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CLAIMS

A method for detecting in a sample from an individuat an amount of a species of DNA originating from cells of
a given type, which sample comprises said species of DNA in admixture with differently methylated DNA not
originating from cells of said type; said method comprising the steps:

a) treating the DNA present in said sample with a reagent that differentially modifies methylated and non-
methylated DNA;

detecting in said sample the presence of methylation in said species of DNA at one or more differentially
thylated region(s) (DMR(s)) that is(are) differently methylated between said species of DNA and the
DNA\not originating from cells of said type, the modification of DNA of such DMR by said reagent is

() detecting an axpount of total DNA present in sald sample using at least one cther region that is not
differently methyMgted between said species of DNA and the DNA nct originating from cells of said type,
the moedification of

wherein, said other region

DMR.

ich regions(s) by said reagent is insensitive to methylation of DNA,
located between about 20bp and about 20kb upstream or downstream of said

The method of claim 1, wherein sal detection in step (b) and said detection in step (c) are made using the
d in the same reaction/detection vessel, and effectively simultaneously

ing: (x) a detectable label(s) for said DMR(s); and (y) a different

same aliquot of DNA of said sample,
for such DMR and other region(s), and
detectable label(s) for said other region(s).

The method of claim 1 or 2, wherein said detectioy in step (b) comprises using two or more of said DMRs.

The methed of claim 3, wherein: (x) the same detectyle label(s) is(are) used for each of said DMRs; or (y) a
different detectable label(s) is{are) used for each of said
The method of any one of daims 1 to 4, wherein prior to or %s part of said detection in step (b) and/or step
(c), each DNA region comprising said DMR(s) and/or said other région(s), respectively, is{are) amplified.
The method of any one of claims 1 to 5, wherein each detectable Iapel used in step {b) and/for step (c), is

independently selected from the group consisting of: fluorescent, protein\¢mall molecule or radioactive label.

The method of any one of claims 1 to 6, wherein said detection in step (b)\¢comprises real-time quantitative
probe-based PCR using at least one labelled probe specific for one of said DMR(s
The method of any one of claims 1 to 7, wherein said detection in step (¢) comprisgs real-ime quantitative
probe-based PCR using at least one labelled probe specific for one of said other region(s))

The method of any one of claims 1 to 8, wherein said other region is located upstream or downstream of said
DMR within a distance selected from the group consisting of: between about 16kb to 20bp, 14kbXo 20bp, 12kb
to 20bp, 10kb to 20bp, 8kb to 20bp, 6kb to 20bp, Skb to 20bp, 4kb to 20bp, 3kb to 2bp, 16kb to X)bp, 1kb to
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20bp, 500bp to 20bp, 200bp to 20bp, 20kb to 15kb, 15kb to 10kb, 12kb to 8kb, 10kb to 8kb, 11kb to 7kb, 11kb
to 10kb, 9kb to 8kb, 8kb to 6kb, 6kb to 4kb, 4kb to 2kb, 2kb to 500bp, 1kb to 100bp, 500bp to 50bp, 400bp to
200bp and 500bp to 100bp.

The method of any one of claims 1 to 9, wherein said detection in step (c) comprises using at least two of said
her regions; preferably wherein, the number of said other regions is the same as the number of DMRs used
p (b); more preferably wherein, one of said other regions is located between about 20bp and about 20kb
m or downstream of a DMR used in step (b) and each other of the said other regions is located
between \bout 20bp and about 20kb upstream or downstream of another of said DMRs.

The method of\claim 10, wherein said detection in step {¢) is made using: (x) the same detectable label(s) for
each of said othef\egions; or (y) a different detectable label(s) for each of said other regions.

The method of daim 18, or 11, wherein said detection in step (¢) comprises multiplex real-time probe-based
quantitative PCR using at [sast two labelled probes each of which is specific for one of said other regions.

The method of any one of claim 1 to 12, wherein said detection in step (c) and said detection in step (b) are
made using the same aliquot of DN of said sample, and in the same reaction/detection vessel, and effectively
simultaneously with each other, and multiplex real-time quantitative probe-based PCR using at least one

labelied probe specific for each of sald DMR(s) and other regions(s).

The method any one of claims 1 to 13, whereilsaid species of DNA originates from cells of a foetus and/or the
placenta of a foetus and said sample Is from a wregnant female; preferably wherein, said species of DNA is

circulating cell-free DNA and said sample is a blood faction such as plasma or serum.

The method of claim 14, wherein said DMR(s) compris
site(s) specific for said reagent, and at least one of said D
gene selected from the group consisting of; RASSF1A, TBX3,
SPN; preferably wherein,

at least one, preferably at least two, methylation
(s) is located in a portion of the genome and/or
CS, ZFY, CDC42EP1, MGC15523, SOX14 and

+  two or more of said DMRs are used in detection step (b) and eah of said DMRs is located in a portion of
the genome and/or gene selected from the group consisting of: RRSSF1A, TBX3, HLCS, ZFY, CDC42EP1,
MGC15523, SOX14 and SPN; and/or '

. said DMR is located between about positions 4,700bp and 5,600bp f RASSF1A ar about positions
1,660bp and 2,400bp of TBX3; more preferably wherein,

o  two or more of said DMRs are used in detection step (b) and comprise thoge located between about

positions 4,700bp and 5,600bp of RASSF1A and about positions 1,660bp and 2,408bp of TBX3.

The method of claim 14 or 15, wherein said other region is located in a portion of the gethpme and/or gene
selected from the group consisting of: RASSF1A, TBX3, HLCS, ZFY, CDC42EP1, MGC15523, SQX14 and SPN;
preferably wherein,
e  said other region comprises a region without a methylation site specific for said reagent and sa¥] locus is

located in the genes RASSF1A or TBX3, more preferably wherein,
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»  two or more of said other regions are used in detection step (c) and comprise those located between
about positions 14,220bp and 13,350bp of RASSFLA and about positions 12,400bp and 13,000bp of
TBX3.

The method any one of claims 14 to 16, wherein said pregnant female is susceptible to a pregnancy-associated
medical condition; preferably wherein, said pregnancy-associated medical condition is selected from the group
ctpsisting of: preeclampsia, preterm labour, intrauterine growth retardation and vanishing twin,

18. The mythod of any one of claims 1 to 13, wherein said species of DNA originates from a cell type associated
10 with a magical condition; preferably wherein, said medical condition is one selected from the group consisting

myocardial infarcion, and a combination of any of the forgoing; more preferably wherein, said species of DNA

is circulating cell-frag¢ DNA and said sample is a blood fraction such as plasma or serum.

15 ‘

19. The method of daim 18\wherein said species of DNA originates from cells of a tumour; preferably wherein,

said tumour is a carcinoma\or cancer of an organ selected from the group consisting of: liver, lung, breast,
colon, oesophagus, prostate, dyary, cervix, uterus, testis, brain, bone marrow and blood.

20 20. The method of claim 19, whereingaid DMR(s) comprises at least one, preferably at least two, methylation

site(s) specific for said reagent, and a¥Jeast one of said DMR(s) is located in a portion of the genome and/or a

f: @ tumour suppressor gene, pl6, SEPT9, RASSF1A, GSTP1. DAPK,

herein, said DMR is located in RASSF1A; more preferably wherein,

4,700bp and 5,600bp of RASSF1A; andfor more preferably

ut positions 14,220bp and 13,350bp of RASSF1A.

gene selected from the group consistin
ESR1, APC, HSD17B4 and H1CL; preferabf
said DMR is located between about positio
25 wherein, said other region is located between a

21, The method of any one of claims 1 to 20, wherein sail sample is a tissue sample or a sample of biological fluid;
preferably wherein, said sample is a sample of biologiXgl fluid selected from the group consisting of: whole
blood, a blood fraction, urine, saliva, sweat, ejaculate, XRars, phlegm, vaginal secretion, vaginal wash and
30 colonic wash; more preferably wherein, said sample is a plasma or serum sample.
22. The method of any one of claims 1 to 21, wherein said reagent tha{ differentially modifies methylated and non-
methylated DNA comprises bisulphite,
35  23. The method of any one of claims 1 to 21, wherein said reagent that differégially modifies methyiated and non-
methylated DNA comprises an agent that selectively digests unmethyla DNA over methylated DNA,
preferably wherein, said agent comprises:
. at least one methylation sensitive enzyme;
. at least one methylation sensitive restriction enzyme; and/or
40 . an agent selected from the group consisting of: Aatll, Acil, Acll, Afel, Agel, Age
BeeAl, BmgBI, BsaAl, BsaHI, BsiEl. BsiWI, BsmBI, BspDI, BsrFI, BssHil, BstBI, Bs
Fsel, Fspl, Haell, Hgal, Hhal, HinP1I, Hpall, Hpy99I, HpyCH4IV, Kasl, Miul, Nael, Na
NotI-HF, Nrul, Nt.BsmAl, NL.CviPIl, PaeR7I, PIUTI, Pmil, Pvul, Pvul-HF, Rstll, Sacll, Sall,
SgrAl, Smal, SnaBl, TspMI and Zral,

F Ascl, AsiSl, Aval,
Clal, Eagl, Faul,
NgoMIV, NotI,
all-HF, Sfol,
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The method of any one of claims 1 fo 23, wherein each of said detection steps comprises quantitative detection
and said detected amount of said species of DNA is expressed as a relative concentration of said species of
DNA to the total DNA in said sample.

e method of any one of claims 1 to 23, further comprising the steps:

detecting an amount of total DNA in a standard sample of DNA of known amount using the same other
gion(s) as used in step (c); and

aring the signal detected from said standard sample of DNA to the signal detected in step (c).

The method
detected amoun®\of said species of DNA is expressed as an absolute amount of said species of DNA in said

claim 25, wherein each of said detection steps comprises quantitative detection and said

sample.

The method of claim 24 & 26, further comprising the step:
» comparing the amoult of said species of DNA detected with a threshold amount and/or reference
distribution of amounts, Wherein: {x) an increase in, or outlying of, the amount of said species of DNA
indicates an increased risk §f the individual suffering from or developing a medical condition; and/or (y)
an amount of said species of BNA in excess to sald threshold, or outlying from said distribution, indicates
that a diagnosis for an abnormalky in the said species of DNA present in said sample may be performed

on, preferably a separate aliquot of YNA of, said sample.

The method of any one of claims 24 to 27, furtker comprising the step:
. performing on, preferably with a separate jquot of DNA of, said sample, a diagnosis for an abnormality
in said species of DNA present in said sampley, preferably wherein, said species of DNA originates from
cells of a foetus and/or the placenta of a foetus, 8gid sample is from a pregnant female and said diagnosis

is a prenatal diagnosis.

The method of claim 28, wherein said diagnosis comprises a'gtep that uses a detection technology selected
from the group consisting of: DNA sequencing, SNP analysis, digitgl PCR and hybridisation; preferably wherein,
sald detection technology is massively parallel sequencing of DNAY, more preferably wherein said detection

technology is massively parallel sequencing of random and/or enriched RNA.

The method of claim 28 or 29, wherein:
(x) said species of DNA originates from cells of a foetus and/or the placenta oiNa foetus, said sample is from a
pregnant female and said abnormality is a genetic mutation or a chromosoMal abnormality, such as a
chromosomal trisomy, associated with a foetal abnormality and/or a congenital disoraky; preferably wherein:
« sald genetic mutation is selected from the group consisting of: colour blifgness, cystic fibrosis,

hemochromatosis, haemophilia, phenylketonuria, polycystic kidney disease, sickle-ceX and disease, Tay-

Sachs disease; andfor
» said chromosomal abnormality is selected from the group consisting of: a trisomy (such ag trisomy 21,
trisomy 18, or trisomy 13), a sex-chromosome abnormality (such as Turners syndromeN Klinefelter
syndrome, [Noonan syndrome,] Triple X syndrome, XXY syndrome, or Fragile X syndrome or XYY

or XXYY syndrome), a chromosomal deletion (such as Prader-Willi syndrome, Cris-du-chat syndrome\Wolf-
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Hirschhorn syndrome, or 22q11 deletion syndrome, Duchene muscular dystrophy), Beckwith-Wiedemann
syndrome, Canvan syndrome, and neurofibromatosis; or
(y) said species of DNA originates from cells of a tumour and sald abnormality is a genetic mutation or a
chromasomal abnormality associated with the diagnosis, prognosis or predictive treatment of a carcinoma or
cancer; preferably wherein,:
said genetic mutation is selected from the group consisting of: a mutation in a tumour suppressor gene
such as TP53 (p53), BRCA1, BRCA2, APC or RB1), a mutation in a proto-oncogene (such as RAS, WNT,

me or BCL-ABL], t(8;14)(q24;q32), t(11;14){q13;q32), t(14;18)(q32;q21),
t(10;(varioNs))(g11;(various)), 1(2;3){q13;p25), (8;21)(q22;q22), t(15;17)(g22;q21), t(12;15)(p13;q25),
1(9;12)(p24; N3), t(12;21)(p12;922), t(11;18)(q21;q21), t(2;5)(p23;435), t(11;22)(q24;q11.2-12),
t(17;22), t(X12)(q21;p13), t(X;18)(p11.2;q11.2), £(1;19){q10;p10), t{7,16)(g32-34;p11),
t(11,16)(p11,;p11},N(8,22)(q24;q11) or t(2;8)(p11;q24)).

The methed of claim 14, w
maternal DNA.

rein said DMR(s} isfare hypermethylated in foetal DNA and hypo methylated in

The method claim 31, wherein said
specific for said reagent, and at least on¢ of said DMR(s) is located in a region and/or gene selected from the
list(s) consisting of one disclosed in WO 'R011/034631 as being hypermethlyated in foetal DNA relative to
maternal DNA, including SEQ ID NOs 1-59, 9Q-163, 176, 179, 180, 184, 188, 189, 190, 191, 193, 195, 198,
199, 200, 201, 202, 203, 205, 206, 207, 208, 205 210, 211, 212, 213, 214, 221, 223, 225, 226, 231, 232, 233,
235, 239, 241, 257, 258, 259, andfor 261 of WO 2041/034631.

R(s) comprises at least one, preferably at least two, methylation site(s)

The method of claim 32, whereln at least one of said DMR(s) is located in a region and/or gene selected from
the list consisting of: SEQ ID NOs 1-39, 176, 179, 180, 184\I188, 189, 190, 191, 193, 195, 198, 199, 200, 201,
202, 203, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 2], 223, 225, 226, 231, 232, 233, 235, 239, 241,
257, 258, 259, andfor 261 of WO 2011/034631, preferably sele from the list consisting of: SEQ ID No NOs
33-39, 176, 179, 180, 184, 188, 189, 190, 191, 193, 195, 198, 19%, 200, 201, 202, 203, 205, 206, 207, 208,
209, 210, 211, 212, 213, 214, 221, 223, 225, 226, 231, 232, 233, 235N\239, 241, 257, 258, 259, and/or 261 of
WO 2011/034631,
The method claim 14 or 31, wherein said DMR(s) comprises at least one, prefiably at least two, methylation
site(s) specific for said reagent, and at least one of said DMR(s) is located in a redipn and/or gene disclosed in
WO 2011/092592, including on selected from the list(s) consisting of: EP1, EP2, EP3NEP4, EPS, EP6, EP7, EPS,
EP9, EP10, EP11 and EP12 [SEQ ID NOs 33-44] of WO 2011/092592.

The method claim 14 or 31, wherein said DMR(s) comprises at least one, preferably at leas
site(s) specific for said reagent, and at least one of said DMR(s) is located in a region and/o

from the list consisting of: AIRE, SIM2, ERG and VAPA-APCDDI, or is HLCS.

The method of any one of claims 14 or 31 to 35, wherein at least one of said DMR(s):
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. is located on a human chromosome selected from the list consisting of: chromosome 21, chromosome 18,
chromosome 13, X-chromosome and Y-chromosome, preferably chromosome 21 chromosome 18 or
chromosome 13, more preferably chromosome 21; and/or

comprises at least one, preferably at least two, methylation site(s) specific for said reagent, and said DMR
is located in a reglons and/or gene selected from the list consisting of: maspin [preferably a portion of the
maspin (aka “SERPINB5™) gene that described in EP 1 751 307 as being differentially methylated between
foetus and its mother), CGI137, PDESA, PPP1R2P2, Similarity to FemlA (C.elegans), CGIO09, CBR1,
M, C21orf29 and CGI13.

The method & claim 14 to 31, wherein at least one of sald DMR(s) is located in a region and/or gene selected
from the list conssting of: RASSF1A, TBX3, ZFY, CDC42EP1, MGC15523, SOX14 and SPN.

The method of claim X, wherein at least one of said DMR(s) is located in a region and/or gene selected from
the list consisting of: SEQND NOs: 40-59 and 90-163 of WO 2011/034631.

14, 31, 32, 37 or 38, wherein at least one of said DMR(s):
. Is located on a human ciomosome selected from the list consisting of: chromosome 1 to 12,

The method of any one of clai
chromosome 14 to 17, chromosyme 19, chromosome 20 chromosome 22 and chromosome 23; and/or

. comprises at least one, preferably &t least two, methylation site(s) specific for said reagent, and said DMR

cted from the list consisting of: CD48, FAIM3, ARHGAP25, SELPLG,

PNG, THY1, TMEFF2 and PYCARD.

is located In a regions and/or gene s
APC, CASP8, RARB, SCGB3A1, DAB2IP,
The method of any of claims 1 to 39, wherein a\plurality of species of DNA are detected in said sample;
preferably wherein, two species of DNA are detected i

The method of claim 40, wherein:
. in at least one detection step (b):
+ the presence of methylated DNA at a first DMR is us
first species of DNA in sald sample and the absence of m¥thylated DNA at said first DMR indicates

o indicate the presence of an amount of a

the absence of said first species of DNA in said sample; prefedgbly wherein, said first species of DNA

originates from cells of a foetus and/or the placenta of a foetdg, said sample is from a pregnant
fermnale and said first DMR is one set forth in any one of claims 33 to'}6; and

» the presence of methylated DNA at a second DMR is used to indlcate the presence of an amount of a

NA at said second DMR

wherein, said second

second species of DNA In sald sample and the absence of methylate
indicates the absence of said second species of DNA in said sample; prefera
species of DNA originates from cells of a foetus and/or the placenta of a foetus, Sgid sample is from a

pregnant female and said second DMR is one set forth any one of claims 37 to 39;
. in at least one detection step (c):

* a first amount of total DNA present in said sample is detected using a first regior\that is not
differently methylated between said first species of DNA and the DNA not originating frolg cells of
said type, the modification of which first other region by said reagent Is insensitive to methyla§
DNA, wherein said first other region is located between about 20bp and about 20kb upstrea

downstream of said first DMR; and
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+ asecond amount of total DNA present in said sample is detected using a second region that is not
differently methylated between said second species of DNA and the DNA not originating from cells of
said type, the modification of which second other region by satd reagent is insensitive to methylation
of DNA, wherein said second other region is located between about 20bp and about 20kb upstream
or downstream of said second DMR.

Thaymethod of claim 41, wherein said detection in step (b) of said first and second DMRs and said detection in
step (&)} of said first and second other regions are made using the same aliquot of DNA of said sample, and in
the same\;eaction/detection vessel, and effectively simultaneously for such DMRs and other regions, and using:
{x) a differegt detectable label(s) for each of said first and second DMRs; and (y) further different detectable
label(s) for eack of said first and second other regions.

The method of claim2, wherein said detection in step (<) and said detection in step {b) are made by multiplex
real-time quantitative pxgbe-based PCR using at least one labelled probe specific for each of said DMRs and
other regions.
The method of any one of claifg 40 to 43, wherein said agent comprises at least one methylation sensitive
restriction enzyme,
The method of any one of claims 41 ¥ 44, wherein each of sald detection steps comprises quantitative
detection and said detected amount of eacthof said species of DNA is expressed as a relative concentration of
said species of DNA to the respective amount\total DNA detected in said sample from the respective other

region.

The method of any one of claims 41 to 44, further compyjsing the steps:
. detecting an amount of total DNA in a standard samygle of DNA of known amount using the same other

regions as used in step (¢); and
. comparing the signal detected from said standard sample Of DNA to the respective signal detected in step

(c) for each of the other regions.

The method of claim 46, wherein each of said detection steps compyses quantitative detection and said
detected amount of said species of DNA is expressed as an absolute amourX of each or said species of DNA in

sald sample.

The method of claim 45 or 47, further comprising the step:
e  determining the relative amount, preferably a ratio, of: (x) said first specles of DNAdetected with the first
DMR; and (y) said second species of DNA detected with the second DMR; and
s  comparing said relative amount or ratio with a threshold and/or reference distributio\of amount(s) or
ratio(s), wherein: a relative amount or ratio that is higher or lower than said threshold af/or reference
distribution of amount(s) or ratio(s) indicates the presence of an abnormality in said first an¥/or second
species of DNA present in said sample; preferably wherein, said abnormality is a chroxjosomal
abnormeality; more preferably wherein, said chromosomal abnormality is associated with a Xoetal
abnormality andfor congenital disorder; yet more preferably wherein, said chromosomal abnormali
selected from the group consisting of: a trisomy (such as trisomy 21, trisomy 18, or trisomy 13), a se
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chromosome abnormality (such as Turners syndrome, Klinefelter syndrome, [Noonan syndrome,] Triple X
syndrome, XXY syndrome, or Fragile X syndrome or XYY syndrome or XXYY syndrome), a chromosomal
deletion {such as Prader-Willi syndrome, Cris-du-chat syndrome, Wolf-Hirschhom syndrome, or 22q11
deletion syndrome, Duchene muscular dystrophy), Beckwith-Wiedemann syndrome, Canvan syndrome,
and neurofibromatosis; most preferable wherein, said chromosomal abnormality is a trisomy, such as one
selected from the list consisting of trisomy 21, trisomy 18, or trisomy 13.

A mathod for detecting a chromosomal aneuploidy in a foetus carried by a pregnant female, said method
comprisiyg the steps:

and wherein said,first species of DNA that originates from cells of a foetus and/or the placenta of a foetus
is distinguished frolg its counterpart of maternal origin In the sample due to differential DNA methylation;
(B) Determining, using a \gethod as set forth in any one of the daims above, the amount of a second species
of DNA that originates figm cells of a foetus and/or the placenta of a foetus in said sample, wherein said
second species of DNA is Idcated on a reference chromosome, and wherein said second species of DNA
that originates from cells of aXpetus and/ar the placenta of a foetus Is distinguished from its counterpart
e to differential DNA methylation;

(C) determining the relative amount, pheferable the ratio, of the amounts from (A) and (B); and

of maternal origin In the sample

(D) comparing said relative amount or ra¥p with a threshold and/or reference distribution of amount(s} or
ratio(s), wherein: a relative amount or ra{io that is higher or lower than said threshold and/or reference
distribution of amount(s) or ratio(s) indicateX the presence of the chromosomal aneuploidy in the foetus.

A method for detecting an increased risk of an indiWdual suffering from or developing a medical condition;

said method comprising the steps:

(i) conducting the method of claim 24 or 26; and

(i) comparing the amount of said species of DNA detected, with a threshold amount and/or a reference
distribution of amounts,

wherein an increase in, or outlying of, the amount of sald species 3f DNA indicates an increased risk of the

individual suffering from or developing said medical condition

A compeosition comprising:
+  one pair of PCR primers for amplifying said DMR as set forth in any of clai
* one pair of PCR primers for amplifying said other region as set forth in any o ;
. one labelled probe as set forth in claim 7; and
»  one labelled probe as set forth in claim 8,

The composition of claim 51 further comprising:
o  a further pair of PCR primers for amplifying a second DMR as set forth in any of claims § to 50; and a

further labelled probe as set forth in claim 7 when back-referenced to claim 4; and/or
. a further pair of PCR primers for amplifying a second other region as set forth in any of claims Y0 to 50;

and a further labelled probe as set forth in dlaim 12.
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A kit comprising:

»  the primers and probes as set forth in claim 51 or 52; and

. optionally, further comprising: (i} a printed manual or computer readable memory comprising instructions
to use said primers and probes to practice a method of any one of daims 1 to 50 and/or to produce or
use the composition of claim 51 or 52; and/or (ii) one or more other item, component or reagent useful
for the practice of a method of any one of claims 1 to 50 and/or the production or use of the composition
f claim 51 or 52, including any such item, component or reagent disclosed herein, such as the reagent
tha, differently modifies methylated and non-methylated DNA as set forth in any one of claims 1 to 50.

A computer\program product comprising: a computer readable medium encoded with a plurality of
instructions for cytrolling a computing system to perform and/or manage an operation for determining: (x) an
increased risk of an\{ndividual suffering from or developing a medical condition and/or {y) if a diagnosis for an
anomaly in a species &f DNA originating from cells of a given type may be performed, in each case from a
sample from an individuahcomprising & species of DNA originating from cells of a given type in admixture with
differently methylated DNA

with a reagent that differentialiiymodifies methylated and non-methylated DNA as set forth in any one of claims

t originating from cells of said type, the DNA present in said sample being treated

1 to 50; sald operation comprising\he steps of:
. recelving: (i) one signal repr ting the quantitative detection of methylation at one or more DMRs as
set forth in step (b) of any oneNof claims 1 to 50; and (ii) one signal representing the quantitative
detection of total DNA using at least dge other region as set forth in step (c) any of claims 1 to 50;
e  determining a parameter from the signijs (i) and (ii), wherein the parameter represents a quantitative
amount of said species of DNA;
e  comparing the parameter to with a threshold amount and/or reference distribution of amounts; and
. based on such comparison, determining a classiRgation of whether, respectively, (x) an increased risk of
an individual suffering from or developing a medigal condition exists; andfor (y) a diagnosis for an
anomaly in a species of DNA originating from cells of a\given type may be performed.
The computer program product of claim 54, wherein said operatioN further comprises the steps:
. receiving a further signal representing the quantitative detectign of total DNA in a standard sample of
DNA as set forth in claim 25; and
»  comparing said signal with the signal set forth in (ii) of claim 54, s0'gs to determine said parameter that
represents an absolute quantitative amount of said species of DNA,
The computer program product of claim 54 or 55, wherein said operation is for detéxmining if a diagnosis for an
anomaly in said species of DNA may be performed, and further comprises the step Rf determining from said
parameter a number of random and/or enriched DNA molecules to be sequenced frogn, preferably from a

separate aliquot of DNA of, said sample as part of said diagnosis.

The computer program product of claim 54 or 55, wherein said operation further comprises the stips:

* receiving: (i} one signal representing the quantitative detection of methylation at a second DNRs as set
forth in step (b) of any one of claims 41 to 49; and (ii) one signal representing the quantitative
of total DNA using a second other region as set forth in step (c) any of claims 41 to 49;
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determining a second parameter from the signals (i} and (jii), wherein the parameter represents a
quantitative amount of said second species of DNA;
determining the relative amount, preferable the ratio, of said parameter and said second parameter;
comparing said relative amount or ratio with a threshold and/or reference distribution of amount(s) or
ratio{s), and
based on such comparison, determining a classification of whether an abnormality in said species of DNA
or second species of DNA present in said sample; preferably wherein, said abnormality is a chromosomal
bnormality; more preferably wherein, said chromosomal abnormality is associated with a foetal
abRormality and/or congenital disorder; yet more preferably wherein, said chromosomal abnormality is
seleched from the group consisting of: a trisomy (such as trisomy 21, trisomy 18, or trisomy 13), a sex-
chromoagme abnormality (such as Turners syndrome, Klinefelter syndrome, [Noonan syndrome,] Triple X
syndrome, syndrome, or Fragile X syndrome or XYY syndrome or XXYY syndrome), a chromosomal
deletion (suck, as Prader-Willi syndrome, Cris-du-chat syndrome, Wolf-Hirschhorn syndrome, or 22qil
deletion syndrome, Duchene muscular dystrophy), Beckwith-Wiedemann syndrome, Canvan syndrome,
and neurofibromatsis; most preferable wherein, said chromosomal abnormality is a trisomy, such as one

selected from the list Xonsisting of trisomy 21, trisomy 18, or trisomy 13.
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CLAIMS

A method for detecting in a sample from an individual an amount of a species of DNA originating from cells of
a given type, which sample comprises said species of DNA in admixture with differently methylated DNA not
originating from cells of said type; said method comprising the steps:

(a) treating the DNA present in said sample with a reagent that differentially modifies methylated and non-
methylated DNA;

(b) detecting in said sample the presence of methylation in said species of DNA at two or more differentially
methylated regions (DMRs) that are differently methylated between said species of DNA and the DNA not
originating from cells of said type, the modification of DNA of such DMRs by said reagent is sensitive to
methylation of DNA, wherein the presence of methylated DNA at one or more of said DMRs indicates the
presence of said amount of species of DNA in said sample and the absence of methylated DNA at said
DMRs indicates the absence of said species of DNA in said sample; and

(c) detecting an amount of total DNA present in said sample using at least one other region that is not
differently methylated between said species of DNA and the DNA not originating from cells of said type,
the modification of which region(s) by said reagent is insensitive to methylation of DNA,

wherein, said detection in step (b) and said detection in step (c) are made using the same aliquot of DNA of

said sample, and in the same vessel, and effectively simultaneously for such DMRs and other region(s), and

using: (x) the same detectable labels(s) for each of said DMRs; and (y) a different detectable label(s) for said
other region(s).

The method of claim 1, wherein said other region is located between about 20bp and about 20kb upstream or
downstream of, and/or within the same gene as, at least one of said DMRs.

The method of claim 1 or 2, wherein said detection in step (¢) comprises using at least two of said other
regions; preferably wherein, the number of said other regions is the same as the number of DMRs used in step
(b); more preferably wherein, one of said other regions is located between about 20bp and about 20kb
upstream or downstream of a DMR used in step (b) and each other of the said cther regions is located
between about 20bp and about 20kb upstream or downstream of another of said DMRs.

The method of claim 3, wherein said detection in step (¢) is made using: (X} the same detectable label(s) for
each of said other regions or (y) a different detectable label(s) for each of said other regions.

The method of any one of claims 1 to 4, wherein said detection in step {c) and said detection in step (b) are
made using the same aliquot of DNA of said sample, and in the same reaction/detection vessel, and effectively
simultaneously with each other, and by multiplex real-time quantitative probe-based PCR using at least one
fabelled probe specific for each of the said DMRs and other region{s).

The method any one of claims 1 to 5, wherein said species of DNA originates from cells of a foetus and/or the

placenta of a foetus and said sample is from a pregnant female; preferably wherein, said species of DNA is
circulating cell-free DNA and said sample is a blood fraction such as plasma or serum,
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13.

14,

The method of any one of claims 1 to 5, wherein said species of DNA originates from a cell type associated
with a medical condition; preferably wherein, said medical condition is one selected from the group consisting
of: a cell proliferative disorder, an infection/infectious disease, a wasting disorder, a degenerative disorder, an
(auto)immune disorder, kidney disease, liver disease, inflammatory disease acute toxicity, chronic toxicity,
myocardial infarction, and a combinaticn of any of the forgoing; more preferably wherein, said species of DNA
is circulating cell-free DNA and said sample is a blood fraction such as plasma or serum.

The method of any one of claims 1 to 7, wherein said sample is a tissue sample or a sample of biological fluid;
preferably wherein, said sample is a sample of biological fluid selected from the group consisting of: whole
blood, a blood fraction, urine, saliva, sweat, ejaculate, tears, phlegm, vaginal secretion, vaginal wash and

colonic wash; more preferably wherein, said sample is a plasma or serum sample.

The method of any one of claims 1 to 8, wherein said reagent that differentially modifies methylated and non-

methylated DNA comprises an agent that selectively digests unmethylated over methylated DNA, preferably

wherein, said agent comprises:

. at least one methylation sensitive enzyme;

. at least one methylation sensitive restriction enzyme; and/or

. an agent selected from the group consisting of: Aatll, Acil, Acll, Afel, Agel, Agel-HF, Ascl, AsiSI, Aval,
BceAl, BmgBI, BsaAl, BsaHI, BsiEI. BsiWI, BsmBI, BspDI, BsrFI, BssHII, BstBI, BstUI, Clal, Eagl, Faul,
Fsel, Fspl, Haell, Hgal, Hhal, HinP1lI, Hpall, Hpy99I, HpyCH4lV, Kasl, Mlul, Nael, Narl, NgoMIV, Notl,
NotI-HF, Nrul, Nt.BsmAI, Nt.CviPII, PaeR7I, PluTIL, PmiL, Pvul, Pvul-HF, RsrII, Sacll, Sall, Sall-HF, Sfol,
SgrAl, Smal, SnaBI, TspMI and Zral.

The method of any one of claims 1 to 9, wherein each of said detection steps comprises quantitative detection
and said detected amount of said species of DNA is expressed as a relative concentration of said species of
DNA to the total DNA in said sample.

The method of any one of claims 1 to 9, further comprising the steps:

. detecting an amount of total DNA in a standard sample of DNA of known amount using the same other
regions(s) as used in step (c); and

. comparing the signal detected from said standard sample of DNA to the signal detected in step (c).

The method of claim 11, wherein each of said detection steps comprises quantitative detection and said
detected amount of said species of DNA is expressed as an absolute amount of said species of DNA in said

sample,

The method of claim 6, wherein said DMR(s) isfare hypermethylated in foetal DNA and hypo methylated in
maternal DNA.

The method of claim 6 or 13, wherein at least one of said DMR(s):

. is located on a human chromosome selected from the list consisting of: chromosome 21, chromosome 18,
chromosome 13, X-chromosome and Y-chromosome, preferably chromosome 21, chromosome 18,
chromosome 13, most preferably chromosome 21; and/or

58



10

15

20

25

30

35

40

15.

16.

17.

18.

19,

. comprises at least one, preferably at least two, methylation site(s) specific for said reagent, and said DMR
is located in a regions and/or gene selected from the list consisting of: maspin [preferably a portion of the
maspin (aka “SERPINB5") gene that described in EP 1 751 307 as being differentially methylated between
a foetus and its mother], CGI137, PDE9A, PPP1R2P2, Similarity to FemlA (C.elegans), CGI009, CBR1,
DSCAM, C210rf29 and CGI13.

The method of claim 6 or 13, wherein at least one of said DMR(s) is located in a region and/or gene selected
from the list consisting of: RASSF1A, TBX3, ZFY, CDC42EP1, MGC15523, SOX14 and SPN.

The method of any of claims 1 to 15, wherein a plurality of species of DNA are detected in said sample;
preferably wherein, two species of DNA are detected in said sample.

A method for detecting a chromosomal aneuploidy in a foetus carried by a pregnant female, said method

comprising the steps:

(A) Determining, using a method as set forth in any one of the preceding claims, in a sample taken from said
pregnant female the amount of a first species of DNA that originates from cells of a foetus and/or the
placenta of a foetus, wherein said first species of DNA is located on a chromosome relevant to the
chromosomal aneuploidy or within a section of a chromosome relevant to the chromosomal aneuploidy,
and wherein said first species of DNA that originates from cells of a foetus and/or the placenta of a foetus
is distinguished from its counterpart of maternal origin in the sample due to differential DNA methylation;

(B) Determining, using a method as set forth in any one of the preceding claims, the amount of a second
species of DNA that originates from cells of a foetus and/or the placenta of a foetus in said sample,
wherein said second species of DNA is located on a reference chromosome, and wherein said second
species of DNA that originates from cells of a foetus and/or the placenta of a foetus is distinguished from
its counterpart of maternal origin in the sample due to differential DNA methylation;

(C) determining the relative amount, preferable the ratio, of the amounts from (A) and (B); and

(D) comparing said relative amount or ratio with a threshold and/or reference distribution of amount(s) or
ratio(s), wherein: a relative amount or ratio that is higher or lower than said threshold and/or reference

distribution of amount(s) or ratio{s) indicates the presence of the chromosomal aneuploidy in the foetus.

A method for detecting an increased risk of an individual suffering from or developing a medical condition;

said method comprising the steps:

(i) conducting the method of claim 10 or 12; and

(i) comparing the amount of said species of DNA detected with a threshold amount andfor a reference
distribution of amounts,

wherein an increase in, or outlying of, the amount of said species of DNA indicates an increased risk of the

individual suffering from or developing said medical condition.

A composition comprising:

. twa pairs of PCR primers, each pair for amplifying one of said two of more DMRs as set forth in any of
claim 1 to 18;

. one pair of PCR primers for amplifying said other region as set forth in any of claims 1 to 18;

. two labelled probes each of which specific for one of said DMRs; and
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. one labelled probe specific for one of said other regions(s).

A kit comprising:
o the primers and probes: as set forth in claim 19; and

. optionally, further comprising: (i) a printed manual or computer readable memory comprising instructions
to use said primers and probes to practice a method of any one of claims 1 to 18 and/for to produce or
use the compeosition of claim 19; and/or (i) one or more cther claim, component or reagent useful for the
practice of a method of any one of claims 1 to 18 and/or the preduction or use of the composition of
claim 19, including any such claim, component or reagent disclosed herein, such as the reagent that
differently modifies methylated and non-methylated DNA as set forth in any one of claims 1 to 18.

A computer program product comprising a computer readable medium encoded with a plurality of
instructions for controlling a computing system to perform and/or manage an operation for determining: (x) an
increased risk of an individual suffering from or developing a medical condition and/or (y) if a diagnosis for an
anomaly in a species of DNA originating from cells of a given type may be performed, in each case from a
sample from an individual comprising a species of DNA originating from cells of a given type in admixture with
ditfferently methytated DNA not originating from cells of said type, the DNA in present in said sample being
treated with a reagent that differentially modifies methylated and non-methylated DNA as set forth in any one
of claims 1 to 18; said operation comprising the steps of:

. receiving: (i} one signal representing the essentially simultaneous quantitative detection of methyiation at
two or more DMRs as set forth in step (b} of any one of claims 1 to 18; and (ii) one signal representing
the essentially simultaneous quantitative detection of total DNA using at least one other region as set
forth in step (c) any of claims 1 to 18;

. determining a parameter from the signals (i) and (i), wherein the parameter represents a guantitative
amount of said species of DNA;

. comparing the parameter to with a threshold amount and/or reference distribution of amounts; and

. based on such comparison, determining a classification of whether, respectively, (x} an increased risk of
an individual suffering from or developing a medical condition exists; and/or (y) a diagnosis for an
anomaly in & species of DNA originating from cells of a given type may be performed.

A method for detecting in a sample from an individual an amount of a species of DNA originating from cells of

a given type, which sample comprises said species of DNA in admixture with differentially methylated DNA not

originating from cells of said type; said method comprising the steps:

{(a) treating the DNA present in said sample with a reagent that differentially modifies methylated and non-
methylated DNA; and

(b) detecting in said sample the presence of methylation in said species of DNA at two or more DMRs that are
differently methylated between said species of DNA and the DNA not originating from cells of said type the
modification of DNA of such DMRs by said reagent is sensitive fo methylation of DNA, wherein the
presence of methylated DNA at one or more of said DMRs indicates the presence of said amount of species
of DNA in said sample and the absence of methylated DNA at said DMRs indicates the absence of said
species of DNA in said sample,

wherein, said detection in step (b) is made using the same aliquot of DNA of said sample, and in the same

reaction/detection vessel, and effectively simultaneously for such DMRs, and using (x) multiplex real-time
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quantitative PCR; and (y) at least two labelled probes each of which specific for one of said DMRs and that are
labelled with the same detectable label(s) for each of said DMRs; preferably wherein, said reagent comprises
agent as set forth in claim 9.
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