' mcroarrays 0]

; e3ei i 4.68TnuVv10 JAn 205 WD 02/ 03849 PCT/ US01/ 21163 M CROARRAY METHOD OF
GENOTYPI NG MULTI PLE SAMPLES AT MULTI PLE LOCI TECHNI CAL FI ELD Thé %Qeﬁ{t
invention relates generally to genotyping and nore pazticularly to
genot ypi ng for disease diagnostics. BACKGROUND A | arge nunber of
pat hol ogi cavoemssds ti ons in humans, animals, and pl anpgradgmawW 10
understood at the genetic IeveI Wth t he announced conpletion of the
mappi ng of the hunan genone, is expected that the genetic basis of nany
nore human .di seases w || years. Analysis of DNA
froman individual, ther Bﬁ@%@@kﬁﬂ*@?ﬁgﬁﬁﬁﬁ%%ﬁ ow genetically based
condi tions to be di agnosadUDITPLESARPLEEAT MULGWPIETLJdIe absence of overt
synpt ons. Th Wﬂ ﬁj’;\geous for many conditions such as netabolic 15
di sorders in v& y di agnosi s can prevent serious nedi cal -
conplicatbons | aﬂ‘he;presmthxivémonmda(gdﬁmnirto@e&tyyﬁlgagtﬂ}@pmwees,' whi ch are

often referr eq ric l as genotyping, are known in the art In very
OLYpI, SCASC
gener al ter erm e thher the DNA in a sanple corresponds to a

particul ar dlseasevcondltlon whose genetic sequence is known, the sanple is
exposed to } Ld probes associated with that disease, under

condi tions %ﬁbﬁg@)éﬁ?ow hybri di zat-i on. The nucl eic acid probes are | abel ed
maki ng it possi bIAéarg@udvébMpamdmdamondiﬁmsmrhmbes,ahmaB 4 Pleditelirg &y t 0 t he DNA
sampl e. h§ oRR LGSR rran arra n chips, with
each probe assigne {hogegletéc%%} W@P oca qngen %L %@%IB?PW tﬁee array to a

| abel ed DNA lil}empB@Omgéawwdd@wlee@eupépm@fmmrehmnIdxseasd'smﬂnbd n the array
and det er m nge. A& B8k cGnihavARt t th the probe at

t hat 25 Iocatfon Arrgty c%pps %ﬁ%&gbﬁéﬁﬁc%%@& tﬁ%em’f G exarrpl e, by
Affynetrix (BEAPS By ameisally based cond oae@@pma@asednrtpawmngemg:egned to
Affymetrix (Besice droven@Hapohe TisSs advakBts NPS ,%@nf ol 699, and
5, 925, Sﬁg nd references therelzh )., ?rayasmy%gtve gieetn used for DNA
sequenci e&“‘é‘t?" ?tsea@nélhgﬂagstaneresewe%m@c%wm}amupmlmmm appr oaches

- descri bed, for emﬂﬁds%fadaﬁmhjgﬁNAE&Iu%Es Nﬁ%arémﬁ%%%&?eﬁm donddddy Q¢! .
5,525, 464, 30 n 3%?] Whi | e net hods of enot getlg for di sease
3]

di agnosti cs %P(é é’?ﬁa?rF ar I asry gprakiprms. dpd theBNAGR in a

publi ¢ heal tzhsaﬁlplbbcbrﬁgyondsh@ypditﬁﬁdr m@a&eoﬂdﬁaﬁaﬂebg&eﬁdte@@&te is KhG¥m, €Xanpl e,
al t hough reltgvaaglt ol neonat al screeni ng is currently

net ic a s.are known,
done by mass SpPeetrs ?qctg Yfé?%%@ P eripted Wiithat diseasq pdgrsopditions
consi der 30 i chat aﬂ@dtybnﬂiaylpn DM nucleic acii@robéiiredEtafed WEkiORI Fr3duiOtoReitét USO1/ 21163

di agnosti cs t nee ractjcal,k for application
“to nultiple dg%ﬁrhgﬁtggﬁweghat%%tgnméfﬁc&c% gﬁsﬁohe FP> A BEYS38ct ronet ri ¢
nmet hods are ?dﬁaﬂgeﬂmmysencﬁumwahtaammbeaﬁr@edteqq’emﬁmmomfml tiple sanples

b dd whi ch : d.
ol ¢ aneous o gk s O BU RN St ek A8 en il URORERTSSCPY L
format incl dﬂ%/lﬁﬁﬂ%lf @@%ﬁﬁ@&lﬂd“’bﬁhﬁemgem@mmwtﬂpﬁatmﬂmmmm an array
chip at ppe 1@&&&@%@%@@%&&)‘&&9&&&&#%?{}[&% PﬁAﬁ%ﬁé{}.}@&T aame test on

many pati ent each_patient sanple S bel ed and

sanpl
i ntroduced .ﬂ%@ ai‘df‘F desgibed jo patentassigned o Atfymetix Kes, fonexinadaid Scal array
chi p. ThUS BafbnitNHsSG 3BDY0) 6, 858, 638, RAd 928, 25 (A refehtintbs MdrelnS., USSR nhRr €ach
sanpl e, e% ei ?) for, wi desg read use because of the fixed
per pat i ent ¢ 353 gen gped for 3{7% eqyenCiREmpIca gz FHSh &5 TisrSsausadnaty Hybmdzaen forth. U, S.
Patent No. SpfOath&sciied Foompmglt, iall.S. BRaONds s 23678 )010M 1 & 528 g6€€eni ng

mul tiple pat i ggb&rf%al nst known mutations in a di sease gene using nultiple
ht genom ¢ DNA and probe DNA fragnents representing all

known nut ations Whﬂanghodeafgtﬁotﬂﬁ@ebrdﬁb@e Thgb oy AredvaildleSn balr e ed on a

heet  of pl [Qc th cone_ rubber _barrier
ZI enent s Eetﬁv\%%gs'?ﬁ%{fs\g}ﬁldﬁ uﬁ’ S‘%H‘gp \Pé‘?ﬁltst‘l’tlrtﬁ?gm&ﬁlﬁ‘jﬁ“o?ﬁh ﬁ%ftloln Al l

m croarrays %mlﬁmmdwmemmWMMneeﬁatmamh@ikc ¢, the
nmet hod of Br te m I ra f.or ach ed allele
or genetic rra\é%ésfsk ?gé%enegéh‘%hﬁﬁggﬁ)ﬁbee?aemﬁ nsécfmlh8rr‘s dthgg)

genotyping wth sufficient precision fjor 20 dlagnostlc use, that IS

af fordabl e and that provides sufficient throughput for |arge-scale use.

| deal Iy, such a nmethod would allow nultiple patients to be screened fox

mul tiple diseases in a single assay. .Mre generally, the nmethod woul d
“allow multiple sanples. fromany source of human, animal, plant, or '

m crobial material to be screened for alleles at nmultiple genetic loci in a
singl e assay 25 SUMVARY The present invention provides a nmethod for
genotyping nultiple sanples at nultiple genetic loci in a single assay.
Accordlng to the nethod genontc segnents frontnultlple sanples are

o . .



PCT/ USOL/ 21163 the nultiple sanples is then derived sinultaneously by
reading. the nmicroarray signals. 'The nmethod can be used for e@é?@{iﬁ

di agnostics or to screen for alleles fromany plant or aninal species and
thus can be used for a broad variety of applications. 5 BRI EF DESCRI PTI ON -
CF THE DRAWONGZssihe file. of this patent contains at pbpasi@ae draw ng
executed in color. Copies of this patent with color drawngs) wll be

provi ded by the Patent and Trademark O fice upon request and paynent of the

necessary feg, 10. Fiqg. | S Jow ghart of a nmethod of genotyping nmultiple
sanpl es at rrqg?gin P semggﬁbi'f #‘?I‘E%&ng?eﬁ{ﬂ ems%ﬁﬁopapa%mnd?ﬁ tiply an enbodi nent

of the presenmplenadng gepstic coridifionsdn whicmass GREBIncGicRMo8& e WBhinop of a smal | '
portion of a ni aryray accordi ng. .to-an enmhodi nent  of the _present -

i nventi on. ]%asc.%%A&% %?‘?L‘%\ﬁ“ pké&’?&ﬁ‘lﬁ%&éé‘l‘%%@ébﬂs&g&wgmﬁet ected from
Cy3 and Cy5 4ty elipss shicingre procpeddinameahsonsly.r Ay destribddGh O, Payt 19§, S76 feat ures
prepared fro (fferent patient .sanples,. according to au enbodi nent of
t he present %Bn%é%%ﬁoo ,Va&glsagoé‘%tﬁc&lg@gggta?‘ﬁ’éw%@ UL PR CoANENi cr oar r ay
si gnal s ‘wer eanragrayichig 4t the hotbondt exchlvelt can B aded.aTo feiodh h@ine titloh ighy er t ube ‘
(PMI) and 8Q%: ettings, A.conventional  rai nbow code is_used with red
bei ng t he rrgpsé(%lén?r%]agé’ h%’é’g%ﬁa&ﬂﬁ S%%‘i’(le’t])ltlﬁoﬁﬁ'o’t”ﬁsggqeggté’fdn@?ﬁgg‘ﬁgg‘?o afpfferent; o5 4A and

- 4B ar e magni Walleehchofwlichibgs apfidentivel atkay ehip. rThir, @ithis Bthed) @ scpBate sreFpESt | Vel y. '
Letters -G e .- rcate the,.location.of _each of the
di ffer entﬁ @p;‘%}f%g?" r?%%‘“{é’ze"é@“bf?‘gﬁbg\?@ Y %’f@'}df ,reaggﬁ?%lecé“sf%%%ﬁg?pﬁ'l& 15,
sanpl e 2 ( A/P3fient gobof 8rays; reagshte, s@nlSpr@)essingl Md2d forthanpl e 4 (C/ C); a22- 24,
"sanple 5 (A O); ' X =3 le 7 (E/E):..h4-6, sanple
8 (NE); b7-9, s?ﬁ%’%g“é‘“ 'Z’i%gtj?zg‘i ‘%41”@)“ ai’?‘]’ss°§"r1?5?‘§‘g€‘6‘?‘(f\?u“§"8‘“§ uple 11315,
sanpl e 11 (Heb@¥spsypdlroyn mytaBons & 2 dissasgigene bising multiple pipoasdys offeBen?1, sanpl e 13
(Wi |'d type);gehotdic PtA S@PBhD 9{@1: (%3&7 - > :
(hormzygé)#ls)g. Bagkg[oungggutﬁgﬁétﬁﬁgﬁfﬁggaper.&ne u“féfﬁﬁd?%‘g"“ii gnal from

t he negatl veRbnkhe BicresrrysieAgriptiion o siestxd plagtic-baghied pitrpopkuldsy with di zat i on

contr ol s - ( b28{6ke relberbarrfefclfnents PetWecd i diar arays tohBveid S HRQMRatRNe Space bar

corresponds LO mMm 30 Fig. 5 displays quantitative values of the signals

r epr esent ed By I HETARTBERFST0 8t S¢leshest ofmuterisy Howpvenths methadofr enent s wer e
aver aged af throwibetek gfeo sefarsttiictoasiy i bachiiRatePMelk PR act0 naRk8GHH84.1 ent sanpl e

are given above di"gel ow’tPgo ra@h %tFi S..6A . and _6B show signal s detected
from Cy3 and Cy5 e 857 §Ame §8§’8 1pd, Igﬁ’,% P8 it SYHIGTTb B GiSIGR B epar ed wit h
i ndi r ect 20 abignostic me; tha S fbmidbin ahd thalgasvides Qifficidnt thathimpiiforiage-scdd JAN 2005 w0 -

02/ 03849 P S | e in. Figs, 3A and 3B, accordi-ng to an
enbodi-ment Cg%yt%ﬁéedﬁ%:s é}cg én e%f’n‘ﬁl)?/’%%‘% %ﬁ,m%?h%ég@%tﬁgﬁmfef’fm@ frempliBlipl e bel ow. The
si gnal s wer dlisgesesio g sidglasssaye Mord domhllly othe ethysl. wold aflove m3Bple Eardpled Abh ED

-DESCRI PTI ON t wDi t, ai i rmation abhout multiple

i ndi vi dual s aﬁyt'mrrﬁ%tg %‘llmcean’ gfﬁ[s}lgléégh’l%grcn?&%b?ﬁw ?}éﬂng’oﬁss‘frf/@%r alti}gl%saat her ei n,

genot ypi ng &lEleesneticdesi ing sidgle tssyd as di stinguishing alleles at a given

" genetic gpcus at single nucleotide resolution. A genetic 10- |ocus (plural
loci) is defjined. as a chronobsonmal |ocation of a genetic or DNA marker. Thus
t he net hods ?{ng to the present invention have the precision required

to provide screcThoisanibvatiaiais § bSO Rhboind Aahilhyidyal s that can be

used as the basis for nedical decisions. An overview of the nmethod is
i | lustrated Ut BTG 19cHiR  Fiels 35say; focopding te-fhe gethods genomigsegmenty foms anml es of
genoni ¢ DNA nauitiplé ssmblad @cbriplifdd Win®pRpth&at cHRAGIHR Pimed\heRReG MENS can be of

any origin includin acteria, yeast, plants or animls. Any organi smthat
_-cont‘ai'ng:k)BNﬁclllog11 %sr?élﬂ?gfoé&?’éaﬁ cﬁ%cﬂ‘ﬁélffgls’lﬁd?N‘%B‘ﬁkFr@éﬁt%t- {Ihe grOPRBIS di sease
di agnost i cs segnicots egifaakd BpaciicBhty o SsuefdeaihR the rittiaRX&b&tiof oM bl ood,

ammiotic fl y natal blood cards, saliva, senen, epithelial scrapes,
and needl e g}eggrg?cgg&%g &Sfﬁsﬁlg‘ﬁﬂ%méﬁaéﬁ pfRc S‘F&‘F&“‘tﬁ%} Bifgesr Do Bseci mens may
cont ai n RNAnberparrayis hijhtilizeTwith Saixpest spitietic dipbmicRetidangdatpir i fi ed usi ng ~

st andard prggﬁq‘ is then anplified wth gene-specific
priners by use %121 tﬁeépolgyLnsr)emgang%negﬁé’F © cé”tlﬁa%n&’(n BPTIElt > t o produce
the so-called anplicons. The PCR procgss is broadly used and has been
descri bed extensively in the art (see for exanple, U S. Patent 25 Nos.
4,683, 202 and 4, 683, 195 and 4, 800, 159 and 4, 965, 188 and 5, 333,675 and
references therein). A specific pair of primers is used for each genomic
segnent of interest, that is for each genom c segnment containing a known
potential nutation or other DNA alteration of interest. The nethod is
applicable, therefore, to any disease identified with DNA narkers. Such

di seases include, for exanple Cystic Fibrosis; Tyrosinem a, Maple Syrup
Urine 30 Disease, a-1-Antitrypsin Deficiency, GQutaric Aciduria Type I,
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5 to generate the anplicons. This ensures that anplicons generated from all
of the specinmens at a given |ocus, including specinmens from horiﬂnzggﬁt@

‘het er ozygotes and normal individuals, anplify with nearly equal cf ﬁcy.
Each bi ol ogical sanple is treated separately with nmultiple prinmer pairs to
produce mnulwé plgssaanpl i cons for each individual, eachl,g%g(j LAk associ at ed
wth a specific genomc 10 segnent froma specific indivi & each genom c
segnent containing a genetic locus of interest. The | ength of each
anplicon; as,the nmethod is currently practiced is about 60 base pairs,

al t hough t hepEtiiela sqmmpjes trdben gptvedtimpliapepustipy feedingshe mictowemy sigrilfe of bet ween

about 40 andTheRfhol amDde Rk 1 disdhhtRtidgRbstbs o ) diEh 1Bf alBRCA DR plRREt i ON as i's
typically practiced currently is about 50 ul. It 1s anticipated that

further optiH9eASREE aRA fbs (28 Briksed PhebradgariethofplicttisRtime to 5-10 ul, which
will allogv the nethod to provide additional cost savings by mnimzing the

amount of t ification_and purification reagents used for sanple
prepar ati on%&gﬁgﬁﬂggﬁﬁgﬁpgﬂ\l&%uri fied to renbve contam nants such
as nucl eoti des, ﬂ?ﬁblﬁdémﬁthiﬁ)f)dtdﬁﬁéoﬁtaﬁﬁlﬁhéa&tf&ﬁédﬁMiQ%&)@&ﬁe%%nédﬂﬁtC&We‘ébf nterfere

' hybri di zati on. Methods for PCR

Wi th mcroargta rinting,, 20 attachnment or

anpl i con pur %?f%t‘WH&?@‘%&%&?@ﬁ@?@ﬁ&ﬁ@%ﬂn@ﬁdzﬁm@fgw vendor s

i ncl udi ng Telpefiequeast abdipayytieitlofihe kobdssyfde. 3 agen (Val encia, CA). The purified
anpl i cons,are suspended i uffers such as, sol utions_of sodium chloride and
sodi um ciq?r ate (E’%C?l,s ag?)‘ivEr’?ta%ﬁ%mﬁ%dd’?ﬁ@mﬁng%ﬁﬂ?lsm&setm@@}% sol uti ons of
sodi um chl-or geoktic I@isiiuitm@hdppbadieg @atlembddithate? tidipaeentiavdngéy. aacet at e ( SSPE)
or other 25 stangdargl reagents. The buffer | L.cons are arjrayed in '
standard 96- wel Ig%'réjlégic?'\i\g%‘f TR ‘%B?na‘iféggg??%@é’taTﬁf"a’i‘mé’c‘iﬂffb‘?gl}{%on_ sol ution
per well. . Tapsimbedimentbithemgesadt inventid.i ed product are about 3-4 pl per well
for the arrayi ngg ;._gR,anﬁ]éﬁl‘g‘y%pﬁu%gg&gce\%%%e@g%g@%%ggﬁaof 2-20 pl are

sufficient for formng the mcroarrays. PCR processes
are readil} y susioaapivectively, dompraricresrayed 576 fratuBe pepded e 72¢ifefangur at i ons such

that >10, 00aBaFRkpRs,R&ordERYo &reﬁm{sjema% h{%égfgagv@gnr%—giaggeégﬁ%@ﬂ%eed

| aboratory setti ng. Thi s t hr oughp ! (1on of 10 | oci
fr om 240, 000F%3%ple Beloe Theauiaparsy siguals werstrprdavithiagenfesalsdneer abl00%d screeni ng of

the popul at iphﬂtrc»ﬁﬁiﬁgﬁr& ube@Mah mrso%ilaa-sgmgwg@%@ﬁﬁ%&@%&;@}r suyFh as a
y

required for &a‘%gb eeding in agriculture, forensics, mli
appl i cati ons™ efngdhe mastintense and black heme theNesstiptensyD 02/ 03849 PCT/ US01/ 21163

In step 26, a hi Biss. darAd 4B/arfinfgnld peiond bt hb @08 BRIBA 8LHENL S in the
“mcroplate is f rqegﬂgn@ suhstrate, wth the current_ size of the
ni croarray 58%ﬁ°§§/?¥i FHar) 2pd guhep (A8 dpmasaivibs losation ofisash of et ypi cal Iy the -
, 3 i ze of a stdiffckat phti2g smmeslagﬁucgm B10C120869RE (S/K); 323-15) sdnple/NiArS) spo';)
~diameter is gh 0 p at iter-to-center_sp of about 140

Vi o alt dnoemidds RO B b (GEE: b i L CUSK 20621 6 on on {he
substrate. TH&/ApbhB, sauwplb@(E/EX bé-potusple B (ABR H9paumpOAA)IBEEIZ, bed in the
Exanpl e I i { P"T)Q ri\nt ed-area, .though scal e-up of
sanpl es %%u%%ygfgé\l/m&@d?)ﬁg}’ ?lljér &é%?@?é%gf) ﬁémgf E)f(ﬂleg’‘c’rarllmalrcééspotti ng
t echnol ogy VBRREYERED O Skl esample ADOVike)s bB224,cmihle M(bdterozygans); ®23-i mat ed 10
5, 184 spot s Pakmp1ed i m‘%gfg 1 . Lormed woul d
contai n appr.oxi nglt eI5 g‘%‘%ﬁ‘? g%g Eslﬂﬁlger 0%@#3&%%&%@%%@@ slide.
Thus, the r’réii"ﬁ’otﬁes“eé‘f“"f Fotphpeing buifen (28800 Fostivedybridietingtogpsiolsdbasnf or nmat i on t o
be -obt ai ned 30j g148, 684, 7-p it d10.9%) UicAUB iy wésgéda%glééx{xéépmé:@%;ﬁlﬁ. from at

I vi dua

| east 10 0 at least 60, or at least 5,000 in s sinmultaneously. In
princi pl® ni cr oaFrAyelyyauaritaiye values of éhe signels wpisseniod bitheraisboweade®  gene 15

archive of @uet) PESRASmeRutHGtsRRRIvEhIARRerBAKProRRQhbtiallioch LM Croar ray
to a single anplicon froma single 1ndividual,

corresponds essent ifal b%/)

within the Frecrs: BioPaseraprioregiaabovemad blgwibesatr e currently printed in
t ][i pli ciat e at 14Egszmhsmfa&ﬂ G si&fajslﬂbtﬁ&ﬂt@nﬁ@ﬁtah& duldE1o8 38V ][el iability
of results, i.s shown schenatj.c y.for exanple in Fig. 2. irst row
26 cont ai ns,ﬁ%&%o%érfm}'é’f?mf Wﬁ?’gwal@ﬂ%@%ﬁ@%@?%ﬁﬁﬁﬁﬁaﬁﬁtto t he

anplicon fromindividual nunber 1, trgated with PCR priner pair A denoted

K=

| A, followed by three spots fromindividual |, treated with PCR prinmer pair
B, and so on. Tn Fig. 2, Row 28 shows the anplicons fromindividual 2,
treated with, PCR priner pairs, A B, and C. . There is no requirenent,

however, that the spots fromdifferent sanples be placed in different rows,
t hough the 25 spots fromdifferent anplicon solutions do need to be placed
at distinct locations. There is also no requirenent for a triplicate
spotting configuration per se and single, double or quadruple or other
patterns could be used to generate reliable genotyping information.
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15-The primer pairs used in the PCR reaction in the present . nethod ‘
typically contain reactive groups, such as al kyl am ne groups, {i{ptyAR 30%
specific attachnment of the anplicons to mcroarray substrates, for exanple,
gl ass substrates, which may be chemically treated. For. exanple, the
substrat es WgyesRet ai n reactive al dehyde groups that @'HJ%YYzl nd- at t achment
of am no-linked PCR products via a Schiffs base, proguce as a 20 reaction
product. The attachnent reaction proceeds by a dehydration reaction.

Hydr ophobi ¢ printing surfaces such as those that contain reactive al dehyde
groups are uSBPI asinFigs. ddant 3B accerding teanspbedimiinhef tempestnhinvatior, es enabl i ng
Smal et~ Spot desirfbein R IRion] 166 A3t eARRAEL & Aortlh £ FRLARYPUDSL T at es
with reactive al dehyde groups are avail able froma nunber “of vendors

i ncl udi ng Tet®Chem (Sunnyval e, CA) and CEL Associates 25 (Houston, T~. It
wi || be apparent, however, that any of a nunmber of additional mcroarray
surfaces and_attachnment chem stries could al so be enpl oyed including those

that cont ai nPEBALERJESSRIBII@Yt nents of poly |ysine, organosil ane,

epoxysi | ane, reaqthRdofiReite B BForn@in apcﬁgﬁulﬂﬁg Eﬁiivﬁl%s at ulﬁpllg
nitrocel | ul oge-cgated gl ass and ot her substances. It w al so" be apparent

that in addi58% Rbsimplnepusly AsHssr hersin, sepplypingis perifieatly dafinedys- speci fic 30

schemes i ncl didlinB@shin2088at 4 BlcnReheliOlobRe SipRShEIRiS Bioidlo!| A EAUi0!l et | ight or
heat; el ectrostatic, . interactions, hobi c i nteracti ons and ot her neans

i hydr gphot |
may al t efhat PEE oq)dgdpineias @ phapmopgmaliiqcanionpia grngtic ayRNA marker Jhesssed and
hybri di zed whainetnwswbﬁagwméﬁ&eﬁta@e&wﬁmmmgmﬁbﬂ%mﬁqﬁéms- The
m croarrays are .%o ﬁ%se%i t.O ren%\éég .u(g‘t’)‘_gund mat eri al, .inactivate _
unreact ed al G&RY ané B9Ete IHOFmRRORIPT PG vifypls that ¢an bepsedrshiediatiniont s 10 JAN
2005 WO 02/ O881Q@1 ®e¥ibdSA / 21163 prior to mcroarray hybridization, using

conventional prot S (s faor .ex | e. Schena et al, PNAS 93,106l 4-10619,
1996). In gener QIA,Q%%W)[F% aﬁgealf’?%gﬁ lsrlglél%ﬁe%%w&@? HLFé%i llt;lg\‘fs"’iahsm&’queous
sol ut i ond3 col® simplenof ssadnis DA dredwlatdfionibidldgical sheipns, athe secigdemsectn 10 C bel ow

the 5 nelting Lk 9 Of nthetic,oligonucl eotides. The

hybri di zati on o%%%?ggﬁ%ugﬁg?%}mgfy egssgﬁ]taﬁ%?ria%mo iﬁ%ﬂgﬁ%%‘%ag‘é‘?%npl enent ary
to alleles PPEAdynmengpletpthe mathod. Fonapplivationte hmapdsease diggnostibmbiologicaach

synt hetic ol g,a004sLebhis P ' : tic |ocus

sel ected by Adap_PCR priner bal ?%Eg,%%@%og,%gﬁo[nﬁgiﬁ%g%?)%@bgo%?a?@ijal ly.
unlinited nufiey segen, gpithelial gmpes)snd mpefiletiapsion Fox ogttain erganisws) ok Hielogivabpar ed t 0
det ect abo el Pecirhéhs kdy SohRd OO But bt DNK. OFHR Simplds Gtk | d- cont ai ni ng
or gani sm Itsgwi | | -Sal go be apparent that thepi p%g](izsgg%d?és& sca{de“gig%e such t hat
m xtures corﬁa&ﬁﬁ?ﬁ‘@"e&ﬁ%ns, hundr eds, or possibly thousands of different

ol i gonucl eot i des sanylé ONAGs théaQehphifed 9§ ¥R Qpd¥Bid Yrid it byPisE B thedddydleRse Of
~interest andhélhlelnce. d{fféf gé?nt dgl seases_.Si rml,taneouslﬁl. he only

requi rement '8 ﬁ%%%‘Pﬁzﬂé*Qd R A IBFGIRT SorAlled gaplicapy dhs RyR pResssd? | d t ype and
al tered al | direslyasedmasd hasdeenidbseritkl ehaisiel ing: GERL (FeUPRCES. bdat ar e
. conpl enend any,tH ﬁfmp%?dne Qir 6%yrbt @qic I Hﬁgletides are

- widely avai | apl ééﬁgom q hani)esrano%’ @éﬁ%?ﬂ S |6ﬂ§#8dﬂ?$rg§3%gg‘“§| Ythol ogy

- (South San Rhexsink dowecifoppir afplin@sds wad fHeakinghanic samédbiimerts, th&A)for The
ol i gonucl eotd, &Pg%n i 1 XTI i cal .abou 30. nucl eotides in
| ength to maxi m z%ﬁ?%@%ﬁ#@%g@é ?‘*ﬁ%‘&' sho%?rﬁg\e%&ﬁ]%%feé% ?8@ vari ations
within the Zﬁeﬁﬁpﬁw %Pﬁceblamyteéqre,ttdmydhagﬁdmﬁﬁﬂoﬁﬂxm majerhe 1 S
nucl eot i des gubh &SRS thefude, ﬁf%ﬁm%&ﬂﬁsﬁ%@ég@h@@@%ﬁg&@ﬁ% I's located at

the central position (position 8) relative synt hetic
ol i gonuc?otliigrese, grd-AnibypsinDetieiency,(uthrichialiduda Bypd L IFixtrditay Feaying bess,de f or

exanpl e at tHig Phai604; 15 i hol l.abel s at either the
5 or the B'ﬂ&gan%gﬂ or a,glgogggﬁﬁn%ﬁ@%%}ﬁ%&%ﬁgggg}ggng%ﬁegm% k within the
descri bed n¥esian Cigin AcyliCeiePehydieen2s Defidincpomahedwy foy. Fathalisiiare known in
the art. CormpamigulbdREEEEER: o ' I ' el ude the dyes -
denoted Cy3 and Q/)égs\hi ch t?&%ﬁ?s%g%g%edg%glﬁggg?%géﬁ%%@%%m a%d 650 nm
respect i vel yVeFBisA sigglnmutptinsin piogls senvsen produse g disessqphanotvepThe f | uor escent
tags that fluoresce at nultiple wavel epngths. Any nunber of different types
. of fluorescent tags could be used in place of the Cy3 and CyS tags to allow
detection of one or nore 30 different colors. Mifti-col or approaches woul d
be expected to be useful by allowing, for exanple, the wild type allele to
be detected with maxi mumefficiency in one color and the nmutant allele to
be detected with maxi mum efficiency in another color. O her types of |abels
woul d include a variety of comrercial dyes and dye derivatives such as

t hose that are denoted Al exa, Fluorescein, Rhodam ne, FAM TAMRA, Joe, ROX
Texas Red, _8_ 10 JAN 2005 WD 02/03849 PCT/ USO /21163 BODI PY, FITC,
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10 JAN 2005 WD 02/ 03849 PCT/ US01/ 21163 coul d i ncl ude caneras that use
charge coupl ed device (CCD) and conpl enentary netal oxide sil i1cﬂ)dAaNCl%%)
chips. Wiether directly labeled or indirectly |abeled oligonucleotides are
used for 5 hybridization, the strength of the signal detected froma given
m croarray vepelssss directly proportional to the degrgergly,ybridization of
an oligonucleotide in the mxture to the genom c segnent at a given spot.
The ol i gonucl eoti de m xture can contain nucl eoti des conplenentary to either
the wild ty r tant.alleles s ither w ype or nmytant genom c
segnents can be det et %reﬂr&i?@rfﬂ}'ﬁfghegﬁm?‘fbwefﬁtgﬂé sy IR dRext ur e was 10
prepar ed. Siguatloss, finglemichetidedelinbphbmsyimtliailktidy asiRd &e. TiRongxanpl e; from
the three spats | abeled. | Ain Fig. are averaged. for Jjncreased precision
~and t her ef orlgq'frgm%n?bs\ﬁag@e%aﬂm&%’é‘# folerestppust TS?&%M‘? ROPE{REEYe A vari ety
of means braytolgencraaitk dnplicins. s easitls abdmplitens g@natey Romgll bMkeor Mat i on. As
descri bed ab, \éc?mér@btsamvmf fl ugrescent: signa S _can bel} used toﬂ]geterm' ne the
allelic 15 conposr ti'dn of°"% §f PTG B PP S HelrRP O HE coul d al so
use ol i gonuchoendl indeysiuats, atnyilife svithiéakiy tqnel efficiea®t. e col ors, with a given col or

dedi cated to a g .allele such Wi type as.a green fluar and the
‘nutant allele ash%/cﬁgmﬁglﬁgfs?mu%wstﬁa%%ﬁ?qd y %‘B‘%‘gt&ql??ng’?fﬁ’m% r?é"??ﬂ%ﬁ coul d al so
be used in covfipleatpliosns frtedchdhidividutl, dastomipliom aswocitedsith 4 ypadfeemntic St ai ns to
assess t , pot. Th YBR. 0 een dyes .avail able from
Mol ecul ap 620. r%g%';sn??@ﬁge%ga e\l ggnvgngcest%%%?nlt% “5’f"gsatyg§‘feﬂ‘218°"\5ﬂg in the
wavel engt h rigigge. Bheleigth dfewsh rwplivei, as bemethidis sramemttyeprdcfided Seabaly 6BhaseThe
features andy,he Q%héh?%ﬁetﬁ&%ﬁrg@ ﬁ%dﬁ&v&%éogﬂmﬁewgg éﬁbgﬁ{e%‘{o%l‘“%t rated, but

not limted, by the _OW Ng~ex e n neon sanpl es were
screened f or402a¢ 1990 basgpairs| Eke total valumk pEeacthGR wention 25 inipicallppradgiceseni a. 25

EXAVPLE Neongtraiy 80 56 T8 shifib NANCAC re isol ated and
amplified with gg"nea- speci fi (; %P{;lére‘gr@sﬂ%gﬂg%ed ARL gﬁﬁ%g&}%\eTabl e 1 bel ow.
These fiJe priofsm yehimedo F-dhplawhich will elidw/tbe methovbo grovidpsiditional espondi ng to t he
C6 am no ”Ddé'fzih%h'%?]fz-’ RRSE Sterl i . hat, al | ow
specific attgch%e t o f%éﬂeg%}gﬁtgf(}%s toﬂrﬂ%g?a%%a?‘g su %oﬁ%geél% e "N

posi tion i n Bewemplepieppsatioal eot i de sequence in Table 1 bel ow denotes the C6
am no nodi ficati og gedddfic REmBRY Se RFkES Aink ) SGhEkS.cJENOM C E
segnents correspondl ng %%ﬁig tot% of ?ﬁ?%ggﬁumn%%ﬁlgg&%%&tg Obi n, CFTR and
GALT. The d;f@@a?e&r%éPfafréebsmehthwym@rw&m@mmg,mu genes in
human ar e Si fikdhreftR} hybridiGation. ket diblio? POR 2RRRLASEREMon 2E SRllablSroine 2003

Anem a, Cystic Fibr osi_aﬁvand (Gal actosem a, respectively. The genom c.
Vv

segment s enciSheesmergiql yenders welydiag TeleGhem (Suppyeyale. ;A and,Qiges (Yelenciehe
appr oxi mat e @A)z @hoguriieddinpliogk ke SRpshas iBuRASEhRRkdfonsldSodivaf @l vol une of

each PCR reagti.on .50 .ul. . e genom_.G. segments re ampljfied and then
" purified to ¥ é’rr%%ev%‘&%g’h%%‘%%ﬁg@z saiigus g dimpih m@‘éﬁeﬁ@?‘#% $optPiki t by
Tel eChem ( Susdiy glilerjdeGadium@pBospinethndietyldnd diagink itrhdeate (BSPE L bihens of t he

manuf act yg er L T4 oduct.s were re-.suspe d i.n ul, of sterile,
distille m?%érap‘flrﬁgd#éé'uTh%gF&%‘%“gamf ol SR PR b 3 vt O
M cr o- Spot t i Tigrosletes, inistsn 14,preosmdiech sbiptichglec@ile MypiGi nolyalotpuriidd , to provi de a

total of 4 I | Lpting. The concentration of .each PCR
anplicon in Etr eCtg{fr?g e gﬁléﬁé(ggv\?\ggor W%}n)ggte?’.aﬁt}ou%? élt?:ﬁhvoglf“ei'ﬁéhen sanpl es of
4 ul each weruge pf 2¢hd aresullidientdaformivgtiesniobartaire  384-wel | plate, along with a
total of 24 contgply @g@' Ly aqﬁ};&g! ' | t.her L0t ng, buf f al one or

synt heti c ol i gonucl e}gtl etgu.?1 e ng(%:e%gsﬁ%ﬁteasgrsr%{e%@é%reovefg%‘ga[%t h positive

and nega#f ve8 aafigunatioptsuctvthat ~d0,800issmptl¢s@esiap ere raadilt ashieved tnahal of 96

sanpl es (72 }RLAI Bhordit kiGN hi [ 384-wel |

m croplate such thato al s't“ﬁﬁe& we @“ﬁ’“ﬁ@iﬁﬁﬁt ?@Jﬁ?&?ﬁ\?\g%ﬁlm t hr ough
Dl - 24) each %BAt0patiats aanuglly. glfhe srgthpd thus epediles broapseieening Gkt popiildtiomascr opl at es
from Comi ng st her bipRMrREhpNbALEYRER skt refdifeh Jeg&r%%nfrom ot her
vendors such as V\ha’gl%gn PQI,pfipI%t,r oni gs (R%fgg‘}’}aeng)?%l\%? could alternatively
be used. TheéeRHFEAAEIIcE TR pRicatigp apdileedike.onvex sanpl e dropl ets that tend
to have slightly inproved | oading and.sprinting efficiency as conpared to
sanpl es contained-in mcroplates of 20 materials such as pol ystyrene though
many different types of microplates since for sanple holding. Table 1. PCR

03

=)

primers used to anplify genom c segnents Priner |:D. Description . ,Seuence
C 100 "~ickle Cell Callele S_ ' NAAACAGACACCATGGTGCAC 3' SEQ I D
NG 1C 10l Sickle Cell C allele 3" ~' NCCCACAGGGCAGTAACGGCA 3' SEQ I D NG

2C- 102 ~Sickle Cell E allele 5 ' NGCAAGGTGAACGIGGATGAA 3' SEQ | D NO
3C-103Sickle Cell E allele 3" NGIAACCTTGATACCAACCTG 3' SEQ I D NO
4C-104. Cystic Fibrosis AF508 allele S'' NCTGGCACCATTAAAGAAAAT 3' SEQ I'D NO
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Repl acenent Sheet 18 June 2003 C-108, ~Al, T N314D S' ~ '
NCCACAGGATCAGAGGCTGGG 3' SE 1D NO 9C- 109ALT N314 D 3" 10 JAN 2305
NGGTAGTAATGAGCGTGCAGC 3' ~. SE 11? NO 10 microarrays or ne 72 neonat al

sanpl es plus 24 control sanples were forned into a microarray using. a

Pi xSys SSOOwowidsem control system from Cartesian Techp)egigs; (! rvine, CA)
fitted with the Stealth Mcro-Spotting Technol ogy from Tel eChem ( Sunnyval e,
CA). The Stealth printhead contained a total of 4 printing pins arranged in

ab2x 2config n.at 4.5 nmcenter-to-center spacing. The set of 4
pi ns" was used toLllIfg 8 Py Tcreatiy, pifhe sgpomic sepments ip B PgRpIEEds el |

m cropl at e. mm@tmlamwwnmmaamt@z}e@@smic%n Sfig shovtirdesh? by 4 pins)
was used to %@su ﬁa&&%ﬁéﬂ’ nat al C}% Ies/?(gnd the 24 controls The tot al
print time was ap é"?@y B R Pys 7R BGeseaRe fldepfi nt ed i n
triplicaté (B@Bansmahmﬁ@ﬁnasautaeo i BlatblabRhtSr-18centet Bhadifls $FAboub MOt SPaci ng
such that each of the 4 ping produced a m croarray subgrl d containing 72

i ndi vi dual nm@ri3 gl gchspteiom g dissack pndsepsrate logationhadheisybsifatyi The) . Al | 96
sanpl es wer etotaliimbe@f Bfolsit ﬁgeﬂp%édtﬁeécﬁﬁéd‘?n Ak E)@am%lemgllolv'lsrgqg ots% fset.
0

relative to é‘ﬁinl{St mcroarrays to I cate set of spots

for all 96 s & Rr?ﬁféa’&ﬂ@?@ﬂhﬁ?%‘“ﬂb&?‘@mWﬁéedfwlﬁahecnﬁ@t@mbﬂ&yﬁ each v
~contai ned a hetuko-QbttiBFEchAbISEy Rl EloD BRk 3,003 s Pl B’ %ﬁﬁém{éauﬁatédot al area of
about 1. g 1 t ot,al 30, mcroarrays were printed on

Super Al déRyd %\‘}ISB?WF?”&W@J{?&‘%%ﬁ‘é’é‘ﬁﬂ&%%ﬁé‘@ﬁ’&ﬁ@@ﬂ%ﬁ% CA) according

to the instrapiokinarlydk o4 WotsPaab atd K76 Hm fiGodla) Qie.f THus, he\WRio&L¥ Of
different Hy r|d| zation gﬂbxtu es .and_optini zations to be, genpformed

Al t hough 30 1 RFSAHETPOR Aist sonetying infopmation {obe gbtaiped figmanulip i't maybe
not ed t hat smd!elldwlssmﬁultbxi‘eeusl}()mmﬂfﬁomhtlfhﬁﬂlmdt%tSO{SMEIEBstSD@UJihdMﬂlﬁﬁ t he

t echnol ogy f ront o Canada) al | gw 20 120 substrates to be
printed in agngﬁ%gﬁ%gslé rmﬁl RETERE o B; ?"s"glggrl"?"g?%?ﬁmﬁnﬁu L8 d t he
genot ypi A |m1wwem§@wewemmmthap@umybm Hybri di zati on mixture, and nultiple
m croarrays allo ana zedW| h differed
hybri di zati on mi g%%fsg%}ﬁ%o ar?aﬁrc%x?%ﬁonﬁsf?s%Puagl&t énﬁy &P 8arrays were
allowed to W%Wﬁa@mﬁatﬁemmeﬂﬁi@mwmsoﬂmmmpd at d:uamslyof t he
i ni croarrayi fed BVtiaRaR R 46 A8 C DNA materi al,
i nactivate uﬁr?!rifaact eltgj ; eh6 de%ﬁigg ?@?\% %ena?%?%g?gﬁser&a??&e PCR segnents
prior to m ?’PWSWWFCHW@P ﬁorexmlqu@@e%sllﬁgtrgwé@sonm,érm fol | ows.
soak twi ge 'leﬂ%x&ﬂ@@&sﬁo&rcoﬁsﬁqnl b @ CUmpli O Rob ARAEA tBer'f flhsalf] 00T OUS

1l 1le

agi tation, wce in dis H20 for 2 mnutes at robmtenperature

wi th vi gor ou® RRimepRar 4, fengted 4 f@Howed by thies spogs frpmyindieidual htrgdtesk i | | ed H20 at
100C to all mmldmapﬁmaﬂdqaonaiulmmw%ms%% fi@ndidm dry for 5
minutes at rg l{ﬂf eratu treat substrates for b mnutes in sodi um

bor ohydri de . SO %r %’ TRET RS Lo PryAtf §- - Thore i§ omgegiremnta 30 il phosphat e

12 10 JAN g6, Rmplha@eusﬁnm dﬁfmt saﬂaBles]wiﬂhcé’d)Q&fﬁ'dﬁtfr@&seﬂo@mene (PBS), add

120 M 190% strajes three tinmes in
0.2% SDSQ#)orSS{’tQ%l&ﬁS & eac solr?%{’(%? éoé:%%)dt?g?ﬂ?cggat%s‘f‘&"é ogalipRs; TA¥eE once in
di stilled Hlpomoreqtiremintfitre nathcatemtmgoqnﬁgxaimn per ssandnipdplglotld gies i n
distilled H es air dry and store
in the dark@@l@p&%ﬂ%@ﬁéﬁ%ﬁéﬁ%@@?@%&@% ouﬁ aglegenog’g P‘g"é‘i‘t{ﬂe because the
sodi um bor ohydri %@@%ﬂiabhtqchm@gm@hfmemqwsmﬁndeﬁqﬂgcoa‘gﬁland it is
repared fr t rea aldeh de
prep R okl rﬂﬁﬂg%chﬁdi%gx%eghe%x%ﬁﬁlﬁfs ﬁ:s@;,?%s:agﬁngem aRg y

groups on the surface are re |zat|on

m xt ur eé%ﬁ@%@@ﬁ%ﬂﬂé‘@chaglpg}gs &vine. 16 ﬁ@edohthghﬂﬂmﬂtbkmmi@smnmuﬂam ured by the
commer i al r@iTdherk (b2, € CLRAYprinfitEnotiifes HARE L3 HR1cal 0 CA) - Fach

synthetic ol jgonucl eotide was conp an a e present in a
specific - a*%%w&%soﬁmnsaﬁp%?"é%“@%fsm@mmw aed@impidesg.cor r esponded to

di sease Iocuxﬁﬁabﬂmﬁ@aﬁ&%k%wsmggmgﬁmyg§hk@gﬁyg&£gﬁ&n&kgﬁ%gd) n, a mxture of
15-mers contaé@ul¥ﬂ%y%§§; C% - denoted as M xture in Table 2
bel ow, was & &R )1 %%%CPW‘WXH Ypged Kipgdonph ficge 2 ar e

denot ed-by the nunbers "3 " and "5 " pgespectively in each oligonucleotide
15 sequence. To dennnstrate indirect detection, a mxture of 15-ners
containing biotin or dinitrophenol |abels, denoted as Mxture 2 in Table 2
was used. The biotin and dinitrophenol | abels in mxture 2 of Table 2 are
denoted by the letters "B" and "D' respectively in each oligonucl eotide
sequence. The synthesis scale was 10 nnoles for all the oligonucl eotides
listed in Table 2 and each ol igonucl eoti de was suspended in distilled 20
H20 at a concentration of 100uM just prior to use. Mxture 1 was prepared
by naklng a 50 NI solutlon contalnlng a2 pn1concentrat|on of each of the
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Table 2. M xtures of synthetic oligonucl eotides M xtureQ igonucleotide

LD. O i gonucl eoti de SequencelARDC- 1103GACTCCTG( A/ T) GGAGAASEQ | DINDJAN 2505

11ARDC- 111 ~SGACTCCTA( A/ T) GGAGAASEQ 1 D NO  12ARDC- 112STGGTGGTGAGGECCCTSEQ

11?° NO 13ARDC- 1133TGGTGGTAAGGCCCTSEQ | D NO 14ARDC- 114

. BATCATCTTWaE0#03skSEQ | D NO. 15 -- ARDC 115STATCATCGGE@“ - SEQ | D NO

16ARDC- 116SCACTGOCAGGTAAGG SEQ I D NO. |7 - ARDC 1173CACT AAGG - - SEQ

1D NO 18- ARDC- | 183CAACTGGAACCATTGSEQ | D NO: 19- - ARDGL19- SCAACTGGGACCATTGSE

| D NO 202AR.%B Q( AL T~GGAGAA- SEQ | D NO

21ARDGL 26 BTGEEET RAcceapic Micra§itemsiiSayts Clara AR B (GamCETGSNGTT - - SEQ

| D NO  23ARDSyritcBBtACRCCAC=tARSE I : : ( CCATTG
CroTal ’B@/ Ngﬂ ¢ m@éﬁg@@%m &s. RCARSDIHA

| .

-SEQ | D NO: 25ARDC: | 35DGA _
o P YReoE s Fesh AT BASF GBEIEPY TCSEQ 1D- NO

26 ARDGL 36 DTGP e

28- ARDGL38 . HeACR@ERsATEHIANE micro-solRESR VAR eleyring \CTGGGACCATTG SE 1D
to 3" fromleft to right. 3 denotes Cy3;

NO 30 All sg uencgls s(@ovgg are S' t _ r

S denotes Cy5YUBTHRIGIUE %% PYTIoRtact prinjing selmslogirninelpdsPackagnstmesnts owi ng t he

hybri di zat i o(Maideh, 6#p Agiidne@slo AlECAY] RdsQA(Kadmd, W), C2H&1E 8L adidRE S5 -

genot ypi ng i pfor %lﬁ)& For r@&d&: ecﬁg | abel i ng eXperinents 1nvol ving

M xture-1, the get'd rf’8ﬁen§fpé‘i? 5 ‘&é’?‘ PR By costaghapd mag-centast deviessoar ray f or

f I uor escencecaivt s8d aneitherttikmide oy cofr@letc@VMRBed BAFubIRS hres liBRnsidagt €Cti on was
scanni ng i nstrunment from GSI

per f or mednus]j e anAr 3000 cgnf ocal
Lunoni csq{’ Be+1 er%‘g‘af“% °°\%§?q>|sl?""’§°§i P HRENSFrIngevAceyncompamicd figromens WO 02/ 03849
'PCT/ US01/ 21168udaprntelligenpingomatioh Bysfrins (Canibtiye, MRV Genadhi®l Wah eirickhe | aser

settings. Th : Lty pf .t he anner s used to detect

f 1 uor escent %A%%@%@écggo% el %@t ﬁeqe%%ﬁgﬁﬁa’wl@ﬂ%]ﬁﬁéﬂd

cor r espondi nefherpvendaisodi sutable for pbmifivmring mictoereayk abidipg Rukd feeét des. ‘5 Resul ts

are shown i njpkLEs. 3A and 3B where Fig. 3A corresponds to detection of

fluorescence from Cy3 and Fig. 3B-corresponds to detection of fluorescence

from CyS19The datlhe Raimer pairs gesd insibe POR mactiomindheipresentincthad tyfhaily @amie, Wi th red

bei ng T he ofkord ke Sockialbliffic ARGl o SR, o 1,055 e space bar
I'ew o P or t

corresponds to 1.0 mm A nmagnified a portiron e mcroarray in
Fig. 3Ais SWPan_’PF’Q?ITaZIA“ oty sxample ighssahlstratppebichmy 180 triplicate
because eachchariioliyftiestel. FRPH@Ak, HRALBEREs 153 T tSn %m&Qﬁﬁéég&&ﬁfoﬂﬁq?ﬁa‘? was .
printed three ti nis g}tﬁad acent m croarray |ocat]ons. e locations in
the mcroar r%wﬁ? satigeeneg il prppodipker BCR grodudsy viarySchifls byseaproducefioes t i cal
directi 0B} amabtionmdtacts Tht SAGhdidiReasti@piedb sy 4 ERMraon fadBEf | ON) - ‘

Quantitatio f e fluorescent microarray signals was perforned using -
ScanAr ray Sglfl ’&ﬁ?ﬁ%‘%’%ﬁ“&‘iﬁ‘%ﬁﬁ%ﬁhﬂ&‘}ﬁ%ﬁ% Fouin Eactvpldehydggroppsgrec or r espondi ng
to 15 the miuweloldn prayentnggmmpls sieading hrdtttioRort Ehabiing smBller JPBiARLAnkRyeal that

wild type, hompzygotes are readily distinguished in all
of the exanp gg&%ég%gﬁgg ;rowwﬁg‘%f‘e@ﬁqvga’%y@éﬂ@s@F Psenia loci .
Coef fi ci ent sfragtanpmberaf venders {nciding VedeGhent (STRiyvale, GA)land OBL Adsbqplidscat e
measur emest SEodsRACHHC I sampl es of ree individual s that
differ at B—S(gloobi ﬁ@olﬁgg%%%&’ _g%\}eg%gﬁ% e na“fng’er f%‘%lglﬁ?ﬁat m croarray
| ocat i ons bl™2igroariy sgfacessad giactmentrcheapigtgsicowd glso be elployddinddeing idievi dual s ar e
desi gnat ed kst gpaid S treRiren ¥ p iIvely. The E/ E neonat.e
IS hom)zygousa fo thgﬁ%fjt ant a[tfg?gly\?ﬁ?lg’?r@gosgﬁgi %é#}‘gf{aﬁﬁéa%ugﬁ de change
fromGto ASEPe Wl Rdpmptprials witraseliulosebastsil Blasegdietha epbstetves. B neonat e
has one nut asill aled Be@p P thatGh RIdMRH f5Rhd-lalifldht Rhien32 o Fﬁrbﬁ%oﬁ-@d‘éﬁ_ﬁ _

I el es &t 232 (i.e

heterozygpus,, and 2>.the A/A.neopate has two normal a . €.
both al i8] esHeBRYRITing Fosi-Linking fo ths subsiests withwkrayiolet Night ¢rdca clybtoblati) . The

cor 1 espondi rgorainsleitophebid @AM blg ol ik ) klon M xtur &
(ARDC113, Table &t)st'g rf.ec%‘_lé% conpl enent arg_t,'o pboth” alleles of .the E /E
neonat e, perfectly & ﬁ'ﬁfeerﬁ‘é"i‘? 328 Brogspied apdibybridized withmixnyds oflabsiedt e and
contains a cyhelicidigeniclediidesi Biali@bant atdRocedsbBth rMlvElBodnd DAE A/ E neonat e,
and cont ai n%a?edﬁﬂ?acﬁ@atnucé grgg%i gg (gl smatch to both alleles in the AVA
neonate. As expetted. ¢ hecaiepdhyepuns 49 dmatursithapuinied BR segmpnicat i ons bl - 3
b4-6 and b7-9 show a decreasing signal, .intensity consistent with the
genotypes of the neonatal sanples at each of the mcroarray |ocations.

The results for the remaining sanples reveal simlar results and are
tabulated in Figure S. -15 10 JAN QO05 WD 02/03849 PCT/ US01/21163 In a
second experinent, the indirect |abeling approach was denonstrated using

M xture 2 oligonacl eotides. The m croarrays were hybridi zed and washed
exactly as for the direct |abeling experinents involving Mxture 1 except
that the mcroarrays were 5 stained using a M CROVAX staining kit according
to the instructions of the manufacturer NEN Life Sciences (Boston, MA). The
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30 are within the scope of the invention as defined by the foI1I erf‘gzn
clains. -16 10 JAN 2005 Repl acenment Sheet 10 January 2005 CLA .‘5%

met hod of sinmultaneously genotyping multiple sanples in a single round of
hybri di zati on, the method. conprising: 1 ) incubating a mcroarray of

“pol ynucl eotwelgxnsaspl es fromnultiple individuals wth.a.grohe mxture of

ol i gonucl eoti des of known sequence, wherein a) the mcroarray contains a
‘plurality of sanples containing genotypes of interest with each sanple in a
di stinct location, b) each sanple has anplified polynucleotides with a

defi ned segnIPF O FOAraY hylyidization, yiae coprentienabprotbealifses fovaxdzel Stesna e gene and

markers for QNENAS 93100614abé18] 1996)V & defddhiSyRiididali6h 19R0G: arlell:arﬁéa?out in
ally o

ol i gonucl eotides in the probe mxture consist essentl

ol i gonucl-eot 148 HutiRRsRp2IGIRE et ed defergert elddentpesivee Aot 10 obopifonces
speci f i cabl ymg W&éﬁ%{.ﬁf&e@ﬁiﬁéﬁé’&i Sﬂfcie&ﬁes?%ya%ﬁgéaﬁgﬁ] .t e defined
sanmpl e orvx/mcha§ e de

segnents for eac mpl e ) enotype is to ermned, wherein
t he ol i gonuctoaBt phwathetisoheeneleptidss goraplemantaryo klietes pressottin the smplicenssr| ect ed from

the group comsinfidansy. Ahaiod éa&%}hﬁétﬁ@ﬁ%oﬂ@c?eo%éiﬂth?%?yﬁg GRR £rENtary to a
(1 one o

segnent contai njng the marker for ) a gene, nore allelic
vari ants of S$RgcdEpselegtedibyaCReprigisriaira Aacoshins to the tsthed, avirtwallyc vari ants of

the gene, anﬁ]iﬁ)tdﬂh&b&ﬁ&%ﬁt%?bﬂd%ﬁnﬂ%&&%ld%p ! egpaﬁllﬂgs%."f the

rricroarrag and .congrlégrrent ary oligonucl eotides and allows discrimnation at
singl e ndfl eTRligRDs pHESTeH OBy Bslicarid-gentaining grgamiske. {tell elsodeiaprarent ocat i on on
t he mi croar riayt tifptdéss & stdldable Such S thlixRfes Bonkiiinh dé2hd, Bhdredd, afffosiiviy br i ds for med
during the itﬂCUb tion. wherein a. hybridization signal jndicating the
formati on of %mﬁaﬁ?éﬁﬁf%‘?mﬁﬁ’&{% °18?udF%‘i”Pr‘3 P B39 torexaqmipg pgay difieentaflelesodt i ve of a
~ genotype of ipteestiandlientecthemly dififrent Biveasesinibiehetislye ITa Galylreydien it B hhing:

pol ynucl eot i es..of 1. i croarra appljfication products. 17

10 JAN 2005 %@ﬁ%@%ﬁ?"%’%@ﬁe% jg«aalﬂgpé%ggm@e%@w@ﬁ%ﬁ of claim2,
wherei n the berdsting geoatequncep thatticdosiplament sy EuhPCRpyimer ok ymtease chain
reaction (P 4. of al.m 3 wher ei e plurality of
sanpl es of - po ?/nuc _ e%t%r%vgggi?gmg%tlﬁr%gas n"f'%?roéy mﬁﬁ@ﬁ%%&%f claim1 wherein
an al | el e ofBiethmelegydSeuth SanFowtisd £eA)and Bperontieslealgics @lambie CARt hod of claim
~ 5 wherein the di @g@o‘;lgo _u§le@cid|€kqﬁrﬁ:@ SRS ié:ﬁlga{m?l(frt%%g&%e%deg{na' m 5 wherein

the gene is human and is selected Tromt roup consi sting of (3-globin,
Cystic Fi br J€ieth tomaximizs thscameityte distinevishy singleRue)edtide Griatio@FTiRdin thed

Gal act osge 1-dnipaspbates bRYihd sipbstesR 51> . 1 od of claim
1 wherein thﬂpn%' cr@gllrjwpig or%%a surfgf%éy?g%?gﬁc%?%tm%@g%ﬁ%goo | ocati ons

per square C of igterestiislogaied pidhe coniral pesition (Posikiard tetptivete theilkt ur e of
ol i gonucl eotrdleThedfnthdtio ligoS@IIERS H ththiRfuteSRIalch SRNMRLsGRY td8SmmM th ten
di fferent se&geggqﬁ% 10. %’hgb‘g%t hod of claim 1 wherein the QI i gonucl eot i des
in the mxt (FauBf % et Rdehradigonsisotdpdboneh larrg abeithprdbes prthg Repds o 11. The
nmet hod of clpeésiblylboitiveoudl b ckjeetedtiostotkWithiBi@EdRdbed hethal PERRira@PAME 40 and
about | 099 L 12. The nethod ?j clapm 1l wherein the incubating is
in-an aqueo Hg{ﬁll §<§ I?%t ]?%Ene(t:h 5 Fgr%)arr? kroym gytheart §mﬁ‘ﬂ’élh‘ﬁ?éecg‘éﬁ“bté$§t“.s°% in direct
' - labeling include the dyes denoted Cy3 and Cy5 which fluoresce at approximately 550 nm
and 650 nm, respectively. The oligonucleotide mixture can contain multiple fluorescent
tags that fluoresce at multiple wavelengths. Any number of different types of fluorescent
tags could be used in place of the Cy3 and Cy5 tags to allow detection of one or more
30  different colors. Maulti-color approaches would be expected to be useful by allowing, for
example, the wild type allele to be detected with maximum efficiency in one color and the
mutant allele to be detected with maximum efficiency in another color. Other types of
 labels would include a variety of commercial dyes and dye derivatives such as those that

are denoted Alexa, Fluorescein, Rhodamine, FAM, TAMRA, Joe, ROX, Texas Red,
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18 10 JAN 2005 Repl acenment Sheet 10 January Z005 13. The nethod of claim
1 wherein hybridizing is perforned at a tenperature about 10 ﬁgejwpw
melting tenperature of the stable hybrids. 14. The nethod of clai'm

wherein the oligonucl eotides of known sequence are labeled. 1 S. The method

of clai m l4wehgnabn the oligonucl eotides are direct! yp@pysipdis ect!y

| abel ed. 16. The nethod of claim 14 wherein the | abel is fluorescent. 17.
The nethod of claim1, vvherel n sanpl es from honozygotes and sanples from
het er ozygot es ﬁg)s, gtf ui shabl e. 18. The nethod of claim 1 wherein the

plurality of BEPHSsEICoPregen Grrmrchissgmingand qtisrsy Manpefdiesssiyerpod depyaivithe et hod

of claim1 \Msmbebmmﬁda&oaﬂmine@apgr@n@mﬁ@tagMo&ka&@m%@émﬁg%ﬁ?e ORf). The et hod

f cl 1 wh h h
OA’>CAﬁI[ " . AL! ‘P’%r %‘%é%aﬂa?é!&f“ teﬁ&gsﬁ’ég%‘i)uaﬂd Glen R;@?Parsd@f(sﬁﬂl@ VB- 9. AGH. A@ . Ayn
&Fhx . =i bt $0<KGiditgdt Tbgliok aeiib s alctd, Gt let @l i l6ahe Huchbih or

a1 ca] cal cal AP EARERY bEFE kP Bapiomiples oot bEmala o a A 054 1) 4646+

~aJca]ca]calc

235555577 >Qe@bisidabadyks k&ﬁﬁdﬂb&ﬁhﬁﬂ@}&&hﬁgﬂ@%ﬁﬁlféﬁeﬁﬁ] caj ca] ca]c.
o A ac) PR aAka sl Svale Ak hith 60 AU SELEThE SR fdloen

bbb" b1bbbds edeteictiindiy o smedmmmaaﬁﬁem;me} tatsaheal @i palicablieaie” all c" a] cal

gﬂ: g?(l:J] a]C ?]é]c @%tﬁ 8@% 05% Ihlaé @&lagﬁl"fm BRIy Yia SeEs iR MR EK] ] ca] ca] ca] ¢
a] ca] ca] ca] cehdhprescknt labplc £pxtai] antiotinfanfiizatag @ﬁﬁi]n@ﬁz]yﬁlas] sn&:] 2 8drberadish

R 2} gg} gg} gaﬂ%ﬁ%ﬁﬁ%}%%ﬁ%iéﬁ %i% 'I’a'i 244 QliSad W cal cal Cé] calc

~ a] ca] ca] ca] clleeing woigljes af motehvatthobed o &]ema]aaray%face By linking Tyramide to

h t & a4l
;] l(;uafga][ c?a% )éf{‘]m():a] ca ca ?&}eﬁ {Ef&t&&}; ,9 992%08&}5 g}nc %cfcgajn?:al )fi9,
C]hH] ]COt][ ] bl b@%mﬁnmmm@m]smugﬂes and
a] ca] ca] ca
a] cal cagFhxapf 1 o&g?}() 310%@?() 10(%% ? 3 B8 Gppreciate
I

t1095& ()-s tanﬁ’fm’@fﬁf)@%ﬂdgm%wti x@&n@)wwl«lh@mlfer)-lslo%s& ()-s!
310%5& () - sdewad&%i&dgbnﬁm&%&t &nlimbh-flucrdsbnEapproddiss. %B@al ative

105810968 ()| 52f 10965& | s/ YLO%&! /5& 1004 | & , N<PE: |
“f 1098 ()(QTT%‘@@I(’? %&‘éé}ﬁsg“é%ﬂ 47 %%&8(9@3@( @?46!3/& 8

(it z [ 9PE: (OaklaAYRI)( DnelernH % ﬂﬁordsceﬁ%oﬁchﬂouﬁ 1Q%Eack }nd%brﬁf:lw & ()-& "f10

- %& ()-&!" #$0<§1Kdrs\ = Yleg%g?h Qeso%aglg/e Jél?t _Scl:agenng (ﬁ'Lé) parhcl&eobylGOemcon (San
Dxego CA).

Follomng hybridization with the labeled synthetic oligonucleotide mixture, the

microarrays are scanned or read by known methods, in step 20, to detect genotyping

25  information. Detection can beperformed, for example, using a confocal séanning
instrument with laser excitation and photomultiplier tube detection, such as the ScanArray
3000 provided by GSI Lumonics (Bellerica, MA). Alternatively, many different types of
confocal and non-confocal fluorescent detection systems could be used to implexﬁent the
method such as those provided by Axon Instruments (Foster City, CA), Genetic

30 MicroSystems (Santa Clara, CA), Molecular Dynamics (Sunnyvale, CA) and Virtek

~ (Woburn, MA). Alternative detection systems include scanning systems that use gas,
diode and solid state lasers as well as those that use a variety of other types of illumination

sources such as xenon and halogen bulbs. ‘In addition to phoiomultiplier tubes, detectors

9-



1083109%& ()-!L, 10%& () - @G kCcA<{\=!1:fL310% ()- (! @310%<& ()-

(1 @&L310%& ()- ( 10% ()-3 S10%& ()-f10%& ()-cK} #1' 1 (I wuB+= 100 JAN 7385

109 ()-!kL3109%&' ()- (!L3109%& ()- ('L3109%& ()- (!# L310%& ()- ('L310%& ()-
1)1*161BI Q""" mV 10%& ()-F 10%& ()- 109%& () - Hgtzg E) GLOY&! () ‘$ leO%&' ()-

10 10" #9SSNERom@MN |~ 94.09@ () -! " f 109%&’ () - %R

F10%&: ()-sl!\jlgéiqgfy&' ()-s' v)*+++9r) ¥}rg\ =! s§$)10%&' () - )"EB“?%S 0%&' ()-SY7

109%& ()- !

o B R ) SRR 207 0

s109%& () - 'fcsdda%&cc(n)(eMDS)ldM{& ()-'1s10% ()-' 335555555} oP1f 10%2 ;)&' ()-$210% o
& ()-3 10;; 10;; Is,, 109 O(V S&' I's. 10%(Y& 55778 ;

2 (92)P1| @ LFlO%ggg%ftS'ér;&Eﬁ%@b%@& oF Qdﬂwgﬂsf‘?é s 1%"}"1%?'3{? ¥ () -
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) - T 109 () - %08 {ement &Q: givOn spot. The oligonucleotide mixture can contain nucleotides

100G+ Oupg SN R R DRGR 1Ly oo (& 011

genomic segments can be detected dependmg on how the hybridizing mixture was

10  prepared. Signals from the identical microarray spots, for-example, from the three spots
labeled 1A in Fig. 2, are averaged for increased precision and therefore to provide small
coefficients of variation (CVs). .

A variety of means may be used to obtain and evaiuatc genotyping information. As
described above, absolute fluorescent signals can be used to determine the allelic

15  composition of a given amplicon. Alternatively, one could also use oligonucleotides
mixtures with two or more colors, with a given color dedicated to a given allele such as
wild type as a green fluor and the mutant allele as the red fluor. A variety of additional
schemes could also be used in conjunction with direct labeling such as fluorescent stains to
assess the DNA content of each spot. The SY"BR Green dyes available from Molecular

20  Probes (Eugene, OR) allow detection of stamed DNA in the wavelength range of the
flourescein 1soth10cyanate (FITC) dyes. ,

The features and benefits of the present invention are further illustrated, but not
limited, by the following example in which neonatal blood samples were screened for
various alleles of Sickle Cell Anemia and Galactosemia.

25 | |
EXAMPLE

-~ v Neonatal blqod samples from 72 different newborns were isolated and amplified

' with gene-specific primers denoted ARDC100-109 in Table 1 below. These five primer

 pairs contain reactive amine groups corresponding to the C6 amino modification from
30 Glen Research (Sterﬁng, VT), that allow specific attachment of the amplicons to

microarray substrate. The "N" position in each oligonucleotide sequence in Table 1 below

denotes the C6 amino modification. The primers pairs encompass five discrete genomic
segments cofresponding to a total of three human genes: B-globin, CFTR and GALT. The

diseases associated with the B-globin, CFTR and GALT genes in human are Sickle Cell

-10-
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Primer LD. _[Description B equence
ARDC-100 Slckle CellC allelc 5' 5° NAAACAGACACCATGGTGCAC 3y
(SEQ IDNO: 1)
ARDC-101 'Slckle Cell C allele 3’ - IS NCCCACAGGGCAGTAACGGCA 3’
- (SEQ ID NO: 2)
ARDC-102 - Sickle Cell E allele 5° 5* NGCAAGGT! GAACGTGGATGAA 3
) (SEQ ID NO: 3)
ARDC-103 [Sickle Cell E allele 3° 5’ NGTAACCTTGATACCAACCTG 3’
{SEQ ID NO: 4)
ARDC-104 [Cystic Fibrosis AF508 allele 5 ' I5’ NCT! GGCACCATTAAAGAAAAT 3
‘ : SEQ ID NO: 5)
ARDC-105 [Cystic Fibrosis AF508 allele 3' |5’ NTTCTGTATCTATATTCATCA 3’
SEQ ID NO: 6)
ARDC-106 [GALT QI88R 5’ B’ NTGGGCTG'ITCT AACCCCCAC 3
(SEQ ID NO: 7) '
ARDC-107 [GALT QI88R 3’ ‘ 5’ NAACCCACTGGAGCCCCTGAC3’
~ . kseom NO: 8)
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ARDC-108 |GALT N314D 5° 5 NCCACAGGATCAGAGGCTGGG3’
(SEQ ID NO: 9)

ARDC-109 |GALTN314D 3° 5 NGGTAGTAATGAGOGTGCAGE
(SEQ ID NO: 10)

Microarrays of the 72 neonatal samples plus 24 control samples were formed into a
microarray using a PixSys 5500 motion control system ffom Cartesian Technologies -
(Irvine, CA) fitted with the Stealth Micro-Spotting Technology from TeleChem
(Sunnyvale, CA). The Stealth pn'ﬁthead contained a total of 4 printing pins arranged in a

- 2x 2 configuration at 4.5 mm center-to-center spacing. The set of 4 pins was used to load

and print 4 samplcs at a time from the 384-well microplate. A total of 24 printing cycles
(96 samples divided by 4 pins) was used to print the 72 n_eona'tal samples and the 24
controls. The total print time was approximately 48 minutes.

All 96 samples were printed in triplicate (288 total spots) as 100 pm spots at 140
jm spot spacing such that each of the 4 pms produced a microarray subgnd contammg 72
individual microarray spots (288 total spots divided by 4 pins). All 96 samples were then
re-printed in triplicate ‘ai a2 millimeter offset relative to the first microarrays to provide a

 duplicate set of spots for all 96 samples (288 additional spots). The final microarrays each

contained a total of 576 microarray spots (288 plus 288) in a total area of about 1.0 cm>.

A total of 30 microarrays were printed on 30 SuperAldehyde Microarray Substrates from
TeleChem (Sunnyvale, CA) according to the instructions of the manufacturer, to allow for
a variety of different hybridization mixtures and optimizations to be performed. Although
30 microarray substrates were printed in this example, it maybe noted that several of the
commercial printing systems, including the technology from ESI (Toronto, Canada), allow
up to 120 substrates to be printed in a single run. A single microarray is sufficient to yield

- the genotyping information with a single hybridization mixture, and multiple microarrays

allow a given set of samples to be analyzed with differed hybridization mixtures.
Following the printing step, the mxcroan'ays were allowed to dry overnight at room
temperature on the platten of the microarraying device and then processed to remove
unbound DNA material, inactivate unreacted aldehyde groups and denature the printed
PCR segments prior to microarray hybridization. The processing steps were as follows.
soak twice in 0.2% SDS for 2 minutes at room temperature with vigorous agitation, soak
twice in distilled H,0 for 2 minutes at room temperature with vigorous agitation, treat
substrates for 2 minutes in distilled H,0 at 100°C to allow DNA dcnaturatibn, allow
substrates to air dry for 5 miﬁutcs at room temperature, treat substrates for 5 minutes in
sodium borohydride solution, prepared by dissolving 1.2 g NaBHj in 330 ml phosphate

12
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buffered saline (PBS), add 120 m! 100% ethanol to reduce bubbling, rinse substrates three
times in 0.2% SDS for I minute each at room temperature, rinse substrates once in
distilled H20 for 1 minute at room temperature, submerge slides in distilled H,0 at 100°C
for 5 seconds, allow the slides to air dry and store in the dark at room temperature. It
5 should be noted that the because the sodium borohydride solution is a highly reactive
reducing agent, it is prepared fresh just prior to use to ensure that the unreacted aldehyde
groups on the surface are reduced with high efﬁcicncy;
Hybridization mixtures were prepared using synthetic oligonuéleg;tides
manufactured by the commercial provider EOS Biotechnology (South San Francisco,
10 CA). Eacﬁ synthetic oligonucleotide was complementary to an allele present in a specific
amplicon. The alleles for the neonatal examples corresponded to disease loci of interest. B
To demonstrate direct detection, a mixture of 15-mers containing Cy3 or Cy5 labels,
denoted as Mixture 1 in Table 2 below, was used. The €y3 and Cy5 labels in mixture 1 of
Table 2 are denoted by the numbers "3 " and "5 " respectively in each oligonucleotide
15 sequence. To demonstrate indirect detection, a mixture of 15-mers contammg biotin or
dinitrophenol labels, denoted as Mixture 2 in Table 2 was used. The biotin and
dinitrophenol labels in mixture 2 of Table 2 are denoted by the letters "B" and "D"
respectively in each Qﬁgonucleoﬁde sequence. The synthesis scale was 10 nmoles for all
thé olig_onucléotidw listed in Table 2 and each oligonucleotide was suspended in distilled
20 H,0 at a concentration of 100¢M just prior to use. Mixture 1 was prepared by making'a
50 pl solution containing a 2 pm conccntraﬁén of each of the ten oligonucleotides (Table
2, ARDCI10-119) in a buffer of 5X SSC (0.75M sodium cblorfde,‘ 0.075 M sodium citrate)
and 0.2% SDS (sodium dodecyl sulfate). Mixture 2 was prepared in the same manner as
mixture 1 except that the ten oligonucleotides were ARDC125-129 and ARDCI35—139
25 (Table 2). .
Hybridization reactions were performed using 10pl of Mixture 1 or Mixture 2 per
microarray. The 10yl mixture was applied to the microarray under a cover slip measuring
18 mm x 18 mm x 0.2 mm. Hybridizations were pcx"formed. for 5.5 hours at 42°Cina
hybridization cassette according to the instruéﬁons of the manufacturer TeleChem
30 (Sunnyvale, CA). Following the 5.5 hour hybridization, the microarrays were washed to
remove unhybridized material as follows: twice for 5 minutes in 2X SSC (0.3M sbdium
chloride, 0.030M sodium citrate) and 0.2% SDS (sodium dodecyl sulfate) at 25°C, and
once for 1 minute in 2X SSC (0.3M sodium chloride, 0.030M sodium citrate) at 25°C.
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Table 2. Mixtures of synthetic oligonucleotides

Mixture | Oligonucleotide I.D. Oligonucleotide Sequence.
1 ARDC-110 3GACTCCTG(A/T)GGAGAA
SEQ ID NO: 11
ARDC-111 SGACTCCTA(A/T)YGGAGAA
SEQID NO: 12
ARDC-112 STGGTGGTGAGGCCCT
SEQID NO: 13
ARDC-113 3TGGTGGTAAGGCCCT
SEQ ID NO: 14
ARDC-114 3ATCATCTTTGGTGTT.
SEQIDNO: 15" -
.ARDC-115 STATCATCGGTGTTTC
B SEQID NO: 16
ARDC-116 SCACTGCCAGGTAAGG
SEQIDNO: 17 -
ARDC-117 3CACTGCCGGGTAAGG
. SEQIDNO: 18
ARDC-118 3CAACTGGAACCATTG
: SEQID NO: 19
ARDC-119 SCAACTGGGACCATTG
: ) SEQIDNO: 20
2 ARDC-125 BGACTCCTGA/T)GGAGAA
: SEQID NO: 21
ARDC-126 BTGGTGGTAAGGCCCT
: .SEQ ID NO: 22
ARDC-127 BATCATCTTTGGTGIT
) SEQID NO: 23
ARDC-128 BCACTGCCGGGTAAGG
SEQIDNO: 24
ARDC-129 BCAACTGGAACCATTG
_ SEQ ID NO: 25
ARDC-135 DGACTCCTA(A/T)GGAGAA
SEQ ID NO: 26
ARDC-136 DTGGTGGTGAGGCCCT
SEQ ID NO: 27
ARDC-137 DTATCATCGGTGTITTC
SEQID'NO: 28 -
ARDC-138 DCACTGCCAGGTAAGG
‘ SEQ ID NO: 29
ARDC-139 DCAACTGGGACCATTG
SEQ ID NO: 30

All sequences shown are 5'to 3’ from left to right. 3 denotes Cy3; 5 denotes CyS ;
B denotes biotin; D denotes dinitrophenol.
‘ Following the hybridization and wash steps, the microarrays; were detected for
5 . genotyping information. For the direct labcliﬁg experiments involving Mixture 1, the

detection stép was performed by scanning the microarray for fluorescence emission
* immediately following the wash step. Detection was performed using the ScanArray 3000
confocal scanning instrument from GSI Lumonics (Bellerica, MA) with settings of 100%
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for the photomultiplier tube (PMT) and 80% for the laser settings. The two-color

capability of the scanner was used to detect fluorescent microarray signals in both the Cy3

“and Cy5 channels corresponding to hybridization of the Mixture 1 oligonucleotides.

Results are shown in Figs 3A and 3B where Fig. 3A corresponds to detection of
fluorescence from Cy3 and Fig. 3B corresponds to detection of fluorescence from Cys.
The data are presented in a conventional rainbow scale, with red being the most intense
and black being the least intense; the space bar corresponds to 1.0 mm. A magnified view

of a portion of the microarray in Fig. 3A is shown in Fig. 4A. Microarray signals appear in

triplicate because each amplified neonatal patient sample or control sample was printed

three times at adjacent microarray locations. Sample locations in the microarray are

designated by letters along the y axis (vertical direction) and numbers along the x axis

+(horizontal direction). Quantitation of the fluorescent microarray signals was performed

using ScanArray Software from GSI Lumonics (Bellerica, MA). Values corresponding to
the microarray signals are plotted in Fig. 5. The data reveal that wild type, heterozygotes
and homozygotes are readily distinguished in all of the examples examined from both the
Sicklé Cell and Galactosemia loci. Coefficients of variations (CVs) were <10% for all the
triplicate measurements. »

| - Genomic segments frorn three samples of three individuals that differ at B-globin
locus 232,' for example, are present at microarray locations b1-3; b4-6; and b7-9,
respectively. The three individuals are designated by genotypes of E/E, A/E and A/A,
respectively. The E/E neonate is homozygous for the mutant allele which is a single
nucleotide change from G to A at position 232 in the beta-globin sequence, the A/E
neonate has one mutant allelé and one normal allele at 232 and is thus heterozygous, and
the A/A neonate has two normal alleleé at 232 (i.e. both alleles contain aAG residue at
position 232 m beta-globin). The corresponding synthetic oligonucleotide in the
hybridization mixture (ARDC113, Table 1) is perfectly complementary to both alleles of

‘ _the E/E neonate, perfectly complementary to one allele of the A/E neonate and contains a

30

- one nucleotide mismatch to the other allele in the A/E neonate, and contains a one

nucleotide mismatch to both alleles in the A/A neonate. As expected, the microarray

signal intensities at locations b1-3; b4-6 and b7-9 show a decreasing signal intensity

* consistent with the genotypes of the neonatal samples at each of the microarray locations.

The results for the remaining samples reveal similar results and are tabulated in Figure 5.

-15-
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In a second experiment, the indirect labeling approach was demonstrated using
Mixture 2 oligonucleotides. The microarrays were hybridized and washed exactly as for
the direct labeling experiments involving Mixture 1 except that the microarrays were
5  stained using a MICROMAX staining kit according to the instructions of the manufacturer
'NEN Life Sciences (Boston, MA). The staining kit uses antibody conjugates that
separately recognize the biotin and diniiro,phenol epitopes and use horseradish peroxidase
(HRP) to catalyze the deposition of tyramide Cy3 and tyramide Cy5 onto the microarray
surface. Detection was made as for the direct labeling approach using a ScanArray 3000
10 by GSI Lumonics (Bellerica, MA) in both the Cy3 and Cy5 channels. Similar to the
. results with the direct labeling approach, the method enabled by indirect labelmg revealed
microarray signals from which accurate genotypmg information was derived as illustrated
in Figs. 6A, 6B and 4B.
‘It will be apparent from the foregoing that the present method provides a novel
15 means of genotyping that is a significant improvement over current methods. The method
allows for the first time, genotyping of multiple patients and multiple loci in a single assay.
A key feature of the method is that each microarray spot represents a single genetic
segment or locus from a single patient, thereby allowing high specificity between the
‘ amplified sequence and the synthetic ohgonucleotlde in the hybridization mixture. The
20  capacity to test thousands or tens of thousands of patients for multiple diseases in a single
microarray step provides the immediate use of the method for neonatal screening, for
example, that represents a significant savings of time and expense. The method should
allow neonatal screening for a cost of less than ten dollars ($10 U.S .) per disease locus and
- thus is immediately amenable to widespread commerc1a1 apphcatlon. The capacity to
25  screen at an early stage for inborn genetic diseases will have an immediate beneficial
impact on human health. '
Although the invention has been described with respect to specific exatﬁples, the
description is only an example of the invention’s applications and should not be taken as a
limitation. Various adaptations and combinations of the features of the examples disclosed
30  are within the scope of the invention as defined by the following claims. |
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CLAIMS

1. A method of simultaneously genotyping multiple samples in a single round of
hybridization, the method comprising:

1) incubating a microarray of polynucleotide samples from multiple individuals
with a probe mixture of oligonucleotides of known sequence, wherein

a) the microarray contains a plurality of samples containing genotypes of
interest with each sample in a distinct location,

b) each sample has amplified polynucleotides with a defined segment
containing a marker selected from a marker for a gene and markers for one or more
allelic variants of the gene,

c) the oligonucleotides in the probe mixture consist essentially of
oligonucleotides of known sequence and length and having sequences specifically
complementary to polynucleotide sequences within the defined segments for each
sample for which a genotype is to be determined, wherein the oligonucleotides
complementary to the polynucleotides are selected from the group consisting of
oligonucleotides with sequences complementary to a segment containing the marker
for (1) a gene, (2) one or more allelic variants of the gene, and (3) a gene and one or
more allelic variants of the gene, and

d) the incubating forms hybrids of polynucleotides of the microarray and
complementary oligonucleotides and allows discrimination at single nucleotide
resolution; and
2) detecting at the distinct location on the microarray after a single round of

hybridization, stable hybrids formed during the incubation, wherein a hybridization signal
indicating the formation of a hybrid or lack of formation of a hybrid is indicative of a

genotype of the individual.

2. The method of claim 1 wherein the polynucleotide samples of the microarray are

amplification products.
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4. The method of claim 3 Whereinbthe plurality of samples of polynucleotides is at least
10.

5. The method of claim 1 wherein an allele of the gene is associated with a disease.

6. The method of claim 5 wherein the disease is a human disease.

7. The method of claim 5 wherein the gene is human and is selected from the group

consisting of f-globin, Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) and

- Galactose-1-Phosphate Uridyltransferase (Gal-1-PU).

8. The method of claim 1 wherein the microarray is on a surface containing at least 1000

locations per square centimeter.

9. The method of claim 1 wherein the mixture of oligonucleotides of known sequence

comprises oligonucleotides with ten different sequences.

10.  The method of claim 1 wherein the oligonucleotides in the mixture are between about

10 and 30 nucleotides in length.

11.  The method of claim 1 wherein the distinct segment is between about 40 and about

1000 nucleotides.

12. The method of claim 1 wherein the incubating is in an aqueous solution comprised of

salts and detergent.
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17.  The method of claim 1, wherein samples from homozygotes and samples from

heterozygotes are distinguishable.

18.  The method of claim 1 wherein the plurality of classes of polynucleotides is at least
5,000.

19.  The method of claim 1 wherein the samples are neonatal blood samples.

20. The method of claim 1 wherein the individual is a human.
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