1 Gene Dosage Analysis 5 Field of the Invention The present invention
relates to nmethods for the differential quantitative detection of
multiple, closely |inked genes, in particular to nethods that allow
rapi d and accurate genotyping 10 of the alleles of the highly

honol ogous a-chai n henogl obi n genes, the globin genes al and aZ2.
Backgr ound Rapi dly evol vi ng genotypi ngl t echni ques are being used in
an at- 15 tenpt to identify the genetic basis of hereditary di seases
and to establish a genotype/ phenotype correlation, which in turn may
allow for a nore predictive nol ecul ar diagnosis. Yet, nost hereditary
di seases are genetically very conplex and often involve nultiple
allelic conbinations, which may not always show a dis- 20
ease-speci fic phenotype. In such cases, genotyping of all allelic
variants is necessary to be able to distinguish between e.g.
non-carriers and di sease car r@egres DoGakre Rnalyeige of the exact
genotype of an individual will allow for an accurate prognosis of the
i nhéritance pattern, an accurate prediction of disease- 25 related
synptons to be expected as the di sease progresses as well as an

accur at BiehdrapytHeoInvieatindi vi dual . Such di seases incl ude al

genetic di seases based on the nultipli- cation of a part of the genom
due to Tnequaksendssowemtéventreldes30d waethdidofogothec htiohsemed sl

| eadi h | . I dupl i [ d .
ol ot | SR S e onBEbRE (P oo 1Y ESEISY AFABESCE (MORRdG Ypes, 1o

exanpl epspi nallaristol aetadbaoOphYat SHA) owdirv@h e afidc raidiirpltieC afdr@tSping
and thal assem a. Thal assenmia, for exanple, is a commbpn genetic

di Sidr de?f \itiechalléadssi ref t $hgpshighhpdérarvdogerm t - ahaipodiammglebin
m crocytic anaem a.due to ingai;ed ?quglobin formati on. The clinical
out cone? ot Fror E%évé’éncgggg &add™t o* ery severe anem a or hydrops
fetalis. Depending on the underlying genetic defects, thalassema is
classified into p-thal assem a and a-thalassema. In p- 10 thal ssem a
t he najgrht¥ oﬂgﬁases are due to point or raster nmutations in the
p-globirﬁ? 3 chronosone 11, which con- tains a single gene

e“COd'rﬁggfﬁij*éﬂéﬁ%ﬂhéjgﬂﬂg%yﬁggg %echniques are being used in an at-

15 tempt to identify the genetic basis of hereditary diseases and

to establish a genotype/phenotype correlation, which in turn may
allow for a mere predictive molecular diagnosis. Yet, most he-
reditary diseases are genetically very ccmplex and often involve
multiple allelic combinations, which may not always show a dis-
20 ease-specific phenotype. In such cases, genotyping of all alle-
lic variants is necessary to be able to distinguish between e.g.
non-carriers and disease éarriers. Only knowledge of the exact
genotype of an individual will allow for an accurate prognosis
of the inheritance pattern, an accurate prediction of disease-
25 related symptoms to be expected as the disease progresses as

well as an accurate therapy for the individual.

Such diseases include all genetic diseases based on the multipli-
cation of a part of the genom due to unequal crossover events be-

30 tween homologous chromosomes, leading to homologous sequence



t hal assem as, which are classified into a-thal assem a, at-

t hal assem a and a-thal assem a, are mainly the result of dele- 15
tions on chronosone 16, which contains at its teloneric region two

hi ghl y honol ogous and cl osely |inked genes (al- and a2- gene)
encodi ng the a globin chains. The dupljcated al pha-gl obin genes al

and a2 are enbedded wthin tw markedly honol ogous regions that
extend for approximately 4 kb. During neiosis, ms- 20 alignnment of
chr onoseheshenrd| o kislatdwas ) bpndedpprbbells radconbhrarPopnat (Tiree 1) .
hi ghly I g qgﬂp , ; [ j.pu
deletiogggﬁpﬁ?ggﬁ?%ﬁ %ﬁéggﬁf ( |g%?§m§y? %9$H§lcgﬁ§ggiéﬁ e isun) ,
a-t hal agseatrae avarivairapdiodbl@mny, aandal dsslersisgmiar e Tl asdetion dior
dysfunct ] f one qr al__and .a2 gene 25 respectively, .

Dor et | oRATTBTE har aSs SR ra ST E s bt s sl "BRERor oEhS o 481 5%
genes (mafdeapiee.fiprmbyts egi pypoehroedeaeniminatoicyn iketamemitshede r €gi dm-

which are,3.7 kb apart, or. between t X region, 4.2 kb apart i Vi ng
et obEhEed, SermB ek Er Al e e i TG StetTve o Bty 0o
IS a schepst taskkl usheat kenvek vt ke verequalemné kossonga repentts theadi.nge-
to those deletions (filled squares rep- resent the functiaonal active

genes aPeBAdNE2 F tHE allpHieTdYdsih ISNGERE cHekRErs and R EAe Mifar S

represepiakherhenpl GRS X- p-thad8fdsémboxesnand praOfaddgnitaldo o p-
pseudogl obi ngenes, i.e. 'Pal). Heterozygote carriers of

a+-tthal BB3tAFamias s Mipfenht Y hefcomfices mite ofuef te digth ophl raster

at-thal ggeggtank- ah anek apWg16864)168L8003 KIRWRADMR (TRl aggefha con-
silent carrier (-alaa)) may have a silent hematol ogi ¢ phenotype

i nst eadtabnezygotwiogle | grenie( (eaktoddny ptieseri-clobder ab®ins. The o-
t hal assem a-1i ke hematol ogic picture (see e.qg. Herklotz et al, Ther ,

Unsch, 2B862S881iRS/p. 8B3Ch  aree glpiakliad a imdP b&-thaseasspia, o -
ext ended del eti ons varyimng.from 10.5.2 kb to .25 kh.and nore resul.tin

T el err o eBhE AR O ATs R 2 s b 1 GePRife 87 had
(hampzygobes bn- bhrbmekohet @60Zwhid. SkhBtdeheSatadkts- kel ome®i@. region
-askEA, -aTAl, -aFlL, -aMED, - (a). About 30 different such

e- t hal ak¥@nia 98eMeth JHIL HERMS beBA Cpsetdd hid kpst e9enss Thelout @BAese-

of the @éﬁ@@'@%%%@&%? ahe mariplid andihge ?ﬁye&héyﬁéé%éaﬁéfﬂﬁgiaiobin
w th the nunber of affected a-globin |loci, i.e. the exact nature of
t he gengeqes$ el oAndagZj prasenbedded nwitiyin etge (haykasH b deaelogogso e

gene(S)g95§§egﬁatbgﬁegnaofg§:approximately 4 kb. During meiosis, mis-
20 'alignment of chromesome homologs followed by reciprocal recombi-
nation at three highly homologous segments, named X, Y, and Z,

results in various deletion-duplication events (Figure 2).

The causes of o-thalassemia, o'-thalassemia and a0~thalassemia,
are the deletion or dysfunction of cne or both ol and aZ genes,

25 respectively.

Deletional o'-thalassemia results from loss of one of the two a-
globin genes (wa/-o), e.g. Dby reciprocal recombination between
the Z region, which are 3.7 kb apart, or between the X region,

3.7kb 4.2k

4.2 kb apart, giving rise to the and -o deletion, re-

30 spectively. Figure 2 is a schematic illustration of the uneqgual

crossover events leading to those deletions (filled squares rep-

resent the functional active genes al and a2 of the alpha globin



a-gl obin gene(s) deleted). 20 The phenotypes of a-thal assem a have
two clinically significant fornms, which are Hb Bart hydrops fetalis
(Ho Bart) syndrone and henogl obin H (HoH) di sease. In Hb Bart, al
four a-globin alleles are deleted or inactivated (--/--). It is the
nost severe formand is characterized by fetal onset of generalized
edema, 25 with death in the neonatal pgriod being al nost inevitable.
HoH di sease is a result of deletion or dysfunction of three of the

four a-gLobi B18Lt8resrls Yr é%u%éesch%%ﬁseéqtze&ebyﬁgﬁ&{g 418, v
hypochrom ¢ henol'yti c anem a, hepatospl enonegal 'y, "nil d’jaundice, an
sonet i mesdbaneocxed heal t osbBangesthe 4161 psbadsglabl @fbndsd,| ente. wai).
t hal assem a the exact diagnosis is still very inportant (aa/-a). It
i s estihafterdoiyegete gisre af PeakhaGGamill reaupbbpd efadm Hfhec tasghbi-
wor | dwi de, /I n addition, 300' 000-400' Q00 severely affected 5 infants
are borRaB¥RRy Ofed  dabPEiean Y5l agfrBhaodc® and AR 4t 149da, (adsa

t he &Ad | e East. ggﬁr nt testin f%r a-t hal assenmi a.is based on an
al gori t hntof &xcfu i%ﬁ%%ﬁ%ﬂﬁﬁxﬁl (. 27 6%Ex Tﬁg%%prgﬁyd_ W@ién@&}ent
pt hal asgemh 8o1 4446 NBRIRGL A Nopat bl £Shans, MY Vi & anem ??—‘a/%g))g’gr%h

requires a wde range of procedures such as” hematol ogic testi
red bl odgntekl masgireds, Perligsiserab-bibedhemearlogimravetate sttaeai vgg.

to detegl, BG.J gl Us) Ol (QUBlJdeal ke 1and ayant i tati ve

henogl obi n anal ysi s, 'bone ‘mar row’exam natT on, vitro synthesis

of radi gacti ye- e i n i in C i.ndi_vi .
Fi nal L?og#ﬁ%/%g%?@ap?‘é%eg%% %%%n&:?%a?%ées@nﬁfag clgegL%oll'La g}sxéfg%géﬁﬁg Erom
bi dribl et u? akb diaghoskk cand Huber mtsudltipngSwhsdeMedi oal oFaywrfun2@@4)h. of

Thi s i ncl udes pol ynerase chain reaction (gap-PCR) anplification of
the nor ! al tARdEAZ 6! pordd s HroMaYRenes ((chang er dieterozy-

Bl ood, 4904, 78(A).) 20 853, Kgset alym Hu%(@enet ME092, BB 248)

enzyne- I mmuno-'sor bént assays (ELl SA) for the ‘det ection of

zet a- gl ®bi dithatarst i sudi recHatailas séAlisadal gdmy tinvet kdlen, rAmodted to
Hemat ol , 1998, 57(4), 283) and hybridization assays wth a-strips.
The F@a?§Y?he Quantitative PCR techni que (RT-PCR) has been ap- 25

li.ed f dif t i t i i_ncl. udi th det ect ,
e N L e
al ., Oity Chemcdid4,at4Q( =2)th 2268; naseet & . arBEctkdCancglobZ0000ci,

82(10),,1682; Fujii et at., Mitat, 2000, 15&2) .189), as_well as the
det ect i bre of tRBpEFESF BREUERd Hel tEts ofighe 36°Leionn’ BhichdhHetsaked in

Croncout D80 af . EGRPRIPER=3005 b8srhy. B5RE®) GBPaRRER 6T oS oRoes:
del et i clpsgwdin et (@Nt degecgeae.

20 The phenotypes of o-thalassemia have two clinically significant
forms, which are Hb Bart hydrops fetalls (Hb Bart) syndrome and
hemoglobin H (HbH) disease. In Hb Bart, all four o-globin al-
leles are deleted or inactivated {(--/--). It is the most severe
form and 1is characterized by fetal onset of generalized edema,

25 with death in the neonatal period being almost inevitable. HbH
disease is a result of deletion or dysfunction of three of the
four c-globin alleles (--/-a). It is characterized by microcytic
hypochromic hemolytic anemia, hepatosplenomegaly, mild jaundice,

and sometimes bone and heart changes.

30 The milder forms of thalassemia ({-o/-o), (--/oac) lead to hema-

tologic changes, usually without any clinical symptoms. However,



(CFTR) by relative quantification on the LightCycler (Schnei- 5 der
M et al., Anerican Association for Cinical Chemstry 2006, 52: 11)
Quantification of MYCN, DDX1 and NAG gene copy nunber in

neur obl asotnma using a real-tine quantitative PCR as- say (De Preter
K. et al., Md Pathol 2002, 15(2): 159-166). 5 However, while RT-PCR
has al so been applied for the detectioh of a-thal assem a (Arnour et
al., Hum Mutat, 2002, 20(5), 325), current nethods only allow for

det ect i goroftisevesadlr@st risdlledtmutiaidlernsestiieh A% t bLasOUldi@aabsASI ars
type deletion, or a group . of e.g. three different deletions

(_ce3. 78R BB ROHGRFEDF O Bar Iy, current technol ogies are

| abor-i ntensive and/or, tine-consunm ng and .in case of hereditar
di seasestl Fﬁk@&tﬁgaﬂléﬁei’%’a&eﬁ CCPustEr &L ilteé‘.Stnlﬁeotq &Pg $€ h &S

a-t hal agsetbad, wbBYdwidd | NOtadiOMvidlE ADACOVFAbE’ Q0@ ¥ystSrofy adtfected
vari ants of the 15 diseases. Thus, there is a great need for a .
genet al I1NFaprd AR &THhNCi BYRTScYRRRI nBORBt ABEDN AHitcH T sWReRDI ecery in

standar gkzgd ang suitapled o greut R | aboratory, which allows the
differential quantitative detection of multiple honmol ogous gene | oci

under | yppg,-an€0t8Reeh | Gobeledhkanydh$£288: Ha4eh 2% e 9MESrichm of
nment i oned herei n-above. Applicants have now desi gned a new Screeni ng

met hod @sFhRyshan-dipphespri ndi -Set s Yser fercArag oak9nondedinglacrT- PER

run, whij cl i fii f ot i,ndi vi ;
i e L R
t hel@npihitahed sgrrigeseg onsdé nraefer eficervoecduceat sokh preefleerdiol ane

or several.endogenqu ntrol (reference gene)., ,and.panticul arly the
el at | RSN b Dol hodh Cedan or THE arfs It od T a5 s 1abToes hg=t,
wel | - depraetitadentiafintayi ao ofietdrer gaBOt Vipelakibhe WMiiendi vinhial tative

T ous PO GRERGE Cehar BorBRCELOPRE GRALYShar UPS BndaoK | OFF b A Tien
mut at 1 oBnd in vitro synthesis of radicactive-labeled globin chains in
15 affected individuals. Final proof for the presence of an o-
thalassemia is obtained using biomolecular diagnostics (Huker

et al., Swiss Medical Forum, 2004). This includes polymerase

chain reaction (gap-PCR) amplification of the normal «l and o2

or hybrid o2/wl globin genes (Chang et al., Blood, 1991, 78(3),

20 853; Ko et al., Hum Genet, 1922, 88(3}, 245), enzyme-linked im-
muno-sorbent assays (ELISA) for the detection of zeta-globin

chains in circulation ({Ausavarungnirun et al., Am J Hematol,

1998, 57(4), 283) and hybridization assays with a-strips.

The Real-time Quantitative PCR technigue (RT-PCR) has been ap-
25 plied for different investigations including pathogen detection,
allelic discrimination, gene expression and gene regulation
{(Bowie et al., Clin Chem, 1994, 40(12), 2260; Das et al., Br J
Cancer, 2000, 82{(10), 1682; Fujii et at., Mutat, 2000, 15(2),
189), as well as the detection of duplications and deletions,
30 e.g. 1n Duchenne and Becker muscular dystrophies, cystic fi-
brosis and neuroblastomas (Joncourt et al., Hum Mutat 2004,
23(4): 385), detection of excn deletions within an entire gene

{CFTR) by relative quantification on the Lightlycler ({Schnei-



6 The new net hod according to the invention is applicable to any
genetic disorder based on nmultiple honol ogous gene | oci. For exanple,
appl i cants have shown that the new screening nethod allows for. a
clear classification of the genotype of the a- 5 thalassem a of any
patient perform ng one single RT-PCR run. The quantification of each
of the anplificated a-gl obin-gene regi®ns and particularly the

rel ati onship between those regions will allow for the determ nation
of the geal wpreval eace, ofamrikahassesd i det&et irBg atlifardl ebseniicCh
may ot herwi se 10 be subject to ms- or nondiagnosis. This is a

parti cuP8PPy iPiporklant QedRti il eat i@ peét MEENgeMPile anslri¥hy | agnencopy
gener al ,aRALEr 1R 8RALL Q%%QRQSh?iné?g“?%ﬁlQEiﬁgeﬁkgg%?%?QQVQ5PEﬁeas—

1
present invention provides in a first aspect a ne
di fferePgVal{Dpuait¢tax i ¥e ddt extionMofl Badhod i@ clbSely: | iLARedS6) .
homoy 09QUFC9ENes wh3 13 SAMRIE @4&?@;ﬁ%ﬂ%%é&aég%liégef$£e%ﬁ“tget ckion
i nvention provides a metho or di erenti al antitatTve def&ctiof
of two of motéadkesemmy a2 Armokedethaiol, odgiows Myeraes 2004, sadpbe, 325},

conprising the steps . of (i) subjecting.the sanple_to separate .
aol 11 ERPrene, BRERRaRschubn g R oRar P or rerRarh RulpEtBRLerErrRipsed
speci fimutatithe heach r egi ohhef seachealstsahsisno tapaielet o6l Y or a
| i nked, honol ogous genes and (b)_a pair of forward and,greversg

or ot SIEBERI Fik Fof peTuid (o fESbbnagt b dERSor Gt dot wo s e -
cl asel yofnked, honol ogous genes; and (ii) detecting and quantifying
the anplification products relative to a control product. In one

enbodi neDéathe, agpkibheatieeAnbeaghbonsrar eapsrt ohiBAs U6k NGn&T o PCRI me -
preferabé%ﬁin,a single step, nore preferably using 30 one or nore

f1 uor esc@RERTHAG ANy BF \cSS iU Hrottistanh dhttaees el drehe, repeat

control gpreduchstsrshe;ampl hiineabi@ngPhedUCkuRh 8sCANEHQL aSEEHERCCRay
preferably an endogenous control 7 Sequence. |In another aspect, the

pr esent 3 FAYEnEPBNPPPEVIGe $Nark CHdddTat e nsclivsdifi Mf et hotr ¥ bantearef ekbe
of 1& genetigs POl ynorphismw thin two or nore closely |inked,
honol ogous genes in a sanple. Thus 5 the present invention al so

rel atesrigs 8 L hod; of 2dig@gnesihBgqaokndi Wedidah1by rageHr aha and;exagt
identification of his or "her genotype. I n one specific enbodi nent,
t he pr eg@?ﬁeqjm;;gnmtﬁ}pq)r giiges s completely standardized and suitable

for routine laboratory, which allows the differential quantita-
tive detection of multiple homologous gene loci underlying a
20 specific hereditary disease, such as the ones mentioned herein-

above.

Applicants have now designed a new screening method using mul-
tiple primer sets performing only one single RT-PCR run, which
enables classification of the genotype of an individual af-
25 fected by such a hereditary disease. Quantification of each of
the amplicated gene regions in reference to a control, prefera-
bly one or several endogenous control (reference gene), and par-
ticularly the relationship between each of the amplicated regions
allows the well-defined identification of the genoctype of the
30 individual. In case of an aberrant genotype, subsequent analy-
sis, e.g. sequencing, allows to further characterize the exact

nature and location of the mutation.



met hod for accurate quantitative detection of the a gene(s) in 10
carriers of a-thalassem a thereby determning the clinical relevant
classification of the a-thalassemas (Figures 2, 3). Thus, the

present invention provides an accurate screening nethod for carriers
of (deletional) a-thal assem a In a preferred enbodi nent, a net hod
for accurate quantitative 15 detectionfof the a gene(s) in a

bi ol ogi cal sanple conprises the steps of: (i) anplifying a first
portionTbE 4157: E&tha\Hddmnﬁqngrtqﬁuﬂndwmamamm1ﬁevamgiﬂmdhﬁny)any
speci fi P t he, head reg Qn a n econ
portion%op8 e e ageparr o?uﬁblg%%mg;ﬂogg%or 3?2% g For
speciflethplehedpﬁﬂid&ﬁpmnhmveaghowﬁlmhhﬁuﬂﬂefyengsarbhmﬁngWMﬁhﬁd

of the s le with a nd rev pri ners for
Phe tai FIrBYPort e &1 Brear S iintibaity CFoateh STt oLt fge &-
sarrp$e whthaaspalis of f onywapdtandtr eearrsemihigedse SPeEG L& CrRIfOPCRhEuN .
tail ghon of a2; 25 and (v) detecting and quantifying

anplrfl Bi PP GdUGRE B aPEvEACH £Tco ?oﬁmﬁﬁééﬁéﬁteﬁncbﬂQObln gene

enbodi meayibhe dfieCchbRgish@Rr1y PEId OrEBHrUsShBA i hbaRdiRbn those re-
hybri di sation probes. 8 ing gene or a sequence related to the gene

to be detleeeeérlléua%wt%rfehaeﬁeterrnlla%meroasﬁse@t regfe DieeSdemce

i nventi g ere\fraqea%stélnrleoner@{@euﬂ%dsmf Uar4SQ A5 PRAIBE Smh) otherwise
anplr ying the specified regions hin the a- globrn gene cluster

.el0t heeherliiand tai misegiconsicoidipgacgtisandbd® gene Budh.cularly im-

ol i gonugheetdes, gmy b deslangd hased aniha Jnguaon omehoosus. -1

sequenc the ead an ail eglons of e an re
about 186nddoabprrndi3) miclgewisides in Iength In a specific enbodi nent
t he oligonucleo- 10 tides conprise any sequence specific for the head
and tail regions of the al and a2 gene region, respectively, within

t he al pha-globin gene cluster as identified by GenBank Accessi on No.
AEO006462umpharyn ¢f cfler rlavemtiodi nent t he ol i gonucl eoti des conpri se the
non honol ogous sequences in the al pha-gl obin gene 15 cluster set
forih | FhSEQrePeNCs ine8tand EHQVﬁﬁaeregcencéibaeedspgbtidisathod for

probes GoppLiSe e spauancas SEQ LB Mosio - 18 Lhoyel a JUriner ooy

aspect e présen i'on provi dées a ferentia

quantitahnkedden@mnmnguﬁ genesoinnmar eanglios.el y | i nked honol ogous genes
to allow for screening and diagnosis of 20 an individual. The kit may
i ncl udeMbne separatiecebhpar thenpsepentieinpant soacpopdidgst e teehod for

i nventign abl e of speci.fically ? r|d|zrn o,and anplif
ead anf ot ST e on i Br GiETgdRe ThCGUESH] o ® THESK EEnaleTar (HaReLy
[ nczmdelappe@prmcaﬁdamg‘cabeldeeréshw Iadlsﬁ&bl]_@ncﬁmpbﬁ.§1rig)l’t}d£ts&ﬁp80@far(d
a priner Balr
su jectlng the sample to separate amplification reactions using
a pair of forward and reverse primers specific for the head re-
gion of each of said twe or more closely linked, homologous
genes and (b} a pair of forward and reverse primers specific for
25 the tail region of each of said two or more closely linked, ho-

mologous genes; and (ii) detecting and quantifying the amplifi-
cation products relative to a control product.
In one embodiment the amplification reactions are performed us-

ing RT-PCR, preferably in a single step, more preferably using

30 one or more fluorescence-based hybridisation probes.

In ancther embodiment, the control product is the amplification

product of a control sequence, preferably an endogenous control



25 pabl e of hybridizing to and anplifying a control sequence. Thus,
in a specific enbodi nent the present invention provides a kit for the
quantitative detection of deletions in the a-globin gene cluster to
al l ow for screening and diagnosis of thalassemia in an individual.
The kit may include in separate conpartnents 30 primer pairs
according to the invention capable of specifically hybridizing to and
anplifying the head and tail regions of the at and a2 genes and
optionakby,baPeg! | ed hybridisation probes for 9 detection and a
primer pair capable of hybridizing to and anpli- fying a control

sequence, YRS adKon ofet EeEEQ%OQBOeEED@h529899&5% %grﬁgﬁm%ate

further aspect the net hods of the Tnvention nay bé per-
usi ng (AFEede)ing ragthodhiert verpiesentfi myveyariadn cal mo-yproowhdes arithin

array f o] i.n I rRAi re_cl I
1 niced, ChomgPoqone aaneeiis i na e, PARS0at "FRils nokng SATELS - ear
Descy i pthenpoésehe Fngemiesorri glse deldimsqual mossionly ofv etiagmestingn aa

t and t,cl h t.he .ori gi nal | i cat
chr omosoiigy 1ot b, S5 PTIATE BRI R AErsAoBT Pndiit o bore=

gene clygsterypdB) and (C): unequal crossover events |leading to
del etional 15 e-thalassem a. Figure 3. Schenmatic presentation of the
cl assi cIdelcetel ospé ot fisc okmbheaimetthal adserpresand thevatdioal aprenides a

bet ween {%nt e and gepotype. Figure 4. Sel ected genotypes and _
Fatio PATVErRsIO50 EEPArFBdUPERE IR Bh SFERFIG v FoR & genels) in
10 carriers of a-thalassemia thereby determining the clinical rele-
vant classification of the o—thalassemias (Figures 2, 3). Thus,
the present invention provides an accurate screening method for

carriers of (deletional) a-thalassemia.

In a preferred embodiment, a method for accurate quantitative
15 detection of the o gene(s) in a biological sample comprises the

steps of:

(i) amplifying a first portion of the sample with a pair of

forward and reverse primers specific for the head region of «ol;

(i1) amplifying a second portion of the sample with a pair of

20 forward and reverse primers specific for the head region of o2;
(iii) amplifying a third portion of the sample with a pair of
forward and reverse primers specific for the tail region of «l;
(iv) amplifying a fourth portion of the sample with a pair of

forward and reverse primers specific for the tail region of o2;
25 and

{v) detecting and quantifying amplification products relative

to a control product.

In one embodiment the detecting step is performed using labelled

hybridisation probes.

30 In another embodiment, the control product is the amplification

product of an endogeneous control sequence, such as a housekeep-



The present invention was devel oped in response to a need for a
rapid, highly specific, and cost-effective nethod to genotype

i ndividuals carrying multiple, honologous genes linked to a he- 25
reditary di sease, such as spinal nuscular atrophy (SMA), diverse
mcrotriplications, a-thalassem a, and others. Unless otherw se
specified the terms used herein are defined according to the general
state of the art. 10 resulting anplification products are called
"anpl i f ihgdgpreduet 8" sequeanpl redasted AR Exanpdse ofo &l ddtieasiddn sukh
t he pol ynerase chain reaction (PCR), in which a sanple is contacted
wi th a pai thefPofémgonucl eotide primers under conditions that allow 5
for the hybridization of the priners to a nucleic acid tenplate in

t he sanphe.antitbepr iaapestar etlext pheleah unbevesuiarabp eoculad t bigonucleo-

the samphe e R ol Lobrmn
o anpl PRI The Thunies B danried 5r AT nerkEeru s CREC iR L8R aee

be repeat edin Thge psogiLsh i ©f gaid| difustalr 0R .eanthe ABaghatdcti£rl zadyihs
t echni ques known in the art such as el ectrophoresis, restriction
endonucPéaddec| ¥hvage (¥ t8PRS; SPFRoRddpeBErteohidR dMg%t P6n Hsigned

li gati oRes@dLAr cAUCKELENARLH BERAYENSINY. sEENBIcEXATIRS fad ind W1
anplification techniques include Quantitative Real -Time PCR Reverse

Transcr Epgases FOR tReaftl TRie &8 feweraed tazsmsieyt ask FORPOWstldd nu-
FOR; st L spl age mpl{.fication {;see e ,j_}_?ﬁ.ﬁﬁ; -
chain régggiﬁgﬁégrr%ﬁi ;Ii%(%;??lén ! seEg %@%%%8 e308 d%nge;}% frll i%g I gasleeo
chalth re&adesoronppleti eavi seqiiseec USpsc#Ri; 980, tbeupked khngas@il re-

or obe afBPTTi 2% 2P EalT o NERAT T CLeoiR  SPREPRELT oL PR (R 20°

PCR) asphsedldietei gens kadsedeon ashad deGRifeedodyarkknieaks 2Zoaemstshod Nor.

o Y RoBRE oL A ausLY, AL 1, P ASiCt o, ASETALET, UL M-
t enpl at ernuel eiie agbd piémslcdnds0 bagueiesd ah PR Blpta-glokhablgesie

bot h. detection and guantification_( absol ute n er..of copies or
ol B | vEVARbOht SBheROROF mal SER 08 BRALI hoti 26 S8 €1 GRaratence Based
nor mal i &iyRgi @esesiordfpilksRe Jdnipe i e qued s du it cBNAEgaNDI Bos Ref-er@nce
is also made to a general review of FOR techniques and to the

expl anatgr ¥e60§ef@ﬁth§£ dspded fHUgHdskeati anveht DDAV RN ABING kit for
Real - Time FOR Det ection” published by Perkin El mer Applied Biosystens
(1999) dATeETaRPr FHGEGHS FAYRdeAF ESPr 685 Mdw Yok, C10889°%s HIStY
as to desgLift hoRS184Men henes nabt 8110w 1o uadtddr GRf 10 WildyndsRE of
PCR is based on the detection of a fluorescent reporter (Lee, 1993,

Li vak, @p9synditHidnadi-gnahechidiigeFayi ncidasle ot dehaadey | FPERIdCents
PY OPOT { LAARLO %Q?FQWQHEBr&hECBQpEHQ”%véﬁ't?or{ cagtdon: &y secording 1y
the amount o uorescence em ssion at each cycle, it is possible
to noni hybrifezPGR teaendorrddifignexpbhehepdl aplageivhacgirhe fifr dihe
signifi a i he it C I _
it ol CRBURE QEEATSRr (ampl e Mohe 11 U ee s s oo g Y La
syst ensbEdte®ONAyRnpdi $atthin onrehehef ) datlcdyied iamd e prEmiesdPas tdee

i nvention, incl ude .for,.exanpl.e - bi ndi ng. or .i nter ati nts

(su%% agash’ﬁi 8#&?%?%%3212&21 t&%&@r me;E%af;ﬁ“}% aa%8%6?:§ eéé‘gaese on

Fl uor escence Resonance.Ener Tr,ansfer,. ( FRET). The, f .

foun] o SRRE s BuAtEEiar e, Yplbahhe L rhd Tl acd P dlon provides =
kit for the quantitative detection of deletions in the a-globin

gene cluster to allow for screening and diagnosis of thalassemia
in an individual. The kit may include in separate compartments
30 primer pairs according to the invention capable of specifically
hybridizing to and amplifying the head and tail regions of the

ol and o2 genes and optionally labelled hybridisation probes for



15 quantitate the anplicon production (including non-specific
anplification and priner-dimer conplex) by the use of a non-sequence
specific fluorescent intercalating agent, such as SYBRgreen |

et hidium brom de, or the |ike (see for exanple US 6,569, 627). 20FRET
technol ogy (see, for exanple, US 4,996, 143, US 5, 565,322, US
5,849,489, and US 6, 162,603) is based ®#n a concept that when a donor
fluorescent noiety and a correspondi ng acceptor fluorescent noiety
are poshttOetbiM 4t M ap Lok Aidh i $hRee0breAGHr NG BNETH ampli-
transfer takes place between the two 25 fluorescent noieties that can
be vi suéyizedaoconthel wesgueletect Bccharml or xpmpindn tat ethe F-udrescenfene
anal ysis_can be carried out using, for exanple, a photon counting

epifluo?%%%%ﬁﬁeh1croscope system (contai ning the appropriate dichroic

mrror and filters_ for monitaqring fluorescent _em ssion at the 30
particu %ry?%n%e%?rgyﬁﬁuﬁ%ﬁ$é§mﬁﬁ% Hﬁ%gﬁgFo | 1RSIy rﬂ%%fﬁﬁ per-
fl udr omep emed Exeiihat i (@icke)i Niidate energyths apsteentannkencasni edso-
out with an.%g on ion |aser, a hi%h intensity nmercury (Hg) arc |anp,

. (
a fiberPBPfteT i Yht 2E68Y c&CrodHP EPlﬁggHOlié°¥Pﬁ%ﬁﬂﬁt?a?%bh?nsBH?cér
approprihgi&l ¥y1bkbier ednkod, exenbdbiOns | fedde deshd edhs aRgenods Ysedhe
herein with respect to donor and correspondi ng acceptor fl uorescent
noi et i e¥¥¥Yr¥P5pondi ng" refers to an acceptor 5 fluorescent niety
havi ng an em ssion spectrumthat overlaps the excitation spectrum of
t he donor fluorescent noiety. The wavel ength maxi mum of the em ssion
spectrum of the acceptor fluorescent noiety should be at |east 100 nm
gr et erB¥1efh RareriRférengEnthaxFhas®% the excitation spectrum of the
donor 10, fluorescent noiety. Accordingly, efficient non-radiative
ener gy T+aNst &r- YRRAINELpFERGELAYt REPELRYSen? Phet AUIfT LohGadc CapB6RT

f | . . .. H
uoresg;e}corﬁa)lfﬁ;m&@g%@@ be eﬁ&a@fl%eﬁél Hﬂ?ﬁ@%?@@réﬁﬁ&nﬁ&@

ol i gonucl eotide via a |linker arm | eng each [inker armis

i mpor t aptguas 4 .he(d) keI IWMhaat E8€tod Ner dirsd anca okanbelweepithe
donor and acceptor fluorescent noieties.
ter; (B) and (C): unequal crossover events leading to deletional

15 a'~thalassemia.

Figure 3. Schematic presentation of the classic deletion forms

of the oa—-thalassemia and the correlation between phenotype and

genotype.

Figure 4. Selected genotypes and ratic patterns.
20

Detailed Description of the Invention

The present invention was developed in response to a need for a
rapid, highly specific, and cost-effective method to genotype
individuals carrying multiple, homologous genes linked to a he-
25 reditary disease, such as spinal muscular atrophy (SMA), diverse
microtriplications, o-thalassemia, and others. Unless otherwise
specified the terms used herein are defined according to the

general state of the art.

The term ,amplification™ or “to amplify” as used herein means to

30 increase the number of copies of a nucleic acid molecule. The



Fl uorescent donor and correspondi ng acceptor noieties are generally
chosen for (a) high efficiency Forster energy transfer; (b) a large
final Stokes shift (>100 nn); (c) shift of the emssion as far as
possible into the red portion of the 20 visible spectrum (>600 nn;
and (d) shift of the em ssion to a higher wavel ength than the Raman
wat er fluorescent emi ssion produced bylexcitation at the donor
excitation wavel engt h. Representati ve donor fluorescent noieties

t hat canebelUusey winphl¥acebusn apeepuoksf lamr esgbhtd ndiaepl é$ifad FREDI-
t echnol o Lnclude 25.flLuorgscein, Lucifer. Yellow. B:phycoerythrin

o “acri AThe! oBFhi GEPAAEPES- {ublt GFTRIFon Ve AT SeEe ahT o s, e BBy~
i sot hi omeyasat eisdin beswetZ ol - (dHcRyl,f ani @hachda Zadbré hyd aaBritorcded with
(4' -isothiocyanat ophenyl) - 4- net hyl counmari n, succi ni | 1-

by enebtt Jte Sho S OHERT Lo GRS 15T U0 otyaShr GORPT bLrRs pthat gglow
di swd fopbe eebdnypriyvatbvesn Sepiieseptpidie wecepivildid@scanplate
noi eti es, dependi ng upon the donor fluorescent noiety used, include,
LCh}Redl@4@PeLGﬁWﬁg§'7d§F3C?B}m%ﬁ%.GFeLF§§§ﬁﬂﬁ% under suitable condi-

rhodanm peBsyl f @0y & prddes it ranet nhedan-pBeanddaled, extended, and
i sot hi ocyanat e, r hodam nexi sot hi ocyanat e, eryt hrosi ne_i sot hi ocyanat e,

f I uor eséeprocth eyt @rmiidm idepanrhagePat 60pt ot dbrtithealutles pfacid.
LanthanTQES|ggéléecgn,bEUEQBéEHEdPrTﬂ@rﬁE&HQct[3¥“Hm§¥l¥f%%%ﬁpkokﬁn be

fl uorescent Ieties can be obtalined, for 5 exanple,” from Ml ecul ar
Proldes ¢hanetion Gd v Qresgin)i awe sSkgran Chentbal a0o. sydt .ad it avpho-

(o0, LEBRITYCFar biobes). “Hyare YIS o Soer o Ao A B Soee”

(Hei d etia¢, h§P96dizaicormporat eilgdidrer eamd oy refclreinceadial sd@iencing.

teachin f_hydrol ysis probgs), .nmol ecul ar. beacans (Whl anga, 20Q1;
Vet , 20%55E§WN%§? FSZO §; ﬁ%nf”g%ﬁﬁ;a {lééﬁé%'o s,tﬁﬁg%?qﬂes rclude
i ncor pogatedi tweriara daalr-afiete R, f Geviheker Treastr her0fe MIREC Heal -Time

beacons) and scorpion probes ha, 2001; | inas, 2001; Terry, 2002,
et poRETBEERoPERRSBy P A e - PGB oNERCFSy PhRaI P anAn grapcenent  ari-
_scolr pidOpEifi@&:‘g?nug:é@@F[;?e}S, 1al ,blla_ll)l$e(1i|@§shyghiaﬂ1h Zﬁé&(ﬂ%ﬁ(ﬂ{f)ﬁ@ﬂifica-
include a pair of two di rent oligonucleotides, one of them .

carryi Gl FHETS DBROR- S2he JoENEr SPRF L B8t dnoerh Shaan: TGP BBesm-
pref er apl yracueads (a4, oabh oncphpdedt 1 Whddd e dmd 20t Pan
5 nucl eotides of each other on the sanme strand bringing the .
respect {§8ef Plofe8eénd8hbi elPeEipHin siFdiiqremieRinslent tiF BGc R~
FRE Cap; Pc&MT (M6 et thin no more than 1, 2, 3, or 4 nucleotides
of each other). It is to be understood, however, that other

separ at ¢R0 dishanges) (Bird .pck 0N (RAOPERNUCLEQELEERY rdih &L AT RIne the
provided the fluorescent noieties are appropriately positioned
rel ati vBCRomehlepd othér mepps axagphed #PThawplihkierd &g SUeh Gapgously
FRET cap, 0 i . ﬁoéé' delheghl derPhd BLSh Qldgonicleaidrde o4 cn
pr obes ﬁguaf#fyyjhﬂ;%eﬁ%}% ar%%gl thjng terr%er%t ures,a’lan% t hea] engt’hwo ©
each prabe puspobtisudfe ctenth80afronnsegdericawrdpéei fivclhybr adidatirdrr
to .ccur _but, not so.long t fiodelity.Ls req%ced L ng nt.hesis.
Suc%ol {é%onﬂ%ﬁ eosttl‘%ﬁ(;:C p?gbe%?%'r e %@r‘?’ér aiLJFy T %5540,91%%#&%‘?% ‘JT:tle%S tagd
30 nucl gotnhdesi ¢atdengtds aldgblute number of copies or relative amount
when normalized to DNA input or additional normalizing genes) of
a specific seguence in a DNA sample. Reference is also made to a
general review of PCR techniques and to the explanastory note en-
30 titled "Quantitation of DNA/RNA Using Real-Time PCR Detection"
published by Perkin Elmer Applied Biosystems (1992) and to PCR
Protocols (Academic Press New York, 1889) as well as to descrip-

tions given hereinafter.



TagManTm probes to be used in the present invention are typically

si ngl e oligonucl eotides |onger than the priners of the invention
(20-30 bases long with a Tmvalue of 10 C higher) that contain a
fluorescent dye usually on the 5 base, and a quenching dye 5
typically on the 3 base. Wen irradiated, the excited fluorescent
dye transfers energy to the nearby querching dye nol ecule. Thus, only
upon replication of a tenplate to mhich a TagNanTn1probe i s bound,

and cle : e pr es 4t o] t

t he ratgl\ﬁ‘]?“?lf)jt 51&6‘1“2618551’5 %ccu a |on f&g % ugtcgq%ln 5 a
accord|ﬁ@u@r&$¢mntrnnaﬁant&r|s ﬂetectk&ﬁln/lnuwakorlmg95he iTcreeaségnal
fl uoresc nce of he repaorte Ta nTm ass uses unlversal

t her mal ﬁ § ng iﬁ%ﬁf Sf&r s°© ﬁndxi%ﬁsﬁégghtfgn i&ﬁﬁ%ﬁn BASPORbt ¥dults the
beaconSamawnalsﬂ ber useddiudr t he setbadsi@af. the weselihglihenwertinenof
Thes o contain fluorescent, (FAM TANMRA, TET, ROX) ﬂ guenchin
Yo (1§ bR REr TS AR o Sorb TheP= Bhd kRt on bt 30 PABSL BABA oo HAAGHE™

a hai r ptRe sbtHCtdbetWBh| @uiti8g ieRpSakHEiON bRabdE | NHetbethbugreseert g-
dye and the quencher in_ close proxi mt% for FRET to occur, while

anneal | RHEIFR e %P%W@%tl$oFHﬁtP8ﬁu6F 95 Eh8 PRECHSFr FORTSERERE UFE. the

Usi ng SeQipion MAhes JSokat-hertpregsidtd nvention, sequence-specific
pri m ng and PCR product detéction s achi eved usi ng a single

0|'90nU@ﬁ@OELQ@keQiﬁhéilﬂaﬂﬁﬁarﬁhgb%y@%bﬂ%aEB§ @Nﬁt%%th@@catlon to be
configuration in the unhybridised state, having a fluorophore 25

at tidthedmpboyse &n &l afﬁ@jtlaocéﬁjeﬁémtﬂi’@ nw‘é%vl@@up}@%ﬂ-‘%@ t hexr 3'exgpgle

The 3 I t t ence

conpl errgﬁ}tga}%%lg{gt héa&eeﬁgé%s%oln%ﬁﬁ%gu é}& t(%?q'gr %%eréégﬁéi Wﬁ‘bgoml%?%dgr

to its SEHRI é&r@mn LIporﬁnsiequezb@é @)@EedsponFﬂ-heI@b;ﬁl’mel ddseganseobyervy

a quor§§§§ . 30 The real-tinme PCR reaction can be carried
in a wde va |ety ‘of platforns including, but not linmted to ABI

7700 ( [ a i

N T L o T R oA T

Re§éarc@gaanﬂHKh(Eheaaagémeyn Grionaetdaoudnhciativg Detespeohf Bystmm

(Ther 2 ofoLarn- Gene 3 C{)néeCorbeI%t R se%rch Smartcgfl e on-
(Oephel%J}_,y ca w&%ﬁoo‘b“f or'ma §tr(a?a%en ). e t &Fis genoms'Q
‘genomi se@am’p:lee specg@i@:mfdulahsléscengemﬂﬂer;cz(lumlrﬁj Goatit() smehensakYBR-
may be used interchangea and .nmean the_nu ic acid | ecules in

o yant WG car| THAEAPE BRATREE! mite CBEr ddVGT HEFT ¢ A6Fe HEATRIS OO
i nf or mag ] ®L ce‘27t)he organi sm For nobst organi snms, a genone consists
primarily of chrono- 10 somal DNA, but it can al so incl ude pl asm ds,
M txachorrieT ate ENfOL ®RIE. (£08, SOOE @ﬁcgapn.snsussucb%s:LRNA UBI US6%5,322,
genone COI’]SI sts of RNA. As used Wi thin the present specification

genoni ¢ UPN 847 1l g edte Pr 61 T %0 Anids £a5€Re O Se CONSERY. tRgE when

“nucleig agbhor | $10BaBEcENA, RiAet9r ahher af el@iradspenpeaht i aRseptor
matter that 15 may include substitution of simlar noieties. For
exanpl ef Lirid e tadiie ny2 T cPoskt berass vhdtimra RBEtaBUNEiFRaIRR Bf
RNA, i ncl ygi ngy, , bt fEHeﬂdj“té%%ﬁé%erxaQ%&b@e ﬂ@%@'n%etuééﬁ'lthg Do
thynlne in RNA  hypoxanthi-ne, and so on. Nucl elc acids may al so
i noamdefbmﬁmntrrodmdﬂqectateﬁonstf@“t phlsgphdtee orlssJ@gazedm eti epthpgwise
whi ch ¢ t e e c 0,.en
dogr adadrrcrost SRS tahe TRERNS RBBLeodchy Rt e BTN IR L
be i solatted m$imgN|rf@alngamglsanpae phmmmdlycouﬂuangammpaﬁkuoaescent
bi ol ogical or a bloc_g a %ng term blcﬂé%g cg Sar c mlragr
used hePefP® 5 er¥?o™h s&MpIE %ngon i n?%r?ﬁﬁ el c %‘i:dr
genom camvht efi aterand fios Obﬁcﬁi:l’lﬁd:ﬂnl‘gom ﬂmaﬂe@a@mm cnrmﬁsrsdmncormonenhs

of an organ- m_ The sa ny b|oIo ica

Q. | |
gies"g’ue Egarer?lls @ RERER or aﬁ’ &PT, CBREF ?%b?r@’i ﬁ@llérwiswt g gr @

fluorometer. Excitation t¢ initiate energy transfer can be
carried out with an argen ion laser, a high intensity mercury

(Hg) arc lamp, a fiber optic 1light source, or other high



30 limted to, sputum cerebrospinal fluid, blood, blood fractions
such as serumincluding foetal serum(e.g., SFC) and plasma, bl ood
cells (e.g., white cells), tissue or fine needle biopsy sanples,
urine, peritoneal fluid, and pleural fluid, or cells 16 there from
Bi ol ogi cal sanples may al so include sections of tissues. A sanple
containing (or suspected to have) a géfom c content may be bi ol ogi cal
material or any material conprising biological material from which

nucl ei ciackAsi fRY1DgnPr epared apgrbpanaldised fioferlde fpialdtdatiate oandn
quantitative presence of particular nucleic acid sequences. Genonic
nucl ei ctBei depbfef i%A"9% be used in the nethods of the present
invention is preferably_ in isolated form i.e. subjected to sone

pr epar abPoHSBri BPTESN| HethsESSRAFENT RO AT ORDR ERETFIRRIVHINDfacceptor

non- nuck e}, 6-86k&h dehnd fo1d%s10 Wﬂre@%oﬁﬁ§ﬂ§ﬂs'9@fgﬁé ution of the s
or isolated nucleic acid material in water or an appropriate buffer

By @5puféﬂoé¢sc¢%%lmﬁ¥ﬁﬁy|h@ﬂﬂ@@e@@n@@uﬁélannEEP@iéw%cFQﬁRe?i?rlaps the
recombi ege& +9f i Gh ONEMe aﬁﬂ ethe RNALASO! 3 BisordH8E PAUMMRES.  The

ol i gonucl eotides, and chem c y synthesized anal ogs) is neant “one
whi ch | ¥atslsudysh amanxamw separtdeedenr o @t hepeceitm| &t cohporrgnaptor

and ”O”EEH§rSé(€e§€' 989%:%110%&‘3% ”%tt“rféél%t afrfdml%ﬁm ré%EQrmﬂﬁEﬁi Ghe
acid. T ermmay al'so race suspension/dilution of the pure or
i soI at edanatéegth acna:kwramler pal the waatxe:ltatlan gy apIurat efbutfhi@r doZn@n:

two or nore.close nke ou enes" r.efers
ruitd ol BpebRaf el VEPLF LT o p Rkl Ry SR BT PO S B oo
two honelafgesisr geaas kay epredwatead byeealpeiaseaamn 'ﬁ&ﬁtdbﬂor aRadr acceptor
exanple_ with respect ,to, a-thal ass at enes rep esent
the "t ahUERTPEERt BPASCEF® GR™ 1 o aPiyT| Foweieo SRR ot Fe HishR
" genot ypeigbher Soitud heigenet i gkonstn t L[ffﬂe!)rﬂ.@fgt&hn ai -eegnalnllsmkehzbra&m
speC|f|caIIy, t he tern1refers to the identity of alleles present in

an i ndi ¥# dubeor @i Hot yngther HitkSHdi ¢rdtal bl a 2B58&Csanphe rEihance

to 1516%19%%@@19 the 3y end BckepiBr 0f1 30 JuiEdRotbdetbases, of the
two al |l el es possessed by an individual at a known pol ynorphic site.

The terpyngbésbent i sqyses henei ncberégbeiaty diddenpntr velsie@nesof e
nucl eoti de sequence. The term"w ld type" or_ "wt" as used herein

refers genehelhor nghoser néar @) High efficiency FoOrster energy
transfer; {(b) a large final Stokes shift (>100 nm); (c) shift of

the emission as far as possible into the red portion of the
20 visible spectrum (>600 nm}); and (d} shift of the emission to a
higher wavelength than the Raman water fluorescent emission

produced by excitation at the donor excitation wavelength.

Representative donor fluorescent moieties that can be used with
various acceptor fluorescent moieties in FRET technology include
25 fluorescein, Lucifer Yellow, B-phycocerythrin, 8-
acridineisothiocyanate, Lucifer Yellow VS, 4-acetamido—-4'-
isothio-cyanatostilbene-2,2'-disulfonic acid, 7-diethylamino-3-
(4'-isothiocyanatophenyl)-4-methylcoumari n, succinimdyl 1-
pyrenebutyrate, and 4-acetamido-4'-isothiocyanatostilbene-2,2'-
30 disulfonic acid derivatives. Representative acceptor fluorescent
moieties, depending upon the donor fluorescent moiety used,
include LC™-Red 640, LC™-Red 705, Cy5, Cyb.5, Lissamine

rhodamine B sulfonyl chloride, tetramethyl rhodamine



nmut ated, or functional formof a gene carrying no nutations. A
nmutation affecting only one allele is called "heterozygous". A
"honozygous" mutation is the presence of the identical mutation on
both alleles of a specific gene. Wien both alleles of a gene 5 harbor
mut ati ons, but the nutations are different, these nuta- tions are
cal l ed "conpound heterozygous". Thus wigth respect to a-thal assem a,
an individual having (i) all four intact alleles is referred to as

(aal@ayioddddatane of .f mlla}lé el ‘Js? de%@&@ﬁlél%/;{n% %BL?da%%\ﬁlerSlne

heterozygote a+t-t a assem a u i
deletedls@th£¢@wam&tam)é@quQ$n§lﬂunﬂmg@ﬁﬁkanﬁtrlamahas@emtaaéeaata)or

or  net eLpaYgOLE. Azt hal sfSﬁgmhénl%eaﬁ%e?né 1 %E}Lte Lttt B LSS o)

deleted Is referred as conpoun SsSe
(--17- a)Doa@d @w&ia¢¢cémnmraELebeescEntImbedtiSSreEarnﬁﬁ tbtasned, for

ho got e t halLasseqm --/--). 15 The term "oligonucl eotjde" as

Lot hoP TSI of SR VRTehRT A% BraBRs, IHOCHIvROREFY1 1 G5RaNt s oF o Tem
detectedhammbax;ckﬁimﬁﬂ asuaspobecul e conprised of two or nore
deoxyri bonucl eoti des, preferably nore than three. Its exact size

dependsposbyar i Gtsdaact ens | RRETAI ngedhi gl matgciwiet | ofbor wsemele
the ollgonuggeo- 20 tide and W Il be defined separately. The term
"priner 1ddd Fer RTPOG%f ef 2 90 A sHHTGY kgl @m9hEhded hydrolysis

oli gonuﬁk&%é de,£Rpall %anMaWWbefréé‘g h9i@ coMhemaRigyry :L%%%‘fg%(ﬁ%tba

a DNA sanple. A prinmer serves as an |n|t|at|on poi nt” fol te
depiéhdelné r&NA synramrmcmrimmmmw Z@dxaﬂyiaasj @lrnedsu Q @o-

pri mer ner P of

o mer P e Bt " onar Fnrci g “BravEpe: PRART oFan:
f or war d2¢n®4 mevet hat May:lmasdl zas}sw hmcbhgo@aﬂ@&erreﬁél@f bihee$erende offor
t he thk uence to be ﬁfﬁ i d and a 3' downstream.or reverse

primer thHat® nyB? T s wi fhte AGGHRE ) of2Th e IR 188 RERLEST d SBB
anpl i fi2gh1;Theol &ida," PER pr lT@fry,aszmd NRIRIPBreeber fekif Byl FRFer-
used for a PCR reactlon 18 The term ,control sequence" as used

her’el n FReSfhstor d‘é‘x@é Olteﬁﬁhlng of scorpions).

Oligonucleotides to be used as hybridization probes include a
pair of two different oligonuclectides, one of them carrying a
FRET Donor, the other FRET acceptor. This pair of probes
preferably anneals to an amplification preduct within no more

20 than 5 nucleotides of each other on the same strand bringing the
respective fluorescent moieties into sufficient proximity such
that FRET can c¢ccur {e.g., within no mere than 1, 2, 3, or 4
nucleotides of each other). It is to be understood, however,
that other separation distances (e.g., 6 or more nucleotides)

25 are possible provided the fluorescent moieties arxe appropriately
positioned relative to each other (for example, with a linker
arm) such that FRET can occur. As with oligonucleotide primers,
oligonucleotide probes usually have similar melting
temperatures, and the length of each probe must be sufficient

30 for sequence-specific hybridization to occur but not so long
that fidelity is reduced during synthesis. Such oligonucleotide
probes are generally 10 to 40, preferably 15 to 30 nucleotides
in length.



cleic acid sequence at a consistent expression |evel which is

i ncluded as an internal control or standard sequence to ensure that
the anplification has progressed, giving rise to an anpli- 5 fied
product, herein also termed "control fragment” or "control product™
It is designed such that it nay be anplified by the sane or different
priners, preferably different prinersl4as those used to anplify the
target DNA sequence. The size of the anplified control fragnent may

be the sageaQ™ di-bhbesent £o ag@a Ae the skatgehvONA s quence,p\iian v

t he product obtained is ana- ysed for "exanpl e using fluorescence,
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mate- rial. Preferred endogenous control sequences are for exanple 2,
houseke®ping g@ﬁ@quﬂﬂﬂﬁ%9¥9Q%R%%%ﬂ¢@ aségmpbptaotRaliiiat on daeMen

their stable expression_ Igvghs glgfcgﬁéh%¥£§0bl#gg§§§gg% l.ng .genes _

are V\B|¥D %novvn anaun el uae SUC nes as p I hogen eam nase,
hypoxant@dnepmbpspbbombbsybtWQQS{ate of probe cleavage) . Accumulation

10 of PCR products according to the invention is detected by meni-
toring the increase in fluorescence of the reporter dye. TaqManTM
assay uses universal thermal cycling parameters and PCR reaction

conditions.

Molecular beacons may also be used in the methods of the present
15 invention. These alsc contain fluorescent (FAM, TAMRA, TET, RCX)
and quenching dyes (typically DABCYL) at either end but they are
designed to adopt a hairpin structure while free in solution to
bring the fluorescent dye and the quencher in close proximity
for FRET to occur, while annealing while prevent formation of

20 the the hairpin structure.

Using Scorpion probes for the present invention, sequence-
specific priming and PCR product detection is achieved using a
single oligonucleotide. The Scorpion probe maintains a stem-loop
configuration in the unhybridised state, having a £luorophore
25 attached to the 5" end and a quenching molety coupled to the 3'
end. The 3' portion of the stem also contains a sequence that is
complementary to the extension product of the primer and which
binds to its complement upon sequence extension thereby allowing

to observe a fluorescence signal.

30 The zreal-time PCR reaction can be carried out in a wide variety
of platforms including, but not limited to ABI 7700 (ABIL), the
LightCycler (Roche Diagnostics), iCycler (RioRad), DNA Engine



gerase, 8-am nol evul i nat e-synt hase, P2-m crogl obulin, albumn, p- 25
actin, glucose-6-phosphate dehydrogenase and the |ike. Such a control
sequence or housekeepi ng gene may be determ ned using standard
protocols (e.g. Lightcycler(r) h-Housekeeping gene selec- tion set
(Roche)). Alternatively a sequence specific for the gene to be
detected nmay be used as an endogenousigontrol 30 sequence, such as
the f3-gene sequence in the case of diagnosis of the a-genes of
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sequencCghich can be introduced to improve stability, resistance to en-

zymatic degradation, or some other useful property. The genomic
material may be isolated from wvirtually any sample, usually, the

sample 1s a biological or a bilochemical sample.

The term “biological sample,” as used herein, refers to a sample
25 containing nucleic acid, i.e. genomic material, and is obtained
from an organism or from components (e.g., cells} of an organ-
ism. The sample may be of any biological tissue or fluid (human
or animel), preferably the sample will be a “clinical sample”
derived from an dindividual. Such samples include, but are not
30 limited to, sputum, cerebrospinal fluid, blood, blood fractions
such as serum including foetal serum {e.g., SFC) and plasma,
blood cells (e.g., white cells), tissue or £fine needle biopsy

samples, urine, peritoneal fluid, and pleural fluid, or cells



The term "stringent conditions" as used herein refers to the washing
conditions used in a hybridization protocol and neans hybri di zati on
wll occur only if there is at |east 95% and pref- 20 erably at

| east 97% i dentity between the sequences. In general, the washing
conditions should be a conbination of tenperature and sal t
concentration chosen so that the denatifration tenperature is

approxi mately 5-20 C below the calculated Tm (the nelt- 5 ing
tenperaﬁ@eé6aﬁrmmicﬁihbmgi@ﬁlt$Empﬁﬁsamﬂye$ldbssociade $eonidheiof tis—
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on filters.,are hybridized to t robe 10, or protein codi ng nucleic
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strifgengbegsedh€otmidfe SHEAL ith tdlieg iHiC] QOirtde a¢aReb reskinat &F Bar-
all ow n for each A or T nucleotide, and 4 C. for each G or C.
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those obeskkkh LA the ﬁéth&&@eefethéipré@@nQC&h@énngH'ﬂQ ferably in
Laboratory Manual, 3rd ed. , Sanbrook et al. eds. , %prln
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Hyb ridization: Essenti al t echni ques, Ross ed ey,
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In fbprgﬂﬁrﬁgﬁkf”?i§“é%%ﬁfa€%d from other cellular components and non-
nucleic acid debris, which naturally accompany such nucleic
acid. The term may alsc embrace suspension/dilution of the pure
or isolated nucleic &acid material in water or an appropriate

buffer,

20 The term “two or more closely linked, homologous genes” refers
to multiple repeat clusters of genes, wherein multiple, i.e. at

least two homologous genes are related by expression pattern.

For example, with respect to oa-thalassemia the al-, wa2- genes
represent the “tandem repeat cluster” or “two closely linked

25 genes” .

The term "genctype" refers fto the genetic constitution of an or-
gaenism. More specifically, the term refers to the identity of
alleles present in an individual. "Genotyping" cf an individual
or & DNA sample refers to identifying the nature, in terms of
30 nucleotide bases, of the two alleles possessed by an individual
at a known polymorphic site. The term "allele" is used herein to
refer to different versions of a nucleotide sequence. The term

"wild type” or "wt" as used herein refers to the normal, or non-



del etion or duplication involves a segnent of four or nore nu-
cleotides. Wth respect to a-thal assema, a deletion can renove 30
part or all of the al-, the a2-gene or part or all of both of them
(al/a2). 21 The term "specific" as used herein in reference to an

ol i gonucl eotide prinmer nmeans that the hybridization sequence of the
primer has at |east 10 bases of sequerge identity with a portion of

t he nucleic acid to be anplified when the oligonucleotide and 5 the
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end of
point for template dependent DNA synthesis. Deoxyribonucleotides

25 «can be jeoined to a primer by a DNA polymerase. A “pair of prim-
ers”, "primer pair" or "primer set" refers to a set of primers
including a 5'-upstream or forward primer that hybridizes with
the complement of the 5' end of the DNA sequence to be amplified
and a 3' downstream or reverse primer that hybridizes with the

30 3' end of the DNA sequence to be amplified. The term "PCR
primer"” as used herein refers to a primer used for a PCR reac-

tion.



the latter case the ends of the head and tail regions (i.e. the 15 3
end of the head region and the 5° end of the tail region) ei- ther
(i) are separated by a gap or (ii) adjoin each other or (iii) are
overl appi ng each other. Mre specifically, in one em bodinent the
nucl ei c acid sequences specific for head and/or tail regions nay be
specific for a region (i) flanking antdsover- 20 |apping with the
respective end of the gene, or (ii) only flank- ing the respective

end of the gene, ,,95n££é1)s@@&é/ncﬁléﬁeré§p@éé@ néid it hged@SpECchENe eRdnaf
the gene or (iv) conbinations thereof. The |ength of the head and

tail re@lwf@m@néegéﬁéceea@ 3 heonslyjed, PXPESHIICA | 12 &0nf Yikeh by s
the nelgﬁ?ﬂﬂm&pg 25,8en¢ e?n?lDNgﬁtﬁglgggestéﬁﬁQEQ'QQqEQnE@eto ensure

conventi1on, S|ng e stran RNA sequences are witten in 5
to 3' dilzcttlon. aﬂmhsfxwaﬂﬂfﬁeﬁpﬁttpnqgnaﬂ§edvgB@Hﬂﬁggéhég tphénhaggli-

?Eg EBal Jgjer‘ﬁgl ons %](_;el réf§o Qﬂﬁe uéo%octfoqesh]a%g%nt Q167099 .0f

regi on about nucl eoti des 30167099 to
170335 p:fodhhﬂ:'& B‘eqmencd@s(iigned tsauch ridgiton)t afiay hiee aamgl bbi¢d gere the

et e, T80, SR Aecgatonaty ARO0GAEE Mehems (he.
162875 @Eoé@euﬁedseauampelfy eheheadgee- DNR3sgiomhcandTabosize of the
nucl eOt;Igglsif1i6e2d87(:501'Etoro]166t6r7a9gm%fr1tt r1!n%1y be > lée s%me or different Lo that
10 of the target DNA sequence. When the product obtained 1s ana-
lysed, for example using fluorescence, the amplified control
fragment may be the same or different to that of the target DNA
sequence. When the product cbtained is analysed, for example us-

ing gel electrophoresis, the amplified control fragment is pref-

15 erably different, such that a separate band is produced on the
gel {(indicating that the amplification reaction has progressed).

The control sequence is preferably an endogeneous control se-

quence and is present in a known amount in the starting mate-

rial. Preferred endogenous control sequences are for example

20 housekeeping genes which are typically used for normalization
due to their stable expression levels in all cell types.

Housekeeping genes are well known and include such genes as
phorphobilinogen deaminase, hypoxanthine phosphecribosyltrans-
gerase, S-aminclevulinate-synthase, B2-microglobulin, albumin, B-
25 actin, glucose-6-phosphate dehydrogenase and the like. Such a
control sequence or housekeeping gene may be determined using
standard protocols (e.g. Lightcycler® h-Housekeeping gene selec-
tion set (Roche}). Alternatively a sequence specific for the
gene to be detected may be used as an endogenous control

30 sequence, such as the P-gene sequence in the case of diagnosis of

the a-genes of thalassemia. The target and the control sequence
may be amplified in separate RT-PCR reactions. Alternatively,

the control sequence is amplified together with the target se-



(i.e. tail region) of the a-globin gene cluster as identified in
GenBank Accession No. AE006462. In view of the above it is clear,
that the prinmers nmay have 5 various different | engths, and that the
exact location of the stretch of contiguous nucl eotides to which the
primer is hybrid- izing, can vary. Yet, it is inmportant that the
sequences to which the forward and revgrse prinmers of each priner
pair (for each of the closely |inked, honol ogous genes) anneal are
ossover
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such t hAP*e heht iGRsr geaitrrolloeagBenaes iy g Mselgi on of the first
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honol ogous genes rep-

10 acid (RNA, DNA, cDNA) according to standard Watson/Crick pairing
rules. Certain bases not commonly found in natural nucleic acids
may be included in the nucleic acids described herein; these in-
clude, for example, inosine, 7-deazaguanine, Locked Nucleic Ac-
ids (LNA), and Peptide Nucleic Acids (PNA). Complementary need

15 not be perfect; stable duplexes may contain mismatched base
pairs, degenerative, ox unmatched bases. Those skilled in the
art of nucleic acid technology can determine duplex stability
empirically considering a number of variables including, for ex-
ample, the length of the oligonuclectide, base composition and

20 sequence of the oligonucleotide, ilonic strength and incidence of

mismatched base pairs.

The term “substantially complementary” as used herein means that
two sedquences hybridize under stringent hybridization condi-
tions. The skilled artisan will understand that substantially
25 complementary sequences need not hybridize along their entire
length. In particular, substantially complementary sequences
comprise a contiguous sequence of bases that do not hybridize to
a target sequence, positioned 3' or 5' to a contiguous seqguence
of bases that hybridize under stringent hybridization conditions

30 to a target sequence.

The term "stringent conditions" as used herein refers to the
washing conditions used in a hybridization protocol and means

hybridization will occur only if there is at least 95% and pref-



25 resent the al and a2 gene of a-thalassem a, the a2 head anplicon
is the anplicon upstreamof the first gene of these two highly

honol ogous genes, the a2 tail anplicon is downstreamof the first
gene of these two highly honol ogous genes, the al head am

plicon is upstreamand the al tail anplicon is downstream of the 30
second gene of these two highly honol ggous genes. 24 distal ends of
two prinmer-binding sites. For use in the present invention the
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| i nked, Lhbopd ogowsMgenss, 3tk et hodSadnmprdkses: tdle sidsps ,ofCold )Spring

of T or viF P Eha FRUBFES Br | REFE spelH c Thr FREROLH o olrRRTsr D 2o
first oprsatd, t @boedosel §arhd nkets. homnifogdudngeaesity Press, 1996; Nu-
cleic Acid Hybridization: Essential techniques, Ross ed. Wiley,

20 1998). An example of stringent wash conditions may be 4 x SSC
{standard Saline Citrate) at 65 °C. Highly stringent wash condi-

tions include, for example, 0.2 x SSC at 65 °C. The term “dele-

tion” as used herein encompasses a mutation that removes one or

more nucleotides from a nucleic acid. Conversely, the term “du-

25 plication” refers to a mutation that inserts one or more nucleo-
tides of identical sequence (for the most part) directly next to

this sequence in a nucleic acid. In a preferred enmbodiment, a

deletion or duplication involves a segment of four or more nu-
cleotides. With respect to oa-thalassemia, a deletlon can remove
30 part or all of the al-, the a2-gene or part or all of both of

them {ol/a2).



(ii) subjecting the sanple to a second anplification reaction using a
pair of forward and reverse priners specific for the tail region of
said first of said two closely |inked, honol o- 10gous genes, (iili)
subj ecting the sanple to a third anplification reaction using a pair
of forward and reverse priners specific for the head region of a
second of said two closely linked, hongl ogous genes, 15(iv)
subjecting the sanple to a second anplification reaction us- ing a

2 A S VR Bl 0

sai d second of 'sai @ Cwo ¢l 0§
det ect i afjeanpdié f ipedivea@n ne0ductiadbttdienedyb i dilva tieactdofitereie 205t eps

(i) to (iv nd optionally antifyi said anplifica- tiqQn products
el at tveEThes e Fol Lot Baie s Srarpaat enBoiat Hant tife 4 Bortion
anpl i fieattha heatéiOnscuseth itk thgnEtikadsntar tHet eCidOuandtide and
guantitation of a genetic polinnr- 25_phismoccurring within two or
mor & cl B8I HUFt fked2chEndF 8gBhsIpefestt nobl demflectdde eadrped that is
usi ng PEReteehwi auesSa RIeferablatidsiing &b ReRt Prgfrialing Usidi@priate
(FRET) hybridization probes or hydrolysis probes. Thus in one

speci fi BYlerbdR aien @acth g faeadisaonsact $ opapdblacdiudierecifically
cont act i tih - it Qfy, f p

or the Tesbact Ton por tran Thead oty a1y of B e entt (ae uoehT B2y
her ei nabovelanivl plrlat e tive ziagpdot | ared aamptliifiydagi omcprdduetcidanahiph
a {r i dEzat i 0 eqgific_f ective

aer 11 95810 pF ot SEt LU e 85, LOSR TR fldnt Sy ave pre-
typi cal fgriabedmdl im¢hude donokedst | VT esteriteamti S5, and desetonlds, at

b h ir_is |abeled._w ' . .
Pl lor ootBHE by i3 FRE mBC AR FOFL HET 19PAG0s DBRBEtTho daRsicY-

presencg or,absence. of .FRET between the nor, fluaoresgent noiety of .
the firSte probe aﬁﬁb¥h%l%%ce%¥ors??fﬁéaﬁéi t Wﬁﬁrégﬁsz fie "SE oﬁ&reln
probe. ddeeyy esencepndcdds MRERd S wousvabl gheh € atidleief ddid strands

presence of anplificati product in the sanple, while the absence of
PRET | SRRl [9) PRl CHioFe D194 e BRSO YA FOERE! GRRoRaE
in the wampl®lzA iesnatdreel eyaishngke ByBrigigadi QL pr eakadustdaedyith
havi ng on one of its ends a donor fluorescent npiety and on the 15

ot her eePRfT Lt PV F4i0T e@ELRL MPBREEY®S 4 nPARGERRY 1 \spBct 00t pacleo~

presenttiduent hon pig@wl, deso@ BeEEHEAEly 10-50 nucleotides in length,
most preferably 10-30 nucleotides in length. Nucleic acid hy-

20 bridization techniques are well known in the art. See, e.g.,
Sambrook, et al., 1989, Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Press, Plainview, N.Y. Those
skilled in the art understand how to estimate and adjust the
stringency of hybridization conditions such that sequences hav-

25 ing at least a desired level of complementary will stably hy-
bridize, while those having lower complementary will not. For
examples of hybridization conditions and parameters, see, e.g.,
Sambrook, et al., 1889, Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Press, Plainview, N.Y.;

30 Ausubel, F. M. et al. 19924, Current Protocols in Moclecular Biol-

ogy. John Wiley & Sons, Secaucus, N.J.

The term "homologous" with reference to nucleilc acid sequences

indicates that two or more seguences share a majority of their



screening nethod for carriers of a genetic polynorphismwthin two or
nore closely |inked, honol ogous genes in a sanple using a 20 net hod
according to the invention. Thus the present invention also relates
to a method of diagnosing an individual by identifying his or her
genotype. For exanple, in one specific enbodi nent the present

i nvention provides herein nmethods for 2detection and quantitation of a
ge- 25 netic pol ynorphismoccurring within the thal assem a genes al

and a2 Lh.ReR20P! Bendsi NGy, ! ey aPOYEe1 RT1HRCR ¢ ecdiiquaseut Nesebys their
determining the clinical relevant classification of the athal assem as

(Fi gur es8yueThrsand herpfesdnty i divehtdvh 3% obrohedessegiaiceur dinether
screeni g od f ' f _(delet.i - .as§enia.; £ 34,
R e W i i P e it
det ect i bpbofdihe o gene(sIme mueclsclicg cakusanpl encdenpsisieyariie srelis
of : (i) _anplifying a firs rtion_of _the I it naj_r_,of -
5f or ralgﬁﬁ ﬁé%%fsS'%ffn%?gggé%%i??caﬁbf @ﬁggﬁgga r%ﬂﬁ%ﬁﬁ%fam%aaﬁﬁ%
anmpl i f ytbagyamseaabd poldi eprofigt Herlsanplebad oy pataldofsfmimearth dored:,
reverse primer ecific,for the head.region of a2, 10(ili.i
Lo | Ty NRg: o FIEH poPtERIBEE | eGP oW 1 a AUPRGP FEPSRIT andnd
rever seypl i NBs Sasprciditc ihogitthertat| cf egintafkeal.; (iv) anplifying a
fourth portion of the sanple with a pair of forward and reverse
pri mer stepeekting FREadiheahdl Praeyt oas ofisddaReraind (&)g .detrecddnig reatd on
quantifylEﬁEggplification,products relative to a control product., In
e

onet&nbBd tREMCORBFBP Pt 0BEERT i §° aRuehRyfe ciRIVED P02t Sither
product gy efiepabky the 3P- gane anmidfdaatd Qenpr oduet helBusindt ARi20 re-
met hod of the invention may include a pair of forward and re- verse

pri mersgspeei Mp¥ PéEhenebe- §Lapking i DAVina10 e dPalidiofthe respec—

speci fical, Ly bybridi gh oo ARl ithyl NgspeSegHenssy A s thes Rrene. In
gl obin gene as i1dentifled by nBank Accession No. U01317. In

the latter case the ends of the head and tail regions (i.e. the

15 3’ end of the head region and the 5’ end of the tail region) ei-
ther (i) are separated by a gap oxr (ii} adjoin each other or
(iii) are overlapping each other. More specifically, in one em-
bodiment the nucleic acid sequences specific for head and/or
tail regions may be specific for a region (i) flanking and over-

20 lapping with the respective end of the gene, or (ii) only flank-
ing the respective end of the gene, or (iii) only overlapping
with the respective end of the gene or (iv) combinations
thereof. The length of the head and tail region for one gene,

e.g. the al-gene, is typically confined by the neighbouring

25 gene, e.g. the o2-gene. According to the convention, single
strands of DNA and RNA sequences are written in 5' to 3'
direction. Thus with respect to the a-globin genes, the head and
tail regions of ol comprise about nucleotides 163708 to 167099

of the 5'-sequence (i.e. head region) and about nucleotides

30 167099 to 170335 of the 3'-sequence (i.e. taill region) of the a-
globin gene cluster as identified in GenBank Accession No.
AEQ06462. Whereas the head and tail regions of o2 comprise about
nucleotides 158640 to 162875 of the 5'-sequence (i.e. head re-



one enbodi ment the pair of forward and reverse priners specific 25
for the P-globin are included in each anplification reaction (i) to
(iv), in another enbodi nent a separate RT-PCR reaction is perforned
using the forward and reverse primers specific for the p-globin. In
anot her enbodi nent, the head and tail regions of al, which 30 are
defined as the 5'- and the 3'-term nahsregions of al, re- spectively,
preferably correspond to about nucl eotides 163708 to 28 nucl eoti des

167099 Qlodl1eagy 3gYENSELloEradieatroml a0 apdo AbQYL nholeglides

167099 ¥6°huctéot des Sequerice (i.e.” tail Te

the a-ghkobin geme APl o the s g1e80hi HERE EDufENBAK AELGRIFIGA in
No. AE006462. In another em 5 bodinent, the head and tail regions of
a2, whieanRank defqassd oas NeheAB0064Hd- t he 3' -terninal regions of a2,
respectively, preferably correspond to about nucl eotides 158640 to
nucl eot fdley1eB2875 bhet hEose- sdqubPcelepre. thasd Theyi pRnerad nay aboue

nucleot | des J@%Zﬁféfeﬁ#mgsf?&{%? %ﬁﬁﬁl%a@_f dHle Sadeaeass dd - 8¢ 1fe
tail regloﬁg of the a-globin"gene cluster, e.g. as Identified in

CGenBanks feelessi oh NotiAEGUG462cleptadésr thevhiesibddiaraminere igethedbriidg.
step is;perfor | a{_Jeast o I, hybri di.zati e, Ln
a prefe%?%ﬂ bngggi?ﬁi ﬁt,§%£ba?% oggp%oggnggkuég % dﬁ%?e?%qégﬁgé%t%o
probe helsich | Bhe 15obesrat antls rdveend anilmarsecdHndaphobeinas palabdfor

at its 5 -end. I.n anot her enbodi nrent one probe is .bein sed havin
abel SR AT T FIoRRI Y (taeds Goma SaBn enek ) énital; Busd hrated
SEQd D d}d;): eﬁtaﬁg Jéléj‘elizfo¥hehbgq:?hﬁ’tﬁgilﬂgrofp@itib?: aaszm &Zgéﬁévéhgegght
reglono al , an r e e eqgl on .o acz, ahn n

ool On ot aeindef fald” e fOst N L e drisiateion athae: 1EBRE flve
105 Do/ BEeS, Hoe EROSABULE | Gelbiviibian B0P (SOMrlaY Nhén | RELInths
provi deRTFRRT s Radiss o ToF, gBRBLE B Fateent o Afe BEABIRLE pridter 3925t hEWO)

net hodsc 2o aGL0hdh BELL PiAde geR¥ENt ikh THYSay | BoAsi8Es el SPRST birmer
enbodi ment the pairs of forward and reverse priners specific for the
hedd oPaizg | feegearls of Bhghclosely linked, homologous genes: a first

primer pair located upstream of the estimated breakpeoint due to
the crossing-over on the first targeted gene (head regicn) and a
second primer palr located downstream of the breakpeoint on the
first targeted gene (tail region), with the proviso that the
20 primer locations are chosen such that the primer pair located at
the tail region of the first gene is not overlapping with the
primer pair located at the head region of the second gene of
said multiple closely linked, homologous genes. For example, in
the case where the multiple closely linked homelogous genes rep-
25 resent the al and a2 gene of ca-thalassemia, the a2 head amplicon

is the amplicon upstream of the first gene of these two highly
homologous genes, the a2 tall amplicon 1is downstream of the
first gene of these two highly homologous genes, the al head am-
plicon 1s upstream and the ol tail amplicon is downstream of the

30 second gene of these two highly homologous genes.

As used herein, the term "amplicon" refers to a polynucleotide

sequence amplified within a target sequence, and defined by the



of al and a2 are each a nucleic acid sequence between 10 and about
100 nucl eoti des, preferably 10 and about 50 nucl eotides, 30 nore
preferably about 10 and 30 nucl eoti des, nost preferably be- tween 14
and 22 nucl eotides in length. Such oligonucl eotides or 29 PCR primer
pairs may be derived fromthe known sequence of the a-gl obin gene
cluster set forth in GenBank Accessior24No. AE006462 by using conputer
prograns i ntended for that purpose such as LightCycler Probe Design

Sof t war 18t 91 ( Bﬁegeoﬁpekbeg&m@ﬂeﬂ&@mﬁ@ﬂ%@ FYOSIdLS OB present
Mannhei m Germany) or Primer (Version O 1991, Whitehead

| nsti t utBVEBFIER ofBaI CHIPIRCSBES cﬂenec;a?ﬁae'fﬂi de, gIMA) verigny erHEer pairs

progranhggdbgrgh@f&éﬂgqh;Hgfgggggglt|on and length such that they are
capabl e of hybridizing under high and/or very high stringency

condi ti QQSuEthﬁgkélﬁ are1 0. get Si e hlhkew $est Q?s@iﬁ%ﬁ%cﬁ%ﬂcﬂe%he

or PCR priner pairs for the control gene sequence of choice
P- globi regenéopegakhrelinkag” bestet i vadierotrt ﬁeekmmtsequ:ena@wflcal

t he P- t k 7.
€ ghggkg%gengﬁzeioéfr ? foggﬁg§an égcesgfo rlnerégg c01 Eaefe%

one enbo alr o ward and reverse speci
for thegheaﬁlewmﬂyaiinkeglmﬁ ¢meahxﬁum¢nmaelannd¢quenag|@e&eqaen¢@em

speC|f|c f r ab t nu eot i 16370 to nu Ieo tldes 167099 of the
5'-sequencg' %$ rgb“%ﬁ§ andd §e out Pucfed |8é§ 16576595t &8
nucl eot Theg 13@835;abgkbesave$equmnme (u;ekeﬁalhfregﬂﬂm) odcdit® nation

- gl obi | ust t f by, GenB A
AE00B4657 2SI Ghot het> Cnci oo Fnd e FoOFE 1 oF bar oA 1By dFsd o2

primersaspeetétmwided drhes hﬂadglam%et@sllsrmgponrmé B2rfOMPro S A linked”
nucl ei ¢ aci d sequence s CIfIC for about nucl eoti des, 158640 to

nucl eot PE28S 1628755 % ¢ ¢ 1Q5quériCe YPIEa L heatt Heyt ol enfimpraans

about nwéMﬁoéfd@§cH68@H%%t(Tﬁﬁi nucl aglel das 1666492 0Ld tfhehak 1S AURRGE 5
(i.e. tail region) of the a- globln gene cluster as identified by

GEnBanku%é%ég%lOFPQQ?b%NEGGGﬂ62§urlng meiosis h each other at a

15 frequency of less than or equal tec about 10%, 9%, %, 1%, 6%,
5%, 4%, 3%, %, 1%, 0.75%, 0.5%, 0.250% or less. Closely linked
loci are expected to co-segregate at least about 90% of the

time.

The present invention provides in a first aspect a method for
20 accurate quantitaiilve detection of deletion(s) oxr duplication{s)
of a genetlc polymorphism occurring within two or more closely

linked, homolcgous genes in a sample.
More specifically this method comprises

{i) subjecting the sample to separate amplification reactions
25 using (a) a pair of forward and reverse primers specific for the
head region of each of said two or more cleosely linked, homolo-
gous genes and (b) a pair of forward and reverse primers spe-
cific for the tail region of each of said two or more closely

linked, homologous genes, and

30 (ii) detecting the amplification products relative to a control

product.



Thus, in one specific enbodinent the pair of forward and reverse
primers specific for the head and tail regions of al conprise a 30
nucl ei ¢ acid sequence at |east 95% i dentical to the nucleotide
sequences set forth as SEQID NO 1 (al-head-forward) and 4 (al -
head-reverse) corresponding to positions 165586-165607 and 30
165737-165752, and SEQ ID NO 3 (al-tagl-forward) and 2 (al-
tail-reverse), corresponding to positions 168339-168354 and

168476- 168494,. respecti vel The, pai r of f rmar reverse prinmer
sooci £ ERvey ik RBSA o el ThoRee 0t nRste oM eIRUE iRt ¢ he
aci d sefjeehc® @dmpreasis &5%)bﬁepb|6ﬂi to the nucl eoti de sequence set
forth as SEQID NO 5 (a2-head-forward) and 6 (az2-
head-reverS@ﬁh&ﬁdﬁﬁﬁgﬂﬁMengampl905&td(mmzsk6bigaliﬁézeﬁbﬁUMbactlon using
161899- 161914, and E%IIDF«) 7. (a2-tail-forward) and 8 (a2

tail-rever s®) &ty egg B e ¢ %sﬁ‘f%rrfse RESSAS 69604 EARd e the head

1637139- 163/&piod espec | ¥etye bk ignidnderst eedsthat ltlﬂﬁelinVQf&ﬂoQ%gous
further enconpasses nucleic acid nolecules that differ fromthe

nucl eot i de $8tifences shown in SEQID NO 1 to 8, due to the
degeneracy of the genetic code. It is also understood that

ol i gonuélEbty ke ctdngi $heng§aBplsHD 1P SESRG ampdidiertidie nnaeddrn us-

i nvention ngy; cOnbai R RisNa, ekat Iagas,re%@%y %ngéggl 9{3eé£‘P§é' ffyy ens
of nucleic aC|d bases, to the extent that such alterations do not

negatlvely i ile e gion. pifebdidr fproduest selidaitedclosalsilgmikeadsamomolo-
de ree. r r. specific enbodinent, the priner(s) conprise a
Q'cgo bel é%Jéj&ﬁﬁ?luorescent biotin, enzymatic, chem cal or

rad' o- I pbe|, prefy %gggul of Lyoreseant J.ahely,;on glggiﬁmion zeaghion

derlvatlzatlon as I'ned”her ei nabove necessary ausein
i.e. to st atﬂlmgze-ft awpm fafc dtoromrgr eddctreverse coemrrscepfecagaentor the

separati on ymid i gon, digerimaptiany 4 4entiddS3t honxand aualio-

25 t|f|cat|on nDr accurate
gous genes,

15 (iv}) subjecting the sample to a second ampiification reaction us-
ing a pair of forward and reverse primers specific for the
tail region of said second of said two closely linked, ho-

mologous genes,

(v) detecting amplification products obtained in the reactions of
20 steps {i) to (iv), and optiocnally quantifying said amplifica-

tion products relative to a control product.

In a preferred embodiment the amplification reactions used in
the methods for detection and quantitation of a genetic polymor-
25 phism occurring within two or more closely linked, homologous
genes in a sample, are carried out using PCR techniques, pref-
erably using RT-PCR, preferably using (FRET) hybridization

probes or hydrolysis probes.

Thus in one specific embodiment, each amplifcation reaction
30 includes contacting the sample with {a}) a pair of forward and

reverse primers for the respective portion (head or tail) of a



Met hods for preparing and using priners are described in, for

exanpl e, Sanbrook et al. (1989) Ml ecular doning: A Laboratory
Manual , Cold Spring Harbor, New York; Ausubel et al. (1987) Current
Protocol s in Ml ecul ar Biol ogy, Geene Publ. Assoc. & 30

Wl ey-Intersciences. 31 Thus in a nore specific enbodi nent, the
present invention provides a nethod fgg detecting a genetic

pol ynor phi sm within the thal assem a genes al and a2, conprising the
steps of bt ai n S{di) cti S

to fourd %%% % aér}p ?’ca |%n@r%é§%gg i ons % If‘«;‘slégé sﬂlﬂr}fg qleg %?Eﬁgg
first ramjmalmm nerodaaitr, tdad spemahpmﬂﬂ yoﬁylh:ybduﬁegaund@r probes

condi ti ons le f a PCR wi S t out
nucl eot?l?:f:'e"sl 7% ﬁﬁuaeesmc&elgelfnfé%‘é %1?‘85 gﬁ%ﬁu?gbl nOf which a
cl ust ersasst dentobbi edfl rieenpBapk #AccespiionlNo. wzwweqwendenor

head al preferably a priner pair such as SE D.NO 1 and i_er
head al %ium{eb‘%celnﬁ al%‘l%Je%‘Eihijana@t : %‘?\chp rPHRke Saifr tﬁlﬁvl%@l% %3q&5&%ggd

that specifdi gal byrhydrdhizes HBQ@Ft@@n(ﬁlﬁleQ§c§Mtta’@h@tﬁzor 15e anBERod
wi th a sequence between about nucl eotides 158640 to nucl eoti des

162875 BArEhRY a-igicdboRsgefeteFst®r tA8 | BEPTFHG%d OFn &BRBRAN% ©f FRET
Access 6 d Bieet: %rea&i ¥s@ RibBRI aRai kh
5%&&%%%;¥§§)é%%gf hea n%%ktg) t i¥s® R a e

such as S and 6 (prinmer head a 0(c) In athird
react| omctaemmmeﬁllpmersqemt mopetif PEakhy ﬁ?co%*lmli@ﬂ% depresence of

co 8@%3% q& ya Pq&%géﬂ%eac%?QHdg ?rgggﬁﬁgno%bQ%kdiflcatlon

nuc eot| ucleotides 170335 he ag obi n gene cl uster
as i denprrﬁdmt i in GeheBardnpAecesdiide Nehe AEDUBYB2(S qEEEEe igai qusalla)llw

preferably, 25a pI1 MG RAL! SHED 85 SHR 1BNOe 3220004 (PO LA | ene

al), (dj* (W r &4Cti BR-a pri mer parr having a sequence th
speci fi eatp Ve hylitdirzes iveder aonsllmglms hobirtidbeetion apF@R wiitsh ased

sequence bet ween about _nucl eot i, des 62875 eqt.i
160670 GrViHE S o B G CRS: Br 2951 AR M Ekvpang o ¢h8
Acciessi nndNe. erAEQRB 462 cfsequencersaténtD@oiet32 preferably a prinmer
pair such as SEQID NO 7 and 8 (primer tail a2), and (iii) detecting
and quantifying the anplification products relative to a control
product. 5 In one enbodi ment, the control product is an endogenous
cont r ol TRr eduehe rpreafiparcall yt]:tehepPegenn‘e anpéﬁnti@at 'punvpd@siuen difnygate
the nmethod of the invention nma nc ud& addi n pr| alr forle%@lm

endogendEEe ety ofesRedehtE, © ¥§le£5pf’ mér AT lt':haﬁO eC|pfhlgraﬂII
hybri di zgs Hﬂdﬁérgoﬁméémﬂlﬂkd@b|h©mBngauP%r\M§ hira aeaample u51ng a

20 method according to the invention. Thus the present invention
also relates to a method of diagnosing an individual by identi-

fying his or her genotype.

For example, in one specific embodiment the present invention
provides herein methods for detection and quantitation of a ge-
25 netic polymorphism occurring within the thalassemia genes al and
2 in a sample, using the above RT-PCR techniques, thereby de-
termining the c¢linical relevant classification of the o=
thalassemias (Figure 3). Thus, the present invention also pro-
vides an accurate screening method for carriers of {deleticnal)

30 a~thalassemia.



10 quence of the P-globin gene as identified in GenBank Accession No.
U01317, preferably a prinmer pair such as SEQ I D NO 17 and 18 (priner
P-gl obin gene), to each of the anplification reactions.

Al ternatively, the nethod of the invention may include a further 15
step which conprises subjecting said sanple to a fifth separate
anplification reaction by RT PCR usingya primer pair that
specifically hybridizes under conditions suitable for a PCRwith a
sequence_of_ t - gl obj pdent i fi i-n_.Ge Acc i

01317, Br ér ot ok pTRERs LEEThELhER B R B GRER GaMve
(prinmerdetgtolem genehe dhysneksponeén paebiolegl aribothindrt cdupe ipeeseht
i nventiQ rovides a nethod for detecting a genetic pol ynorphi sm

Wi t hin ?E%B?H% assem a genes al and a2, conprising the steps of: (i)
obt ai ni ng, a genoni.c .sanpl e_.25(i i ubj ecting sai d sanpl.e.to four
separ at égérrp%r?pﬁ& O raeaE}r#oﬁér%/mlRTg%’Cﬁ%ﬁsisr?&‘p?g) i"‘hl%é‘ {3 rBgir of
react i on a prig®arebiahd katrespecpiimatd ey fhel dbzeshantedd region of
conditions suitable for a PCR with a sequence between about

nucl eoti des 165708 to nucl eotides 167099 of the 30a- gl obi n gene
cluster as identified in GenBank Accessi on No. AE006462 (sequence
head al JLibr BV "G ﬁi%%ffmﬁﬁmom & B SEIRIS NG th angasr of
(primer head fdpwar@n@nd REWBBEePgkimdiRtspere¢iti eal| yhdy¥ddire@Son of
under conditions suitable for a PCR wi th a sequence of the

P-gl obin gené®%s identified in GenBank Accession No. 001317,
preferably a primer pair such as SEQ ID 5NO 17 and 18 (prinmer

P- di%bi ft HehePliEEyingn & SRtohdPPERERD 0P atBRi PerPPpgi M ikdvighgpalr of
sequence t hatr SRRGH heal k¥vBYBE | g Zes-undet; ¢9pdiLE onse suiihablgibar o
PCR with a sequence between about nucl eotides 158640 to nu- cl éotides
162791 of thé-d-gl obin gene cluster as identified

o}

(iv) amplifying a fourth portion of the sample with a pair of
forward and reverse primers specific for the tail region of

15 «2; and

{v) detecting and quantifying amplification products relative

te a control product.

In one embodiment, the control product 1s an endogeneous control
product, preferably the p-gene amplification product. Thus, the
20 method of the invention may include a pair of forward and re-
verse primers specific for the P-globin, i.e. that are capable of
specifically hybridizing to and amplifying a sequence of the [-
globin gene as identified by GenBank Accessicon No. U0L1317. In
one embodiment the pair of forward and reverse primers specific
25 for the B-globin are included in each amplification reaction (i)
to {(iv), in another embodiment a separate RT-PCR reaction is
performed using the forward and reverse primers specific for the
B~globin.
In another embodiment, the head and tail regions of «l, which

30 are defined as the 5'- and the 3’-terminal regions of oal, re-

spectively, preferably correspond to about nucleotides 163708 to



10 in GenBank Accession No. AE006462(sequence head a2) , preferably a
prinmer pair such as SEQID NO 5 and 6 (prinmer head a2), and a priner
pair that specifically hybridizes under conditions suitable for a PCR
with a sequence of the P-globin gene as identified in GenBank
Accession No. 001317, prefera- 15bly a prinmer pair such as SEQ I D NO
17 and 18 (prinmer p- globin gene), (& In a third reaction a priner
pair that specifically hy- bridizes under conditions suitable for a

PCR Wi t hual segless el ey ywesr abpat 5nued @adrdtes( 1670940 ﬂagqloaqt iagkes to
170335 of the 20a-gl obin gene cluster as |dent|f|ed i n_GenBank

Accessi 8ROWB. @E@b@%@%%%%qdéﬁ@@9taFP atycleqiictesr adif3a> prefrertifai B’ -

such as a ( il..al) r i.r..th
speci fi cgﬁ% r| d| zegg&%derr% conﬁjl to?or?sh%suolt tqq‘[)ejl%l?1 gl:engeﬁé%aster’ z. g9
with a SQQWGBQElﬁieﬁhEnPGgthhh geﬁes@ﬁxldmﬂilﬁm&ﬁﬁdaﬁ(Emn&aﬂother em-
25Acces n No. 001317 ref rlner a ch .as SEQ | i

17 and %gg%lﬁ??%ruﬁ’egb%ﬁ& aag g o U o f fﬁ%‘t hlhje%tal oen%a?%ﬂ'\egeras
pai r havhsg 5a-segidenae: tbafét@mqqafll claeldmn@ybfﬂ chez,eswmlﬁtlam@i tim
suitable for a PCR with a sequence between about nécleotldes

to nu- SOBPLGLIHELCEEE5T0 bP AROUE- GPuBiGPdelre 1okttt 48 e ?‘?‘F&?S
in GenBagkgPgcegsiwan Nor - &&%@%@2( seqlencesd akdégad)) Bhefepaanodd My

a primer _pair such as_SE and 8 rimer tall a2), and a

prlrrer Géf—‘?’t%%‘%ﬁ ééé%??.*éw PYChoBE} S k6 Untero T oFe t 3 oride BiANCSD| 6 - ©-
for M Lhea, &%@Lﬁ%l&] 053 Yo 010808, 251 §eNhL T &fhifiea in

Gbnh k zccess on prefe
GenBank Accession No. AE(Q06462.

In a further embodiment the detecting step is performed using at
least one labelled hybridization probe. In a preferred embodi-
ment, a palir of probes is used, wherein a first probe has a la-
15 bel at its 3’ end and a seccnd probe has a label at its 5'-end.
In another embodiment one probe i1s being used having a 1label

each at its 3’ and its 5’ end.

Preferred pairs of probes are SEQ ID No: 9 and 10 for the head
region of al, 11 and 12 for the tail region of ol, 13 and 14 for

20 the head region of a2, and 15 and 1€ for the tail region of waZ.

In a further embodiment the positions of the primers are chosen

such to obtaln an amplicon having a length of 150 to 250 bp.

Along with the method, the present invention also provides for
specific oligonuclotides to be used as primers in the methods

25 according to the invention.

Thus, in a further specific embodiment the pairs of forward and
reverse primers specific for the head- or tail-regions of each
of ol and o2 are each a nucleic acld sequence between 10 and
about 100 nucleotides, preferably 10 and about 50 nucleotides,
30 more preferably about 10 and 30 nucleotides, most preferably be-

tween 14 and 22 nucleotides in length. Such oligonucleotides or



5bly a priner pair such as SEQ 1D NO 17 and 18 (priner p- globin
gene), and (iii) detecting and quantifying the anplification
products relative to a control product. I n anot her preferred

enbodi ment, the present invention provides 10 a nethod for detecting
a genetic polynorphismw thin the thal assem a genes al and a2,
conprising the steps of: (i)obtainingog genomc sanmple, (ii)
subjecting said sanple to five separate anplification reactions by
RT- PCR gsin )in:a.first.re s a i pai h Lfica
ny- bri B Solr fel) bRLBe; g pbe¥int BPa® rBbh TR ERAbYE" 3gBRAEL [bE%h
bet weencapbeltimucdent | delsist@370&etto ockkot idesCdFONY0 FHcddsesion No.

a- gl obi | uster .as identified in GenBank Acgcession .. AE0Q6462
(sequerba Bl Wb U Bhe, G con P hEr B TR " S08e D R Opes
and 2 (puchrersheRtgiatQycleh) Proba Decand reddiva@s & [ | NRochpal Rpplied
havi_ng sequence that specifically, hybridizes under conditions_ .

Cu oy o TS PRRENR L P2 Bbquonte Bt we P DGt ndey ot s S sgdgeT
to nu- chepdisteso16$279¢)ofiobhe amghebeAdgenetctuss efoas pidentifiedre-
25 in GenBank Accessjon No. AE006462(sequence head a2) , preferably a
primer %%???%uc?@@ﬁf%ﬁgﬁ'lEp%klo%i%ﬂ%ﬂ?fﬁﬁ%ﬁﬁﬁ%grﬁ@aéﬁézﬁFe C&) spRcatic
third reagtdoit @Prameridaich hat spgei theql dye hyhdizes WRAR: dizing
conditions suitable for a PCR with a sequence 30bet ween about

nucl eot PRRAT 1B7EY92RY PCT LB | RSN 1703 G [ROnd1§leBFntgefbedrusaer
as jidentifiggdidn &ﬂmA@ﬁ@s&pgfbrmleo%_ﬁdé\?og@%gﬁsfﬁma_as;e Lgkh ab)
, preferably a prinmer pair such as SEQ ID NO 3 and 4 (prlneP t al

al), (dihe eofbrel oeract¢wrencpréifheshqigier (fagi-ndgha $eqgdehéa gene se-

t hat i fically hybridi diti itable f FOR .
W th o SOiETce Tt vidbn  SEOURS niraT ot gt T2 AR Ed e ol'6at Fagtorin

166679 @ind he-ta-fralti AngeBgBehMSA&teaS drd@at:i Hoed17n GenBank
Accessi on No. AE006462 (sequence tail a2), preferably a priner pair

such asTifif) 11h NQRe Zentstdiithefpl,i fBe bail 82) foddH®) ldhd ddvielrBer pachkon
a %Elnipégggigm?gpgtﬁéSﬁgggnggd tail region of ol comprise a nucleic
acld sequence specific for about nuclecotides 163708 to nucleo-

tldes 167092 of the 5'-sequence (i.e. head region) and for about
nucleotides 167099 to nuclectides 170335 of the 3’-sequence

{i.e. tail region) of the oa-globin gene cluster (as identified

20 by GenBank Accession No. AEQ006462). In another embodiment, the
pair of forward and reverse primers specific for the head and

tall region of o2 comprise a nucleic acld sequence specific for

about nucleotides 158640 to nucleotides 162875 of the 5'-
sequence (i.e. head region) and to about nucleotides 162875 to

25 nuclectides 1666792 of the 3'-sequence (i.e. tail regicn) of the

a-globin gene cluster (as identified by GenBank Accession No.

AEQ06462) .

Thus, in one specific embodiment the pair of forward and reverse
primers specific for the head and tail regions of ol comprise a
30 nucleic acid sequence at least 95% identical to the nucleotide
sequences set forth as SEQ ID NO: 1 ({(oal-head-forward) and 4 (al-

head-reverse) corresponding to positions 165586-165607 and



that specifically hybridizes under conditions suitable for a PCRwth
a sequence of the P-globin gene as identified in GenBank Accession
No. 001317, preferably a prinmer pair such as SEQ ID NO 17 and 18
(primer P-globin gene), and 15(iii) detecting anplification products
for each of the steps (a) through (d) and an anplification control
product for step (e), and quantifying30he anplification products

relative to the anplification control product. Rel ati ve
quant i 11 689 5 aopoy di B! aeef epp (kbi) 0f ves- @a{ﬁimwa%g WhSIET D TR -
ratio allows to identify a carrier of a-thalassema. In further

aspect thélpreseniel nvermimgsgmrohindes tasepofsok ianset h@%ﬁ%ﬁ:ddfri?cﬁﬁ“ﬁg tagd
t he '”V?@ég {51 1%@49@“@%‘ gﬁgggﬁglﬂﬁkggt hﬁé’lﬁ or, (et ey ng, g Kevers

genotypé o nor €, ofbl ogous genes I'n a
by (i) pnphefylagehead:aﬁd&tahé mead25n@|tﬂnkﬁregmdnaﬁoﬂtu?tammpnlse a

nore, clos honol ogous .genes J.n separate.a I|f|cat|
reac%loﬁg §§¥%gagl§aFFqBFnF8r % % eﬁ§g Cﬁ&rgp §1e°tlde
det ecti g @@Qcauggﬁl %au_»fng élémégél £8tken @r@ay%éadfﬁ&wa\f@ t@n@ 6 (02—
control product 36 nol ogous genes in a sanple which conprise

reagent seedarecansde useur¢IPPIHEN city t}Pt@Slff@EQTtﬁjs Jeﬁls7c<18cr§-e6d7ﬁér eignd
Thus a to th nv SES. | r
conpartﬁé%?€§(§§9%ﬂgal?ngf 6%w£$ l\T§|’1d rev® %s%?%ﬁ" ggeéﬁFicho

t he headaig-rév@im of c@aﬁéls@in@aigd ti OfodD FonsC| OpEInL4-i1EREd3 and
onpl ogo enes_a pai.r of forward and reverse priners
spe%9f|&636$3?T%§%%ﬁ§'r Hﬁ?téyeééch of said two or nore, closely

| i nked, honDI%gous genes The kit may further include one or nore

appr oerBt by PREEFFEACHY BRI §5F| ﬁVﬁF‘Bb%% FOF L RE eRRF Y AITE Sa PG feC

10 pairzeapahbecefilBybrhdirzidig e Fdmargd fyidig ot iceNtIjucseaduenGwn
preferably an endogeneous control sequence of choice, for relative

quant i t a8 R TR tis GyPralf¥6 FAcFRRICTIARaFECYr 84gERt sIgRetic code.
anplification, reaction control reagents, buffers and jnstructions

for perfbr#fnglassaydeaFEOIDrtNaft AlH0ONNAYCPEEERE sCONS Y SeSEQ dD

enbodi NRHLy @okigt Eson;hfeh%x@lsfea%r entbati awanhyt dontd M€ BBIACIdORGlons,
the thal assem a genes al "and a2 in a sanple, conprises in separate

conpartﬁ@ﬂ%%l?%ﬁr@ﬁ@ﬁoﬁ(ﬁﬂ@ﬂﬁiﬁ%ﬁdoﬂév@fséuﬁl?h@r%ckﬁuﬁﬂﬂﬁﬁro¢0 the ex-
specifi E%!T:nl: yhﬂé{{”éﬁ&ﬂ' 09 4,0 angh 2R 'élfoéé' Hgggghg&?}(}hgﬁpe@@dcﬁeagﬁ?ld or

regi ons e al and a2 genes according t vention
may fur phedug¢nchhiveirote tor anvignappeapt idedudsy | abel | ed hybri di sation

probes for detection and a priner
In a further specific embodiment, the primer(s) comprise & la-

20 bel, e.g. a fluorescent, biotin, enzymatic, chemical or radio-
label, preferably a fluorescent label, or additional derivatiza-
tion as defined hereinabove necessary for a use in RT EBECR, i.e.
to stabilize amplification products or to enhance fragment sepa-
ration making amplicon discrimination, identification and gquan-

25 tification more accurate,

Methods for preparing and using primers are described in, for
example, Sambrook et al. (1889} Molecular Cloning: A Laboratory
Manual, Ccld Spring Harbor, New York; Ausubel et al. (1987) Cur-
rent Protocols in Molecular Biology, Greene Publ. Assoc. &

30 Wiley-Intersciences.



pair capable of hybridizing to and anplifying a control se- quence,
preferably an endogenous control sequence of choice, 25 e.g. the

P- gl obi n gene sequence. In a further aspect the nethods of the
invention may be per- forned using (mcro) arrays. The methods of the
invention as de- scribed above allows for parallel processing of a

| arge nunber 30 of genom c nucleic acikgd sanples and nay be applied in
automated robotic platforns. Such systemusually conprises a

m cropl Lth_an array of. wells arranged iin_rows and col ums _
wher o n 257 SBOR WY WRIt Y UGHENTo 4 SpatrrE o g 240 B
reacti omides ga aemhodoflcat edatedtian ar rgaheafi cnigudiwospkivel s taihowse

a paral lel. processing of | ar.ge._nunber of, hybcidi sations resulting
in a ve%saéégﬁ%ﬁiﬁng EﬁhpﬁhﬁBegﬁ%utC%WEP?EF@YtéeEﬁﬁﬁB?egfkhterials
and Met hods Sanpl es. Bl ood,sanples frompatients with

a-t hal as% niePQﬁﬁigiﬂﬂ PelfBEMH T f%ﬂﬂi ne | aboratory for

haenpgl obi nopat hi es., 10 Sanpl es from heal t hy i ndivi dual] s_were used as
ContT o1 S1t DR HBISCE TSR 2 LR ABTPLS R SO BEPPAEEBATE bk et SHorgp e

human bl ood usidig ayrenuabr(@kagen Mni Kit, Q agen AG Basel,
Switzerl and) or automated (MagnaPure, Roche Di agnostics AG Rotkreuz,

Switzerl and) QNYA-iextd aGlis@nreethogh Phatiaet pherquri: diedidficatiyoRy—
of genom c DNA was perfornmed on NanoDrop (Roche Thechnol ogi es, inc.
W I ni ngt on, USAIZFE oMdekafipidst g subeditm fones FnRr atitd id ge-

defined range;weice sekeqtefl fQodthenaxpest T@N S.16BMbsVas, adjuisteedihies
the desired concentration (I Ong/ul) and either stored at 4 C or used

i el at el y. 1X0 0R€alofTi thee (RIYLRCR glirle RIURCRrexperidepntsingr én Gen-
performed on 4 g, i ohiOxeleq, SyatenlRoche, B aanostd cs AG Rotkeeuz,

Swi tzerl and). initial dratron mna
anplificati om wasineer batredudlsi aig 3R froNoeowlngneyz| { ;rgireondietaidons ) ,
40 cycles for 10 min at 95 C, 10 mn at 55 Cand 10 mn at 72 C, 25
and one cycl e&)f dn cootétgnd ordHEEidn uor pstesc epa it ensriygwas sequence

was. produced SPer BRI L BBt B FOh G 0 ie5E. RBAEPRSupoE

to139C at a tg aH tuth rat e@ierbel KéiSveen about nucleotides 158640 to
nucleotides 162875 of the a-globin gene cluster as identi-
fied in GenBank Accession No. AE006462({sequence head o2) ,
preferably a primer pair such as SEQ ID NO: 5 and 6 (primer
head o2),

20 (c) In a third reaction a primer pair that specifically hy-
bridizes under conditicons suitable for a PCR with a se-
guence between about nucleotides 167092 to nucleotides
170335 of the a-globin gene cluster as identified in Gen-
Bank Accession No. BEQ06462 (sequence tail wl) , preferably

25 a primer palir such as SEQ ID NO: 3 and 4 (primer tail ol},

{d) In a Zfourth reaction a primer pair having a sequence
that specifically hybridizes under conditions suitable for
a PCR with a seguence between about nucleotides 162875 to
nucleotides 166679 of the a-globin gene cluster as identi-

30 fied in GenBank Accession No. AE006462 ({sequence tail o2},



38 agnostics GrbH, Mannheim Germany). All the priners fulfil the
following criteria: the anplification products are 200-300 bp,
nmelting tenperatures are 45-65C, | ack of stable diner formation and
stable hair-pin structure formation. Mdification of the hy- 5

bri di zati on probes included phosphate (PH) and | abelling with
3'-fluorescein (FL) and 5'-LightCycleB2Red 640 (LC), respectively.
The following table 1 summarizes a selection of prinmers and probes

that were usegh-d@urag arrplmfuéga%épfl Alcf awr sdiof ferent 1Qdoe @ritbe
a- gl obi n-gene and one | ocus on the 0-gl obi n-gene, which was chosen as
reference gerdeiln %Xirsagfecific case: Table 1: Priner/ Probe Nane
Sequence (with/w thout |abels) SEQ |ID No Base_position al-head-

f or war d (bt ht H&eqtEPECPOCACCTAATAZATATERS' aapP 4 5E58H-1 oT6 BHPAUAI-Sh&gd 2~

reverse alh'%ive to a control product.

5 In one embodiment, the control product is an endogenous control
product, preferably the B-gene amplification product. Thus, the
method of the invention may include adding a primer pair for an
endogenous control sequence, e.g. a primer pair that specifi-
cally hybridizes under conditions suitable for a PCR with a se-

10 gquence of the P-globin gene as identified in GenBank Accession
No. U01317, preferably a primer pailr such as SEQ ID NO: 17 and
18 (primer PB-globin gene), to each of the amplification reac-

tions.

Alternatively, the method of the invention may include a further
15 step which comprises subjecting said sample to a fifth separate
amplification reaction by RT PCR using a primer pair that spe-
cifically hybridizes under conditions suitable for a PCR with a
sequence of the B-globin gene as identified in GenBank Accession

No. U01317, preferably & primer palr such as SEQ ID NO: 17 and
20 18 (primer P-globin gene).
Thus in one preferred embodiment, the present invention provides

a method for detecting a genetic polymorphism within the thalas-

semia genes ol and o2, comprising the steps of:
(i) obtaining a gencmic sample,

25 (ii) subjecting said sample to four separate amplification reac-

tions by RT-PCR using

{a) in a first reaction a primer pair that specifically hy-
bridizes under conditions suitable for a PCR with a sequence
between about nucleotides 163708 to nucleotides 167099 of the
30 a-globin gene cluster as identified in GenBank Accession No.

AE006462 (sequence head «al), preferably a primer pair such as



5
5"
5
5

- AggTAggCAgTCCTCT- 3" 2 165737- 165752 al-tail- forward alt-F

- CTggCCCTCAACTgAT-3' 3 168339- 168354 al-tail- reverse alt-R

- AAATAACgAAgACACCGTC- 3" 4 168476- 168494 a2-head- forward az2h-F
- gACggggTTTCTCCAT-3" 5 161708- 161723

10

15

20

25

30

33

SEQ ID NO: 1 and 2 (primer head «ol), and a primer pair that
specifically hybridizes under conditions suitable for a PCR
with a sequence of the P-globin gene as identified in GenBank

Accession No. U01l317, preferably a primer pair such as SEQ ID

NO: 17 and 18 (primer P~globin gene),

(b) In a second reaction a primer pair having a seguence
that specifically hybridizes under conditions suitable for a
PCR with a sequence between about nucleotides 158640 to nu-
cleotides 162791 of the a-globin gene cluster as identified
in GenBank Accession No. AEQ06462 (sequence head o2) , pref-
erably a primer pair such as SEQ ID NO: 5 and 6 (primer head
a2), and a primer pair that specifically hybridizes under
conditions suitable for a PCR with a sequence of the P-globin
gene as ldentified in GenBank Accession No. U01317, prefera-
bly a primer pair such as SEQ ID NO: 17 and 18 (primer f-

globin gene),

(c) In a third reaction a primer pair that specifically hy-
bridizes under conditions suitable for a PCR with a sequence
between about nucleotides 167099 to nucleotides 170335 of the
a-globin gene cluster as identified in GenBank Accession No.
AF006462 (sequence tail ol) , preferably a primer pair such as
SEQ ID NO: 3 and 4 (primer taill «l), and a primer pair that
specifically hybridizes under conditions suitakle for a PCR
with a sequence of the B-globin gene as identified in GenBank

Beecession No. U01317, preferably a primer pair such as SEQ ID
NO: 17 and 18 {(primer B-globin gene),
{d) In a fourth reaction a primer palr having a sequence

that specifically hybridizes under conditions suitable for a

PCR with a sequence between about nucleotides 162781 to nu-

cleotides 166679 of the a-globin gene cluster as identified

in GenBank Accession No. AE006462 ({sequence tail o«2), prefera-



az2- head-
az2-tail -
az-tail -
al - head-
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reverse a2h-R 5' - ggTgAggAAggAAggg-3' 6 161899- 161914
forward a2t-F 5' - CTCCAAATACCgTTAAgCTg-3" 7 163584- 163603
reverse a2t-R 5' - ATTgTTggCACATTCCg- 3" 8 163739- 163755

P1 al b-PlI 5" - ACTAACCCTggTCACCTTgAA-FL 9

34

bly a primer pair such as SEQ ID NO: 7 and 8 (primer tail
«2), and a primer pair that specifically hybridizes under
conditions suitable for a PCR with a sequence of the B-globin
gene as ldentified in GenBank Accession No. UCl317, prefera-
bly a primer pair such as SEQ ID NO: 17 and 18 (primer [-

globin gene}, and

(iii) deteciing and guantifying the amplification products rela-

tive to a control product.

In another preferred embodiment, the present invention provides

a method for detecting a genetic polymorphism within the thalas-

semia genes ol and o2, comprising the steps of:

(1)

(1i)

obtaining a genomic sample,

subjecting sald sample to five separate amplificaticn reac-

tions by RT-PCR using

(a) in a first reaction a primer pair that specifically hy-
bridizes under conditions suitable for a PCR with a sequence
between about nucleotides 163708 to nucleotides 1670992 of the
o—~globin gene cluster as identified in GenBank Accession No.
AF006462 (sequence head al), preferably a primer pair such as

SEQ ID NO: 1 and 2 {(primer head al},

{b) In a second reaction a primer pair having a sequence
that specifically hybridizes under conditions suitable for a
PCR with a sequence between about nucleotides 138640 to nu-
cleotides 162791 of the o-globin gene cluster as identified
in GenBank Accession No. AE006462 (sequence head o2} , pref-
erably a primer pair such as SEQ ID NO: 5 and 6 (primer head
oz},

(c) In a third reaction a primer pair that specifically hy-
bridizes under conditions suitable for a PCR with a seguence

between about nucleotides 167099 to nucleotides 170335 of the

o~globin gene cluster as identified in GenBank Accession No.



165640- 165660 39 al -head- P2 al h- P2 Red640- CCTCgTCCACACCTCCAg- Ag-
PH 10 165663- 165680 al-tail- Pl alt-Pl 5' - TCACCCTTggTAAACACCTATggC
FL 11 168386- 168409 al-tail- P2 alt-P2 LC Red640- gCCCTCTgCCTgCyTT- PH

12
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AE006462 (sequence tail ol) , preferably a primer pair such as

SEQ ID NO: 3 and 4 (primer tail ol},

(d) In a fourth reaction a primer pair having a sequence
that specifically hybridizes under conditions suitable for a
PCR with a sequence between about nucleoctides 162791 tc nu-
cleotides 1666739 of the a-globin gene cluster as identified
in GenBank Accession No. AEQ06462 (sequence tail o2), pref-
erably a primer pair such as SEQ ID NO: 7 and 8 (primer tail
a2),

{e) In a fifth reaction a primer pair having a seguence
that specifically hybridizes under conditions suitable for a
PCR with a sequence of the P-globin gene as identified in

GenBank Accession No. U01317, preferably a primer pair such

as SEQ ID NO: 17 and 1B (primer B-globin gene), and

(1ii) detecting amplification products for each of the steps (a)
through (d}) and an amplification control product for step (e),
and quantifying the amplification products relative to the am-

plification control product.

Relative quantification according to step (iii) gives a ratio,

wherein the ratio allows to identify a carrier cf a-thalassemia.

In a further aspect the present invention provides uses for a
method according to the invention, for example using the method
for determining a genotype of two or more, closely linked, ho-
mologous genes in a sample by (i) amplifying head and tail re-
gion of each of the two or more, closely linked, homologous
genes in separate amplification reactions using a pair of fozx-
ward and reverse primers, and (ii) detecting and quantifying am-

plification products relative to a control product.

In a further aspect the invention provides kits for the differ-

ential gquantitative detection of two or more closely linked, ho-



168412- 168427 a2-head- Pl a2h-Pl 5'-ggTCTCgJAACTCCCgACC- FL 13 161736-
161753 a2-head- P2 a2h-P2 5'-LC Red640- AgCTgATCCACCCgCC- PH 14
161756- 161771 a2-tail- Pl a2t-Pl 5' - CCTTCCTggTCTTTgAATAAAGTTgAg- FL
15 163673-

36

mologous genes in a sample which comprise reagents that can be
used in practicing the methods disclosed herein. Thus a kit ac-
cording to the invention comprises in separate compartments (a)
a pair of forward and reverse primers specific for the head re-
5 gion of each of said two or more, closely linked, homologous
genes and (b) a palr of forward and reverse primers specific for
the tail region of each of sald two or more, closely linked, ho-
mologous genes. The kit may further include one or more appro-
priatly labelled hybridisation probes for detection and a primer
10 pair capable of hybridizing to and amplifying a control se--
quence, preferably an endogeneous control seguence of choice,
for relative quantitation. The kits may alsc include further re-
agents for amplification, reaction control reagents, buffers and

instructions for performing assays and for interpreting results.
15

In a specific embodiment, a kit for the differential quantita-
tive detection of the thalassemia genes ol and o2 in a sample,
comprises in separate compartments pairs of forward and reverse
primers capable of specifically hybridizing to and amplifying
20 the head and tail regions of the ol and o2 genes according to
the invention. The kit may further include one or more appropri-
atly labelled hybridisation probes for detection and a primer
pair capable of hybridizing to and amplifying a control se-

quence, preferably an endogenous control sequence of choice,

25 e.g. the P~globin gene seguence.

In a further aspect the methods of the invention may be per-
formed using (micro) arrays. The methods of the invention as de-
scribed above allows for parallel processing of a large number
30 of genomic nucleic acid samples and may be applied in automated
robotic platforms. Such system usually comprises a microplate

with an array of wells arranged in rows and columns, wherein



163700 a2-tail- P2 a2t-P2 5 -LC Red640- ggCAgCAgCCTgTgTgT-PH 16
163703- 163719 p- forward p-F 5 - ACACAACTgTgTTCACTAgC-3' 17 4035529-
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each well would be assigned to a specific amplification reac-
tion, e.g. a microplate with an array of ninety-six wells allows
a parallel processing of a large number of hybridisations re-

sulting in a very efficient high-throughput analysis.

Examples
Materials and Methods

Samples. Blood samples from patients with o-thalassemia were
collected in the routine 1leaboratory for haemoglobinopathies.

Samples from healthy individuals were used as controls.

DNA Extraction. Genomic DNA was extracted from peripheral human
blocod using a manual (Qiagen Mini Kit, Qlagen AG, Basel, Swit-
zerland) or automated (MagnaPure, Roche Diagnostics AG,
Rotkreuz, Switzerland) DNA-extraction method. Photometric quan-
tification of genomic DNA was performed on NanoDrop (Roche
Thechnologies, inc. Wilmington, USA) and only samples with a 260
nm : 280 nm-ratio in a defined range were selected for the ex-

periments. DNA was adjusted to the desired concentration

(10ng/pl} and either stored at 4 °C or used immediately.

Real-Time (RT) PCR. All RT-PCR experiments were performed on
the LightCycler System (Roche Diagnostics AG, Rotkreuz, Switzer-
land) . After initial denaturation for 10 min at 95 °C, amplifi-
cation was performed using the following cycling conditions: 40
cycles for 10 min at 95 °C, 10 min at 55 °C and 10 min at 72 °C,

and one cycles for cooling to 40°C.

Fluorescence intensity was monitored once per cycle after each
elongation phase. A melting curve was produced after a fully
completed run starting at 55°C heating up to 99°C at a transi-

tion rate of 0.1 °C/s.

Primer Design. Primers and Probes were designed using LightCy-

cler Probe Design Software 2.0 (Roche Applied Science, Roche Di-



5' - AAACAgACACCATggTgCACCTgA- CTCCTgAggA- FL 19 4035503- 4035470 J3-P2

| 3- P2 5r-LC Red640- AAgTCT- gCCgTTACTgCCCTgTggggCAA- PH 20 4035468-

4035440 Exanple 1:Optim zation of Quantitative RT PCR Optim zation

of RT PCR for quantification was carried out using the

DNA-i ntercal ating fluorescent dye SYBR-green (to account for 5

potential fluorescence signals arisinggdue to non-specific dou-

bl e- st randed products with intercal ating dyes). The reaction m xture

contain | e ar st S ( -

EXagnosg Eé%g ﬁ%géug?ﬁgm%?éengnﬁé &% n%%k@gﬁg,E%&%gﬁb'g§?%ggdthe

and revép$é0@xmmenriberéatheheokm@hefheadl@m papfiuces &0egi2@f-8P0albp,

(SEQ I D -4 t.he head @r [t.ai.l on-o S .

5-8), ofe f%ﬁ%ﬁ?%ﬁtur %(§ﬁ§1$§ S%IFéri§%%CQ¥ %tgglé 5%%4J3Eg%matlon
and stable hair-pin structure formation. Modification of the hy-

5 Dbridization probes included phosphate (PH) and labelling with
3’~-fluorescein (FL) and 5’-LightCycler Red 640 (LC), respec-—
tively.

The following table 1 summarizes a selection of primers and
probes that were used for the amplification of four different

10 loci on the a-globin-gene and one locus on the p-globin-gene,

which was chosen as reference gene in this specific case:

Table 1:

Primer/ Name Sequence iﬁ? Base po-
Probe (with/without labels) No sition
?i;ﬁ:igh olh-F |57 -CCTCCTCCACCTAATACATATC-3’ 1 i%z%%g_
ii;gi:g" olh-R |57 ~AggTAggCAGTCCTCT-3 2 %i;;i;;
gi;52ié_ alt-F |57 -CTggCCCTCAACTQAT—3' 3 %igiii;
gi;giii_ alt-R |57 -ABATAACGAAGACACCGTC-3' 4 %iii;i;
?i;ﬁ;ig" ®2h~F | 5/ -gACggggTTTCTCCAT-3’ 5 %i;igi;
Tevesne |02n°R |57 -ggTaAgGRRGGAAGGG-3’ 5 | Yerors
?i;EZié_ a2t-F | 57 -CTCCARATACCGTTAAGCTg-3’ 7 %ii;iﬁ;
gi;ziii_ a2t-R | 5’ -ATTgTTggCACATTCCg-3" 8 %ii;ii;
gi_head' alh-P1 | 57 ~ACTAACCCTggTCACCTTgAA-FL 9 %iiﬁiﬁ;




40 for the p -globin gene (SEQ ID No. 17-18). The PCR reactions were
performed in a total volune of 10 pl by distributing 8 pl aliquots of
the master mx into the capillaries, followed by the addition of 2 pl
of DNA containing 10 ng/pl. 5 Exanple 2: Based on the optim zed
reacti on conditions according to Exanple 1, the nmethod was adapted
for the use of |abel ed probes. Four di¥f¢f erent reaction m xtures were
prepared, whereas all of them 10 contained | X LightCycIer Fast St art
DNA NB.PIEI I‘IyUI"I obe (RU Fon—to—the

rel ati y&lpheagrs égHng d pri mer6BEQ D
No. 1 aRd al hedd-Tever éﬂg 10bilA5680
st p[l rrivi-o

f orwar darmdTev the
tHiE“#%*

hc) arnt—15—1iv MrEL2 rr-adeht
pBed64q- CL @ TRAUASRCHEEadA | okyvar
>€Hpriner SEQ ID No. 2, 0.5 niy

TETSs SEQ Db No—i7—and—18—6-3

p onT pAGHEEr BB CACARABIIE he
rEbot h the al head gene reglor
gene regrom (SEQ B No—15—

PR Ao - cidnagchiathy s

<

-

Ja

(¢

T

Ul

and the

Lol B

8- gl obi
@~mred i
mast er

m X,

n gene region (SEQ TD No.
6 ‘a- ACHclacrgrymec ¢ T AL g,
foll owed by the addition

19 ¢
whé

and 20
Br égf
of 2

ML
m4 B3¢ 5B

ter initial denaturation for 10
rivedAaSITIgATheAt gttanaa@ cycl i n d

at 95 C, 10 mn at 55 00 and|10 nln E gg%
G R ten”';& 50
gacRCERtagte
%iv céhﬁﬁétg rSA%st;?P|§§%ZS 55C heépfaééh
rH § OhBetoGhRgrCr- 20 |4035468-
4035440

gCCgTTACTgCCCTgTggggCAA~-PH

néng 10 ng/m . Af
i cation wag-perfd
| 85 $0r° 10 10 nin
e cycle for cooli
rédPlonce pérPdyc
oduced after a ful
at a tramnsition
R-P2 R-P2

FL- | abePédtaslhy ngE abel B8 6-

hybri di Zati on prjobes fo (‘SEQ | D6RB099

and 10 ing ;fe p-giobi rrct ZUIi;;_.(8

a2 heag“torFdatd s r 4&33I

No. 6, |825 nNIfoB&gggtghd reverse n"primers qéEQ | DoBBH27 17

and 18 F%ﬁé éﬁﬂor The FL-Tabeted hybridizationm probeg and :né;ﬁagﬁl

the LC ¥ Ny -1z pg i ofyrRes _#he a2 he P —Ool

( SEQ | PFPNo. 13 nd 14) a%d e 8-¢l g%?Enggg r%glon (S E% D N61743

and 20 é 5 mvial tall-Tormaru primer SEQ1TDNg. 3 a d at—tai
revef & %??%ercﬁﬁgp@D LG R | obi n forward jgnd| rédbse

pri mer s¥SEQ I D No. 17 an@gqggA?§Q@c§ﬁBSE gﬁe FL- | abel ed "hybfi 86%¥a73 on

probes| and 0.3 M of th LC-Tabered nybridization prgbes fpr potrtrt

al tail|ogeneiredi gn 1D No. 11 30and 12) and the |p-gl opitf3§dde

regi on| $8EQ | D NcS’[ZtI T%CTAFQT@.T@TWE & 194t war dSpr | mef S EED

No. 7 pnd a2 tall-rever Eeprimer SEQ ID No. 8, 0.5 nwlp-globin

forward and re- | 41 vergg prlners EQTD No. I7 and 18, 0. g _mviof

FL- | abe?‘gdt?fy}brl @izzatripon 44-0.3 nM of the LC—Ia_Lb;eI pd 63703~

hybri dj 24t i on probes forgékﬁQ?5§9§T§§g?§?T Pene region (SEQ I EPRBLO 1

and 16

reactino

al i quott

cont ai

anplif

45 cyc|

and on

nmoni to

was pr

to 95C

L

e

Example 1: Optimization of Quantitative RT PCR.

Optimization of RT PCR for quantification was carried out using
the DNA-intercalating fluorescent dye SYBR-green (to account for
potential £fluorescence signals arising due to non-specific dou-
ble-stranded products with intercalating dyes). The reaction
mixture contained l1x LightCycler FastStart DNA Master SYBR Green
I 1 mM MgCl,, 0.5

(Roche Diagnostics AG, Rotkreuz, Switzerland},

nM forward and reverse primer for either of the head or tail re-
(SEQ ID No. 1-4)
5-8),

10 gion of ol or of the head or tail region of o2

(SEQ ID No. or 1 pM forward and reverse primer specific



42 Analysis The specifity of the obtained anplicons was controlled
trough nelting curves, gel electrophoresis and/or sequencing. The
anplification products were anal yzed using the automated net hod of
t he Li ghtCycler data analysis software (Version 4.0, 5 Roche). The
ct-signal-ratio between the a-gl obin-gene and the p- globin
reference-gene was determned permttiddg to identify the relative
quantity of the anplicated genes (the paraneter ct or "threshold

cycle" srdehiened agiében cyehe nemperrmtnahi ¢h-1he. f rHer eggencictions
em ssion exceeds the fixed threshold, which is set 10 significantly
above t Kerpaserfaayed ThRoagh okAadl yoignef ofhd 0okl & rfEdtrdlnsipat Berd

the gengt v o 04 5Petrpétrﬁ%'ﬁebﬁ"gﬁhgg{ﬂt%e@h@T@%ﬁgarféQ,urfﬁﬁ)owe%i B & nd

shows t e various possSi ot ype conbi nations of a-gene

del et i oaddanton rePpld gult idndNangonheiworg dshmudivdg genomi ¢ copy number
for head and tail regions 15 of the al and a2-genes. Only in three

ci rcunst ances (shaded conbi nations) is an analysis of head as well as
tail regions of the a-genes necessary to define the exact genotype.
For al | Esanete cdirbi nati ons the anal ysis of the head region is
sufficient. Statistical analysis was perforned with the SPSS software
(Ver- 2Bsbo@d ¢0. OheorrWindeas) repatieasesomiithi PosiadanrSagedyi fgample
results, t d i:0 aher r i at.t-er ai y
describ%d E@th%%%g dﬁFﬁ%ﬁ%ﬁaspeciﬁﬁé %e hgﬁg éﬁcéggggggqﬁgﬁgfgg &2@5
perfornédffereht arnadeian| adxteteni weoa prkepheedgenwhecedef etl. 025them

Ta 2; antification d ldentjfication not.yp f._sanples (i
Lo 10) “erharins ofi EPrtERa SFonsetaEksParly FESERLnRnBesREY Gochid)
and 1.5 mM MgCi, in addition to the relative primers and probes.

1. 0.5 mM ol head-forward primer SEQ ID No. 1 and ol head-
reverse primer SEQ ID No. 2, 0.5 mM B-globin forward and re-
verse primers SEQ ID No. 17 and 18, 0.2 mM of the FL-labeled

15 hybridization probes and 0.3 mM of the LC-labeled hybridiza-
tion probes for both the ol head gene region (SEQ ID No. 9
and 10) and the fB-globin gene region (SEQ ID No. 19 and 20)

2. 0.5 mM o2 head-forward primer SEQ ID No. 5 and o2 head-
reverse primer SEQ ID No. 6, 0.5 mM forward and reverse fp-
20 globin primers SEQ ID No. 17 and 18, 0.2 mM of the FL-
labeled hybridization probes and 0.3 mM of the LC-labeled
hybridization probes for both the o2 head gene region (SEQ
ID No. 13 and 14) and the B-globin gene regicn (SEQ ID No.

19 and 20)

25 3. 0.5 mM ol tail-forward primer SEQ ID No. 3 and ol tail -
reverse primer SEQ ID No. 4, 0.5 mM B—gldbin forward and re-
verse primers SEQ ID No. 17 and 18, 0.2 mM of the FL-labeled
hybridization probes and 0.3 mM of the LC-labeled hybridiza-
tion probes for both the ol tail gene region (SEQ ID No. 11

30 and 12) and the B-globin gene region (SEQ ID No. 19 and 20}

4. 0.5 mM o2 tail-forward primer SEQ ID No. 7 and o2 tail-

reverse primer SEQ ID No. 8, 0.5 mM (-globin forward and re-



Ex. 2 ¢ alh & alt G a2h G a2t ctp2 t & ratios calc genotype 27
27 27 27 27 1

10
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verse primers SEQ ID No. 17 and 18, 0.2 mM of the FL-labeled
hybridization probes and 0.3 mM of the LC-labeled hybridiza-
tion probes for both the w2 tail gene region (SEQ ID No. 15
and 16) and the f-globin gene region (SEQ ID No. 19 and 20)

PCR reaction is performed in a total volume of 10 ml, whereof 8
ml were aliquots of the master mix, followed by the addition of

2 ml of DNA containing 10 ng/ml.

After initial denaturation for 10 min at 95°C, amplification was
performed using the following cycling conditions: 45 cycles for
10 min at 95 °C, 10 min at 55 °C and 10 min at 72 °C, and one
cycle for cooling to 40°C. Fluorescence intensity was monitored
once per cycle after each elongation phase. A melting curve was
produced after a fully completed run starting at 55°C heating up

te 95°C at a transition rate of 0.1 °C/s.
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Analysis The specifity of the obtained amplicons was controlled
trough melting curves, gel electrophoresis and/or sequencing.
The amplification products were analyzed using the automated
method of the LightCycler data analysis software (Version 4.0,
Roche). The ct-signal-ratio between the o—-globin-gene and the p-
globin reference-gene was determined permitting to identify the
relative quantity of the amplicated genes (the parameter ct or
“threshold cycle” is defined as the cycie number at which the
fluorescence emission exceeds the fixed threshold, which i1s set
significantly above the baseline). Through analysis of the ob-
tained ratio pattern the genotype of the patient was defined
(Table 2, Figure 4}. Figure 4 shows the the wvarious possible
haplotype combinaticns of a-gene deletions and triplications and
the corresponding genomic copy number for head and tail regions
of the wl and d2-genes. Only in three circumstances (shaded com-
binations) is an analysis of head as well as tail regions of the
o-genes necessary to define the exact genotype. For all other
combinations the analysis of the head region is sufficient.

Statistical analysis was performed with the SPSS software (Ver-

sion 10.0 for Windows).

In cases with positive screening results, the detection of an
aberrant ratio pattern, obtained by the described method, addi-
tional specific methods such as sequencing were performed to ob-

tain detailed definition of the genetic defect.

Table 2: Quantification and Identification of genotype of sam-

ples {i) to (v) using the primers and probes according to Exam-—

ple 2:
Ex. Ct Ct ct Ct Ctp2 Ct ratios cnotype
2 | alh | alt | @2h | a2t | t calc genotyp
i 27 27 27 27 27 1 wt

ii 23 27 27 28 27 alh/b = 1.04 —gy3- TR




n.d. 27 27 n.d. 27 alh/b - 0 alt/b =1 a2h/b - 1 a2t/b = 0 -a3.71th
honozygot iv 28 28 28 28 27 alh/b = 1.04 alt/b = 1.04 a2h/b = 1.04
a2t/b = 1.04 a heterozygot v 27

43
alt/b = 1 heterozygot
ozh/b =1
a2t/b = 1. 04
alh/b = 0
. alt/b = 1 —o* e
iii [ n.d. | 27 27 | n.d. | 27 a2h/b = 1 homozygot
a2t/ =0
alh/b = 1. 04
_ olt/b = 1. 04 o’
iv 28 28 28 28 27 | o2h/b = 1. 04 heterozygot
a2t/b = 1. 04
o¢lh/b =1
alt/b =1 _OCQ.Zkh
v 27 27 in.d. |n.d 27 a2h/b = 0 homozygote
a2t/b = 0

n.d. = not detectable

These results unambiguosly indicate that the individual of sam-
ple (i} 1s a healthy individual whereas the individuals of sam-
ples (ii) to (v) are carriers of different deletions in the a-

5 globin gene cluster.



27 n.d. n.d. 27 alh/b =1 alt/b =1 a2h/b = 0 a2t/b = 0 -a4. 2kb
honbzygote n.d. = not detectable These results unanbi guosly indicate
that the individual of sam ple (i) is a healthy individual whereas
the individuals of sam ples (ii) to (v) are carriers of different
deletions in the a- 5 globin gene cluster. 44 Clains 1. A nethod for
the differential quantitative detecti 8 of two or nore, closely
| i nked, honol ogous genes in a sanple conprising the steps of : 5(i)
subject¢h§ﬁ@%e sanple to separate anplification reactions us- ing (a)
a pair of forward and reverse primers specific for the head region of
each oflsai&l mekh@t horethel déefyrentiedd, qurmsitogéus gehestand ¢b) tao
pair of for d o) e L _
each of safﬁgt&%P%r %§¥§éf ﬁ%g§§y ﬁ@ﬁﬁ%%}qﬁ;ﬁ%F%QBJ%?genggﬂb9Q %
(i) detect@rmpxngjum@amtepylng anplification products relative to a
control product. 2. The nmethod according to claim1, wherein the
sanpl e (%) gelbeamineDiAe 3amphe tetdwmhradceordphdficattien meaktdon?, us-
wher ei n the, anpklflgatlog b% %%&%%& %n%yr§£g§§§- . i
primers specific Ior
the head region of each of said two or more, closely linked,
homeclogous genes and (b) a pair of forward and reverse prim-
ers specific for the tail reglon of each of said two or more,

10 closely linked, homologous genes; and

{ii) detecting and quantifying amplification products relative to

a control product.

2. The method according to claim 1, wherein the sample 1s ge-

15 nomic DNA.

3. The method according to claims 1 or 2, wherein the amplifica-

tion is performed by RT-PCR.

20 4. The method of any preceding claim, wherein the pair of for-
ward and reverse primers specific for the head region of each
of said two or more, closely linked, homologous genes are
each a nucleic acid sequence between 10 and 100 nucleotides
in length capable of hybridizing under very high stringency

25 conditions to the head region of said two or more, closely
linked, homologous genes, and the pair of forward and reverse
primers specific for the tail region of each of said two or
more, c¢losely linked, homologous genes are each a nucleic
acid sequence between 10 and 100 nucleotides in length capa-

30 ble of hybridizing under very high stringency conditions to



20 4. The method of any preceding claim wherein the pair of forward
and reverse priners specific for the head region of each of said two
or nore, closely |inked, honol ogous genes are each a nucleic acid
sequence between 10 and 100 nucl eotides in | ength capabl e of
hybridi zi ng under very high stringency 25 conditions to the head
region of said two or nore, closely |AAked, honol ogous genes, and the
pair of forward and reverse priners specific for the tail region of
each of saithd weeat mayien cdfoseliy ttwoked, mhoapl choussl yenieskeal, e heaohoa
nucl eic aci d sequence between 10 and 100 nucl eotides in |length cepa-
30bl e of hyH1HiAYG 'under very high stringency conditions to 45 the
head region of said two or nore, closely |inked, honol ogous genes.
5. A et hod according to any preceding claim wherein the two 5or

nore, closely |inked, honp|.ogous genes represent .thal as; sem a_genes
o and o e BTl R i R e s B el g e slh apdeoRRe
(1) sampl i fydgmerd ) rélopery i Dimiedd t heossirplot sWddhed paipreeknt thalas-
for-10ward and reverse priners_specific for the head region of al;
(ii) anplifSAHG &LECOR ngt?%n of the sanple with a pair of forward
and reverse priners specific for the head region of 0(2; (i)
anplifying a third portion of the sanple with a pair of 15forward and
reverse_priners specific for the tajl region,of al; (iv) anplifying a
fourth Porth ST RECSIAPIE E\Pt?ll%fmbaq F%B‘PrFSFRﬁthém%gerpe?\/é’rfs'e
primers specific for the tail region of a2; and 20 (V) detectin nd
quant i f {+ h@@hgiE¥ingal & T5FoB8E éo?ePEt’&%/% FHRY & S0P Qﬁdau{?g. %‘?.r‘
The gret hod fr £l G T @b bpr MAEF €1 shddigikeadrr Bt oNed AlgicRNBEi &85
about nucl eotides 163708 to 167099 and/or the head 25 region of a2
conpri sesi ahowdl iaRawly Wckesbidesodb86f0ct 0th82E3kpandhatht he pait of
region of al conprises about about nucleotides 167099 to 170335,

and/ or t he 25 ditth HVeES e AR T5ESs S9e5h5LUE AOEI EBEi BB&I169993nt BT
166679 of the a-globin gene cluster as set forth in GenBank Accession

No. AE006462. 46
(iii) amplifying a third portion of the sample with a pair of

15 forward and reverse primers specific for the tail region of

ol;

(iv) amplifying a fourth portion of the sample with a pair of
forward and reverse primers specific for the tail region of

oZ2; and

20 {v) detecting and quantifying amplification products relative to

a control product.

7. The method of claims 5 or 6, wherein the head region of ol
comprises about nucleotides 163708 to 167099 and/or the head

25 region of o2 comprises about about nucleotides 158640 to
162791 and/or the tail region of ol comprises about about nu~

cleotides 167099 to 170335 and/or the tail region of o2 com-
prises about nucleotides 162791 to 166679 of the o-globin

gene cluster as set forth in GenBank Accession No. AE006462.



8. The method according to any preceding claim wherein the control
product is obtained by anplifying an endogenous control sequence (i)
in each of the separate anplification reactions or (ii) in a separate
anplification reaction, using a pair of forward and reverse priners
specific for said endogeneous control sequence. 9. A nethod of
screening for an a-thal assem a carrierd4gonprising the steps of : (i)
obt ai ning a genom c sanple, (ii) subjecting said sanple to four

separ at 8 .anpihief me@hb@nat€a£diwR st PYargT pRERHSh N G (A, A WBleir@BE RAL! con-
that specifically hybridizes under con- ditions suitable for a PCR
with a sequékbé }ééf’ﬁéé‘ﬁ aBoGPTALREROPY d¥EP LicYing ©8 sucPeenpyescontrol

167099 of tRheqaz=gkabiinygepe stLer i jfd j . .
Accessi on No.qAE0064é23 %?e?gkgbﬁs gﬁir%%§$aﬁg%%ﬁl&gﬁggggggéyFEFRE%OQ?
and 2, (b) &rplidbripadrserdddie ampdddénsbiomatessPdoint,i callhy Aypair of
bridi zes un ditjon Lt abl.e. a WL h seguence _het ween
about nucIegg?ggg&1§%%§0§%ggﬁﬁglgg%&%ﬁ% f?gggfﬁéff?ﬁe:%pg obMRCgehe s
cluster as rFdahrpiieeauenden-Bank Accession No. AE006462, preferably
a primer pair such as SEQID NGO 5 and 6, (c) a prinmer pair that
specifically hybridizes under con- ditions suitable for a PCRwth a
sequence between about 47 nucleotides 167099 to nucl eotides 170335
of the &-gl Bbimethedeofl sstrerndsgi dent iahi edthal CenBank ALEESSH OBolyris-
AE006462, piﬁfe{§§|§£§‘§”g r pair such as SEQID NGO 3 and 4, 5(d)a
primer pair %V|ng a gequence that specifically hy- bridizes under
conditiqu 8§ttabh$ féw | PCR mﬁthla se- quence between about

nucl eot i'dés 1 & FT°88E 88+ 166679 of the a-gl obin gene

cl uster identifi.ed in .Gen-Bank Accessi on No. AE006462, preferably
a prine#§%5j%ﬁéiﬁﬁFﬁT%m§%§§55q5 , bP A%HISFeBﬁHaF?i?Tp%kﬁ%ﬁﬁq%ﬂf dHFRC-
quant i fyi ngt 1dres angplif-rCat neangr oducts rel ative to a control product.

10. The nmethod of any preceding claim wherein the pair of for-
(a) a primer pair that specifically hybridizes under con-

ditions suitable for a PCR with a Ssequence between about
nucleotides 163708 to nucleotides 167099 of the o~globin
gene cluster as identified in GenBank Accession No.
AEQ06462, preferably a primer pair such as SEQ ID NO: 1 and
2,

(b) a primer pair having a seguence that specifically hy-
bridizes under conditions suitable for a PCR with a se-
quence between about nucleotides 158640 to nucleotides
162791 of the a-globin gene cluster as identified in Gen-

Bank Accession No. AE006462, preferably a primer pair such
as SEQ ID NO: 5 and 6,

{c) a primer pair that specifically hybridizes under con-

ditions suitable for a PCR with a seguence between about



15 ward and reverse priners specific for the head regi on of each of
said genes and the pair of forward and reverse priners specific for
the tail region of each of said genes are immopbilized in an array. 20
11. A pair of forward and reverse priners for the anplification of

(i) the head region of al conprising a nucleic acid 10 to 100

nucl eotides in I'ength capable of hybri#izing under high stringency
conditions to about nucl eotides 163708 to 167099 of the 25a-gl obin
gene cluster ascdedtideshlibno@enBanknAOcessiden Ng03AE0Q6462ne g-globin
preferably SEQ | D NO& 1 and 2, (ii%%the tail region of al conprisSing
a nucl ei ¢ aci 8518 t 67 18bChuct ot +deRt i a%ndih &8pBBNE oRchebsidi zi K.
under high AE0sbttsngeneys Ml I:08$ 15082 0 14@333. 0

t he a- 30gl obi n gene gluster as}ietﬁ?8§§ﬁ ?ﬂﬂ%ﬁﬁgﬁh%%Agggségoﬁéhbg and
AE006462, preferably SEQ ID NO 3 and 4, 48 (iii) the head of a2
conprising a nucleic acid 10 to 100 nucleotides in I ength capable of
hybri di zi ng‘@hder@ hPGhTe¥ r PAgENEGVERAJRL Semsenee abwait spetiebtdads, hy-
158640 to 1624915pfed h [ | ust er et.forth in
GenBank Accessi on I\eloé gi%%%aﬁ%??%?é%%ﬁ?gg@e%? NG, algc nd B @ vieT
the tail regi@eRFe abedorphi sthguia muclleitidesd 142190 100 nhed BSOS dRS:

in length ca f _hybridi zi under_ high stringency conditions to

about 162791%‘%@6%6 @fet%-egﬂﬁ%rbi Fefenel iRt &S ddendti fledt Hn Ben-

GenBank Accessdn MNeesOAR0MRAGAEdRGeke! aBkyrSEQR 1P N T and, 8. 12 p
or re

A i& for the differential quantitative detection“of two

cl osely Iinkéﬂ%5%%%6“%5@ds7géH€58irﬁ%@sanple, conprising in separate
conpartpents éa%?a pair_of forward and reverse 15 priners specific
for the'teHd TGO kAW tddivd nowsher appt 6T ied toiswl yotdcvkdd, rela-

honol ogous wgeres caRd OBk r81 P8LéqQt forward and reverse priners
specific for the tail region of each of said two or nore, closely

| i nked, honol ogous genes. 20 13. A kit according to claim12 for the
differential quantitative detection of the thal assem a genes al and

a2 in aeEanplee medMARN icH Nohy HSERA:}E QQFRAr 1, . pal forward
ang reverse primners accordﬁtg?to cﬁa?n111. 25 %E?E*ﬁekﬁétgé%EoP irj;ar
toldl ai s P8Iy 208, TEVRERRrPELMES sinegidigafer ofhd dramt ¢rearidnr eFfeeseh

primers Sp%@fééiécﬁeﬁ%%eQHQQQBQO%%f¥”HEOkorﬁﬁﬁyegﬁg'reverse primers
specific for the tail region of each of said genes are immo-

bilized in an array.

20 il. A pair of forward and reverse primers for the amplification
of

(i) the head region of al comprising a nucleic acid 10 to 100 nu-
cleotides in length capable of hybridizing under high strin-

gency conditions to about nucleotides 163708 to 167099 of the

25 o-globin gene cluster as set forth in GenBank Accession No.

AEO06462, preferably SEQ ID NO: 1 and 2,

(ii) the tail region of wl comprising a nucleic acid 10 to 100
nucleotides in length capable of hybridizing under high
stringency conditions to about 167099 to 170335 of the a-

30 globin gene cluster as set forth in GenBank Accession No.

AE006462, preferably SEQ ID NO: 3 and 4,
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(1ii) the head of o2 comprising a nucleic acid 10 to 100 nu-

cleotides in length capable of hybridizing under high strin-
gency conditions to about nucleotides 158640 to 162791 of the
o-globin gene cluster as set forth in GenBank Accession No.

AEQ06462, preferably SEQ ID NO: 5 and 6,

{iv) the tail region of &2 comprising a nucleic acid 10 to 100

12,

13.

14.

nucleotides 1in length capable of hybridizing under high
stringency conditions to about 162791 to 166679 of the a-
globin gene cluster as set forth in GenBank Accession No.

AE006462, preferably SEQ ID NO: 7 and 8.

A kit for the differential quantitative detection of two or
more closely linked, homologous genes in a sample, comprising
in separate compartments {a)} a pair of forward and reverse
primers specific for the head region of each of said two or
more, closely linked, homologous genes and (b) a pair of for-
ward and reverse primers specific for the tail region of each

of said two or more, closely linked, homologous genes.

A kit according to claim 12 for the differential quantitative
detection of the thalassemia genes ol and w2 in a sample,
comprising in separate compartment pairs of forward and re-

verse primers according to claim 11.

The kit according to claims 12 or 13, further comprising a
pair of forward and reverse primers specific for an endogene-

ous control -sequence.



