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- Addi tional rRytpeqducté formeshbylaiigenucietidealtybritizations ather. thakf these intbraled prer rop salfgcatalytic

| engt h of (exteptin ransingianses) dnd thus@eeunhylote at dlineafeate.r ed anount of the specific

~nucl el ¢ aci dfhe gepgifigeeguenpsto be paplifiedalsi, cenberdapictesdiggrammaticalives; nact i vati ng t he

. enzymes in any known nanner or separating the conponents of the reaction.

- In-an # ternative nmethod using a thernostable enzyme, in step (a) the

' pr| mers, enzwtg and nuclwotAmmmmptmmcaﬁQSC%nBact ed with the nucleic

‘acid sarrpl e.[SF} step (b)3't HETATRATITEY YVEYVYVSGEGGEGERF d®hature the nuc- lelc
. acids and t hen lincubated at a tenperature atwhich the primers can hybridize

| to\—CO fgw‘ﬂ ﬁ?"ﬁ nucleic acid sanple. In step (c) the

oom xture |s ﬂé teicf'éee gﬁ&g?%&cnteés\%a@lgne and at an effective tenperature to
'prom)te the activity of the enzynme, and to synthesize, for each different
sequence beifrjmend:i fi ed, an mmon product of each priner which is

conpl enent arRFiMBr Zach nucl el

nd tenplate, but not so high as to
separ aje teach extension product fromlIts conplementary strand tenplate. In
stiep (d) sébatiDMAcomtainisg ISEat ed for an effective time and at an effective

~ tefiperature to separate the primer 35 extension pfoducts fromthe

tenpl ates on which they were synthesized to produce single-stranded
mol ecul es, but, 5ot,,99,,0b 5, AAARAANARROOMRXXKXDECEITLYTU 2L {Zze WALz B2k Y. . .| N St ep

(€) the m xtUre; 526000 8 2T TATTTETT IOV Y YI¥Y YCGARECaRRBz b 2x zarz 27 RE2TLL J @

~ tenperature to prormte hybri di zatlon of each prlrrer to each of the

si ngl e- st rand 0, uc 1 naI I
wture”) Bl e st St e o
pronot g ar° ‘t‘t‘t ne an ses"fn? iedgup eox‘f" ?""‘é%c? P'f“F@r‘
sequence belng anpllfled an exten- 40 sion product of each prinmer which
I's conplenentary to each nucleic acid strand tenplate produced In step (d),
but not so high as 5 to separate each extension product fromits

conpl ementary strand tenplate, where steps (e) and (f) may be carried out
si.mul tgneously or sequentially. A preferred thernostable enzynme which may

-be enployed In tthe process herein is extracted and purified from Them us
-aquati cus-and hds a nol ecul ar wei ght of about, 86, 000-90, 000 daltons. This
~enzynme |s nore fully 48 described In Exanple Vill hereinbel ow. The process
-of the present invention nay be conduc&ed continuously. In one preferred

enbodi ment of an automated process wherein a thernostable enzyne'ls

enpl oyed, the reaction may be cycled through a denatur- ing region, a
primer annealing region, and a reaction region. In another enbodi nent, the
enzynme used for 'the synthesis of priner extension products can be
Innnbrlrzed |n a colunn The other reactlon conponents can so be

N 1 I .



- the -nucl el c aci'd sequence(s) to be anplified plus.the nucleotide
triphosphates and priners. The conputer includes a ulser Interface through
~which a user can enter process papam?ss2sihi ch control the characteristics
7 EP O 237 362 Bl of the various steps in the anplification sequence
such as the tinmes and tenperatures of incubation, the amount of enzyne to
transfer, etc. ‘A preferred machi ne which ngy be engpl oyed which is
. specifically adapxténd t-h- SLGAHGRGER ZPRImest L1 | zes
~tenperature cycling without a liquid handling system because the enzyne
need got . be.ImnszzzazzzizezAWﬁMAm&X)gxxxyﬂcsccmcceﬂjzyzzuzizszimtru.rrent
consi sts ofiginal ftEmpbatiengteangit ens: 1. A heat-conducting contai nerfor
hol di ng a gi ven_nunber of tubes, preferably 500 pl tubes, which contain the
reaction ATk§inad EmhakIsbrande tri phosphates, priners, nuclelc acid
sequences+ a«fdZémzzzz.zzwﬁémsﬁgESYH&WG@B@%GGEWzmthanghe- .
heat -wonducti ng cont gi ner nd bel ow room tﬁr}rerat ure, which neans has
an input for reE¥&fifg a c vgnar Tor c8ftFYl9Si ng which of the |
.tenperatures at; or to 10 whi cf t he container Is heated, cooled or
mai nt ai ned. (THis may be Peltier heat punps -available fromMate- rials
"El ectronics Products Corporation in Trenton, N.J. or a water heat
exchaﬁgepf‘fe“g?“mW%?S!’ﬁMﬂ‘g'f"e’f?é&ﬂEed(@? pfoducts &% ¢ opr ocessor control | er),
coupled to the.input of said nmeans, to generate the s9gpals which control
automatic@tly the anplification sequence, the tenpesdture |evels, and the

tem perature ranping and tifd nt Invention |s

deno trat'éd'ﬁzégfﬁﬁﬁfﬁzééfTWﬁTJi?%gr yv}gg%%gé randed DNA cont ai ni ng

t he desir edwhegyattesiia®) 1ongnproded df conpl enentary strands [SI] and [Si Is
utilized as the nucleic acid. During the first and each subsequent reaction
cycl e extension of each oligonudeotide primer on the original tepplate wl|
produce orfe nevissDNA nol ecul e productof indefinite |ength which $'erminates

Wi th #nly ,QDezz0kz4420 2842 ZARARAAARARAAR X XNXARIOCECCOTECE0 2R 21 2 22 0 F 208, £.Q as

"1 ong produgtf . {\Elb ﬁc%grrul te in a linear fashion; that is, the anount
20 preser?tr g'{aér MRy 2T s EFN D1 cycles will be proportional to the nunber
of cycles. The 'l ong products thus produced will act as tenplates for one or
the other z0f the oligonucdeotide primers during subsequent cycleg and will
produ¥e nol ecul és of the desired seguence !SI or%éSi These nol ecul es w ||
al so funct-i-onuééz‘!%F%Rz&“UFTBWJ_Y%f"tYHU 366§ GazE ez 2222 g Td2T ot de
primers, pregumingedpiatdetrd®™ and [Si, and thus a chain reaction can be
sustained which will result In the accunulation of [SI at an exponential 25
rate relative t:o the nunber of cycles. By-products forned by

ol i gonucl eoti dé hybri di z&'i ons ot her than those intended are not3'

- self-catalytic (except In mmﬁggwﬁdg]w@cﬁgg%gﬁﬁz%aq.l i néar
ARPAABIA ZAAX KX

‘rate. The specific sequence to be a , can epl cte

di agrammatical 'y as: 30 (5hewly synthesizedsiong

" Se] : YO TTTTTTTTTTYYYYYYYYYYSGGEOGEEEG 5' 35 The

Appr ophat eesd fon Stenas &re biioted 1o réhpimitize win Hrichelael:andP2 inimeslt cycle, the agent for polymeri-
GCEEEEEECkABorPwill catalyze the following reactions: ~ AAAAAAAAAA 40 so that if DNA containing
[S] ....zzzzzzzzz72727272772 CCCCCCCCCZZZ22722727277777777. . . .

.. .22222222727%%%@RBTTTTTTA IAW%ﬁK%ZEJ%H- .€. 18
separ€éted into'single strands and ts single strands é@re hybridized to

Priners | #od, 2zzidr2zi 002 0xd 72T AT ETIIVOYY YR ENYGGEE6RG6GE Sbe cat al yzed by DNA

pol ymer aseneWly tslyatipasé zehdengfproduxtf bur deoxyri bonucl eosi de tri phosphat es:

50 55 8
5 extends ¢ GGGGGGGGGG 5' Primer 1

55



- EP0 237 362 Bl 3 5' extends - CEEEEEEEEG

S Primer | ' _

: zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXX)Qﬁ)@@@GﬁﬂCCCZzzzzzzzzzzzzzzz . original
~tenplate strand+ original tenplate strand- * '
*,222222222222z2zzzZTTTTTTTTTTYYYYYYYYYYCCCCCCGCGGG2222222222222227. . 10
Primer 2 s'...M&M&MAMMMxsxxxxxxxccceccccecmzmmma:4.aa' of the
two dupl exgdginaireenpliabe stramifct s are: 3'

8" . ...222222272727272zzzzZTTTTTTTTTTVYYYYYYYYYGGEGEGEGEEEEEEG new y Synt hesi zed

_ |Ong prsoduct 1P5imer 2 5' AAAAAAAAAA v 4 S extends

3'. 25

o zzizzz“izz % WMWW%E%ZZWQZ
".OI‘I gi nal t%ﬁﬁl 'E‘Pra?ﬁa+

30 * GGGEGEGGGE 5' Primer 1
zzzzzmzzzzzzzzzznﬁ‘lllnl"??i TYYYYYYYYYYYGGCGGGCGCGGXx22222222222222272.

original teuplate strangt A&EAAAAAAAxxxxxxxxxxcccccccccczz&S&z&zzzzzzzz..3'
~~~~~~~~~~~~~~~ ' : sd_CoRYCoreduzt 27227227227222222. ... newy

synt hesi zed Iong product 2 40 If these four strands are allowed to
rehybridize with Primers | and 2 In the next cycle, the agent for polyneri-
zat | on'i [Fitheszengp githe abRee fous AvRiRKPSAE® seeeete: <9}?§°"°‘MF9 sfspdsgrefound: 5. - AAAAAAAAAA
- extends to here

3 ....22222222222222222ZTTTTJl

‘‘‘‘ A1 (eekdeete 3 _newl y synt hesi zed
| ong product 1 extends< (GEEGAAAISeIntHak s "9 EP 0 237 362 Bi
5 ... ;Dzzzzzzzzz'zzzzAAAAPk AAAA : CCCCCCCCZ22727277777\U77. ... 3

ori gi nal t N4 Hy,8 ks ANz 2222 TTTTTITRITYINYRYYYGGGERA0EEG SAAAAAAAAAA
3@9 ends 3first. cycAeZeyhtResAZed 2949 prodddtl TTT-TYYYYYYYYYGGEGEEEEEEEGz 2221 22227

‘original tenplate strand- extends to here(
ccecceecee 5.'. . zﬂzzmz zzzz]ﬁzszzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5¢
: dueryd777777727z. . 3' newy synthesized | ong
. dupl.exes are separg\;ed the

product Zé Ifthe strands of . al Il

fol | owi ng 3trantdPZafezatazsrazz AAROMAAMMAARISLAAKERIAELLEE

synt hesi zePryognal 3gmpdate strand ., 500 57772222 TTTTTTTTTTYYYYYYYYYYGGGGGEEEEG
5 kM first cycle §yWRMWﬂxﬂﬁﬂxﬁméém&nzzzzzzzzzzzzzz...3

CECRHEEL 3V newl y

% newly synthesized long product 2

3'. .zzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG:zzzzzzzzzzzzzzz. 5"
original template strand™

e b 3' TTTTTTTTTTYYYYYYYYYYGGRGGGGGGE 5
: newly synthesized [S”)
‘ .
5° AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzz2Zz22222222Z0 443"
0 first cycle synthesized long product 2

it is seen that each strand which terminates with the oligonucleotide sequence of one primer and the com-
plementary sequence of the other is the specific nucleic acid sequence [S] that is desired to be produced.
The steps of this process can be repeated indefinitely, being limited only by the amount of Primers 1 and
45 2, agent for polymerization and nucleotides present. The amount of original nucleic acid remains constant in
the entire process, because it is not replicated. The amount of the long products increases linearly because
they are produced only from the original nucleic acid. The amount of the specific sequence increases expo-
nentially. Thus, the specific sequence will become the predominant species. This is illustrated in the following
table, which indicates the relative amounts of the species theoretically present after n cycles, assuming 100%
s0 efficiency at each cycle:

&5
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.3 . +.22222772222222272zzzTTTTTTTTTTYYYYYYYYYYGGGGBGGGGG 5' 25 newy

. synt hesi zed | ong product 1 5

zzzzzzzzzzzzzzzzzzzAAAAAAAAAAéQ@Q@ﬁ)ﬁWCCCCCCCCCszzzzzzzz .3

- or|g| nal tenplate strand 5'

AAAAAAAAAAXXXXXXXXXCCCCCCCCCCzzz2222222222222. . . 3' newl y synt hesized | ong

- product 2 3 ' Number of Double Str nds ,
”zzzzzzzzzzzzzzzl||||||||| zz227272722227272222.. .5
B or| gi nal tenplate strand- 3 TT GGGEEEEEEEE 5 new y

synthgsized [Si] 5 AAAAAAAAAAXXXXXXKXXCCCCCWZZZZZZ@;@@:;@Z .3 first
cycl e synt lggligeNgmbeng produclemglate it is PeodudtBat each Sajuencs [\ml ch
termnates Wth the oligonucleotide sequence of one priner and the com

pl enentary sequ&nce of the othed Is the specific nucleic acid sequence [SI
that is desiredtto be produced. 1The steps of ihis process can Bk repeated
Indefimitely, b&ing linmted onl} by the anoung of Primers | andl 40 2,
agent for pol y%{rﬂi zation and nu¢l eoti des preseént. The anount o4ori gi nal

nhucleic acid r ins constant ip the entire ocess, because %is not
replicated. Theganount of the | gng products LRcreases |ine 21 %)ecause t hey
are produced oy fromthe original nucleic id. The a ugé gthe
speci fd c sequenge increases expq- nentlally. "fhus, the sp«i |ﬂ sequence
- will becone the predom nant species. This is IIustrated i'n the fol | owi ng

t?l(;lsgn %ﬂa%ﬁ”&i&-& gs nuzt.]e‘%c gc% lsa &tJh l%%eoé tong o§ p?%du %t al | y
D el mi?&e@(ﬁ% }ff’ agﬁgﬁ,x"o“%fﬁ Bies 10

EP 0 20?‘ 7 w'ﬁ Iﬁe b q‘ﬁh ;nﬁg J rﬁpl& alc acids, more

Lo cycles will be tg.' hehpii dandld ntly for It to be detected b 8 herein. For human

Rr Od UCL'S genomic DNA pm@ﬁmﬁy&eg)are(}arﬂed out to amplify the sequence suffidiently that a clearly detect- _

: _\Jﬁ- able signal is produced (i.e., So that background noise does nolinterfere with detection). 0 so

-2 In one embodiment oi-the invention herein, the amplifiedsample suspected of containing the sequehce3

1 25 variation, whether Jesuiting from cancer, an infectious diseasb, & genstic disease, or just normal geneflc

5 polymorphism, is spotted digdGtly b0 a series of membranes and each memfirane is hybridized with a differeh)

1013 15 Iabeled sequence-specific oligonuciebtide probe. One procedure for spéiting the sample on amembrane is ®3- 752

15 cribed b Kafotos et al., Nucleic Acids Research,]7:1541-1552 (1979). - 20

1, 048, 555 nBriefly, the DNA sample affixed to the membrane may be pretreated with@ prehybridization solution con-

(2 - nW_L) Wﬂ'@rﬁ"ﬂ“@ r'wg%s‘&feﬁr Mdeﬂ#ﬂé'ﬁ’\tﬂ“ﬁ andvagpup §a“ﬁi"|'q" Pi‘@c?“&’g b?'FRa"dE’ 'reat e
oy one;{,,,, ':B,ﬂt;ﬁ'ﬂ“‘w g ﬁ,%““%

this rea Ies
20 will nBa ﬁl f?réj‘ l th

a\e’on’QJ :,%E.tg }5: ity
.-the SI gnq fdbzatiof) b t fr
rited Eh'é'vﬁ OU to
Stﬂn ency mﬁ‘ly Efj‘, bglgir%

arrpl i f y "t heamfp@y ﬁfbﬁ@za‘ﬁbi‘f é Sdnﬁﬁ i any 8ditable ﬁbﬂl@ Stichias by
produced wakhify one SiAndrdiiies Witk Yeyi emﬂ&.s oﬂiﬂﬁ&ar&‘ﬁiinel pRoPheEEBTASEPE) (180 mM

det ecly OMNaCI, 10'mm NCICTUIAM NERFU; aﬁtf 1 1 BEOTA, DM@} soMlors Gt BL78°C for dbo APhinlitesid o NP €
~ sUspect echoaf depandingbrthexgmpdigture.THelalLie thaddetasel byalsing Bny apfrepria® detscisntethniagesf 1 om
cancer, an Thefsepencespeciiic sligarseleotile grepleybd hereki is eradligonudéotifie Mitlichiegenarily pparéd C

pol ynor plend selecied ag desctited ablve éx pleparipg ami wiecting sheqkimans.iihe aemencaspecita oligonuc-
~menbr ane ldoddemgust endomnasks the reblomof tiefspaueraewhich srahettie Busigotidn vasiatigndeing dedected and

ol i gomcInst &ip the ngiestider vadatidn belrfosletopted. Fprryarorine if § infopited dndefectwhethere | s
des- ori [sagprle 819(5‘!!‘*9@?" Ty sickle \cpanemig. one P'&S"‘R@%‘@&W@ e P’PPM@W“FIW 9).
Briefly, “E‘ﬂ%’" “&clamesl% ofthe nopmal Bralofir aen nﬁyesbogfcmdem bg Pepared o

pr e hy bri qlf t%% érﬁ ;yxr yence characteristic of the slckle cell allele. Each oligonucleotide would be
ize du cates e same sample to determine whether the sample contains the mutation.

The polymorphic areas of HLA class Il genes are localized to specific regions of the second exon and are
flanked by conserved sequences, so that oligonucleotide primers complementary to opposite strands of the
conserved 5 and 3' ends of the second exon can be prepared.

The number of oligonucleotides employed for detection of the polymorphic areas of the HLA class Il genes
will vary depending on the type of gene, which has regions of base pair variation which may be clustered or

55  spread apart. If the regions are clustered, as in the case with HLA-DQa, then one oligonucleotide is employed
for each allele. If the regions are spread apart, as in the case with HLA-DQp and HLA-DRB, then more than
one probe, éach encompassing an allslic variant, will be used for each allele. In the case of HLA-DQp and HLA-
DRp, three i_fprobes are employed for the three regions of the locus where allelic variations may occur. For detec-

: 1



:.-.__'so tal ni ng SOdI um dodecyl sulfate, Ficoll, serum'al bum n and various salts
prlor to the probe being added. Then, a |abel ed oligonucl eotide probe which
i's specific to each sequence to bapdmeezsd is added to a hybridization

- solution simlar to the prehybridization solution. The hybridization

sol ution - AN
~ hybri di Z%Efo Q?E&Uegﬁg a&sgcvét&e\ﬂfmﬂmf cﬁ‘epedi ;&ﬁfﬁ{ﬁﬁmg ﬁw éur%%&&s:fg} éjHLAODR
- type and CORspiotyptN daitbb ﬂf&rr&f fronT \BbregHtE S ndlysiSth Familfel B §$r4|é’oas$§}’ by dirbldt iy B | S
carried Qnd indNidufINK safpte. SiR6ific MR BMBiRAtEns Rapidtypbs) ae‘aoeipesmcoo igonucNOEUOUT S,
pr ef ersablachvites cdnlbs RiehtiiFiR hétoruzygous b8 bgﬁsn@trwmcﬁdnem@hﬁ IdigEKRDICOf tHRfgerfomi BNAl ONS,
t he gr eatpsér té deplificatipal r ed oor npi ementarity for hybridi zati on between the
probe ‘and sSkedipiample) ifin DOeons fAinds Hires highily bariabib subfegiohsl) B, it Ciwitigeasiyplaemplifiae reg-
I NCcr eas e doroand df thelreracd six diffélaat seduedcag aaci reglan (Al 65B1-6) €1-6)then gnddivideal cdufd bk kypednas h.
Af t er - t hdn thy DRP Bcuscbly seerichepesticpigenutigotidmprbhecanafsis as ltorisaining AMeM2; RRA%eCL €4ng
any sui t atsh the messible hepletype gomiiinationa ofi1a 82, GAEA10B2 PATAZ. B2, GEAPZ, B4:vr BA, fily Al
concent r 3 &A1, Gt endcfely B2. €41 i ne phosphat e EDTA (SSPE) (180 mM 40 NaCl, 10
mM NaGi, 10#HibeQenemiaPNhg disemm,q Potmorphim;es%m?wns prigr topemnpification; and ke Uit
10 m nut E&2ME cWR Botihgligtes vﬂrg% theerigna reasiidly with fhesequange-spagificiprabes dug dn,
det ect ed 4 'F i ypigformativaclf {hs, ﬂ"’%"@%ﬁf‘ﬁ g alleipy,the probe "93""3 “’""

o sﬁaﬁﬁ%@%ﬁw ioimioimig mg 4.
and sel ec ed Soh BENcE-pe c nqagd'l!i 6 renctvitids With Hiba
enconpas%ea}i%&hﬁa Bg% gﬁ ?\Sﬁ Eg fsl C}af e nuc eOtI e varl a(%/‘géohm%del ng

bei ng,det must e specl
detected. FHe |&u§tﬁ%ﬁh&‘seqhénc& bpekific dﬂﬁ‘o’%hé’l&ddetvm &%&ﬁ% maREhAGS, iftiudiRgMS Faricaigt ai ns
the nut attdngel moreéuieelnls ibtediéd, the 86t loPoligttilBlediltd, Eﬁtﬂh@ﬂn&ﬁ&ﬂdé@mﬂﬂo&iﬁo r Pirfdeay ed
vﬁﬂ ch combﬁlnrtseﬂr&bawmdye&m@es-muem& athbdugh mhayoaﬁ&i&mbﬁbtfew@ﬁudemeﬂmnml
" ~gl obi n oliRGEsectias whitiCar@htilegsti1 BaleR 01 lorigth nvdylehhahée spéciioigandionsBrsitivitycsiotisfiviich t he
nucl eed i ches lesmbeRN@anetd) aya dé-medsSshow mofe seip@nceispaifie disainination, plesumablg bbcause a
- ol i gonuc|single mbeaielvis indreJesthijiting. Becawsd amplficktipr incewbasspepfiicity kethaialopges tingsh lelesso
- det er mi nevitichlearddybridipation endiwashingdernreratiucestchiebe fewvegadiferithe side salt corithntratinol iserephi c
- areas of feqedtayseprebes whighprelesyihen 19ness.i zed to specific regions of the second
- exon and arWheve '&ﬁi’@t&'e irst plaredon thamembine addhen deteptadiyith thegligenyelentife: the pliganuc-
pri mefS dooHdR TTEblabe w@‘%ﬁgms’?'ﬁbe' m%wm@wb?ﬁ@wﬁ!m%‘c P&'ﬁ‘ac"smicﬂnds
of the s& 8 ical, igyPupdeherpjeal

Galpeans: H%‘“?FB?PB@P"'GP*“&I"P oyed
for dete ! %\' t")’ﬁ'“ Ogucifo é‘ '{ Eg A i ﬁ?ﬂv
dependl n W °8‘f ntg , electro %fsere% P?m épabl I§ Inslgllgbﬁ? (gi n

V\h'/Chsfm ﬁctscan" En line os Eaégg dﬂ) &Iv ﬁggld as

‘in the. c or dach

o %fa%g
8P
~all 9' e. Nﬁaﬁ'a valy! nQGn% "Tovérse* b raE reas%nd Ji'tﬁe ﬁm@rﬁ‘ﬁﬁd/&é"ah sl‘l'm% bl und
HLA- DR, nulieidd Bshsphitadis ae&ednﬁtﬁbeemmmba%mms febdifhg 8pliRbd SBhdenceidibberal -
will be Uﬂ‘a&ﬂ 1dbeibd Mar6ties My B Resehtiitiallan 13 Fedctioh mixkufs dPadled Beiin &b Rter &I, THEN&E €
probes anfiasuEdlsegieskelspécift BiIRotudletie EREHIO BrhylHdizihgRith tRC4kspliveld Rlidisicdcld@bduence,
var:i atio rﬂhelva'yatmmmmquﬁab (Whiihér-normal or mutant) isfare present, Is spotted-on-(affixed-to) fhib membiake)
237 362 Bider prehybidizatiencpoadiivesasadesaibedebac. Wetamplified sample-igibprestdedib tlublpadtredtes
~nel | i t us MembBRY urideniybrigizetion confiltigns edestdbed SDRVERFinally, detectiomenns are used i
- Hapl ot y pdan empiifietbsenyenes in the nﬂqlmc@@%me!g hasi hybridigecttp theoligonpyeleptideiafiikaddo the memn
sone @sdeane. belﬂzﬁ@ﬁ willopear W iighegpembrane-boyil gqaense confaining thapariationds regspat F"t!he
allellc @B'H'!S'Pﬂ'a'ﬂ pragist. tﬁhé’ﬂ'v b gpwence B’ffh%?i’aé“rﬂﬁ'@!"s'b@&ﬂf tp @ regjop gfd'i'ﬂmpéfm’ pofY- 5

reactlvn‘ﬂf‘%"s be I t|f|ed In heter ZX@@HS ce s b%/ using restriction
~enzyne dlf% %ﬁg&ﬁ? d Pyt withou 5\"'% °le, i f

ISInnglqégDa ) g‘e £zmgw h # cl acl se ue ce snf E‘?rr;% §:o ea Ch

region ( en dde ot ep &Q ﬁb

| ocus yoﬁ& moﬁgﬁﬁg dn&hé} %QQH& é{ ,.xy&{:w

A2; R2, Ranbelubed tg:éete elf!M @ecﬂ%&‘n epsa dl&Q@to %ﬁe&iﬁ BZ

A, Als, Releasbhay thid plabs for &t amp v Féhtricinendyme tolthe met bran Aites a fés-

and Al , Kittior(efe inlthe ﬁn{ilﬁ ﬂmﬁr@%wh s Bligefsrirehiciidn] 18 déscibed h‘lHiG AP InEP Patent
restrict iFQblicatiod YEuE05) publishell Decdmpédri1f,i1eee. i on, and if the enzyne cuts both

al | el es bet Fuepunpdsésaf this inventicn, thé dmettedbssdimicﬁma)tbe‘dbthgtedmduheﬁpb&ﬁcdeletions inser-
sequence- speci fic probes due to | ack anpl ification, and the result is
uni-nformati ve. {f t he enzynme cuts neither allele, the probe results with 16
di gested and undi gested genonic DNA are the same and the result :Is
\Sry nformative. 1f the enzyne cuts only one allele, however, then one can
fer both haplpotypes by conparing the probe reactivity patterreon di gest ed
and und| gested DNA. The hapl otypes can be deduced by conparing
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- . ol i gonuc aRA! traEshy Wi¥akith

- 20 sites between the priners. The length of the sequence-specific
~ oligonudeot|de:wll depend on many factors, including the particular target
nol ecul e bei ng 'det ected, the sourmzsisszlmgonucl eotide, and the nucleotide
conposition. For purposes herein, the probe typically contains 15-25

- nucl 0t 0453 andih sl &nghawasjmm&.iﬁgsp%u i?agrkfe!-\# “éﬁ'ﬁﬁﬁ%f%xw érfomic
as al i Wi e cell

- speci fi Chﬁe\h{@ﬁ&ﬁo@!&biﬁ@ﬁﬁéés& &Luta\asseqn@ fhala¥¥einfelind e 13! Gthér QB Susbs 1RE miybe RS

e. g.,  18teditchde &h&%umﬁﬁs&%ﬂ&lﬁ&%s&ﬁﬁﬁlnﬁﬂﬁ miseﬁéobéﬁeaetg @13 n-RASVRcHIBR] ahd
because ‘fetiidigliseadssmat ch is nore destabilizing. Because anplification
increases Sinhepiobdss hérsin May disveoarséddTOIFRA typRig Gilthe dréaslofiRSuettfahdplailgfion, didedse sus-

‘hybr i di zadptiilty, andhatseriti detgmintioh. ThaHILA daSs [ Gened) Conlsistig bk d and pigbras Bantihe HEA-t
‘concent r BR| BA-DQtand HILADE redlons,rapal higlly palyanogphishibeir gémetichcomplexity et the tiNANeeDisnETr S.
Wher e t heigufeaply greater than He pelymarphidmoxrrentie definarthy Famlogicall tybihe i atidtties thegragessh t he
ol i gottud&erein chay be mwplored tpodatast cestain IDNAtspqitenqes sedirgcfor| HiAcdagslll Biprdieing (e.gi PBBI e

| abel nopesp ated/mih@t#"'wé{;%ée"ﬂ@ﬂ@@? egllitys (IR Grieflys be PP NAFegeneen appoeiaipd with

bi ocheni H0M are paigsied frora e gmpe epnsigtigefi cal neans. | rmunocheni cal means i ncl ude
anti bodi es whi ch are cap- able of formng a conplex with the

ol i gonucl eot i de under Sujy s mmmm-pl ochem cal neans incl ude
'poI yp¥ptides ori | ectins gip sTocTecE TRCVypl ex with the

oLi gonucl'eoti de under th@ amnmrsrrmanmrrsms anixanpl es i ncl ude
fluorescent dyes, elect rqrp OB RGACATCCTRBAAGACGABABAABYS, capabl e of depositing
“Insoluble reaction 3s products or being detected chronogenically, such as

- al kal jne phpgp BRhafsids Rat'arfioMPEhdntry th&&ﬁ'Se&ﬁbﬁ&-@&cnfﬁ%l%be&ﬁay%ka&ed thde witl Obn
I s enpl O¥imdizéto SRAH Moredf HrddRY¥qubtedlt 1 | 1 zed to attach It to

[ gonucl eorthb eentidh hbRivBisb dRlelhplatesla Kt dPmat WRIKISIomBrisd 4 padkegéd Mrc&mmer it hviigSt
one of t béntdiietsTileSchipfherCind plobd Wifdel, adftaifdr withthe bgunt for palymezilion @ dyhth¢shesehat es
~I's | abel edimenrpsiténsian pleduetsisadth =@ ehzgined, a containeffateadhvbthe Parnuiiedtidespamp b cdntatdr with
S equesnc e mesnsitadetdctitle lafdh (saah dsab evididenzphedonjegataangd elsgymp swhsieatd andichbimageh if then t he
r eact i onlaheljstbigting. padditichdbelkitnay havg a eontainecrhich includes a fidsiive @ntrolifor the prdbe bartainihg
s equenc e orguemdre pyclelsi acidewith dieauddotide variatione ke defectiaddnd i iggaiive gontyplifdy the hrebewhidhi f i ed
nucl ei ¢ dessgotsa @ ructeic pcids yith the nugleptide (varationio badeteeted: Moregyes the ki meyalsmhipve
or nut ant Feqriainge I8N geparatingdigstrandgiof ghy coute-sireded t“é’}e"’taﬁés ‘??E*ﬁ‘ﬂ?dd'h'ée iﬁ'ﬂﬂ@r
“prehyBri &k ’E‘F # Aoy H%d"’é‘:‘,'" escrl bed abov The anplified

Pdng sxan lP P
'522&?32@ { By iyl sls 'rda’ eafaF 'Lgl%aﬂagv stights azﬁﬁ
anpl i fi e 2EqY ﬁgrg 4 r?g'i nsLF31"é' has "hybridized to the

O goguc af fi xed to the mem 45 brane Hybridi zation will occur
only :Is}f %rane bound sequence containing the variation |s present in
the anpl i iGRlekiwbieiuettiathow the Brocess Rbrkin bdn 1R ue&aqyeaﬁs‘u.énfmﬁmanasp PirdnPsiciie

conpl erree;,m.y,st(g,f@mr%ggb"péd,g&ge #h6Bd (). ed sequ- ence. In another version
of the reverse"™ dot bl ot format t he arrpllflcatlon I's carried out w thout

enpl oyi ng. ssmthedih&lfthasmr&h the "forward" dot blot format described above,
and a | abel ed sequence-specific oligonucleotide probe 60 capable of

hybri di zi nghevofidwingiteo alipgiuciédtideiprimesivereprepaied bsbemethaialesaibedbielowng t he
variation, if present, i spotted on (affixed to) the nenbrane under

. prehybri d| zation conditi WSy anplified sanple Is

t hen #idded to the pret re%t.%% g?@fﬁg@r@épf‘y ?;g?%zat ion conditions as
descri bed above. Then the |abeled ol gonucl eotide or a fragnment thereof is
rel eased

to deter] f;@g%} g%ﬁ‘%ﬁﬁﬁeﬁaﬁ?a : sefﬂ%sgm%evﬁr@fb%eﬁﬁ%%e%aﬁ‘?@e used

abe O n sII & osphaora & i a<><;0rdor 3 ucage

5 tﬁ%&f v 93‘!%% élvg%été ia'L %Eiji%a' agfa ezé:n-
N&ﬁﬁﬁr&ﬂnd

addi ng agf Sy 9%

lriction a?&édeodnﬂoll o 'S “P ! on.

| s descr esloridMaRe, cbHdbisation u g% hyd-
Decenber rdeland k&&ﬁma.ﬁﬂspymmeqeeeahy% bl iafid pyReiRd) Oy timd WEs 4HRRoR t@ly b mﬁes

Whi ¢ hgs MBYielad atdaintsp Wdrei sbsehiitthEquaitiftive dnd weidldBtoiiiiad by dollstfidn-and spectrosdepic Bxamp / 362
Bi ti ons naioléittie dimelwmiytity tlcthidFrelbasediingdebflylgian.r mut ation or pol yrmr ph| smin
nucl ei ¢ acisdl Sjigoiexyribuanipbtide DerotediorCandMyrifichtion Pro2sdired; The BblRiBupgoit daPtembved|

di seases fromtheiolin andlegweediai ml concsntiitedamnioniuki hpdidxide Btrbanl@mperatisle dor &al Hours

aneni a, henogl gbi n C di sease, a-thal ggsem a,: f3-thal assemi a, and the |ike.
O her diseases that may be detec- ted'include cancerous di seases such as

t hose I nvol ving the RAS oncogenes, e.g., the n-RAS oncogene, and 5

i nfectious di seases. The process herein may al so be used for HLA typing in
the areas of ti:ssue transplantation, disease sus- ceptibility, and
paternlty determ natlon The HLA cI ass 11 genes, consi sting of the a and f3
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. i0 herein may be enpl oyed to detect certain DNA sequences codi ng' for HLA -
~class 11 i3 proteins (e. g. "DRi P) associated with insulin-dependent
di abetes nellitus (I DDV . Bri ef | Y. efdB3766uE1 DNA sequences associated with
1 DDM are sel ected fromthe group consr sti ng of : 1)

ining the protected

- 5' - GAGCT Lo thd jeace o
et K and the so e
) CCTOT F#gggmw ?fh f% Arfhonia was e gﬁfgafﬁ;gregl as amedor
the DNA s ot 86 finlite artdf WHIGHS
~ may be pr ‘i{%’% of ﬁiﬁg thé r'\tﬁg'd rIervQ. Wihg 53 Goribent H8S. She Gt GRS Sised?

The | nyenighdghuebtkif! 1 dlsfied G&lé}to%m&rﬁ‘&ﬁlsc hi lsdllitioh WBY d¥phed AP 3RS SutitPithad ed
mul ti cont gi18% gradidhtlof Bedionitib i 9 tafimdRiim atebdte e bt BH BI0ETheNiflorlde Mfonktrdd by 1Rd, 2
cont ai ner a¥doibandeaE260 @M ahd th@spprophiatd Riclioh JblleQbY, tniiinfiated YR absbriaiéd D4 1B Volume

ext ensi on afd éveipbidtéd to Brikiss &t SooRiteniptRiure i aadllm céh@rifugbor each of the four

nucl eot i des, C.&haracteratioh ai Vligodeditytiloniatieotide®.Test aliquotd of the purifiddaiigoniiidotides wer 33B#s an
avi di nwen Epaed with pplymesaidekichseand y-PPR-ATBLTS labdled campbundswervesgined by dutpadiogiaptly | S
boti n). | nf @8%polpaeryl antide delsiafteralpciiophoeesia far d5rninutescat SQvoltsidm. Thicprorddige wriftasdiiet | ve
- control f owletular weighte Base reombasitiorgwasndetepninedpyedigestioh of the gligodeoxyriberiycliedtide to nuc-

nucl eot i déeosidasibyvsegfrengn diesterrse andibaclerighatkalipe pragphatageand sihseaypnt peparatien apg @iser

whi ch doe§tatisiof hedprivadpugepsiden ueing.a reverze; phase P ¢ cdymn apd ¢ 108kACEIgRitlie gl % ammaesiym; o
be det &ct éﬁP““f\)B?‘E'%B'@Fe the kit may al so have a contalner with neans for

S ratin st rands_ of stranded nucl eic acids contained in
t%éasarrpl %Eféwma'ée%{“’ﬂ@%g' %B'ﬁi%eodr um hydr oxi de. The fofl owi ng

A ?gﬁgeg Iﬁrj%l 'ﬂ% .E?ﬁ‘ﬁr r"v‘vierr 'nf%no&”%fi%wﬁﬁf‘géeﬁmgﬁe Iylln%no%rl‘%li e ﬁggng é%% ally
fn

percent a0@gm@dnN Zd’&égaﬁ by i la erJd hemog-

te ;;:Per at Uio%ﬁ. (HPFH) Qﬁs%% fobik gene $&hu é‘eﬁl}Me%ﬁsth é"J.ﬁﬂPMﬁMOWIm
39 Feta) SR 5N | ustrates how he process herein can be used to

~disti ngU| sh nor mal al I eI es (A) fromsickle cell alleles (S) from Henogl obin
~ C di sesse nRnlsbiaton sf Human GésomiclDNASyoR dinical Samplest he Primers The fol |l owing two
ol i gonucdeotide priners were prepared by the nmethod described bel ow. &'

- ACACAACT GT GV EBIAE0d Samp{ee dSslgnattd ASBEH REAONBCHEATIBAILE), BS (from(afkaiwh) sickla eslic
primers, lowtid), 38 {fropraknowmsickialcelt indiviquplh SCt(feonsa knawulsickisf cel/emnogielin Gidigezddiindivit h
their 5 dvalisand A {fromadgovimhemoginbinCringasecarriariwerdbtainedtnm L. Bestram Lubin af Children’s

Aut onatted Heapital InQakiandCalifornin, PraclinicehNAamplp desisnaled fifdfreme kiowrhemoglobin G disgased

~ accordi ng'"E’B'dwa‘ﬁéaﬁ@"B&ﬁﬂm@&rsﬁﬂPP@r@'beqﬁ%ﬁ@d?% Geparal Hpspitgl ingian Francisco, Call-

22:1859-1 © were se uentlaII condensed to a nucde05|de derj- vatized

REVIRIEI et b ool S el

as actlva |nd priot on donor, and capping with acetic anhyd- ri de and

- di net hyl ag. FLR-B%M&R&M t et rahydrofuran and pyridine. Cycle tine was
appr oxi mat e m nutes. as Yi el ds at each step were essentially
quantitati V%&Wn@oﬁﬁ«%ﬁ‘eﬂ&%@% sévah DRA bdnibs SABE i s dpiish in

nat i 0ngOf ah iAeldbd R FeaERN tdidntelcbntBhikPTO of b SHIRRR Bk HOTM Th i1 BarRE (bR 7.6 Eoo
Oii_godeoXx ynM N1 ddH0 Mg OE 10 1P 6fE1 0 M@ prifiEP 0] 10ful 6t 3 s B primerFD4] 554 of Beam

soll d SUpENTR (covdins/ 1@ MMadh sfdaTP, KhEP, aGTRIaM TIRY amb4s@B@da®n | Nl concentrat ed
anmoni um hy cEaoixiegtiorahixtumous beiiipe hent hiock sdt ar9570forr 0 Inbnstes to B8nature théDIOA. 2657 e362 B1
I n a cl os &NAseripde urnfieroverd 2P pyoles ofamglificatiemwiresnamclecicle ywas ¢ompesat! pidour atepk: t he

sol ut i ¢n corif)epinibriefly (1§20 geqondshin mjcrgsentiifiegsttepplieficongenetion and wansfert theidensiwed ma-
brought to BHGU'"F'B iately ip& hpaybipak setm&mb"@mﬂpe@ﬂ'aﬁdandweﬂmmam
applied to d2)ade ‘§@|S9'Eﬂ areyqergram@ 1 & the Iftenowifiia pfcEs pall DAPolymerasedq
out at 30 vcﬂ"?"s'F fB‘P'a YRR 8 u'arﬁsermrmreeﬁwpwrs rffeet 7-8). PROMM Rafdand

product vvas escent pl ate. The band

d ¢ hi
_\é\/glsme i( Olns\?va N tran errn esa eswoﬁere% C%tﬁb cl%s:r nptﬁ r OV }'ﬁ’?‘g&f"gﬁ'ﬁs'ﬁg SNAT IS
acetonitril er ﬁd :ﬂ&tuﬂ'd:a@stgredgt 5'%6' ution was

moni t ored by a sor ance at nm an he appropria raction

col I'ecfsedy, simbdid 4ndPRELpRIAIAND @flaﬁgudb@(pﬁbgnddgoﬁeph}ggsd vol ume and evaporated to

dryness at roomtenperature in a vacuumcentrifuge. C Characterization of

A i godeoxyr dingdewesd Diksobed, @8dignatel RSY] RS Bland K821 U thb follthg@bduBRUes NS broshPsy
ver e 32P as follows:

i 14




10 | abel ed with pol ynucl eotide kinase and y-P-ATP. The | abel ed conpounds
~were exam ned by autoradl ography of 14-20% pol yacryl ami de gels after

el ect rophoresis for 45 m nutes aepb@sngsBs/cm This procedure verifies the
-nol ecul ar wei ght. Base conposition was determ ned by digestion of the

ol i godeoxyri bonudeotide to nuc- |eosides by use of venom di esterase and
“bacterial alkaline phosp rsatmecmmmmé a ation and quan- titatbon
of the derived nudeosi de§ T TGAG(FP@M& C coI um and a 10%
acetonltrile, 1% anmoni uf'1%TC @5@%@& 43 i sol ation of Human
- Genons ¢ DNA from Call Line H gh nol ecul ar WEI ght genom c DNA was | sol ated
f r om t hewHesertiridizhtels thelabel.[Theve plohés(fet19basen thngarsiapdnitizd fitly thidligh didventnaiibredf the f
-~ Mani at i sgee¢. R&!8 is cdviplesentary to Ui romahglLiDBRY (8128521 28the sicRivR8IBsherhirialater(plabdint

- Cel | RepRBI tadhehemGinbindidisedde dileje (Ron RS b dnd RB21| diffr flomdiS48 hya sihglebase.The schismatici u al

honozy godiagramxf plireareatdprebss ipgivenibelpwsince of fetal henog- | obi n ( HPFH)
~and @gdntains no i 3- or 8-globin gene sequences. This cell line was
mai ntained in RPM-1640 with 10% f gf@b,cal f serum 25 [I11. Isolation of
Human Genomic DNA from b I ni C bl ood sanpl es
- desi gnated AA (f rom a known normal | ndividual), S froma known sickle
cel | carrler) S (fronT@gEIown siTRSIF cel | I ndi ACAAal ), SC (froma known

si ckl'® cel I / hem)gl obi n C di seased IR81Bvi - dual ), and AC (froma known
:henogl obi n C disease carrier) were R¥lai ned fromDr. Bertram Lubin of
Children's 30  Hospital In Gakland, California. One clinical DNA sanple

desi gnat edyfdse fnfeb woiv3 egﬁmmh%tﬁémm%ch&%\ée%ﬂl FneRobeiréti ned
f romzPr -labele % m%%é therdbr with ARk P4 pehGdiddlideiGasl (el Ehdlane®idiabl)@REi SCO,
Cal'i - f odbbit 40 SrRoOF »t;sﬁuiana Recidat, bSdut Fobt Emmoleh haaemsﬁmheaummmﬁﬁ@ar ed
{rom t herolmm T wmtpn‘ 7.6)C10i riN Mg W)  BlnM Spefiiis; 100 Slthiathiel®l lahd Watét for p@ Mminteer al

B '00d | yargitoCyié ol volame eestisniabjesiedxy 108 alwith 25 mMEDTA did piriied nocsrdigo thelprdda@ifle 1012
as (198 Manihtid.et bleéulat Gloniog)(1082) @66-487 odre 1vhiGIcoGE! B (BIbRAINEpI diaysisealain Of

t he sev esquiﬁnwmmﬂ&&DT&UEmuffafﬂ 09 Tps byffer 0.DNA) EDTASPHSPI TEA prelcipitation ©f thean

| nitial re@fonproducsindiciterthatior RS thesnecic adtivity wae5.piCilpmolg anddhe fingl gencentalionivaé ng
100 iVl T9-118-pmole/uh (o B$18(the-sppcifly activig vapi¢iSNeRiipmole,aryl the) fnahkencentrpiion weg 044 of 10
i pM of prmoledy. Fardi§21 thegpas W‘W@%M’ e'Fi’Pﬁ\OPﬁﬂ#thP@@@"@Wﬂ‘W%OZ pRIANT P

. (contains 10 mM each of dATP, dCTP, dGIP and TTP), and 45 pi of water. Each
r eact® on 'ﬁ%?‘ﬂ?'@b% ‘W@I d | n a heat bl ock set at 950C for 10 m nut es to

denature tp | | e é/ve L |2w I e gg fochat i on
;\Q%ﬁdg) m&%&%@% tte :§ ?gi}?:::gn [v ﬂ:;tw 1 fr{.u aXlné 10-20
X i@@ ri l h
%%Eb’z a y ﬁ%ﬁ ift S%PE; 9 i
sd j n

de'natayr nWﬁﬁ doh

m nutes ffeRlak eQSdréﬁe{:iSm%Q- 2£%€6}11‘B
sol ut i OrpfHoRiiRAes t VC flavhddBm 3%nl d Of the K enow fragment of E. coil

Pol yner as e after balhg, daBioiter vebs BieR bohiSted Rith-BYhilod hybridiz&fbnlsbiutioh cehsietitgof 5% s¢per & Of
100 M Tx Denndritisfsetution otk = 0.03% pdnRiayipsifoliiasd, 0.02%! FitéhD0.02W Ddvinb Serund Abundd, 2.2mM Of
wat erg STis-HCI, 0.2 M EDITA PN 8I0Yaridl0sS% SDB&hd ifdubatad AX1B0 ehers 4t 65°Ct Then Skl eathetprabes 300C,
and (4) RS1WARS18and RER1 waeadiadipltiedybridizétior sOBIOCanddiat fitlriwas nfubated faosaThimueses t O
denat ur e55te newl y synt hesi zed DNA, except this reaction was not carried
out at t heFinallgteaghyhybedized fiter fasreisheddwion Wit 100 ol 2 BSREand DSt NS forytiminuies at

- react i orfoem empsratuRs a dhird wesh fos RS17525Q ol of § 5 SSPE and A1 1% SBS yaqaqqgeqnn@)tg fillevherted i on

of O% d&é%?(?!"t‘tmi geCekor Rate *’PF ghihe “ﬁﬁ‘ﬁ‘@’@ ‘F"&B’é I‘"E’Hz%ﬂwf 'd fved

RS17, RImButesat55 T i'e"eeﬂ’ﬁs # falot hackarqypd o2 beraysa 4 %rs'é‘ FaF‘e"& ehsplws :

14 Epicien nganb Eq ing with the eg-Wap rep gtlofo PEO %
*CTCCT

 at 55°C. Th c nge in lth5 )
where i nenbtg anda add% %i { sTénngn \?%sa 5(@ 5% s&tltﬁ
f|ftfts\°tm;ioug“(;$ i co ns o %éﬁ I%%g S co erre to the
normal -y, ggéugs@cjfghg.a&;&ﬁ RS21 to the sickle cell anema allele (138),
and RS17 to the henoglobin C disease allele (PC). RS17 and RS21 differfrom
RS18 by a shedisioRdidghan of the'dBibiobt (8 beven Spikbe géhomic DRA siiies nybRdlzel Wit fiBle-bsecidi VEN
bel 0§ fic p-glabin probes RS18, RS21 and RS17 was analyzed after 12 hours. The negative control GM2064 was
. included. The results clearly indicate that each aflele-specific probe annealed only to the DNA sampies which
had atleast one copy of the g-globin allele to which it was perfectly matched. For example, the fA-specific prabe,
RS18, hybridized only to samples AA (BABA), AS (BABS), and AC (B46°). _
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-10+110 bp --globin 15 - i Q0S s : PCO4
"RS18 RS21.These:three probes were synthesized according to the procedures

described in Section |I. The probegpwesrse2B1 | abel ed by contacting 10 pnole
-thereof with 4 units of T4 pol ynucl eoti de ki nase (New Engl and Bi ol abs) and
about 40 mﬁHBZP- ATP (New Engl and Nucl ear, about 7000 CVrmmole) In a 40

pl reacti me containing 70 mMM Tris buffer (pH 7.6), 10 MM wWCl 2, 1.5

MM sper mi Neyo ddiimbing innibunt 16Vels of datecidR By YER bIGE eifHPLeriBl nbra'cbitsiniitf 128,64 a2, 16n€
total volg§® ai@fngofiiimal Gérdiic BNA Wore Madk R siinblB AR and3lifideled & 28 Bféied eFiambitigation
accor i§ noastaesdhibeR iPEampeir e of Manlatis et al., Mlecular Coning (1982),
466- 467 OV eAs éontrold] the Binplifibesamipias (AAQRRSS frénd Examiie A Wwii® isifnilai kNiXSd a8 well.

equi | i br at esl total b 75 1A {(ofe-fdl)l & ehchshmplel ivhmixddividth s (lllof eS8 NINAGEY and @5 M EDTERAA, pH
8. 0). TChAhomiginiemiat ajpliadto @ hylénfiter! Thas thie Gifer pasrthsekin 2000SSPE apd] bakadior 300mindRSEY t he
- specific-aetivity was 5.2 pCl/pnole and the final concentration-was 0.118
prol e/l . -Fohe fiRGivwds tharprelyed @s dascribad in Exdntple | witls RS188the pAGirgbe)ib determitie thedetbétiom |
concent r dhieghgldykae prghybridizationgblutiop ivas avg of SRESRE, (5 Benthprdt's splution 5% SO fgr 40 minutgs 8

1t a | pnol a5%fand thehybriidizglion sejulion wes tha Same piutd nhof RE18¥onShminutes at 55°GgTheiters wase

. Bl ot Hybrthes washedoyith 2px SPRE 1% SP$ for 1&mipytes:at sqomdpmaerniure tudse anq therwith 5 SIPE,

sanpl es fRURFRROF thisp minptes of680°CGyi | ut ed with 195 '[)1 0.4 N NaOH, 25 mM EDTA and

sl_pot téfl on Slh%afif."@g:’? 4 Pﬁ,’%‘ﬁ g’ﬁ%ﬂ: "ﬁ%ﬂ ?P?ﬂiz E? :ﬁg“’f’?"f"s'g""gﬁg%ﬂs@g ‘:Lghe_
f.\l/l"-te_r WIE: 'tgt j?j tettoﬂme i n i " né r%‘i%& rlf i%'o?\hl(:h
hol ds' t hey Sl el fimg% %& | ﬁ% g ohn K%A Ral iotgpale!
\(ljmlgzl 853(1 yi) eege'g% ﬁ%ﬁi SE:%‘E%%& g@‘ ﬁgo%@é@% Z%F( 1835).

The filtenampeem then renoved, rinsed in 20 x SSPE, and baked for 30

i nutes dt_800CT 1 n a vacuum oven. After baking, each filter was then

coht act eda, WinbilicdtionandWetedtion WHHIADGEA$dq@encas0l Ut i on consi sting of 5 x SSPE, 5 x
Denhardt's solution (1 x = 0.02% pol yvi nyl pyrrolidone, 0.02% Ficoll, 0.02%
bovi nes sdrRrapagdtivustPrimer®. 2 nM 40 . Tris. HG, 0.2 mM EDTA, pH 8.0) and 0.5%
SDS and incubated for60 minutes at 550C. Then 5 j| each of probes RS17,
RS18 and RSQligongcieotiddsidegigtated GH26 ayd3H2T corsiementayy dd apposiiestands of thecohsenied 5’ andi s

i ncubat ed® ¢nds ot DAxsacondexan wa e GEd astirimals foamplifie®, 249 baspipaii fragment. The primsrs, heviag
“washed t viretllowing gequenyesyivers prepmerbes dasrebed. iNBxamplgl-f or 10 minutes at room
tenperfdture. As a third wash forRS17,250 Ml of 5 x SSPE and 0. 1% SDS was

added and the fiter healgm@ctcachPaFAMETTOTACEABS 30t SHEH26)For RSI8 and 21,
the filters were treabedACGEATCEERTAGCAGEGGTABAGTSRES" O(AHATPDS for five m nutes
at 550C. There was a faint background with RS18 and RS21 because 4 x SSPE

- at~55QC sl Ciently stringent. The washing wth the RS18 and
_Rszl-'ggo\t’)@g"&ﬁé“f’rﬁ%&gfgd in 250 M of 5 x SSPE, 0.1% SDS forthree ninutes
~at 550C.  Thggdaq Ukihe sHalySLSHMEE-DR sbdlEncBdfEkiiveHss Sourcht) hitRabte Ydshel MRGAIE oM t h
5 X SSPE gits, fié¥efewing brobafromValidbiS regibits ofthe BEEdebbrid didn emmngh bddRvarial Were syn-
St r i NgenQiesiddand RibGled dadedchised fh Exbriiplé ISThe twid VafablePsyibhé &ithe D0 s¥ohid dx31 (cafled1O
bac k g« U rrdxon Fj) Segfi@itoA yriaBSandstionn i €&k 1] e ftipbabifiie ofpkiiners (d8Sigriatet bif FCR-O)f probes
- ayt,or adi om HPRPQ. dqliencéls Siows iTatie I indihi strirad tidghbamiatibheusadihersia avi sigva mTable t he
~ dot bl ot Wf the seven anplified genom c DNA sanples hybridized with

al | el e-spec- us; fic 3-globin probes RS18, RS21 and RS17 was anal yzed after
.12 hours. The negative control GW084 was included. The results clearly
indic#e that each allele-specific probe annealed only to the DNA sanpl es
whi ch had atl eastpone copy of the -globin allele to which itwas perfectly
mat ched. For exanple, the specific probe, RS1 8, hybridized only to sanples
AA (pAi), AS (3Alp8), and AC (341pC). 15 EP 0 237 362 D1 EXAWPLE 11 To
determgne the mnimum |l evels of detection by dot blot, eight serial
dilutions containing 128, 64, 32, 16, 8,4,2 and | ng of normal genom c DNA
were made from sanple M and subjected to 25 cycles of anplification 6 as
described In Exanple 1. As controls, the anplified sanples of AA and SS
fromExanple | were simlarly diluted as well. Atotal of 75 pl (one-halt)
of eagh sanple was m xed with 125 pLi of 0.65 N NaOH and 25 nM EDTA and



the m xture was applied to a nylon filter. Then the filter was rinsed In 20
x SSPE and bakéd for 30 m nutes at 800C. 10 The filterwas then probed
as described in Exanple | with RgpQ26tseaets probe) to deternine the
detection threshold. The prehybridization solution was 8 m of 5 x SSPE, 5
x Denhardt's solution, 0.5% SDS for 40 m nutes at 550C and the
hybri di zati on sol ution was the sanme pigyg f0 ii of RSI8 for. 80 m nutes at

. 55C. The filters were then washed with 2 x SSPE, 0.1% SDS for 10 m nutes at

r oomtenpem_gtnque(gegmem a)e then with 5 x SSPE, O. 1% SDS for three mnutes
at .60 15 The aut or adi ogr am obt ai ned afterhybridization with RS18
after 17 hours of expo¥ure reveal ed pdsitivesig- nals in all sanples

cont ai ni ng t h&1pAspoloG]1uPheTy3Sa 3AspheaGlukeglyisélbl e after 17 hours but the
Intensity of tGGAGATEAGBAGITSCTALS TEEANCTGEABARGAABGARE DRhiZwEi ty of | ng AA, which
s a signal -t o=morse Arremsi DR568 the signal present in

~the 045 ng spmsmemﬂmmf énblges cont ai ni ng

‘significa mﬁmm%m r%ﬁogram | s the anount of
genomi ¢ Dﬁ%‘prmrﬁ—rn’mﬁmﬁ . EXAMPLE 111 A Anplification
and Detec f o HLA- Sequences 25 1. Preparatlpn of Primers
A gohucl é%ggbe@ mﬁ@éd %HZG and GH27 corrploement gry to opposite strands
~of the conserv 5 and 3 s of the sec:ond exqp were used as priners
to anplify: a W FBGNPR%H%“L% 'EQE.Y [PREASHP mﬂéaﬂg the foll ow ng
Sequences, ve A g%%g;&z_c 6T DR1,2,5,w5,B
o' - GTGCT GCAGGI Gromee e A A ATT- DR4,9' '

5' - CACGGATCCGETAGCA@(:QBIAC@QIIQA%.G.d.GN27).A3.L¢L..RwﬁpaDR1|on of Probes
Based®n t he BTyl T Tl A C DA CS-CGbA N C bkl LT EL DRIIF Ces, Whi ch
ver.e groupeAl: |-Tte—odh k&l -meATadmtT airitbSrmfATeA Foltowi-ngphobes fromvariable
_réﬁl ons of the DQux second axon enconpassing each variant were syn-
“thesized and | abel ed as described in Exanple 1. The two variabl e regi ons of
t he HpA- DQa second axon (called 40 "exon |'sepnmentsA and B, are shown In
Table 1. The entire schene of priners (designated by PCR-+), probes |> 5
-and HLA-DQa sequence |Is shown in Table 11, and the am no acid

~abbreviations used therein are shown In Table Ill. 45 50 55 EP P 237 362
Bl TABLE | HLA DQ (segnent A): 35 40 6l yAspG@ ud uPh
eTyrVae 1 AspLeud uArglLys6l u GGAGATGAGGAGT TCTACGT GGACCT GGAGAGGAAGGAG

.-__DRI 2, W6 C _ -S--C A DR 8 10
R O IR .-.----T DR4,7,9 - C - G _

DR3 DXA: _ o ---C Tk HLA OQu (segnent B): 45
5Q/ ‘55 : 60 Al aTrpArgTr pPr od uPheSe rLy

sPheG¥%/d yPheAspProd nG vy
CI:CFGCI:CIBTGCI:CFGAGFTCACI:AAATTTGGAGBTTTTGACCC&AGCIBT DRi,2,5,w6,BIl-t -A -

T----CT- C--G- A-AA . -ATT- DR4,9 -T-AT---- CT----CA--GCA -A
SRR ATT-1 OR7 20 “T-T-T-T-TTCG-AC-A -A--- -ATT- DR3 DXA:
T T AT-T--- oo AT- A |

45

50

56
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| 20 - : Proline Pro P Serine

Ser . - S Threoni ne - Thr T Tryptophan
Trp W Tyr osi ne EP0237362B1 TYr ' Y X5

-Val i ne ; ~ Val _ V The probes are as follows,
V\,here*lsthelabel 30 5"
-*TGITTGCCTGITCTCAGAC- 3 ' (GHG6) ETiI‘ GATTTAGVGAT- 3' (6H67) 5"
-*TTCCACAGACTTAGATTTG 3' (GH68) 5' - GGCCACCGCCAGECA- 3" (@H75) 35

The GH75 probe was derived fnianAch@ ABBREYISENLETedes Whi ch is described by
- Auffray et al., Nature, 308:327 (1984). The GH67 probe was derived fromthe

‘DR4 sequence, which isAlestne bed by AuffrAla et al., RNAS, 79:6337 (1982).
The GH68 probe was der iArgthimeom t he DRY shaguence whi &h i s descri bed by
Chang et al., Nature, #Aspammin¢ 1983). TheAsBH68 probeMas derived fromthe
DR3 sequence, which |sA§%@ﬁF dby ScherfisPng et al. D EMBO J.. 3: 447

(1984ye A control olig t| de was derG¥sed from acconserved segnent of
40 all of these allel thﬂpp | gin andPreparati o of Genonic DNA El even
DNA sanpl es descri bed B{W pr epare Wor subseqgtent anplification as
described in 45 ¢ e cell 1iH¥ (genotyp DRI) fromDrs. John
Bel | and Dan Denny of Un| versit ] Stanford, ;California PGF cell
line (Yenotype DR2) frg ohn Bel | rrgg Dan Denn}_ AVL cell line
((ggenotype DR3) from Dr n Bel I and Dq Denny DKBy cell line (genotype

DR4) from Drs. John Beh tﬁfﬂﬁiﬁ@” tinny 5Q4eth_ cell y ine (genotype DRS)
fromDr. Gerry Nepom ofPhéayr@ianideMason Happital, Seaftle, Washi ngton APD

cel | lL,j ne (genotype DR@rofinem Drs. John Bebl and DanpDenny LBF cell line
(genotype DR7) from Dr Sertnehn Bel | and DeSerti nny TABS cell line (genotype
DR8) fromDr. Gerry Nefgbneaaddecel | |ine (Tpenotype DRF) fromDr. Gerry Nepom
55~ Sanpl e G\WR74 AY han ype DRl 3)Tfava| | abl e Wromthe Human Genetic
Mit ant Cel | Repositoryl¥ eden, m?'l e Gv26787(genotype DR4, 3)

avail able fromthe Hum¥Al ®enet i ¢ I\/Ut ant Reposit¥ry 19 EP 0237362 Bl

V. Anplification Reaction Each genom c DNA sanple was anplIfied as
descri bed i Theforcbrpére as follows,mhe@Bahedatel. GH27 as priners for 28 cycles, except
that the polynerization step 3 was carried out at 37OC In the presence of

10% by wei ght s di met hyd euhé@raeterat hacyd t that the

anpl i P cation reaction toPk+prEGEASATTTASAAGATLY NU ? ting block of the
above-descri bed aut omat eds'l.wmucﬂcmmnmnwer@ggp- cycling instrunent
usi.ng the follow ng progr&™*CIJAGBCCACCECCAGRTAMG 't O(GHBBEL ranp (denature); 2)
3.0 m n., 98CC to 371C ranp (anneal); 3) add | unit. Klenow fragment; and 10

Racat’ ; i Thﬁz %fég‘fﬁfﬁ@‘mys 5.%; 43%,9 ﬂﬁé 08

anpl i f aﬁas%n&aﬂim e e
theret o mrsobm (ms 96 mmrasﬂ #dm EMR% Rc8, WidnSs Béativedby Zed
bef or e agehérkmg bicl), EMB0A., BMA7O9da). IloSrtrolNGEALAMIEde WS dbIFediraRt £ty Eued beyHohtan
sol ut ken ami;ftﬁesxaﬁEQE 10 x Denhardrs solution and 0.5% SDS for one hour at
0QC and the sane sol ution overnight at 500C. The filters were washed with
0.1 x SSHEOrigin 264 Feéifaratiar of B8achlic DNMUt es at 370C. The filters were treated as
described In Exanple |I to obtain an autoradi ogram
Eleven - DNA samples described below were prepared for subsequent amplification as described in
45 Examplel.
LG2 cellline (genotype DR1) from Drs. John Bell and Dan Denny of Stanford University, Stanford, California
PGF cell line (genotype DR2) from Drs. John Bell and Dan Denny
AVL cell line (genotype DR3) from Drs. John Bell and Dan Denny
DKB cell line (genotype DR4) from Drs. John Bell and Dan tinny
60 JGL cellline (genotype DRS) from Dr. Gerry Nepom of Virginia Mason Hospital, Seattle, Washington
APD cell line (genotype DR6) from Drs. John Bell and Dan Denny
LBF cell line (genotype DR7?) from Drs. John Bell and Dan tinny
TAB _ celi line (genotype DRB8) from Dr. Gerry Nepom
KOZ cell line (genotype DR9) from Dr. Gerry Nepom
&5 Sample GM2741A (genotype DR1,3) available from the Human Genetic Mutant Cell Repository, Cam-
den, N.J.
Sample GM2676 (genotype DR4,3) available from the Human Genetic Mutant Cell Repository
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. 20 V1.. Di scussion of Autoradl ogram The aut oradl ogram of the dot bl ot shows
- ‘thatthe four HLA-DQ@Ba all el e-specl ffc probes, GH66, GH67, GH68, and CH75
~conpl emrentary to four HLA-DQu al ERt 23y 3¢2B1ants, may be used to define
nucl eoti de sequence 25 pol ynorphisns on anplified DNA from both honpbzygous
and het qy QgyfkRbtion RBSHNM dual s. The pattern of reac- tivity of the probe GH75
corresponds to the serologically defined type DQvL. B. Anplification and
Det ecti on pich lgbrdmid BNARAPIE WaSamplifdd as Heschiliel @bl Nusihg GPI26 BRI GH27 as primers
A i goNUGhr8 kjcie SexEkpttha} B ipBigmérzition steisls WAd28mEdsIDALBTMENA 1hé Predeficedd P06 byt visight I ands
of the canaiglsudidd(DMS0Ylantd excspeihat the ainfificdib) reattianaeukipcedix the aluvditidn heRErg) bivek
pri mer s. ofthiaebasé-deveribad adtamated fiquid hendiiag teroperatge-syeling tnsneent usieg the follavb@ipgrams
descri bed fy2.5mmiangiPe tol98°C3Bmp (de@BECGAT CCCCATGTGCTACTTCACCAACG- 3'  (6H28)

5' - GAGCT SCAGITHIGTIRET @ BCRanadeal}’ (GH29) 40 11. Preparation of Probes
Based on t Paddihuiiyiddnow fégmentrerBQA sequences from di verse sources, which were
grouped i n#)-Ganined7r@meigiein extend)s, the fol | owing probes fromtwo variable

regions of the DQQ A second exon enconpassi ng each variant were synthesized

and. | abeY- W%”M’Eﬂpbed I'n Exarrpl e I. The two regions, segnents A

_ gﬁ;ﬁﬁ I71) and B G;légég‘i (f wgg e ﬁd varla;?le r'milect) ar e
=equ %C wer neu gic gs 41 ol =_: %féhown

In ng' %(Jnsgng Qftardr 0.5%S : sLl A %gﬁent

R Th fll e wagh SS 10-15 minutes at 37°C The ﬁlters were treated as

G yThr &l °é>ra9. %@a ’é\sabi&

GGGA AT DR1L -------- TCT T-

DR2 4 1Q/! Dlscussion of Autora-EGEram -A--- DR6 - C
DR8 - CT- DR4'" - A

\*TCT 5--- Aﬁre—auﬂa&o&arﬁ)bfﬂ"e dotblot shews theBih@¥oilr HLA- DR ldliefe-ipaiicpobe:NBREs, BlN67, GHss,

50 and GH75 compliémentary to four HLA-DQa GIRIE Gariants, may be used\(a id@ing iadidojide segudncen \/al

Thr PeoG mlyﬁblymrgﬁ%n@\mliﬂed\DNa@m tidtly hofwopylous and heterozygous individuals. The pattern of reac-
€eeee)lly : IBSCHIACURCOTSIGTHIFBINPARCRNETCGAAC DRI G

: C DR4 2S -A
G B. Ampliﬂcatuon and Detection of HLA-DQp Sequences T DR48 ~~~T -G -~T - TCS
---TDR8 - A-T --T-T -T -- TCC
" DR3, ?"D)!é"epmm“r“""'nmrAG---CGAT --AGCA-G-AG-C - 30

HLA- PQO (s ; ? 5
n %-R? lementary to opposite strands of the conserved 5' and
G uval Leé) Egl %?s? ‘?daég FES m The primers, having the following sequences, were

prepared as described in Example l

5'~CTCGGATCCGCATGTGCTACTTCACCAACG-3" (GH28)
5! -EAGCTGCAGGTAGTTGTGTCTGCACAF— 3 {GH29)
L 1 Preparali;:n of Probes

Based on the analysis of HLA-DQp sequences from diverse sources, which were grouped into allelic varl-
ants, the fol!owing probes from two variable regions of the DQp second exon encompassing each variant were
synthesized and labeled as described in Example . The two regions, segments A (GH69-71) and B (GH60-62),

45  as well as a third variable region, are shown in Table IV. The entire scheme of primers, probes and HLA-DQ
sequence is shown in Table V, where the amino acid abbreviations are shown in Table lll above.
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GAAGTCCT GGAGGSGECCCGEE0GTCGGETGRACAGEETG DRI A---- G- A- T- 4C-

DR AA-A--GAT------ C  DR4, 6 --CA A A-comomaaoon -.CC DR8
~CA-------- APA-- A G kPo2s7362B1 DR3,7 -CT-T--CA-AG -CG - A
.-404SSOSSZIi EP 0 237 362 Bl wcc _ wofCe c CnCWof w o0 5 -
ANL g * % g I 1 1llo W f B~~~ il x =C
ma mOpO0OO0Om 10 TABLE IV
" Tc .o _ z~). | o- | c zcao
- cn If th- Il A I J -1
* 1 !HTWB (seoment Al ' ox | smoa  f oL < Ju 28 @~~~~~~~~ 2 L
I 30' U LLLL~~~-j LL 4i
TTTH - nnM O G%&r&lum' Valﬁﬁ&qy\laﬁhmrgm leTyr ~~~~E~'~~§§~~
cc L. GdgAEGGAGCGCETRCEEEETGTG CPAGACA ekt ki OD CZ =l
| 6- 45, ~~~~~~~m, ettty \l DAL DR24TO 50~~~~ ( Z D]
-4L- 1we | LA 2oz TCTC--A LL La. oRe ~ K L> 0
00 X B © 0 SO = ¥ >0 3o ER-0-23/-342-8l-Jheppgobes are as foll ows,

where is the Iabe+—a¢rd-T-4—nd+—e-a-t—ee-—t—he—be-s-t—-p&ob084"

5' - * CGGCA TCT——(GHEONE*—5—— DR3,7

5 - *C@AWWQW%&BCCGCCCCTGC@ 3
(GH62)"® 5" - * GATGTGTCTGGTCACACCCOG- 3" ( GH69) **

N HLA-DQB (segment B):
' 45 50 55 60
20 - ValGlyValTyrArgAl aValThrProG] nG1yArgProVa 1Al aGluTy rTrpAsn
o _ GTGGGGGTGTACCGGGCAGTGACGCCGCAGGGGCGGCCTGTTGCCGAGTACTGGAAC DR1
S _ ' C—6 A DR2
6 : DR6
T G T Lol G DR4
25 —h G T -C AC DR4'
il & T T—~AC T DR8
A==T G - T=—=T T -CC DR3,7
DXB:  ~=TemeeA—eTom A= Gl GA—T AGCA-C-AG—C
30 ' :
' HLA-DQ8 (segment C):
65 70 75
- - BluValleuBluBlyAl aArgAl aSerValAspArgVal
~ GAAGTCCTGGAGGGGRGCCCGGGCGTCEGTGRACAGGGTG DR1
S | A -GA-T c DR2
——enmf\ A GA-T L DR4,6
—=CA A~-A - -CC~— DR8
: : el Ao A—AAA 6 ; DR3,7
o e Toe T CA—AG CG —=f\
. . 40 :
45

56
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5" -* GATGCTTCTGCTCACAAGACG: 3' - (GH70) 5' - * GATGTATCTGGTCACAAGACG 3' (GH71) -
.10 11. Anplification and Dot Blot Hybridization Using the nmethod generally
~.described in Exanple |11 A the prdrs2smesezss ound to have reasonabl e
specificity for :ithe portions of the allele being detected in genom c DNA
sanples. 15 C. Amnplification and Detection of HLA-DRP Sequences 1.
Preparation of Priners 20 d i gonucl eoti des designated G#46 and G50
conpl ementary to opposite strands of the conserved 5 and 3' ends of the
DRO second exon were used s —prlﬁé"eeoThe p&E rrers havi ng the foll ow ng
sequentes, were .prepar edgag ke @gd; ’\%

5' - CCGGATCCT TCGT GT CCCCA! esee i} 5
- CTCCCCAACCCCGTAGTITGTGTCTGCA- 3! (GHSO Preparat|on of Probes 30

Based on the anal ysis of @HLA- DRP s que L\:l di y§r se sources, which were
groupegg into allelic var gnts, the fing torQbes fromtwo variable
regions of the DR} 3 secogd gxon en qrrp s mg’ esa:htw riant were synthesized
and | abel ed as descri bedgil n |Exanple {1. {Thé vty ns$ segnments A :
(GH56-59) and B (GH51), grefshown § 4 T3bl . 5‘.71 48 50 55 23 EP O
237 362 Bl 5 go C~~~~~‘6~;~~‘w ~~~~~ ~+1~~1-1cC z |1 I 1 1 10
o, _15foCIII|I°=I§TIq4wZ p1rgpgn!r 44~ -~ o 40
B Nanassseaseresssin Sl [ssssde |yl > >
4 20~~~~~~ S tzEsesszadzt| | £ [0l 11
b—~~~E >4 1 Zcu zZLL cndz) HIFEFTITITS (e 0 1
15 . ,Er_-z)( Seexxxxa< 4 (é | n 2
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Co24 4. o | > k9 . 1> A4 ()i

01-(D N 4 I 1 I Co | 45~~~~~~- a
14~ uuC. 40 EP0237362B1 O '
0 .24~~~ EP 0 237 362 51 The probes are as folloms where is
the | abel AR (e

L CAGACG?%CS&S(Q}%%%E§M gﬁq@&%" ﬁﬂa)ﬁé&%&&wco
(C357) 5' - * CAGACTTMAGCAGCTCC- 3 (GHB8) 5' -* CATGITTAACCTGCTCC- 3'
(GH59) to 111, Amplifi Gé-tﬁCﬁGCAGGdGmccmm-Bﬁ/brl (dHs@)*on Usi ng the net hod
generad |y described | n BXxeiCHGEAGGLAGLCCCARCAGFBbes (@H6a)found to have

reasonabl e specificity P *CM%A Be(iqcﬁﬁEGGﬁ;-Bhe a(GH6Re bei ng detected in
“genoni ¢ DNA sanpl es. 15 T T‘ﬂ'ﬁ ¢ §AQﬁCCFﬁ%3?RI (GH88}fifences Associated Wth
| DDM Several HLA cl ass ‘%@ ARGACGY' at €6H7P) om cl i ni cal bl ood
sanpl es of diverse HLA- ﬁ CRAGAGERY's (G oI Uni versity of

Pittsbargh clinic and from cell lines from|DDM patients available fromthe
Human Gerlefmelfigaierand DetBiet Hekrigigation or v, Camjen NJ) and non-di abetic controls
(honozygous typi ng ceIIs) u5|n cl on- | ng met hods. In one such nethod,

V\hl ch 1s a Ysiagihepethode depgripedin Fyxam U‘Pﬁ"ﬁ tmmb%’qu‘{ﬂf’ ot reapRsabie tRECHficY i ent

npl es ﬁ"Wé@%f‘?&HV*ﬁ&“ﬁ%ﬁdM“ﬂwR)éi’f\?%meé et al., Mlecular doning

: .'(1982) 28 buffy coat fraction, which i conposed
CRrimari | yé)@f" ﬁtpﬁﬁ'greboa??c%%baﬁ\'%&v{”és as described by Salki etal.,

Bi ot echnql B0Rsd 012 (1985). This DNA vias then cloned as full genonic

libraries Int oﬁgnact eriphage vectors, as described in Maniatis, spy, pp.

269- 294. | ngjigbhskiBlides beighated cHas E%IHG %orhﬂ?nﬂﬁﬂ%pﬁ@sﬁ@sﬁﬁ'&s%@&ngeﬁed B\end

. hybri di zag i3 of e DRE k&aAd dx¥PwsrPUMdd RE Pidfers. ThEHREs! Faving Ehe fohb\WngdsdtuenadaCwere

char act ermﬁdhydgmsdhmn%mappl ng. See U.S. Patent . 4,582,788 | ssued
Aprl | 15, 1986. : I ndividual clones from | DDM patl ents vvere assi gned to

DR-t yped hapl ot ypes by % 0 p wth the RFLP
segregation pattern w t?q, @%ﬁégﬁi Ié% E g“‘?g@ g%ggz smal | fragnments
of 'these cl ones representl ng the varia 1e @n%l e re subci oned
(Maniatis, pp. 390-402) into the Me3nplO cloning vector, which is publicly
avai | abl i Pregeretopetfirehg®r - Man- 30 nheim In an alter native procedure for

cl oni ng thes%gnes ngagfl cation of the reI evant ortion (the 'second exon)

of t hé&® genePBdgdonte gna efWPBBm enceR w‘amsm@aewmg £ ¥t g

\h\ﬂlmgﬂ ﬁa%ﬁﬁ%ﬁ? mlg%s °§ %;E&UE;PF gﬁlﬁsﬁﬁgg‘;ﬁoﬁs% ?PEE% ‘gﬁc’%%?l on

m xtures Wwere subj ec ed to 28 cycles of anplification and then the mxtures
were gfored at 35 -200C. Then the follow ng cloning procedure was used for

- .the anplified products. The reaction nixture was sub-cloned Into M3npl0 by

first digesting in 50 pilofa buffer containing 50nM NaCl, 10 nM Tris-HG ,
pH-7.8, 10 MM MyCl 2, 20 units Psti and 26 units Hindell at 37C for 90
m nutes. The reaction was stopped by freezing. The volune was adjusted to
110 gdewi th a buffer containing Tris-HCl and EDTA and | oaded onto a | ni
{0Gel P4 spin dialysis colum. One fraction was collected and et hanol
preC| - 40 pitated. The ethanol pelletwas resuspended in 15 pl water and
adjusted to 20 pl volume containing 50 MM Tris-HCl, pH 7.8,10 nM MyCl 2, 0.5
-mM ATP, 10 mM dithlothreitol, 0.5 pg ML3nplO vector digested with Pati and
Hi ndi ¥ and 400‘units ligase. This m xture was incubated for three hours at
160C. Ten microliters of ligation reaction m xture containing MIlt4 DNAwas
transformed into E. coil strain JMI03 45 conpetent cells, which are
"publicly available fromBRL in Bethesda, MD. The procedure followed for
'prepard, ng the transforned strain is described In Messing, J. (1981) Third
Cl evel'and Svnposi um on Mac- ronol ecul es: Reconbi nant DNA ed. A Walton,
El sevl er, Anmsterdam 143-153.
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;Ei'giht een of the alleles fromthese two cloning procedures were sequenced.

- I'n sonme of the sequences determ ned four areas of specific DNA and protein .

-sequence were found to occur in vapig@gsse®rbi nati ons and 50 to be
associated with:IDDM The DNA sequences seen in the genones of | DDM
patients produced an alteration in one to three am no acid residues of the
" DRI P protein. These four variable regions of the DRI 3 second exon are found
I n sequences obtai ned from many di abetic sources and.are identified above.
These regions can be used for synthesizing prinmers and probes used for
detectyng such sequences. These I.DDM rel ated sequences are identifiable as

. LR-S, -FL-, V-S, and |-DE, with LR-S and -FL- being found at am no acid

residue positions 55 10 to 13 and 36 to 39 in_the DR beta second exon. 25
EP.0 237 362 81 V. Priners and Anplification Prgners GH#46 and 0

descri bed in Exanple G may be enpl oyed to anpl %fr%%l\'lA'sgrr'plqes'(iﬁg be tested
for I1D@M The anplification procedure of Exarrpl&.d; on hiliAmmybe _
enpl oyed, using also 10 pi DVBO. 5 VI. ExpectediySynthesis of Probes Two of
four | abel ed DNA probeg, designated G4 (V-S5),%3? ICCTGICACCGAGICCTGE) and
G178 (I- -DE, 5 GACAT GGYGACCA GA) may be e d, These probes may be
synt hesi zed as describsd 10 for Gﬁe 'pri mer s an%p‘{:%gl ?ad' as 'déS(l;:ri bed
above.™Vi|. Expected DotmBl at (Hybyisliizati ons Gsfing st heidpt, hl et>met hod
general ly described i neExanmpl e 1, under stri ngeﬁ\ conditions, the probes
are 15 expected to hagd'rledsdnbhbl & dpeci ficitysf®rt thé portii &ns of the

al l el e being detecteg enom ¢ DNA sanpl es. lificatio nd
- Detectjon of HLA- DP% a‘ég’%P% éeguence's The knov% 's]:eqﬁe"]élc'eg',éshovm ng the
type of pol ynorphi sm afirzady known,i a redepictedsn B guse, 6 201 of

Trowsdal e et g;al ., I mugol ogi caf Revi ews, No. 853(1985), p 5-43, at page 16.
‘FuUr't her pol ynpr phi sms Yy *hd Fdentifi'ed. Priner ®Wdr 't he! corisérved segnents
and probes te{the varifhl e se nts, qf these es ,can, be desi gned
o osim| assiy tofhat is dggfér'i Eegngb{)veg The nucgggﬁ'?deqs'eqhe'nge'oP DRt |

‘al l el es obt aifhed from:=EBNA al ones) shawi ng the t¥as ofi pol ymar ghi sm al r eady
known are depicted |@ & gure 4 of Trowsdale et Bl., supra, at page 12. 25
The detection and anpl8f? cat'i én' of 'sich sequencis® PafF B & Rn¥cal | y usef ul

I n bonemarrow transpl ggtatiqgn nd In tissue typing. EXAMD V.30
Frozen®Molt 4 cells (%fgc‘elql $I Fln'cei 'hgrmzygous f_lglr:'4 Sr;}o:r!:matl fiégl ng:ﬁ from Human
Genetic Miutant Cell Reﬁcnsio wt arg m capden, N asa@R219C), 1SElcel s (a
EBV-transformed B cel |5 ine homozygous forthegsfckl e cell allele from ATCC,
Rockville, MD as CRL8786§ 'afd' GVv2084 'cel | s (cBnigr*ol! deschi'bed! adBove having

n(')JP-gJ5obi n or 6- gloh¥n, ieg,usqge'_)fg\qre t hawed qu ! c?spqun_qeglnLn phosphat e
c

buf fered saline, suc 'ghat 10 pI o ells contapn- Ing cell "nunbers varying

from 37 to 1200 for aslotiypeach cal ks |ine was &l & ned.) Bagh=cgl | |ine was

‘mixed with 35 35 pi water and then overlaid wi §h mneral oil. The

resul ting suspengjon vigs$?Hedt éd! & '980C for 10 wgi-hutés! MTHen & total of 55

pi of dhe reagents used tq gmpl jfy the cela |i L | e I, .including

prijrers PCO3 and§m4,wvvas added. " The anplafi cﬁ%?ﬁ%%én%u%e”o Exanpl e |
d

can then be used g ol | sl by the dat 1bl ot §rocedu & 1 This disrect use of the

celI's elininates &sol af ng the genom c frogthe cell line or clinical
sanpl e. 40 EXAMPlE VeThRE dr dpedlr'e 'of Exar®l e 1P wad tskd t'ofahplify the
genoni4€ DNA froma known normal individualy a known sickle cell |ndividual,

and an individua@w th no P,glohin gene seyuences (GVR064),. except that the
anplification 45Qnas aut-oraince @) descri besl i N Exasphesld kd 8 & Three | abel ed

DNA probes, desi gnat ed - BEB Bk RS, of HE TEBH B=Pquences
wer e%epar ed asg-]ol | ows™ %5—‘*’1‘6@1’ CTG EE FRE P 90}3?
5 - * OCCTGAGRAGAAGTCT- 3 ( RS32)

55
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:-'--6" :-=*CTGAGGAGAAGTC-3' (RS33) where * Indicates the | abel. These
~ probes-are 17, 15, and 13 bases long, respectively, and are conpl enen- tary
to the normal | giobin allel e (PSA)Epo'Baeaqzrmbes wer e synt hesi zed and | abel ed

as described in:Exanple I. Probes RS32, RS33, and RS18 were tested
for Specifi I ed normal and sickl e-cel | gl obin

- sequences ugﬁg’oéeﬁam%rg%g%%t&édﬁgtgﬂa Agd I n Exarrpl e |, except that the
hybri-di zati on tenperature was reduced from 55 . bel ow 320C. At

hybri di zati on tenper attSr’e'ETB&TCdﬁGUEF@\G ner) did not show
specifgcity unless the%a‘f&k%ﬁfﬁ@ﬁ ed The two shorter

- probes showed excel | entd s 37 362 B1 the higher -
salt content. The pr6b g .}jﬁ% and were tested against the
anplified genom ¢ DNA *BEC cond| tions o tenperature and salt

~ concentration, the 19-ner showed no speC|f|C|ty at a hybridization tem

per at ure MMWI@@WWWM#!M% shorter mers did show specilicity. These
results clearly denponstrate that the 5 shorter probes can be selective;
and that t hd'sivgthemethesgenasylly despribed i Gxample ldy tae prehes werg foungiphaverassopableseecifieitded
for the 1%rheportionypidne ahelppaingfetseipchin gengric DNAFIMRIRS: ke d optimally when

hybridi zed bel ow 320C in 6 x SSPE ﬁ'; W th 10 x Denhardt's and 0. 1% SDS) and
then wishBgA ?‘1'?'“5“1”%‘%@5@“9"’5?”%“ ‘ﬁ%’f"é‘é"’&?" 4200 The 15- er gI ob| n probe

&?%ﬁa\r,\g{ k;d 9 t| E}ﬁ br| dls ;aea% ?ﬁ:’ 6 Xivers eSSj mﬁg 10
320C. The §J ‘E’"g"ﬂow
320C 1§ 6m§m§§ ﬂﬁ&g L dfmﬁdmﬂet noa.re Ron I8 0. 1

f Opatidit s&?uﬂ#‘hﬁﬁg gabential MEnias ethP, l\jolecﬁéi"ﬁdﬂﬁ (1§82? fog0- f@ o 6réd§&ﬁ3
T\QQ, pnr e fréim thél6UFy bdat fRGtoASY h&Wus\A&ﬁp%s&bbﬂh adﬂ dbR Saikin
. Exarrpl e | edah, wmwmmmei THISDNASYRE mam@xmmufgertohmﬂa@sm bﬁct@ﬁﬂ@e 20
5 " ATTTTCicRes s kibsutbdd i Matiatis, Shre} 0. 260-20EREBALTCI AN GWENAGRB genet Waré 2dlecka
Thi s pasi ey hypddiizaticn & radieestiva cDIWSprbizes (Mepiatiy, pa AQS-328) and tHacacterized bty restridtibrartapping.
i ncl udes BércU.8iRatent Nif. 4,682,788 issusd April 1% 1986 pdividual @onedeindlDDM patieniaweriessigned ohe

" codon 39 RBiyredhaplstypes kytdomparing the clonsirsiriction map WiththeBFLPf segregstion pagiem withiol thehe

codon 44 patigeiatanily. Finelk) smel fpqmentl &a@@wwnmsgn%mﬁvsgmemﬂd pXo8 were giibganedf

codons 39(Magiatisy pp. 9%:402 tﬂhﬁ'%'tﬁ?ﬁm%‘b@wgt"eﬂﬂe‘w ch-ig publiinavalaple frgm |Bﬁ?h“e9°§Mﬂkr e
- desi g e specific for an on | - gl obi n. e
d ned pheiny fic f d O gl obi Th RS40
- spans the v
{ i %’ta"P'Hf‘“r"B H’°§"l§ °'§'E§ ' ‘afﬂo'wﬁ "’l ﬁ'&P@f‘ °§ °>‘<’“
~pair ms t}“."'ngﬁ g m
' -al so contdl ¢ swe s t02 Ous %‘hwhth% % Jgtl ent
t o—pr eyent olzy?eﬁ i inglp @eda vﬁs ﬁfa ;.i:& pnfga iw
cycles Of ar’fﬂ&h étiﬁn% BwaL cQM Jd b fﬁéi estig if &aBGfI‘eF’FJnémW&%o mM
~appr oxi makygdy105hYe LRI e 20 AN Iz.téb uﬁn Gindifi R 3740 690! lklites Fhe

- expect ed, galifen aaa)iwa‘pad:@,tﬁaeﬂngoir fabne w&mﬁa ne m cBntsinicl THRIHC! 4iA.
'35 |. |sokgtA & (Gatled JARSEM IBRRI Fo4 SRV IdYsRITbIGhA. D6 RdctichawiR lo@iSctéd 4@ ethanol preci-
genom gcl pittedal DNAsarrpI es of various p-thal assem a genotypes were obtained

from Drs. AlThsetfmoltpblietwis rddaspgndéainds ji avatel aho AdistetioRh Wivsluhidontainbg 50mM Tris-HC,

Bal t i mor epH KB)10 mPNMgOR, GEmip ATR, 10@Melittjdiirei{ch 0.5 pgl 133D 1Mneatpr, dighbied with Psif $@ Hindkl/ 39
non), JH3a{d49P mits lighte. This midursyas indubkted foF thyaerhburd atdé10 i and JH5 (39 nonl 44

del eti on). [Tenmicwjiters pfiigatian teagiiorpixtune centpiningMoltd BNAWasmensiesmed ipE. colf strain dWM10BNA
sanpl efangenpetepsplls, which sreublicly ayalapiefrom BRI u'tBet!!e%dm - Aherrmepedyre followedfar preparingj ¢
50 nM I\laCFhe tﬁ!FSfﬁ'me‘fr §"§'"H€I disgﬂqed; i \Messing. MM&MM

2 rdafy SR> 1 5
mM dTTP a q : ﬁj%p fadr, ' tsf"B?m%{%: ﬁgé‘é"efﬁsbed

N o g ﬁ?@% @gmm LB

gssof the DR protein. These four variable regions of the DRB second exon
are found in sequences obtalned from many diabetic sources and are identified above. These regions can be
used for synthesizing primers and probes used for detecting such sequences. These IDDM related sequences
are identifiable as LR-S, -FL-, V--S, and |--DE, with LR-S and -FL- being found at amino acid residue positions -
§5 10 to 13 and 36 to 39 in the DR beta second exon.
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': \.50 Four DNA probes designed XX, X2, XX3 and XX4 bel ow, were provi ded by

- Drs. Scott and Kazazian at Johns HOka ns University:

5' - * CCTTGGACCTAGAGGT TCT- 3' EP 0 247)$82 B1 \b : ;
'5' -* CCTTBGACCCAGAGGITCT- 3 (XX2) 5' -*6GITCTTT$AGICCTTTGG 3'

| (XX3) 5"+ ks ari AM%E\E%TTCDGGAT'?" (XX4) 27 EP 0 237 362 Bl where
~*indi cat es%ﬁ abe aterattached. TheXXl and XX2 pairwas used to

detectthe cpgis GueRRICIISDUSERAIFExRRple Clihdy Be éniploye@BRRIREINAAaMpibSto biRstedr el
al I el e angt DDA T6O amifdEBRIN pidcidubelof EXipla® Br IBLM&EbeBripRTEd, usih Als®id\@ bmeal I Of

" probes was designed to test for the 41-42 franeshirt deletion, with XX3

anneal i ng/.tE3péctea Syratiesl bf Rdtes! € and XX4 to the del etion nmutant, Each of the
probes was phosphoryl ated as described in Exanple |I. 5 V. Dot Bl ot

‘Hybr i di zat i Darsof Feauiabefed PNAQ@bes, dislgndidddiaHE4\(1Sh SPECTRTCEHCCAGTICTSG)andd3HTS @ ni Ng
one- ei ght-B&ri GAGATCCHEGMBATCGACAGA) raay bp popicyed. THese pngesoﬁaygemﬂraﬁizemeserﬁgth
filtero weder therpdiners dotiplieled gs ddsgribed alioved in 8 ml 5 x SSPE, 5 x Denhardrt's

- solution, 10 0.5% SDS for 15 m nutes at 550C. One-half pm)l e of each

| abel ed dt"o%@e‘(‘%dd@éﬁ'f"i"lyb%ﬂ'q%tles ranged from1.8 to- 0 pO | prol ) was
.added and therl br g' i zati on was conti nued for. an adg 60 m nut es a

ettﬂqegeq il
fﬂezs%mio%? B e Esﬁgpt}z%@eeé?@ §o8ageons P%’“’Tﬁ%ﬁ TP por
h, fol SSPE, 0. 1% SDS 10
m nut esoali %&ca%iu%ora P“c?ﬁﬁ"aﬁn%?%dggi 3?)“ecf )after over ni ght angrtwo hour

EXPOSUr €S WgfknGmd &xek&%%ﬂowtﬂgﬁhe 5bd &f%@&ﬁ:ﬁq ) knoth; a relidpRisdtH FAgFAEN
Resul b TReroh&fa “@vreiﬁ Wuﬁol%ﬁﬁke%ﬁ@:ho%st(%s F 9%’5@9 96 rFQﬁﬁéPE‘o‘iynﬁ hBRE MayPoNA
sanpl e. BRantRed PAmEEH0 sen/ali Yo FJBESE the Qatablk SegMBRis/aHReSSgeribs dan Wi Ch
I was p%&rﬁﬁalﬂwrmwlﬁdsd&m&@%vwl The net hod herein may al so be applied
f Gr f or ensi cThes@Seotiliy/seqigntd df PPEDallles chtii@E YD LNOtIgNEs showiag)the Eype &f.pglymorpiism
HLAor m t cairbeaip &ivowa lare[dbjicted in Figard @ oft Trowadale et allgapraiatpageizls i n any body sanpl es
such as, e. Thedetaction eiambliisatione sush seynehcéd neay de diainglly exeful imbroiernérivetrarsplaytbtions

cont ai ni regd Ditigeue Hieg.nucl ei ¢ aci d nmay be extracted fromthe sanple by any
means, and prinmers and probes are sel ected based on identifying

_ characterﬂl‘é&ﬁéﬂor known character- istics of the nucleic acid being

' detected 30 EXAMPLE \/II 1. Synthesis of the Priners The priners PCO3 and

geoggm Cscrl Mtr' ;-,.'- ) mgg;ﬁ (% gga'rﬁtfm smtneenﬁemuart% F‘ﬂ' o e%‘:-lurran

I rhgmHﬁ.rr;!_ o nse ue ‘ hosp g?oﬁ@% ell§%5o 'n' rom
eSsen ald&l y hod 9‘"‘% °h reg‘},ftm p Wl
280- 2 1 TIhL a tot 5f' kﬁﬁaval Fg{)l ﬁé@ell F-é%fm A ﬁneﬂﬂﬂé‘ﬁﬁnﬁ‘e% g{“p‘us

aquat i CuSpeipl lviak Bddéd. e W thout restriction fromthe Anerican Type

Cul ture Col tmtdpmnanoﬁlwa’rseﬂexaamki cANRer e uééd folloReddyitiel a8t bidVbroceddre Arhis'dirddP -
25,104 wase g/l eimhatesikciatihgithé ﬁhitorfﬂa DNA Wbrf €he EBICInG! 6 clinardample O t at €

1 mM Rot assi um Phosphate, pH 7. 5 mM Ammoni um Chl ori de 10mv
Magnesi UurBXBMPERYV e : 0. 2 mM 50 Cal ci um Chl ori de 0.1 nmM
Sodi um Chlori de | g/i Yeast Extract | .gil

The procedure of Example | was used to amplify the genomic DNA from a known normal individual, a known
sickle cell individual, and an individual with no g-globin gene sequences (GM2064), except that the amplification
45 was automated as described in Example IHIA.
Three labeled DNA probes, designated RS31, RS32, and RS33, of the following sequences were prepared
as follows:

: 5'-*TCCTGAGGAGAAGTCTG-3' (RS31)
b0 : 5'-*CCTGAGGAGAAGTCT-3" (RS32)
- 5'-*CTGAGGAGAAGTC-3' (RS33)

where * indicates the label. These probes are 17, 15, and 13 bases long, respectively, and are complemen-

tary to the nonmal B-globin aliele (B~). The probes were synthesized and labeled as described in Example |.
55 Probes RS32, RS33, and RS18 were tested for specificity for non-amplified cloned normal and sickle-cell
' globin sequences using the procedure described in Example 1, except that the hybridization temperature was
reduced from 55°C to below 32°C. At hybridization temperatures below 55°C the RS18 (19-mer) did not show
specificity unless the salt concentration was reduced. The two shorter probes showed excellent specificity at

26



; _Tryptone | g/I ducose 2 g/l 56
‘Ferrous Sulfate 0.01 nM (The pH was adjusted to 8.0 prior to
autoclaving.) A 10-liter ferment@pomssszmcul ated froma seed f] ask
cul tured over ni. ght In the above nediumat 700C. A total of 600 ml fromthe
seed flafhg.ﬁgﬁsg? o |nocul ate 10 liters of the sane nedium The pH was
e
p

~ controll R%‘éﬁ &1 rloltid AT (A DR bl S
~.di ssol veq,egg.;ag::s u%ﬁ’é&%ﬁ ﬂﬁSﬁ%«?ﬂ&%W (ﬁﬁ éM%-temf .
- stirring phdds® lo%Qod RIS b bhcRbr il ompeahuay Thdsk sesuuis waa&smt dtiRd

usi ng st NehdRBPrdbESKa Rtive] dnd it B DhditioRdde bémaivnpaermkmﬁﬁana&m nddiédHor
t hr ough mamﬁtflve stages and ‘using a different protocol forthe sixth

stage. Al ThexsinepgobhsrébeRE30 wokéedoptimallyahen! iybridiie@ bslaw 82°Cfin 6 k BSPE Quitht10an on
~-col ums Dathafdt'Sand Ol1%SDSY aidiiensvasted in CaiNASSPEdori0 ninoes atdR°Cyr adi ent s duri ng

el uti on werke 19mengiehimprotel RE32 srork& dptinglly whiave hyhiidized below B2PCdn Bk SSRE (With 10 x
aquat ec u Denfetdi'sand@d %RIS) erxttiert waghed &yt i IIRGAeri10 mingles #321¢- ne hours of cui -
~tivation, iTie[13mer dlehin prohedi833 worked entiinplly chimn hybyidizefl balow 3Z7Cdn § x\GSPE Kwith|10 x
Twenty gParherdbs and 81pesSOR and then waphed i 4 $8PEdor 1P miputeqati2B¥% er consi sting of 50
mM Tris-HCI pH 7.5, 0.1 nM EDTA. Cells were lysed and the |ysate was cen-
.10 tnﬁﬁéﬁ%ﬁlﬂr two hours at 35,000 rpmin a Beckman Ti 45 rotor at 40C.

" The slfpe |l ected (fraction A) and the protein fraction
Rreci pi tg??'% m%ﬁ'% and 75% saturation of anmmoni um sul fate was
-coIIected f 1St te
LN i o i o Gy b
di alyz ed agal nst the sa er to yield fraction B. Fraction B was
applled to a 2.2 x 30-cm coI um of DEAE-cellul ose, equilibratediwth the
akn/ove described 15 buf f ers!-AFRETCERACGRATAGREIE1 e gﬁ%ihed with the sanme buffer
d the fractians cont ai nl%d;cﬁﬁgirﬁﬂsﬁm@%\"éﬁ‘rﬁ ne8>5y absor bance at 280 nm
‘were col | ected.: The conbined protein fraction was di al yzed agai nst a second
buf f ess, Thisprivienpargefbe1obbise paicsmiplivatoh pomiethat intiudeb @ sitep bf thiredrelativly advhmon
- 2- mer cappdretassmia mutstiors-figkiodinye asnisaree mutation] thd @ddrrdd@ fromeslifit delation; arddive cGlona s
“appl i ed #éframeghiBdetetio- cm col urm .of hydroxyapatite, equilibrated with a
second buf fRecausqihep-gigbin gane inihe regieg ofcrdans Jiia siglexgettt h?’h@ﬂ@?ﬁ%ﬁeﬂa@“' the prirer(j

with a | efege Wmswmgf"wen%aw Fralebin; TheRSH Q) E¥Rang g firgd introgygaconds|
cont a®ni A “1‘0‘ hesyyith) E‘F1 isppsitioned gyer codgns &4 19 ng

" DNA poly iy ?jﬁg Y PaBe: é%%? veb rdizaten
t d
di al yzed® g{{{?{ w%ggg %ﬁ ‘%ﬂi{aé%@“ﬁ' TENg: e o bp 200 mﬁést "
appl i dtoa eBPIMN of DEAE-ceIIquse equilibrated with the

second byff pn&@lum%%enﬁ@lcmﬁ‘lﬁ'ﬁclfﬁ@ﬁgﬁﬂ ghd the polynmerase was eluted with

a linear gr lent o 5 M pot assi um phos- phate In the second buffer.

‘The fract i Give géhnit cikafiMbahfibs f RRb Fitifbierih GBRAPEIRrEGHRAHod honfBHY, Alan Scott

- exonucl eaméaﬁxa%aa L RAIHORRR URKraIH) BakimBR! NIS)] Thash stkfles Word 1B (rlofnalyd AL H2

wei ghlo Of3gmdmgEnoh), JHINArMEI4S dEGtioMPIHI] Y fahas o), WAHetabaanmmau&m) ion wth an
ess of DNA pol ynerase (for endonudease) and after treatment with a

restri ct iloAmgifieioreRéabtivh cl eaves the DNA into several fragnments (for

exonucl ease). Only those DNA pol ynerase fractions 30 (65-95 nmM pot assi um

- phosphat e) Qnavicregran prrtions of sech QAemple andotMaltié poeentt were gibitdddato a 109 1 yolu

was atfded M NaG @ b TrigtiChioH 7.64 40 BMdgRt: oM primer REPBY 1M primar (704, 19 M

conduct e&”"ér 2 M HATRL Lo M dGTR 1&5?"4‘%9“%?1‘ iSaNIdTHP 204 § Blﬁctﬁ'mﬁ%{éﬁ%ﬂ"@ﬁiﬁs

app! i ed P‘Bp cagjor,gs dﬁ?FHE‘??WbE’@F‘P‘EF'@s%‘“@% ﬁ'ﬁEPwéTaﬂ'f‘%aWF‘fW%\e 100 n gradi ent

(0.01 -0.4 adl 20 mM pot assi um phosphate buffer pH 7.5). The
fracti Lon \?/%"g @6?"’Eﬁfnt am nating 35 endo/exonucl ease(s) as

descr %bed q&l

Kal edi n 5?‘%?,\& Ls %%%é’gw#%e ng %"Z"% 'F"é%k’%@é\e?{’ b’yze 'aﬁatal nst
t he seconc]1 ' concentrated by dialysis against 50% gl ycerine and

the second buffer. The solsee rtaahcoraGAdRTTOL 3t he polyymrase was determ ned by |
SDS PAGE. Marker protei 558 rashtotAGABETTOY-8CUl ar \qught standards) were

- phosphoryl ase B (92, 5005, ~46GVTOTETEAGTCONTEGGANI n ( 66XX300), oval bumi n 40

(45, 000), carbonic anhy&fdﬁST'(-si-@BmCTTWBbhﬁ'tr)@ﬁ@‘l)n | nhi bitor (21,500),

and | ysozyne (14,400). Prelimnary data suggeit that the polynerase has a
nol ecul ar wei ght of about 86, 000-90, 0Q0 dal tons, not 62, 000-63, 000 daltons
reported in the literature (e.g., by Kaledin et al.).

{



1V Arfpl-i ficati d)n Reacti on 45 One microgram of the genomic DNA described
above was diluted in an Initlal 100 pi- agueous reaction vol unme contai ni ng

25 MM Tris-HC buffer (pH 8.0), S@pwigsidzps110 mv MyCl 2, 5 nM ; '

“dithiothreltol, 200 ig/m gelatin, 1 IPMof primer PCC8, 1 jIMof primer

PCO4; 1.5 Séihicates th chbd, The 41 B A ek us: Bre cddofi 3SHBLRe aS
heat ed f ofy, nmﬁn‘i&ae&nf%%%gﬁ% G AbE Gy :f:;fg&@f ﬁ@éﬁit 0
- roomtem othé? paiPé piobdd s daﬂﬂsd B kdsf B thd £ 13 edhitGiels nYWIth&S @n eﬁlﬂm:o-l; _
~-aquat | -CUSaIféﬁ%n@’édﬂgthBQeI&Bﬁmﬁﬁﬁﬁdcﬁ)& e prdb ﬁas%ﬂ&p%t&ﬁs@eéﬁiseh irﬁEx&qﬂe Pl

i neras oil cap.-The sanple was then placed in the alum num heating bl ock

—.of the |igwotBixHybddizagnand heating i nstrunent described in copending U S
Application Serial No. 833,368 filed February 25, 1986, the disclosure of
‘whi-ch |'s | nEourpeplicatecidt bigs wéra pieparéds dazh et contaiing ohdsightsanth lofthalsrojdificationtpradlct
cycl es of (sangéfigénomict DN\ Each fitbrovas indivitivatly preteyjriiized in@ nil B @ SSRE, I5onBientgrdis saiptionn 55
cycl e:101) 0.5/ 8DB fry 15 mpnteSAGEC: OniBFEmola ofeagh labeipdipkabe keperific activitigrgangedifram 1.8 . 5
m nut es; tRd nSirmoisiivasgddadand HBEDTidizetiop Mo optinued for an additions! @ minytesatthegamaters t o
al | ow t heramtirending filtersoversashes! tulametapom tampesture [ X sadipm egjing ghosphpla ERIARSEE)a S

i ncubat ed%-4%SPEforH Mivyrpsper washyioliawed 8y 8 hioksiingency P& SSPENS 1% SR for 40
~~~~29  Minpexpt S¥G. Autoradiogramg warq dpvsiqpedaiierovespioht gnd heg hupexppsures yiif a single inten-

PhospH8r y#eA¥8 R8I O i godeoxyri bonucl eoti de Probes 5 A | abel ed DNA
probe, degi gnated R924,. of the follow ng sequence was prepared:
5-* CCCACA BACTTCTCCTCAGRAGTCAG 3" (RS24) where * indicates the

| abel . This Qhfs | - ' four FHWQ gfﬁm h
_ _c'odon%of““g,gp %&%ﬁg ﬁﬁggg&% %&Ef%‘ t esslﬂ'(’)'%'% p- gl g'lé?'ﬁ&a l'el e

(PA). The schemati odi agram of prinmers and probes is given below. |10 bp is
~ exaMmbLeiiobi n PCO3 RSzZ4 PCO: 4 This probe
W&f synt héstzed according to the procedures described in Section | of
- Exanpl e |. Themdhcdinereld thay sistbelapdiiéd fordoréisic 0su3] b3 @inbiifihg 3 Canpdipoymiofphic RGon, aigh, N 4
uni ts »f HIA qmitochandtist DA, thaietett g auddichcidbia dity bédy spriplésauch\dB-e.gh\ Rédir samjles i8eméh 0 0
Cl | mol e) andrbload se@npled, and athérisemplasiootaining DA The husigic 28d misy e extradtadfifomrthe(gaivipld . 6) |
10 mM MyGChyZny fhednsdol srirsarsiand @rohenchre @lentidl bissedhenGdedntifging ehlarafteristid®®r knowo tharmctar
370C. Thelsticypfthe nugieig aeid heing detaeted. adj usted to 100 |1 with 25 nM EDTA and
“purified accordi nIg to the procedure of Maniatis et al., Ml ecular Coning
(1 98%, DXMMPLEMH Gyera 1 nl spin dialysis colum equilibrated with
' TrIs-EDTA! %TE) b&ffi'é 10 MM Tris buffer, 0.1 nM EDTA, 25 pH 8.0). TCAs
. precipita 2 L tion product Indicated thatfor RS24 the specific
activity was, 4. ; no, d the. final concentration was 0.118 pnole/i W
Vi’ Doy Bl of "W’E"reggéggii?"lo%s‘?igﬁﬁbﬁ'" g 'r¥f°&°r°<5‘?"|}°f’°2°$"§’°<'5'f the anplified
. sample:fr f} ' propriate dilutions of 0i-globin

pl asm d Dﬁ%ﬁ@‘ﬁﬁﬁﬁgﬁ?ﬁ“‘?@ﬁ?ﬁ%“eﬁ%’ Lgngnpl ification efficiencies of 70, 75,

80, 85, 90, HiyRmisliakRESftYEHbiRicBNA Whesbiatda trbim 296 s, K%k dMoNBigous A2 niNbi Eigibhn and
spotted Osafab@ ot Hilmah GRRetd Yiufaht' Gl DYsidry) Gadhdd, K sl ENi22480 (singb@ntalPihdCi ng
It in an agharchkMbats ofal. MdgRalel Aéhing ¢fosl) zeb2sivhi ch hol ds the filters In
ptace, applyingithe sanples, and rinsing each well __ with 0.1 m of
207x SSPBI(Pusfidatidnl oNa Pilymer436 Frotdl TRerhidéfagatic@d nmM EDTA), as di scl osed by Reed
- and Mann, as Nucleic Acids Research, 13, 7202-7221 (1985). The filters

wer e t hen r @hesmesiaquaticusseidini Y1, 2QaileblGSSitBut rasittidncfropcihd Amergan Tripe Guitee Calle®OOC | n
a vacuaim B3ehParidgwndirive; Rreknille, MPagsATCL|Noc3S, 13k was drawn infasksde the fpliqiingiinedigmiy]  of a
hybri di za$99ym 9@ttt i on consi st™g of 3 x SSPE, 5 x Denhardtfs solution (1 x
= 0.02% p%‘f'}i?’t"ﬁ hosphates PH d8ne, 5M0296 Fl col I, 0. 02% bovi ne serum al bunin, ,

0.2 nM Tra'g : tEDTA, - pH , 0.5% SDS, and 30% f or mar nl de, and

| ncubgy ed Tlf’s r"\:/I\f)'.'dﬁ8ur3'at 4200 Then 2 40 pnole of probe RS24 was added
to the hygidllu ﬁme%” sol ution/ the filter was incubated for two hours
at 420C. R g %%Each hybri di zgty filter was washed twice with 100 nl of 2 x
SSPE and A0, for 10 mnutgs at roomtenperature. Then thefilters were

treated Oggp@eyi th 100 m of 2 PE, 0.1% SDSat 60Cfor 10 m nutes. Each

filterss Wagsnbttsuitaslt Or adi ogr apf@dwuwW th the signal readily apparent after
t Wwo hour S¢The pH was adjusted to 8.0 prior to autoclaving.) :
' A 10-liter fermentor was inoculated from a seed flask cultured overnight in the above medium at 70°C. A
total of 600 ml from the seed flask was used to inoculate 10 liters of the same medium. The pH was controlied
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45 Vil. -Di scu55| on of -Aut or adi ogram The auj oradl ogram of the dot blots was
. anatyzed after tvvo hours and conpared In intensity to standard seri al

di lution p-globin reconstructions gpipeppgea®iwi t h Hael i | / Mael - di gested pBR
" PA, where PAis the wild-type allele, as described in Saiki et al., Science

anpl 1 .‘\E‘Z‘i*’“'ﬁgfg*mm R R Rl o B e U T S

| ncr ease B! ke ARG 5066 SR iniPoati of kgl i 1 0N
Reacti on %dmmmmve alRiSiNg dife r&a%rmg? g"sgmt &e&nmf' h
line ag dg34d. rRi8te bitrabtib &cMh&.hswaEb%ca@rmo Fhntl the Golukiid oﬁladreﬁeeﬁﬂnen
vol une CO&]&tﬁhﬂbrago&ﬂmm%ﬁQs 25 MM Tri s- HCI buf fer pH 8.0, 10 mM MyCl 2, 30
. EP 0 237 363uéH, thelabbld cakurd st kit aqdbiicls celts vids NaradsteR by caAtrinp4ioN afte? flkb Iﬁaﬂklﬁicul-
gel atin, dvafientih RRtidYihadsl dt@xbirtienitpyr 114a) dyWegightt I Tvientyligtachd bftellslvab resiidperidédin 80.. 5
- M dGT P ilndd a buffer coibidtihg’ of SOMMMETrHsHT gH (5,00 UM EDBA Cailisaerlyded andlibe Ipsateliias semt
. 980C t1o disifugddfordwd Hoarsatdsnod criiNdBeddngn B 48 loest 49E The superhataht as colbested (fraction
_t enper at uk)and the prbtginifragtion preeipipating betvears 45 dnd G5 $ateration of ammeniuincuifatedess colletted] | n
- Exanpl e \Misspivedtin a bufidecpnsisiingof O12 Meotgssiem phdlaghatebuffer.cobl 6/4e 1M 2-mercapteptheneliandi n-
5 or al Phglyesring: anddinally disbiepd ggainst thesamedulisy toyisidfartipn B} oss. One of the
sanpl es was Fpeclion &awap appligrtio ﬁé&t‘ eorem palymnof BE Ippacagpiliheatedvdth thejgbeye depcitbed np| o

Vit e sw;:ggte@a'"mwmh e vy ey by o o el e (qf.mea%bn
5 ool i % ey @iehm@rﬁ%%é?. ?H'%?mfrmv athm afedééﬁ ot By o
d t
| ﬁ]r Ingfr S a iof Iﬂgﬁén?ﬁ‘l tba % ZJf-cm columvto?fL x'y:azg‘;&H M]%seoon gﬂg@l 10
i nut &2 g'ﬁ,ﬁm oS8l P w&m Snéﬁmﬂi:;; e e
was . pl aceﬂ:‘tﬂ Qomﬁ@&afsﬁ gphdiﬂw@@ ine8/ conceftratdad H&Qusi QhicoRPQindd &l 1S

attached & btnbﬂsrarliheaﬁd R Eg g Wit 18 s@Bhd Bulferltdield FAERAIDAL UT € Upwar ds or
downvar ds arshcion!D wdsQPIRE RBSIE x 28 dofikrinF DIEAE-defiuloss, WalilibadtecEwith @etebdad bifter. t he
anpl i facariecbiudtaaswskead ahdfe pobjiemeeivas shitddaitt h Bneai grsdiehtfMET-a5 Mipotassaifiphos and
the ti m .phatirtthe delund beffe]) Ehiecliactiofs weldsayed forwdntaminglih@endoriiclsasbispmt exbniickast(s)
‘cycl es of byaatestrephbretivhllyaietecting he &banpg)in inelecyiay weightiofhghage 00NA 0N sayerdoitad pladna DNAL | ng
from 37 t «teOBE@Gativn with an qxeess oLPNK polyimemee (fir eedoasieaged dndrafteneatimantiwith ares@iBieT f or
0. 5 m nut ensymeghatcipayns te RNA infogevershfragmenie for exongaipase). Onjy3hose BiA polunefasefimpctims t o
.370C ¥ er 629 mMipetgssiym phosehatq) Raying miWﬂng!& seﬁmt#ﬁ'%ﬁt'?ﬂ Repled; Tojthe pagiwagadded

m nut e. i"“’ H%i'l 99@'&"5'" 2'53"'0"'“ of ?%Qf“é-sﬂ" -’ewﬁﬁﬂ'@“?feﬂr aggifstthpspeond buffgrip vigld ot

d
_Sggl gga?g anal tf’ﬁlgl Fort ot bI ot anz&@g@ oﬁgradient(m'%i)r()be
o]

* |um ng
S\ *CT o?' edm ) t1al

-Iﬂgsgsazb%«mf{%? o Pfi‘%g@z chulrieeferioh

schematic 'Tﬁg}hal w&ﬁﬂt Gptﬁép reldd Qge&tdnﬁin&' M%S%b@%arﬁeﬁ proteins Bio-Rad Iow
- 11-bp O- ghakdular Gsﬁi standards) were [phbsBhorylase B (92,500), bovine Sdrdnt aifhinin (66,20 bv%lb&\ﬁiﬁ e
- was syst h@s ooy tadérictnfydi@e 139,000)SofbeaiCt/Esin RMbIBLRT,500) AU IysdzyaRq 14, 4@0).| of
E)@/le e 1. Phtmpégbaa yuageitteibthb pélynidyass Radtaandidells whighjdnEott 86)060-S00000 Béifoke, dot
unr'ts of @oopesgoouaitane teipoheed in theliteatera (b. Bbg KalediOetprypl € - 32P- ATP
(about 7. 0000Clmmol e) in a 40 |i reaction volunme containing 70mM Tris-HC
buf fer( p HV7Arglificaigh RelttionyCl 2, 1.5 mM spermine and 10 mM dithiothreitol for
60 mirdites at 37CC. The total volume was then adjusted to 100 pl with 25 nmv
'EDTA and puﬂ"? sam; Mmg@‘d"ﬂhéﬁ B%E'U’M? Bawlutwhmaaﬂﬂ't@' 100 rhaqueous/Fraglion| ar
Cl oni ng (“obg® Ch 16 H‘ 255'EUI"[§'H‘H“'%' l1R9q ugfmlt ed
vi th Trisé grgg Tﬂqﬁ@te i P@:ﬁt“t o %% fgﬁe Eg%lm-@ )
'SI'CQ C Ip}[ Iegl Rl *vai ﬂhe polyTnerase@o ermus aquat %s? ewé|saasma|gi;d rr‘;achon mixture and
P verlai u mmeral oil cap.-The sample was then placed in the aluminum heating block of the liquid
handling and heaﬁng instrument described in copending U.S. Application Serial No. 833,368 filed February 25,
1986, the disclosure of which is incorporated herein by reference.
The DNA sample underwent 20 cycles of amplification in the machine, repeating the following program
85  cycle:
1) heating from 37°C to 98°C in heating block over a period of 2.5 minutes; and :
2) cooling from 98°C to 37°C over a period of three minutes to allow the primers and DNA to anneal.
After the last cycle, the sample was incubated for an additional 10 minutes at 55°C to compiete the final



. uCI/prmIe End t*he final concentration was 0.114 pnol e/ Pl. Five microliters
-'of t he arrpllfled sanple from Section | and of ia sanple anplified as :
descri bed above except using the igrenmwritzmonent of E. Coli DNA Pol ynerase
| Instead of the thernostahle enzynme were diluted with 50 195 ia 0.4 N
NaCH,- 25 i, EFFC@ d spotted onto two replicate cationic nylon filters by
first vvettlng ITters with water, placing themin an apparatus for

pr epar | ngdeJan$.95rﬁM@pﬁ&;ﬂmmiu.a&asagmomre&dm&&@ce, appl ying the sanpl es,

cand rinsing each well w't O x SSPE (3.6 M NaCl, 200 mM

“NaH2P04, 20 A’f%eléﬁﬁwmbaﬁieg rafel R8BS oftie (HIRGMg SédtlenYB-REs pré\duﬁhel c Acids
Research, 1 , 7202-7221 (19

The filters e rinsed In 20
x SSPE, and baked 5wcgmcmﬁﬁ§z\@§‘\%ﬁﬁ %quﬁc@ﬁéeg‘gt‘{}%n%vegﬁgsg After -
baki ng, each filter was then contacted with 6 m of a hybridization
- sol uti on condiest*iimilpates thé lakel. IBRRrob&is #0 Berhlang:lspansthé fotrthdimough seventedhth:@déns of
- pol yvi wy| thegens andisizemplémedRibtdthemimal B-Jolivelielb(5)i The schematicdiagram ofiprimerdar@ prohés
Tris, 0.2isgeEDdoy: pH 8.0) and 0.5% SDS, and i ncubated for 60 m nutes at
550C. Then 5 pl of probe RS18 was added to the hybridlzatlon solution and
the filter was Incubated for 60 m nyyq t 55dC. 31 EP 0 237 362 B1
Finally, each hybridized n CE W 100 M of 2 x SSPE
and 0.% 9% SDS for 10 mnutes at roomteéenperature. Then the filters were
t{eated twice nore wth IGFoeT of 57RSEHPE, O. 1% SP60&t 600C for 1) one
m nute and 2) three m nutes, respectlvely Each filter was then

aut or adi ogr gty Wad %Qsﬁ‘zeﬁ Eoggﬁi&o‘éd@%lf&cﬁﬂéd ifSdofidn I%Peﬁln%‘i @rﬁ
In thegaag% éﬁ‘ele% cdhticting 2b pmoleth rUcfr itEGt gt?s'uh Inh§erdind & Eon

onto 4% N &t Fode’ éllﬁ»ﬂﬁ&ﬂﬁﬁm realc{bn lyoltime &ﬁm THs BAifer (Mh 7%1 %0 rN%bE
0,089 M bqrslnfM SHoimiine 2Rl €0 MMM tél)for%ﬁdmﬂle@ﬁttd?@*ﬁﬁhr t&&l&duﬂx@ﬁasﬁﬁén'ﬁhjﬂéﬁcﬂ&@t 1
OOV Af t e vith2 AMEDTWahd pued laébiotdiny BVt Protedurd IRanGs eddl. MMcLigRSonihy (1982), 466-

f | uor escemsroverthian EEGdiklfst collaaduiited With TRREDTAEE) buffe? (10 mM T ButreY, & s mMiEDITAaNd
| X hergin pmmpmmpredidltytioaﬁfftmbdcﬁtm productingi¢ated hatfor RS2eth®bpacificiotivity weg 40inCitpnelec
hi.gh- i nt easd thyfirdllddndeatsatiopeas0.B@prdde/df sim | ar intensity, corresponding to
the desired 10 sequence, as well as a few other discrete bands of much
 lover int & &ptBlot Hyhiideddiees ast, the anplification method, which involves

mey be |

- Patent .35rNo or 36'm 31 E%Qg%ﬁ' e@shn vvas e ebFrom' I

- fig of rabbiisef ki ShATHi S hﬂctec?w&qgnpéf'a h&ﬁﬂﬁ&tfcﬂ&bldﬁ%ébﬁﬁst &Hs3igapRYg
150 M KCiyx Dbl Sichis wkL o 6kh rridoREVD. A3 Ficol, G025 WotiHe serul aibufii], S5 ki

0.5 M dCihs, 0@-niu bt b la,o),@sa.sﬁs 5% ik GO BabED e nidt atdid°C] Mhen

RNas i Ngo aPAholB ofpribe RSZAMMs ERIEH TR hibHEBAIEH sotihSRd thafilidr wed idibated fbr v hourdt 30Ut €5

2C. The Riraathy; bach hybrigigedSiter e elashyd thie@wikth Qo nbof 2 X SSPE andiocis SOIS B0 @inuteemt pi g

Rl\lase A vvmpmdnbadhmmehmeswecd teRtediincewith 0BMinR xBSPE Ol 10¢ SDSat 60°C faetOeninuteand

i ncubat ed f dfac Wterwasthegwutoradiairaptied, Aith the signalTreadiheapparpitiafter byethows. 1 eact i ons

were done wi th the Kl enow fragnent using different pairs of priners. The

pri mer “paVi- RiRcoopAALtaRdioplE a | 10-bp product, the priner pair

RS45/ oli go(dT) 25:— 30 defl ne an ab ut 370- bE pr oduct, . and the rimer paipr

PCO3/ ol i gog d a ' gm‘iﬂ% “%W ?Q‘ﬁg‘ﬁ'ﬁ’@a@om
' overall
ngtoaé mﬁo Ba,'o 'ID é%ett seglr;ls

pl enent ar 't'tf?g s ° sr‘?“’ '
- rabbit ge puﬂ T °§
sequente: e anp

wer e perforrred with 1/20th (5 p|) of t he cDNA descrlbed above in a 100 ui
reac- ti Ogxx@PigyR, containing 50 MM NaCl, 10 nM Tris. HCl (pH 7.6), 10 nM
MyCl 2, 200 pg/mt—gel atin, 10% DMSO, 1 pM PCO3 or RS45, 1 pM PCO4 or

ol i go(&T) 2 Ampliticatibn Red&bdndATP, 1.5 nmM dCTP, 1.5 nmM dTTP and 1.5 nM dGIP. The
sanpl es were heated for five mnutes at 980C, then cooled to room

-t enper at ur e Twad uR\sarEiaR\E gendini: IDNA lagtkakted féin thd MOt Hé&dll Bde Bidbscritdd in Exampld Wl were
sanpl es weadh diussi i 1G90M teactidvolyne|carainig SaLINOKEL 2Z5dnMTYBIHCE butfetpHED, UGN BigChe
machi ne described in Exanple Vill and ysing the follow ng program 1)
-heating from370C to 980C In heating bl'ock over 2.5 nminutes (denature); 2)
cooling from980C to 370C over 3.0 mnutes (anneal);

reagent -transfer, after each c cI e using the Kl enow fragnent of E. coli

ol yreRase |F°u ?f@"%‘ma@ﬂ'& FRLET 9oRipN qreaeméann@aﬂe?ﬁmonﬁof&am PR | o

of - many u '°“ ?ff'ciq"g“’%?f & &9 80y 869049 V&‘F AE%t s

in anpli f| ¢ ?'?F:E qﬁt[‘i'”ﬁ I P a"'IDR
72 a@%ﬁﬁlg ,.Essﬁ at'cr Iéy g an n? el

and DP reg{f "’$" "
Rﬁ- : 5"-~.=_:




3) raddi‘ng | unit Kienow fragnment; and 40 (4) maintaining at 37eC for 20 .
m nutes (extend). The final volune of each sanple was about 140 pi.
One-twpntieth (7 pi) of each sanpl e Ems2:3gtgzed by el ectrophoresis on a 2%
agar.ose geI)1 Aftegms!t aining with ethidiumbrom de, discrete bands were seen
in the PCO3/PMpip PRE 3/uM of girhed Phod .. The sjzes of the bands were
consi-stant W[ 1M ¢TPt5 el dmgénhﬁ.éanéﬁ ﬁfe?::-lr:p?o% fimethyisuifaxide (bxlvoiuhe) 3THmMp
for the | at {dPNatipithe genomigiDiArthesambles REFD bdolel foTbdnoiar. Of - P eBiat for GDinides at 98°C
fragment wi E’T‘ﬁ’éqmﬂwﬂ@d (XSmO VINRds aBdkldho éﬁ@fsaﬁﬁ%%w"' Hefénecommentsronf
the ‘gel -were® 8%%@%@@%sggn@mmmmaamm c nyl onv e biaRies wereiovegaid withintre d
with a nick eSGPrRiaredin te béxiting HldcRbThe . bet described in
Sal ki et al “._",2% S ﬁffag'r"' f.8pegliny mgmmmﬁn;"ggﬁﬁﬁgﬁﬁ%ﬂ"?ﬂ@"n’%@%mmw
aut or adl ogr amy éi)g%ﬁag; 9%2\(;!’@@@@26@@}&9 previously - the 110 and
about 37%9- bpgs . /"¢ Qvey pasiodofsipernhifuites tedliBly kb ' ducts and
no si gnificanj\f&,{;f]lgg,'ds'fJ 85 hieci?f'?ﬁm'f“l'f%’- about 600-bp 60 bgﬁ@éﬁélﬁ[&%ﬂ'ﬁﬁm
Three addi texeisin rsdGA| €5 WeT P L3 Rcpbatad fovian ladditonal T mInGIS atdE4A, odibtferd
pol ymer-ase obteisBRad s %éplacoﬁ'ibﬁ,d above using the same primer pairs al
descri bed (s Rskieonssd phmpdwiid ag,],g;‘t,@ o Dt Co9gctinasnatalod of RN Rct oA d; s Gachd]
100 p1 'f@a@@ﬁhulrnu&ﬁh&gg%(;ﬁ,pﬁ,,@ét% Pe'g Yqris or d@vnpividd anid 3. niredpr "e,ﬁo
M MgCl 2, 1nO®f the empdratgel at | N, 0 e temppretareteels) the RBwbbratute rAMu@G%hQ@F
‘ol i'go( dT) 25- JWe sevotst satublel ddbubjdersts 1954 AT s 1.8 mM dTTP 55 and 1.5 nM dGIP.
The sanpl es Bheathetineal t os-clolasg pSRol Uf thice ST"" %’@’E‘J repeating thebliahgipiogram@idle:
't enper at ur e. @hMaintaining et 95e@or ®F mihdkes B IR EN. '%7; /8 dilution of lot 2) was
added 18 eacK®) SPRINGStpay 9540/ BUC viek & peHBPSHong-liutkl gt e8I 0 | . The sanpl es were
supj ect ed to‘@"@?@l“@sa@ﬂ%fmpdnbﬁimal ion in tHe Pel ti er device described in
“the=previ Ol“ﬁn%é‘ - EP 0 237 362 Bl exanple using the follow ng program 1)
1 nm), 351%t0 B_C ranp; 2) 12 nin, 60 to 700C ranp (extend); 3) 2 ml, 70
to 95.0(,;,ranpg falr e 6f°§éf@| o agl)gtso sec, 950C soak; 5) 1 min, 95 to 350C
ranp (anneal gq g“m ySig, kind arld afifaarédela o cycl e, the sanpl eswere
i ncubated an oégl'gpt Ponagfyslsﬂa-'ﬁ‘i?ﬁ'ﬁﬂt"é'émbﬁcéﬁanamngmmhﬁ%%, 3L+uggl 10;‘{2'!"’6
. cycl e) extension. The fi nag*-~ice TeMas abho 10071 T 2
- 1/20th (10 pl) of each sanple vvagmgﬁéﬁ@?e‘dga%\%sa gé}éigéar ose gel. In this
gel, aMpl where ainiicafesitiedabell Vil SollEl &, Rresent in all three sanples: | 10-bp
for PCO3/ mndmp,emmgmf‘égm 5119, %g‘%’;fmﬁdlmgmiev@rMnﬁﬁoJoﬂé of the
'PCQBI ol | gls@ttan belokhese results wer Bineal . S@tymaﬁeelraarahroaﬂmegranggd os
~hybridization with the pBR- 328: betaA probe. The production of the 0'6- bp

" pketluct. with Taq pol ynerast but not with the Kl enow fragnent Is

- signiffcant, 15 and suggﬁ%apabl e of producing
longer DNA than the Kl enow fragnent. g4gio ry, echni que herein

"~ wherein nucleic acids areggﬁlified_#q_gg chain reaction in which priner

- extension products are pr ed whic an subsequdBd¥y act as tenpl ates,

- and the anp{-,jisf’;r?ebgwsa I{hgésﬁegrgmgnm?l yzed usi ng sequence-specffic probes
provi des yagh i a &gbeprodetiurésSdederiBa | f.ied procedure because
thé anpl iafrp ﬁgﬂﬁ?%ﬁ‘g%o ggpg@e Bpreaf witih wits at T4 bd!ﬁnﬁﬂe%%ﬁﬁ;% e & Jhe probst
~thereby a%MapBkhideen] ml;ﬂnpJ ei;lr%tlonquodntgﬂlﬁdm&mn&i-@mu&& HQ,PG E M

. mani pul ajivid s KRBT, ,;fﬂ IA1ireity. foriBp mingtemati 0100 THRARA blihe de Qi s Cause
the aapl 867 wvéita R shih SO conn e 3 @ dherpreseduretof Wantkdtis 812, Mldoar'cRinfig 119

to crossERYApHdiof TO pe&idfonar gr. refeq itk BtERTA, (TE) baffep(10 mbSFis. o

sensi t i visGilpmbly ddd}fes fiarbonciirah ﬁa@e@ﬁ?‘f BIBust iadioted thatfarRe1e talepedind 8viigele g | O

sanpl e af t Eivemiarolitere bR ipliTRI HAPIY 'S'I’!?ﬂ‘PéH"I . by increasing the armunt  of

sanpl e agfg'ﬂ the dklenow trdpmeitiof it. @51 13 ﬁ:ﬁ',' '??’v@‘-’ $Mplg amplified & dpehtid Bbdde Exaa:

bi ot i%hy| 90 8PN Nepbineaie EDYCara’ssHaS o ;S;&,ea Pfithe thagmosishiaienayma Grere diluted it A

Copr OceSSf:d%ﬂ“g@; %@gm'ngem inan RPRFARGE ngarg §(§%°g P?;t?niﬁg?ggt(?lﬁ:gwfmeqmm filtdds
nucl ei ' S h well wilhi Qp,p@sgp . e filters in place, applyi
hueterc ‘ Sieroh oell wilhiogi nijof ETS. a%%%oo mM NaHzPO4.p20 ligl':#l.\g).t::

isclosed by Reed and Mann Nucl i
y eic Acids Research, 13 7202-
rinsed in 20 X SSPE, and baked for 30 minutes at 80°C TrT.'a vaozu i ) The fitrs were fhen removed,
. DeAi:el;::kmg, each filter was then contacted with 6 m idization
nhardt's solution (1 x = 0,02% pof i i
gl , polyvinylpyrrolidone, 0.02% Ficoll, 0.02
oz en;l\:o lill]JeT:. :I-; 8.0) and 0.5.% SDS, and incubated for 60 minutes Zt,:g“'lme hon 5 o1 of e O
. , ybridization solution and the filter was incubated for 60 minute :
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" nunber of

.(a) ‘treating the.sanple, together or sequentially, with four different
~nudeosi de triphosphates, an agent for polynerization of the nucleoside
‘triphosphates, and two ol i gonucl eotepdespsd2ar ' f orsal d nudel e aci d under
- hybridizing conditions such that a prl mer will- hybridize to said nucleic

Som et aok e SR o o Eémff?el"%% (s 'ggi@ 2
rom

~that the eu¥dls dpytn,daﬁ.ﬁ,uﬁyms rom one pri ner

I'ts conpl enedach aSﬂlENﬁlttﬁédlo'grabmiﬁtﬂfé & readfilyta 3 Xte”S' on
products of t Irethedgamse e arasis, (53 edch @aﬂ&l#f&iﬁ:ﬁﬁ 4 po%;é&?% r4% %

~condi ti onsge ip 1scBEbaffee (0088 MVris BErite, 088 MUoAd \ackl, SHALGHG ED 1‘/9% mé&
40 (c)minvteset 190Y. Afteestaisingobith, sthidagrEtrshide, DNA NESMHREZE P U fudtb cSa' foar

nucl eosi de t T h}?h%@ﬁhawwgtthmcmnéedfmarppﬁswn&rnu hbre Wer@ bauallbmautiRsrh
"t ri phos phath@BNA, giiqwing idiserets bigh-iptetsity 119rbiasapals baus&tsrhirafnteasrwdzmborﬂmg @wgﬁﬁ
product® | sSe8yaRsenaswell agia fewiother disgrete bavids phvauck loweylintensityr la pahtragy, tiRCHkHpRdation methet)
- (b) as a t I"%(P'Eﬁs rRa Ensferafteneachcyrie usingithé Kipnowrfragmenaf B! coliiPalyntisé I, give SDNA
S"E‘R o r%rwc ayp|figation ofeany hrrelatechDA segenssmi d nucl ei c aci d
%{'B a8 '@meqwaﬁmﬂﬂcﬁlm @étectignwould be(agthiewsi incavhibiating
~transfepri ng ‘T'rac onatron product derived fromstep (c) to a
menbr ane; 48% ‘%‘t’ pgqy b rigereted ysing 3 biotingatecmobe pregared ons
“wikth a | abel el sequence s °31 "§88%#%vt i de probe capabl e of
hybri di zi ngkaniei@xt he anpl i f i ed nucdeic acid only If a sequence of the probe
is conplerentary=to a region of the anplified nucleic acr d; and (f)

det ect kg WhenNPEwas!nid@e R P Rg Bsobll Ykl el
t he sanpl &cl,50mM Tris-HEI.(pH'S: i)rﬁgbfimﬁg@ 5@3\%1‘“1?“'iik T ﬂf?ﬁ Wi umeébé
t he_sanpl eiGTB, t2ig digd(€Rh 218040 Jnrwnmmmna srar.atsqrwreve&fe ng b fo
- and (c) aminutespbi2t@ dheveadtiamuds sfopped by hedEhiy.forDinREsat Uoc
. contains lhesamplg@ubofia2 e selaiibn i vaes) dpd incubaEd foF 10 ,ﬁﬁ@esraeg;e@t ed 1 - | mes
- 3. A pPocessThye afiplification reactio® werendéhe with eieadenow RigheRtUsing bifierarit ipblrs! of primers. The
. doubl e- st PEReI@Er RGRI/ACO4 define ah@dvpamducsdpaﬂmraaiedsdsmgimmm téige Elﬁsb%t@ﬂ%p

durin g st @F) ygc&)and the primer pairPCOR{olj [9p(d©)@%:80 anfabdiit 600chplproduct. ©ICa3, IPCB4, aid Fes48 iafd chine
~said nucl &y %lff“i“’sh“g‘iﬂﬁ 'ebissqnanmm@sm misnoalehes widftheGhalstitigei®, Ped3ainePO04s ai d
nucl ei |WP@°W§W§MMMA§GTQ@-&N ides. 6. A
~ process ofjon %me” “" %é%l‘ %f“ﬁ'ﬁ?éf”@f Y2086 o) of the PN describestabovedres 10RMAeaan d

W

and to resyl,

t Is so e:fpe

~ said primg 4 ; PHE%”E@"‘MMSQE P sg/mkgelatin, 109%DMSO,
- fol | owi ng dé‘fﬁ%ﬂ& p, ¢ TB) WOmMOGTP, 4§ mMATIBEE! 1.6mM
(extend); ag,,\, E "5%‘ Bt ﬁtcu jcoolgd to room teqpertyresisd ovedayed withak :

BT 95 t | 50C sogk. After the |ast
T M hm‘gfaﬁ,md@%;‘{bﬁ 80 B ol Syl B rphastpecbp i

.conpl ete thel)ﬁéalwfroﬁ,mtd}ogmli,eaea tbﬁ%&v@&5rf§ihﬁg§(&§h oI ume of each was

about 100 pi2) cablihg from 98%0 BREGIER 3.0 h sanpl e was anal yzed

on a 2% agardpsdding @ lunit Kishoifragmedt bnd anpl i f | cat I on pro- ducts were present In

al | - thoee sdfplaintaining bt Tredfor 200ninfésQaddi@ >4, about 370-bp for RS451 ol | go(dT),

ard,;about 60dbe finsl Yolume PGREH viplyeasidhout 1BipIse resul ts were confirmed by -

Sout her n t r Setwantief(@ uh gfeaéhciample wasmnalyzed by électrpifiesis dd 26 hquheb G Afer sthihing

producti OW‘W”‘!’%"’B‘DUQ 9sorple bende wemjsedn iTthe PRRA/RGOS madRS48/dligoRiT} sariples] Thé8zes

Kl enow_f r ‘t’ﬁr‘he expegted &rmhsst@gmmrﬂleffdnaer abewst 3pmbp/faRkiciatr. NG

capabl®€ of ‘i?(f’ﬁ?ﬂ‘ @rab °Q"P%fﬁ9'!'?l‘éwm thnRE03(olige(dTprimer pair wasiohsarved. t he

t echni que,f mQ'Gf‘QS‘Q"‘araéatHHf)qum"@mblam and bituidizedivdih @ hiclen i n

- which pri w"gdé p(5r szaar'??‘j&r frseribedinGeikt ot abSrience) suprp. wsing standart as
&

t enpl at es s 'ga P O%%‘W Reseaghad srevpuslycthe E19@nd abowt 8T i ¢
pr obes, pra\gff OrEante qiﬂfﬂ?f@f@%’? no P'F"W"Q"‘& glfﬁPPﬁP’f 9f the @bqut @8-dBlur e

because t heTﬁ,ng,ddEtb,gﬂsaﬁg W& afiifedGin 3RS, on er nerrbr ane as a dot
bl ot, t etBkbaN bt (Raamd Brifds ot azvsmgﬁf‘% '@U 3&9@3 -l ity and
gel mani pheot ﬁb&ro@&dﬁﬂfa@’c&@an{ rig &bl ij(?@&lﬁ

because t 108 zMsD, 1 W ©CH3 @ RsES, @ dl BEol BYigR1$55-30 ﬁ@%t
sequeﬁte dnd 15mm/BdGﬂHy'bfelsdhﬂd§iﬁreSﬁQUd foﬁ‘ﬂE Pihutes at 98°C then cooladtoroom temperalure One

n;'lcroliter of Taq polymerase (1/8 dilution of lot 2) was added to each and overlayed with about 100 ! mineral
o

The samples were subjected to 9 cycles of amplification in the Peltier device described in the previous
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 presence of

I'n-addi tion, the process herein inproves sensitivity by 103-104. An
iinterpretable signal can be obtained with a 1 ng sanple after an overni ght
exposure. Finally, by I ncreasing tEpe23mse281 of sanple applied to the filter
to 25 0.1to 0.5 pigit i's pOSSIb|e that bl otinyl ated ol igonucl eoti de
- probes may p,g:eu;ﬂﬁdthiﬁﬂwmg 1. A process for detecting the

otlde sequence in nucleic acid in a Sanple

whi ch pr oces$1LaRB0SRSE ra Xexieﬁ ating the sanple, together or sequentially,

~ with four dis iﬁrnemmwgl.ﬁ,gﬁugeu&yl phosphat es, an agent for pol ymeri zation
- of thesnucl e;psoae gst0 galesphat es, and two ol i gonucl eotide priners for said

‘nucl.eic aci &) umﬁeasthwcmhpnamgammdl tions such that a priner will hybridize

.-to said nuclepdoseacss® soaid an ext ensi on product of the 35 prinmer be

synt hesi zed Afitighast ycle, theptrapleivemiincutiated aaadditionat {0amirtitea 6ti60°C todverpleterthesioal (10th
pri mers arwlesedegsitre Ihedinglivolrhendf eadhavae aiogtdP ol pr oduct synt hesi zed from one
pri merie wherksbefprar ¥20thd 1¢ mimfredch samplerwas enalvaed ona2fh agerpsegel o this gek applificationf pse-
synt hesi sdusts wergcpresgntdn-allithyee gamelgs) d1 O-QPrfo'tHﬂ?@?»lBPweﬂbogtr%TPre» for Regp/oligotdd), prtpboyie
sanpl e unf@rbpdes ﬁﬁ??tm"a?(gﬂcTammspmrqce"w Seutherrfeangforiapepybridizating atia e PBR-

products P¥RMBAREP?- t enpl at es;

Y"ﬁ)’ treat| t he sanpl e, to ether or
sequenti al | hem tﬂ"qOBﬁ’Pp H&Waﬂéd éﬂw%ﬁ‘ ificant,
an

pol yme¥i z&% SB?P"B'? é“ L}HB‘?‘ de pri mers
gl Tt “ES’,” We e
S R G i
~ the anjpunje, .geaﬁun egbiheinse e g!; éaoﬁse&ﬁdh.sd .raq.siea qpise rd §§H& D o bt
t her eo use the loh %Fe yin a@élftgﬁl‘éﬁd StSpecit tardatibeqBidhbe fof cAdab-hydRdking¥aqu-

ptoduct dexcba/ ed from step (c) to a nenbrane; (e) treating the nenbrane from
( dj/ under’ hybdddriéery b procbsSiNElH iinbroves sensitivity By 108008 Athtéiseraifsighalspretsal oblaied with
ol i.gonucl eany sknppratiéran ovprignt €xpadurelildly, By incragsingitislambine ofsample dppied tonthe fir ©

- aci d ozl yonto &5 it ls possibledifat bibtipylgisddligonudedtidepotesmay Brufilizzed a regi on of the

- anplified nucl ei;c acid; and (f) detecting whether the probe has hybridized -

to an anplified nuclelc acid in the sanple. 50 2. A process of Claim
1, wherei B18%M® nucleic acid in the sanpl e is extracted fromthe sanple

- prior to step (a), and ste (b) -and (c) are repeated at |east five tines,

© optiondl I MP’@‘Pﬁ“P'H'@“%"& PE’°%P&°£??P§°‘ ‘PP"‘@%‘H&‘??P‘E? "mﬂl"'&ﬂ’ '%? %’H?‘e("ﬂ?"“and
(c) are V\/nerel n

said nucI e| éﬁ ,359 aﬁ%’% ? E'[gvn E fp ‘gigon [#:1 °ﬂ$°em 3& a%ﬂ
denat ”“ ”9 t?(:g 7 ns ?i M llh izetosald uclel y@f r% thgr

_ .%srrae affeh ras sbllcia

- fith {eme t, can
oI [ godeoxyrl gmﬁﬁs{, s iséfth x%g u& f é}héﬂ, er e| n sal nuc e| c
acid i s DNA g)ireliing 88 38HR%e tHIS diidn's - deparatb fhe pnmer extension products from their
oli godeoxyrlt&}@m eot i des. 0237 362 *Cllll IN

ST ol (6) tRELIG BfeSsaMble, aagémm seaiuesﬂaw Wih balcﬁﬁurﬁmdweas @iphospiibied, d0Ryakt fdror
pUmr [ zat ipolgmerizative bitind rexledside triphospiaitds, dnbiléligemicipntize panterd suchdihatagviméreaigmsiont  Of
E Tol | DNA Peidystisspniwsized usidg Bidhofticd singlerstiands produsedinsterib] aspddnylats; wiveirstepsme
anji rever sdb)andicsue fepeatede. suf§cientnymberat Emeskpanenfially teingseasethe ameunt of sejd Nucieic
wherein the aslpenqtpr%ulhméwwbie@@plfeﬁiaeﬁereoﬁ s contained within a 5 hunman
nucl ei € aci dd)s‘é?‘@!(:'!?@éfe'!'?ﬂ)M"&“@lWﬁb%rﬁ’@%éﬁﬂVM@ﬁ’eﬂ membraneiA- DQ

al pha, DQ bd)iredting the, mambrago fzamy, 11, uBder; hydigaion, condiiens with 2 Iabeled SeayeAsrRPCTIONA,
optionally ﬁ‘ﬁ?ﬂ‘{eﬁ?bﬁﬁ?@ﬂ% \ﬂ’"’gg 'H a{ﬂg"ﬁ Bl agidqnly,ffjapauence of the probe

I nsul i n-dep equence l's

cont ai ged WI tﬂg‘?' hy ?ldi%?‘;w&h ﬁh‘fﬂ"ﬁm i grl?t I d‘g SI nf e gus

di rocess erein e nucle eFa pleu esa

i seas®, §{e&c§ffn )aafx i ﬁ}@sm@e ﬁ wa ﬁﬁﬁ.k}ﬁ

sanpl e co hﬁ‘b’ﬁA‘% s (9 mT} e sarrp per| p eran

bl ood | ynphac BéesQch@Jm'l 9Fd|é?m v}ﬁbr&n sﬂ&‘ﬁ'ucie il ls QG RRSrhAbed L'H?lrits SR dro&p
before st%d(bg enalufhfy bafoRior B &’gaa,;capg the sanple sufficiently to expose t he
nucl eig aci d(n}m&éaeammnmfcu Q[ WHeRbin ths sl Cacidls singfeyiBatied.Nai 1 or bl ood
sanpl e, Or ®ORpRteRSfTalnDS; MAeeih baid nublidacicis ONA & sill fri@rsSard dligdiRGGrioRuciedidRslSi C
analysis. 1. AdrqeesaceeShint o/ widmincsaldi fageit Bad RIONFEGatossEngd RNPEM fshig phniéts @et | de
sequence pligodeoxpiitdnediedtidesi d | n a sanpl e, which process conprises: 16

(a) treating the sanple, together or s‘,‘gquentlally with four different
nudeosi de tri phosphates, an agent for



pol ymeri zati on of the nucl eoside triphosphates, andW
prners for said nucleic acid under hybridizing con ns such th
prinmer hybridizes to said nucleic acid and an extensi mm\m‘\“g

pri mer is synthesized which I's cEPABAEABY Yy t 0 sai d “m rein
said prinmers are selected such that the extension product Csyht hesi zed from
one pri ngxamplsiiany thepmivin pbglad®m i t S conpl enent, can serve 20 , as a

t enpl at e f ay1 midshe60°6 rapdp; t he ext ensi on product of the other primer, (b)
treati ng tRet29m0d Wreimmpdetead)ur i Nng conditions to separate the priner
extensi on Brouinctodo $5°Gmmpl{denatutelnpl ates; (c) treating the sanple, together
or sefjuent AE0Ispe, 9iGsealsai d four nucl eoside triphosphates, an agent for

pol yrer i zaB) bning?s te BREC mamp| (anpeslliand: r | phosphat es, and ol i gonucl eoti de priners

such that 8 39seerdp°CGsedfensi on 26 product. |s synthesized usi each of
the 'si ng] AR ajasoyin. Inaslonsriratpitn i 1%‘?@@”%6‘?“@?%*@?*%%‘0%)

andI c ‘QF' %%; al E’?’F??,fl o | ncr ease
t he )u& %ﬁ%t i le ﬂ % %oggo t‘|°'é%ff"hon

t her eof r
nucl eosgﬁf fo('ggg? 3§°"?f5 shlgsng"“'l e“f "P?\d bé( 8‘“ %ﬂ I"i'"rrt)"b'" zaﬂm“d;} Igt i ng
a membraneq &pmw} of te 803 éﬁﬁ ?%&a& ttvltlﬁh lb&@'ﬁ’d tis Qiﬁnitﬁzﬁrﬂabl e
of hybr 'éﬂiwﬂs@@aﬂaq polyth pﬁm g BhYFHKA i He RIBhoW fagméntSEquence of
the oligon Chfte teehnicRERer&RRRErE Nuclef aaagﬂaarﬁssﬁéafméaﬂ na6dtidnflin Wilc Pimbie C
aci d undgdensididprodiic atd prstiucéawhich ican Sub¥dqlibhtip b& 8! Einpld@E, i @ the famPifile® batiples @les  aNd

(e) det ednblyirg usihgédatencespedifidirotes Pidvidds Sbvetel impoitarit ddvantdaés. R RFBintplid procedure
hybri di z2sdausethi blplified Gmples tanbdb spbeddntaditére@mband d3@ dobidh tidreby avbibling hepgstic-eS S

for det eiohidiggstioicelqutrephonasie anf geh mapipwatibnscotmneibeeenuicie. 16 BoUBOrE @pediic PuCedarec

aci d | n kecaserfile@mpliation gieatiylingrrasesdhesratin ofispécific darget agquence &t dresg-hythidizZismerakie,

t oget hereng®s. sequentially, with four different nucleoside triphosphates, an
agent for Pody H@rq‘im‘?eéﬂ‘eﬁ?l‘" impraves gensifidly Py*-104 %‘Wﬁ%fﬂ'ﬁ‘ﬁ?'%@“%ﬁﬂd%%‘“edw“h

ol i gonuc b yafele sferap peormight exgesure. Hpplly. by incragsing thieramepnt g P"P'GP&H"?beEEﬁEﬁ’ f9% ons
such % hat" % OfHentt’s Persle hat itovipted digerycipriide wpkes JigY b Witdan ext ensi on product
of the prinmer Is synthesized which is conplenentary to said nucleic acid,
wherein élgj priners are sel ected such 40 t hat the extension product
synt hesi zed Trom one prinmer, when separated fromits conpl enent, can serve

as a,l enpa r;
£ ) CTE N U s SRS o PRSP S

ext ensi on g Reliihg the Sdniply, lohéter orlsBaRhtRAIE With fodrifrbreMAlididdSiad RfhoSphaias, an agéage.t her
or sequent pélyrherizatioh bfthehadidbsiti®riphoBphdRS ahdiRo bligbiiDIBSAE FHinffs forddld M@RIRacid Gidert S

pol yner i zahybagizifg cohdionsside hat scheimbr Wil Hy B & sai nudidicheidlahd@an eiehsiiprodict pitheTET S
such st hat arinvr besmthesided wbithdsicomplasheitiry foSais yutleleasid, heleih sdid@imen afe selbctédvach

si ngl e st r thatige gxtepsiorc@odubtsysthesized fom ans pamérpwhph adpacatediram s complempist, oaby pervend
(c) are repeatewdata fargynthesis efitbe extensier prauctiof thestherpmerent i al |y to i ncrease the
amount of @alreatingithp sampleunider danghiring eonditians it separatel ihe @umertoktensiomprodédtsieam their

t hereof ; (Piatetiachi ng to a nenbrane a | abel ed sequence-specific

ol i gd‘hudeo{ Heati B‘Béa@%%é?ﬂe@%‘r’ sn%vtla&n » Yjth gpid,fopnpu EPS'“ ”‘P"Yﬂﬁ@”?fnﬂr ?Sfer"efﬂ’

wicl ei c acP % %““gﬂdécﬂ

of the arrp

hybri di zat %ﬁif;ieg‘ “% £ ref(%g' 'P'Fyg?é;ﬂ"gfaéfﬁf @5"9""( ngg ng
‘ét?o L

the groduciy@ Wej oYy (3 Y, L %ave any
hybri'ds f ofg °5 ﬂ e u"e’;aa%,? Jﬁ‘ﬁs@ﬁéqﬁﬁ blh g@i o5 Qi 1 ¢
se obe

restricti OBhg%l‘\Jc@o udtaic acid onl

whet her a ls2BapisHe niaey‘&{bl’alré‘gﬁohgf}hi 5m%dg ,f dgnd’ €quired length is pr esent in

the restri gfdeRRiindiwieir tidRoua s hybikizeato i @mpilkiad nJahéial’ab@inZI%téaﬂﬂeOCCU”ed 12.

A pregess ofa gebcebsaf Lidim WwheintheTatislc fid TR Sanipldis BlrageLiRmME saplRipAdredsdpdes

and ar e (@puhdstéds! () dnd i@ |attrepoathd bt iodlst Aigetihesf Gptiofaly) Wigi thakarfple tontas Rithan

pol ymer ageeomiSBNA and stébd (b) add () atelrbfehfed 18-23dtimdsl | |1ijil EP O 237 362 il 13. A

p9ocess of 3.& mogessld) Claim Thrilaim 2, vherein said nutleicarid ismiobis-stramded and its sti2Ndg are sepa-

opt i onal ratpd budeastutingdaforeior dutidstepld). A process of Caim 10 or Claim12,

wher 8§ n saftch prerepeefElaire | or Glaim RN\ypterein3he g5 dee!mﬂ in$inglel-svianded.3, wherein said

_primers an&ﬁ\ﬁ"}ﬁeﬂﬁ °§§E whesgin saidmugleig agid is F@Hépﬂmﬁfﬁﬂwqeyxyabwmﬂ?ﬁa
allele, a s &f Plaime4, whersn saidjiyeleis peig jscDNAzorpyespasger RA aid said primees @fepha
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20 .+~ «20. Nbcessaire selon |'une quel conque des revendi Bi'ons 16 a 1

dans quuel | a sequence de nud6otides specifique, eat co ,Im'ig”mm,lm

aci de nudei que humai n choi sl parm de bet a- gl ob|
al pha, un gbne DQ b6ta, un gbne P%g?ggaﬁﬂ gbne DP al pha, un gbné DP b%t a

et un ADN mitocHondrial, la variation de nud6otide dans |a sequence etant
assocl 6e au (9yp9isonds dligpapciéotidiaue spasiiaue fiuneréayenpe, capphlede shybridergvapt acide nyeldiayg 55
40 amplifid, seulement si une séquence de la sonde est complémentaire d'une région de l'acide nucléique
amplifié ; et
(e) une membrane 3 laquelle l'acide nucléique amplifié peut se lier afin de permettre une détection ulté-
5 rieure par hybridation avec une sonde ; soit

{d) une séquencs oligonucléotidique spécifique d'une séquence liée & une membrane, la sonde étant capa-
ble de s'hybrider avec I'acide nucléigue amplifié, seutement si une séquence de la sonde est complémen-
taire d'une région de I'acide nucléique amplifié.

17. Nécessaire selon la revendication 16, chaque amorce étant un oligodésoxyribonucléottde. les nucléo-

10  side triphosphates comprenant e dATP, le dCTP, le dGTP etle TTP, etla sonde étant marquée ; ou dans lequel
au moins l'une des amorces et/ou au moins 'un des nucléoside friphosphates, sont marqués.

18. Nécessaire selon [a revendication 16 ou 17, comprenant en outre des moyens de séparation des brins
des acides nucléiques bicaténaires contenus dans I'échantifion, et/ou un témoin positif pouria sonde, contenant
un ou plusieurs acldes nucléiques avec la séquence nuciéotidique spécifique destinée a étre détectée, et un

15  témoin négatif pour la sonde, ne contenant pas d’acide nucléique avec la séquence nucléotidique destinée &
étre détectée.

L/ 19. Nécessaire selon I'une quelconque des revendications 16 & 18, dans lequel I'agent de polymérisation
est une enzyme choisie parmi 'ADN polymérase | de E. cali, le fragment de Klenow de 'ADN polymérase ! de
E. coli, 'ADN polymérase T4, une ADN polymérase thermostable, et une transcriptase réverse.
20 20. Nécessaire selon 'une quelconque des revendications 16 & 19, dans lequel la séquence de nucléotides
spécifique, est contenue dans un acide nucléique humain choisi parmi un géne de béta-globine, un géne HLA-
S DQ alpha, un géne DQ béta, un géne DR béta, un géne DP alpha, un géne DP béta et un ADN mitochondrial,
la variation de nucléotide dans la séquence étant associée au sucré diabétique dépendant de I'insuline.
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