak
acacetygoe
cacatttatg
caagagokbaa
agtataggck
tgggggeaca
gatcatacoa
tggtatgkag
tgaacccagg
gcgtggtgac
tacttattaa
tgactggaat
gtggtkbckga
gigggcegag
tamagaacaa
tgttattctg
gtgcteatga
ttltagtetay
craaaatgtt
atttagcaga
gagggacatka
atagetgaag
actttaaaktt
gazagtkbaat
atgkackttt
ctoatggata
aaatgetaag
aaakgttaga
ctgaaggaag
tgacagoagqg
gaggcebeckg
geatogbgge
gcagagcaga
gaacagaqgygy
tgttattgct
atgaattgac
cataaaaztg
egagctgact
gattaaattt
tttttasaza
tattaazcaa
atgtacgkak
agttttetct
aamacatkbtc
cettgaatak

taggtecacat
attacctaat
gggtttttat

tacctagtat
agtcokotgt
tkattgoagt
attttagtca
caatttecaac
teackgtcokt
tcakbtcatgy
ataagtctct
acttttkgkg
acatatbtba
gagetocatta
thactgaakt
atetotaaaa
tkattaatca
gaacagkecat
taaagttaat
tgaaanacta
ttaateagoc
ttetgagtge
gatgghcttt
tctgactgat
aacactggca
gagtceacte
tetktagthg
aggkgagcag
gggtectgatg
gttgoccagga
aqcoatgtct
thacagetet
attttgotce
gtggattaaa
ttgggocaaa
taaaagacte
caggagactt
tttccacgat
tcotbketktek
gaaagcackg
acatgaggag
aagaaaaata
taaggeogac
tyaggggaca
tgtaazgace
tgcocagagtg
cttgggggee
ggegtgatet
ataatttgga
aaktttacaa
aaggagattc
attaactctg
caagoggaasa
ttatttigga
acceacataa
atctakttat
gocagttatt
attgttactk
ttatagtagg
atagtatatk
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teckaacasa
tektggoags
aagazaataa

tEkcttgatsa
attttatace
tgactaggtt
ceatataaat
atagctaatg
atakkgeagt
gaagcacaat
gteagtgaca
ttatgtatac
testitocaa
tttaacctea
acktttaagec
gtaagagtgc
tagttgttea
tacatttttg
tecoktbckt
gaagtczagg
tcaattteck
tgtatgattt
gtaaatgtga
cocagaagock
graccocayge
ctigatagee
tggcaateac
agcocageatg
ggagaazatg
gocageatte
tagatgcoccac
tgtgtckteoo
BagCagasca

.Aaaasagagc

gactgtacaa
ctkgbocegk
ttgttgaate
tatacaagocc
atktaakttcaa
gggccatgge
gtagaaaata
aageagggea
agggaaqgeg
accatgoagg
cazaageaga
aggotasaadg

acagbgagga
tactgagackt
caaggegeck
ttacbgtagkt
atgazacatg
ctacacatgt
aattecttghk
tgeottaagtg
attgtggcta
tgoccocazaac
cacaatgazt
atagaaatac
tcktgbtttt
ctasscaaak

tEtcakcaage
caaazsaattc
gaaatgtgtg

tttttcoaat
tttaaaacaa
tteakgecktk
ccagggaagc
ghacggoaty
aactttttca
ggtiktataty
catgoacaca
acacagttilh
gtacaagaaa
ataactatea
dastcagaca
ttocttasat
gatgteakbca
gttackttata
agactcacas
cctteccttg
catecagtaan
atatatagaa
actaktittrt
gogaccttbe
ctggacacte
coazactttc
tggtcacaga
ggeakggaga
agacchEgaga
tgcaktegte
aagaatgagg
aacttecattt
cacacatcaa
aggaatgcag
ttattaagea
coocecogggh
tatgktatta
tgtectetet
caaacateta
aatgaacaaa
dacaagaaad
ggogggtbgy
ttcetgagaa
tgtekgagta
ctgtgatggo
gamatgaage
tgcbbgeath
gtattagaatk
gatatgtagt
cktbtacckgt
acacggtcac
cttockbttat
agtigkggte
tgtcaacttt
gggagatceg
atatttckta
aatacagecth
ttckgeagta
azaaattcotg
tattattgcoe

gagcottoct
ccacaataka
adttaaackth

tcagtattkt
gbtattgack
gtgtgtgagg
actctagaga
ttktackttt
tttagggage
gtttatktat
catacgtgta
ttttcagtta
agtagaataa
tgabtaccttyg
taataktttca
akgtaaasca
aatttaaazg
tattktttca
agtataaaalk
acttttatta
aatgggaaca
agtggectta
gaaaacktgg
cacagtgoea

tttaaagagt

catecatgatt
asacagctga
aaggctgage
aatgkcecct
ttaatetttk
ceggtetbtg
ttttkbacgk
gktttgagac
cattbtcace
cctaakacag
toctcackgtg
tkgatkgttta
gtgcttcaga
ttgacctctt
acagacaaaa
atataaagca
aaggttcaag
ggtgactLag
tgaatgtite
cacatiggaa
aagggagaga
aggctattgt
cacttetgtk
aaggcaazak
togcktgactg
ttattktack
tttgeagkga
tatctettga
asaktggcta
agtccagaat
acasataaaa
cgaatbaaat
tgteckagtg
gattagatag
aktaaaattt
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ctEttEtggt
ggtagetlbga
acgatatbga
tttatttect
agttggatte
atttgackct
tgtatectga
tggggtttte
ttcataattyg
acackatgtt
ggaatgetbe

ctetbattat
agggttgttg
ttbcbttggt
cttacctocc
ggatbecagtt
gtctaaaatt
ccbcataaaz
ggaatggtac
‘ctggackeokt
gtctatteag
atttatecat
tgakggtadgh
catcbakttyg
tattgateckt
tetetattte
aatgtgtttg
atctttectg
tgaatgtgte
toctttatite
gttkecakygk
cactgtggte
cttiacktcao
tatattekgk
gagoctaagtt
tkgacagtgg
ggtcacteag
ggatagttag
ckotittgat
cctitibtity
ghgtgtetet
ttatcceatt
ttaatattg
gktEagttgat
gtggetggta
caggcctggt
cttogektat
atgttgaata
gttagtctga
atktttbcet
ctogaggaat
gqetagattga
teckgockgh
catatttctt
cackttcaktk
cagctockga
agebecktta
tcaaagtbtt
gategtetga
gttgctggtg

tccatakgza
tggogttgge
ttettectac
tgagcagtgg
ctaggtattt
ckgtebgtta
gattkttgtig
tagatasaca
aataccettk
gtateggagt
caghttttge

tttgagatat
aattttgkea
tcbgtttata
aggtatgaag
taccagkatt
ctebtttttg
tgagitaggy
caatteckco
bttggttggt
agatteceackt
ttcktctaga
ttghkatkttet

attettotok

ttcaaaaaac
cttecagtich
ctobtgektt
ctttotottg
ccagagatke
tgootboakt
agttgagcgg
tgagagacag
aackatgbgy
tgatitgygy
caattectgg
ggtgttaaag
gacttgotlt
ckbotbckbtgt
ckbigttggt
ttttecattt
geacatgaga
ttocagtekg
tatgkgtgaa
geagtttett
ceggtbgtte
ggtgacaazna
gaagoitagk
ttggecccea
tgggekEoco
teattkcaac
atcktbghog
gqaaagttete
cackttecagg
ggaggetttg
cattecattte
ggcktctgea
agoacktete
caacttgttk
ageetbckte
aggaectgog

ckttanagta
attgastcta
ccakgagoak
tktgtagkte
tattectettt
ttggkgtata
aagttgecta
atcatgteoat
attteottcte
ggtgagagay
ccattcagta

gtcoceateaa
zaggectiet
ttetggatka
cocactbgat
ttattgagga
gtbtgtgtcke
aggatteecet
tEgaacctet
aagctattga
tktectggt
ttttctagtt
gtggggktegg
gtbktcktet
cageboechagy
tebetgatet
tetagtbcEt
tgggoaktta
tagtatgttg
teattatgta
ttttgagtga
ttbgtkbataa
teaatbtetgg
tggagagttc
gtakktecktgt
toctooeatta
atgaaackgg
tgaattgate
ttaaagtchg
getegataga
tgggtttect
tgtcktttaa
tgtgatectg
cctagockag
cttboratgt
tototeagea
ttoggokggak
ckctottote
tttgkgggta
tkitgatgaat
cattectekgt
ckggataata
tacecccaate
tttgtttett
atcittecate
ttcttcacak
tgtattggtk
goctbbggtt
tokcaactea
ttectitgga
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gkttttteca
taaattacct
ggaatgttch
tecttganga
gaagcazattg
agaatgcthg
tecagottaag
ctggaaacag
cctgoetgat
ggcatecockg
tgatatbgge

tacctaatktt
ctgcacctat
catttattga
catggtggag
tttttgeake
togeeooggett
ctitttetak
ggtagaatke
ttattgogac
ttagtettgg
taktkgtgta
tgagtgatatc
ttgEkagtek
atkecattaat
tagttattte
ttaatbgtga
gigctataaa
tgtetectgkil
cocagiaghe
gbikbettaat
tttetghtet
aataggktghkg
tgtagakgte
taactttctg
ttattgkbgtg
gtgetootgt
ccktbaccat
ttktatecaga
tektecteca
gaatacagcea
ttggagocatt
tegtbtbgak
atggtettta
ttagtgette
tittgcttate
atgazaktct
goettgtagayg
acctgacctt

ctgacaakia.

atkttectgaa
tectgoagay
agacgtagat
tttattektt
actgatacce
agttetegag
attctagkta
tgaattkeet
tcasaghcat
ggaggagagyg

atkckgkgaa

tgggcagtat
tecattbgkt

ggtcctteat’

tgaakaggag
tgakftbtgt
gagaktbktgg
gyacaatgkg
tgococtgges
tcktatgeeca
ktgtggatttg

attgagagtt
kgagaktaakc
tttgkgtaka
aagetitttg
aatgttcate
tggtatcagg
tgattggast
gagctgbgaat
aatttcacag
gagggtgtat
gaggtgtitg
coottitakca
tgekagtagk
ttttbgzagy
ttgoottetg
Egttagggtg
tttceatcka
ctecbigght
attecaggage
cotgagktot
ttbacaktlky
gtgtggtgct
tattaggtot
tcacgttgat
ggagtctaay
attgggtgea
tatgtaatgg
gactaggatt
tcektktakt
cackgatggy
tagbtecattt
gttggetggt
caaktbtggoa
cttcaggaght
tgtaaagtat
gggttgaaas
tttctgocaa
tocteotcbgge
tgtgtcttgg
tctgaatglkt
Tgttttccan
ttggtetttt
tttetetaaa
tktettecag
cottggetEt
tacatkcgke
cctgtagete
teobeegtoca
cgetetgekt

ggaagkcatt
ggcecattles
tgtateetet
ateccktgta
tkcacktecatg
acattgattt
gctgagagga
acttccketlh
agaacttcca
gktttcazag
tcatacatag

tttatcabga
atgoggetit
ttgaaccakte
atgtgectgel
aaggatattg
atggtgctag
agtkttagaa
ccakoctggtc
cctgtbattg
gtgkcgagga
tagtabtete
tkttttatkg
ckatcagtit
gtttttigtg
ctagcikiky
tocaatkttgy
cacacktgett
tcaaagaaca
aggttgthea
agtttgattg
ctgaggagkg
gaaaazdaatyg
gebiggtagca
ckgbtetantg
tctetttgka
tatatattta
coctbetttak
goaaccoctg
thgageotat
tetbkgactet
tcakttazag
tatttkgetec
tgattbtgea
tetbttagay
tttatttcte
tboctttagga
gagatectgek
tgecektaac
ggttgetet
ggectgeoett
cktggkteoca
cacatagtee
cttctetket
ttgategeat
cagateocatec
taaatbtttk
ggagtagktt
gokttgttoc
Ettagagtit

62580
23040
63100
B31&0
R3220
83280
63340
834400
B3460
A3520
83530

B3&40
83700
B3760
A3Be20
B3B80
B3940
A4Q00
040&0
84120
84180
84240
64300
84360
84420
84480
84540
84400
B46&0
E4720
84760
84940
44300
845960
85020
850480
65140
a5200
85260
85320
85380
85440
85500
85560
85620
85680
45740
85800
85600
85520
5580
86040
86100
BG1G0
88220
26280
B6340
BE44a0
BG460
BE520



coagattkie
tgatggtgat
tctaacagac
ceckgtttge
aakgotgotg
aggtgtcagt
tocagggacec
caaccackge
totctitkty
tcottgagel
caagocbggg
tcagactgok
gegggatata
gtaggagtga
aactocetga

cacggigoac
ccagtacchks
tgtagacecag
ctatzagcaa
gttkcttaty
atattgeaaa
agcbgtaagyy
tgttgatckg
caaatcagaot
tihgecataaqg
aztaagatet
aaaatttaaa
aataaataat
tatbgtgaaa
aaatatcagt
aatttaatas
aaattagcocc
ttcgtgbgta
aazaagatgga
cttgattagct
agttaacaga
toctggagaa
trkgtttatat
aatgggtgca
abtaagaaaka
agcaktaagas
gcaagaaaac
aatatltaaa
tzaktceotoco
astagccata
tgtgetgetg
cttktgbatt
gccaagtgaa
ctaaaastgt
aaagoeattt
atcctaceoea
cttaaattge
kecttettgg
ctatacttgt
gacakcackt
atggactagy
ceagtooctt
gaacaatcta
tettcoekicc
tgcocghagak

tgotcoghtt
gtacagatga
aggaccckca
ctgggtaaca
teotgategtk
ctgcococtac
tottgaggag
tcbekicasa
ttbgtcigtyg
gtgttggget
caatggtggy
gtgctageoaa
atgtcctgght
ceogakitbie
coocctbgege

tgoacccack
agatggaaak
agobgtteet
cocagttiak
ctatgtagig
aaggttgagt
ggcaagaggt
tcatatttkt
gttttggasat
ggagaaaata
gtaagatace
actgtactas
aatctttetg
ataccecgta
tataktktte
caataazaaag
aagaacagac
tgtgtaaata
ttattaggaa
aactaacage
agaazcagta
tgatitectag
chazactaat
totatatgtt
cktgcaaatt
taagecaatgt
acacaatgea
aatagttatg
atgkttcaget
aattagatta
aatacctgga
ggcatggatyg
ggtceasktt
tggataaact
cagakcaaaa
catttcagtg
atagzcaatt
gttttactat
gtagctgago
tmaatttasc
tacccactea
tockeatEtt
gagagaacktt
coocteoaatyg
gtgatcocett

ttteccceoatc
gattttggtg
getgocaggee
gotgocggtgy
cocbotggaag
tagggggtge
geagtotgos
gcibgbcagac
cectgoocon
ccaccoagtt
cegococtooe
teagtgagac
gogcbghttt
caggtgocat
ttoctgagkg

gacctgeace
gcagaaatca
attcggocat
gotattktgt
tetttgkbbca
tattttoctt
acatgggcoa
caagktbgage
tggtacacct
taattotckr
tacaatcaat
agataaataa
attagagaga
cktettgaat
gtgtackggg
tatacghkggg
agactyaccg
tatttaatkt
aatgtbggga
attcazaagt
gaagaaagcc
aactttcaaa
gatttctaat
caagataktta
aataaggaaa
acaaatattt
aaatecttaaa
taccakacta
atgoctaagca
taatagaaat
cbkbgggtggt
tEtgagggaz
ccaghagtac
ttamaaaaat
totataatte
tecckcacoo
aatataaate
agtggatigg
atggttgatg
gttatcaagc
cchkggatgac
caattbtage
cocaacacca
aaatatacak
ctecacchtth
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tetghggtit
tggatgtbcek
tgttggagkt
ckgeagaaca
tttkgtctea
ctocoagtka
tgttetecaga
agggacattt
agagakggag
caagetteockh
coagostoege
tccataggeg
ttaagceggt
ckgtcaccce
aqgcaabgoe

cactgtctag
cctgickiot
cttggebgek
tatagaaacc
gtaaaaacag
ctttcaghtay
goccgtaaagh
tactetaoca
gckagkgket
cakcaactag
gtaataaaga
taataatectt
catttcaktge
taatctataa
aagaataaktt
tgaatcttges
acazaakgga
acaataaaat
aaactggttt
agactctaga
tttgakecka
gaacaaactqg
taatgaatgg
atatcktaaaa
agacaacaak
taagaaacac
gacattagaz
gatttkEggat
ataatgkttig
cagtaggagy
ggcaagggaa
tgaamataaak
tgcttagaat
tcttaazakg
ctttatececa
coatgatake
actoccitgt
ctcaacttaa
caazacataa
aaacatackt
tatktecacaa
tgattgactt
tgtttgatca
gcttttatea
ccatgacath

tatctacttt
ttetgibtgt
kgctagaggt
goggatitit
gaggagtace
ggctgettag
totocagetg
aagkctgeag
cctabtagagy
ggoegoetitig
tgocacctig
taggaceccte
cggaasagoc
tttettbgac
tegeoctget

cactecoctag
geghtgotea
tooocgecaaa
tgaatagack
ttagogakgt
acatttggayg
ttgbttatte
ggycaacaktk
gkttctgaac
azaatataat
acacatbtat
tagtasactg
ttetggekag
atkcaatata
gtbeacasat
ktgctctate
ataaaasgig
gacackygcasa
accatatgeoa
tgtgacaagk
gagaatgatt
taaggeoaaat
aaaatgttaa
acggtaaata
cteocaacagas
azaataatge
bgoctgtgga
attgaagaca
aggyaazsanag
coghggoacs
tggagtgaty
daataaacak
catttgaack
taaacaactt
ctgtgackece
craattttoe
atatttectt
ttzaacoccaa
aacatacaac
totghecota
ckttocttiek
tttkbtaanat
bcagoattac
aaagecaako
tekcecageaa

taggkokttga
taghtttock
cecactbooaga
agctgaaccatg
cggecgbgtg
gggtcadggg
cgtgetggga
aggbtactge
caggcaggoc
tttacctaag
cagkttggte
tgagocatgt
cagbtattagg
taggaaacgg
toggotoaty

tgagatgaac
ctetgggage
ttbcbgtight
aagtgactea
cctgetaktkg
gtetatacaa
saatggagck
ctactgtatt
actgaatgag
Lcaaagktage
ttkatgtgga
tacgaaagga
aakgacttaa
atttcaatca
aakaaattta
azatattgag
raaagacaga
gtcaagggyy
gaaagataaa
aaaactatac
tctoagactt
gttgagtgaat
gagctaacaa
tcbagaakak
aaakacakaa
actttitktg
ggggazbttt
gaaabtgaatt
aacacatcet
tgtctagata
ggtcagcagg
gagttkttaaa
aatigtteaa
ggoaagacat
caatectactg
Ectbtgatta
gatbcottiy
gtttckecoce
cacattgaat
gtecatbcak
ttbcazaatt
gagacattta
attecctttac
cotetatthg
tkcteccoac

86560
86640
86700
BRTB0
BGR20
BEABO
BGE540
Bl ooD
27080
87120
87180
87240
87300
87360
87420

7480
B7540
BYeDO
87560
A7720
a77so
87840
87800
87260
8B020
88080
BE140
ae200
BB260
88320
BA3BO
BB440
e300
EBS60
BBG2D
88600
88740
SEBO0
jaBe0
84920
BH98Q
go040
g9100
galsl
B9220
BRZB0
A2340
89400
B24&80
p9520
89580
89640
82700
85760
89820
89840
BoSAD
aQooo
0060
5{)120



tgottottat
gotgetatet
ccagcacgat
gttetecackt
gooctoooch
Ettagkcttyg
catatgetbtt
bcttebatte
gaaagktaktooc
gatcocgtte
atttatateck
tgatagatta
c2aaclaaca
gechitgtet
attgecattgg
agttgktggge
thocktcita
gochoctete
tbgtecatga

gecetaagak
ceckcttoggg
gktagtggte
aacccatatt
gtttcraace
cagaktgatca
tootbagate
ttttgageat
ctggtgatat
ackggtactt
aaatitbace
tocogatctte
cacgtaacac
ttgetektae
cttagateat
cetetetgtg
ggaktgtatkt
caggotggea
aazaaatgtt
gtattataga
gteackttgt
attaagtigt
tgaaagetyge
LtetakttEL
catttgatea
accboceaag
cttgtgagty
tktetapaag
agggcagaag
gttagtgatk
tecctbctit
cocaatttte
gacatttate
gasaattecag
thoetboath
ttaggetbtk
aaacakagat
tttaaaagag
gkteeteceac
tggctggaag
aqocatgoaa

gacateaatt
cttccatakg
tEtkgteecos
ccattoetca
atggtotcca
scccakeoagt
cttttggckt
ctetgkotte
tagagkgktt
teatetgakt
tcocgoboaat
ttttasacte
tatzaaaagt
aatatkttgac
aaakttcagkt
cocpaabtgeaa
cgggtectte
tcagatgtge
aatgckbetat

atcacgtggt
ctggaaggta
acagggatgg
aagttggtgg
acctgigeat
gatteoaatgg
atcatttcaa
tgagtekigt
togcctageeca
chkgacttcte
cagageocteoe
egttitocaga
tkaaaagoak
ttgaktgggtg
tcatttagaa
cockocagltte
gaagakbcag
ceattgoaag
tatgkagecae
taaatatcta
ataakctkea
tagoccagaay
gtggtaaaaa
ceatgcagag
egaktaaaatt
atttcticaa
gttEtttceoc
aataccctca
aagegttgat
ctEgttettc
sttgageace
ctggaaaata
aagkgcteaa
tggtgaaata
tacgtgttka
agtaakatga
atacatatet
cctEgteaga
ttagatctag
gtgagkctec
abaaccataa

tktcactita
aaacaataty
tttgocaacaa
cattetcoctet
aktggcctota
aacatttact
citaggacate
tteackggkt
tegttttttt
tbgaggoectt
ctetttecaa
aacatatkaa
ataacaatac
tattctoiga
tccatciatg
taaaaatgkg
ttctaateca
ttgatacecg
gtigocigcoa

gtgecaccrcaa
azcascagas
tgtagggagg
gaaggtggag
getecottght
ataatcktag
tatggtggot
gtgactgeat
aaaataagac
ttecktoctga
aggaktkgkg
acceagktag
gaattttgas
aacktgggea
gactgtgtgg
ttoctchkgaa
tgagktagta
ggtttagtaa
ttatackgkk
caaaltaaagt
caaakgttag
aaagatatek
acatattcas
tgagcageat
gaasttggacc
aagatccacc
agcaacatgt
cattagtgaa
tacatggcac
taaaccocke
tecbbecotEt
attggatgtk
ckecatcaatg
tttectiatk
tttgamsaagk
tgggagkece
gtatcataca
aktaaacttt
gaaccgagta
agatgacatc
gagasazagk
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ctogaagtatt
aacaagebtk
agececctlga
taacccatte
cttEgetaaa
tetgaktatk
acacactcck
ttttebtbil
ctocbthkbtte
gaataccatc
ttagckacth
aaacagaack
tackttggtk
ckettatace
taaagetcoa
gggcteckga
tggtgaacaqg
gattgggagt
geoctagagta

cactgaccck
tgtgagtetk
aggagyctgg
aaatggtagg
cccatcazac
cecaagktatk
geagagtact
tgattacgeck
tccatibtaak
ttgooeaatt
akgacttega
ttetgagkta
gacaactaga
agttattkaa
ttaagagtgt
aatgggaatg
catgchaaag
atgotaacta
ccatgeatac
gagacttgtk
ctattacaat
tggttatage
agaatatcoct
agetcktocaga
cococtatckeoa
caaggethbta
ctaacaagga
aaacetagaa
atggtagaac
tgttacktetg
cacakttgkeck
ttctggokta
goottetagt
atattigctt
abtetglitgaa
tgaccteatg
ctgacattge
gtttttcage
agoacigyeca
cgggatctag
kaattgaggt

ckccttbage
tckcgaaaca
aggagttgtc
taatcagtta
gactagttet
gakttgtbtcaa
tetococtoot
tckcgtatat
tttgtactca
tgkatgttta
gataktttta
tcbgaaacet
gatgacaact
cracatccca
tgktgatckg
tagygaaggg
atgacectoc
ggtaagaggc
gagaatcact

ctcbgtgett
kocttgocga
acagggccka
aggaggetak
ttcacttaaa
taacttotet
aaattgoaaa
cccatgaage
gattgootet
ggcabcbCEL
agaaggktby
gygatggtct
ceagagktta
cotogekaay
atgotgtagg
ataatacktac
tacttggaaa
ttckatkcat
agttbtekeat
aaatgettag
tataaccaat
tottbgatgy
agktectatte
tgacaacttg
taaecctgoat
tgekttcata
aagagaccac
tttagtgkakt
aaacaattat
ckgeeatack
cttatecact
cactcocaaa
aatataatte
tatatgktita
tgeaaccttt
ggtatttaat
tttggtgkta
tactctgtac
gtatatgecaa
tgeocticatt

gatgagtgga

atacaasatekt
gttoctgeoeat
tatacktctt
gacktctact
tgoeocteat
ttektkttaa
gotttgotgg
trtagagtkg
ctakckeaght
tgactecceaa
cttgtacate
tecacackgt
caggccataa
tactttatta
ctgoaaggat
aagtcaatga
atagattgte
tcktgecaaa
gocoktgatet

gocatcocagge
aggtyagggt
ggtggcocaag
ceatgaaktga
aatgcaaatt

‘amgockgtit

tgcagggett
cagcectgak
tgeoockktett
ctaggetgte
gacteotgate
ttEEtetity
agkcebgtgt
gectigettte
cagtekttaa
ctaccctata
atgchbcagaa
ttattecattg
ctaztgagta
caccatgack
aaktgataatt
taatgagagyg
cttgaggaca
gktcteoetac
acaccakbag
abtcckehttt
agatctaggk
atkttacagg
taaactecat
gggoattttke
ccaggaaktca
chbatattta
akttcttcaga
geaakatgta
agkttcaggesa
taaaangtta
tageatacat
teackckbotg
togggagtag
tckctgataga
tgaagagagt

20180
20240
20300
203s0
90420
20480
90540
20600
20600
0720
SQre0
20040
50900
S0960
51020
91080
511440
81200
91260

91320
51380
91440
31500
91560
9le20
91loB0
91740
91800
218460
91320
9ionBo
52040
22100
921&0
B2220
D2280
92340
22400
02460
02520
2580
892g40
92700
22760
02820
QZBED
02940
23000
230e0
53120
93180
23240
93300
83360
83420
53480
53340
93600
93860
53720


efiling
Pencil


gagtcatggt
gacakattta
gtatgaaact
cttggtctaa
aaggaggcas
tecataatttt
gataaagktaa
akcocaaaggt
taatgotaaa
aaaagctact
attcaataaa
atagoocatt
tggtactatc
aacattttta
aatagatgka
agaasatatc
tEtgoattet
ttttgatgat
agoctgakakt
cbttktaaat
zagetgatcoe
catateoatE
cktocootatt

tkgtgagtte
atgatteggtb
titktectat
taakgbkagaa
cocasocagh
taagocaaak
ggoctbetktet
gatggtgget
tgetetgtta
aaagaaaage
ttgeatatog
agaagtaake
tcktataaaa
tgeeggaaga
cacageccko
aactgagaga
caacgcetgge
ataaaaagza
ttatttatag
tataaactaa
gattgottkt
tttetatact
aaaatattteo
agaataatce

taaktcatkaa’

tttkatggaa
coectttaca
tacaagaaag
attaztatgtk
ttzaaatgaa
tecacagaata
tgzmaactak
ctttaatttt
gagcaaagag
aaanzasgka
aaattgattk
tattgoceoakby

taccaagaat
cazktgectga
taataakttgg
ttchttette
ctgttcocaag
caatgecaba
gtcatgotta
tgatakagtc
gaacaatgtk
Loccacatac
tatatgaaca
tacatgatck
ttaaktgaact
aagckitocki
gbtggktagat
ttkecttagac
ttagccacat
cctgtataga
cattetataa
akttcatkga
ackgatkbbgt
taceckteat
tttagctaca

aggctbgact
cagagacaag
ktggacttaaa
aaactitgtc
ctkaccktta
ataguttggg
ttatekbett
tgeoetateat
ttktcagttt
tttagaatoy
aagtackaat
cagttgaaat
zggggaaatt
agatggocecat
agaagaaaac
caataatttt
aaatgeatac
gtacaatttt
agctagaaak
aCamsaggaag
ggcaagaaaa
togatattta
azaacatata
caatgtttat
aaattattac
ctacaagaasg
tttazatteck
adaacagaac
gtatatatat
tatatttgat
gataktgatac
akaaatgtaa
cttaaaacte
aatgctgtkt
ttgkeocbbti
tttaaaaata
gqteteoaatket

aaaagkgctg
catttectaa
tackcatkbta
ttttgticaa
akagattckt
tatktgtatg
taaggctcat
tagaggatct
agaaaatcgt
gttctettga
ataagecgtbg
tgtagagtat
aagaggagat
ttkektagtt
aaatttcage
toacttaage
tggttatiea
aggttagitg
attcagoatt
aktkgatagga
ggactkbgkca
ctgggtaata
cagktagaat

cagagctbcat
aagacacaaa
tegagtggga
ctatgacgtt
gackttttcaa
cktteitckca
cktbEtkttaa
tgttthkcate
acrtecagatga
Egotftgagt
ttetagtget
gacatcakta
tgaatacaga
ctgecaagoec
aacoctgtgg
ccakttgbita
aatbkggecaaa
atttgattia
ggattaagaa
agaktcaatg
Egaatgegec
gaaaattaak
tttteckaca
acattttocat
aattitcttg
zaatataaaa
ggackaatag
tetagtgasa
gtakateccac
ttgasaggct
ctocaaatta
ackttttckt
tgacacatkt
tacagaggtt
agcockoceke
aaagacgtka
atactccata

163

agttgttygat
ctactttcag
atectbaagta
actcocttibga
ccoocaaktaca
taatgcagac
ggettgggt
actagatiga
ctagataaaa
ttakgoboea
saabkagaaga
gaacccagat
atacagatte
tattgoaaaa
ackcaagaga
ttgttabcEt
aacacagtga
atacggogtt
ttgtgagaat
gtcttgtgta
ckttgoktagta
agaggktaat
tgactocackt

cocttetggec
gagaakttktg
taaaakecaac
gettcageeoc
ttacaggagc
cktgecaacea
ttetaagaca
ttaccecaagk
[ Ry g o
tgaattgigk
toagbatgge
gggtaggcec
cacacataca
aggaggyagy
ataccttgat
agocatctaa
agggackoge
attbgataga
aqeacttggg
tatttzatat
atatttacag
gtaatgtaak
aatccticaa
tgckgeoetet
aatkbataaktt
acgecagtta
ccaaggatit
ggkatccocta
acagacacan
aaaaaagatt
agtggacaaa
actagakatt
tacagkkgte
acattkctoc
ttcaaagagt
ttgttkgeee
tggtttgtag

gaggkacaga
ctggktotti
gggtccaaas
tagacaaaca
gaaaagagag
caaacttebt
tttctcagea
trktaaaatg
sgkagttecct
aattectagght
cgagoaatca
atattgttie
agtacgttag
ggaaatakkg
ccaazaaaas
ttggctgtitg
atbtaaagcca
ttgeatgiaa
titgatggag
agtasagass
gatactkgtk
gtttatttag
actgatecta

atgataatea
caggtgatig
aagaaaaakg
tygaatocage
caatacatit
aaagagktot
aacktgagkqg
tgaccacace
acataaagaa
gygtebkebkgea
ctftattbtgar
taakcecaatka
yggagaatge
cctgaaacag
ccbgaactic
tgkgtgatac
attaasacch
gcaktcacta
aaaatcaagg
taaagebga
catgtgtgge
atggoattte
taamaaaact
ctttaaaate
gtcchbaaace
aactcktack
agattecagag
teattktacak
agtattatak
acagatckea
tttttaagta
acataazatg
tgtettgatbg
tackatatga
gazakocotas
tttecbkaccayg
gaatatktea

aataattagt
ggtgtggact
tgkttcttekg
gaggaaagay
acaagazaaz
gttkaazaat
agaaaaacag
aaaaactata
ttotaaaktaa
cctaaakaca
ataatktatc
cactaatckta
goekteocaaak
gktitockocty
aggeeatgag
cobkagbattet
ttagttitag
aakcagogkt
tecttaaagec
cteotattcoee
tttggcatca
aaatecaatltt
catgkgbggk

gcatgaacat
tgagaaaktt
cagagcbcay
cagacatgoo
cctitbtbggt
cattgacatg
aatebgtktg
cacagagaca
tettectgeal
totecocttak
gggkctktac
tgactggeak
catgcgaaga
cacgttocokt
tagactgtgg
tktatktacag
gagtgagtaa
caagttgttg
atggeaaagk
tEtcaggoaa
aatttectatg
atgetkhtetk
aagaaattbc
Egtcataaza
acktacttte
tazagcoaga
gttggctaat
acatgkttat
aaggttigkt
gaatgtiktg
goccitgateta
acagacaack
tiggatgaag
cagagatttt
tecataagcas
aackgcatga
tztaaagtak

a37eo0
53840
83900
93550
24020
94080
94140
54200
94260
84320
94380
24440
24500
24550
04620
24680
24740
24B00
24380
24520
24540
85040
85100

95180
25220
55280
95340
554040
55460
35520
95580
55640
95700
95760
95820
953880
85940
26000
26060
26120
26180
96240
D&8300
06360
05420
26480
256540
95600
25660
26720
q9g74a0
aGp4i0
98900
26960
S7020
ST08e0
97140
7200
or2ed
97320



tbgtgggaat
ccaaatttag
tggtttgteca
daktaaaqgcat
acacgttgtt
ctttttattt
totgagtatt
ackttaccttg
cttaaaatak
geacgtatta
ccocaacoth
cagggoagta
gaagaacaac
gaaaatgaag
cacttgtbtt
ckttgtaaak
tcactoctgta
tektgattat
tgtakekott
gobgoamack
tttasatity
ctcaatagekt
atgactchkat
actgtttteo
cactgtagkte
tigaagaktes
ctkgtickgta

tocttatcasg
cktatgteoas
tetcbeagte
ttaccaccca
tetgaaaggk
azaktgagsta
ataacatatkt
cttaaacaak
Ltatggetga
ttttttatte
atamazacta
aggaccasay
tgtacttekg
gtaaazaatt
catatccaga
taccttggag
atttttactkt
gttaagtggg
ttgggoaget
tgcasaatoa
atcaacctga
tEtteattga
cattbgtectct
agtttatkck
cttcatooto
ggkcterete
ggootectgy
gogeactace
tatgttacce
aaagtgctgy
ttacgageec
attattitac
gattatitca

tottaggaaa
agatecaaazag
tattetaaca
gcagaattgt
gtgtgecttaa
tttaatttkt
tgttacctge
agttckttack
acagtakakt
gtacttetgt
cataccegtt
cacaacttca
actttaagga
tttctatata
tggtatatet
ttgggttaca
tattecktate
ttctgkbgaac
ctotbcattt
taaataagct
ggattttcta
gkgoagocct
catgebgoges
ckttgbtatec
agtckagatyg
tgtaaaqgtta
geagtgtetg

ckctcaggag
taaqgctgatt
aaagacaagg
aagctacakg
gaagataaca
aazkatatgt
tgoattbttt
atgttteace
ggctatggtt
atatgaaktg
cteccatoea
aactgatatk
tkgaaaatat
tkbaatettet
gaatgtattk
zaamttactt
goctakgact
gaagaatagg
gygkaagactt
cacttgceta
gatcttttet
aaatttatat
gttgataaat
atagggaagc
tgaatacktgt
tgtegocoag
gctegasatga
atgocoggek
agoctggket
gtttacaaggk
tkcattgeoag
agtectatta
aatcaaagaa

aagatgtktk
ttttakgktga
ttkkgeatta
ckgettggaa
ttectogata
tasaattaak
atagaatatg
tttatgtctk
attactaact
ctatttacatk
cocagectot
asggatatag
aaagkgktck
aaatgebaga
tgtgtgbygta
gaggcagaaa
acatktctea
acatttkekt
ttgagaattt
cbkcatttet
ttcattlicoec
caaktagtatg
tzaatctaza
caagagtgac
ttaazacttt
aaacatatag
ccocataathy

tgcatkgakt
aaagtggags
atactgackg
ttckecagga
atatgbkattt
aagttgtitt
taggattcat
atgatasaca
tazaaatata
gattgaaaag
aactctbceaa
ttgakgttge
atatgtgaaa
akcatttgtg
cctekgaagh
ttagaatagg
tittecotacta
aaktattttyg
taacatbikt
gagcktggka
ttatktaata
ctattttett
ctggaaataa
agaaatzata
taatttttte
gctggagtge
ttckctocage
aattttttat
tgesacteoctg
gtgagtecaat
tecakeecakt
aaattgttka
cttagkgaac
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gocaatagac
ttegktgect
tttazazaaa
attgtacaca
atotecateck
acatagtatt
Laacaatecaa
agtaatatte
atagtcaccc
ccatttaaga
atcctooace
cckgtgthaa
ttcactageg
tacceoaccac
tgtgtgtgtg
tcaaaaggic
aaaagactgt
agttaataat
tagtgccaga
ctaggkcact
acccggbtga
tgtgaccoat
atcttgetas
tteoctttgaa
atttgagcac
gecacactith
gtatagtaaa

ctattkbttgy
attaacctea
gktgteagaa
agaktcecttka
tackgaacat
aacactctaa
atattagtaa
tktccagatt
ttgtgtgata
aaatgaaago
attbkottitg
acataaagga
ttaaatgtik
ttttagkeaa
gatcaggaga
taaaatgkaa
Ettacttbat
ggaacagcag
ateckteoaag
atcatecatat
atcttaaatk
catctgtkak
saatgttaag
gektgggatt
EEEEEEEgEL
agtggeigga
tragetbeso
ttktattttt
ggchoaagoa
tcacctigge
ggaccatgag
cttitctattt
agagtaacat

aataaaatac
ctagcakcta
tetikettag
tageattaza
aattatttac
ttgeoatatgt
gtcagggtat
aagicekokt
tactekgekt
acctgtectlic
tocoosgttett
attggaggac
gebktoetgagh
aatttcettte
tgtgkgtgta
azacaacagoc
actgkkctat
atgoagaatt
aaggacattt
gatggcasat
cactgagoca
ackgtgttte
agtcatgaga
aagaktatgaa
gagtttetgt
tettoctggt
ctogtbtckceka

ttaattttta
agcttageog
tatttagatt
cckttatate
gaagggettt
atatttgaat
catattEttc
ctgatkaktat
tattgchaat
aagtatttea
tgtatttgaa
atggaacaak
ttgtataatt
attaaagkgk
tttcaktkak
ataaggggta
atcttatatt
agcaggtgaa
tgtactagce
gttagagasa
ttgotkgaak
gatbtitktt
accageaatg
tataattact
tbtkattett
tcabtgyckaa
aagtagotgyg
agtacagatg
akcctockge
agtattttet
taatettata
tegggaaata
atctaaaant

totbcagktl
ttetatttea
aatgaggetg
caacttitia
tgekttacak
atgagetaca
cbkgoggtota
ttetagotkac
tagaacattg
aktccoocockel
tegtgttace
acacacacaz
chiattasay
atgtgaatta
tgoacacace
tagtaakttc
gtgatakkga
ctgactctat
attttatcca
gttaaacaaa
gtgataacca
cagkttcatig
gatcatatet
asagagttitt
azaatagaac
cackttogge
gttatgaget

mttatttata
agtggoaget
ckektgteaa
agttteatca
ceoocaackate
tatttackta
zagabtaatac
atttkbckact
2aatkbaaaat
gtaattcaag
attgacktgy
aacakcaaat
aaatctgttit
gtatgtakac
Liceckatgt
gtgaaakttaz
gkttaaacaa
ggtgtagggt
accttaaaat
catacttgac
ttgagtkaat
ctgaaagkga
gckaktkbcta
tcbgaaakaa
attgagacay
ctgtagoett
gactacagat
goagtckbeoce
ttasackeca
acattcteac
aaktgacatac
tttecatazat
atgaaactce

57380
97440
%7500
37550
57620
S7650
87740
o700
57860
97520
97060
58040
SBe100
SE1e0
98220
98280
28240
98400
SR460
98520
98580
SREAD
SB700.
98760
SBBZ0
SBBEO
58540

92000
59060
50120
98180
98240
992200
399360
80420
50480
935440
50600
9060
99720
99780
95840
59900
53960
100024Q
100080
1001440
100200
100200
100320
100380
100440
100500
100560
100620
1006B0
100740
100800
i00de0
100920



aggatgckge
ttctgttggg
geacktetetk
aktggttacaa
coagagoatc
tatasacaga
aagaaacagg
gtgtgkgkgt
agktactoagg
ggcaaggata
tttoctaatt
gaktgctgaag
cacgockggac
coggocaghg
aagtgeaagt
ctgtgteate
gtLaggatat
ggtegtacat
aggatgakcoc
cttctctece
acgtactcag
ctococtgtke
tggtattigy
catgkttgectg
gtetatgbtge
catetttact
ttattttect
ttaagitett
cattaagaat
tageckttita
ttgeatttct

tgbtotoct bt
tttktgecttg
tgcatggttt
ttekbttEgekE
tgttgeaatg
agtatkbtect
ggagacakak
ttggazsaacg
taaketettt
tetatatete
ttgagatkte
attctacagk
accockacoo
taaaagggag
attctgatge
cktcatagaga
aazackckat
catgycaaaa
atattegtaa
thootboott
ttaanaacct
actcotgboc
tcagattata
acetcttaaa
gatcocatel
gttotocett
cteectcaaan
acatkgkteayg
ctobecactt

cttetaagog
attttecataa
ggtcecakgta
taataatazaa
asaagcacgt
tazacaagtt
taggtaacag
gkacgtgtac
cagatcagoc
aacaatacka
attagetgaa
ctagtecacta
coghcticac
aaaacaggaa
gctocaaakt
toococtacat
aggctecatt
aktgcaggttt
atecateccagqg
tooctgoeat
tgcttagetke
cegigtttat
tttkttgtte
caaagkacat
cacattttet
attgtgeage
ttoggaktaktat
tgagaaakaot
gtataagcat
ataatageca
ctgataakga

gagaagtgte
atgatttgtg
gtgaztaktt
gtgkgaagte
ackkttktggga
aggttgtett
caaggtoaca
tgatgtacta
cagkckcata
cagkoctgac
cactgaakgt
gtkataattt
teactactga
tgeotgktgga
ttggactaga
agaazagtegg
cbtatittaag
cagaactect
atcacaccca
tetcbbggag
mactactbot
clhaactgtgb
teactagety
ggcttaceat
cctacctgte
aaatattact
ttteokacktg
aatgagehktt
cktacecagk

ttgagoaact
tttagtatta
atktatttkt
aakaaackaa
tckgatagte
ttgcatctgg
aaaaacatay
gitttggaagg
agatacegtc
agggttatgga
trattagagg
agcagagkge
toatgeoccck
tagecaaktg
ataatgagga
tebtttggtt
tettettett
gttacarcagg
tggttaktcac
agktagkbccac
cckgtbocca
gtoctatakgt
cigktattaak
gattteatte
ttatctagtc
aatgaacata
acccaataat
ccaaactget
tetgettick
ttckgactca
gtoatgagaa

tgttaatgtc
taagttecoctt
teoteczathe
teotitagttt
acctagbcat
ckaggatttt
ttgktatatga
tgogagchtat
aatbtaatta
ttecgecotg
tatggocagag
tggatgaaca
totttggkgt
cagettotga
getkaatckEl
aatgatktte
ckacctaact
aattteeccke
tatkbcacktca
tecacatata
acktateatgg
ckcbgetbtoo
cktecaaaaco
ggtcaaagas
dalalilate] sl ofsful
gecakcaagge
gtteocackect
cttgactatk
gttatkteat
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astatgkiat
tatattgtag
catektattt
totgaaacaa
tacaaccact
gactttataa
tattgatgtt
tgaagaacat
catgtigcaa
tgataactet
gaaktataagt
tgagagctgg
tagctgaagh
gacagcckac
agctgeoatet
gtgyactoaaa
ttttaataac
tgocattgtgt
agtacccaat
agbgeoctatt
tgittatgte
actbcaatget
teattbagga
ttEttttata
cactgtbgat
ggggtgcata
gggattgtig
tteccacagtg
ctgktaacctt
tgkgagatag
gcagbttbce

ctbtteoocath
atagacecctg
tgtaggttgt
aattaggtce
daatbcbktg
tatagtikbyga
gacatgggat
gtaagtakttl
amtgocatat
agktectagat
atttktagkt
catggtaact
agttatgtes
gaccetiktge
gaactaggag
ttectocagg
tacagttaaa
tgttaatcty
attgcottaga
tgacacakgt
tttaagoecga
actttigett
atctactgge
tectacacea
teactecatt
cthtgeaaak
ttackttett
ctttctaasa
ttatigetac

ttatgttack
azgsaaaatt
cagkbagettt
Etttamagak
ctaggtggty
tttaaagtgg
gaakatgttt
agtggggaga
ctaagttooc
agktecatktta
ttcoctbggg
atgocaggate
gotecagatce
acakggttac
tettittotga
aacooacooa
ttcaackttt
gatgctgagg
aggtagkttk
gttoccatgt
tgtatgtact
tagttitaaa
taakggoekc
gcbkgeatagk
gggcoatctag
tgketkbttbt
gattgaatga
actgaactaan
gccaacacgt
tatatcakkg
atatgktigt

tttasatagg
gatatkagac
cbkgtbkagtc
cactkgtega
ccaaggteaa
geagacktbca
gggaaatatt
atatgcacte
acaaactaat
ctatakaktktc
gtcteoacaac
cagaaktazag
caaaaktkiy
tocatbetbet
atgatgtecca
ckctiatogoy
gotaatcakt
cchtgttacth
aatetaggag
aaatccoaac
catcaketktt
ccttataace
tttectgicac
tgtaagaceckt
ccckboocag
geagktoctth
azazcttectyg
ctteoackocta
ttaatgtgta

actttgaget
agatggacaa
gtagaggact
gtaaagtttt
tggaaakgka
caggaaatga
tcecbacaggh
cagJaaqgeoteo
atcaacacca
aatagtaktE
tgteckceta
caagggccat
acacatatea
ccaktggokee
cotagooaty
gattcaagag
tagatbcaag
tttagggaak
tcbtacoogtg
ttatgketat
cagtbgebkag
tgagaacacy
cagetgoate
atcooatggh
gtbkgatteca
tttasacaac
tagttbcigtt
ttkacattce
gtbgtgbtEt
tggtbttgat
tggoocgotia

gctgtthbgkt
ctttgttgga
tagttgatggt
tttEtgbtkE
tgtcaagaay
cttcttaaag
atagoeatet
acatctgagg
gagttcocaag
aactgeckae
atcecaztett
cttateattkt
getaagagga
acctttotee
cacteocagat
gaagagatka
tcagactgga
ggatgkecttc
ttaccactaa
atctctacet
tacktazact
cataaataca
acttgggaag
gggtatctoyg
tgakectiett
ckgecbgata
cttggatggt
ctcketates
tgtggtagat

100980
101040
101100
101160
101220
101280
101340
igi4o00
101480
1461520
101580
101640
101700
101760
101820
101880
101940
102000
102060
102120
102180
102240
1023040
1023E0
102420
1024B0
102540
102600
102660
102720
102780

102840
102900
102960
103020
103080
103140
103200
103260
103320
103380
103440
103500
103560
103620
103680
103740
103800
103860
103220
103500
104040
104100
104160
104220
104280
104340
104400
104460
104520



gctgtgatgh
cttggagtgt
cteottagoet
gracacatct
agagooacke
tgtggagactk
cteageackt
tgaagazaat
cagkagaatg
coccagtacet
tgacazaact
cotckotoac
accadgateak
ctagectetg
sganactgbet
tceckggeck
agttekaata
ataaatacac
cazatgggga
daagaaacac
cagagettig
atgaattgta
Ettcaattea
atactacoit
ttgaarnacac
ttacactata
tggaatgtat
aagctackta
ggatatectt
tagaattggg
tttetttetg
tattktakak
atatacacas
toccteattag
teatgogkaz

tgaatataat
caattgttaa
takgakttkt
ctaggbtgaga
catacabtteo
gecaattcata
aaggagggka
tgkcagagct
acagktatea
ttetceakat
EtEctoacea
cacttttggk
gaaaatgoaa
agtcbggagt
cattocbactg
ctastttaat
tettgatetke
gegtgagtte
cagaaatatg
cotagaggkt
actecaatgt
tatatgecata
gocaccacho
tttatagaaa

gtatgkbgtgt

gocacacaad
tggtggtact
tgakggaaga
actggetgtk
tgaagagocg
catcacagoo
cataggaatg
aacctaggac
captcteaat
agaacacaga
agtaatcckt
actataagkg
tttttatigt
coctactagat
gragatattg
acggbggttt
gtagttcatg
tttaaktggzg
tggckagoat
atatgeactqg
ccoakbgbgEg
ggatattttk
titecttaktaa
cktketattga
cgggeacktak
taacctoatg
cacegtiget
caggatttte
teteatitagt
tgttttaatt
acttttgtake
atasatazaa
tataatttta
ttgggkatga
cdataggaaka

gcataggtac
tattatatte

aatttatact
attagaaaca
zatgaggatg
agagccaagsa
agugtgagag
gegaciggag
tggatttgeoo
cockitttgee
attgacttaa
tagggttbga
tcaggitttt
gocagtggtge
cecteagecte
ttktttgtat
ctgaccteat
Cogoacsegg
ttaagectga
catcktackt
atttgatitt
aagagtacag
cktghkococca
akttagcakg
gtgcatteca

tttetoorck
tettagetga
ckgttgectt
gatgtggaag
cttoagetkke
catcikeoteeo
ggototgaga
acataktttk
gagggcaady
gotbcanaaa
gaagebagayg
gaatgcaggg
gaggagocactc
goockgkagroa
acaggtaktec
tgactgattg
titoctactg
atoctgakite
gaktkbteagg
ttakaatkiag
ttgaagacaa
gtcaaggtaa
acttbkocatag
aaaakcecata
gcktocagaatk
ccagaktataa
tttggcottca
ggasaaaaak
cacoagaaak
tagtgattet
aaccttgaat
attctacata
tkacataktta
ckttgatcaa
atfaatageaat

ttageatatt
tttetetetc
acataggttt
tagtggtaga
acaaacceaa
tagaaaccag
goctettagg
ggocttgtott
tgaccaaatg
atcacaatgg
ctgggggeta
gttattitkga
o iy oy o o
gakctegget
cogagtaget
titttagtaga
gatcogooog
cctatgoaak
caamaagktckl
ackgaaatgk
tczaaagaaa
aaagtttaat
gkgateketk
gatatecatac
agtetteaca
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tcagaactga
aktgtcccact
geocatotio
aakaaasgoc
agagctocco
ckttgocact
gtgcttotta
acttgtctct
attttttatec
tatttaataa
ttcasactaa
titctcaaca
chtgtgeotta
tteoccaccko
cbegggggea
gcaataatat
aaagtktoti
aragagtcat
gebtgatgbga
tgbgbtetgtt
aagaaagack
attaakette
aaaatateek
aagkazaggg
tatttbEgtl
atagtgaagk
cggagkcete
gatgtacktk
gkgettoote
tttgatgttt
gkggaektaa
ttacatatgk
tattattaat
gttatttaat
ttatcteata

atacacagtg
tetttetata
attgaakatf
caagktkact
accaatttea
gktagagaaka
tgctecaggga
atgtggecteo
caggtgacat
gaaatggggs
accattaagt
gtiagggtte
ttitttgaga
cackgeaago
gggactacag
gacggggttt
cocteggocto
caggtatttg
ttebigekgg
ggtttttaak
aagtkattta
akgagaacta
caagqgiaac
atcbgkgbgt
aatggggttyg

agtacacsatt
gagkccbgtt
actbeocot:
tggecakttk
atgggacckg
cocbgottaat
gtaaatgtea
Egttbatigt
agttttgttt
ataaatggec
atttggaakk
gaagaaccag
taggatgett
acceccaagh
aaattgbgce
teocactcact
tckttggittg
gtgaaktaack
gtgaagccac
ttaggctgeoa
ttaggaatga
ctthtgektt
gbgtEttbgt
aaktcagtttt
gettebgetg
gaceaktata
tgktatkeaca
tecazagaat
ctbcecatgtc
tcbgggggat
aakageaaat
agcetgatatt
aatatatakta
cakttttakbgt
aagktgtikt

tatacackteca
tatatgcaca
aatbtacgbge
ttggtectte
taaacazata
dagocagoeag
atgectotet
atggobgtag
akcbtteccata
thtaganatat
agtgaatece
atggaagteca
cggagtoteg
teocgeckeet
gogoccgoca
caccgtgtta
ccaaagtget
taataatgaa
cagchgoagc
tttezaccaa
acaagtoasa
aaactocaccet
cacktagatk
gtgtgtgtgt
tattatmaat

cckecageta
agocatgaaa
tctggaggeca
gcktcaakgg
ctaaggeteoc
ttacktckoe
gtcteckece
tgataktctoo
gctactgaak
ttgtttagga
cagagetgtt
ataatcttagg
agcaacatece
tatgakaaca
caattgaaaa
aatattamsaa
tttecacatco
actgtbttta
tggotaacag
tatcagttta
gaatoccageoa
catoccktteg
attateatee
catgobtghbet
akgataatqgy
ckgeatacaa
caazagagkg
ggtgggagaa
aaagyagaayg
agqaatttoca
ctotacttig
aatatgtakt
tEtcebbtbt
ckeggkttee
ggacatggca

atasacotay
cacacataac
catgattbtte
tgtecacagag
szasataack
gygtagagaat
gagaaagtgy
atgaatgagt
qoetettgita
atacagacac
ccagaecact
tttgggatgt
ctokgtoace
gggttcacge
ccacaccogg
gccaggabgyg
gggaktacag
agcagtaatt
tgtchkggata
gazaaacaaa
atgaaagtaa
ttttctiecag
cttagtaatt
gtgtgtgtgt
actgatatat

1045890
104640
104700
104760
1048240
104880
104840
105000
105060
105120
105180
105240
105300
105360
105420
105480
105540
105600
105660
105720
105740
105840
105900
1059560
108020
105080
106140
106200
105260
106320
105380
106440
106500
106560
105620

106E680
106740
106800
106860
106220
loc2an
107040
107100
107160
107220
107280
107340
107400
107460
107520
1075840
107040
107700
107760
107820
1078EQ
107940
I0OBOOO
108060
1081240



acctggokek
tackgttttt
tttagkectta
tgiaaagaac
toggaategck
ccaatchkgta
gatacctbtk
tastbkgateca
ktgtataaat
takitatigat
tgteatgttt
tttEtgataca
tttggoataa
ttgaataata
atcagasata
ctiaatagtg
tcackatgaa
gggtgtcagg
ttecatkaaggt
attckctcag
caggacatat
agttatctea
ctgkggcagg
catggtatet
catectettg
tothotttee
ctggttctga
ggtaatccaa
ctaaageaag
actgzagaga
attcastact
tttattackt
agaatgtecaa
taaatacckg
agtkbataaat
gaadaca cocE
atatectggt
taattattea
tgaatttcat

ataatgttga
aktattetge
ctaagtttag
attttaggag
azcactaaat
totkttatet
aatktetCEL
gtyccaghbgt
gkazagoctaag
agaatcteac
tgaggacagt
agaktttattc
gggceacagta
catagatite
actgaaggkt
gaggecackog
saactgatga
cakgaaaagt
aaacaqgtaa
ctatbkttgaa
ttaakkctkta

ctecacitaat
ttatgatktgk
beaatmagte
gttctagtca
gagtcanaaga
aggtgaazac
gotgattact
gEEttkEtatt
tagaazatta
cttttaactt
aggaaggeckt
ttkatggttt
qggagteattk
tgttaatgac
actaaattea
tagagtcaca
ggatcbctac
toatggtgge
ttctggtkbgt
atactcteag
tteobetatte
gacocctatt
ctggtgtetg
cteocktete
ttcagarace
gtoccagtag
gaaacttace
aggoaaggat
agacatckoa
aagcacakta
atagaaasac
ttoeaggttt
catageecatt
caaakatgtt
tototoateoa
taggbkateoca
cteoctoakagt
gattiakttt
acgaacattkt

ataaaaagta
agtaktgaaat
atttagattt
gaagtctata
tattcctgag
atagagectgt
taacttgaza
gtggaatoceo
ttecakbtttog
tigazaacat
ggcatagcaa
ctcatgitgo
aatttktgatg
goocgatggac
catttaggkk
caktaaaaatk
tacktaccaac
tttcataaza
aaaktaasata
acctagzaas
tecttazgga

cagaaggcta
acaatgtctk
tttggakbak
gtgggazatat
atgttiatte
ttatatgtga
tgtcatttta
ateotttktte
gcectoctoaact
tcbattkttk
titecatakbac
cattttgktaa
cckttteana
bteatbaktac
aatgttggtg
atatctbaac
ctgeattece
tgtecatetket
tgatctacttk
ctocteattet
ttetgaatet
goccagaakt
gagatattck
agatoroacta
cagageaket
cazacttcag
attanagakte
ttaakkckkt
aagtcttiga
gttaatatgt
caacttteag
aatazaacaa
caakgaackt
teattattag
tigacteetg
ttattgtgat
caaaatttbe
tecktgaaat
tactaggttat

tttaazatat
ggataatttt
cccaaageea
teaktcttga
tgggtttatt
catagataag
gaacacatea
tgctacaaaa
accttgkcca
ttcacekata
ctiteooagtg
ctiggggtga
gttakttita
tttegeaatk
gtcagtagea
atgttaccat
ccanattgac
atgetgtttg
cckbcatgog
aagttgkgek
acgtgggaaa
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agkgaccatc
tbtkbtatgac
tttectgatt
takckgtice
akbtgbigatk
tttgaatttt
ttkttecattte
tggkockitk
gtcazaatat
ggocakttiic
azmaattaaag
fttcaaaaktt
atgatgaagc
tetaztaaag
tgaakgtieck
tgaagckekbt
tggttgaacc
teetatbggk
agatcteltE
ctecagotact
ttakgggtgg
tecakgeage
gkgaggctta
aagkbaketg
caaacecogh
ctetgtckgg
ttktkgtect
tgttetectte
tagggaagag
tggaattcta
agttzaaaaa
ttttaaggoy
agttyggactt
gtgttgecat
gtocacagaz
gtattbtkce
tattgggaga
gtattbtgaa
ceeaakaakt

tctatagtac
tgactgckig
agaaaatgkt
attbazatgt
tagtattcaa
caakataakt
cactgcocac
ttagctazat
acasaattta
tgtatgoggt
aggtaattta
tgaggaggag
agtoetgatta
waggaaaact
zagaaaanda
ttatctatag
aaktkctbygayg
akaatikbgtg
gkyaagaagh
ttaaackttt
ftgaaaaggca

tgtttgagte
agtatcacaa
atbtktakta
gtaggotcaa
ttgatecakta
ttttactbtt
ttkgaaktgs
cthactaatk
gakgccaacc
ttaatagkttc
aaatatibce
cagatccate
agktigteace
tgkatggctk
ttktgkttagat
gycacecacalt
tgctaaktay
atccactgaa
ccaagoectg
Ectgaacooe
gactatgggg
caktcktiakt
cogoctetet
gaggcteocag
ttktaccktt
ggatgactgg
atgectggat
actazagtat
acacaggktita
gtoccketatyg
aaagattaaa
ttteatagtc
tagccaaktg
ctbggoeoty
Cabchttghe
tittetecto
aagcagttga
gatitbgakt
tgoaagaace

attaagatit
aaaatattbkc
aacatgatgt
ggatcackaa
akgtecatece
cgaacoctet
ceackttacke
tattttgoea
tttagagtta
gtcocttggtag
akttgttaaa
ttaaggacat
atgatgttkt
gkoagagaag
tattgtacaga
ttgeaktgag
aatacacaca
tectgttake
aktaaactygaa
ckoctgtcaaa
gaatgtatag

cctagaaata
aatattgtat
taaataatte
tttckaacaa
ctaaatitbta
gattcagatt
ttatttacat
totacaagca
tittettibtl
cttggtittg
ccabkgtttte
tggaatttak
ataktattta
agakttogga
ttaatatagg
goaktakack
gaggtttaca
atooccatat
aatagtetic
ttoccktgeg
aactttoige
acagkgbtoc
gacckcocgoo
tctkateaac
tgoatgetec
gbaggazaaa
atcagootbk
czaccckacc
agaaggaake
ttactatgat
caaagocazad
atcattataa
ghkgaatatta
cttectacag
atacctaata
cagoatbeca
agggotgect
ttggecagkhaa
aacktagggce

tbcacttgaa
agtcactansa
tecacckaca
ttatagttak
agaggaggaa
ttekaactas
actgagaatk
ggaatteagg
atactagaga
Acagogtgee
ttaaakaatt
ggagsaaaaa
aactgcaggk
getecattete
agetgoettg
ttattcottat
cacacacgea
tcbaacaagt
aaatagacte
tgagaattge
tgkitgokeoet

108100
108240
108300
108360
108420
108480
108540
108600
108660
108720
108780
108840
108900
108960
109028
102080
109140
109200
1092560
108320
1093
109440
109500
1089560
109620
109680
109740
109800
102860
109920
109980
110040
110100
110160
110220
110200
110340
110400
110460

110520
110580
11lca40
110700
110760
1310820
110880
110340
1119000
111060
111120
111180
1131240
111300
111360
111420
111480
111540
11ic00
111680
111720



ttgatggaat
zaabecktictg
atattbtgkag
taataggbkagt
caaagaaagt
ctbtaaaaat
tcacacecagt
coatbcatee
ttEgatgget
gaagagaaat
tetggocigg
cmataatbay
ttococcace
aagkatttga
gagtickgke
gocteoatteag
dagtagaana
ctagtgcate
gcaagcoecte
tatgatgtga
gtagkaattc
gtaatattta
atteckggta
ttetaaceogg
agtaggtage
geabbtbtit
cagtggtttyg
agaaacctag
aazakcteca
cagcattagt
ckagigaatk
ggtttteoatg
-gtttttecag
aatteectck
tttetetggy
tagttataga
gkkaagcaca
gaggttgtgt
tocagagtgaa
taatggtaat
agagatgtag
ttcteatect
gcattttaag

ccotckgoag
aazaktcatos:
tkattgacta
ggagaaagtg
atcaaacact
gattaktatg
aggaggtaga
ggattggkta
ttktaggaca
gataaatata
gakaatatta
agttgeaaca
cagataanac
tatgatbtbg
ttagettokg
acacatacca
gkaacacakk

ttoctgagaaa
tagattttka
agtcaggaaa
ccaactacog
gactacagaa
gottettggt
tagtatctkt
ttttgaacea
taaagtatag
cattCtaana
atbecacgtet
acccagagaa
acacacacte
atatgkttaaa
ttgeatgtac
agaattkteca
agtttaggca
acackgactqg
caggttctea
aaazacagas
tgocktggtyg
aggtagtttt
gagggaagooe
tgtggacatg
atggggacct
cetetgtect
camaatteat
gocacatcocoe
gatgctttea
akbcagocaag
tgaaactatg
tatgctaaag
sacatgtace
gakcoobbte
cagtgagkge
atgatgactg
tecakgecagga
gtggtgateg
tgazraactac
tackggacat
gktgtggata
ctgttgacak
ctatttattyg

tgatgacaac
cccatbgaga
agtggaggge
gcatcaegac
accocaggaga
aaacagatte
agaaktesaaca
ggaaaagata
taagagacta
gagccttagg
attatgaagg
agtataggkg
tagtacatta
cctgbtggget
toctttaatet
tttggtacaa
tagaaaagag

aaacazacta
atggEttttt
atgacaaatk
aaaattctaa
tgtgbecacat
ggattcacaa
gcbagagttt
cazaattata
aatgeaackt
agtgtateag
atgtaattca
acagateagt
ttttaagtag
ttaaatatte
gacteocttt
ctaagaatit
aagactbece
cetgotebgt
cagtetaatg
gtattazatga
gtactigggt
gaagaatgag
tgbtgaataaa
tagagagtca
ggaaggtagg
ctaggctectk
tgegtattag
atagageecte
gtgtaaaata
aacttggtaa
atggggtcca
tttgagagte
gecatgttgaa
catkttotee
cackgacaat
ctgtaattta
ggttttggga
azagggaaca
ttgggagagyg
gtatggggeg
actaktatagec
tttgggtetg
geakiecage

caaaaatgtc
accacaggkg
azgtggtgaa
agoacanaaa
ataaganttg
aatagecagec
agaaaaagty
gaagaggaga
goasacakgg
ctggoccaga
agagtatgga
ttgckbtatktt
gggeatacat
ggykgactgt
tttetttige
geettatitg
aaatoasgag
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ttecagatga
ttcaaaaacg
ctttcktect
gaaatbbgby
tocatcaaag
abkgtgcagka
tgtagazatt
gaaacktgat
attkbatetglt
aaaccaagek
ckgkgagaak
actittbttctaa
ttatttgeag
agttaktgata
ctgacttieca
atttgetett
tttgootgek
gtoaggtict
agatgtageca
aatgcEgtgg
ttigatkikg
tazaatttte
tgocagtggoa
agtgtgaggc
tggaggecaqg
tacctatttt
aateacekac
tgggaatgag
gtgckttctca
aaatgccaat
goaatctgkg
actgteatag
tbktaaacat
coocaaaboot
atttcagtaa
aacaatgaaa
ttataaaata
gaaaatgatt
gactataaaz
tgcattazaa
cacakatata
ctaattette
tckctateca

tkeoagacatkt
tagatgaaac
ggaggatoca
agckgagttc
agaagaggec
tatbtgaagaq
gagattgega
aagaggcaaa
tggactgata
atoctkbtekt
aatataaatt
catgtctake
ttastctaca
akktagkagkyg
tteckteataa
tebtgecttg
taaaaaagge

tgactasate
catattgttc
aacaatttta
gektktocagkl
tecactcaggyg
tgatacaaaa
taagattatg
ttatactela
gaticticta
gagaagagtt
tocoatbgaa
cttaacatkt
gebktaccaat
gttaagtaza
tazacatica
tazsaatacag
tgggtggatg
acttgaggece
atgtaaacag
gaacataaac
atcagagaaa
cagaaaqgttk
ggagocatbca
gatgaaggga
atgaggaggt
gggtcatgga
ggagatttan
ateoccaggact
gagkgtggte
tococagacca
ttttaaaaag
agaatctaat
aattctaggk
ggaatecaayg
aagagggaca

tggaatggag
aaatagaaca

ccaaggttte
agagaaggct
actaggtctag
aacaggtaga
attttagagg
cktagatgcea

geckaatgte
ctagcgagta
ttaagkgkte
coccaaagaag
ttbggaktig
tgacgkgaaa
atctagatta
aagaataggg
gggaagkgeeo
tactaagage
atageagoaa
aktctaactat
atacaggaaa
atgatkitkck
ccageatgag
ggtctggaac
ttcaatatag

acatagkitt
aatataataa
caatgagaag
gtgactatga
ctttgttact
dagaaaaaaa
ataakcoccea
cagtatatkt
gaagggtagg
gaggagcoaca
tLacacagyga
ttategtcat
gataattttk
taazgctgtt
gaagacteca
aaaagtcata
zakgaatgaa
ccagatacka
ctackttttta
taactaggga
attagaacag
ggggaatgta
cagtgtgaga
gtyagagagg
tetateotea
cctettaggg
azaategttc
caataattta
ccakgateag
aaattcagac
ctotoecagga
gaagotgata
ggkagakgga
ttaagaatte
ggagaaackt
agaggckgaa
tggtgacaca
taacttgage
tggaggcaza
agcktagtig
tytagaccat
gatattttgk
goagoccaata

ttttggtgac
gatgagatta
ataaagattg
gtggttgggt
gtgatcocggg
gtgacactgs
ckicbkclkaag
agattgetta
agtatttcca
tcaaaataca
catatigaat
taatttitac
gtocbgetga
tttktotitt
tgcaggggac
cacttkttgca
tttatktkEtt

111780
111840
111300
111960
112020
112080
112140
112200
112280
112320
112380
112440
112500
112580
112620
112680
112740
1iz2800
1128460
112920
112580
113040
113100
112160
112220
113280
113340
113400
113460
113520
113580
113640
113700
1137&0
113820
113880
113540
114000
114060
114120
114180
114240
114200

114360
114420
114480
114540
114600
114660
114720
114780
114840
114900
114560
115020
115080
1135140
115200
115260
115320



tktgecagta
tgtgtgtgty
atggctgeoac
gtooetcate
taaaatteta
ttaatetgat
chogtkttea
cctgttoaag
getttectat
tagazstctlkt
aaatgaatacc
ccttaataga
tgaatcaack
ataatttgea
tgatactcag
ccEazataat
tkaaatygga
tatggeaacg
ttctgtocat
ctgackgtta
acaktggcaaa
gtattateea
gaggggaaat
acktgagaaaa
gatctggagyg
gacttocagty
actbattage
catatctaty
agctbcaget
tcatggeckt
ttctttateo
amacttkgat
coctgatatat
catazaatakg
ckataacatt
aagactgtgt
aanttteaiga
agggagatga
tgktataateo
atcteaggek
chggocgoga
gatageeagg
gaaagtcakg
aaaaazaaaaa
ctigitgckay
acagcktece
atctiatgtt

aatecktaaaa
caattaatat
cbkebotgotyg
tagcttetgac
tggaggctgco
ttttagtkaa
caaccotoaa
toocatagog
caaceagbos
ctcaattitgg
bttotttgoo
agacctaaga
agkttkbatea

actttettgt
totgtatgtg
aacttagoty
tgcacaatga
taattgtatg
ctattceaga
caccttttbg
tteacaktag
ttkcteattg
geatgtebgt
ttbocktatg
gagtyatgtg
atttatastyg
ttagcactee
tagytgggaa
atagttitie
cEbEtEEtEe
aaggcacktkqg
tgaaattgag
ggtgttatag
ticgaagcag
cteoateoettt
gaagaaaggk
caatgattika
aaaaggaaaa
aatactackea
actggotgga
tatasaakckt
cttckbegtt
ctkatttate
aaattctgta
ggataaacea
tcagticata
tgttteoaack
gagceacagtyg
aaagataaaa
cazatgtcag
caccaacada
taaakbgatac
tatttaacea
accacakboc
ataatattta
gatttaaatc
gagaasfasd
attatecacte
caccoocccag
ttaacacatg

acaaackbgtt
tagctgagtg
agactgccaa
acctgggang
cagacttegy
ggggatagtc
atttggggag
cagtctttta
ctgttatget
tecaattghg
tamaacecka
gecaacebtt
ttttatttea

tgcacaacta
tgtgcacgtka
caaggcektz
gocagggygga
attttcktEe
graaaakecic
tttakttaagt
tagcttates
cagtatttaa
cktttottoa
aateccaktt
tgagtbtatt
gtzagttgat
taactttaaa
ggattatecac
ttgggatazg
aatckaagat
cktatatikt
taazatgkit
ttgtgtaaac
gattgctktg
gacktatgaght
acacagebga
aaggtoctaa
gakttaaate
cagggetage:
ttoatactkt
ggaatagbct
ataktaaaaga
attbtttect
ktttettetk
aakgcataaa
tcaacaagtt
coccaagtag
ctgygeccca
agasaatcat
tagctgaaqga
gagaaatgby
acaktggatig
tgetaccotk
ttggtatett
geatggtgge
atttttektk
atcatcktet
ctgtgcactt
ctoctaaact
chgtagtgtt

tkecattgeas

aggggagicc
ccagggtgek
tcccagatea
ggattctgag
cggaatageoc
gakecagecca
asaaataaac
gtaaaggtat
ckatazattka
gecktetakt
actgagtgck
tttattibta
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ttatatatga
ckecatgtgtt
ggtgecttak
atctatgbge
tgoakbtatct
teaggttgac
cataagtaat
gggktgtaga
atocaggaga
agagattaca
gktaascaact
toctaccacta
tetecagaga
actcttetta
aggggaatga
aagtgaacaa
ataaatbgea
taaggtaatg
tgttatataa
tgagbccaag
agatataaaa
qggaaaygga
gtaaggagga
aaacaaactg
atktktaageca
ttttaktatc
ttggagaatt
aaaacttgag
gckggoagta
ttctgetttl
aacagagckc
tatettbgoeo
gtcattgtek
gaactgattt
aatacttieeg
actgaagcke
cgagatatay
aagecaatkgt
goatagbgtg
agaacaacat
ttaactggatk
ckbaggatttt
tcecagggtie
gaagtttaaa
cacktagagckt
ackctgktka
cagatbgeaa

tgtgeoaaaac
tekctobgtg
gecaaktaat
tcagackect
atcteteage
agottaaasc
agtectgkaag
gaakglkbect
ttteocagagack
attttacacg
acagtactca
tattatgige
ataagcatgt

aatkattckt
teagttocca
ttattettic
tttgaggktg
ttgtktggtg
ttgaagecktk
gagckotgaa
tagagtgaaa
acatgttaco
aaacattttc
ggattgatag
gatatbgtaa
tigcakttaa
aattoceckea
ttggctagac
agtttckEtt
ttcctacakk
atttecaktet
aatitgttec
atattagoag
aacgtbcbga
adagcgggad
ctaaagaggk
gagaagtgtt
aacatktcaa
tettoaattt
atttaactgt
ggakggacca
eccktttktt
taaaaaaate
caaacktaca
ttatttctaa
tocagattgt
teotectttit
gaatgaatca
ttctggoaaa
gbkgttgttec
tetgtattet
ctcagtttga
tageatacka
ggattgagac
aaaagggcag
ttaccaacaa
tatcEcttte
gazaatigca
tagtcagttl
acacagogaa

agcatteocat
gocckgktcay
gecagetgig
goasacageos
gaaggtaggg
cocagatgac
cotogtatek
gatcctttot
ceatacttck
tgttgaaasat
ckobgatcth
taggcactga
ttgatcatag

tekaazcakg
gogttckitte
cagatktcat
tttctgactt
agagettgoo
aattttitact
tgcktaagaa
acaaattcegg
tatgazaatg
caagtgtast
gttctaagea
ctgtgataaa
atttattaqt
cccbkgbgac
satgggttgt
gkocctggaag
aggitakgtg
ttgcatgaca
Ecacagoacy
gottakgtkt
akatatgggt
azaaatagga
aktttacaccc
cctactitcag
gcaggaccaqg
tattatbatg
ttbgtgtecaa
gtataacecac
gtktctekte
tagaatacat
Etekecocakga
cctckitgac
ckagktatgk
tgtbtecatcte
tgacaagckg
aggtcagttg
cagatatgaa
taacagtchg
ttecagggat
akctatacka
tattgooeca
tatcaggggg
cacacccagk
tbttctekEg
aaagaaagac
gockocockgg
gggatgttka

gaagacattt
tgtttggeckt
atctattgtt
goctggettbag
ggcegtettg
Ebtacattazaa
tactctaggt
tataaagtcc
acaggaggtt
gtgtatgece
cttactgata
gecektbaca
taatgatgtc

115380
115440
115500
115580
116620
1154680
115740
115800
115860
315820
115580
116040
iiel00Q
116160
11e220
115280
116340
116400
11&460
116520
116580
11em40
116740
116760
1146820
116880
1155840
117000
117060
117120
117180
117240
117200
117360
117420
117480
117540
1174600
117660
117720
117780
117840
117900
117960
118020
113080
1iB140

118200
1182640
118320
11a380
118440
118500
118560
118620
118680
119740
11B800
118860
118320



aagtggaktga
ttetteaatg
aagttatget
tttoctttttt
aaatgtecagg
. tazattctaa
gagacaatgt
atcktebgte
aagetggety
gatggtgtta
tEgeacktga
gaqectgtac
tgaegtegte
attataaata
alaktttecea
ccoktoagigt
ataaactatg
gatkttocttat
ctacatcage
tatcbgagca
gakceoaggaa
gaagttbtgck
gadaatecaag
agaagtatet
catcatatax
asttattctg
gaktttaaqgk
ttaatgaaat
taagactttt
gtgttttaca
tttcaactta
actgaaactyg
atgagkggtg
ctacatacaa
ctgaaggtgg
aamsaccocca
guggaakkte
gtagagatcg
atcceaatgqg
ttttcktaaa
atygataataa
ggaaggaaga
gtgtgtgtgt
gggeagacat
tbgtgkgate
tetgtatttg
taatecttatt
ggasasacaa
ggtaggtaca
agtckttlcaz
tttggateet

tgacgccaag
aattagggat
ttzataakcg
cagaaatoac
catgotactt
gatagetekeo
zatecteatct
gatttggatg
atctenctgy

aaagtecaqtk
aktaaccakbtgt
goctgactgt
ggggggtttt
aagacagaag
taaggoccty
tgagacgggt
teckgatgee
gtageccotcoo
aacacacaqt
tttattecagt
coctagticto
agtgatgatg
gaattkataa
aggagtbgaa
tcagkbgekoa
taaaactaag
agtcatateca
ttgkttagaa
gaagaatgtg
agaattaaaa
tetataaaca
ccaattoaca
atctaatete
aattecatgee
tgttggeoatt
aaatgaasnta
gtctgttyga
taggttegac
cctgatagaa
aaaaaagkag
tactgacttt
cakascagec
atceccaggac
cbaactaaaa
aggaagacaa
agtktaattc
gktttggataa
cagatbotcek
ccaaacketk
atagttakttg
aagaccagta
gtgtatgtgt
acataazsga
atqgcagaget
gactttggeeo
ttatgggtag
gaaateotbtg
cgggagacat
agcagggagt
agctetocac

ktktatttgt
gattatesaa
gtagetgbta
aaktcagatqgy
aagkckgtga
gttggtgegt
ctggaatgaz
cgateaceotg
cttaattgaa

gggkacaaqgg
tktatkckga
attteactgt
gagagagtto
ctacetgbet
taggaatage
ggtaaccggo
ttctttgeatk
tkeckbacteag
gacttitatgg
acatgattoc
attaacaack
goatgatktg
acagkkerga
attaatktta
gtgtgcaaaa
azaagtgggeaa
tgatcaggtl
gtotagagte
ctggoaggcok
ccatacttig
aaaggoogke
gkggocetak
cctatecace
agaaaactat
tetcitetge
gocactgaac
gactagaata
tgatgetagg
attattosac
tgcagggaac
ckttttgaag
gtktocagete
accagaacag
ggcctgagag
kgtaaagatt
taatktatac
aggaateaka
gatgagaaag
tteocktitca
agcatcacag
gataaackta
eacaaacaty
tgggatgget
ckoettatak
ccatcbctta
ctgtaaataa
caazatagaa
actgggtttyg
dataazaaga
tgacecagckt

gaaaatggag
gtacacaggg
tkattgatat
ctoatgtgag
gaggaattat
gatggtttgo
attbacetoy
ttaccckgaa
gaagtttcoeoo
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gkttetktket
cttgggoeoog
ggkggggttg
tgatgktttk
gkgtcatatt
agaazaktace
ccagtaagtc
coctgaatkcet
ggcteckagg
tgctggteat
atgkctecaag
taateccaaat
tktgetgagg
ataatactet
cgtbtgtgeg
ckacagagke
ageaaaatta
aakittatata
aaagcobtet
gattgagcta
cEctacocee
atcacktett
atgtazatttt
ckococactatt
ctkifatatta
tgocectktiat
taaaataaat
acgttttggg
gagotgcigg
atgtcgaaga
ataggtaage
atgctgatac
tgaggcotate
ctkcttaacag
aaattackbge
Zaqgtaacaag
taattktctea
getatgagaa
gggakgtect
ttaggottte
atattctaaa
ggaagaqgbgk
ccttaaaacc
taagktcacag
ataataggtg
aatcagagtt
agagaaaggc
atttgggeaa
ctottgttat
gotbtaggett
tgkgackitg

ataatacecs
atgaktagta
tactgkttga
atcatgatgg
ggakgaattg
actitgctat
atttatecaca
atgaaasacth
ctcaaagatt

ttaacctkica
cktbgaggaa
ttagatgage
goctagboct
agkgeeocctic
atagactcett
tggeccaaaa
tttcatatgg
cttcagggit
tgaggctaag
aagktgaazat
ccacttgaaa
tetgttagktk
akttcktgta
atatacasat
atctcacatkg
gaacaaaans
agacacttga
ctgatccaga
tgtcathtta
tatacagtrea
cetetghict
taktagecetaa
agatctagaa
actataakta
tacataagtyg
gtgacttgat
aktactagcoea
attctggaaa
caqytbocaaa
ktagaatakg
gacttetgac
aaakagktgaa
cecteacktk
ctaaacaatg
gtkbtcaattt
taattgketk
ggcagttagl
cagggaggtc
ttgaggeaat
tecteocagtg
gEgtgtgkgt
aggaattgtqg
agacagacag
taagaatzat
ataaattectg
tgtocttiecag
ggatgtigag
ckagggaatg
tggggtgeag
gacatagktitac

gakttacagaa
aagtacacag
ttgcaaagect
ggtoctetet
teacagatta
tottecktet
agagcacatg
cbttttbebtg
cattcagatt

aatattatkg
gaacttgage
tgtekeatte
ctggaattat
ctacaatetyg
teteckbgaga
atatgactayg
atgcccttbca
ggageckget
gtgaagecag
ccagtgaact
tgcteactkek
caztaggaka
aatcaakgta
aagktgagage
tttckktgaa
takttctaggt
tacattbcat
cttggtggac
ttgaggghktt
tttagktacka
ttagatettt
agaacatate
aagqgcacgag
ttctaactat
ggaaaactak
acatattete
agtcaaacct
tasaacaaag
ggtattiica
getatitita
actagkbggty
agagaakctt
cotgagtaag
daggaaggag
gatacaatgt
gateckttac
tactcaghtyga
taakcatatg
tggcbaatta
teakacattt
gtgbgtgtgt
gttgtamact
aagcktcack
catttccaca
tgaagctgak
cottacktas
aggatatgat
gaakgagggt
cagctekgac
ttaacetete

ttattkitgog
tgtttggcac
gaaaaggect
tctgazaaca
aactttatga
cgcatgagag
ctfcgagktt
ttkbgggaga
cactcagate

116980
118040
112100
113160
1158220
115280
119340
119400
1134450
118520
119530
119640
115700
115760
112920
1198E0Q
115840
120000
120060
120120
120180
120240
120300
120360
120420
120480
120540
120800
120860
120%20
120780
120640
l2as00
120960
121020
121080
121140
121200
121260
121320
121384
121440
121500
121560
121620
121680
121740
121800
121880
121920
1213ER0

122040
122100
122160
122220
122240
122340
122400
122460
122520



agagggtaat
aacgkgtocta
ttktkeoecoca
attaatacte
tgcacgeotge
aateagkgac
ttegtatbtt
ttggibttaag
aagtkagcaec
aaagtcaaca
ttggaaakgt
gagagtgeca
agttettgag
tgtkttagtg
ateatacage
ttteooctaa
cattttaact
ttagagkteaa
gggaagagga
tgtttgoaga
tgtkttattt
atatttktat
togcebcatg
tggcagttic
ttottetoct
macaatgoaa
tggagaaagg
ggazaaagasd
acaacagttg
ttaatttgat
ctgttgeocth
tgaaatakta
gaattaatty
gagtggatgt
ackgaazaac
attgactakt
gtatgcaaca
caataatect
aaagttgttg
tcatcettie
ttteatcagh
ttocotttta
agttatgetg
cktbgeoaaaa
ggtaatggeoa
actaccicac
caaagatgta
tetgtggaas
ttatctagea
ceatgoteoat
aatattgaaa
atktecatatce
aczazatgtg
gacacatcat
caaaggacaa

agacagazaag
ttttatgggt
tagtagttac
caagatggta
zazagttgta

cttekaattt
ctagagtbgg
agcaakckca
tgotattaga
agttectaga
gattggeate
gtitittatta
ctctocagoag
tggggcgggt
gackaagqtoes
ctttctgooe
gecktcagoa
gaaaagectg
tagocthgaa
aggaatgecaa
ctazagazatia
actgaggaak
daaakaagtg
taaccttcag
ckeaagacak
tgttacttbaa
tEckttetga
cecataggtia
ttaaagoaga
tetgttgeoaa
agagakgaag
atgetegthg
taaazacaac
ctgagaagaa
tggcatgaca
ctgagtgecaa
aaggaagtig
agasaagqgat
cagtgcaggt
azatkectett
actcbgggga
tttttgacaa
caaaatagea
caaaagaaan
cooatcaaaa
cheaagcrac
cttgtectta
ctttacatgk
cacgaacktk
aagakgateca
accaattagy
gagaaattgg
acagoacgat
aktroctaccte
agtocttasaa
cgtecttgtea
agecazgaatg
gkotatacat
cagecatggat
atactogtagg

tmazatgatg
ctgaagkbkte
acagcaakgt
aatgttatat
aaaaatggat

aaaagccaat
goacaakaga
Zazacaacaa
gtgtacgegy
agacacgacs
agqgecaggbe
gtitckkacka
tobkgetkkhe
ttoococaac
aatktgtkkt
atttgttgga
OCOCa A st
ttgtgaaagt
gagtgeaatk
acangbgatk
attgeaackt
tckaaatgac
cttteatecan
atgkektekg
ccbeggebgt
accttgtata
zaacacggac
aagagbggkt
aagkttktaaa
tatgctaege
aggggaaaaa
ctgectagge
ttggatacag
aakttcaatc
ttbkecattat
ttgaacattc
ttgekakttl
acacgkbtgat
atcttattet
aagtgaatcc
aaaaaagaok
tteaagttea
ggaacatiga
atgcesaaga
azaktcgaaza
chaaagatgt
geattttact
gaggaaatgg
gtbctgoitk
atttgoaaac
atggetgeka
aacccktgtg
egtttctcaa
tgeatatgta
tatgetaget
asactttoca
tggaggoaac
acaacasaact
satecthoag
atkcecattta

gttgeccaggg
tatectggaazs
gaatgkactt
gatatgtaat
ttgttygccaa
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ttatgacgaa
tttgtgtagk
czaaaaagta
accggeteas
cgocbockEce
gactkckbtt
tbockaakbkte
tbgocaactt
tecacageact
tamacacgag
tttagaataa
tcaaactgeo
taatggitat
aatkaagaag
tccaaagega
taaagaaggk
tteaatitaa
gcketgagte
tggtgazatg
gaggcckana
aaamagecaca
atggatttit
agbkgtgtatg
ggkatecaac
attecagtat
caaaaacakg
acagaaagag
goagagaace
sataacaazg
atgctaatga
atcaatcagk
ggagatgaaa
aagtaggath
cagtggaata
tgttttteotg
gatcoctagaa
aaggaaaata
aattatbeaca
azadaaczcat
tgtttggage
ctaagkitat
ctagatggtt
aacattcage
ctgoagagac
titttgtack
ttaaaaaage
cactgttggt
aaatktazaza
teocacataa
tbggkggaaa
agctaktaars
ccaagtgtee
attatccagt
gacattatge
Latgaggaac

gctagagtga
gatgazagat
agtgoctectyg
taattaatte
atgqactagat

datectaatg
tgtancatet
tgttaacaag
teeckbebtt
ttaacgaatt
ggacktccita
tckcactgte
Zaaaacaaac
aaktgtataa
caacbctbga
taaactgect
actecgacgat
aaaaageack
tttetggtgt
aktttattece
ttgattgtgt
aatkttettt
acagaaktta
tbgaaglbtaa
agaataaaca
a2caaaaaatg
gotaabkgate
caaatagett
gtaaattctg
ttbkgetbghbag
gcagebgaaa
aatgtgacat
tattbectate
agcbcitatc
attacagaty
tacttazatg
gtaaacaaac
tygcaagtta
agkgtgteos
ttgactageca
tagktaaktaaga
actatceack
attgagtaac
gatatezaak
tttagaattk
Ebttteatea
ttoctaktaa
taagtgctaa
atggteocaget
atasaaattg
cagaatgtaa
d2agaaagktaa
taggattace
ttgaagagat
acktgaglta
titteocctta
acbgactggk
ckttcaaagy
taagtgamat
tagaatagac

ggagggaakg
gtteotggaga
aactgtatat
acaattaakta
ttacgaatta

caaagaggeoa
ttkbgekactt
actagttgaa
tccaceghge
ceatcockga
caagaccthg
geatttkttea
aaatagaacc
tr-accactea
goctttgoat
atgtaaatga
tcaaacatac
tatktacatc
ggtaagaakta
atatggtatk
ckatgaaaaa
tkttacaktg
ttagagtaaa
aaattttaaa
aaatgtgaca
taktataaate
ttckatgtag
tattttggta
tgaagakaktg
cocageaatg
gcaagactgg
ccEagaggag
aaakgcagik
acabtgcaack
aktgagaacoy
ccagactgte
tggamateth
ttacbkbeket
tgcaaageta
ttatacaakt
tcactckoaa
aaaataktaa
agtactasat
tactaaattt
taattasaggi
toeckittoeac
tttaaaaast
aatatctaat
ggggkatitta
akttgttacec
caagkgtbgy
cakgecaget
ataatecataa
atttatatac
aaatttetka
ctgaagkeklk
gagkggataa
agggaattck
aagooagtca
aaaktkttacaa

ggaattactg
tggatggtgg
tkamaataak
atgaaatkttk
aagcaatgte

122580
122640
122700
122760
122820
122880
122940
123000
123060
123120
123180
123240
123300
123360
123420
123480
123540
123600
123660
123720
1237E0
123040
123900
123960
124020
124080
124140
124200
124260
124320
1243080
124440
124500
124560
124620
124680
124740
124800
124060
124920
124980
125040
125100
125160
125220
125280
125340
125400
125460
125520
1255880
125640
125700
125760
125820

1235880
123240
126000
126080
126120



tgckatacta
Etctgeaacg
cagaggtgge
ataactktat
ggggkglkttg
agagggagga
ttgoacagga
ttgttbgtil
ckecageteac
agtagectggg
aggcgggogt
coogooctaby
gakttgatat
tacagazakag
aaatctgagg
ttgagaatet
attamktbgt
agactatttc
ctagggckee
atgagagtig
atttaatbibt
tagtggttta
agatgetggt
agtgtatatc
ckgaagatteo
aaccttetat
tgatgtgoea
ttagt=macaa
aaataaaaat
tocaacocran
acagaaatag
tatgcaatbe
ttaasatgte
cbtgaagtckt
ttacaktttt
googaaakta
ctetanatac
tattttgtia
gaattaaaca
ccckgoitoa
catgtgktika
Etggteotgt
attetatctk
gggactacac
tgcatcoctt
catatebget
attgttatag
cococeoctlt
chabgbtat:
atatttaaaa
tteoccaggaat
acktgttaaa
ttttaaacta
gtatatatat
toctgkckgaa
tttbkggatgt
atttaattaa
gecaatttate

aagcaatggt

cacacacaca

2ttaggatgt
tacatagaga
actaaakgtt
tEcktigtag
aggaatagoe
ggktagtibea
tgoggaaaces
ttetbgagac
tgoaacgttg
attacaggoa
ttcactgtgt
ccetcocaaag
atgtttaaaa
gaattctaga
cbgagctaca
ctaaacagea
ttgktgatag
agecacktaag
tatgeacata
ccckaaaaag
tagaataath
tgtetetttt
tetgebtttg
atctagggcot
tagagtttet
atttatagta
a2ataaaggaa
caaatkctaa
aaaaaaatea
atgetcactt
aackecaactg
tgtgaakttgg
teamatabtg
tatttagkge
tckttggaaa
gaaataactyg
aattectattc
aaaaatttak
atttaggaaa
ckaattetac
taggcagtos
aatttaactt
tekakckaat
ataaatttkg
ttgatgacag
tagtgatebg
tctoakttatk
tEcettatta
tekttgotat
ctttkataga
agtaktataqgg
Etkbtktteat
ttgatgaaat
agtctogtgaa
atgkasankta
cktktaacktt
atttectbatg
aatttgtact
saaatttgge

cacacacaca

attactgaat
gaazatgteca
ccaaaticta
ctetettagh
aggggtetga
gatgaagtca
atggcagggt
agagtchbeac
gockcecagg
tgcaacacea
tgaccagget
toctgygatk
agkacacaaa
ggbtgagagat
gaggagaaag
caactgecacc
cagcaaatga
agtcetteaa
tgtttetigt
ckggagacaa
aatttaataa
aggagaatac
attbctaggag
ggaaggtazt
goaagaacaz
gtgotitect
gbkgtgegtge
acacaagcet
aatgabtbca
aagtaakbctt
tgoecttcct
taacgtcatt
aaaagtchbtyg
aaatkbecagea
aaaaakttgg
aagkttatga
tEtttectga
ttg=zazaaty
caacacagat
aacagagkgg
taktgtataca
cgkttttett
tctaccteag
cttggtttaga
goekbckgak
aagcakbttat
ttagreccko
ttazaaacaa
azattkttga
caghbgcaaat
agttazattt
Ectgaatage
kgacctitte
tttcacaate
tiaatettiy
tgttcketta
tgtegettka
cktatacaght
aaaraaaton

tgeakatatg
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caacacagtt
datagatiig
ttcatatgag
aaaktetoca
gtgactggag
gagagocaac
tttgaataga
tkackekgtk
tbcaagagak
cacoctggat
ggkctoaaac
acaggkgkga
ctgtgtacta
tactttecace
aaatgtatic
aagaakticke
getkteackt
tgactaceote
tgtttacara
atgaktagec
cagaktttkbag
ctcaktabgt
teagtkttaay
caattaacaa
aatcaagook
caaattcaac
acacacacac
tgatatgctsa
gcttaazatg
ctaccacaaa
tggtatakte
gazaataktgc
tcaaaaghtt
tttaaatatt
tkgaatgatt
catbgaagga
aatbatatot
ctyaaaaace
gtacaagtga
taacccagkt
taktctaccaa
tatatctatg
atgteoacagt
gocakttaak
tcctattaat
atttgegget
cteatattgg
tgobtgkockg
aagtggggkt
tactctaaaa
tottataces
gaktaaaztka
atatgtttak
ctatgctatg
cEttaaatgk
coctbttgacea
aaaacttctt
gttggtggga
catatataca

geabtageaca

ttttgagaat
gotgockckg
ggcacthcet
gagagtaaga
aaacatgaag
tagggaccak
agagtaktgt
goootgtgoa
btebectgeek
aatttttgaa
tertgaccic
gocacktgoas
caagggagat
tgggggaatc
ctttteacat
tgoattakt
ackgagtoct
agaggtggat
gckotttgga
ataaagtktt
ggoatgtatt
toctetatatt
tgaccataga
acggtttaaa
gtctEctata
ckgactgtaa
acacacaaza
aadactataa
cooctgccaag
gttaaageta
aantaacttt
tagttttggkt
ccaaactabkt
tgtgctaatkt
gactaattat
agatatgctt
gkgaatbtct
caaaatgoaa
gagccatooc
aacciatgktt
acaactgactk
gotagettte
ctggaggtct
gtgttktgaaa
tkcackcaac
tecaaataat
aacktgaagt
atcaktktetha
gctoaghtgt
cacaaaatta
tttaccaata
ttatggebtt
tgctatatgt
actgttttte
tgaagataac
tataggaath
tgtettagta
atgtaaggaa
cacacacaca

agaatgtgoa

tattagactt
tbcgaacaag
cttmaaacac
gcaaaagetg
aaggtggogc
ggcttbitoo
ggggt Lttt
gtggtgeaat
cagectooey
trtttagtag
aagtgatctg
ccggocatgt
gaaabggaag
chkggaaacaa
ttgagtakgc
actctgtact
gkgtgagoec
ctcagggtgt
cttaatctga
attttkbcaac
ccktgotact
ghteacatbaay
tgatatacgt
ttgcketggge
tecktgagaa
azakgecatga
ttagtaagaa
tatggtaaaa
gkitttbtkot
tacagagkaa
ctteaacack
ataagkttgag
thttoteteo
taagkttkttca
agaagaktaktg
tatckckgka
gkaticktke
gaactactta
taggcactgo
tbtecaatktt
chgctattca
tatctatcta
gctggggaaa
aaztggaatk
tettbattak
attecattatk
ggotocEEock
agtacctast
agaakattacs
ceoatttatac
aagttgtatcg
aaaaagkakt
atatatatat
atabggataa
tttktttagk
taagatttgt
agktttgaggg
tagtacecatk
cacacacasa

attcacagaa

125180
126240
126300
126360
126420
126400
126540
126600
126660
126720
12a780
126840
126900
126960
127020
127080
127140
127200
127280
127320
127380
127440
127500
127560
127620
1276440
127740
127800
127860
127220
127980
129040
128100
1z28l60
128220
128280
128340
128400
128460
128520
128580
128640
128700
12a760
12R820
128840
128940
1258000
125060
129120
120180
120240
123300
122360
129420
128480
129540
129600
1296560

125720



tatatattak
cacacagcac
cttesatatt
aaacttaaaa
tgttebtttg
acaacacctc
aatcttoatyg
tgakktttgkt
ttacectaasg
tetattotga
ckgttktiaag
gggkttttaty
aaaagtacat
tagtatgtat
tatctatatgt
gagbgkeaas
tgtttgctaa
gagtcttgea
tagaaaktaag
coctetebtyg
cattatatat
tataacatat
taktatataa
tatatataak
tattatatgk
ctcktttbgag
ctggatitgg
ctgggatceg
aatcecataaa
gagagacasa
aggkggekoc
cagtaagtta
geccattatt
gagtagatag
atttteccata
tggagaktgkt
ttgramckta
ctaggatbget
ttacagoaak
catgggbcte
ctttgggaac
caattattga
cttaatgkck
taaagatkaa
tattcaazaa
ggatagtgga
tamatgttac
aactggoagt
tagtagaact
actggctcac
gtgcteatga
acctacaceoo
ttgecocttaat
ggggggetta
caaktggatec
attaccktoa
tocoattatga
takaattgea
actgaaatakt
ctacctgact
caaaacagag

atagcaacaa
tgtttaacac
tagtazatat
tekaactagt
gaatttteat
tocockgoogt
tetgocttta
tactbeckath
gaggkatctk
ggatgataca
ttktgaaanac
toggeackict
gkgtgtgtat
tatatataat
tatatatatt
akaatasage
ttgbgteagt
gatgggattg
gotbctactg
ckggeceact
attatatatt
aatatgtaka
tatgtattgt
atgtattata
attatatakt
tatatgttea
gactteoctgt
cacattteag
ttgagoccagk
ggtgagteoca
agtgkctaaa
aaganacqgs
agqoaaatgaa
gagkgazaag
tggagagaca
tgekttaaca
agttgagroac
gocactaaage
agktaagaakg
ccagbigtgt
ataaatatga
geatgaagek
ctacackkbca
aktagatagk
abkgktbgkta
tgaattacte
ctacggtaaa
tggtacctac
tttgocaace
chktgggeoace
gtcacggttc
agaaktatcoc
aatatgbttlk
ttEgoceottet
cagtgetigt
ctoccaacaa
cttttatath
cagacagqta
cgagatecta
tcagactata
atatagacca

aaktatggaaa
agckttaagt
atcaaacakt
ttctazaaka
tttegattka
attgttgtat
totgtetoct
cttitakcke
attbgktaatt
atggoctasa
tttgtaagtc
ctooctiaag
atacatatta
ataatatata
atgtattata
tttagkgeag
getoaackta
ttazagoaas
toctoctooaka
ttteacteck
atabtgagaka
tataatakgt
ataktatatg
tataatatat
atakatzaka
agtgtgetat
cttaacckyg
attgeectgta
tgctggaaag
cazaaacaga
cictgogagk
agkgetageo
cccagetett
caggecageoa
gtagaageoct
atoccatety
tgacacaati
tttatbatgt
gacaatggaa
Etttgtbact
atatgaktgga
ttgazaktak
gtttctttag
abtatataaay
ctatggtaat
aacattgact
agkkgkecatg
aaccaatgat
tcagagagac
stgkggetgg
cagkbactgaa
atagoctaco
geaytigige
akttgagagc
gtatgtgrac
gacatocoetga
toocecktatt
gagattitgg
taagagtogtg
ctacaaggek
atggaacaga
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gaggtcaaktt
gbaagaacaa
ttetgtacac
cctbaaaaaa
tatgtgttkt
tepagoaatgt
acttttacat
ttttakrtgt
gaaatckcaa
bttaakgtggc
ttacktektg
ggatctgact
tatataatat
tgttatateg
tatattatat
cateckagag
agttgcamaa
caktckgoaca
tggaaaatca
atctactect
tataakatgt
taktatattat
takatataka
aatatgtatt
tgktataktaca
acctetoeak
gatcocacat
gagcttttec
ctaaaatcck
ftEttcttace
gagagaakag
tgobkbeckga
gtcaattgga
agagagggga
taktbtctatg
caagacteatbs
agcaaacaag
kgacackttac
apcotaackg
tgttgeatge
ctgtbagctac
actgoccbgag
ckaktaazaatg
cattbggeak
gacgactgta
tococasateat
tgackctact
teckgagtiat
Egaagtziat
gtaattatet
ctgaaactag
catqoagbEt
ctgcagackt
tgocacttec
atgggatgga
aaaktaccacg
daggtteaag
agtetktakk
getkaaaaga
acagtaacea
acagagcoeck

attatataig
agoceatasy
aaageacakt
tactgkggea
ctgasaacaa
tgggatbgat
gtktgacckg
gakaaaktkt
ceabagoagt
aatggattecs
akgatcagag
gatagaateg
aatatatatk
tatgtattat
acakgataak
atatttgeag
tatgaatgta
taktgttteag
ttgaagagaqg
ataaccagasa
atatataata
aakatataak
catatatatyg
atatatacta
cacacatatg
ccagbEgokbet
tagggactte
agoctitaag
atotcbgteoa
tcagagkgat
cgaagaachky
ttttgaggea
teaggaacte
caaaaakgek
agckgaagck
atackettta
gEgttaaktct
tocticoaaa
cattgttkta
aggtaactat
agaaagatca
tttogggtakt
gggacgataa
agtgcetgga
ckakgactgeo
ccttobgagg
gtootgeocca
cgtgttgaca
toacagttat
gbkgatactce
tetatgickt
agkgatttaa
gagagtgact
tcbkaggaaag
atgggaatga
tgggtaagec
attattcgta
gtttagtata
acaazgekgg
aaacagecatg
cagaaataak

tgtagaaata
akbgbteatil
tgaaagetty
tggzagctag
cagaacacak
gtgaagakta
tgaattgaac
caatakttaak
aaggtgigga
agcaghitett
aggtbgttgt
acgkktaaag
atatgttata
atataatata
aaktttgcazag
atktaacacct
aagagtatga
cttcagocteca
catatttgtec
aaattatgta
tgttacatat
atgtattata
tattatatat
tatgcakakg
tataaagcag
cttacazatg
ctotettgac
acazactotg
asgkggagca
gbgaaggaca
cooctgaate
cagtagceoct
atttttctgg
ctotbeaakg
aazacaktaktg
cattcatatt
geaaatatet
tiatkkktaa
gttaattaaa
aggttagatg
taatacaata
tgttgkoosa
taaggbktata
actbggtaag
taccactatc
aatagagococg
caatigattg
tactttkbgaa
agcaceagkg
ttoccacctEE
cckcacagee
cocacaggea
gaccatcaca
teatgtatta
atgtgtcaga
agtgattitat
acatgggaag
tagocbaggec
aggcatecacy
gtgckgghkac
accacacatc

ize780
129940
129500
122560
130020
120080
130140
130200
130260
130320
130380
130440
130500
130560
130620
13030
130740
130800
1308460
130220
130980
131040
121100
131160
131220
121280
131340
131400
131460
131520
131580
131640
131700
131760
131920
131880
131940
132000
132060
132120
132180
132240
132300
132360
132420
1az4s0
132540
132600
1326460
132720
132780
132840
132800
132980
133020
1233080
123140
133200
133260
133320
133380



tacaaccate
tttaataast

tteocktacae
aagaccaktaa
saggactibeg
gatctaatka
caacctacag
aqaaktctaca
tyaaggatak
dmazatgete
atckcatace
gatgtggaga
tgtggaaget
aaatcocatt
goacacgket
gteocatecaat
cagcoataaa
cattctbcage
tgggaattga
gtoatggagt
agttaakggg
Egtacacaty
aaaalaagga
betktatgka
gaactgtecat
ggaaggagga
cagtoocaga
goctgekbetbk
Eectagatkoa
tigttgagaa
ctaagaasat
taactttata
aattctcaga
tatmacagtt
tgckgteact
ctgeccasga
atagatctta
thetitttect
ttocagkcoee
tctgactgec
tecageotttga
gtttatckeca
tatktgtbkt
tgggatatek
tagetagtae
tetazatagg
atggeeaaac
tttetetcka
atgttetttkqg
ckcactatac
aatceakgtc
ttaattagog
gaaacagast
thEecatcage
cctetatack
ttgacttgga
cagttgttaa
atateaaact
aatecatgoag
atgtatatat

tgobettitga
ggkgctggaa

tttatacaag
aaaccctaga
tgkcbtamaac
aactaaagag
aatgggagaa
aagaatkbcaa
gaacagacac
atcatcactg
agttageatg
aacaggaaca
ggtgtggega
actaggkata
gtttattgca
gatagactgy
aaggatgagt
atackattge
acaatgagaa
cggogyagyg
tgcagoacac
taccctagaa
akbtttattte
cakttaagga
catcbgoatg
ataagaaagk
agtggcaang
caakggagag
dgaggagaag
acatgagatyg
acctattcte
ctcaaktaak
gatgatatig
gotgtackat
gocattaast
tatcttaagt
acagcatcca
tetetagoaes
tagacctete
cottggbctt
tabekektet
aactcagbbt
ctkbtetgtte
ctgtattttt
tcagtazata
taagtacatt
ttaaaaaaat
ttaskbkgtgt
atttgaatac
ttagactatc
tatktaaata
goacogoekti
cRacacagtyg
tgtaggitaa
ctatgacagt
teagoctaca
ataasateocat
ttttagacte
tbgtgteaga
gktkacktgget

cadacctgac
aaackggcka

aatbaattea
agaazaccta
accaaaagoa
cttekbgeoaca
aaktgktittagea
acaaatttac
ttocteaaaay
gecatcagag
gegatecatea
ctitttacact
ttockocaagg
tacccaaagg
gcactattea
attaacaaaaz
teatgtectt
aaggackaaa
cacttggaca
gogagggatac
caacatggbg
cttaaagtgt
ttttteoacat
cteagitthbtg
gtctatgetg
gadaatggca
accactbtooe
agackgagaa
gggttttige
tacasctgta
actgagtbth
atacttacat
cazgacatac
gaggacktka
gggtaactit
tttaacagta
ttettoctggt
cactgaggtt
tasacgotkc
ctoctottttyg
ttagaggaac
attkcttcaa
ceckoatbae
cateobttta
tatgttgaat
atktaatgta
cagogaacet
ttebkttibaa
ttetgeaatc
atbkbbgttit
ttkaktktet
cttgbtkgeka
taatetatgqg
gggatagkeck
cagagetgoc
gotagatgac
tactttaacg
taatgagagt
aazagtageca
aatttgatta
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aagaacaaqga
gococatatgka

agatggatta
ggcattacea
atggraacaa
gcasaagaaa
atctacteat
gagaaasaga
aagacaktta
aaakgcaaat
aaaagkcagg
gttggtggga
zactagaack
attataasac
caatageaaa
tatggocacat
tgtagggaca
aaccaaacac
tgggaaggyg
attaggagat
catgtataca
aattanaaga
tagagtkeca
cbtoaaagtca
gutcacocaco
agcektgakge
ttcagkteca
tiogtaggtec
agggtaacot
ttatcaaaca
tgggaazsag
atacacatakt
actgtaaaty
gatttatgat
gtecaatgry
cagkcchgte
cataatbeoct
attectecea
ttgcteatga
Fgtggoccatt
ticteckaco
ecakactigy
actattaact
atcctatcac
aaattamtac
attaaaaaak
tattttgaaa
tttteagattt
cagkttaagat
ghataattkt
tttgcatatg
aatgktatktge
azagygaack
atceagtaaa
atttetggtt
aataacataa
aqgcbtcteckt
tbatcacata
aagqgoeckbtEt
tggtaaatea

aatagggaaa
gaaagctgaa

aagacktana
ttecaggacat
dagecaaaat
ctaccatecag
ctgacasagg
caacegoakbe
tacagoroaaa
caagacraca
aaacaacagg
ctgtaaacta
agaaatagoa
atgetgetat
gacktagaac
atacaceatg
tggatgaage
tgcaktatkbck
aacaktcacac
atacetaakg
tatgtaacaa
aaagasazaga
acatgacagyg
tttttotgac
atgtcktgtgt
taggagggaa

ctagtgggga
tcEaackgea

ccagktctcoac
ttaactgkga
cttgtgattt
tcataaatat
tgggacatga
ttgggatacc
tttaacattbt
ctgktgatte
teocagagbtt:
gatitgatecc
cocketgeate
toctbhekbeat
ackckgbcks
tattgtekbkt
tcactgaact
ctggecacagt
aggaatttag
tcatacttck
caaakbattte
actatcectat
ggaagakkttg
aateakgaca
ttaggatgga
tetggoaktt
gaatckoack
gaatgtatal
ctcagaagan
aatasagttg
ctgtatgitt
aatgtacact
tatgagaget
teaktgtatk

ggaticocta
actggatoga

kgttagacct
aggcabggge
tgacaaatgg
agtgaacagg
gctaatakoe
azaaagtgay
agacacatga
atgagatatc
kgctygagag
gttcaaccak
tttgacccac
agagacacat
caacccaaakt
gaatactaty
tggasaccat
cacteoatagg
accagggeoct
tkaaaktgacg
acckgeatgt
ctgtggctta
gaaaccakgt
ataccctagg
ktcaggetegh
gcktatagge
ccbagktcat
cagecakgkg
cacagaggco
coaggagaca
ccaaagatta
attttgaata
tgtgacacac
tgagakttag
ckgggtctea
tacokbokata
ataatcocaac
ackgatgtte
togtagtctec
cckbkcaggke
aagkttttitba
tgtatoctatt
akttaaggtas
gocckbgoace
anatgtygkgg
tcaazatttt
ataatatgaa
ctatekttaa
J9gg9agagaa
gkokktatea
atatgtbgtt
gaccaasago
geacatagta
agcaactata
acttikttat
Bagaasanaa
tataagggge
gastaaaaag
gackigtaat
ttattiatha

133440
133500

133580
133620
133680
133740
133800
133860
133920
133880
134040
134100
134160
134220
134280
134340
134400
134460
134520
134580
134640
134700
134760
134820
134880
134940
135000
135060
135120
135180
135240
135300
135380
135420
135480
135540
135600
135060
135720
135780
135840
135900
135960
136020
136080
136140
136200
136260
136320
136380
136440
136500
136560
136520
136680
136740
136800
136BE0
136920
128980



acttatgatk
cockoctakge
cattattgtg
aatakttaata
tttctkazage
catggckbeaa

adaaatacaat
cactattete
actectateaa
agoctkbocoa
acatacatage
atkteobttaay
tetacaggoeo
ggkctatkat
gggagctibac
atttagogaaa
gebgtacaaa
ctgagattta
ttbcatatga
caatatgttt
tgttgettge
tagctkiaka
gotacetockg
gctecaakttt
agtgatbgkt
taaaagatgh
tkattgbaca
cktecbkottto
tbcekcktta
ggaaktaatac
tcaacateat
cttataactt
aggtatacac
cacagtagoo
gtttagtcag
tcatggagac
tgttaggtgt
aataaggaag
tgktbtbeatg
agtgtcaaga
ctageckcata
azatghoggg
cteaagggga
agektgtgeat
gttctttgtyg
gocbeaattga
ctocaagtge
acacagtttk
gaagaattak
gagbcatttt
aaatggtgte
cagattektt
attgacegta
tgggktaaata
tgbtgkttagg
acgtttatgeo
mstaagcatgc
agkatoaatt
atttattttt
actaatgaca

tcacagtbge
agfaaggtata
aaatatatga
tttaakgkoa
agagcoaatty
acacagckas

ttatatgtgt
tetaaagtgt
aacakecattg
cagakttaca
gtgtcactaa
agcaggttaa
Etctetgcka
aaaactaktkt
ttbkaagattk
gtaaataggg
taaaattgta
cagCocacacc
aagaasakca
attacttett
aaaatgecatk
acacaktcac
ggaaaazasasa
tattgaagat
titetaagkg
ttectectet
attacatatt
ttakgtgtat
ckgactagat
acatcaaghc
catgaasatg
cktagaackek
cocgacageak
tggkgtakea
ggkgaggcca
agagattttt
aaggtatgtyg
qoasagggia
agcbtaatgoa
atcaaataga
ggatitgagaa
atgtacackg
aaacatgtgt
tecatatgatt
aktcoagigta
gkaaagacgg
cocattggeca
caaaagcags
gttacegtga
ttatakecktt
zaaaakaatt
getttaagee
goghttgtag
tagaagacta
gttetgaage
tttecagattk
aactecalttik
aageatagaa
aaagateaty
tgtttcteea

cggckgagti
abtgggeatct
gtactatata
ttasagtcaa
aaageboaaa
aactttacce

catgtaaaag
aatttagcac
ttttakatet
gatteecteol
aatgtctgta
ttttataaga
aaabcoccagt
gcaaatgtgg
tckggeatag
agacaaagge
gaaacasaat
cecacakeate
agcacgtgta
attcatgtac
ttggatataa
agkaagtata
ataaaagbgt
agcattaaaa
ttgagagkttk
ctggaasatta
tattttaatt
ataaatgagg
ggtaggtacc
agtgtggaat
ttaactgtgt
atagttgete
dagcacatag
ctattgggtg
ggaggagett
aagaaggygag
gteatgaaga
gatttgokte
agcaazagog
gagaagtgta
gagatattkbg
aagtagctkg
actgaaatat
tygtetttga
ggccacggag
ctktaccchag
tttogocoocag
teaaaatatt
aaagktgatgt
tacaagegaa
ttaaaaccik
tetkggkygac
tttecagotge
tttgteaest
ataaatgaaa
gttatcocta
taaccatete
aaasactgat
atteaagiat
cocakgasaa
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cockttaaca
attbbtbeay
attakectktea
atttatekck

ygkgaaaagg
agcaatgage

ggoaaatgat
aagatatgac
gkgagatatka
aaactttaga
tataacatgt
caakageoekk
tttgtttagt
aagccgtaga
ggbgttittk
taagaaaaca
tattzaaaak
atagtatcat
aagktbtakecch
attttoaatt
tatggtaaat
aacctaageok
tgoggaaktt
aateceatagt
gggctgagag
tatacttatg
attgtgtagt
gaatattata
totgggeete
ttggagaaaa
quocatbigea
accaaccaca
tgagaaaata
gtaactgaga
gtcaatgoct
tgaagtcatt
tggektakta
ctgggagtgg
aktgakgagec
cctgagtggg
aggtgbgaag
aatatgaaac
tootktataca
gyaattaaktk
aattgataat
gaccatateoo
tictaggiac
tttgaggeat
cttasacceca
saagkactea
tbgacctata
aagazatatg
taatacagta
gggtigatgg
agtcaaaasac
ttacatcaakt
ttttcaktac
tagaatgaaqg
cttazaattt
gcbggtbgil

aactccatat
akaggcaatc
azaggaaaktc
attgoctgte

agtgggaaaa
tttckattgg

acatcagaac
ttgtaaaggt
aaatatecet
bektetbkek
gazatattgk
atgttiectac
tecaaghaak
tettactatyg
bttecoecttaa
aaaatkaktt
agcktackga
attggtaakt
sattgamaaa
acagcocaaa
ttkazaaace
atggcktagt
ttatgcaakg
taagcaatea
agagkgkatt
tagtbgkbtik
tatatatata
atcactettt
ctaataaatg
cttatagttc
tgtgatygcat
toccacacaga
maagaaakaa
gkckgkgaaa
ttoagkigic
aagttbgoag
ttattagagt
cgtataaaaa
f&gaaaaataa
agagagtecag
aaagbttoggga
gagtaagaga
tagagggaat
ttaaagaact
gttcobagaa
aktatcakag
tgtgtagooa
ageaatecake
taaatktgeg
ggoctgttga
aqgtttzaaa
gtackctgee
tgettettgh
attacaaata
cttatattat
aaaaatgakk
atagttatit
aacttatktat
tteccackEcat
ttcagtacect

ttattgaakt
atcktagbea
ctgaatattt
ELELLETEET
gotggeteac
ctitgacitgg

tttatkataa
taccactaaa

‘gaaatecagga

cttttttagk
tactcazagaa
gktataaaata
gtgatagaag
gatttaagaa
aaaaaaccak
aagakttbag
coaaatbeay
gtzacatkct
caktbtcagga
tttatacaca
acaaaatcet
atgktaccact
gattoagtta
ttactataat
tgaagacakc
tggttgackt
tatatatatg
tctgaatcat
gaaacaaggg
taaabtgcoktyg
tgotgockea
ckgacataaa
taaazacecta
agkgktteak
tagaaagactk
agaaagagta
aagaagatta
cacaaktagakta
ccbcagocaaa
ctgatattgt
caggggttag
ogagiadada
tittatcaza
gttazaakgt
gttgtaakeca
cocaaazcac
agcttttggg
taatotgeck
atgtkagaat
cazagocasany
gaattaggca
ogacktgtitg
atattetggg
agtaagacaa
ttacastata
gggktttbaza
gotgeaagat

137040
137190
137160
137220
1372BD
137340

137400
1374860
137520
137580
137640
137700
137780
137820
137800
137240
13B0OCD
1380860
128120
138180
138240
138300
1383eD
138420
128480
138540
128600
1386a0
138720
138740
138840
138900
138360
135020
135080
139140
1392200
139260
139320
139380
133440
135500
125560
139620
139680
135740
139800
138860
1238320
135960
140040
140100
1401e0
140220
140280
140340
140400

agatagctge 140460

aggacckatyg
agthaakbgtt

140520
140580



OBIFFT
0ZTERT
030FPT
000KV T
OFGERT
QBBEPT
0Z8EFT
09 LEFT
00LEFT
0FOEFT
085EPT
02SEYT
09FEFT
00BERT
OPEEHT
0BZEVT
0ZTEVT
G9TEFT
00TEFT
OPOCET
Q86ZFT
0Z6ZFT
09BZFT
008ZFT
OvLZPT
0B9EYT
0Z9Z¥T
0952ZFT
00S2PT
0pyEHT
0BEZPT
0ZEZYT
09ZZFT
002T¥T
OBTZHT
0H0ZFE
020ZFT
056 THT
D06 TPT
OFOTYT
OBLTFT
0ZLTFPE
099TFT
009THT
OFSTHT
0B TFT
0ZPTFL
09€ETPL
0OETHT
BEZTPT

O8TTFT
0ZTITPI
0S0TRL
CDGTET
0p60%1
0ga0vT
OZBOFE
09LAFT
ODLOET
0F9dPI

Ja371eReEER
33ebrorq]o]
abagjoeenby
sebeeengab
bEoebabhbehe
oeeellbeqe
P AEDRERD
£361633033
byaEegoowee
Bagenbyeee
ke fuh-1-lutate ] - ]
eaebabyeEn
jeeeoo0eEhb
jeebbejery
IEED}0F}1D
1333e31eeb
eeeba3igae
Joeaehibby
epaeealbep
=RERDRELD
hEeg3breno
Jeeblbbibe
AEJEE]I]IE
aeeyzhybge
oreERD 0]
EER3]IEEELE
Jereeelhb
obebyoeabe
BEE]jORDEEE
eee1]beebe
eBbeor3qo]
ebe3bbaean
oebeobegay
eoeehibbg
aebioa017E
3eeiobbyes
FEjEDerl1hE
eq33o3obe
33363333187
o3 qebbey
aeeejeeoeb
bymeqqbbys
Eejenberoe
J13323e333E
sobjeialae
DYIEE]}E]JE
Baowbaageo
obeoeeenbb
esaseeshbe

2533333933

1ew abeeer
ba33e3o96e
1e3733e0eb
eeeberbere
1333bebens
J3eeeeobeE
3ebbyagoab
o3333EjER]
Jibaboberya
o3bhzaog3o

ee1663333E
E0]OREREIE
38b63b6ra3EoE
1b63a%herio
313362393®
ooEDOPEEY]
Jeiajebbge
33723e3b3e
ebberopybe
fee3bryjom
byeveeqbbio
Jieeoezbee
e]ibeemD]eE
oRE3EnDl3
ebSyoejopE
EF13366333
213 3beers
eebyroi6a]
ee3zbageebe
oeebeqy360
33beR3329D
Jbbhyhy30e
goelqebyee
b3byesbyily
JoB36e3qEq
156eBiEIR]
B332EEIO3
eebefebyoa
eby3jergee
231]392b63eh
EE]]30310e0
Pl ol e e
ogebeybila
3a33e3beqee
bbhes3hbeybn
EERDEDE]DE]
eebaehigbao
ooqheoceygn
Ja1]oRED R
3b63e3b316%
3obbyebbyy
3beogegerel
JO34%4934F
ebybjeanyy
ebejieeee
epelbBEE]IE]
Biobegjoeee
ebeehqbyge
bbbHyoen3ah
sheoyyeyehb

3G3beebbye
eE1BIROBED
13aqbeaeen
33363eesoo
aeeheeeher
beroerbbrd]
bBEjorggele
qeebesyab
b333e8637y
seeeeebaon

ebieeyebny
J156300%ben
O3EDEDYEID
q36b=eDo33
=palafu Ral = b}
gedaoblbE
b beeegeb
21257336396
sorOR]13163
beE1hRRED]
Jaobebyebe
36633370b3
ebaLbeegbe
E133ebebes
eo33ehibyy
Jcbe3iigey
ehEabqoebye
vonowlebio
eeeebjeachb
enbggabaeb
ajE33Ro3E
a33TEL3EER
=lalila}=4-1-1e) - L
3635333637
qe33b3begg
Jeeoebbees
a116ewouebE
oeboroebya
eq03b33e33
evhbyeoyoba
Jaeabyabes
1063312363
eppeabeeoe
jebeowayzyob
ogaeebbgoo
1232bjobje
eaberbBRE]
jebeereggba
Jebeojoeee
e333obbebw
beeyynhvey
33E11EOE]D
je33310713e
JDTIREREEDT
JeloejEeD]
byabeeq3ab
E]12E3161]
ebebey]]66
Jegeoeocaeb
bieejeong]z

oegberbyow
JORPERDERE
EERbERERE
e33eDED33b
e3ebjyabiy3s
J390mo3eyq
Bybbeeyyey
Bbyeebyboae
Jjeoweselby
Jyeabblbho

9LT.

aaGyobybes
Exyeseeehbb
13323313332
J33eR3bERy
aeeabbioge
=1tk fab faTikets]
E]3713R08)]
£38enbB3ye
aepbesbb3b
BaorBEoE L
jebjyojybenh
AF3308319310
ejaeEbibeq
eehererool
ebbyoeyqbe
bEbaoabaeon
eheeieabae
voebbehigqe
BerireE3b]
eebelieeeb
eioy3yehbesy
13b65Be366e
e33b3jeqee
abebyerajor
bBzjo3o0ebe
bibeehyEer
oeonoeseeh
IREOREDSOT]
obabeqBq5q
3333333230
o1322obbeb
o3aoeooeeb
ebygesEiyag
1367eej0E
333e36®300
eabegegoqo
BEbebyByGbe
BEOR]I®106
JeEElobERE
soaeeehygae
e3336213eb
byyergabag
rereneyoby
15rorenElEe
EEEREEI]]E
vaabeeorbb
eeyehiebieg
331Bb36390
PEH1136qE
PO1EL0EAER

aelyeebeon
EO33F30EL]
aeebbbyehb
BebyB5ieyo
B13323e]qo
eoenbeeehb
jebeeeebye
aebyeEEEe]
3303033386
eebey3obae

327302668,
eebjeeybye
o3b3oED00]Y
joeroebepe
BBaeionabe
Beezbyorag
rByeniyeiha
eeojberebn
qebaeiegbe
33bhbesyne
webyaeRriye
Eeeeobeeah
jereelobqe
TETOLEEERD
1lieeoehbE
a333bberye
FIXFROLEER
o3jeselorns
eEBB3RqEgg
eoeoEaRaeh
sjanbybaao
29833 bee
eb3bqb65w6,
3330633800
eBbeiyeenn
ooejojerbb
JbahEs3036
3bejesjige
11E3IED]33E
13je3Ewewn
1elab6EL6RE
EBeerooratsh
seebeeTERD
oeloeleeeh
Er]1yReeh
eebbiveabb
Efijeeebece
eiebgbeoe
brooREED]E
eee33fgaog
w3bleeshe
eebbroeben
Baegozaabn
ee3gbbagoa
abegeyegee
byeeieebed
163030386
grlP11by3e
2363eb3333
Jenjbieog;

JEEL1EEIED
BlereEeelly
PEERlEoEDE
sheereleErE
Joegobayenh
J31319b333EE
beeajjeqob
1eEITDEED
Jjeirejes]
azoeowoeqb

16=3563375
e2]6703333
®E]1]1ebbe
obeeeqyzeER
obebereols
Joajoebeoly
exeonbiybae
A=byoaeogb
bB3rEE31eb]
Eebebyeiey
wo3baeiBaE
JeRa33byey
eaebegbelo
JEaD33013¢
JRJERDEEEE
J6336eqeaE
BElElaEabb
ebjyojobebe
vavbkbhbeba
Je313oeshs
BrooBebriya
E3]30083EE
BIEREEIIE]
olaieeebeye
oelbihz306
Bloojoabey
eoobenoabe
Eogaeooeab
Jebyebgaee
eieEERE1aED
bebbyGebee
Eysoewbeae
EEOEERIRRSE
rvabagaoaoa
beasetbave
B5qFebyfen
3ebbyeaeqn
eerERbRIqD
bebyeeynee
e3e3biojon
beoiobysoe
ojeER]RIOER
JEREQE]QJO
oeoeEgbegee
BEL}IOEIEE
je3063b3ey
3b33533330
3393qeE330
0113366e36
oEE3130336

B303ED]]30
J30Bebeaa)
oo3oEERPREY
13139EEERDY
2331333e0bb
eebeeefegy
1baooeebeer
BxbegbrEOE
ogoanoheave
381 Jobeen |



ttkataatasz
taacgcaget
ctgaagagaa
ettttaatet
tgtgtattea
aaattattct
gogaagaate
tgaaggtgat
atateoggaat
taaatcacta
gaaggaaaqqg
ggakttgkbhktg
attatgettt
catttatgat

gkctagoaag
gEagaggoos
ctgbgocect
ttcacgtete
ctyagkcocat
caaataceta
gkgtacacat
gaagagaage
cagagaagta
tteacaggoc
ckttaaatak
aaaatgbkiaa
goettgtebga
ttaggeaaga
tggaattgac
gtgtgtitgg
cctittaggtt
agagttikag
tEctatttaa
tatgttgtga
cctktbtett
gattecaccte
aggettgatt
tttatacatt
ttettctaac
tatktattga
traaagaaga
gtgthkaagtt
Egtgattckg
gtgtetgtgk
geakttatak
tacagttgaa
ccagagagek
aggacaatag
gogcagtittl
gtgcaabity
goagcttica
gaagaataca
gaagggaact
ggctgagaga
tatgattcaa
catgatgett
agatatgaaa
cteattectt

ggktaatggg
cceataatto

tazaatgttk
gtgaatgata
acagggeooaa
accakatatt
tittktaaza
cooccechkooo
tgctaccgaa
teckobtteot
cacktagtgaa
caktltzaak
catctttboe
gaacagaaqe
tektittett
ttgctggoaa

gagacataca
tgcctiggee
tgctatgaga
ctagatgaca
tecttggack
gckgtbtgea
gtgasgckat
Etatgtictg
caaggagith
aggaggagat
atgagkatat
gggagggcty
atcaggcazc
taaakggatce
aactgeaktt
gocitaaaat
tkckcacttg
gtagaaagag
tegoctaagg
EtbckttbEt
caatagaakt
tgagttcaat
ckttgocagge
ggotattitc
aatcceacag
gtaazaktgg
gtttgocaatt
tatatctgeos
aagettgggg
gtgktagtgac
atacatgcak
accaccagaa
gatgacagaa
daaggacaca
Ltaaatgagg
gktaackagga
gtgggatgag
gttacteobka
ggaaatcaag
ggctkgggea
gagccttatt
acagtgaagk
acagtbgagkbg
tacacageta
taatatgakt
ccataatigk

ttaaaaaktec
aaaataccke
cEgegaccat
cagtggttac
agtagtgtag
cgectacate
cagtagtatt
acctamsackg
cttatazaaa
agcateoceag
acazacagaaza
atoccgagaa
ttecttatet
caatggataz

catecatkcet
tgtgtgcttt
gtgggaattt
ggatktatectg
ckgeeactgg
gygacaatgg
tgtagigtgg
ggattgaagg
gagaattota
aatatattkt
azcaagkgag
cactbaggaat
acktgageta
aaagabgaga
aatgeacgag
goaagtagag
aacagtocock
gatgooagat
agatttcaaa
tgtectagat
ctetockaaa
atatcktgaa
cacagadgeoa
cacatgatgg
agktazaaatg
caagactgag
tetaaktktg
tagyatatge
gagacagckg
ataccbtcac
atebtttiga
tgaatgaagt
accbgagaaa
goaaaghgag
gaataatkga
agtcattgga
aagktgacktkg
aaagttaaak
tgaggtatct
bgckecacgat
gggacteact
aRaagtgttg
agkggoaaca
atagaktkga
tggebgtgte
gggbtgggacg
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tecttoaatt ttctgaagtg
actgocackgt ttetatttgh
sactgagage cttectgaaag
Ltigtgecag ctagtaaace
ckttattakt ttekgghttl
aggecatebt ceoctckoacac
tactgaceaa gagataackg
tatbagtatt tttaaatetkt
ggoatatibtt baagcaccac
tttackgeat gtaaagaagqg
tetagagace agttggogat
tegtasctit ataggetike
atteatttatk kitattcateoco
gaagcagtet tggcazataa

aaaaacagca teacccttag
agaaagckba ccktetagte
goegagacas azbteatgtaa
ckggktctagt ceceggockg
tttgcacaca ccazagecca
atggaacgtg gacagagctg
aatgaagata gaggtggoag
gtagatetee eagtgtggea
acttigaacc taaccgkcta
atttaacage ttobcagett
«tloccatttg’ tactgtigee
tangagagte ctgaggaghg
gatattaage aatqggkcaat
gaaaabggca gggcaacgea
craaggcada aaggoagceasa
cagagtttac taasaagchbag
gatgagtict gaggatitet
tgcaabckbag aateatbtet
gaaagagacc gakatbtetta
aaatatkttac btbtgtaket
ttataggtge cteagatobe
aagatgaggc tagagaaatt
tgagatttay tcegggaagt
gocattbgga gacaatagae
tagttttoaa ceaqggeoagt
tgttigatta gaaatgeata
aggkcktaka aathacateos
aagtagagac atccagecagh
ggctggctgg gaatatckat
acacacaaat acctatgtac
goccaaatat ghaktbggya
caatcaggaa aagcatktaa
cacaaakgtt tecagkaacga
aattttetea aaatettaaa
cagtgtoaat aaagcaatga
gattttckgyg agtttaagag
gaaatgagga aktggagacgg
tgtaaacaka tgaasaaktg
ctttbigtet ctoctecatke
gacteatgaa gteaggtcoc
atckgetoty catgaaggaa
gtaggtggtyg ttteoaggett
aattactcktg gtatgattte
gtttggtatt cagctgggag
cccacctaaa toteatettg
cagkgggaga taatifgaate

caatageoaga
cattgeoteag
ttatttteeca
agttagacac
gooatttygaa
cackgeatea
taccteatbl
caggtagkgk
ctaagkattt
cttecotckt
cetagtggga
cacckoccaga
attebbcagg
ggagckcaca

goocaggeaa
tgecaktigg
tcaackgecag
tgoctetttc
agggatcgte
agatatctat
gactggttca
agktbectggeat
gaagaaatat
gatttataac
ccagacockg
gJagtcaccea
taggaattat
gggcaggaca
aktcgcatgaa
gyagcttoea
agaggttgta
gtgtaaacat
agtcccagta
aattktgtat
acceaaagty
goagagaace
gacctgggka
atatbtggaga
guagaaaaas
gtggaagagt
agitttaattk
cagktaagag
gaatgbgtgt
atkttgecatetk
gttatcagta
aatgggtaca
acagaggasq
aatcatagga
taattamsaaa
ggaaktggaaa
tatebttett
tbktgtattet
totatetteqg
2gggggeagg
ataagatgat
tgekbagages
ttecaggkgea
gocataataga
aattgtagtt
ateggagbgg

144240
144300
144360
144420
144480
144540
144600
144660
144720
144780
1448440
144300
144960
145020

145080
145140
145200
145260
145320
145380
145440
145500
145560
145620
145680
145740
145800
145860
1455820
145980
146040
146100
146160
1468220
145280
146340
146400
146460
146520
146580
146640
146700
146780
145820
146880
14340
147000
147060
147120
1471BD
147240
147300
147380
147420
147480
147540
147600
147680
147720
147780



ttteccocat
gggasactoc
cotgoatzbg
ttotgecatg
cekttataaa
aatgogtaca
ggtotggtit
sagtgecatta
agataattat
aattagatgg
ckecataaaga
cetatgaaan
aacgatgoay
coctgotgtgt
ggacccchgt
aaccaagaga
atggagagyg
gkkttgagag

ctagetygaayg
taacaaggtt
taaaazaagat
tgggtatgkh
tecaataggta
atckattgtt
aasagkatgca
cctgeateta
ckatgatgte
aktgtctttge

<210>
2il>
212>
<213>
400> 51

gagaattatt
acttggggga
ggeagtacoc
tackbtthaa
agagctoecaa
ctttgeekta
atbgtcttec
ckgattbtoeo
ackttccggaa
gaagcictte

o1
5959
ONA

ackgtteteg
tttigottgg
cbekettett
atigtgagge
taccecagtet
atasatgges
cgkggaagac
tatttattgt
dcaacteoaceo
tceccakekga
geakbgeagea
tetaatgocg
agcagchgka
ggccoccockaa
tctagaggtt
tagkcgacaa
gktkgaatasag
tttatgattg

Egtbttgaag
tagaaacctke
aatttezaet
atgtgktikgt
gttttttage
togatetttyg
akatteagkt
tgotbgcbgea
tgtataccac
tattgtgeat

Homo sapiens

taactgbEtk
tggaccagta
tettttbgbl
asazatctag
acttacatte
ttictaacet
agattgteta
tocttettgt
tgaatcatgs
tggraaaagqy

tggtagggaza
tttetetttt

gqeckgotgee
ctoecctagec
cgggtaaghe
tgttcoctagag
agtttkteea
geactatatt
ataatgtaga
gggkgatagy
gagacecccke
cggckgatet
aatacagatyg
caggocacag
aaagaatack
tctcagaaga
aaaggatckg
cagagatgka

Eckaktggttg
agatagagaa
tetetttaga
ggtatggatg
cotbactooo
takctatgkg
ttctgettet
aaggatatga
atttbcttta
agtgckgoag

gtgtcaacat
taaccacage
tckocttckea
aatacattte
tocatgaaaa
ckttgaceck
gktatgteat
teatetocta
caagckgaag
tcagbtgaaa
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taagtcbeoat
tEtatakata
aggtaagaca
atgtgaactg
tbtattagea
caaaaaggbke
coaatggggg
tetattatia
atcagtggoa
agacagkgac
acaetgtgoegg
gacaggaggk
aagetteact
ackggtackg
tagcaaatca
actbgaamag
agggagctgy
atgatgtgtg

aaattqggbtg
taaazaatte
tttagggagt
atectgtcac
tecketetet
tacccagtgt
gkgttaattc
EtteattctE
tecaatctac
tgaktgroaaac

atctatgtat
ttoagotekt
tggockbcit
tetatcoasa
ctttgatgga
gatatattca
asatatgtgk
taacattgag

ecbgtotaaa
tttatgacaa

gagakctgat
tatatataaa
tgacttbget
tgagbcaakt
gcatgagaac
cocaacektt
ttatagtkit
ttagcactgta
geooctbgaget
dagatcatocag
ttcacaagag
ggaacteggg
cacttaakygg
gketgtggte
acaatgagga
ckoaggackt
gutggtagaa
atgataacag

aaagbdgaaaa
tagacttcoeo
atgtgtgcag
cocaggkagtg
acccaccagt
ttagetkeota
acttagaata
ttktatgget

agktgatggg

aaaatckbgga
ctktegttata
atttateatt
thebgiattk
taaaccaaat
gtkcatatea
ttcaacteee
cacagtgoig
gataaaaaga
akgkcagtag

ggkttataag
gaggagttct
teteotbgoe
aagoctettt
agacktaakac
Ltggcaccag
gggatgatte
atakataagg
tgtttectge
goattagatt
ggtgtabkgct
tggtaakgra
ctgoccacck
tgggggtigyg
ttgagagaqga
tgataagtta
catggygtba
aatkbgagaat

ttattcaatt
aagatacatk
gektattaca
agktatagtac
agococaggh
ctoacaagtyg
atggcecttca
ggogkagkatt
cacetaagke

akagtctaaa
taaaagaqgeh
ttttocttte
tcktcktaac
gcatasakak
acaagktgbe
caagtaggaa
ggoccoaaat
aaatcakact
ctgaagacyg

147840
147800
147960
148020
148060
141430
148200
148260
148320
148380
145440
148500
148560
148620
148680
148740
14BEQ0Q
148860

148820
144880
142040
1492100
149160
1423220
149280
143340
143400
145440

o0
120
1a0
240
oo
360
420
4180
sS40
599
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CLAIMS

A methf.;rd of determinlng a susceptibillty to cardlac arrhythm!a or stroke in 3
human indlvidual, the method comprising determining the presence or absence of
at least one allele of at least one polymorphic marker In a nuelelc acld sample from
the Individual, whereln the at least one polymorphlc marker Is selected from the
polymorphlc markers set forth In Table 5, and markers In linkage disequilibrium

therewlth,

and whereln determination of the presence or absence of the at least one aliele Is
Indicatlve of a susceptibllity to cardlac arrhiythmia or stroke In the Individual.

A method of determining a susceptibility to cardlac arrhythmila or stroke In a
human Indlvidual, comprising determining whether at least one at-risk allele in at
least one polymarphle marker Is present In @ genctype dataset derived from the
Individual, whereln the at least one polymarphlc marker Is selected from the
markers set forth In Table 5, and markers [n linkage disequillbrium therewlth, and
whereln determinatlan of the presence of the at least one at-risk allele Is indlcative
of Increased susceptiblllty to cardiac arrhythmla or stroke In the Individual.

The methed of Clalm 1 or 2, whereln the at lzast one polymorphlc marker Is
selected from the markers set forth In ‘Table 2, and markers in linkage
disequilibriurn therewlth.

The method of any of the preceding Clalms, whereln the at least one polymorphlc
marker [s selected from D45406 (SEQ ID NO:45), rs2634073 (SEQ ID NO:33),
rs2200733 (SEQ ID NO:28), rs2220427 (SEQ ID NO:1), rs10033464 (SEQ 1D
NO:41}, and rs13143308 (SEQ ID NO:51), and markers In linkage disequilibrium
therawlth,

The methed of any of the preceding Clalms, whereln the presence of alleles -2, -4
andfor -8 In marker D45406, allele A of marker rs2634073, allele T of marker
rs2200733, allele T of marker rs2220427, allele T of marker 514033464, andfor
allele G of marker rs13143308 Is (ndicative of Increased susceptibllity of cardlac
atrhythmla or stroke In the Individual.

The methed of any of the preceding Clalms, wherein the susceplibillty Is tncreased
susceptlbllity characterlzed by an odds ratlo (OR) of &t least 1.3,
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The method of any of the preceding Clalms, whereln tha susceplibllity is increased
susceptlbllity characterized by an odds ratio (OR) of at least 1.4.

The method of any of the preceding Clalms, whereln the susceptibliity Is lncreased
susceptlbility characterlzed by an odds ratlo (OR) of at least 1.5.

The methed of any of the preceding Clalms, whereln the susceptibllity Is Increased
susceptlibllity characterized by an odds ratlo {OR) of at least 1.6,

The method of any of the preceding Clalms, whereln the susceptibllity Is Increased
susceptibllity characterized by an odds ratlo (OR) of at least 1.8.

A methed of assessing a susceptibllity te cardlac arrhythmia or stroke In a human
Indivldual, comprising screening a nuclelc actd fram the Individual for at least one
polymorphlc marker allele or haplotype In SEQ ID NO:50 that correlates with
Increased occurrence of cardlac arrhythmia or stroke In a human population;

whereln determination of the presence of an at-risk marker allele {n the at least
one polymorphism or an at-risk haplotype In the nuclelc acld identifies the
Individuzl as having elevated susceptibility to cardlac arrhythmla and/or stroke,
and

whereln the absence of the at laast one at-risk marker aliele or at-risk haplotype In
the nucleic acld Identlfies the Individual as net having the elevated suscaptibility.

The method of Clalm 11, whereln the at feast one polymeorphle marker s selected
from the markers set forth In Table 9, and markers In linkage disequilibrivm
therawlth,

The method of Clalm 11, wherein the at least one polymorghic marker Is selected
from the markers set forth in Table 5, and markers in linkage disequillbrium
tharewilth,

The method of any of the Clalms 11-13, whereln the at least one polymerphic
marier Is selecked from 245406 (SEQ ID NC:45), 52634073 (SEQ ID NO:33),
rs2200733 {SEQ 1D NO:28), rs2220427 (SEQ ID NQ:1), rs10033464 (SEQ 1D
NO:41), and rs13143308 (SEQ ID NO:51),

The method of any of the Clalms 11-14, whereln the presence of alleles -2, -4
andfor -8 In marker D454086, allale A of marker rs2634073, zllele T of marker
152200733, allele T of marker rs2220427, allele T of marker rs10032464, andfor
allele G of marker rs13143308 is Indlcative of increased susceptibllity of cardiac
archythmila or stroke in the indlvidual.
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A method of Identification of 2 marker For use In 2ssessing susceptiblity to cardlac
arrhthmia and/or stroke In human indlviduals, the method comprising

a. identlfylng at least one polymorphic marker within SEQ ID NO:50, or at
least one polymorphic marker In linkage disequlfibrium with at least one
marker withln SEG ID NO:50;

b. determining the geriol:ype status of a sample of individuals dlagnosed with
cardiac arrhythmla andfor stroke; and

¢, datermining the genolype stabus of a sample of control Individuals:

whereln g slgnificant differsnce In frequency gf at least one allele In at least one
polymorphlsm In individuals diagnosed with cardlac arrhtyhria andfor stroke as
compared with the frequency of the at least one allele in the control sample Is
Indlcative of the at least one polymorphlsm belng useful for assessing susceptlbllity
to cardlac arrhythmla and/or stroke.

The method of Clalm 16, whereln an Increase Ir freguency of the at least one allele
In the at [east one polymorphism In Indlviduals dizgnosed with cardiac arrhythmila
and/or stroke, as compared with the frequency of the at least one allele In the
control sample, )5 Indicative of the at least one polymorphlsm belng useful for
assessing Increased susceptibllity to cardlac arhythmla.

The method of Clalm 16, whereln a dacrease In frequency of the atk least one allele
In the at least cne polymorphism In Individuals dlagrosed with cardlac arrhythmila
andfeor stroke, as compared with the frequency of the at least one allele In the
control sample, Is Indicalive of the at least one polymorphism being useful For
assessing decreased susceptibllity to, or protectlon against, cardlac arrhythmla
and/or stroke.

The method of any of the Clalms 16-18, whareln the significant difference In
frequency Is characterlzed by a statistlcal measure.

A method of genotyping & nuclel: acid sample obtained from a human Indlvidual,
comptising determining the presence or absence of at least one allela of at least
one polymeorphlc marker predictive of Increased risk of cardlac arrhythmla and/or
stroke In the sample, whereln the at Izast one marker |s selected from the markers
set forth In Table 5, and markers In linkage disequllibrium therewlth, and whereln
determination of the presence or absence of the at least ane allels of the at least
one polymorphic marker Is predictive of Increased risk of cardlac arrhythmla andfar
stroke In the Individual.
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The method of Clalm 20, whereln genotyping comprises amplifying a segment of a
nuclelc acid that comprises the at least one polymorphlec marker, by Polymerzse
Chaln Reactlon {PCR), using a nucleotde primer palr Ranking the at least one
polymorphic marker.

The method of Clalm 20 or 21, wherein genotyping [ perfarmed using a process
selected from allele-specific probe hybridizaton, allele-spedflc primer extension,
aliele-spedific amplification, nuclelc acld sequencing, 5-exonuciease digestion,
molecular beacon assay, ollgonudectide ligation assay, slze analysls, and single-
stranded conformatlon analysls.

The method of Clalm 22, wherein the process comprises allele-specific probe
hybridizatlon.

The method of any of the Clalms 20-23, comprising:

1, contacting coples of the nuclelc acld with a detectlon ollgenucleotide probe and
an enhancer oligonucleotide probe under condltions for specific hybridization of
the oligonucleotide probe with the nucleic add:

whereln

e) the detection ollgonucleotide probe Is from 5-100 nudeotides In length and
speclfically hybridizes to a first segment of the nuclele acld whose
nudestide sequence I glven by SEG D NO:50 that comprisas at least one
polymorphlc slte;

1} the detection oligonuclectide probe comprises a detectable label at Its 3"
terminus and a quenching molety at lts 5 terminus;

g} the enhancer oligonucleotlde is from 5-100 nucleotldes in length and Is
complementary to a second segment of the nucleotide sequence that Is 5°
relative to the ollgonucieotide probe, such that the enhancer aligonucleotide
is located 3’ relative to the detection oligonuclectide probe when both
oligonuclectides are hybrid/zed to the nudeic acid: and

h} = single base gap exists between the first segment and Ehe second
segment, such that when the oligonuclectide probe and the enhancer
oligonucleotide probe are both hybridized to the nucleic acld, a single base
g2p exlsts between the cllgonucleotides;
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2. treating the nuclelc acid with an endonuciease that wiil deave the detectable
label from the 3" tapmninus of the daetectlon probe o relesse frae detectable labal
whan the datection probe Is hybridized to the nuclale aeld: and

3. measuring free detectable label, whereln the presence of the free detectable
label indicates that the detectlon praobe speciflcaily hybridizes to the first
sagment of the nudlelc acfd, and indicates the sequence of the polymorphilc ske -

as the complement of the detection probe,

The method af Jairm 24, whereln the coples of the nuclalc acld are providad hy
amplification by Polymerase Chaln Reactlon {PCR)

A method of determining a susceptiblfity to cardlac arrhythmla or stroke In a
human lndividual, the methed comprising datermining tha idényltv of at least one
allele of at least one pnlvnfmrphlc marker In a nuelele add sample obtained from the
indlvidual, whereln the at least one marker Is selected From the group of markers
assoclated with the PITX2 gene:. wheﬁe_'rn the presance of the ak least ona zliale (s
Indicative of a susceptlbllity bo cardlac arrhythmla or skroke In the Individual.

The method according to Clalm 16, wheraln the at least ane marker Is selected -
fram 157668322 (SEQ ID N0O:46), vs21976815 (SEQ ID NO:47), rs6831623 (SEQ
10 NO:a8) and rs259110 (SEQ 1D NO:49), and markers in linkage diseguilibrium

therewlth.

The method of Clalm 26 or 23;, wherein the susceptibllity is Increased suscaptbiiity.

The methad of Calm 26 or 27, wharzin tha susceptiblity |s decreased
susceptibllity,

Tha method of any of the preceding Claims, wherein tha cardlac arrhy'thmla Is atrlal
fibdllation or atrial flutter. - ) )

The methad of Clalm 30, where/n atrial fibrillation or atrist Autter Is further
characterized by an age of onset in the indfvidual of less than 80 years.

The method af Claim 30; wherelf atrial fbrlllation or atria) fiutter Is further
characterized by an age of onset in the Individual of less than 70 years.

The method af Clalm 30, wherefn atrial fibrllatlon or atral fiutter Is further
characterized by an age of onset in the Individual of less than 60 years.

The method of any of the pre:eding-t‘:lalms, whereln the stroke Is Ischemic stroke,
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The method of any of the pmeceding Claims, whereln linkage disequilibriem Is
characterized by numerlsl values for r2 of greater than 0.2,

A method of assessing an Individua! for probabillty of response to a therapaotc
agent for prevenklng andfor amellorating symptoms assoclabed with cardlac
arrythmla and/or stroke, comprising: determining the presence or absence of at
least one zllala of at least one polymorphlc marker In a nudlelc acd samnte
obtzined from the Indi-:idﬁal, wherein_the at lzast ane polymorphlc marker Is
sajetted fram the markers set forth In Téhle 9, and markers In linkage
disequlllbrium therewith, whereln determination of the presznce of the al:'leas_t one
aflele’ of the ak least one marker Is Indicatlvé of a gmhérhillty of g positive esponse
to the therapeutic agent for caardlac arrhythmia _am:lfnr strake.

The methad aceordlng to Claim 35, whereln the therapeutlc agent 1s an .
antcoagulant, an anti-arrhythmic agent, 3 haar rate contral agent, a cardioversion
agent, or a heart: rhythm contral agant. .

The methad acpnrdlng ko, Claim 36 or 37, whereln the therapeatic agent |5 selected
frotn warfarin, heparin, low molecular welght heparins, factor Xa inhibltors,
thrombfn Inhibitors, sodlum channel blockers, bata Dieckers, potassium channel
blackers, and calclum channel blockers,

The méthud according to any of the Claims 36 - 38, wherzlnt the therapedtic agent
Is selected from warfarln, ximelagatran, heparin, enoxaparin, dE_lItEparin, kinzaparin,
ardepann, nadr‘nparin; reviparin, fondaparinux, idraparinux, leplrudin, Blvallrudin,
argatroban, danaparold, disupvram{de, moricizing, procalnamlde, quinidine,
Ildcr::ame, 'I'ﬂE'.‘hTI|ElTI‘.IE, tocaintde, phenytoln, encalnlde, flecalnlde, propafanons,
ajmaline, dbenzoline, dE'ﬁJmlum esrmolol, pmpmnulul metopralol, alpranoiol,
atanola!, tarvediiol, bisoprolal, acebutolol, nadolal, pindelalol, Iabetalul, gxprenotal,
penbutalol, timofol, betaxolol, .cartelol, sotalel, Ievahur{o!ol amlodarcne, azImHI'de,
bretyllum, dofatliide, tedisamll, Ibistllide, sermatitide, N-2cetyl procainamide,
nirekalant hydrodhtorlde, vemalcalant ambasillda, verpamil, mlbefradll, ditlazem,

. digoxin, adenosine, Ibutllide, amlodarone, procalnamlde, profzfenone and

flacsinide,

& methed of predicting prognosis of an Individual dlagnosed with, cardlac
arrhythmla and/or stroke, the method comprising determining the presence or
absence of at least one allele of at least one polymorphic marker In a Rudeic acld
éampl‘é abtalned from the Individual, whereln the at least one polymorphlc marker
s selected from the the markers set forth In Table 9, and markers In linkage
d]sequllnhdum therewlth, where!n determination of the presence of the at least one - -



10

15

20

25

o

q1.

42,

43,

&0,

484,

q47.

23,

50,

185

aliele Is Indicatlve of @ worse prognosls of the cardiac arrhythmia and/ar stroke In
the Individual. :

A method of monitoring progress of a treabment of an Individual undergaing
treatment for cardiac arrhythmla andfor stroke, the method comprising
determining the presence or abseace of at least one allele of at least one
palymarphle marcer In a nuu:le_ii: acld sample abtalned from the Sndividual, wherzin
the at least one polymorphic marker Is selected from the markers set forth In Table
9, and markers In-linkage disequilorium therewith, wheraln determination of the
presence of the at least one allale Is Indicative of the treatment outcome of the

Individual.

The method of any of the Clalms 36 ~ 41, wherein the at least one polymorphic
marker Is selected from-DAS4G6 {SEQ ID NO:45), rs2634073 (SEQ ID ND:233),
re2300733 [SEQ D NG:28), rs2220427 (SEQ 1D NO: L), rs10033464 (SEQ ID

" NO:41), and rs13143308 (SEQ ID NO:51).

Tha method of any of the Clalms 36 - 41, whereln linkage dlsequlilbrium Is
characterized by numericaf values of r* of at teast 0.2,

The methad of any of the.Claims 36 - 43, .whereln the cardlac archythmia Is atvial
fibriliation or atrial fiutter, '

Tha mathed of any of the Clalms 36 - 44, whereln atrlal fibrillaiion or atrial futter s
further characterized by an aga of ansat In the Individual of lass than BD years,

The methogt of any of the Clalms 36 - 44, wherein atrlal fibrillation or atrial flutter (s
further characterized by an age of onset I’ the Individual of less than 70 years,

The method l-:lf any of i'hé Clalms 36 - 44, wherein atrial fibriliation or atrial fluster Is
further characterized try an age of onset Inn the indlvidual of less than 60 years.

The method of any of the Clalms 36 - 44, whereln the stroke |5 ischemic strake.

The method of any of the preceding Clalms, further comprising assessing at least
one hlomarker for atrial Nikrillation, atrial ﬂu_l:ter andfar stroka in a sample from the

Individual.

The method gf any of the preceding Claims, further comprising analyzing non-
genetic Informatian to make yisk-assessment, dlagnesls, or prognosis of the

Individual.
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The method of Cialm 50, wherein the non-genetic information Is selected fram age,
age at onset of dizease, gender, ethniclty, sacloeconamic status; pravicus dlsease
dlagnosis, medizal hlstanr of subject, famnily kistary of atrfal Abrllation, atrial Autter
ar!dfur' stroke, blochemizal measurements, and ¢linlca] measurements.

The methad of any of the Clalms 49 - 51, further comprising calculating averall risk
by loglstic regression, -

A Kk lor assessing susceptiBllity to cacdlac arrhythmia andfor skroke in 2 human
individual, the kit comprising reagents for selectively detecting ar least one allele of
at least ane palymarphlc marker in the ganaome of the individual, wherein the
nolymorpghic marker Is selacted frorm the group consisting of the palymorphlc

. markers within the segment whass saquence s set forth In 580 1D NQ:50, and

markers [n linkage disequilibriim therewlth, and whareln the presence of the at -

.least one allele 15 Indicathve of a susceptibllity 1 cardlac arrivythmiz and/or streke,

. The kit of Clalm 53, whereln the at Izast ona polymorphlc markar is sefacted from

the markers set forth in Table 5.

“he kit of Oalm 53 or 54, wherein the at least ane polymarphic marker Is selected
from the group of markers set forth Ia Table 9, and markers'In linkage
disaqullibriurn therewlth.

The kit of any of the Claims 53 - 55, whereln tha at least one polymerphic marker s
selected from D45406 (SEQ 1D NO:45), rs2634073 (SEQ 1D NO:33), rs2200733
[SEQ ID NO:28), rs2220427 (SEQ IR NO: 1}, rs10033464 (SEQ 1D NO:41), and
513143308 (SEQ 10 NO:51),

The kit of any of the Claims 53 - 56, whereln the cardiac arthythmia Is atrlal
Arliation or.atrial flutter.

The kIt of any of the Clalms 53 - 57, wherain the stroke Is Ischasnic skrake.

The kit of aﬁ-f af the Claims 53 — 58, whergin Iinkaée disequilibriumn la charan:terl;ed
by numerical values of I of greater than 0.2,

The kit of any of the Claims 53 - 59, wheraln the reagents comprise at least one .
contiguous ollgonucleotide that hybridizes ta a fragment of the genome of the
Individual comprising the at least one polymarphic marier, a buffer and a
detectable labal. )

- The kit of any of the Clalms 53 - 60, whereln the reagents comprise at least one

palr of ollgonucleotides that hybridize to opposlie strands of 2 genomic nuclele acld
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segment obtalned from the subject, whereln each oligenudeotide primer pairis -
designed tb selectively amplify a fragment of the genoma of the Individual that

includes ane palymomblc marker, ard whereln the fragment is at least 30 base
pairs In slza.

The kit of Clalm 60 or 61, wherein the at least one oligonucleatide is completely
complementary ta the genome of tha Individual.

The kit of any of the Clalms €0 - 62, whereln the ollgonucleotide is about 18 1o
about 50 nudectides In fength.

. The kit af any nF I.']'hE Clalms EL': 63, whereln the ellgunuuleutl‘de 15 20-30

nurjeatldes In 1€ngth.
The kit of any of the Clalms 53 - 64, wherein'the_klt comprises:
a. a detectlon ollgonuclectida probe that is from 5-100 nucleatides In length;

b. an enhaneer aligonuclentide probe that Is fram S-100 nucleotides In length;
and

¢.  an endonudease enzyme;

wherein the detection aligonudeotide probe speciflcally hybridizes to a first -
segment of the nuclele acld whose nuclentide sequence Is glven by SEQ 1D NO: 50
that comprlses at least ane polymorphic SI'I:E_; and -

whereln the datection oligonucleotide probe comprises a detectable label at Its 3"
terminus and a queriching moiaty st (ks 57 kerminus;

whereln the enhancer ollgonuclectide Is from- 5-100 nudeetldes In length am:l Is
mmplamentary to a second segment of the nucleotida sequence that Is 5 relative

. o the ollgonudectide probe, such that the enhancer ollgonoclectide [s located 3°

relative to the detecton oligonuclzatide probe when both ollgoniclectldes are
hybridized to the nuclels acld;’

‘wherem a single base gap exlsts between the ﬂrst segment and the second

segment, such tihat when the ollgonuciectide prnbe and the enhancer
alfgonutiestide prabe are both hybridized to the nuclelc acld, 2 single base gap

exists between the ollgonudeatides; and
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whereln treating the nuclelc acld with the endenudease will cleave the detectable
label fram the 3’ terminus of the detection probe to release free detectable tabel
when the detection probe s hybrldized to the nuclelc add,

Use of an-pllgnnudeutlde probe in the manufaciure of 2 dlai;-nuﬁtlc reagant for
dlagnesing and/for assessing susceptbllity to ardlac archythmla and/or stoke in
human Individual, wheareln tha probe hybridlizes bo a segment of a nudele acld
whpse nucleotlde sequence Is glven by SEQ 1D NG: 50 that comprises at least one
polymorphle site, whereln the fragment Is 15-504 huelaatides n length,

The use according to Clalm 66, wherelt the polymarphic site Is selected from the
polymorphlc markers set forth In Table 5, and palymorphilsms in linkage

) dlsequillbrium therewlth,

The use accarding ta Clalm &6 or 67, whereln the at least ghe pelymorphile site is
selected fram DASA08& (SEQ ID NO:45), r£2634073 (SEQ ID NO:33), rs2200733
(5EQ 1D ND:EE]; 52220427 (SEQ ID Nﬂ:rl}, rsiﬂ033454 {SEGQ ID NO:41), and
rs13143308 (SEQ ID NO:51),

The use of any of the Clakms 66 - 68, whereln the cardlac arrhythmia s atrial
fibrillatian ar atrial futter. )

The usa of any of the Clalms 66 ~ 59, whereln the stroke Is [schemlc stroke.

The usa of any of the Clalms 66 — 70, whereln linkage disequilbrium-)s deflned ay
numerical values of P of at least 0.2 andjor values of J0°| of at feast 0.8.

_A computer-readable medlum on which |s stored:

a. an [dentifier for at least ang polymorphic maricer;

b. an Indicator of the freguency of at teast ane allele of sald at least one
polymorphlc marker ln_:a plurality of Individuals diagnosad with atrial
Abrillatdon, atrlal Autter and/ar stroke; and

c an indlcator of the frequancy of the lzast one allele of said at [east ane
pdlymarphlq m'arke_rs In a plurality of referenca lndlviduals;

wherein the at least ene polymorphic marker [s selected from the polymarghlc
markers set forth In Table 5,-and pelymarphisms in linkage disequillorium
therewlth, *

The medium 2ccarding ko Claim 72, wheréin the at least one po!vrnprphlc ma_wker !s
selected from DAS406 (SEQ 1D NO:45), rs2634073 (SEQ 1D NO:33), rs2200733
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(SEQ ID NO:2B), rs2220427 (SEQ ID NO: 1}, rs10033464 (SEQ ID NO:41), and
rs13143308 (SEQ ID NC:51),

The medium of Clalm 72 or 73, wheraln the stroke ls lschemilc strake.

An apparatus far determining a genete Indicakor For cardiac arrhythmia andfor
stroke In a human Indlvidual, camprising:

& computer readable memory; and
d routine stared on the computer readable memory;

whereln the routing Is adapted to be executed on a processor o analyye genotype
andfor hapletype data For at least ane human Indlvidual with respect to at l=ast ane
polymorphic markar selected from the markars set forth In Table 5, and markers In -
linkage disequlfibrium therewith, and generate an output based on the marker or
haplotype data, wheraln the output comprises a risk measure of the at least one
marker or haplotype as a genetic (rdicator of cardlac arrhythmia andfor stroke far
tha human Individusal.

The apparatus of Clalm 75, whereln the routine Further comprises determining an
indlcatar of the Frequency of at !east ane allala of at least one polymorphic marker
andjor at least one haglotype I a plurality of Individuals diagnosed with cardiac
arrhythmla and/or stroke, and 2n lndicator of the frequency of at the least gne

alfele of at least one polymamhlc marker or at least one haplotype [n 2 plurallty of

reference Individuals, and ezlculating a risk measure for the at least one allele
and/or haplotype based thereupon;

and wherein a risk measure for the Individual &s calculsted based on a comparison
of the at least one marker and/or haplotype status for tha Individual to the
calculated risk for the at least ene marker and/or haplatype Information for the
plurality of Individuals dlagnosed with atrlal fibrillation, atriat Rutter and/or stroka,

The apparetus of Clalm 75 or 76, whareln the at least ane.pofymarphic marker is
selectad from D45406 (SEQ 1D NO:45), 152634073 (3EQ 1D NQ:33), rs2200733
(SEQ 1D NO:28), 2220427 (SEQ 10 NO:1), rs10033464 {SEQ ID HO:41}, and
513143308 (SEQ 1D NO:54). "

The spparatus of any of the Claims 75 - 77, wherein the risk measure Is
characterized by an Odds Ratlo (OR} or a Relative Risk (RR).

The apparatus or medium of any of the Clalms 75 - 78, wherein Nnkage
disequlllbriucn is characterized by values of r* of greater than 0.2.
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