WO 02/ 068685 PCT/ GB02/ 00839 1 DI AGNOSTI C TEST The present invention
relates to a diagnostic test for the detection of chronbsomal

abnor nal iwoar/068888 devel opi ng fetus and/ or a new born i ndiPeiTauBk/0083p
subsequently during adult growth.. The nethod is based upon anal ysis of
sanpl es using the 5 polynerase chain redction to gquantify fetal DNA.
Chronosomal abnormalities are the nost frequently observed genetic

di sorders in both livebirths and Mﬁﬁjhe | ar gest group of
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cell's nust bg h%asecﬁﬁpaﬁ}foirﬁﬁhﬁég (a%"fglla_e‘nﬂ ?if:recﬁ‘eflﬁﬂ; BB evR eiﬂ:t!ttodhﬁ‘c?rgé‘rgﬁn b&hsSi tu
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Lancet 352 9-12 (1998)). More recent devel opnment s have i ncl uded di agnostic
and forensic assays based on the nplification and detection, of hh%ﬂlﬁy
m

pol yror phi ¢ bl thegast, wdﬁﬁp@tK%Y%ﬁlm euaredapniogyieshasdupyed; i beggre
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extended period during which cells must be cultured prior to analysis. Alternative

fluorescent in situ hybridisation-based strategies (FISH) offer the prospect of a more
rapid prenatal diagnosis although they add substantially to the laboratory cost of

20 processing amniotic fluid samples (Jalal et al Mayo Clin Proc 73 132-137 (1998);
Thilaganathan et al Br J Obstet Gynaecol. 107 262—266 (2000)). Recent studies have
examined the use of a polymerase chain reaction (PCR) methodology, on a small
number of specimens, and demonstrated its effectiveness for the detection of trisomy
21 (Adinolfi et al Prenat Diagn 17 1299-311 (1997); Toth et al Prenat Diagn 18 669-

25 74 (1998); Findlay et al J Assist Rep Genet 15 266-75 (1998); Verma et al Lancet 352
9-12 (1998)).

More recent developments have included diagnostic and forensic assays based on the
amplification and detection of highly polymorphic classes of repetitive DNA that are
30 present in the human genome for example Boerwinkle et al in Proc. Nat'l Acad. Sci.
USA 86 212-216 (1989). The analysis comprises amplification of the DNA segment
that contains the repeated sequence by the polymerase chain reaction (PCR). The



WO 02/ 068685 PCT/ GB02/ 00839 2 resulting DNA fragnents are then size
fractionated by SDS pol yacyl am de gel el ectrophoresi s (PAGE) or by

capi | | ar yweloeostssephor esi s. Anal ysis of so-called "short wPramd®Bwoeyseat” or
STR sequences of DNA have been favoured hecause of the size and genomic
di stribution of such sequences wher e t he? repeated unit in such DNAis 5
typically of from2 to nucl eoti des. The Iength of the STR sequence as a
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indistinguishable from a homozygote normal individual. In such circumstances, a
diagnosis would not be possible. Efforts to avoid this problem have included the use

20 of a non-polymorphic marker as a control, or several STR. markers for each
chromosome (Pertl et al Hum. Genet 98 55-59 (1996); Pertl et al Am. J. Obs. Gyn. 177
899-906 (1997)).

However, there are problems with the currently existing methods in terms of reliability
25 and overall accuracy. For example, errors can be introduced through sample
contamination in a PCR procedure. Perhaps, the most significant cause of error is
allele drop-out (ADO), or the preferential amplification of one allele (Ray et al J.
Assist. Reprod. Genet. 13 (2) 104-106 (1996)). This phenomenon can lead to the
distortion of the ratio of PCR product obtained. Since the medical decisions made as a
30 result of a positive prenatal diagnosis of aneuploidy have very serious implications,
there is a need to provide diagnostic method that is as reliable and as accurate as

possible.



possi bl e. WD 02/ 068685 PCT/ GB02/00839 3 It has now been found that such an
inprovenent in reliability and accuracy can be achieved by a nethod of the
present iWOeaw6ssRy i n which the assay of STR markers is ®odarRo2kes3ousi ng a
co-anplification approach based on at |east three sinultaneous 5
anplification assays. According to a first aspect of the present invention
there is provided a nethod for detecting aneuploidy of a chronpbsone, the
met hod conprising the steps of. 10 (a) simultaneously anplifying a
plurality of chronmpsome-specific short tandem repeat (STR) markers to form
an anpl i fi cafing8 nBHOSUER folthe ik QuaORP frh %’oﬂ&nelﬁqai eRatfityl 4 RBEra6y ca@be STR
markers; (b) separating the anplified chronpbsone-specific STR markers from
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| at t f th
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or nore chro B%% corre ng t

relative conﬁﬁﬂiﬁ@hb@@s@ps each arrpl i f| ed STRwth the presence or absence
of aneupl oi dy of the chronbsonme, once consistent results are obtained from
at least two markers of the chronpsone being assayed. wherein at |east

three sinmult ﬁ@(?oggﬁg$§saaﬁ§st ?‘é}? Icg?])rfr e PreQiH: 1@%96{4"&&659 %\ﬁ&ﬁ 4 ¥ethdd ) 25

prior to step e con 0 neupl ol dy (or heterop oidy) refers to
t he condi ti odetedting anetiploidyoff @ hronttavinaghermrethadrampoisingdbestepsand an i nt egr a
multiple of the typical haploid chronmosone nunber. The term i ncludes the
condi ti ons of nonosony where one chronosone of a 30 chronpbsone pair is

m ssinggand tri Sogbj sHar8eaRPARHII BBl plGRARY dfSchRsBsRRte-spetifis gh@t tandem
cases |t is also possible for an indivi dual to have two or nore extra

chronpsomes. WO 0@@6@8(&3)9@71@0@/ doazm ampfrﬁ@atmrmdu%rﬁw&}rﬁ RSN Eof
chronosones in hunans ndlvgﬁﬁﬁn chronosone counts that are
not nultiples of ?cﬂ)éesn Pf%?n%%fﬁfl%m AUNDEr (23) are said to be aneupl oid.
A fetus can receive higher multiples of the haploid nunber of

(b) separating the amplified chromosome-specific STR markers from the

15 amplified product mixture according to size;

(c) determining the relative concentrations of the amplified products

corresponding to the one or more chromosome-specific STR markers, and

20 (d) correlating the relative concentration of each amplified STR with the
presence or absence of aneuploidy of the chromosome, once consistent results

are obtained from at least two markers of the chromosome being assayed.

wherein at least three simultaneous assays are carried out according to steps (a) to (c)

25 | prior to step (d).

The condition of aneuploidy (or heteropioidy) refers to the condition of a cell nucleus
having more than or less than an integral multiple of the typical haploid chromosome
number. The term includes the conditions of monosomy where one chromosome of a
30 chromosome pair is missing and trisomy where an additional copy is present. In some

rare cases it is also possible for an individual to have two or more extra chromosomes.



chronosones to give 69 (3-tinmes) or 92 (four-tinmes) chronobsonmes. Such
triploid or 5 tetraploid fetuses normally m scarry early during pregnancy.
Met hods oWotobeegssesent i nvention are generally applicabl epPCo/GBoagosssi s of
aneuploidy in any animal species. In general, though, it is with respect
to human nedicine that such nethods are4expect ed to have the greatest
applicability. The present i nvention is 10 not limted, though inthis

respect and t ends t tho s.carried out, on sa S n ni mal
species, in ﬁ b RUt f‘?é %E?’ggsomGSrmeW e Jl@ {V?(ma?s X’ltﬁudi ng
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aneuploidy in a fetus. Although, it should be noted that the mnethods are
applicabl e to the determ nation of the chronosomal conplenent in any 20
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regions)s ass L IR LhiRh1 0 etfé}ﬁbl Bbﬁa‘iﬁﬁian'nﬁﬁiﬁtﬁhl'spm conpri ses
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regard to the diagnosis of aneuploidy in a fetus. Although, it should be noted that the

methods are applicable to the determination of the chromosomal complement in any
20 cell, i.e. all somatic and germ cells in an individual. In terms of a developing fetus, the
methods may be practised on any cell, so from the one-cell zygote stage, through, the
various embryonic stages to the development of the fetus. The methods can also be
practised on any cell from the new bomn individual into subsequent growth and
development. Additionally, there are sources of fetal DNA present in maternal

25 plasma. In these samples, the DNA is free from the cell.

Examples of human disease conditions caused by aneuploidy include, but are not
1imited to, Down Syndrome (trisomy 21) i.e. three copies of chromosome 21, Edwards
Syndrome (trisomy 18), Patau Syndrome (trisomy 13), Turner Syndrome (monosomy

30 X) i.e. only one X chromosome in females, Kleinfelter Syndrome (XXY) in males,
Triple X Syndrome (XXX) and other conditions such as (XYY).



5 markers can be consi dered and i ndependently included, so the nunber can
be six, seven, eight, nine or ten, or nore independently in total in each
separ at e woIAP686BRCh assay can therefore contain a diffePemGBosonssy of
markers. In general, the STR marker DNA to be analysed is anplified by the
pol ymerase chain 10 reaction (PCR), a teéchni que which is now standard in
nol ecul ar bi ol ogy | aboratories (see for exanple, US-A-4683195;

US- A- 4800159; US- A-4965188; US- A-4683202; US-A-4889818; and Innis et al
Editors, PCRIT sumber of SARamerkers 571k sogions), asepyrd acqmyding togt msthodnebhthe

co-anplificatj I t] L& I
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t echni ques, &ofour,&tanftast fowe @Gy, dr phiasse ssyortseesi STR nsarkdro s Badr SIFR dadrker
chem stry (US-A-4458066; US- A-4415732; aucage. et al, Tetr dro 8,
2223-2311 ( 10%bg§ yndependsily rguified & et P_Eﬁ’sﬁalgaé? EIE_F% aRAYS- bé%ggﬁoé‘éf 5%y
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regi ons. The unique sequence regions Wll énsure that only the STR

speci fic forsdver, eght, naw artem wp sore indepéndontiy iptotdl jie gach sepprespssat eE&hRs

may be identified from.publicly i |l abl segquence data bases, such as
GeneBank TM ofSSERAATHECTIUR CPORRIF ‘ﬁﬁgﬁﬂl\aﬁl%?e%eﬂg@?%‘f r%hr onpbsome- speci fic 25
DNA |ibraries using the nethod described by Edwards et al, Am Hum Genet

49 746- 756 (1991). STR markers can be obtained fromthe genone dat %base
(ww. ddb. or §) genstals the STRomiatksr DO i5F b sralyrgranargeliisdeby tBe pelyaerasg rhain

1304- 1351 (2001} : : - i 1abbBforadR

mar ker ?@an bEeagé?neﬁ?(té%j’ ? r%%?%%%@ggl? ?Se‘gg‘glgg)%%%ﬁgﬁ 112(9%1{1‘%%@8%% a}[ hat 0has t he
necessary he{stday@eample, USOA-4GBSEXS AJ$AR43A01695 USOAKA6HIBEL AJbA-48802:at ed
wi th one of chronmpsones 13, 18

, , 2 X h T k b ted
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DNA- whi ch | angpaky depends on relative GC content, the presence or absence
of secondary structures in the target DNA relative length of priners
(Rychl il et al, Nucleic Acids Research, 17 8543-8551'

Primers for PCR amplification may be readily synthesised by standard techniques, for
example by solid phase synthesis via phosphorarnidite chemistry (US-A-445 8066; US-
A-4415732; Beaucage et al, Tetrahedron, 48, 2223-2311 (1992)).

20 Chromosome-specific STR markers can be selected by choosing synthesising primers
that hybridise to adjacent unique sequence regions. The unique sequence regions will
ensure that only the STR specific for the desired chromosome will be amplified.
Appropriate STRs may be identified from publicly available DNA sequence data
bases, such as GeneBank™ or can be identified from libraries of chromosome-specific

25 DNA libraries using the method described by Edwards et al, Am. Hum. Genet 49 746-
756 (1991). STR markers can be obtained from the genome database (www.gdb.org)
or the publication of the human genome (Science 291 1304-1351 (2001); Nature 409
813-958 (2001)) can be inspected. The STR marker can be selected from any desired
locus on a chromosome that has the necessary heterozygosity. For disease conditions

30 known to be associated with one of chromosomes 13, 18, 21, X or Y, the STR marker

can be selected from a loci on the chromosome as appropriate.



5 (1989); Lowe et al, Nucleic Acids Research, 18 1757-1761 (1990); Hillier
et al, PCR Methods and Applications, 1 124-128 (1991)). Were a PCR
machi ne iwWOWw2meke8t he STRs can be anplified by 20 to 35 PERTWEIMO6839
suitably by 25 to 30 PCR cycles. As used herein, the term"PCR prinmers"
refers to primer conplenentary to sequenées 10 adjacent to an STR to be
anplified. The PCR prirrers may be suitably inthe range of from1l5 to 35
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Bbout 100t 9881 Aiftosgen dbebORY BrBbudh A hrtRat dab RrPHALTESH A 2R weP |0
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fluorescent, enzynmati c, | ectron density | abéls can be attached via
avidin (Broken et al, NucI eic Acids Research 5 363-384 (1978)), or by
bi otinyl ation of%ihe S’

rm f oli gon cI I
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groups, such , (Connol ly, Nucl e| C

Aci ds. Reseaf‘f&‘w?%@b gﬁ%@%@@u i@%é 9%%§ggghﬁgt %F, Nucl ei ¢ Aci ds

Research. 15 6455- 6467 (1987); US-A-4605735). Met hods 30 are al so avail abl e
for synthesising sulthydryl -derivatised oli cle ich ¢

react ed wi t hIn meshodspatiths Presgpfeyeniqys. 1%“3‘%’5@? 3?%,\3}‘ g?aé&% ci ds
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direct or indirect attachment of radioactive labels, fluorescent labels, electron dense

labels. There are several means available for derivatising oligonucleotides with
20 reactive functional groups which permit the addition of a label. For example, several
approaches are available for biotinylating a PCR primer so that fluorescent, enzymatic,
or electron density labels can be attached via avidin (Broken et al, Nucleic Acids
Research 5 363-384 (1978)), or by biotinylation of the 5' termini of oligonucleotides
via an aminoalkylphosphoramide linker arm (Chollet et al, Nucleic Acids Research 13
25 1529-1541 (1985)). Several methods are also available for synthesising amino-
derivatised oligonucleotides which are readily labelled by fluorescent or other types of
compounds derivatised by amino-reactive groups, such isothiocyanate, N-
hydroxysuccinimide, (Connolly, Nucleic Acids Research 15.3131-3139 (1987);
Gibson et al, Nucleic Acids Research.15 6455-6467 (1987); US-A-4605735). Methods
30 are also available for synthesising sulfhydryl-derivatised oligonucleotides which can
be reacted with thiol-specific labels, (US-A-4757141; Connolly, Nucleic Acids
Research 13.4485-4502 (1985); Spoat et al, Nucleic Acids Research, 15 4837-4848



5 to one or nore priners (US-A-4757141; US-A-4855225). Preferably, copies
of different STRs are |abelled with different fluorescent |abels to
facilitatwogoasgest ati on. (Smth et al, Methods in EnzynolPCEyGEI2508360- 301
(1987); Karger et al., Nucleic Acids Research 19 4955-4962 (1991);

Haugl and, Handbook of Fl uorescent Probes and  Research Chenical s (Mol ecul ar
Probes, Inc., Eugene, 1989). Preferred fluorescent 10 | abel s include,

fl i i vat | th f (US- A- 4318846; t -l tonetry 10
151- 164 10806 96Dy G FRpmEHE depw oY TeibaiibhvEs Ter IPEUTE 1A BRI,
rel ated conpgrRsifed vyaahtRelerBkYL PaBma 189 Wil (iosg)of fluorescent dyes

are enployed they are spectrafly resol vabl e, as taught by Fung et al
(cited above). Briefly, as used herein "spectrally resol vable" fluorescent

dyes are those wi i ]SSl ] 1 S5{.0Nn
ma ma ¢ hat pomed TR ENITH) B sy nGsEBhRE Y M horclal AR
t herebyst o b ropadbd ynodeteghad (USSNi4767541SUSMA 48552281 Peaferably, tdopies of
concentration bands of the separated fpoI nucl eot i des. P%R. rimers _of. the

i nvention cafiffgrey PRs aailebgted wathydiffsya ﬂB?Fe%iePhlagﬂéé?) W@@?—Wu%oﬁsi ng
standard pro N At kAL . ign ahgyat ory
Manual ( Col dkﬁgﬁﬁgtga%gzg%ﬁiaﬁ %to 0 ?gﬁlézgvﬁ\%g? K@g?z,g%%magg%ﬁf JePr ot ocol s
in Ml ecul arkeBiantind9, 493514968 . A 99 U Hteugldndy Fungbovd, ofN&Wworercknt Pref®y)gnd or

Maxi mand G | bert, th. Epzynol., 65 499-5 19 2 epar at i t he
anpli fi ed ST%SW%(%E@%I @i%]ﬁc%lf‘"z B@%&cﬁ%%&g"’&%a‘%@'b re%é‘%@oﬁ% r?srs}ﬁ@{j in
a variqly of RS indlE UglioRGkcbin Bhd tddva@ves ebbfPEUS-QLaBIBSEs) ilHei @ al,
chromat ogr aphy, el ectrophoresis, affinity collection (Syvanen et _al,

Nucl ei ¢ Aci d€ytdRestoat®hi1-164 (1089)), tetaarthylrbedanyine, Thedamipe iX%.i ksxas Betsatdn be

ted f th | ifi t- 1M .. el 1
capi | Lary ol 80 dashaprpout NRLpRbE: yikp WolRlf FEhCARIBEaLS o
{1 uor escent | Aol Rs) aBEhecsRRy Rielably, Gakughe by Bunpphaeisidsboe): Bpiclyar y

el ectrophoresis (Mayrand et al, Cinical Chem gt ry 36 WO 02/ 068685 .
PCT/ GB02/ 00839 usesl xgeia-"serpiraliy tryolvablgh fipenseeeat dyes arafhiose wathpuapiugt ¥iglds:

dinique 91 =230 A T %&ﬁp StropRbR&ILAL Pféd 3
1-11 (L111§92) ).% S%%n%%ona{tﬂ%%&dﬁmgéﬁor} ﬁ%ﬁiﬁadg%ﬁp 0 flg boep{E ng t.eqs)fg? af or
aneupl oi dy i podhusicotdts 15belled theaetsetd bs sapile détectad thspitei subistenténl aivedap pf om a

cell-free source, such a t er nal .
the concentration%ar?é% o% the separated polynucleotides.

PCR primers of the invention can also be radioactively labelled with phosphorous-32

20 | using standard protocols, e.g. Maniatis et al, in Molécular Cloning: A Laboratory
Manual (Cold Spring Harbor Laboratory, New York, (1982)); Current Protocols in
Molecular Biology, Unit 6.4 (John Wiley & Sons, New York, (1987)); or Maxim and
Gilbert, Meth. Enzymol., 65 499-560 (1980).

25 Separation of the amplified STRs from a sample by size fractionation may be
accomplished in a variety of ways, including by filtration, high performance liquid
chromatography, electrophoresis, affinity collection (Syvanen ef al, Nucleic Acids
Research, 16 11327-11338 (1988)). The amplified STRs can be separated from the
amplified product mixture by gel electrophoresis or capillary electrophoresis.

30 Alternatively, the amplified STRs can be fluorescently labelled and separated by gel
electrophoresis or capillary electrophoresis (Mayrand et al, Clinical Chemistry 36



bl ood plasma (Prenatal Diagnosis 20 795-798 (2000)). Cell sanples can be

obtained froma variety of tissues depending on the age and condition of
t he i ndi wouwalesesSanpl es (cell or cell-free) may be obt ai mew/dBoo«v839

peri pheral blood using standard technigyes. Preferably, in fetal testing,
a sanple is obtained by amiocentesis, 10 chorionic villi sanpling, or a

sanpl e of maternal blood plasma. Preferably, DNA is extracted fromthe

sanpl e usin r ocedur es h as
deser i bed by Raaat R0 GRS B ad B A et LA O Cgp P Ly fe

N. Y., (1982)d ql Colpl. T, (Blbctiophéesi 8St-1 NP 992)). al so be obtained from
naternal perlpheral bl ood using fluorescence-activated cell sorting
(lverson et al, Prenatal 15 Di agn05|s ©9.31-48 (1981)). The correlation of
the rel ati Ve goapeentAanaPL, SaRaATRAd | ookinT Rl S tndildiaf Reobilinggence
or absence aneup y can be un erta en inany general 'y conveni ent
nmeans. Jhe r@@m@scm sammb lﬁfdnedlaS'ﬁﬁNr&udieJr fmmdumﬂlsfrcrbsmcmeduqhnast metemstihod

are 20 anal ysed _and the d a 03|s of t chr

the sanpl e cdlfodal aSlﬁ*ﬁd@’ e lgg@ﬁlff me%rf@n&phhﬁ ?Q]Il Safupiey ‘%&?@dof

the chr OWDSO%ranb I @Siddak® ebhdifid Qifethé afdiviceel.f or

an accurate di ag%o‘}saﬁse%zsag?(gr?%}eﬁ d@?%&éﬁgﬁgﬁ%d gg? t he prlesrent i nvention. 25

\l/\g pL acti cg Sajnpig:nrj?nlb of seldﬂﬁltey) mmﬁoﬁamérﬁmrmbﬂ& é10§élltsé:1%ge§ta@‘é%r§f ul : y
ich produce smalle ton t Si.Z tia

anpl i fi cati offCHHEY S g &)ﬁ?fg ah Ya i f§ E“? t\é\ﬁlelg /3%1 @gtlgr(gozt{l}geocg:ﬁ V. %°§‘§r§§5§€r ed

enbodi qgnt Oéhohfaﬁlcwlﬂﬁ githpling)eeatsample bN@htedes baodmplbmﬂa aeftmbty, .mm @bove
in which the STR markers }?‘lave a high heterozyg of agﬁ@z ﬁf % u
to 75% 80% emedmf%m b5t &AmIloQUBIEG 0SLIHIAEh r BIAPFHINESSy s PAFRALSHIOE

out - For examiBLoRAL Ao RL7 Ml e ﬁm’&'fb”‘?ﬁ%"%ﬁws“ﬂ‘?ﬁm’fr' =

out re a par ectl on o /0686

PCT/ GB02/ 008R9y., Y198k erCelhesnples fori fetaﬂi&ebtmgcctaeaalsq es wibtaingdd from wagerealSTR
mar ker shows a_ doubl e- peak, ipdicative of h(gt eg Ilf# thz é,fura%;le
assay of addpermheel @?‘P@ REE T UOTEsSANqgeactiyUey o (Ayeison;ef fho &1 uch

addi ti rgal nyl%el ?’ﬁ hgg(m% in conbinations, for exanple up to 3, or

nor e, to pr ovi It1ondl data.

The correlation of the relative concentration of each amplified STR marker with the
presence or absence of aneuploidy can be undertaken in any generally convenient

means. The ratios of amplified STR marker products obtained in the method are

20 analysed and the diagnosis of the condition of the chromosomes in the sample can be
made. Consistent results from at least two markers of the chromosome being assayed

" (with no opposing results) are required for an accurate diagnosis according to a

method of the present invention.

25  In practice, diagnosis is only accurate when markers are selected carefully which
produce smaller variation between allele size to avoid preferential amplification but
maintain a high (over 70%) heterozygosity. A preferred embodiment of the present
invention, includes a method as described above in which the STR markers have a
high heterozygosity, of at least 70%, up to 75%, 80%, 85%, 90%, 95% or 100%.

30
In certain circumstances it may be convenient to arrange for an additional

amplification assay to be carried out. For example, where a particular selection of



5 The STR markers that can be used in accordance with nethods of the
present invention, include but are not limted to: D13S257, DXS981,
D13S631, WPIILeshdy DXS6785, D18S536, D13S258, D18S535, 1@CDAIEBLAAILBI
D18S548, 21-32S (informal designation), D2IS11, DXS7423, HPRT (or XHPRT),
D21S1446, D18S391, X-61 (i nformal designﬁtion), D18S978, D13S317, D13S627,
D13S800 D18S1002. In such multiplex PCR nethods other STR markers for the

si mul t aneous detection of 15 aneupl oi dy and nséﬁfe\:rs or . ot her g ne fects
can be used,maters h&fénf’b}_’le@ﬁﬁml@,r TesH angré’?ﬂ_ e arkrshgys prlotbleaealice or
absence of {HSicEHR4FRdbBEANRy AGRRY AIHhal ARy of Gldi8al FNe ok 8P be

i ncl ude, but are no S for SicKle Cell Anaema and |VS1-110
for (3-thal assdentafiShedihgmsisetSugh additionaHurarkeBe ezt be B2d dn p@nigingggls) for and

RHO for Rhesus status (Zhong et al .Br. J..Obstet. Gynaecol. 107 766-767
(2000)). 20°%80% ‘?Hfé?t%=\9érr‘r?g‘?’ﬁ‘éf”é,"v§‘§éhe %\%dltﬁ\%]‘_gﬁa'and AVEL B nay al so be
includeg in the nultiplex assays to detect anomalies arising mainly from

second neiotic division non- disjunction. The markers can be jointly
referred to e 'SAREmatkers Bhat cah TheuspllAnt ascprlansraWide gnethods pof Bist BEEREH f r om

any gener al 'iévg {otﬁg@lcﬁxg%%{aatleflllcawirgitgc[tO:ti ssue source. |In prenatal

di agnosis, ¢ ned tTromthe developing fetus directly by
ti ssue biopsy, or a sanple of amiotic fluid or foll ow ng chorionic villus

ling. | born babi hi Id ,
sarml i ng. | hew boro babt e, et Locen, & atube e Ssmple, San ey
or bucgg' S‘“ﬁ%f&%ﬁ%%ﬁ&s Wt $H<0 infrcﬂﬁaladggiggaﬁ tHoNs Py, asRIUNS, FRR e

anal ysed using a sequencer. or exanp sequencer appar at us

suppl i ed by ABPRTOMDBIEs44, dXERS3Vhe Xe@l ginformal\Ges2n0e8h 8B 18%7BGRIZPADE39
10 anmounts of _anplifi e} odyct can be quantitated according to the
| abel used, @.16&)271’5 R}gg%@ﬁgé@g "or radioactive | abel. Wen the results
are displayed graphically, the area under the peak on the output fromthe

sequence anal yser can be used to quantitate the_ anount ?f anplifi catifon
product pres&nsuchanulépich ROBAmesrdde other STR markers for the simultaneous detection o

15 aneuploidy and markers for other gene defects can be used, such as for example, the
marker indicative of the presence or absence of the cystic fibrosis AF508 mutation,
CF508. Other markers include, but are not limited to, HbS for Sickle Cell Anaemia
and TVS1-110 for B-thalassaemia (Sherlock et al Ann. Hum. Genet. 62 9-23 (1998)),
and RHO for Rhesus status (Zhong et al Br. J. Obstet. Gynaecol. 107 766-767 (2000)).

20
Quantitative markers such as AMEL A and AMEL B may also be included in the
multiplex assays to detect anomalies arising mainly from second meiotic division non-

disjunction. The markers can be jointly referred to as "AMEL A +B".

25 The DNA to be analysed can be obtained from any generally suitable cell, fluid or
tissue source. In prenatal diagnosis, cells may be obtained from the developing fetus
directly by tissue biopsy, or a sample of amniotic fluid or following chorionic villus
sampling. In new born babies, children or adults, the sample can be obtained from any
convenient tissue source, including, for example, blood or buccal swabs.

30
The results of the amplification procedure may be analysed using a DNA sequencer.

For example, DNA sequencer apparatus supplied by Applied Biosystems. The relative



5 In reaching a diagnosis of trisony, the ratios of the peaks obtained for
each anplification product are conpared. Methods in . accordance wth the
present Wwowemtdesh permit a di agnosis of a nornmal chronosecalGRvenpE3e rent
with a peak ratio in the range 1:1 to 1,4:1 for a particular STR marker. A
di agnosis of di-allelic trisomy 10 (dipl B(%ygous trisomnmy) can be nmade when
the peak ratio is above 1.6:1. The identification of these ratio values is

i t ant fal { t i.ded. | di t
of "the | nvertaiis ehanaiitioh Sidreted feMiBiae wedefrlla® ol 8 Fhce.
W th the firglora®ReCdyetdr raflidadtieanbdlOMWhéd thehveGiitsthe d@blaly@diﬁaphfd’aﬂfi, thé5

si mul t aneous assays (‘or nulitplex mxes) each conprise i ndependently at
| east six didbe tigTRakan Kes eptpuitfron the seauanceranalises capbe viedHo aHaBHBSome

product of aetoh @Ryt el BBl 4Bn TR Blla? Dl Lol
conpl engnt of chronmpbsomes and a peak value ratio of 1.6:1 or above is
pr egent 1 el R hingh r GagToS B HeRmh e KUYl (16 PEOp PRy E Fslior
three nul tiplexes. of | &Léteﬂgpg{)ﬂ(ﬁr.éd_f OM&ﬁ’(lfcfsﬂanﬁéﬁfaalﬁe "RAtROtheOpresédie

present invention as scri be Suitably such kits can include at
| east 3 set sinverftidnafeeiteddipgriosisre o worntah ehrSTRsormalkeonmplemertd evithnp pedki wagio

pol ynerase buffer solutiaon in 25 i gh ol ymer ase. canh,.extend. th
primers in the E)Faégﬁljl'cletoc}fél'% M‘%ﬂé%w%lﬁe& @e@%oﬁbsl Oggdé"la ghe %SE)HS/

tri phogghat e&ﬁplIBy?gohgaﬁhdre%NeAaﬂ BRI EnallBYwhdiC &W?eéﬁl& Waieseenbove | abel s Trd the
DNA pol ynmerase nay be Taq \ pol ynerase. The fluorescent |abels  include,
but are not ideniifiedionof thesanstio yebienis inpetiantian alsenrgates oydts e avaitet eof |

i ncl udi ng carboxyfl uorescein, 4,7-dichlorofluoresceins,

tetranet hyl rhodai nine, 30 rhodam ne X, or derivatives thereof. According
to a third agpgsief@fedidiodiNan’or tr ihtanien) hepriopiotattd tahaethed aodesSibedvar ker

WO 02/ 068685 PCT/ GB02/ 00839 11 21-32S (informal designation) as rker
for the di agaesordanes vsiftedhe direly agrech ofcRicoHYSBIRLL f\"h@’%ﬂ’@t k5 aﬁ:‘ﬁasget[ﬁg?

descri hed ab ] | aLd i Ihizks) 3Pk Chmph $RRp MBI 120 NoasPEix
alter ngsi vel %ﬁlﬁgeg#gt%%dgggg{/%%ﬁgﬁé nélense)'r alg?y rsmgl '?eabl epdi a_gtri:%sat iC
different STR markers (at least two markers for each chromosome being assayed for),

and in which a peak value ratio of amplification product of a STR marker of 1:1 to
1.4:1 is diagnostic of a normal complement of chromosomes and a peak value ratio of
1.6:1 or above is diagnostic of di-allelic trisomy.

20
According to a second aspect of the present invention, there is provided a kit of parts
comprising at least three multiplexes of labelled primers for carrying out a method of
the present invention as described above. Suitably such kits can include at least 3 sets
of labelled primers for the STR markers to be amplified, polymerase buffer solution in

25 which a DNA polymerase can extend the primers in the presence of DNA polymerase,
and deoxynucleoside triphosphates. The labelled primers may -include fluorescent
labels and the DNA polymerase may be Tag DNA polymerase. The fluorescent labels
include, but are not limited to, fluorescein, rhodamine, and derivatives thereof,
including  carboxyfluorescein, 4,7-dichlorofluoresceins, tetramethylrhodamine,

30 rhodamine X, or derivatives thereof.

According to a third aspect of the invention there is provided the use of STR marker



test. For exanple the nethod described in US- A-5994057, Pertl et al in Am
J. Cbstet. 5 Gynecol. 177 (4) 899-906 (1997), or Verma et al in Lancet 352
9-12 (1998p.02h6s85 ding to a fourth aspect of the inventi oRCIIGHE0R/00ES9

provi ded the use of the marker Y-40S (i nLor mal .designation) as a narker
for the diagnosis of the sex of an indi vitual .  The net hod may be as

descri bed above in reI atl on to the first aspect of the invention, 10 or

| t ti | d tabl e di t t
For * oxanpl e21IES HetRBE S BE) T 2 arkebdeh U5 delids SLARATRET f 3
Costet. Gyneg@bmosdmd. THe nfR8RUIRE, kel & Fekeritid above® Rlatidh to ﬁlel-t%@ﬁﬁpe&’iﬁ‘ 9- 12

(1998). In nost cases, such nethods will be of greatest use in detecting
the sex of a‘?lileuﬁb‘mtwnf er akernatiyelys desy miethgdimay be oy tasneraliv svitable gdiggnostic

| nvention th or It ggé\'ﬁéfgeﬂ%g{ntse&gfiﬁgﬁg%d [@ﬁ?e}( _59640398pdhin 9[1?@me dﬁ@bgfé?t' on)

as a marker uent tystic i

mut ati o8 i n GhreddNATG(4n899-0d6 VioguRlor VEhaa azeilhmﬂamy35m9ag (t@s&)rl bed above
inrelation to the first aspect of the invention, or alternatively, the
met hod may be any generally suitable diagnostic test. For exanple the

thod d I .
177" (4) 595 OO 1B Pargapel Vot ki Thert s REY e o) "k

FI SH, net hod¥-44S (ihformeledsipnation) ent inonkenfer thealéignbgs ofithg sex ofaraindividiaknes

of ammi otlc luid (0. i.ch does not, t |

culture IE %@Hﬁ%be%g%@?%oﬁg)%f tﬁﬁF‘? ?fsggé}%ﬁﬁ\r%@grh% ﬁlg and
theref qpe d0§15 aﬁ@xtnaﬁ%ly % H&&o@eﬂn i&ehﬁbg g@héﬂﬂ@y Qnitab)é atidgnostiy sesal | Bws t he
techni que to be used on | es taken at both earlier (12 weeks) or, later

gestations (wm@ek@meﬁhhéde@ﬂh?ﬂ aUS-4r 899498 ki Eﬁj’ﬂéﬁaldﬁdﬂda(n%ﬂétf Gypegeol.
|1 th | ed
ip to cope vi{htarge N MAT & VERM Ll in el 3212 SO0 SR 86D 70,

3700 ABI DNAg@gaHeneed will beshpesesaasandietegtihgtielsex pf aswbor feasnt i on may

al so be used for ammo-PCR anal ysis WO 02/ 068685 PCT/ G302/ 00839 12 for
conparative DNA studies, for exanple to determine the zygosity studies of

twins gand faf c@x‘airg PJ bYeofieh 85 sﬁ@ﬁpﬂf I mvgﬁ’c'ilﬁfaﬁ{é?e abplLidRRLURE M8¢ of marker
cont am natl onhInc eultur 63 have been all evi ated si nply by 5 conparing

the DNA pr of iORS88 {infomtahdesigtatiomads aBhikebionthratlagnosinod theonesiikegnent cystic

fibrosis mutation in the DNA of an individual. The method may be as described above

in relation to the first aspect of the invention, or alternatively, the method may be any

generally suitable diagnostic test. For example the method described in US-A-

20 5994057, Pertl et al in Am. J. Obstet. Gynecol. 177 (4) 899-906 (1997), or Verma et

al in Lancet 352 9-12 (1998).

Unlike FISH, methods of the present invention are feasible on very small volumes of
amniotic fluid (0.3 to 1ml), which does not then compromise any cell culture
25 requirements. The PCR methodology amplifies DNA from cells and therefore does
not rely on the cells being alive or intact. This allows the technique to be used on
samples taken at both earlier (12 weeks) or later gestations (34 weeks), when samples
are lacking an abundance of live cells, without affecting its reliability. Ammio-PCR
can be easily scaled up to cope with large numbers of samples (240 samples per 24

30 hours per 3700 ABI DNA Sequencer).

Methods according to the present invention may also be used for amnio-PCR analysis



sanple to the profile fromthe amiotic fluid DNA. In a preferred

enbodi nent of the invention, there is provided a nethod for detecting
aneupl oi dyowk/oes68hr onosonme conpri sing the foll ow ng st epsPCIGRIZN03P epar i ng
sanpl e(s) of amiotic fluid for analysis;_ (2) selecting appropriate
chronosone-specific short tandem repeat 1%STR) markers for use in at |east
3 simultaneous nultiplex reactions; (a) including preparation of negative

control with.no tenpla . 15.(3) labelling the forward or.revers
primer from PAEAMRE lv%b%fgr%esg’ fogfé%}n&ft?% dgis ‘r'%lﬁrp%lz}égqsg%éﬁud](eé. é?wm%
fluorescent ghaeror padhPdcterdidafbgl ); (4) preparing sanple mxtures for

pol ynerase chain reaction (PCR); (5) anplification of DNA sequences in
sanpl es using PCR (6) separation of anplified DNA sanples, e.g. by

el ectrophoresis; 20.(7 i.fi i f i I
anplified f oé"%de"%spaé’é}lg R0 bR ff oY GRREP AR A REH tsﬁﬁpé 10y
reactions; (&mperilgytesDNNA prifil@siron theakataneDNA obtaiiedafrbel @ nanhiwdshed
and determ nation of chronosone status O‘I etus 25 The sanples for

anal ysi s naysaple faheprotge fiom thg gniicdld BNS-i s to be perforned in
addition then sanples are at roomtenperature. The extraction of DNA from
the cells may be performed by any convenient nmeans. The cells may be
resuspended hna peefdrr&@hembodioeot oiCthnatinvehtigre dhérn improvidedfamgethod et detgdinghe
pellet of cells EEX éFeHAbe resuapended1¥n qlsuitqple medi um such as
phosphat e bufEPIALSH & GOTgsRs FoRRsmedhe LloPRS B8PT ot rmy t hen be

resusp ed with el exT, '@n@ms iJTeHRaitRALAd farnalppikopri at e
tenperglmre of atgpeast %%Eﬁﬁggr eferab)l y 56C and WO 0.2/1368685 P%IT/ GB02/ 00839
13 no nore than 608. Thesehpetinghappropiae ndgomesamesraRegHEd sBort niBaEsR greReal ooC
and then centrifuged. T | 1 pl - ednasi | .For
each sanple or control, mlgjé‘m&rg&sse?rs@g% Eﬁ%%sggasglgﬁ%?%par e@ﬁg%gﬁé%‘gﬁ?séi ni ng

one of the three different ) ti plchMing pespaedtionprofbesgativere corel s vagh 1o

desired. Supernatant containing DNA fromthe cell sanple is
© template DNA;

15 ' 3) labelling the forward or reverse primer from each pair of markers

used with appropriate label (e.g. fluorescent dye, radioactive label);

4) preparing sample mixtures for polymerase chain reaction (PCR);
%) amplification of DNA sequences in samples using PCR;
(6) " separation of amplified DNA samples, e.g. by electrophoresis;
20 7 quantification of DNA representing each allele amplified for a

specific marker used in the 3 simultaneous multiplex reactions;
®) analysis of ratios of peak area for each allele amplified and

determination of chromosome status of fetus

25 The samples for analysis may be frozen, or if routine culture is to be performed in

addition then samples are at room temperature.

The extraction of DNA from the cells may be performed by any convenient means.
The cells may be resuspended and a 1.0ml aliquot centrifuged in a microfuge tube.
30 The pellet of cells may then be resuspended in a suitable medium such as phosphate
buffered saline to wash the cells. The pellet may then be resuspended with Chelex™

resin and incubated at an appropriate temperature of at least 50°C, preferably 56°C and



then pipetted into each set of tubes, including controls. The sanpl e tubes
thus prepared are subjected to PCR using a conveni ent apparatus. 10 At the
end of thwoReRsse8mNPl es are separated be gel or capill ary PeT&RROMIOr eSi S
using conventional fluorescent DNA anal ysers. Identification and
quantification of DNA product can be pe ¥ormed usi ng any conveni ent

net hod., e.g. ABI GeneScanTM The DNA fragment size, chronpsonal origin

and quantl ficati o ned | nient
neans, for e’%"a’??ﬁ’f Egﬁe&eg@[\]%phpﬁ%ﬁt 4?%@%@%&?@%%@& % “Bach
chrormsorre P&ntrifapsli. are classified by conparison to results from known
sanples. In such a nethod, markers producing three peaks with an

appr oxi mat e peak area ratio of 1 1:1 (i.e. below 1.4) are considered

consi stent w Kk ng? W th
a DNA ratio mh{df%% g(\réléljé%% ere t%i oaségu((g:(ggnsﬁélts Ej W #’1% éO@fgﬁog&ﬁgﬁd

rati o above éexﬁofqﬁbalm pm:aamﬁtehcn ¢onsediiivig odnyf thathree diffsrens emlilpldx arixksbf6 i s
considered to be inconcl usiyve. (fCR reactions, pr.od ing in ﬁonchum ve ratios
may be repeaPloBe/PHMET &5t Ry depised: o Siparnatary contatingINA "o, the qell sppleds ' r om
a single chraEpSERBiSinfOUAth 0 B bk ChRRAGAL Sontdils XN sifl | BbeX 1R
system conpri se east two different kers per ronosone can
be used. Popﬁepzim@ammdbjeotrednsP@Rtus:mdotnsemmnmpmraﬂueast t wo |nformati ve

mar kers for each chronosone are required before a conclusion is drawn.
Preferred features for the second and subsequent aspects of the invention
are as 1phor t RetheXaldrimd P@RP@&ﬁplB@Jﬁl@tsbﬁarzﬁbﬂ Bagélor chpillahieels@phbiesia usig,
reference is nmade to a nunber of draw ngs in which WO 02/ 068685

PCT/ GB02/ 0088ventioral @mesqené HOVA analyeets- Iidﬂltlrﬁé’%w §n41 Ky ARiEication of DNA

consistent w t tri Bl ag b
mar ker D21 SPTHE% a%bﬁ gd %ﬁg\gl%gyn%vg resuft %Boln?%{egg%p eﬁ%
consi stent WDINA fi@pneht siad,| @r@Bosohie ogigheanduahtificationdeanathes behietameuredr D21

S 1414 FI GURE 3 shows ammi o- PCR resul ts consi ten&fn(}tgh a dlmaMek
trisomy. Theusiggaey genprally conyeraent Heaus, i EXARP notyper 1.oMarkers are

15 identified for each chromosome pair and are classified by comparison to results from

known samples.

In such a method, markers producing three peaks with an approximate peak area ratio
of 1:1:1 (i.e. below 1.4) are considered consistent with trisomy. Heterozygous
20 markers producing two peaks with a DNA ratio below 1.4 are considered to be
consistent with euploidy and a ratio above 1.6 consistent with trisomy. Any ratio
between 1.4 and 1.6 is considered to be inconclusive. PCR reactions producing
inconclusive ratios may be repeated to clarify the result. In cases where only one
marker from a single chromosome is found to be heterozygous, an extra multiplex
25 system comprised of at least two different DNA markers per chromosome can be used.
Positive and consistent results from at least two informative markers for each

chromosome are required before a conclusion is drawn.

Preferred features for the second and subsequent aspects of the invention are as for the

30 first aspect mutatis mutandis.

In the specification, reference is made to a number of drawings in which



The present invention will now be further described with reference to the
follow ng Exanples, which are included for the purposes of illustration
and are rwD oRo6#585 construed as being limting on the i nveoriGBu2/odB9Exanpl e
1: Detection of trisomes 21, 18 and 13, _and sex chronosonme anonalies

Ami o-PCR is the anplification and quant i@i cation of specific genom c DNA
regions fromuncul tured ami ocytes usi ng PCR net hodol ogy. The foll ow ng
exanpl es show the reliability and accuracy of Am no-PCR for the rapid
prenatal diagnosis of genetic abnormality, specifically trisony 21, 18, 13

and sex chronpsonEGURBRIshews ailidVBCRaesIts Rahsa yiuspla cpiishspe eliitvetrbillely
conduct ed between March 1999 and March 200 Ami ocent esi s was performed

on 5097 wonen fr offisemijufbe eods " Hc iindipajes tb? ayEees D21l 4k hostic units.
Procedures were perforned between 12 and 34 weeks gestation for a 25 nunber
of indications including advanced nmat ernal age, positive biochem cal

screeni 4g for DowRIGYRErosmws emnalo-ROR nedulte Srobe taeeiede enngistent asitiu mdrmal
exam nation, positive patern "ral titres rnal anxiety. Upon
recei pt at t he Iaﬂiﬁleét 3?’9,“0%‘?7?#16%[ dnficfesjthe #@mg?ﬁr vided into three
aliquots. 30 1 m of amiotic fluid was used for Ami o- PCR and the

remai nder used to establish two sinultaneous cultures for the conventional
cytogenetic anal yEI(EJ]bE 3n@110&'|§ rearsao-PERY rositsononsisteil Withrackiedlelipirisamlyy The

bl oodst ai ned amni o ns ,we 2/ 068685 PCT/ GB02/ 00839 15
excl uded from the® ; Hldt%‘f%g gﬁ‘?ﬁ%@f}ﬁ%?ﬁé@cﬁ@&%m ed for approximately 2%
(n=97) 1of clinical procedures DNA was extracted from uncul tured ami ocyte
sanpl es, using a ReadyAnp DNA extraction kit _(Promega UK Ltd n'fg )

Twent y- four T @pmseﬁllemnt@e widheew bedpitker despsibedneith felfgrenesto é’@ Hewing

dat abase ( ) d ti. Dl i X
DNA mar ker s re u’segfg ar\églzglgwag? tif){rtlta}% B%g%%f %uts %&l Hd talcr)gent%ﬁﬁ bv?rst h
five markerschtruedadbeihig liitiigmsthoinv@itiand t he X- chr onmosome and two for

the Y-chronobsonme. Negative controls with no tenplate DNA were included for
each of the multiplexes on every 10 run.

15 Example 1: Detection of trisomies 21, 18 and 13, and sex chromosome anomalies

Amnio-PCR is the amplification and quantification of specific genomic DNA regions
from uncultured amniocytes using PCR methodology. The following examples show
the reliability and accuracy of Amnio-PCR for the rapid prenatal diagnosis of genetic

abnormality, specifically trisomy 21, 18, 13 and sex chromosome anomalies.

20
Methods
This was a prospective study conducted between March 1999 and March 2000.
Amniocentesis was performed on 5097 women from a number of specialist prenatal
diagnostic units. Procedures were performed between 12 and 34 weeks gestation for a
25 number of indications including advanced maternal age, positive biochemical

screening for Down syndrome, fetal anomalies detected on ultrasound examination,

positive maternal viral titres or maternal anxiety.

Upon receipt at the laboratory, amniotic fluid samples were divided into three aliquots.
30 1 ml of amniotic fluid was used for Amnio-PCR and the remainder used to establish
two simultaneous cultures for the conventional cytogenetic analysis of metaphase

chromosomes. All macroscopically bloodstained ammiotic fluid specimens were



In each case the forward priner fromeach pair was |labelled with a
fluorescent dye. Priners were included at varying concentrations to ensure
conpar ablwoanwoessss of PCR products. The final nultiplex ®CT&aBoeoossPst of
the relevant prinmer sets, Ix 15 Amplitaq Gold buffer with 1.5mM MyCl12
(Applied Biosystems, USA), 0.2mM dNTPs i{®ronmega, USA) and 0.25 units
Amplitaq Cold DNA Pol ymerase (Applied Biosystens, USA) per reaction.
Reactions are perfornmed in a final volume of 101 wth 1l of extra t)g% DNA.

9A|4|C ]Ehr ee mutrclysied fom testudypmdithesg Semﬁl@ﬁ a%q‘?én% EPTRRPFRFImRtStY £ 6raT? Datts:
or
and 72C fornﬁlﬂ#azé{éc% s3?‘f\}£wa§%§&i& | na SRR ahfoc s daﬂg)laf 72 SRy

cycles extension I s ad for 5
m nutes. TheRedlydenpDNA @itexton ki €Pronege UKSLER! | ows: Ml tiplex 1 Priner
nane Concentration (pMl per Reference 10 1 reaction) D13S257 4.3 GDB I D:
(G00-198-826 DXS981 2.4 GDB ID: (00-187-674 D13S631 1.6 GDB | Dt

@0-315<353 Iy 1
0. 1985440 T%%S g?‘g%t‘”céralm@le% eg%g%rﬁ%rgz&'%%%%dgg%gﬂ 8&:63: %%1&)@33 dbfabase

@Q00- 198- 849 (iEivAsdB.odg)ow Bic ctrgdified dydCR m@mlple@@sg@yc PBomagesswste

Ref er ence 101 (bt bh i CAysosiés BT, ROEFOLARERADGIES ifen. ot

| D Q00- 313- #dmob¥ids24 &ind.- tBe GPBhiokios6M6 -288 Gwb Fér tﬁélY&ihﬁorﬁosbnﬁequmtﬁIeBel ow

controls with no template DNA were included for each of the multiplexes on every

10 run.

In each case the forward primer from each pair was labelled with a fluorescent dye.

Primers were included at varying concentrations to ensure comparable amounts of

PCR products. The final multiplex mixes consist of the relevant primer‘sets, 1x

15 Amplitaq Gold buffer with 1.5mM MgCl, (Applied Biosystems, USA), 0.2mM dNTPs
(Promega, USA) and 0.25 units Amplitaq Gold DNA Polymerase (Applied
Biosystems, USA) per reaction. Reactions are performed in a final volume of 10pl

with 1l of extracted DNA. All three multiplexes are amplified under the following

PCR conditions: 94°C for 15 minutes for 1 cycle, 93°C for 48 seconds, 60°C for 48

1 20 seconds and 72°C for 1 minute for 35 cycles. A final extension is added at 72°C for 5

minutes. The three multiplexes used were as follows:

Multiplex 1

Primer name Concentration (pMol per Reference
10pl reaction)
D13S257 4.3 GDB ID: G00-198-826
DXS981 2.4 GDB ID: G00-187-674
D13S631 1.6 GDB ID: G00-315-353
D21S1414 1.8 GDB ID: G00-315-821
DXS6785 1.0 GDB ID: G00-198-440
D18S536 0.9 GDB ID: G00-686-892
D13S258 1.3 GDB ID: G00-198-849
AMELA+B 0.6 Biotechniques 15 636-641
t (1993)




Y-40S 1.0 Sequence Below D21S11 1.6 GDB ID: (00-188-664 DXS7423 0.5 GDB

| D: 00=574-202 HPRT 0.6 GDB I D: (00-181-411 CF508 0.6 Sequence Bel ow

Mul ti pl exw® oRwoésses nane Concentration (pMdl per ReferencePCIGGRD2/0e838t 1 On)
D21S1446 1.6 GDB I D: (00-685-533 D18S391 0.9 GDB ID: (00-198-725 X-61 1.0
Sequence Bel ow D18S978 0.6 GDB I D: (00-686-899 D13S317 0.8 GDB I D
Q00- 686-856 D13S627 0.6 GDB I D: (00-314-629 D13S800 0.7 GDB I Dt

novel lears 21-32S, Y-40S, X-61 and CF508

00- 685-362 5 The sequences of

are as follows: Priner 32S; Reverse

lené GCT ATG GAG GAG A 10 For war d

GAC

CTC CAG CCTrGCEE A AR P CCATC
GAG For war i PR T %?f"c)?% 5{%%3%68&5 ber/ B89 80830 1
Primer X-6 [ Re Jer se —AGA-GEA
D18S535 GDB ID: G00-868-499
D21S1411 3 7 GDB ID: G00-313-723
D18S548 2.8 GDB ID: G00-686-697
21-328 34 Sequence Below
Y-40S 1.0 Sequence Below
D21S11 1.6 GDB ID: G00-188-664
DXS7423 0.5 GDB ID: G00-574-202
HPRT 0.6 GDB ID: G00-181-411
CF508 . 0.6 Sequence Below
Multiplex 3
Primer name Concentration (pMol per Reference
10ul reaction)
D21S1446 1.6 GDB ID: G00-685-533
D18S391 0.9 GDB ID: G00-198-725
X-61 1.0 Sequence Below
D18S978 0.6 GDB ID: G00-685-899
D13S317 0.8 GDB ID: G00-686-856
D13S627 0.6 GDB ID: G00-314-629
D13S800 0.7 GDB ID: G00-685-362

5 The sequences of novel primers 21-328, Y-40S, X-61 and CF508 are as follows:

Primer 32S:

Reverse

GGG AAG GCT ATG GAG GAGA

10 Forward

CTC CAG CCT GGG TGA CAAG

Primer 408S:

Reverse

15 GCA TCT TCG CCT TCC GAC GAG

Forward

GAA TAT TCC CGC TCT CCG GA



Forward 5 ATT GAA GAA GGC ACC TTT CAG C Priner CF508: Reverse TTC TAG TTG
GCA TGC TTT GAT GAC GCT TC 10 Forward AGI TTT CCT GGA TTA TGC CIG GCA C
The anpl iwoad/0&Mgs sanpl es were separated by el ectrophor esiPST®GB0AN0SABI 377
DNA sequencer (Applied Biosystens, Forster City, US), and the DNA
representing each 15 allele for a speciﬂ?c mar ker was quantified by its
peak area using Genotyper 2.5 software (Applied Biosystens). The peak area
rati o bet Weeg .eac%egl_l el e was cal cul ated. Markers producing three peaks
with an apprb¥Fhte®heak area ratio of 1:1:1 (i.e. below 1.4) were

consi dered consi shepdygaM th trisony, as shown in Figure 1. Heterozygous
mar kers produci ng two peaks with a DNA ratio below 1.4 were 20 consi dered
to be consistent AWMEAGEHGITIYCAACMEAG Aigure 2, and a ratio above 1.6
consistent with tgrisony, shown in Figure 3. Any ratio between 1.4 and 1.6
was consi dered t6°BE f nconcl usive. PCR reactions produci ng i nconcl usi ve

rati os were repealguGAA GAAIGEY Abe TESGAG CIn rare cases where only one
mar ker froma single chronosone was found to be heterozygous, an extra

mul tiplex system conprised of 25 two different DNA markers per chronosone
was used. Poﬁhhk¥%ﬁ§6§ consistent results fromat least two informative
mar kers for each chionosonme were required before a conclusion could be
drawn. Results 3Refrss o- PCR results were available in an average of 2 days

fromrecei pt of specinen. T S i lure s 0.1 % five sanples
failed to give a Eﬂgaﬁg@@E&%?@nﬁT’gﬁAfﬁéXéﬁhgnﬂ@ones, one due to gross
fungal {gnfection ﬁglq,v%&)ur due to excessive WO 02/068685 PCT/ GB02/ 00839 18
contami nation wt ol1d maternal tissue. The maternal |y contam nat ed

sanpl es showed mAGT TRRACEMEGreakd THCHL T GE@R Cng peak areas at nost of
the loci. These cases could be distinguished fromtriploid or trisony
cases as loci show ng three peaks had

The amplified DNA samples were separated by electrophoresis on an ABI 377 DNA
sequencer (Applied Biosystems, Forster City, US), and the DNA representing each

15 allele for. a specific marker was quantified by its peak area using Genotyper 2.5
software (Applied Biosystems). The peak area ratio between each allele was
calculated. Markers producing three peaks with an approximate peak area ratio of

1:1:1 (i.e. below 1.4) werélconsidered consistent with trisomy, as shown in Figure 1.
Heterozygous markers producing two peaks with a DNA ratio below 1.4 were

20 considered to be consistent with euploidy, shown in Figure 2, and a ratio above 1.6
consistent with trisomy, shown in Figure 3. Any ratio between 1.4 and 1.6 was
considered to be inconclusive. PCR reactions producing inconclusive ratios were
repeated to clarify the result. In rare cases where only one marker from a single
chromosome was found to be heterozygous, an extra multiplex system comprised of

25 two different DNA markers per chromosome was used. Positive and consistent results
from at least two informative markers for each chromosome were required before a

conclusion could be drawn.

Results
30 Amnio-PCR results were available in an average of 2 days from receipt of specimen.
The sample failure rate was 0.1%: five samples failed to give a clear result for any of

the chromosomes, one due to gross fungal infection and four due to excessive



peak area ratios of 1:2:1 within the defined paraneters according to this
study. O her 5 loci showed | arge peaks, representing fetal DNA and much
smal | er pweke/06ssps esenting maternal DNA;, the latter was ecafGBmBOB3DY
conparing DNA from a nout hwash sanple fromthe nother with the DNA from
the amiotic fluid sanple. The ratios béBween these peaks varied depending
on the extent of contam nating maternal DNA. 10 O the 4,995 sanples

successfully processed, 89 autosomal anomal i re jdentified b
Ami 0- PCR,  aconaBiation wilh selid majemnal § d%@qué‘ﬁ‘f’l ?a\?@a# Vi ‘é’ﬂ‘ta@?n%tﬁﬂv%ﬁml??nal
kar yot ypi ng. o TRGIE RN t e;%bl&ewi%ﬂﬁifféng hic h3hsS R B8t it Godi € THESca88P NSt

the autosonal T1oct evalua Si xt een s&X chronpsomes aberrati ons were
al so det ect echuld bk ahgtingnisHabirem Liipleid or Fishmy gasastas doni chosiogshiza peglsd kad

chr ompsons. s PLETOORE 27 Yt Seyieskb et it 15 sRbc Qe
these cgses ygpsp s}ﬂ%dtlar%%eaas&@fe%e&ingr@falf@JNAlaﬁ& 810K ¥@ABé peakd rebhResiic

chronosone regi ons nitial screening f sex chronosone
anomal i es wamafaualdDNe; bibe dattanr et confirmedsey Cpmpélll% @\IAI fren papgithwash

di vi si on non-di Iy S C ( uded
in 20 mul ti pfaéﬁsﬂéﬁ I\%_mk%yl%@gﬁgéeggﬁw%t&ﬂ#q t%ﬁ{ Y. a%)ré\rla tln(gés

ari sing mai Nhytwebti EHBsS BEMD Saridel deperdin wh shmtdmnfchrsamnemngmat(eﬁmﬂ DNAn et

al BioTechni ques 15 636-41 (1993); Crigliano et al Prenat D agn 19

1099- 103 (1999)). Table 1 25 Nunber of chronosonmal abnornalities detected
by conventi opgal @f&CR
R I e T R Ll e i

02/ 068685 PC[Ey (I’;ﬁﬁ?]ﬁcQBGRQ as 1ho®onihi Teloa Armii csumm@tbbn wrs.feedcby d@@ﬁ@mmlal |y

Abnor mal T Iﬁ%g yp:ll'r?g 8 ”leher 4 Ixxpelremng yfa?se posﬁwe or feﬁsr(rao ISigg 1veé resu?ts amongst the

autosomal loci evaluated. Sixteen sex chromosomes aberrations were also detected,

shown in Table 1, with subsequent chromosome analysis confirming these diagnoses
15 and identifying four additional sex chromosome anomalies (one 47.XYY and three
47,XXY). Failure of PCR in these cases was due to an absence of marker
heterozygosity in the sex chromosome regions labelled. Initial screening for sex
chromosome anomalies was found to be accurate for cases involving first meiotic
division non-disjunction whilst specific quantitative markers (now included in
20 multiplex as "AMEL A+B") were necessary to detect those anomalies arising mainly
from second meiotic division non-disjunction (Sulhvan et al BioTechniques 15 636-41

(1993); Cirigliano et al Prenat Diagn 19 1099-103 (1999)).

Table 1
25

Number of chromosomal abnormalities detected by conventional cytogenetic and

Amnio-PCR analysis.

Condition Amnio-PCR Positive Cytogenetically Abnormal
Trisomy 21 57 57
Trisomy 18 17 17
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In 2% of cases (n=94), amnio-PCR analysis remained inconclusive for one of the

marked chromosomes alone, even after using the extra markers. Such assays included

those where 7 out of 8 markers for one particular chromosome showed a homozygous

peak (the remaining marker was normal in all cases) and other assays which

consistently gave ratios between 1.4 and 1.6 even when repeated. In these cases, a

report was issued for the chromosomes with conclusive results and a culture analysis

subsequently clarified the result for the remaining chromosome.

The sensitivity of Amnio-PCR for the detection of all chromosomal abnormalities was
68.2% (105/154). The false-negative rate was 3.7% (4/109) and the false positive rate
was 0% (0/154). The detection rate for trisomies 21, 18, 13 and triploidy was 100%

(89/89), as shown in Table 2.



Di scussion The findings of this study denonstrate that Amio-PCR is a fast
and reliable technique for the diagnosis of nost major chronosonal

abnor nmal iwD@#2/068885 Ammi o- PCR was di agnostic for the aut o®owaiBoRi0ISSOM es,

t he conmonest abnormalities routinely 10 screened for antenatally, this
technique is likely to alleviate parentalOstress and anxiety that is so
often felt during the wait for a culture result. Ami o-PCR prospectively
identified 68% of all chronmosone anonalrgi}%zq di agnosed by conventi onal
cytogenetic anal ysis, however, approxi %/ 85% of bal anced structural 15
chronosone abnormalities - which were not detected by ami o-PCR - result in
normal birth outcone. Therefore, when only karyotypic abnormalities that
result in anThabetoctial capplatjtienciAnnbRIR campared trs ¢ahwerithnat kesyelypimgt i on rate
increases to 75% as shown in Table 2. Mdsaics, translocations and
del etion/duplication syndromes are not Ilikely to be detected by the
Anm o- PCR t BepRAdiBR described. This WTT fgdD Tt ReRhdidadiye NNofdeteted BE
Amio-PCR ih its present form to conpletely repliace conventi onal
cytogenetic|analysis. Amio-PCR is an adcurate andmepiPAR eAmsderRiCdue flor

t he prenat al—tiagnosts—for—major—chrongsga—abn Fotd L rsonmies 21,
18 and 13 aph@tREOREORA orosome WO 02/ 02%%85 Pm;i&g%%{?g T (%gtc%xomal i es.
It is shown| henerhifitlke especially reliahle for the autosonmal trisomes
where the detection rate in this studylis 100% (The speediof the

met hodol ogy| Whtdmorsinsl gonormiakitiesi se t he pdi0Pod of | I8P &90-3%0) afi%34%9) in th
wait for a diagnostic .test re o-pR Q- PCR is|likely tojbecome an
essenti al aj}’B%Bﬁa }68?t?§%?1? ﬁﬁ%gﬁgyt ogenetic anallysis. 5 Exanple 2:

Det ecti on of TefdcH6A1 &Strdmick82 8N &3d 18N®9sex chri@vg$a0s) anoreld es A
variant of the PCR nultiplex described ijn Exanple 1 was perforned as
previously |dedbinleidd. The three nultipllexes used were as foll ows: 10

wul ti pl gx 1*Primer—manme Concentration (pVol—per Reference 101 reaction
D13S257 “4.3 GDB I D: (00- 198- 826

Discussion

The findings of this study demonstrate that Amnio-PCR is a fast and reliable technique

[¢)

for the diagnosis of most major chromosomal abnormalities. As-Amnio-PCR was
diagnostic for the autosomal trisomies, the commonest abnormalities routinely
10 screened for antenatally, this technique is likely to alleviate parental stress and anxiety

that is so often felt during the wait for a culture result.

Ammnio-PCR prospectively identified 68% of all chromosome anomalies diagnosed by
conventional cytogenetic analysis, however, approximately 85% of balanced structural
15 chromosome abnormalities — which were not detected by amnio-PCR — result in
normal birth outcome. Therefore, when only karyotypic abnormalities that result in an
abnormal pregnancy outcome are considered, the detection rate increases to 75%, as
shown in Table 2. Mosaics, translocations and deletion/duplication syndromes are not
likely to be detected by the Ammio-PCR technique described. This will limit the
20 potential of the Amnio-PCR in its present form, to completely replace conventional
cytogenetic analysis.
Amnio-PCR is an accurate and relia}ble technique for the prenatal diagnosis for major

chromosomal abnormalities — trisomies 21, 18 and 13 and the sex chromosome



DXS981 2.4 GDB ID: (00-187-674 D13S631 1.6 GDOB ID: (00-315-353 D21 S 1414
1.8 GDB I D (00-315-821 DXS6785 1.0 GDB ID: @(00-198-440 D18S536 0.9 GDB

| D: Q00- 686-030&8689D13S5258 1.3 GDB | D (00-198- 849 AMELA+B @cCé/@ioonesshni ques
15 636-641 (1993) D18S1002 2.0 GDB I D: (@00-555-855 Multiplex 2 Primer -
nanme Concentration (pMl per Reference ib 1 reaction) D18S535 1.5 GDB I D:
300-868-499 D21 S 1411 3.7 GDB I D (00-313-723 D18S548 2.8 GDB I Dt

G00- 686- 697 21-32S 3.4 Sequence, Bel ow \{ 40§ ég ; guence . ow . D2ﬁ811 1.6
GDB | D GDO-Smabes: lipx Fe B ppllycgets sor g%a“t OFHBETE:
(00- 181- 411 1CF{afl3i0n G208 UENSRAPEE PYAUITiHR8Xd 8f Ml HBho #anaeptipat i on
(pMol per Reference 10 1 reaction) D21 S 1446 1.6 GDB I D 0- 685-533 WO
02/ 068685 PCHiGBRIR/he8e8dod ebapmtatenxintyrie tiGoweait fureadipgnesiipivst repdy. ARebir-ence

10 1 reacti OﬁCE]is? ﬁ'l%e%% to0 bgco%%%nl e[s)éen%lozfd}u%%f t7o 5adit)1(6n%f‘cy%'o &n%ﬁgﬁlneaﬁl}?s?s. Bel ow

5
Example 2: Detection of trisomies 21, 18 and 13, and sex chromosome anomalies
A variant of the PCR multiplex described in Example 1 was performed as previously
described. The three multiplexes used were as follows:
10 ' Multiplex 1
Primer name Concentration (pMol per | Reference
10ul reaction)
D13S257 4.3 GDB ID: G00-198-826
DXS981 24 GDB ID: G00-187-674
D13S631 1.6 GDB ID: G00-315-353
D21S1414 1.8 GDB ID: G00-315-821
DXS6785 1.0 GDB ID: G00-198-440
D18S536 0.9 GDB ID: G00-686-892
D13S258 1.3 GDB ID: G00-198-849
AMELA+B 0.6 Biotechniques 15 636-641
(1993)
D18S1002 2.0 GDB ID: G00-555-855
Multiplex 2
Primer name Concentration (pMol per Reference
10ul reaction)
D18S535 ‘ 1.5 GDB ID: G00-868-499
D21S1411 3.7 GDB ID: G00-313-723
D18S548 ' 2.8 GDB ID: G00-686-697
21-328 3.4 Sequence Below
Y-40S 1.0 Sequence Below
D21511 1.6 GDB ID: G00-188-664
DXS7423 0.5 GDB ID: G00-574-202
XHPRT 0.6 GDB ID: G00-181-411
CF508 0.6 Sequence Below
Multiplex 3 ‘
Primer name . Concentration (pMol per Reference
10ul reaction)
D21S1446 1.6 GDB ID: G00-685-533




D18S978 0.6 GDB I D: G00-685-899 D13S317 0.8 GDB I D: (00-686-856 D13S627
0.6 GDB ID: (00-314-629 D13S800 0.7 GDB I D (00-685-362 The sequences of
novel priworg/0&8hs32S, Y-40S, X-61 and CF508 are as gi ven &0®xGB02/0T43e

results fro

m 3 separate multiplex PCR anglyses on 3 individual sanples

using 5 these multiplex markers, show nf“the assessnment of chronosone and
sex status of the fetus, were as foIIows I\/UItlpI ex 1 Sarrple 1 Primer
Peak (I) Peak (ii\ Area—ratito—ta P13S257 224201302 2
Normal ~ D13S631 FAPIFHame () 4 %3} biin GhSlar 0138253 g%%?f 53853
1.093 2 Norlnel__D18S536 85875 717844 10Bld8ackioNh, npl D 18S 1002 21676 22609
1.043 2 Norjmal _ D2R18530414 199211 .16279 10.924 2 Nor ria| GDRVE: A08- B82S (-)
(-) 1 Femalle DXS98K-61962 11344 1.054 21.®i sonic X | DXSBg@sngBdlew(-) (-) 1
Honpzygous nmarker D18s%anpl e 2 Prinmer Peng (i)' Pegk GDB IDAGHD-685-899 Label s
Di agnosi s |DI3S257p2393hF 22619 [1. 110 2 Npgmal  D13363GDEBIMBHHHA4SHI86 288 2
Nor mal  D13S258 604 333'&@"’/54/ SfS " Z Tncagg! usive DIBERIHI>FRB AT 1. 187
2 Nor nal EJ.034002’-LD ) ( T nunuzqguus mer Kgt s JE&L@&@&%_?,62

PCT/ GB02/ 00839—23—PFF+HeEF Peak (n reak—{ 11 Area—tatt abets—b aglluai S

D21 S 1414 29713 22580 1.316 2 Nor nal

The sequences of novel primers 21-32S, Y-40S, X-61 and CF508 are as given above.

The results from 3 separate multiplex PCR analyses on 3 individual samples using

5 these multiplex markers, showing the assessment of chromosome and sex status of the
fetus, were as follows:
Muitiplex 1
Sample 1
Primer Peak (i) | Peak (ii) | Arearatio | Labels Diagnosis
D13S257 24700 | 22420 1.102 2 Normal
D13S631 34317 | (-) ) 1 Homozygous marker
D13S258 58852 | 53853 1.093 2 Normal
D18S536 85875 | 77844 1.103 2 Normal
D18S1002 | 21676 | 22609 1.043 2 Normal
D21S1414 | 19921 | 16279 1.224 2 Normal
AMELA+B | 67041 | (-) ) 1 Female
DXS981 11962 | 11344 1.054 2 Disomic X
DXS6785 | 71718 | (+) ) 1 Homozygous marker
10 Sample 2
Primer Peak (i) | Peak (ii) | Arearatio | Labels Diagnosis
D13S257 25113 | 22619 1.110 2 Normal
D13S631 18733 | 24137 1.288 2 Normal
D13S258 60764 | 39327 1.545 2 Inconclusive
D18S536 56236 | 47371 1.187 2 Normal
D18S1002 | 74389 | (-) ) 1 Homozygous marker




AMVELA+B 23385 17874 1.308 2 Mal e DXS981 15227 (-) (-) 1 Honpbzygous marker
DXS6785 59597 1 Honbzygous nmarker Sanple 3 Prinmer Peak (i) Peak (ii) Area
rati o Labebazisssghosi s D13S257 34837 30445 1.144 2 Nor malPCTRIBZH6B9 26896
23698 1.135 2 Normal D13S258 114832 (-) é 1 Honobzygous narker D18S536
103426 82328 1.256 2 Normal D18S1002 45881 34862 1.310 2 Normal D21 S 1414
34205 31404 1.089 2 Normal AMELA+B 47408 36971 1.282 2 Mal e DXS981 19598

(-) (-) 1 Hemozygous maprkets T X678 o773t {1<=) nozygous—ar ket
Ml pl ex 2] ERGkho! o LPR el PRBAD (el (1o od RERTR L abel 5

Di agnosi s DER3$§8h147 11397163868580119 23 Mor mal| 2 D18S548 R2Rp 8069 1. 147 P
Nor mal D21811 24941 0783 11200 2 Normal 21-32s 9229 6679 1382 2 Nor |

D21S1411 28564iBLA4B N23RE 2| N&¥/dal | IGH08508 '1?854 1 Néfd#al CF*508del O
Y-40s 0 XHPREGAR\60 =)L Homozygous—arker—DX$7 :Jou 1
Honpbzygous Blvwo phi0essps) PCT/ G /0083CK1 24 scn%g ‘%"Wg Iﬁ%r}‘érpeak (i)

Peak (ii) Alexg@Rb0 Ledsl7s Dl-pgnosiisy) 1 Homozygous marker
Sample 3
Primer Peak (i) | Peak (ii) | Arearatio | Labels Diagnosis
D13S257 34837 | 30445 1.144 2 Normal
D13S631 26896 | 23698 1.135 2 Normal
D13S258 114832 | () ) 1 Homozygous marker
D18S536 103426 | 82328 1.256 2 Normal
D18S1002 | 45681 | 34862 1.310 2 Normal
D21S1414 | 34205 | 31404 1.089 2 Normal
AMELA+B | 47408 | 36971 1.282 2 Male
DXS981 19598 | (0 ) 1 Homozygous marker
DXS6785 | 57319 | (-) ) 1 Homozygous marker
Multiplex 2
5 Sample 1
Primer Peak (i) | Peak (ii) | Arearatio | Labels Diagnosis
D18S535 71439 | 63858 1.119 2 Normal
| D18S548 9259 8069 1.147 2 Normal
D21S11 24941 | 20783 1.200 2 Normal
21-32s 9229 6679 1.382 2 Normal
D21S1411 | 28566 | 21745 | 1314 2 Normal
CF*508 74854 | () -) 1 Normal
CF*508del | () 8 ) 0
Y-40s ® O O 0
XHPRT 80860 | (-) O] 1 Homozygous marker
DXS7423 155980 | (-) ) 1 Homozygous marker




D18S535 109450 (-) (-) 1 Honpbzygous marker D18S548 7615 6610 1.152 2
Nor mal D21511 .17061 14103 1.210 2 Normal 21-32s 20238 15250 1.327 2
Nor mal DRO o&0dsk8d 42720 47765 1.118 2 Normal CF*508 2838¢T(GB02/(06839 1
Normal CF*508del (-) O Y-40s 6730 (-) (-) 1 Male XHPRT 38263 (-) (-) 1
Honobzygous mar ker DXS7423 40934 (-) (-)2 Honobzygous marker Sanple 3
Primer Peak (i) Peak (ii) Area ratio Labels Di agnosis D18S535 138068 (-)
(-) 1 Honozygous marker D18S548 8351 8881 1.063 2 Normal D21 S 11 33266
26998 1.232 2 Nor rral 21-32s 17806 20721 1.164 2 Nornmal D21S1411 48630

40279 1.207 %‘“’1\@ '~ CF*508 55976 (-) (-) 1 Normal CF*508del 0 Y-40s 5800
HPRT 3

(-) (-) 1 6707 (-) (-) 1 Honpbzygous nmarker DXS7423 41823 (-)
(-) 1 Honoz y?mgsrcnar i é’refz‘diﬁz I\/lHealiégE))S f{jiaqxsla'np ba‘tg_elf’fr N Biaghesik (i) Peak (|ii)
05! o6sas5. POITEI03) 049889508 (s ot | Paay ( (13 Bonk (1] ORPAREQS T M e ls
Diagnosi's  PLfgSsak’ 12159 1068eT 147522 Nof gl Normal

D21S11 17061 | 14103 1.210 2 Norrnal

21-32s 20238 | 15250 1.327 2 Normal

D21S1411 | 42720 | 47765 1.118 2 Normal

CF*508 28384 | (-) ) 1 Normal

CF*508del | (-) ) ) 0

Y-40s 6730 ) () 1 Male

XHPRT 38263 | (») ) 1 Homozygous marker

DXS7423 | 40934 | (-) O] 1 Homozygous marker

Sample 3

Primer Peak (i) | Peak (i) | Arearatio | Labels Diagnosis

D18S535 138068 | (-) | ¢ 1 Homozygous marker

D18S548 8351 8881 1.063 2 Normal

D21S11 33266 | 26998 1.232 2 Normal

21-32s 17806 | 20721 1.164 2 Normal

D21S1411 | 48630 | 40279 1.207 2 Normal

CEF*508 55976 | (-) ) 1 Normal

CF*508del | (-) ) -) 0

Y-40s 5800 ) ) 1 Male

XHPRT 36707 | (-) ¢ 1 Homozygous marker

DXS7423 | 41823 | (-) ¢ 1 Homozygous marker

5
Multiplex 3
Sample 1
Primer Peak (i) | Peak (ii) | Arearatio | Labels Diagnosis

D13S627 7251 S ) 1 Homozygous marker




D13S800 15073 13942 1.081 2 Nor nal

mar ker

1 Honozygwo2/0686REr

Peak (i) Peak (ii) Area ratio Labels D agnosis D13S627 65033 (-)

Honozygous mar ker 31 Hormzygous mar ker

D18S978 61487 (-)
D18S391 108366 (-) (-) 1 Honbzygous narker

(-) 1 Honpbzygous

X-61 55693 42953 1.297 2 Disom c X S&aplGB02/08430 mer

D13S317 105284 (-)

(-

1
D13S800

D21 S 1446 44909 (-) (-)

625

8 '68883 1. 101 2 Norrral D18S978 21361 25572 1.197 Nor mal D18S391 48434
36583 1.324 Ne++adt %‘?&9 1446624 02 ""qu et ket—X=6T
22t2_72 (LL I( ?Hﬁlﬁﬁormz YOI ) sa%%‘?éaﬁ@ PHaPrgKF! LIEFOSS Pl (11) Area
rati o Label SH95agMpst |51 BiR66210139105 1271 (-) | B Honoz vm marker DI3S317
82568 71938 P{}i’?S 2 Normal _ [D13S800 (83929 68027 1.234 2 l\k%r mal  D18S97
35035 32673 DlGS&OOZ Not5tAB [DIB8391 715%1 54‘)220 1. 383 Noriel mal D2181446
48155 35258 3662 No+rfmal 6135648 / ) Hetro S ||u| ker—WO
02/ 068685 P(“ﬂléﬁ%’é% ooe@fsfrmzes CHLAI ME (1) A et Hod Tor | FRTMAE %?fl&ffpl oi ldy
of a chronms§TRg3§e NMEGd38E gjrprl sijng the sfieps of 5{&1@()2 gbﬁm{lm%ous y
anplifying a plurality of chronpsone-specifig short tlandem repeat (STR)
mar kers to f @2ISddEanpdddiocat ¢-pn product m xtjdre conergnng'gousmarker

X-61 55693 | 42953 1.297 2 Disomic X

Sample 2 \

Primer Peak (i) | Peak (ii) | Arearatio | Labels Diagnosis

D1385627 65033 | () ) 1 Homozygous marker

D13S317 105284 | (-) ) 1 Homozygous marker

D13S800 62558 | 68883 1.101 2 Normal

D18S978 21361 | 25572 1.197 2 Normal

D18S391 48434 | 36583 1.324 2 Normal

D21S1446 | 62455 | (-) ) 1 Homozygous marker

X-61 22272 | () () 1 Homozygous marker

Sample 3

Primer Peak (i) | Peak (ii) | Arearatio | Labels Diagnosis

D13S627 39105 | (-) - 1 Homozygous marker

D13S317 82568 | 71938 1.148 2 Normal

D13S800 83929 | 68027 1.234 2 Normal

D18S978 35035 | 32673 1.072 2 Normal

D18S391 75961 | 54940 1.383 2 Normal

D21S1446 | 48155 | 35258 1.366 2 Normal

X-61 35618 | () () 1 Homozygous marker




copies of the one or nore STR markers; 10 (b) separating the anplified
chronosone-specific STR markers fromthe anplified product m xture

accordi ngwDe2968683 (c) determ ning the rel ative concentr afCamaBoebot3he
anplified products . corresponding to the_gne or nore chronosone-specific
STR markers, and 15 (d) correlating the rzgl ative concentration of each
anplified STRwith the presence or absence of aneupl oidy of the

chr onosone, nsistent results are obtained fromat |east two narkers
of the chro ei ng assayed. 20 wherein at |east three simnultaneous
assays are carried out according to steps (a) to (c) prior to step (d). 2.
A nethod as clainmed in claiml, in which the aneuploidy is trisony. 25 3. A
net hod as cl di nedAi meidpdifpr detegtingpmesploidyeotta shspmpsqnae, ithe gwhpdoeomprisingy ny
18, trisony ﬁ%steg)gotf,risorry X. 4. Anethod as clainmed in claim1, in which

t he aneupl oi dy 1S nmonosony. 30 5. A nmethod as clained in claim4, in which
the nongsony is Turner Syndrone. WO 02/068685 PCT/ GB02/00839 27 6. A

nmet hod as cl ai med in, any one_of cJ ains to 5,.in which a peak. value ratio
of anplificati on(ﬂaﬁ%‘&}ém‘e}fshéa YiPe%r%éPfaglFY %ﬁGPI?IBOW.nE'%PeFEﬁaCcﬁhS’aﬁ%?F% of
a normal  conpl e”ﬁ%fe%t?(s (O QUASATRS ffdad aﬂfﬁ%ﬁgﬁ’tﬁn’&uﬁroﬁﬁéﬂ Ri@hreledRipkisdle

above is diagnosti i-allelic trisony. . nmet hod as clained in any
one of clains 1 tooghesofithebneor more SFsmatkars; STR narkers are i ndependently
assayed for in each of the at |east three sinultaneous anplification
assays. 10 S. A nethod as clained in any one clains 1 to 7, in which the
anpl i figation of @hgepardRngaitise hsiplifed ¥hivadRsmelspédific (BTN MBakes Gbai fthe
reaction. 9. A method as claimed in any one of clains 1 to 8 in which the
reaction product awplifipdpredpetimixése penerdientnsieh is | abelled with a

fl uorescent | abel. 15

(c) determining the relative concentrations of the amplified products

corresponding to the one or more chromosome-specific STR markers, and

15
(d) correlating the relative concentration of each amplified STR with the
presence or absence of aneuploidy of the chromosome, once consistent results
are obtained from at least two markers of the chromosome being assayed.
20 wherein at least three simultaneous assays are carried out according to steps (a) to (c)
prior to step (d).
2. A method as claimed in claim 1, in which the aneuploidy is trisomy.

25 3. A method as claimed in claim 2, in which the trisomy is trisomy 21, trisomy
18, trisomy 13, or trisomy X.

4. A method as claimed in claim 1, in which the aneuploidy is monosomy.

30 5. A method as claimed in claim 4, in which the monosomy is Turner Syndrome.



10. A method as clained in any one of clains 1 to 9, in which the
chronosone to be assayed is obtained froma source of fetal cellular

mat er i al .wOb2/06868%t hod as claimed in claim 10, in which tireTaGRIIRO3Of fetal
cellular material 20 is amiotic fluid. 12. A nethod as clainmed in claim
11, in which the source of fetal cellulaf/material is chorionic villus. 25
13. A nethod as clainmed in any one clains 1 to 9, in which the chronosone

to be assaygd i s obt i(ﬁgd from.a source bl opd. 14. A nethod as
s ¢l ?fgd is

f. fetal
claimed in afly oné TBftBP aigedgn apy, opg,pf a1{nr§§ e BhELtHE Regk alue Fuoy
anal ysed W t b heapgich frodeangd £ iR hekedr JINA10BE BUnef ﬁfagﬂ@dﬁat@ﬂ A alorma0
serumor fetal tissue.” WO 02/068685 PCT/ GB02/00839 28 15. A nethod, as
cl ai ned i n anymplamentfofathgomesomasang a peak wilbe ratioref 1a8:1 |05 abeve Isdéagnostic of
si mul t aneous ,a £ .each conprise independently at |east six STR markers,
and in whi cﬂl'il %ﬁ;‘ﬁso\?gf'ue ratio of anplification product of a STR marker
of 1:1 50 1.4:1 is diagnostic of a normal conplenent of chronbsones and a

peak value ratio of 1.6:1 or 5 above is diagnostic of di-allelic trjsony.
16. A nethod7as cAansthgdiep claimed ik apy org af plgims } do $5in Whl%ﬁté?ﬁ%t%ﬁ%fﬁer
anplification ' | it lhopal Ak LY &; 10
177 A ot hod BT Yre gRFlahlF Sl bAoA b cho DR ARl Brkd GERS,
conpri se DI13&plficdilébA8shys.D13S631, D21S1414, DXS6785, D18S536, D13S258,
D18S535, D21S1411, D18S548, 21-32S (informal designation), D21S11, DXS7423,
HPRT (or XHPRT), D21S1446, D18S391, X-61 (informal designation), D18S978,
D13S31 7, D13g627, A%\%ﬁ%@% PP §ShRP dne 2hirkS1 t6 778t hdetieghe Ghiglilestidmoany
preceding claim in ich a further marker is assayed to detect the
presence or #iEsS$IR eadfersisgamatans of thegwbanera® chanyeadios- as clained in claim
18, in which the genetic disease is cystic 20 fibrosis. 20. A nethod as
claimed in claim19, in which the nmarker used to assay for the

9. A method as claimed in any one of claims 1 to 8, in which the reaction product

of the amplification reaction is labelled with a fluorescent label.

15 '
10. A method as claimed in any one of claims 1 to 9, in which the chromosome to
be assayed is obtained from a source of fetal cellular material.

11. A method as claimed in claim 10, in which the source of fetal cellular material

20 is amniotic fluid.

12. A method as claimed in claim 11, in which the source of fetal cellular material
is chorionic villus.

25 | 13. A method as claimed in any one claims 1 to 9, in which the chromosome to be

assayed is obtained from a source of fetal blood.

14. A method as claimed in any one claims 1 to 9, in which the chromosome to be

assayed is analysed with respect to sample of fetal DNA obtained from maternal

30 serum or fetal tissue.



presence or absence of cystic fibrosis is CF508 (informal designation). 25
21. A kit of parts conprising at least three multiplexes of |abelled
prinmers WO kles68ETR markers to be anplified in a nmethod &ctaRiznge3vo cl ai m
1. 22. The use of STR narker 21-32S (infgrmal designation) as a marker for
the diagnosis of aneuploidy of a chromo@8nme. 30 23. The use of STR narker
Y-4OSd(| nformal designation) as a marker for the diagnosis of the sex of
an indivi dual X . . . .
15. A method as claimed in any one of claims 1 to 5, in which the at least three
simultaneous assays each comprise independently at least six STR markers, and in
which a peak value ratio of amplification product of a STR marker of 1:1 to 1.4:1 is
diagnostic of a normal complement of chromosomes and a peak value ratio of 1.6:1 or

5 above is diagnostic of di-allelic trisomy.

16. A method as claimed in any one of claims 1 to 15, in which a further

amplification assay is performed using additional quantitative markers

10 17. A method as claimed in any preceding claim, in which the STR markers
comprise D13S257, DXS981, D13S631, D21S1414, DXS6785, D18S536, D135258,
D18S535, D21S1411, D18S548, 21-328 (informal designation), D21S11, DXS7423,
HPRT (or XHPRT), D21S1446, D18S391, X-61 (informal designation), D18S978,
D13S317,D13S627, D13S800, or D18S1002.

15
18. A method as claimed in any preceding claim, in which a further marker is

assayed to detect the presence or absence of a genetic disease.

19. A method as claimed in claim 18, in which the genetic disease is cystic

20 fibrosis.

20. A method as claimed in claim 19, in which the marker used to assay for the

presence or absence of cystic fibrosis is CF508 (informal designation).

25 21.  AXit of parts comprising at least three multiplexes of labelled primers for the

STR markers to be amplified in a method according to claim 1.

22.  The use of STR marker 21-32S (informal designation) as a marker for the
diagnosis of aneuploidy of a chromosome.

30 _
23. The use of STR marker Y-40S (informal designation) as a marker for the

diagnosis of the sex of an individual.



