NOVEL FETAL MARKERS FOR PRENATAL DIAGNOSIS AND
MONITORING RELATED APPLICATIONS [0001] This application claims
priority to U.S. Provisional Patent Application No. 60/797,456, filed May 3,
2006, the contents of which are hereby incorporated by reference in the
entirety. BACKGROUND OF THE INVENTION [0002] Early detection of
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pregnancy or delivery and genetic defects of the fetus is of crucial
importance, as it allows early medical intervention necessary for the safety
of both the mother and the fetus. Prenatal diagnosis has been routinely

conducted using cells ispfatedriroym the fetusrtiazeygh procedures such as
h rioréﬁl,villus sampling (CVS) qr amniocentesis. These conventional
100 58P REE B RASRHOR OB PRoa HpBH Eetabiotmeic tisutlo.

6oiemebenand the fetumdaspitemast sarafidnhandling (1abaretaly 1y
Lancet 1:1287-1293, 1986). [0003] Alternatives to these invasive

refEenoe dhBe kaEsbeen developed for prenatal screening, e.g., to
detecting fetal abnormalities, following the discoveries that several types

of fetal cells can be3iaUBGRMAEDNAF cigw alorefeiersen et at, Prenat.
iagn..15:921-931, 1995) and more importantly, circulating cell-free fetal
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o etal,N. Engl. J. Med. 339:1734-1738, 1998), fetal sex determination
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Lan%:et 356:11 ,ZOEbO; En% hin e at,é%%t 360:998-1000, 2002) have
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addition, quantitative abnormalities of fetal DNA in maternal
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typehofigett] ale] P candte Biagd iR G1#@Mmal circulation (Johansen ef al., Prenat.
Diagn. 15:921-931, 1995) and more importantly, circulating cell-free fetal DNA can
be detected in maternal plasma and serum (Lo ef al., Lancet 350:485-487, 1997). The
amount of fetal DNA. in maternal blood has been shown to be sufficient for genetic
analysis without complex treatment of the plasma or serum, in contrast to alternative
methods requiring steps for isolating and enriching fetal cells. Fetal rhesus D (RhD)
genotyping (.o ef al., N. Engl. J. Med. 339:1734-1738, 1998), fetal sex determination
(Costaet al., N, Engl. J. Med. 346:1502, 2002), and diagnosis of several fetal
disorders (Amicucci et al., Clin, Chem. 46:301-302, 2000; Saito et al., Lancet
356:1170, 2000; and Chiu et al., Lancet 360:998-1000, 2002) have since been
achieved by detecting fetal DNA in maternal plasma or serum using a polymerase

chain reaction (PCR)-based technigue.



798, 2000) and hyperemesis gravidarum (Sekizawa et at., Clin. Chem.
47:2164-2165, 2001). Detection of fetal nucleic acid in maternal blood for
prenatal genetic analysis is also disclosed in U.S. Patent No. 6,258,540.
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redicting pregnancy-related disorders such as
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arkers may be used for prenatal diagnosis. In the present disclosure, a
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met n genomic DNA originated from a fetus or from an adult (e.g.,

chzopregasi anevneiylyriaod ristsE dietentially methylated genomic loci
allow proper identification or quantification of fetal and maternal QNA, an
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Publication No. 20030211522 also proposed differential methylation markers may be
used for prenatal diagnosis. In the present disclosure, a number of human genomic
DNA sequences located on chromosome 21 are identified for the first time as loci
containing regions differentially methylated in genomic DNA originated from a fetus
or from an adult (e.g., a pregnant women). Thus, these differentially methylated
genomic loci allow proper identification or quantification of fetal and maternal DNA

and therefore reliable diagnosis of prenatal conditions.

BRIEF SUMMARY OF THE INVENTION
[0007] In the first aspect of this invention, a method is provided for detecting or

monitoring a pregnancy-associated disorder in a woman pregnant with a fetus. The



the woman are differentially methylated, thereby distinguishing the
genomic sequence from the woman and the genomic sequence from the
fetus in the sample, wherein the genomic sequence is at least 15
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region on chromosome 21, and wherein the region consists of (1) a
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cytpsimiesEqushizearegomeTelromeRAmBEesthnend SVBSTRI IIR Friiem carsists of
(%ng%ﬁéﬁfa@g&ﬁr case e heiandayd aRniel dicates s BIBRNES Hhse

ogression of a pregnancy-associated disorder. [0008] In some

1In so .
94 Mbdefire how arrerjentmiel S8dqthosB by W it eeghd
ps%e%%@ @:&%%W,fmzﬁ)%ﬁ%lﬁéﬁ% RREIYARA AR CHNRns), CGL009,
embodiments, the

6genomic seduence from the woman is unme}?glated
an

cagherwheegenionnd SeqhdicBRomdimE satasel adinyeitaer reolol
ch%ﬁg%g%%?y ISPk PRI PEA DY Sreatingthe-aprpRR it Ariaagent

that lly modifies methylated and unmethylated DNA. For
(FBGEPhyted @8 Fadgemt (kg PietiRitEcoReRe hasgkhkhptrean

ar PP RHSRQRE A IR B IRYINER:) RaLRIgHere AL h%@l@ﬁ"ﬁé:%%%ﬁﬂﬁ&% quence

DNA,; or the reagent may comgrlse one or more enzymes
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this invention, a method is provided for detecting or  monitoring a
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method comprises the steps of: (a) obtaining DNA in a biological sample
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one cytosine, and is within a region on chromosome 21, and

[0009] In some embodiments, step (b) is performed by treating the sample with a
reagent that differentially modifies methylated and vnmethylated DNA. For example,
the reagent may comprise bisulfite; or the reagent may comprise one or more enzymes
that preferentially cleave methylated DNA; or the reagent may comprise one or more
enzymes that preferentially cleave unmethylated DNA. In some embodiments, step

(b) is performed by methylation-specific PCR.

[0010] In the second aspect of this invention, a method is provided for detecting or
monitoring a pregnancy-associated disorder in a woman pregnant with a fetus. The
method comprises the steps of: (a) obtaining DNA in a biological sample from the

woman, wherein the sample is whole blood, serum, plasma, urine, or saliva; (b)



wherein the region consists of (1) a genomic locus selected from the
group consisting of CGI137, phosphodiesterase 9A (PDE9A), homo
sapiens protein phosphatase 1, regulatory (inhibitor) subunit
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onitoring conditions such as preeclampsia, preterm labor, hyperemesis
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invention, a method Is provided for detecting and monitoring
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sample is whole blood, serum, plasma, urine, or saliva; (b) treating the
disoidec from step (a) with a reagent that differentially modifies methylated
and unmethylated DNA,; (c) determining the nucleotide sequence of a
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invention, is suitable for detecting or monitoting conditions such as preeclampsia,
preterm labor, hyperemesis gravidarum, ectopic pregnancy, a chromosomal

aneuploidy (e.g., trisomy 21), and intrauterine growth retardation.

[0013] In the third aspect of this invention, a method is provided for detecting and
monitoring a pregnancy-associated disorder. The method comprises the steps of: (a)
obtaining DNA in a biological sample from the woman, wherein the sample is whole
blood, serum, plasma, urine, or saliva; (b) treating the DNA from step () with a
reagent that differentially modifies methylated and unmethylated DNA; {¢)
determining the nucleotide sequence of a CpG-containing genomic sequence from
step (b), wherein the genomic sequence is at least 15 nucleotides in length, comprises

at Jeast one cytosine, and is within a region on chromosome 21, and wherein the



cell adhesion molecule (DSCAM), chromosome 21 open reading frame 29
(C21 or f29), Holocarboxylase Synthetase (HLCS), and CGI132; and (2) a -
DNA sequence of no more than 10 Icb upstream and/or downstream from
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[0016] In the fourth aspect of this invention, a method is provided for detecting
trisomy 21 in a fetus in a pregnant woman. The method comprises the steps of: (2)
obtaining a biological sample from the woman, wherein the sample is whole blood,
serum, plasma, urine, or saliva; (b) treating the sample from step (&) with a reagent
that differentially modifies methylated and unmethylated DNA; (c) analyzing the
alleles of a CpG-containing genomic sequence, wherein the genomic sequence is at
least 15 nucleotides in length, comprises at least one cytosine, and is within a region
on chromosome 21, and wherein the region consists of (1) a genomic locus selected
from the group consisting of CGI137, phosphodiesterase 94 (PDE9A), homo sapiens
protein phosphatase 1, regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2),
Similarity to Femld (Caenorhabditis elegans), CG1009, carbonyl reductase I



woman carrying a fetus not having trisomy 21 indicates trisomy 21 in the
fetus. [0017] In some embodiments, the reagent comprises bisulfate. In
other embodiments, the reagent comprises one or more enzymes that
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example, step can be performed by mass spectrometry, by a primer
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monitoring a pregnancy-associated disorder in a woman pregnant with a fetus. The

method comprises the steps of: (a) obtaining a biological sample from the woman,
wherein the sample is whole blood, serum, plasma, urine, or saliva; (b) determining
the level of a CpG-containing genomic sequence in the sample, wherein the genomic
sequence is at least 15 nucleotides in length, comprises at least one unmethylated
oytosine, and is within a region on chromosome 21, and wherein the region consists of
(1) a genomic locus selected from the group consisting of CGI137, phosphodiesterase
94 (PDE94), homo sapiens protein phosphatase 1, regulatory (inhibitor) subumnit 2
pseudogene 2 (PPPIR2P2), and Similarity to Feml4 (Caenorhabditis elegans), and
(2) a DNA sequence of no more than 10 kb upstream and/or downstream from the

Jocus; and (c) comparing the level of the genomic sequence with a standard gonirol,



enzymes that preferentially cleave DNA comprising methylated cytosine,
or it may comprise one or more enzymes that preferentially cleave DNA
comprising unmethylated cytosine. [0023] In some embodiments, step (b)
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sample is whole blood, serum, plasma, urine, or saliva; (b) determining the level of a
CpG-containing genomic sequence in the sample, wherein the genomic sequence is at
least 15 nucleotides in length, comprises at least one methylated cytosine, and is
within a region on chromosome 21, and wherein the region consists of (1) a genomie
locus selected from the group consisting of CGI009, carbony! reductase 1 (CBR1),
Down Syndrome cell adhesion molecule (DSCAM), chromosome 21 open reading
Jrame 29 (C2lorf29), Holocarboxylase Synthetase (HLCS), and CGI132, and (2) a
DNA sequence of no more than 10 kb upstream and/or downstream from the locus;
and (c) comparing the level of the genomic sequence with a standard control, wherein
an increase or decrease from the standard control indicates the presence or

progression of a pregnancy-associated disorder.



[00271 In some embodiments, step (b) comprises an amplification
reaction, such as a polymerase chain reaction (PCR), especially a
methylation-specific PCR. The amplification reaction may also be a

qpgeicAGtseansnea e diampliicationes teiang Displagessenia the blood

reaction, a branched DNA amplification reaction. In some embodiments,

satiplevetlon thesgeribatidiBrpniallisred ietmehriried SAnagrehylated
oﬁégﬁf{)@pﬁﬂf%%%%mwe&}&fsﬂggeﬂmﬂ@é;aﬁ%&@%%pﬁ@dﬁ@mqﬁd&
Suita [e or det ctlng or monitoring a num.b_er of pregnancy- a5500|ated
emmtimmm@m@@am@m%@mw%ww ¢ fggne, or it may
c%t?g\f‘ RO, SEIOPIC, PYAONARCY [HSOMY Al ARtV IR ACT SN

rdation. [00291 In practicing the present invention within all aspects
unmegitiplatedl asvinea CpG island may be used as the CpG-containing
genomic sequence in some cases, whereas in other cases the
[6DAB-cdntainiaggbndimicnss glaprita mayTistw aapEicriandciotionapch as
The methads of the invention. in alL ASREC!s, Mayhe.capietiewonthent
L&R s}%%sﬁgifaol%%a %%ﬁ[?;% v%gr%géw In tﬁe'se embodimegts, the methods
anfilbi@crientantomitthelstep efoisiaining dre iolegleicdamnbirgHrme
st a?s’p ngn?r%%grv%h 351%%&%51@%&?91@\6%%?1'}1&&% 1edcphOndhme
sample”All'other disclosure in this application applies equally to these
eathinbdtienty) thedxeeipifthe perthaisobeatscieeanpers g itp Ryizery of
e{g{%gﬁ%l)m%sgﬁgﬁ%mg&ﬁg ﬁr(ﬁtlgg&gct in this embc_)dlmen_t becorr_les:
a method 0 ecting or monitoring a pregnancy-associated disorder in a
R e B ot COURARRGL IS SEPROL (Bb{am Ul ey
minfiig the me%hﬁaﬁon status o pG-containing genomic _
asegieatdinaidighgicd sampte fropsthewommakebansiirreme sarieradarum,
whole blood, serum, plasma, urine, or saliva, wherein the genomic
© @ab%ﬁ%g??gﬂt#és e’%YS‘Eg}l%bt e g%ﬁt&%‘%c Sequence fromothe woman are
differentially methylated, thereby distinguishingth IC:Saduense
A e ARG B T A S ohts TR TR g e
- Cgamiplendvieyeia thedganbmitpGeguerio Sgnionst KErnseotigerrases,
length, .comprisin le ne Cytosin N ithi 48 iﬂ&%@ CpG
ﬁ?dgocrfﬂ%rch asr?t %v%sgrei%oﬁ%ﬂr%ng% e%%%s%fég% l)a ggenomicalogus
isleteicted from the group consisting of CGI137, phosphodiesterase 9A
(PDE9A), hoino sapiens protein phosphatase 1, regulatory (inhibitor)
[subajt Phpseutioge e tBe (RRAKRE ARy SinpitatiyntayFernasied out without any
sggi)ager; {gngg |(t)|§, t%leea%rrlxah.cg lt %gé gg{‘t?c?d%ents, the methods of the invention
omit the step of obtaining the biclogical sample from the woman, and start with the
first recited step that is carried out on the sample. All other disclosure in this
application applies equally to these embodiments, except where the context clearly

requires otherwise.

[0029B] Thus, the method of the first aspect in this embodiment becomes: a method
of detecting or monitoring a pregnancy-associated disorder in a woman pregnant with
a fetus, comprising the steps of: (a) [omitted]; (b) determining the methylation status
of a CpG-containing genomic sequence in a biological sample from the woman,
wherein the sample is whole blood, serum, plasma, urine, or saliva, wherein the
genomic sequence from the fetus and the genomic sequence from the woman are

differentially methylated, thereby distinguishing the genomic sequence from the



reductase 1 (CBRI), Down Syndrome cell adhesion molecule (DSCAM),

and chromosome 21 open reading frame 29 (C210rf29), Holocarboxylase

Synthetase (HLCS), and CGI132; and (2) a DNA sequence of no more
wihan 30ddhdipsioesion sandiarcdommgiccmsfianthtmigdasmcrcetdregamgic

the level of the genomjc uence from the fetus; and (d) comparing the.
SRRV O G0 T B LA CTAL AT IR S (e oo i
witlie eeioichingreassosdeettasadroritie dianddrn consiels sfditpdestbenic

presence or. progression of a pregn - ciated.disorder. [0029
o T O ST Sy f1E B S
homdnees pf&@iﬁgﬂfdﬁﬂaamw ﬂm@gl@t—pfpgﬁmmyaa)ssfimaieﬁ ﬂjsaddgezi)a 2

woman pregnant with a fetus, comprising, the steps of: itted];
(Pt ORI e ek SAETE TS CIOTRas, AT e ke

relfWhelg ORR] SeruiTy Dlagome walladisadivanolithbiSIF TR D) and

performing an amplification reactio in A from step (b) and two
ChEPIHASRT rﬁﬁﬁﬁfa%}8&%ﬁ#@%ﬁ%ﬁ%@@@%ﬁ&%{ﬁ% s¢
(FORTR)MiGISEGUETaisIaR ieaBIN stqelentideminteng thacoiiirispsratdeast
one cytosine, and is withjn a r_eg%(? on chrom%% meIZ%,JE nd Wherceig thee ce
SR EBRES SRR BRI B B AT BT e S aBic e
ﬁ*@%% ﬁﬁﬁ“ phesahesiesiciast OR(RRESA ) romi sapiensgioeithe fetus
phosphatase 1, regulatory (inhibitor) subuynit 2 pseudogene 2
s R R A SR e T I
inSREIONWJ pelicirE L HoBRSioR o ynaiamaseelachdsionmolecule
(DSCAM), chromosome 21 open reading frame 29 (C21 orf29),

[oligegashanylas ey tiRiass (it SeSon@asheds1A 325 anth(diadaiAcomes: a

sequence of no more than 10 kb upstream and/é)rt‘rgéi wnsjream from the

mghed of At STTAtIEASE fePBT IR VS BT qE GBS o
pridAeRAMIS RGIRBEE iR the fefiso e (Sntasdpali g theleveNa! tie

.amplified portion of the genomic . sequence from ste ith a standard
biglRSH TAOIEITo TSRS ORGP B SR S

pliRdisatemihe pESENGEIDbRICGIESEIOFabaniigpnenopitsaiatedction using
disorder. 9 [0029D] Similarly, the method %fi‘th%tgard a%#‘%?t‘i’n thismic
the ADGHHRBHEEBEMEE B HrRRSE St HRREC o AT PR BHR G

seQiegpansY-ASsEtRddisordenBoaiprisiogshts stepobleEn bmitted]; (b)

treating DNA of a biological sample, from the.woman, wherein sample
CORHEDIGE SErEO Pk TR, B ST T PR oo

whHikigremialbsmodifiesmethypiad aiticivoethylated! BA; the) gteter nomixging
oiI %%11-37, phosphodiesterase 94 (PDE9A), homo sapiens protein phosphatase 1,
regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2), Similarity to Feml4
(Caenorhabditis elegans), CGI009, carbonyl reductase 1 (CBR1), Down Syndrome
cell adhesion molecule (DSCAM), chromosome 21 open reading frane 29
(C210rf29), Holocarboxylase Synthetase (HLCS), and CGI132; and (2) a DNA

' sequence of 1o more than 10 kb upstream and/or downstream from the locus; and
wherein at least one of the two primers binds differentially to the genomic sequence
from the fetus; and (d) comparing the level of the amplified portion of the genomic
sequence from step (c) with a standard control, whexein an increase or decrease from
the standard control indicates the presence or progression of a pregnancy-associated

disorder.



nucleotide sequence of a CpG-containing genomic sequence from step

(b), wherein the genomic sequence is at least 15 nucleotides in length,

comprises at least one cytosine, and is within a region on chromosome
[0829BNEWHRESIN dhentegion Somsists @hspbfig el sHbIatHR selRstrgklom
the %roup consisting of CGI137, phosphodiesterase 9A (PDE9A), homo
meHhiore A HRSRETHB RESIRGRASERE FoRfGRIEIY RHiRStRR-siBRdeL comprising the
tQSeseegeRe, 2:(8F 2 SIMHATEY 10i6REA1(Gagnehakditiswiagans),

GIOO%‘%q?arbonyj?nggasegsl (CBR1), DO%V%ISyndrome cell adhesion

whegrirthe yrsdsivybelsBlaedorariny Riparisalin gIralie- S e 15eg fhat
diHRI0GRIRE ¥ase Syntheiaaed dikGh A4 HR2L 05 d&:ARIMUY the

sequence of no more than 10 kb upstream and/or downstream from the
npleglida seriRed Riga G (RS SPRBLSUKIGURTE Beg i hoherp
thiIeNihR standatd icanteakiwherginaebanor i frefils.l amedbeone

standard control indicates the presence or progression of a

CypeigRarRsy 1B sEgEm i ERSCTaSHITO0RTEICS ifarhVhsecindbs JagpRrfonsists of
(1?%%&%@@%&3@&&@%@% hecgssididpethodorderRsingdiesterase

risomy 21 in a fetus in a pregnant woman, comprising the steps_of; (a),
94&%&@%12(&%@&%%9 Gl e EAEIE trbniaid Fem & bHard ket 2

DS 98], SHRIYRIAS Pdh LIIRE RSPy Bwitbigteagentthed,
p%%fere%lztei?ll\yﬂfﬁ}%}i?ﬁes meth[ylatle% and uznmgﬁlyIZted DNA; (c}ﬁ?nagli zin
%\%&c

carbeeiedisiosedpSEedn Ay garbame seldyehedon nwlés
cIREINSHES 1B AleRsl AR, AyucipRtisies in ISR, GOmRYISes, A8 asHANese

cytosine, and Is within aregion on chromosome 21, and wherein the
(ffg@’iﬁn el T @f)da(%;bﬁg@mié Rauenss| L ramem thak s pedfragting
arldl & GHRAs PR RRNF IgR 65858 94 (RPEMPa MR SABITRS RFR!BIR cotide

phosphatase 1, regulatory (inhibitor) subunjt 2 pseudogene 2
sempe ioppytem{Rikiiy s dwIA (CRohIRAIHiE BIREEhY) Rsarepls, rom

theathanyhrediriastita(GRR-Ronke Sndemnasel AipRMMoleR Rted
(DSCAM), chromosome 21 open reading frame 29 (C210rf29),

di‘F*‘i"é‘iic’%arboxylase Synthetase (HLCS), and CGI132; and (2) a DNA
sequence of no more than 10 kb upstream and/or downstream from the

[0029BL Frikalye fhecrathiding trelranth armpe BndrsoRprboney Besrmrsne
m BB PRRIR WO TRBERATY INIALRI SN0k BBN NG \w&ﬁmye%%lfwmge%ﬁe steps
trisomy 21 in the fetus. [0029F] Similarly, the method of the fifth aspect in
of¢{ omidarttidhl Beeohies PRI ARARHBP O NRE oY TG HsEea the sample
is RYBSRANGY 2SRRI SHSOTHRI B A MR AR IPESGRSEH WD & fRisuially
comprising the steps of. (a) [omlttedk&b) determining the level
modifies methylated and unmethylated DNA; (¢) analyzing the alieles of a CpG-
containing genomic sequence, wherein the genomic sequence is at least 15
nucleotides in length, comprises at least one cytosine, and is within a region on
chromosome 21, and wherein the region consists of (1) a genomic locus selected fromi
the group consisting of CG1137, phosphodiesterase 94 (PDES4), homo sapiens
protein phosphatase 1, regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2),
Similarity to FemlA (Caenorhabditis elegans), CGI009, carbonyl reductase 1
(CBR1), Down Syndrome cell adhesion molecule (DSCAM), chromosome 21 open
reading frame 29 (C2101f29), Holocarboxylase Synthetase (HLCS), and CGI132; and

(2) a DNA sequence of no more than 10 kb upstream and/or downstream from the
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of a CpG-containing genomic sequence in a biological sample from the
woman, wherein the sample is whole blood, serum, plasma, urine or
saliva, wherein the genomic sequence is at least 15 nucleotides in length,
JocBORMIReSRIdaasiARensInme i ed yioshecang dewiithin &oegint ofia
chromosome 21, and wherein the regiaon consists of (1).a genomic locus
WORBRERSEY PSR fﬁ%wg?s&B@&%Eﬁﬁﬁ%f&@ﬁ%ﬁ??ﬁé@%ﬁf&@%@% A
(PDE9A), horn sapiens protein phosphatase 1, regulatQry (inhibitor)
[0028BUrfippesdtgenetboduihr ifib psanet SiME AT 1B EaRH Accomes: a
melfzRENOIAPLIS SlegARRARS é?&@@%ﬁ%&@@@@@&&mm@@w kb

upstream -andfor downstream from the locus; and }(;% comparing the level

preghandina s SoURIAANG it 415P8 Mkl EomitRd exRimeElsdeE!

of 9?&@%%%%%&@%&&%%@ ARl ingigatestheRses enee B Iregression
0

pregnancy-associated disorder. [0029G] Similarly, the method of the

wheisth thepeouietise@plscunpdrcBEBoPMSS B THBEHIGOF tetdbRifg R
orll ?&t%é{lrgx?qeﬁ§%%§¥1%5§9&@iﬁ&’e9iﬁq&?m,no@mﬁ@@@aﬂ@gm with a

us, comprising the steps of. (a) [omitted]; (b) determining the level of a

unORiG etedtaiirigng et webnaT8E 1 1h coRdwhEsin the
reg%%@&ﬁbiﬁg%%r Qiyé*é%xﬁﬂme!%éﬁsvx%!ﬁe@ﬁ% SRYURduplaSRARHMENE OGI137,
Sa

iva, wherein the” genomic sequence is at least 15 nucleotides in Iength,

phepipHeserastedbt BREHRGRSaRi S A AN eIt & reg @b

infiil 523 pROSLINSIE N Hep 1ROIDY), GRRSistRRF41)ra Benemic locus
(mgglgéplgd ro}r%lzt%ggroup consigtin of C}%)IOOQ, carboﬁ%/l reductage 1

(CeoRRLp Dibwieggntksmd oIk AUNS SRS (BEE RN, | LKPoRESS e

! 2 l0GRY BRXYEREE chyRéhRtans
an%l-g&%%g)& g%%gﬂggﬁqg{gﬁgﬁg&% ii%fl(\l;é?gg?ue%e of no more th%%\ 10 1Ifb

sequesteaith Ao s PRBeh T IFBRIR RSERRS SRR CT e BaRhtARoL
coRtE GR0RMIG SRAUEREWilR @etandard srninahoyheretnaniidaedse or

ecrease from the standard control indicates the presence or progression

m@&ﬁﬁ@@@gﬁ%@ Siardein Ll BRIERRESCRIBTIQNmILE

Figure 1. Cloning and bisulfite sequencing of CGI137

me(hydrefisreninmor BRI B RIATBAY PaRERr BISSHEA LSS Yngan

jbload cells,  Individual GRG Sites) aennuwnhetdiasiassithetisstvel
pre:%gv&,g{/v% nu_c%eoﬁde%(%itiorgs def%%d rglat?\_ggnto chr21:46,249,636 (+1) of
of thE B nrate e ZO0ATHE AL A 7 08P 1) G808 SIS R BIAREET
wieASH S ent (s enista, theumeindatiomstatys sagvassHeeBnke sites

In a single DNA molecule isolated by cloning. Filled and

genomic sequence is at least 15 nucleotides in length, comprises at least one
methylated cytosine, and is within a region on chromosome 21, and wherein the
region consists of (1) a genomic locus selected from the group consisting of CGI009,
carbonyl reductase 1 (CBR1), Down Syndrome cell adhesion molecule (DSCAM),
chromosome 21 open reading frame 29 (C21orf29), Holocarboxylase Synthetase
(HLCS), and CGI132, and (2) a DNA sequence of no more than 10 kb upstream
and/or downstream from the locus; and (c) comparing the level of the genomic

sequence with a standard control, wherein an increase or decrease from the standard

control indicates the presence or progression of a pregnancy-associated disorder.
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unfilled circles represent methylated and unmethylated CpG sites,
respectively. Clones from placental tissue samples are labeled with a
prefix "PLN," while those from maternal blood cells are labeled with a
prefix "MBN." PRremFargioRapanaN bibaHERDR#GHIHéSsame pregnant

individual are identified by identical sample numb ing the "PLN' or
(00BN 08 I BB PISE B R THERR O EheVE Conghah
aflIEBFSAUIEHE Boanianeiardae Riasenip R Maidmal loatll Idek d aatisles

for each of the studied CpG sites Wit?ﬁi%%? 1137 %regiogtéeandsi@.
Infbgider ECpe &S ﬁﬁ%%&%?‘i?éxfﬂﬁ\} SERE Sied Brs'qEafGrated With
ddbein nucleatide positionsdglkaivedn ehi Uo:R49)d36 1603 ) Hsmably of

May 2004 (hgl7) assembly of the UCSC Gengme Browser. [Q032] Figure
e R R e S e R

aciRkdhBniareiaand Maes Tk ondisall saolptes oreiadhwof Fikedtudied
CpG sites within PDE9A among third-tri e%ta r Eid égrStté[rimeSte%':civ

g begh BBl ROF oA AMHEBY. FRBTOIDEE 4 SR ) Shd a5 N ).

CheEsF8n3ARRe AR A eamie maXishdhe individralie T S@swdrnide those

designated with their nucleotide positions selative 1q reverse strand
Srom oo BORE e B SR MG BogE ) B R o B e

bIMSES GG 8 0RME: BEaWSaEeans: lorRighACarandeBiXise lagiidetaitiab sonplrd
strand of chr2l : 42,978,718 (+1). for Fig. 3E, relative to the forward strand

n‘éﬁbﬁﬁ‘?ﬂ?@?{@%@ﬁdg’@i’i%‘ igure 4. Box plot of the methylation

indices among all of the sequenced clones for the placentala maternal
[08fdd dBigaepldptopledeh %W@ﬂ&%@d’&é"&ﬁé&\%ﬁ ify ’ré’r&?%%h of

< RPIRARA,3m009 (Y phakdavinedtes Aotk AB)Iduat-rimasiplaragnanhies the
gnd (C). within region B of PPPIR2P2 among third-trimeste. rz/;%gnan ies.
‘Wi

stndred £ pie sitsriithin GERER A b eegittshAnd e SR aRet Wit tRe I
NNGRotide RasiiensaialuecaceERAAOWEEOHAB (idly o dogositimamdibdye to

2004 (hgl7) bly of the UCSC G . [Q0341, Fi .
BRI UL 6 (RO N TRAERS S IOkg LEof e SR e cBs CnGe for

ciheRlapsstaand maternal blood cell samples for each of the studied CpG
sites within Similarity to Fem1A (C elegans) (A). region A and (B). region

[ﬂ%gffmﬁ%ﬂ}% ol igdorive b Gpaiemaiecasionatat uittheheir
nucleotide positions relative to chr2l: 14,056,070 (+1) of the Human May
sep@aced clones for the placenta and maternal blood ceifsamp es ior bach of the
studied CpG sites within PDE94 ameng third-trimester and first-trimester
pregnancies for region A (A and B), region B (C and D) and region C (E). For
Fig. 3A and 3B, across the x-axis, the individual CpG sites are designated with their
nucleotide positions relative to the reverse strand of chr21: 42,978,424 (+1) of the
Human May 2004 (hgl7) assembly of the UCSC Genome Browser; and for Fig. 3C
and 3D, relative to the forward strand of ¢hi21: 42,978,718 (+1); for Fig. 3E, relative

to the forward strand of chr21:42,978,005 (+1).

[6033] Figure 4. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for each of the
studied CpG sites within region A of PPPIR2P2 among (A). third-trimester and
(B). first-trimester pregnancies, and (C). within region B of PPPIR2P2 among

third-trimiester pregnancies. Across the x-axis, the individual CpG sites are
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(hgl7) assembly of the UCSC Genome Browser. [00351 Figure 6, Box plot
of the methylation indices among all of the sequenced clones for the
placenta and maternal blood cell samples for each of the studied CpG

deglﬁ SWIRIRCERIO00. RGeS tadivdualdCnG, S8 areof the

Ignated with their nucleotide positions relative to chr2l: 25,855,701 (+1)
HofgreMapaRH Khay Dosaembly patseMbRGOFERe e E#home Browser.
[00361 Figure 7. Box plot of the methylation indices among all of the

[088dlertgdiclSndnfopleasitoentethyidtioatirdigebsane b afihies for
each of the studied CpG si thi

s S e o e

stpaitcbpGaliitiver ithbh ShiR67868) 338 {A 1 otkeni ffah aippdoand (B).
hgl7),assembly of the. > Ger r ' 3 80X plot

re&% e%}me‘%%lﬁ%st%ﬁ h |clgéj§:1 %r%%%g a“ of té?%i%&ﬁ%%%%tﬁgﬁﬁth?

mplctidtapand onatetnal bloatddl AN fdrréaeh tbe iemaidfey ey
i ithi I ' lecule. A the x- axis,
T B o e e

e sites are designated with their nucleotide positions
relative 1o chr2l: 41,139,872 (+1) of the, Human 4 ¥4
ST s el SR AR R S e o
sdipeemaibyiation findibephroany ah dhthérselblrckbellomupler fecach of the
lac nd maternal ell,samples fo 0 . '
stgﬁ%%m% Séﬁ? 0\?&51_ BE?&?@ . ACTOS ﬁf X 5:%?, € {@%lﬁgp%&% arg

Cross tne xX-axis, the indaividual pG Sites are
deiesignatedivittheic uddotidspositicht ve katiled: G865 /968! 2g8the

+1) of the ay 2004 (hgl GG Genome

Hé‘?&%ﬁ .y[ggggggﬁqlg%r%ieﬁ?oé o%?ﬁge§§§%¢;%l¥ﬁ%%%§%nc?ng of CGI111

among paired_placental tissyes an ternal pblood cells. Individual CpG
GRS b e o PIPATE A PR, A PRk bOLE
séipfinRdd elotive torcheilddk AR matrahitiddddredhshiap 26 Gar (bl of the

assembly of the UCSC Gepome Browser. h_subsequent ﬂ&%@al
stipbicA TR0 Se g’ffgg’%ﬁé%‘@‘& elléE ?r%“é"é.sn%ﬂs% lﬁ%’ ﬁé\{ecule
CisOlaird by alahingcEitketh andrunfiledtideqiesiiepsesktivmetihiaisd 6,363,538

umn ted CpG sites, respectively. Glo f AldESHE cor.
(+59rﬁﬁgg %ﬁnﬂ&%‘/dﬁv@ﬁﬁ @#e i)%sﬁg%ﬁq,y é\}ﬁ% ﬁg?ggrgn&r%atem al bslgrod

cells are labeled with refix "MBN." Placentg.and matern cells
(G o BORARE 0 CRS P AR SR By A
sétjphesdeliondn ey thm sl ora’ MENnAternal blood cell samples for each of the
studied CpG sites within Down syndrome cell adhesion molecule. Across the x-
axis, the individual Cp@ sites are designated with their nucleotide positions relative to
chr21: 41,139,872 (+1) of the Human May 2004 (hgl7) assembly of the UCSC

Genome Browser.

[0038] Figure 9. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blocd cell samples for each of the
~ studied CpG sites within C2Iorf29. Across the x-axis, the individual Cp(G sites are
designated with their nucleotide positions relative to chr2l: 44,953,288 (+1) of the
Human May 2004 (hgl7) assembly of the UCSC Genome Browser.

[0039] Figure 10. Cloning and bisulfite sequencing of CGI111 among paired

placental tissues and maternal blood cells. Individual CpG sites are numbered
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[00401 Figure 11. Box plot of the methylation indices among all of the
sequenced clones for the placenta and maternal blood cell samples for
each of the studied CpG sites within CGI121. Across the x-axis, the

2cidividual ERG, Sites AR 1dasigpatashndthcheia nuictealidechasitiang oslative
to chr2l: 45,262,112 (+1) of the Human May 2004 %%7) assembly of the

(+DOBO bR b5 ARH (T4 FFTBRYLS TS toN GRS Drowser. Bac

subNRgeReQUEMass B asaadaraadeg theopimedyiateddgla Dol A
CGI137. The nucleotide seguence spanning. the amplified regio

R SPRESHRN AP TN 5a R i Dl o g, metnyaied and
wfisliecooyerianssusnascPesies acedandiiad byibeinplesign
The Cp io

G sites are additionally numbered and the numbering correspands
laheleAarih Rigrefix SRENZAvHE theh @%P@%H&%@?@Qiﬂﬁ&%@%@fiﬁ a
pr%%{t‘ﬂ@l@.p@‘IQEQHEQ%%%%&M%BHH%@IQV%;H'tﬁiﬂé&ﬂmggm@ﬁeﬁﬁividual

isulfite-

converted sequence is based on the assumption that all. CpG

arsitbestafiedriostigrarien] Anemiaonaer iMdoBETEe Shehsiin MAd' reverse
primers are shown below the gisuIfit;-gonveréz%sequence. OOfﬁl_ZﬁngFigure
[6041]MBizapediroMeriplatelibe withelnbmbirHes arnns 3B RTERD
assay targetingthe t Shlca Besullsdakthe Qieor th
Se%}!aeggﬁ%%ﬁ%%:%ra%?n%g %%}#? ggg?{ﬁ%géng&&(m;agml _hlIth , éé%%& e
st flpée nttdsDNR 3G 1 pracnse (6 Sttty fa E:aled
If ﬁ?{‘%&ﬁ%&@éﬁ@@%ﬁﬁ@\é’aaﬁ% &l dmass £Pe6al the Xyaxige

no_templ
de&@gfﬁ%tﬂ% molec ar weight of the detected extension products (shown

HasshxkypidsihalMessainriioepieRGHaamearshyonsibitrary units.

The expected position of the unmethylated molecule is as marked.
[000033 Fhipurel 4. Mosthitiod Bishiitomegeicion MNeahfEis BB rssgy

analysis, of (A). Holocarbex ta | Blaregion
S T A AR S R e

theampéifpidcepias igwbawal PLAbTSHALEBraeiestdr ABER HIateitas
bilIPIERL 3&%@@8&% Bt drimesten mateme loed cels (Buffy ca)

were analyzed. products were digested with™ (+) or without (-). BstU |

siten zyengldDivAatie thyidioedend GemerbrrparonpeansiedharhEigndiand

ize digestign pr r(lovi di &Nbe was
2 B e

ddmidi edsony 21 imcc el (PRie R RE ASRA SSRGS DosRd h as
as It\llr%E) 1L RN gi?@pt&’%i@égaﬁg%%ﬁ%?fa%mﬁlignmcms for the forward, extension

and reverse primers are shown below the bisulfite-converted sequence.

[0042} Figure 13. Mass spectrometric tracings of the homogeneous
MassEXTEND assay targeting the unmethylated form of CG1137. Results for the
pure placental DNA, maternal buffy coat DNA, 95:5 (maternal buffy coat

DNA 'placental DNA) mixture, pre- and post-delivery maternal plasma and no
template controls (NTC) are shown. For all mass spectra, the x-axis depicts the
molecular weight of the detected extension products (shown as sharp peaks), while
the y-axis depicts the intensity in arbitrary units. The expected position of the

unmethylated molecule is as marked.

[0043] Figure 14. Combined Bisulfite Restriction Analysis (COBRA) analysis
of (A). Holocarbaxyfase Synthetase region A, (B). region B1 and (C). region B2.
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placentas (Normal PLN 3rd), and two 1" trimester maternal blood cells
(Buffy coat) were analyzed. PCR products were digested with (+) or
~without (-) BstU | enzyme. DNA methylation was detected by the

\?B FPL?&)% C(gl 911?&@@9& ?Eﬁ?'ﬂ%qg%ﬁf&%ﬁ%m@ﬂ%i&%éﬁ E)Normai

nV|trog sbad M) was used in gel electr%i oresis. ester

PIFZ}QIJSF)% 16 & msmmym@bp@@mm%%w
t D S o&%&ﬁr &%ng&%ﬁ (Wﬁ‘ﬁf&ﬂu&ﬂ'ﬂb}ef@’&lg&’ted with

Dimester norma acentas’(Normal PLN 3rd), and two 1st trimester

(Hinateritiad sl 6O Bedlld @wm@oawwﬂéham%éﬂmewméwé@\ﬁ@?@aranw
oﬁg%isﬁ%g%y 1 ( es‘fotH% W4k BSEbaRayme: BNABRIDYIONWAZA) ()

e appearance of the smaller size digestion products One
whbusddergghvinsgamh@asisbad, CA) (M) was used in gel electrophoresis.
[0046] Figure 17. Cloning and bisulfite sequencing of HLCS region B2
[Gamngmaﬁemﬁal (B8 amahiysiesh & GIO6H. cEn@ nghidudl DpGures 2]

num hed a ross the fir atC rg W ggmshql%é%gmrmai
tlvet RETEr S ra 4,682- 7 275,036 of the

plauemwmwna@mm@f ) asiembl)/ vlitiester OSCTBEAne BB Eerm)
b th h I

e TR e e R s

Dl‘épmsﬂnﬂmethylaﬂei&’anddjbyn@mw@t@wm}@@fsimmpé%%@ei}ge@‘l@ﬁes
m trléoprﬁp %21%& nor a%t%\fgéhr@gﬁts% @r@ ‘Ag)i(mgsqlgé@&sg%g placental

SHFeT a pre ix T 'NormalPLN Ist" and
eiebt@diphﬁlrﬁﬁ.«]\l 3rd," respectlvely, while those from maternal blood cells are
labeled with a prefix "Buffy coat.” Placenta and maternal blood cells from
aﬁﬁsarem;gmm@tmnmammm\ﬂwam Samptsoumnbeddotidesng2l

fix ;15 [0 ficat LC .
e S RO S Bty S T b e sty ool
plaseiies rﬂzu@&ammeﬁ;mamns“mmmmé@m@c@ﬂe (toidly coat)
conce ratlo |ned| the, moe t [
WQ%B ??gw%’gé" F]flssl este@la el%g c?f%hco%gcﬂ ﬁsfrfﬁ"f S e

S as "Normal’PLN," andthat
Dﬁi@(mmagem@hbuﬁfydmmtrsﬂhp@he@wmm bf[@M@}lF]ﬂgUﬁéZQ@lgesllon

PR SR R s e LS

m maternal plasma sa s with (Figure 19A) or

elettrailioteigure 19B) methylatlon sensitive restriction enzyme treatment.
Pre-

[0046] Figure 17, Cloning and bisulfite sequencing of HLCS region B2 among
placental tissues and maternal blood cells. Individual CpG sites are numbered
across the first row, with nucleotide positions defined relative to the reverse strand of
chr21:37,274,682-37,275 036 of the Human May 2004 (hg17) assembly of the UCSC
Genome Browser. Bach subsequent row depicts the methylation status across the
CpG sites in a single DNA molecule isolated by cldning. Filled and unfilled circles
represent methylated and unmethylated CpG sites, respectively. Clones from trisomy
21, normal 1% trimester and normal 3" trimester placental tissue samples are labeled
with a prefix “T21 PLN,” “Normal PLN 1 and “Normal PLN 3%,” respectively,
while those from maternal blood cells are labeled with a prefix “Buffy coat.”
Placenta and maternal blood cells from different pregnant individuals are identified by

sample mmmbers following the prefix.
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delivery plasma samples are labeled as "Pre," while post-delivery plasma
samples are labeled as "Post." Restriction enzymes Hpa Il and BstU |
were used in digestion reactions, and are labeled as "(+)" in the plot.

(0049FK Hpeslians \WINAHISOAN {IPEEYINA erabglest astRIERINT QNS
[0049] The term "pregnancy-associated disorder," ﬁ‘% usz%é%@s

maispiehluRy rerds Mt astondad sradelaedrsim ) pregnant

copfc%m?ﬁi&ﬁfaﬁ%éy B MRMARIS oy Rg D hRihiRg wRmaRcaieth ihel in the

etus. Such a condition or disease may manifest its symptoms durin fl
maiphitbecativa penicel, of dredamig BRadhaRty o HRIRIBTF BT Higyh ibs'ed as
< GA Werspan phihedsiusialaningts BirhiSemerdexams of a

pregnancy-associated disorder include ectopic pregnancy, preeclampsia,

erm.labor, an I iti I .
O e v ol

plssgmeRT.GF Bilnlsonersrisieated Hematinddalisn Pl Tsifiddess 194)
orf@jtkvé%gﬁf%%?@ fb?sglﬂ ndBIUS 088, PIEARRRLWeRS M RYRIGaLY: aPre-
pG-containing

genomic sequence” is at least 15 nucleotides in Ienggah
dedinery phisins sanlphest wndabplodiers Bredtarhby pastcdii v wolgssp samptss are
00,150,..2 ~Qr cleofiges in Aenginand ysaniainsakigast
la%q%s&% %%59209\%%&%%5% gﬁg&%@oqﬁy one "C;pG-c%ntainiﬁ% 1
regeivom iensene drledediea GivBindbanty, MeckMerriane SIERVE FRATRY

around a i g eg_ locus on chromosome 21 (such as a CpG island
e gﬁ‘f ’rggﬁegi’ %EG 09, etc.), nucleotide sequence variations may

exist from individual to individuﬁlﬂ%tmﬁ?dfmgllele to allele even for the
same individual. Typically, such a region centering around a defined
|0gesietid loctsnie’ pregrOpCyisiodatehtires dee Igsuseb WEN aaPRIF&eRm
nd/or downstream seguen '%,"i‘:ﬁh efthe MLfowpstreailo
mg%faﬁ%%n C(%%%;ﬁt?ﬁlgoﬂ(cﬁngle?ﬁg?gagr 3 baouendar%)/g of the genetitf locus

woespeistivetyjmgror e tishonyoasan edshiiewr Biedcs GRRYHR K smey
m5 lgb %tslcssglnr]#[(cpm? 9 299.0Pa 19{1%?&9&, %."g.t,llﬁﬁr'ﬁ‘@ﬁre%nancy or

-con Nng genomit sequence” may encompass a nucleotide
dedbarenvertrarisstibe¢uindif apae b fsrusrEERTHREdIIER. atMbe
exlucleqtic S%Q%%ch%—%ggo@ﬁ@@ﬁ%‘&?ﬁ@ﬂﬂi&@%ﬁ%ﬂ%@y,

pr em-co%l%g equence (such as a transcription promoter), ora
preovhimaiompitiersokioosni ActaisBrisnesarial ghacspItEiaon dedt Hisegy 21-

segment of DNA sequence found in a genome that has a mipimal length,
[ﬂﬁﬁﬂ]ni%i'%@%ﬁwmﬁgﬁ%’iﬂ}ﬁﬁﬂqumw“ as used heremn refers to a segment

of DNA sequence at a defined location in the genome of an individual suchasa
human fetus or a pregnant woman, Typically, a "CpG-containing genomic sequence”
is at least 15 nucleotides in length and contains at least one cytosine. Preferably, it
can be at least 30, 56, 80, 100, 150, 200, 250, or 300 nucleotides in length and
contains at least 2, 5, 10, 15, 20, 25, or 30 cytosines. For any one "CpG-containing
genomic sequence” at a given location, e.g., within a region centering around a given
genetic locus on chromosome 21 (such as a CpG island CGI137, PDESA, CGI009,
etc.), nucleotide sequence variations may exist from individual to individual and from
alele 1o allele even for the same individual. Typically, such a region centering
arotnd a defined genetic locus (e.g., a CpG island) contains the locus as well as

upstream and/or downstream sequences. Each of the upstream or downsiream
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ratio of observed CpG frequency/expected CpG frequency (OCF/BCF).
Yamada et at (Genome Research 14:247-266, 2004) have described a
set of standards for determining a CpG island: it must be at least 400
egt'gg&lﬂﬁxée@sﬁh has ararenierdirnb HAYeGEROBER! raitavely) can

CF/ECF ratio greater than 0.6. Others (Takaj et at., .Proc, Natl. Ac
beggilonznl blsba ot 4855082y Rave WA & el 65 200 b,

or SEHEEN B AR ARGPUE RCBGclaalARE puckealidasitndenalby baviagpass a
greater than 50% ele; content, and an QCF/ECF ratio greater than g)g

nuisetitEEpe BTN SR AN RS FERTIRBS A @I R PTRAME AR the

nu@%%%tk%qu&@é"&aihﬁé fitstheCniiisiarduereliosnbrisienh by dny enpaice
the currently available computational g.roa%_rams deélﬁned for scanning

(susrepfolionsedbinsarf YRAIEE o e i drprehcompassing results
obtained when using window sizes of 100, 200, or 300 nucleofides and
[0RRIE ors{4iP G ilansl £738 A A OETPB S SERERH B DG S04 G

fof.ﬂféli\ﬂ.gé’@!:% islands Namedindhisylisclosisalare itrthaidefihedbymal

their corresponding genomic contig accession numggm%n g,nd
rafiggibRbaerseh BRI EATSR B SRR SREH RAEFUEY: moBHREaS{
ol SESMRIRCE eI dhe Hyumaniay, 2004 (Reld Jassrmblysef diethidsts for

Genome Browser (genome.ucsc.edu), and thejr capabhility to be amplifie
Pl tiebyarordi-t g i R R S
thé@%%cg@ébdffé%%hﬁ% @?F/E?ﬁﬁ%%ﬂ@ttgﬁe‘a@%&h@ﬁ ?e@igieﬂtetk:([stﬁftmisétaﬁ.,

used herein refers to any structural feature at a molecular
Prg et o oS, YA SNA ot T B A R Loss
suSREMBNCE: FRiJhsianseidhe RugRoRiitistata oy ge hanie Dbidwraiian 50%

include its secondary or tertiary structure determined or inflyen dGb "
GE sprinatethyteon FAtoFAS: HEAESIR A il CENEFE Sr s (otad
onld18dBisormethylatior protiles aiplinetylatonstassitswineOpisedandthisfiles

application to describe the state of %i%ylation of.a g}gomic sequence,
DriAeRs (6B RIS RIREGP 2N AP R LRGP PO

sclRRHSd elvalsionbd msihyiatien Sudsehatasirfisiieadonipasiduteantinot
limited to, whether any of the c;}gﬂg'nm) re?s('i ueslwitthén thi Dhl\llﬁ‘ or ste
OB I EERES S Aot DB e L U st o step
siRareentageof melbyaiedCiad snvapartigraresireltie dfdiesichldsp@rislands
allelic differences in methylatio e to, e.g., difference jn the origin of the
SRR s R R g
adkiBRnralative: OFakisaluid egiiceatraéaBofmeihyiatech@ldoeatimetildtivedo
thg 0%231?1)(/) S%?Il;g %L{I%gq%’ggég%to &%eﬁgﬁl?nsi i\r)[a%r 98(1)%%3{ ?)azrlggalr%'bly of the UCSC
Genome Browser (genome.ucsc.edu), and their capability to be amplified by PCR

primers under given conditions, as indicated in Table 1 of this specification.

[0052] The term "epigenetic state” or "epigenetic status” as used herein refers to
any structural feature at a molecular level of a nucleic acid (e.g., DNA or RNA) other
than the primary nucleotide sequence. For instance, the epigenetic state of a genomic
DNA may include its secondary or tertiary structure determined or influenced by, e.g.,

its methylation pattern or its association with celiular proteins.

[0053] The term "methylation profile" or "methylation status,” when used in this
application to describe the state of methylation of a genomic sequence, refers to the

characteristics of a DNA segment at a particular genomic locus relevant to
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[0054] The term "single nucleotide polymorphism" or "SNP" as used
herein refers to the polynucleotide sequence variation present at a single
nucleotide residue within different alleles of the same genomic sequence.

mEmway&t'@ﬂaﬂ Y LECHAMNR R COING T SIAMAEA0R; CORIRG T BRHOT the

(i.e’, in the promoter region) of a genomic sequence, if the genomic

cxiesRerEa Tesidneschitsbin dhis A prowineprodue serhDistedtionativond or
nfB9ie a%%%@&%f%?:f%&% of different plelesaf B.5INgE. 9&&%%%

sequence. [0055 term’ b ood" as used herein refers to a bloo

resiplessd @#bﬁé@ré@@f%ﬁ@?ﬁ ia prebpationdmdn. 6re Wi tarendsein @mem of
1o a@aé§'bi%@{&%aﬂf&h}ﬁﬁéﬁﬁgﬁﬂ@m%ﬁ@m{%@ BQdaTF' s t the

fractions of blood, such as serum and plasma as convention

repEse PT Resedvia chimantetion eémm}@fﬁ&m@bmmbé@wd@p@mf pamcular
stpé%ﬂfl}?z%ﬁm 1ﬁ%%‘?91 CQ %{mﬁcthat are capable of chemically

converting a cytosine (C)to a uracil (U) without chemically modifying a

{em‘?:i Y@EQtQM{Pﬁ%ﬂf‘g?@HJEREﬁfQ GRS pHRSSN terd@fﬁ&ena@{lyem&%%fm

sequence based on the methylation status of the DNA. [0057] A

fq@é@%@ﬁeat%wm veRFRSRSHIRERT el rstplpetids wsiden within
ety atﬁ@epab%%@%%@-ﬁ%%ﬁ@%ﬁeﬁ&e nEthalnediies Relbyia®ihin the

and/or unmethylated DNA in a process through which distinguishable
CoHBEUIEEMR U RIFDRYIREERALB A/ gndibA PR R DNA therapipic

sea%ﬁ&@?aﬁﬂﬁe'% Eniiizaten.e L&G%%aﬂ?ﬁﬁ"bﬂﬁiwﬁﬁ&ﬁ prYffRYRCESSES

may include, But are not limited to, chemical reactions (suchasaC->U
Detsistiorses ors Visimtesy MR Bowy Wisirnbaionaf diferratalitenpizesingls

oERshyatiansdependent endonuclease). Thus, an enzyme that
preferentially cleaves or digests methylated DNA is one capable of

[ssyingiersigesiipa RNAcRiesH e a2 w elubiohansifisieneyhrm

the DNA is methylated, 18 whereas an enzyme that ;i)referentlally cleaves

R R W%&‘Pﬁﬁ}%*eét%‘i‘gfﬂ%a?ﬁ]? RifiRePaHfigiehts term

cﬂ&hﬁ@é&k@%l@&@&m%?%ﬂ&%ﬁbmﬁﬂ%m RIsdeiepaid Pisma as
"polynucl Otlg ' refers to deoxyribonucleic acids (DNA) or ribonucleic

colpRigaRIRy lymers thereof in either single or double-stranded

€ss s ijl gu pmltedﬂjli;e term encom s nucle L{{)%d
Qs e T e S e e S
asm@pemeﬁsaﬁithﬁhefmmatmaeﬁcmmg aasﬁvmt@@lcz;e@hineq@jaﬂ mer
ur?tltmlm )t\%ithout chemically modifying a methylated cytosine and therefore can be
used to differentially modify a DNA sequence based on the methylation status of the
DNA.

[0057] As used herein, a reagent that "differentially modifies" methylated or non-
methylated DNA encompasses any reagent that reodifies methylated and/or
unmethylated DNA in a process through which distinguishable products result from
methylated and non-methylated DNA, thereby allowing the identification of the DNA
methylation status, Such. processes may include, but are not limited to, chemical
reactions (such as a C — U conversion by bisulfite) and enzymatic treatment (such as
cleavage by a methylation-dependent endonuclease). Thus, an enzyme that
preferentially cleaves or digests methylated DNA is one capable of cleaving or

digesting a DNA molecule at a much higher efficiency when the DNA is methylated,
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naturally occurring nucleotides. Unless otherwise indicated, a particular
nucleic acid sequence also implicitly encompasses conservatively
modified variants thereof (e.g., degenerate codon substitutions), alleles,

wRHbRIggS singlanclegtide patyraRiRRiSI S §SNRsImand LesTmenabits

sequences as well as the sequence explicitly indicated. Specifically,
a%@g@ﬁ@ﬁb@%ﬁﬁ%%ﬂtﬁﬁﬁ%&ﬁﬁ%&ﬁ@@?ﬂ? ?‘Fﬁrating

sequences in which the third position of one or mare selected (or all). .
[0858lond f eTEb AREk A st IS SIS BBl B e
aciBaER £f & wi&'ﬁﬁ'ﬁi&fé&ﬁlﬁg{@ﬂ 19:5Q830 13003 hebtatikaBhal sidgBiak:

Chem. 260:2605-2608 (1985); and Rgssolini et al., Mol. Cell. Probes .
B SErdob Ry Hlnih WOE BRSNS HoddaNEr ARRURRBI A Gine,

acf N&tﬁ%@@%@@é&%@ﬁ&%@tﬁ%ﬂﬁu&%ﬁ%a betesve gener raang the

segment of DNA involved in producing a polypeptidg chain; it includes
PrragbiAg 45 BvE APRITBRISH RGN SER TESTDRORC A AdP A LR IAT ©
naVRINESk iR e ARRCHRIQN/ translatoR:ofi tberarneen) aduetianlr iRleic acid
regulation of the transcription/translation, as well sﬁt?éfrvenin

s e T BEATEF RORIGAT LD FETERE L RO0LOF
dePe IS RRRBICAUIRs G SR SalRAPERLER &3, ReRlid ricdndiderpidynicphisms

used interchangeably herein to refer to a polymer of amino ﬁ% rﬁédues

(SRR NS ORHRIRN AT TS TRSBCHORIMEIL 39 Toh RIS OF R sakesly
spesidugs anatficial aharmicalimimsiine Boarespaneingneatagyequences

occurring amino acid, as well as to naturala/éch ring amino aci

! id .
ingehdhe Hritl MORUAGH G AP OREMPRG AT 35 RORLpd with
mBRIEI NG IR ERERINRAS ARG @itkehains, ofaiyilengh Rinclociog!

full-length proteins&.e.z an%%ens , wherein th%eaminﬁ%?ﬁ(gg gésidties are
(IaBysebotcts peftiat GBAHs 06 THRYRHA® LRSS
Mapteeallyossuring aad syalhetitianing racids addvelhasiamerchanigably

analogs and amino acid mimetics that function in a 19 manner similar to

WiHecRat PRI S B RE i Mifs AL MR Sy occurring amino acids are
those encoded by the genetic code, as w B’}\S: hlose amino acigéc}ggtaare

[0038} mISEfRE: 2R e AERS ARSI eE R B L aes. S ®
p%}@@ﬁﬁ@@@ﬁﬁliﬂiﬁ- i&@&?dy%aglimmd&mﬂlgdmi ﬁ’eiégve’dgql;lmereﬂﬁnlgyagihm
t e commonly Know, three _letter symbols or the o -egters
R A e b e B A s B LR
fHe PN Bs Mualeatides:iiiwisdatinay devedfen edar dpynthedsommenonly

accepted single-letter codes.
(introns% %etweegn ?ngwgc{ua? coamg segments (exons).

[6060] In this application, the terms “polypeptide,” “neptide,” and “protein” are
used interchangeably herein to refer to a polymer of amino acid residues. The terms
apply to amino acid polymers in which one or more amino acid residue is an artificial
chemical mimetic of a corresponding naturally occurring amino acid, as well as to
naturally occurring amino acid polymers and non-naturally occurring amino acid
polymers. As used herein, the terms encompass amino acid chains of any length,
including full-length proteins (i.e., antigens), wherein the amino acid residues ate

linked by covalent peptide bonds,

[0061] The term “amino acid” refers 0 naturally occurring and synthetic amino

acids, as well as amino acid analogs and amino acid mimetics that function in a
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[0063] As used in this application, an "increase" or a "decrease" refers to a
detectable positive or negative change in quantity from an established
standard control. An increase is a positive change preferably at least

mif%r atePsiarabiva0ecstil-meremme fasablyNfal £ ¥erumiIe amino

preterably at least 5-fold, and most preferably at least 10-fold of the

acidnars|tharsensamhby e dseritseo e Ah B R IERRRGIpratita gt 4t later

mlﬁﬁﬁteépg%. ,’ﬂ?fﬁo&%%ﬁ%ﬁﬂ@gfé%bo%%%f@aﬁeiﬁémmtﬁﬁ%&&%, and
most pre e

erably atleast 90% of the control. Other terms indicating

[0Be3 Nttt shangesoitistences erialsompar gitechasionSuehoas: three
"more” or "less," are used in this application in h& sa er@%:%?l

lea@wrsbala%béﬁ%@@&]@%é%@@i&&ﬁ@%ﬁ% Byione “sused

BIRIRR iefel A neth ot fon detesling e Raes aes andliarg barttyraidao

polynucleotide based on its ability to form Watson-Crick base-pairing,
biuedr apprspiaestaphEiEagEsH el eMiSHs, with a polynucleotide probe of

a known sequence, Examples of sych hybrjdizatjon methqds include
[0863knefr R5HiY B ERROPROR- B0t 65T 'Bpﬁr%cgﬁ‘?s 8sTGe8d L}{?ear‘ein
adefenie piganceatigas,ahaan be disedinfasm amplifibitned netided

such as a polymerase chain reaction PCI%%} to mg}li%g nucIeotidF bl
cosEtflertR BB dh ARE BB RABBTBE SRR IE R RDredpahang T &

sParticyl %&%@Ef%ﬁf&%ﬁqmg@w@ @5 feehtedlyithieatos-GAG isldmbst
CGI137, PDE9A, or CGIQ09 on chromosame, ]} in various methl)flatlgn
orsiatab A2t e e CROBAN ST AR ORTE G Ghae = & Begetve
CIRAYOURIEQUER, SewIenteYis srat ondershedlies foilihacse guefcsb J0AGE}st
“Standard control” as used herein refers to a sample comprisi
st AR eI LR
qéwhichinashingids aratinleditierant antheephrableicharicisisticse" or

_ related to methylation) suitable far the use of a method of the present
IgfserTE s SRdats ARl AHR %ﬁ@%?ﬁ?ﬁ%? ﬁf)%{ﬁ%sé“‘ﬁ%lfﬁgttf}bgﬁ%?atus of a

G RS P B,
meamalerAl aaoile the peg:as arstandamhitynefsl prbuidesraverssgden its
oD B0 TR RSB e e e e M an
caniags, hedlthygyegelaotideomalre charkingva sonmatdetisapinsoiisheh
b e S IS RO AR RPERANR aAPRAALEL IRt O

[0065] "Primers" as used herein refer to oligonucleotides that can be used in an
amplification method, such as a polymerase chain reaction (PCR), to amplify a
nucleotide sequence based on the ?olynucleoﬁde sequence corresponding o a
particular genomic sequence, ¢.g., one located within the CpG island CGi137,
PDEYA, or CGIL009 on chromosome 21, in various methylation status. At least one of
the PCR primers for amplification of a polynucleotide sequence is sequence~-specific

for the sequence.

[0066] "Standard control” as used herein refers to a sample comprising a genomic
sequence of a predetermined amount or methylation profile (which may incluode
multiple different and separable characteristics related to methylation) suitable for the

use of a method of the present invention, in order for comparing the amount or
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[0067) The term "average," as used in the context of describing a
pregnant woman, refers to the fact that the woman is free of at least one
condition of relevance, such as having a chromosomally abnormal fetus,

gﬁﬁ%ﬁ%{ﬁ%ﬁ @nﬁa&ia?%eﬁaaﬁgiﬁge@@g%ﬁe BoRSIORiMhin the CpG

mpr gnancy, preeclampsia or preterm labor). Theterm "average,” when
islasé €l oY PETHExoTEIET1D cedalprerrometetisthas ISHEITES hé test

methylation pyofi reicul j
S e i G B L N gt 1) of
mbbthatmatarralland sfetaoriginetstitatiis il e s efised timat (g, first
wifRIESeAEIve oLa ARl SRlsslad.gcounathealiny wogien i Ate
prégnant wi mosomally normal fetusesand not Susceéptible to any
capragpancy:relbfetisisetselvdocunditiorsisknid dsardersagyay prsaBuIgy-
ascgén#erips?jgcg éijcgﬁnct nu 1k8%§0qll‘swomen such that'the average amount or
ot ylation proﬁ_le ot the genomic sequence of interest among these

zotg%'gﬁ"e"fﬁ%% ’"M}%@@SOF@%@L% ARG RUAEIRIRN i@g@g@ﬁiﬁ indien,

eral “population of héa thy pregnant women with healthy fetuses. In
reftelitahe thetsbisdhedwgroupibfraoph ehlgesh orglgomaites phrslcyatatdIth s

haR95 1P é%&é&%%mg rhlpodiistasin fepindication af RRetentiat

pregnancy-associ r. The preferrea gestational age for
copriGtivifggheqinpse ntdavaItioNTRTA) VRS RpRIRRBAAMR) disBF derhat is
%R%'Qg?,s%%é}iegsé?ﬁmﬁﬁ%%ﬂ%, FPIRABARHAAIBRR S iBAkeRESM AR AR
preec

rns ampsia preferably during the second trimester of the
. mptedaaeyrofitrers aptetibt SPOSSRRIARREH(Sigy Wplefskgbyithin the

cot ?g‘?éhecf*é%{ﬁﬁ“f"’ dignosed A& 16W A RIESIRIRMOTeR iR RIsie el

eéstational age for testing may also depend on the gene of interest jn
fetebtirigin@f88)dThdhe moprasdiondsihr st sl s rrdomly
itign thataccuns, dking RIGSBA R6t0RIRAIN SHBRIGEBRAIYicS]
Seﬁ%ﬁ%@%%s of h?g%rblood pressure often accompanied by the presence

febfsosotedrisnisuseopiibte dp aracERmRapsariat Pisasta MpstaddinEinias
sék *@9 12 IR PRI SISMEC bl RN el disontiesverage

called eclgmpsia," which is preeclampsia together with seizures. These
arsonivoneetiyiatipeavelbp ¢ibn garrmie seAUCRSH O BRI LR TAAR: 20

whssksidhquohsihey.mavkievelopshomly Altrispinbias bedele 20askeraf
pregnancy. [0069] The term "preterm labor" or "prema#g{i&aﬁg" S us?d d
pémrstivrepd e tinepieanant or AR Feih her R BY s Prpesiects

oli&f SEE %éﬁlﬂg@%@gg&lﬂm gestational age to that of a woman whose
blood is tested for indication of a potential pregnancy-associated disorder. The
preferred gestational age for practicing the present invention may vary depends on the
disorder that is being screened for. For example, a pregnant woman is screened for
the risk of preeclampsia preferably during the second trimester of the pregnancy,
whereas fetal chromosomal aneuploidy is preferably screened for and diagnosed as
early as possible. Moreover, the preferred gestational age for testing may also depend

on the gene of interest in testing.

[0068] The term "preeclampsia” as used herein refers to a condition that occurs
during pregnancy, the main symptom of which is various forms of high blood
pressure often accompanied by the presence of proteins in the urine and edema

(swelling). Preeclampsia, sometimes called toxemia of pregnancy, is related to a
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period of about 40 weeks, which often leads to premature birth if not
treated. [0070] The term "hyperemesis gravidarum" refers to extreme,
persistent nausea and vomiting during pregnancy, particularly during the
first trimester. The nausea Qmit '
e RSO, e LT A e A
sepregnaftyiseferditommabaty dalgegluaingytie sehiohl daté afliprsgraggyhagier
implanted outside the uterus. Although in m . '

2 ey i SoRe e Thss A BB B e Bl ket of
pregeompasses abnormal pregnancies where the fertilized egg is implanted
in a woman's ovary, abdomen, or cervix. DETAILED DESCRIPTION OF
[OT6SE |NNME NTHONp rEteirirdaivetionr (1072 Tive pbesentasef feredimreiein to the

BRI AR st nanehin Gl duch ot earr Il
non-mvasive prenatal diagnosis simply through the analysis of a maternal

pdulodd Sampldflecak s whinhadte356:485:487mabOT hilth Hare! teatvdrous
potential clinical applications have been developed. In particular,

[0gatitAtiveeatrtrypaitares Etay Dm0 A e RSHEHR MmBRERSEIb BRI

ve heen found t ' 1 :

A st The s

ax@rﬁ@pammmﬁmwg!ehwmm@%ﬁdw%wyDﬁi«ﬁg&%&r’%@e

pr%nldag‘%?er fetal chromosomal aneuploidies. Hence, fetal DNA analysis in

erral plasma has been suggested as a potential marker for the

[06TBH itorimg edtietbryatgmanyd ffeintp J00PIPHOEVRENFEL DWAICh 2
COREXI i i .
e e

preguaenTids agdhetlsnie hrobllcmienier jissae A AnecriRr AR IERMMmal
DNGhyueh "R Jimits dhe applicalilil. ol dhe fXISURG atRaxRd

P rgﬁ%/a%%é’% g%%ﬁ@p%?&%%ﬁé%ﬁséﬁ%?nﬂgy those 3vith male fet%%es. Thus, >

cehéxe is much need for the development of gender-independent fetal DNA

markers for maternal plasma detection. [0074] It was previously
demonstratedMiAt4étf AiEHERINBIGNAE A Bd g HisNed by their

differenges,in methylation status (U.S. Patent Application Publication No.
1'200335%3?%?%ethylation IS an epigenetic phenomenon, which
[0072] The presence of fetal DNA in maternal plasma was first reported in 1997

and offers the possibility for non-invasive prenatal diagnosis simply through the
analysis of a maternal blood sample (Lo et al., Lancet 350:485-487, 1997). To date,
numerous potential clinical applications have been developed. In particular,
quantitative abnormalities of fetal DNA concentrations in matemnal plasma have been
found to be associated with a number of pregnancy-associated disorders, including
preeclampsia, preterm labor, antepartum hemorrhage, invasive placentation, fetal
Down syndrome, and other fetal chromosomal aneuploidies. Hence, fetal DNA
analysis in maternal plasma has been suggested as a potential marker for the

monitoring of fetomaternal well-being.

[0073] However, fetal DNA co-exists with background maternal DNA in maternal
plasma. Hence, most reported applications have relied on the detection of Y-
chromosome sequences as these are most conveniently distinguishable from maternal

DNA. Such an approach limits the applicability of the existing assays to only 50% of
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refers to processes that alter a phenotype without involving changes in the
DNA sequence. By exploiting the difference in the DNA methylation
status between the paternally- and maternally-inherited alleles at H19, a

alllpRimAdIRItingheRNDIBIe \immﬁittlaﬁe(dﬁéerémial, thetiydatioohancdndie
ifferential expression of two all ne, re lated to the
AP OGRS PARIP ITGiE) NG (IS FRFoA e Jhasein

delBMgstors and his group first demonstrated the feasibility of using
epigenetic markers to detect fetal-derived maternally-inherited DNA

{ﬁmqueno@efsr%vm&grrwmsm(mmfmmn@ﬁmtéme]rﬂama35n4n=;
2002). Landes et at have also pro tic ers for

GRS PR ARG O B R AL SR o

P08z 12200 Iv4aRTRE w&ﬁeﬂmmmmrm@mmmmmmmm

that placenta-derived RNA can edetg dln aternal plasm %] d&
refop 0 RIRACHES HaGRl 8 RMTRIF 4B it

g@éﬂ@@ea}s B gt plagTRr ai‘dé\lrnthad:bmAI m&vyémma Seﬁmediotmamnﬂlhy:
erived from hematgpaietic, ceéhegi%l et ﬁ}[g n. Che .bggg 42]61:?4(} 2l
paigpslly TR MR ERHE IR MG Sdthsr e ?‘é%%na hredource of
infprEaA PN Al idPRiEsh feamnneriihekel dilfed dillswihitesthe pfaventdess of

ibl f fetal DNA rel t
o ShotgPRor IR UL EAERFE GE R TR SO DRI A o0

theletesdiandvemateuna }@éag,ﬁm@lﬁxtﬂ identifytratgé tie thasibitifertwiady

methylated between the nta and the e aI ral blood ¢
OSSO 6] P SEHRC AR MBS TP S e o
mBFRRs RénGePOBNC AR ye;me@ra@ateat:m-sme@ﬂ&zjgehm@ I@foazbhave also

chromosome 21 are dlfferentlg g/ g lated hetween Rf e.fetal Is?lls\lﬁjfgom
DrOROTEAUBYESS, R ENEL) SRR TR DA S A
Pdnathersipesipheiaiacshcels 200682disayery thus provides a new

approach for distinguishing fetal and maternal genomic DNA and new

[00"Ihodhéqsraamninvasiverphenatakdidyrisisiirgeddal Mewrddciodyed
77] Practjcing,this inventi ut|I| Qutine eje-qf

SSERE e MR U ol

10bis Fnvemsenioe)doBambrbokiand Rissitemeicsmdhcpiame RNA in

SErRt e R A
CholehuiarSBidbigy JAURESI eklats.atibas mm»ypothesxzed that the predominant
source of maternal DNA is derived from peripheral blood cells while the placenta is a
possible source of fetal DNA release into maternal plasma, Hence, one strategy for
the development of a generic fetal-specific DNA marker for detection in maternal

plasma is to identify a gene that is differentially methylated between the placenta and

the maternal peripheral blood cells.
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[0078] For nucleic acids, sizes are given in either kilobases (kb) or base
pairs (bp). These are estimates derived from agarose or acrylamide gel
electrophoresis, from sequenced nucleic acids, or from published DNA

[0FRsueNtes ERLPIRieiissikemateagiiiehiithid talions (kida)omeraind

acid residue numbers. Protein_sizes are estimate from%ggl o
goBfERlF SHABFRSHE |ATIT L AtTRSAELHESRIBI O ST Ao
diﬁ?%ﬂﬁ@ﬁ?%n&hﬂ@i@d%@%@_ ”' §@1}Bréllsﬁ@lrm¢ﬂdﬁﬁhl@aﬁ.e[f%?@ﬂe@mw tides

that are not commercially available can pe chemica nthesjzed, e.g.,
placeariimng fé@tﬁ@%ﬁalﬁééeﬁa%w tB%@%‘?&% ﬁéﬁ%&ﬂﬂ%t 18
di&%%ﬁf%bﬁﬁ@yr%aeﬁ%&@ bR Tntinberronfeth] 3R H8HeB6Rnomic

1981), using an automated synthesizer, as.descrjbed in Van Devanter et.
DIaf jukisity RGO fedor pon-gr8a0s B 8B4 B cation of

oligonucleotides is performed using any art- recognized strategy, e.g.,
jLhative gehdpmRR-aRlRIRgFOphoresis or anion-exchange high

erformance liqujd chromatography (HPLC) as described in-Pearsan
(OR a3 %%@56%%3&%&3[ %}%ﬁ%‘aé%n%?ﬁ?cﬁ?fq%%ﬁééé%”
bighihe Bresentinventioning. the thasealonatoiwithiethetip Gistdimsioriude
chromosome 21 su s CGl137, PDE9A,.and CGI0Q9, )
SRR S M B Sy HiRE bt e el B 2ogn:
KIS, Exdhe hensfiainigmpetioamethoboior sequencir§1d80iersti@nded’
templates of Wallace et at, Gene 16: 21-26 (1 4 111. Acquisition of
P ’”8{86%(%5%@’4%%QEP&&@%‘%B%M%O%’?}%@ esent invention
relates to analyzing.the epigenetic status of f i
Ulpowpattaitie e e R
THbe progress.ofsalpregidrey-assostate daphaditiidngst disgrdphomsis fras

first steps of practicing this inveptio oobtain. a bigod sample from a
Seﬂ?@ﬂﬁ%&%\? a 01%&’%%%%?‘t?,@ﬂ?%ﬁﬁé@%%}ﬁ%gs A?A%]lﬁ%}tioh of ©
ciBdach IShiiiesd@OBI] 4 biow saipheiliobtuithedsiravtaiprégriare weinmed

at a gestational age suitable for testing.using.a m émg&)g thePiesent
ﬁ?ﬂ%@%@r‘?#ﬁ%ﬁgb%é%ﬁe%gﬁ% Pgﬁlg?ﬁaggt?r%jq\?gry gependlng on the
sedirgrasr tedton pstlideulsedebetoyuaBotiection of blood from a woman is

performed in accordance with the standard protocol hospitals or clinics
[ogéa]eramﬁgwmmemﬁdapﬁ:@ma@@ammﬁmymmwlﬁ|6@H?%?&?Wﬁ?@ga|y
sygﬁécsggﬂgggggog&&&ﬂg%&tﬁg AR ERIQRS aReRTEinG R Stadandirst
described by Beaucage & Caruthers, Tetrahedron Lett. 22: 1859-1862 (1981), using
an automated synthesizer, as described in Van Devanter et. al., Nucleic Acids Res. 12:
6159-6168 (1984). Purification of oligonucleotides is performed using any at-
recognized strategy, e.g., native acrylamide gel electrophoresis or anion-exchange

high performance liquid chromatography (HPLC) as described in Pearson & Reanier,
J. Chrom. 255: 137-149 (1983).

[0080] The genomic sequences of the present invention, e.g., those iocated within
the CpG islands on chromosome 21 such as CGI137, PDEYA, and CGI009, and the
polynucleotide sequence of synthetic oligonucleotides can be verified using, e.g., the
chain termination method for sequencing double-stranded templates of Wallace ef al.,

Gene 16: 21-26 (1981).
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to further preparation. B. Preparation of Blood Samples [0083] The
analysis of fetal DNA found in maternal blood according to the present
invention may be performed using, e.g., the whole blood, serum, or

III?'asm%ﬁ«ﬂ&%iﬂl?&'b‘?‘ﬁl&%@Eﬂ?@&%ﬁﬁrﬂmﬁ&ﬁmmﬁ maternal blood

are well known among those of skill in the art. For example, a pregnant

[04¥dinarbeahsergeidRMSaHRACERTTRS 0 RIS oM hai AR ESPHS Sles peEsl A3t A

es, NJ) to prevent blood clotting, and plasma can then be obtained
mérdioriivaroslestiahraugBneaRitstaiEad enmdidosrriisarier sdimm thedpst
ste?a@ S’Pé?é@ﬁglx‘é%ﬁ nNheLCEeHyeation drilaydng hlogd,g! Qtﬁg%%nlﬁlt woman
entrifugation’is used then it is typically, though not exclusively, conducted
andteatraeippPoprizemdpesan@ly:, 1,500-3,000 x g. Plasma or serum may be
subjected to additional centrifugation steps before being transferred to a
frgsh&%ﬁngfoglblfgﬁygaag&g]@}e@o&] In addition to the acellular portion of
the whole blood, DNA may also be recovered from the cellular fraction,
[0@FIchédblotesBORYP dd AP BOFOR Whid S BeV OBEiRed RGN 265

suﬁﬁﬂgiﬁﬂgﬁgé%é)ﬁﬁﬂ’&@ﬁe%@%mBi@sffﬁrﬁﬁ}’éﬁmmﬁﬁ@mﬁtaﬂﬁﬁ@é&mmal
the plasma. 25 C. Ifxtraction_ of DNA [00851 There are numerous know
ReT 8RR e

agm@ﬂifoﬁ@y&e@ﬁn@w@wﬁe}vﬂe&ts%[&frég?éalsgaf»ﬁwmerﬁdi

niganeral metheds af RISPRI atiaRdaee wrBsHbed i Sprolyahettals
Russell, Molecular Cloning: A Laboratory Manyal 3d ed.,i%%g)&%[) can be.

Or R e AR SIS Are A SRS FEAGRIRS SIGHE! BIRATfs o BRI

beRhA, Wi Kit o8 Qindvimp RiNABlardkiMird KittRiagen, dtildbnd Gresamny prior
GenomicPrepTM Blood DNA Isolation Kit (Promega, Madison, WI), and

to GrtheNpTepaBidic Blood DNA Purification Kit (Amersham, Piscataway,
NJ), may also be used to obtain DNA from a blood sample from a
PregaBhvamean fEoudsaiignssof more than one of these methods may

alsq be used. |V. Methylation-Specific Chemical,Modification of DINA
(O3B 105 AR DG DAUALIZY b R0 A ot e 3 e et
intieatoN faip teepdetdwitd asinagent, ¢hpamﬁ@bhiwgﬂcaiig,mmg]&}mg. DA in
mEa R bena e ehal (NANET hein WIRISH BROE R GUPRARG among
those of skill in the art. For example, a pregnant woman's blood can be placed in a

tube containing EDTA or a specialized commercial product such as Vacutainer SST
(Becton Dickinson, Franklin Lakes, NJ) to prevent blood clotting, and plasma can
then be obtained from whole blood through centrifugation. On the other hand, serum
may be obtained with or without centrifugation-following blood clotting. If
centrifugation is used then it is typically, though not exclusively, conducted at an
appropriate speed, e.g., 1,500-3,000 x g. Plasma or seyum may be subjected to
additional centrifugation steps before being transferred to a fresh tube for DNA,
extraction,

[0084] Tn addition to the acetlular poriion of the whole blood, DNA may also be
recovered from the cellular fraction, enriched in the buffy coat portion, which can be
obtained following centrifagation of a whole blood sample from the woman and

removal of the plasma.
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from a methylated cytosine (C) residue and an unmethylated C residue
following the treatment. Typically, such a reagent reacts with the
unmethylated C residue(s) in a DNA molecule and converts each

upmethylated criesidue to a uracil (U) residue, whereas the methylate.d C

residues remain unchanged. This C - U conversian s detection and
[0@8Fhpatisan %F%W@fﬁgﬁ%l@?gé%%f%eéﬁ%ﬁﬂgg l%effaﬂ}ﬁai%vqogmal
sapIERERIRLIBR BUCeit ARtk AnRxemp BT DTeagReY utiahle:for tisribed by

purpose is bisulfite, such as sodium bisulfite. Methods for, using bjsulfite
kgL WSO 6T SRR RS (LR AR G e ) e

beHSNMANES Ao R QS Nialki iAo oA 93982408201 LA ARG WIN A
not be discussed in detail here, [00878 As a Sﬁgﬁ artisan will. recognize,
Migiy<éthe RisAgentiNkiaBirad Mimnkeb(RE e h RYSh e BaMe: property of

c&emisalyophraUsR ANy ihen MAGRAHSE), Medilngwipthagiikand
unmethylated DNA differentially can be used for practicipng. the Erasent

Gongent BAombPIN S Rnedi sdeny it Ghmasysham: HSHHRYR% 3 Bguged

1o ReaGComRlIERaMM feathyialiorrsenspiverestigiomereymesatomerofors
which typically cleave an unmethylated DNA fragment but not a

thnewg iR teds e lvh g Biférs (e.g., methylation-dependent
.endonuclease McrBC) cleave DNA containing methylated cytosines but

TV10t uUnmRiRyREshDHHRcif ObsiaRahMedifitativarod DENAmical
modification and restriction enzyme treatment, .9., 26 combine b[ e
ARG O RAT T A BE e e S, T R
is IRvRBEONIVA Rebsucigatlide Setiuaned! AmpliffgatiphHrdiDetesthylation
[00881 Following the chemical maodification of DNA in 41 result
AR RERER TS e BB A B s e
FroROLSRER ARy aRalYSS) sudtiubatdne uomrtbséanfdiie meidomicllowing the
sequences of the present in(ye tion (e.q., those loc Hh G
HSETAEL VB STe B S e Sy %‘B’é&ﬁ&%‘%@%&‘%@# :
Ding delatRNAinanberdisticguishethfiowt tBakstbunte paresifrdd) teddue,
maternal DNA, ar%% gwat fetal genomic sequence methylatipn.profile: may
WS ISLRY Jaer ﬁ?ﬁgﬁr%%s%gmams g%(c:i%gr%gg§nt1r?][‘% urthern%ore., once it
alisweRininad bt ongpixticolbmgybiie setudnsedohiclangiginihe
hypermethylated. or hypomethylated com fhe: materahy 056
PW@W%‘%@%%}%%‘E@S% fg/ 'et%iF geno 61|'£clz?§sl_étftgq%tf‘e_nce can be .ES PHip
;sdgterminestibasestinmritsispécdichvistihdiafiomstm bis Sty saamicahis
amaunt can be compared fo & standard caniro) valie and seTve AR MWarl
ml?]%‘ SHEH %r‘ﬁfzgf spout a%ln{él Ry .
Acad. Sci. US4 93:9821-9826, 1996) and will not be discussed in detail here.
[0087] As askilled artisan will recognize, any other reagents that are unnamed here
but have the same property of chemically (or through any other mechanism)
modifying methylated and unmethylated DNA differentially can be used for
practicing the present invention. For instance, methylation-specific modification of
DNA may also be accomplished by methylation-sensitive restriction enzymes, some
of which typically cleave an unmethylated DNA fragment but not a methylated DNA
fragment, while others (e.g., methylation-dependent endonuclease McrBC) cleave
DNA containing methylated cytosines but not unmethylated DNA. In addition, a

combination of chemical modification and restriction enzyme treatment, e.g.,
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pregnancy-associated disorder. A. Amplification of Nucleotide Sequences
[00891 An amplification reaction is optional prior to sequence analysis for
a genomic sequence after methylation specific modification. In some
co ??e(ﬁ @E?fﬁt@&e%ﬁ:ﬁb‘f%ﬁ&??sig@@_ﬂml}}Qﬁ@f‘ﬂ@ RGP ddcing the
preferentially amplify a CpG- containing genomic sequence on
prekrpBsefie21 that has a particular methylation pattern, such that only
the genomic sequence from one particular source, e.g., from the placenta
yor otheplifsurseatiiedaguenis dolesiar anshanalzed: [DRAGDLA variety of
polynucleotide amplification methaods are ‘gﬁg tablish ?r)td f“rg%etgt%l
[0088Y infrllesuiem theshrratatcR oftEGEoa! g’ Bf Polyinerass avain

mgaciondRERIenee sl sieseauerepamplifisationstydyelckrtbaione
in the art and are thus not described in detail herein Fort% rev'K%V\g?]‘dF\)%tlﬁ.m

ofEFROAE thSr8tHe8IS Sﬁﬁ@ﬁ?%ﬁl@?ﬁ%ﬁdﬁ%@ﬁ%&%f SEET e G HNG,

el AcRER BrotagRk A Gide teuddethodsiandpimsicatiens, Gioagdpiim the

Press, Inc. N.Y., 1990. PCR reagents and protocals are also avai
R e e e

alRP orshusuaica iediguidsmancilomated (rreetsedithdcompared to a
thermostable enzyme. In this process, the temperature of the reaction.
stk Ephl dPTHITIT SR ORP R A ST PR SR O PR RRA Y Sh e BT Ag ™
sdGRPe BREAN SPENRINJSRCHEN HReHA} Bp@maiidalbd daghiresto the
specifically adapted for this purpose are commercially available. LQQI%IZI ed
majepegteFtRearh e o be A Je) SRANTRR 8t %eq(ﬂaéhc%cte.g., a
b GRPORAINRg IERAMisRAHEREe SUbSRTeMOFOiie Rdonherertbe fotapared
and maternal sequence is differentially methyl ed%lésé%fjiqtalw lf'sc%gt i{]n
tprattdagitrepl SEHICIPRE ST, 5T 6‘?‘%‘&?@%}1 A RSO GhiZe fhat
e amplificaiioneal aserremic sequence found in a maternal blood
sample may be accomplished by any known method, such as ligase

chain reactjign (LCR),.tra scr.igti%n-mediated amplification, and
A 1C1E0 2 SHequUences . .
' eephcationor nucleic acid sequence-based

entore ecently develoned MIAMGGLBNASRIAIONY IALOIRIUAREIQ o

€ presence of a particular genomic sequence
{i6if Shischnentine awplificrepresamsiarpardiouaramatinliatsmobdterkPbi-to
cggt%%ﬁ?él\égl orql?éesg&ﬁg%ctg <e3naéﬁ%§%§)c§1ﬂy§f)ﬁ%cﬂ§% particular methylation

pattern, such that only the genomic sequence from one particular source, ¢.g., from

the placenta or other tissues of the fetus, is detected and analyzed.

[0090] A variety of polynucleotide mnpliﬁcétion methods are well established and
frequently used in research. For instance, the general methods of polymerase chain
reaction (PCR) for polynucleotide sequence amplification are well known in the art
and are thus not deseribed in detail herein. For a review of PCR methods, protocols,
and principles in designing primers, see, e.g., Tanis, et al., PCR Protocols: A Guide to
Methods and Applications, Academic Press, Inc. N.Y., 1990. PCR reagents and
protocols are also available from commercial vendors, such as Roche Molecular

Systems.

[6091] PCR is most usually carried out as an automated process with a thermostable

enzyme. In this process, the temperature of the reaction mixture is cycled through a
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genoinic sequence in the maternal blood. For a review of branched-DNA
signal amplification for direct quantitation of nucleic acid sequences in
clinical samples, see Nolte, Adv. Clin. Chem. 33:201-235, 1998. B.
dex%ﬁﬂgﬂg'ﬁ%&'&ﬂ PhERlPMGIRatide Rermensear CRR3kibackatues igton
polynucleotide sequence determination are also well established a
autvinapashachfedhinchenraifoaly rcepine fondhis PUPRRSAICEOTHES

gﬁ%%ples and general techniques for polynucleotide sequencing are
avaable: : . ) .
escribed in various research reports and treatises on molecular biology

(06 resambinRpLICHEns:cSHoh s Wallage ishablosupascGasnbedolegnd
~~ Russell, supra, and Ausubel et al., supra. DNA sequenci gr{%%?ds :
CoGuenéinbractoatin m&a%%ﬁbf%?ﬁ@&%%h@%ﬁﬁﬁ%&? S AN MG
secggéll&eiy&ﬁ?eigﬁtﬁ{ﬁﬂﬁ#%ﬁlyi%&(*@%wmﬂﬁ@@iﬂﬁa&mm mheaissent

table for detectirig changes (e.g., C - U) in a polynucleotide sequence
invontipraetiingAE indbsos WRIRE: RESEHDFVEA AEH IHETAUGTb G AAPHOEC

seﬂH%ESQf%ﬂa%ﬁ% SPESHAMENNA RIimes SXiepsRoRdliskciastiday known
ybridization, real-time PCR, and electrophoresis. VI.ng-ta lishing a .
meshaddseh Goligweoboia medige (B dBISAP LIRS HAS ﬁ‘é’lﬂ%%"atwn:
onBASHSIRG e melhod ofdpis dveBlioncRig b selhealiyasedgnapiification
women carrying healthy fetuses are first 28 selected, These wag are 4
(otSnlarasbabubieh BER IR ER SRR AR B AREC SRS R P Pe

erﬁ&%}ﬁ‘B&’«m%c?ﬁ{&%gBPﬂﬁ} qoRditiopssrchuakpieesianpsisstfetathe presence
c

romosomal aneuploidy, and preterm labor usjg_? the methods of, th

ofjaresisulpnasnaBHc SN, of SRTPRFIEIh PO SEPARTRITE 4 RETHGY A
M, @RRFSEP AR MesnenofdBRSjartiailar
mﬁ%ﬂ%%%g%%?{%ﬁeded g?é}nnant women an theoet ﬁ}?e ar.
geoamyirigarenedifithfeB B v P bf&ﬁ@d??é%‘ﬁﬁéﬁb’%ﬂ?%ﬁ%sﬁa% e%‘é%g
m'j%ﬁﬂgiﬂglpfgr getdniisgdiawaanifaning:laod pegssures oh lénivahsemples, sce
recording the onset of I.at())or and conducting fetal genetic analysis using

Natgsiahiddfnidresntddid [bgééillgﬁﬁthermore, the selected group of

healthy pregnant women carrying healthy fetuses must be of a

reasonabie sizesut R shatdtie aidr 8gguamesint of a genomic sequence of

this inventjon that originated from the fetus in the %QIQ@g QLipe
[0y A REM SRR 8%?%@1%‘?& u%%{gu%entp%%nrl{rl] t éﬂmaternal biood

 csohinined franyithey greup ednbtheaabonablysegdr fstilad rprssamadibe bsic

prtiggiglggn;r?cll %Etgg{%{%gﬁmiques for polynucleotide sequencing are described in

yarious research reports and treatises on molecular biology and recombinant genetics,
such as Wallace ef al., supra; Sambrook and Russell, supra, and Ausubel ef al., supra.
DNA sequencing methods routinely practiced in research laboratories, either manual
or automated, can be used for practicing the present invention. Additional means
suitable for detecting changes (e.g., C = U) in a polynucleotide sequence for
practicing the methods of the present invention include but are not limited to mass
spectrometry, primer extension, polynucleotide hybridization, real-time PCR, and

electrophoresis.

VL. Establishing a Standard Control
[6094] In order to establish a standard control for practicing the method of this

invention, a group of healthy pregnani women carrying healthy fetuses are first
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amount or methylation profile among the general population of healthy
women carrying healthy fetuses. Preferably, the selected group
comprises at least 10 women. [00971 A standard control for a fetal

seRERoMigSeguence. methy ationsefiiainmy areflogtimulipiendiftasepanstiate

separable aspects of the methylation status of this particular genomi

tinsegedndelPormranyie; wHwRES: AR BFBW@@P%J%%‘r
ch%}}{%¥%1%ﬂ8§g%ﬁﬂ?a%ﬂﬂé’ﬂéﬁ%%‘%?%iﬁ@%@%'ie@l%&%ﬁﬂ@@r@b’dﬂber of

methylated C bases within a particular genomic sequence; a further
ineepiset of imdlapiotistrndnedpertenitiga(abbihréunmsieamelat SRpgaup of
heﬁﬁﬁﬁiﬁg HME Laspects of a methylation profile may include, but are
not limited to, the allelic difference in methylation, the ratio of differentially

[thﬁ‘yl'ﬁ‘féjh%ﬂﬁlﬁss@ﬂﬂ thedikei&etalgepemicysaaHanaameshiatinny are

profile may also vary depending on the tissue type, e.g,, placental or
cm@gmmﬁm@i@w@%ﬁﬁ@%&@ﬂﬁé}M%@%% Be et nghing put
nodifigrent _{8 tfilotxlﬁ@fﬁ'% %?&Qiiﬂnt:@ﬂl@%ﬂﬁ@g@érx@ﬂ?ﬁe@éhﬂﬂg ragedevebdlabor,

methylation profile is established for a particular fetal genpmic sequence
angresedidHnadotn hEsHRAICHBYYSHHSERH e RIERIRRITERTSs found in

each woman of the selected healthy cont&%}group, this avera%e or.m ia{%h
[08961e pRagthtamoee Hin sicio Mo CORSHIERE g S BB P T R REFSY ety
feRloQd sample that contaiRsaSintiaramadefiae fetahgertongeonic

sequence or a similar methylation 29 profjle of the fgtal genomi
sequeneElbin 1t ion b A b e BRLOiod o e

mSRHHIOR FORIARIBY BORRATE RNAssgaYRRGR ihdhertyaiaboaf obtetiar fom
or fepresentative amount or of the average or.me%@n or re%{/esentatlve

th PP RS DS RO B A BaHE 4 ATFRSBIRS SN TRe PSR RN & 4 4 28°
abRg e eaniglioReditiancseraEersian gapdletoir olthoadt pisorben

established for different aspects of the methylation profile oft?ge[nﬁnic en

coSEH DB AGE BPHHEYES B PO X AVEIES rOBO0P FRE TS e planer
are provided by way of jllustration only and not by way, of limitation; Those
(OBPTLiN T TP PERL AR R B O e A p e A

refifa Geuighe difRngaduat sendifide depyisiché shentealiyl shiers siatesorl Biksilar
results. Example 1 [01

il rame 10100 e o deul seorhal Rptes iy,
wigiesules i erateraaliptas mathybated or not; another aspect is the number of
methylated C bases within a particular genomic sequence; a further aspect of the
profile is the percentage(s) of methylated C at any given locations. Additional aspects
of a methylation profile may include, but are not limited to, the allelic difference in
methylation, the ratio of differentially methylated alieles, and the like. Fetal genomic
sequence methylation profile may also vary depending on the tissue type, e.g.,

placental or other fetal tissue, Thus, separate standard controls may be established for

different fetal tissues used in testing.

[6098] Once an average level or methylation profile is established for a particular
fetal genomic sequence present in the maternal blood based on the individual values
found in each woman of the selected healthy control group, this average or median or
representative value or profile is considered a standard control. Any blood sample

that contains a similar amount of the fetal genomic sequence or a similar methylation
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predominantly derived from the placenta (Chim et al., Proc Natl Acad Sci
USA., 102:14753-14758; Masuzald et al., IMed Genet 41, 289-292,
2004; Flori et al., Hum Reprod 19, 723-724, 2004), while the background

Aj rgi f Lui et
Ry S e o
Furthekers etresniatiop atoreipiofile sofaen i fostqusrscdndbe sedhgboth

lacental tissues and er el i i ' [ i, that
n R IR ARG, SlaRe e b AR de iRty
mathy kefs camibe aasedsobprenfitidHiagsosidahd thomitordng shodard control.

Inlp rg&{q{%}qc é}?}%}%f%%%té%grﬁ' %Qﬁ’tro%%%% A{‘)Lbse é‘%%l%&@ﬁ%%%%%ﬂﬂsgecﬁs of
entitication of CpG-containing genomic sequences methylatio
theeferhyiathe adofitiend genmethysegoepeofibdifttatarkon. position of
cytosine residues in CpG dinucleotides. Clusters of such CpG
dinucleotides on chromosome 21 g were computationally identified
through the Genome Browser of the UCS C Genome Bioinformatics Site
(aenome.ucsc.edu/-cz-i--bi-ii-ll-gé&m\%%y) (Yamada et al., Genuine
Res 14, 247-266, 2004). The CpG sites were further subselected based

[06A9he Tt doldn-aistretchngl &Nk seyidnthyoway lebidtnsootinm vnlergthnetthy

a minimal 30 ine tosine 0f-50% ini i0.of
BB TR S S A R s L
crilipd pantaiting henomid sedueged sareiibadfio ¢jcd aksoiirby cheshmetor

siltm(;l)ﬂc r(éﬂsd%gs further up- and downstream to the previously identified '
genomic region, e.g., PDE9A regions A and C. [0102] Subject recruitment

and sample collection Placental tissues and corresponding blood
ESamples were collected from women in the first and third trimesters of

%re nancy. Placental tissues were collected from the third-trimester
[040Bject¥ aftence daidantdi bpizynatid frafet dfistraifriabrmesiijde dnaeal
isal gnan Matstanblogd (I, was Salesiad ate
bl@b@ﬁ%ﬁ%&%‘&i P |6rg1?gi the onset of labor or thé1 performa?nce of a%y

profeteinirslyrdeidut s eehibsantedfplasiver e st daadt 963054
149! 1:!19%%'10 ﬁf@?ﬁ&@&z@ﬂ%%@%@eﬁ@% Lhigionth aferCcareiles o, Hum

remov plasma and stored separately at -20C. The placental tissues
Repeod 1ihsEBi PhasiiHatevbilerdhe daskirevadd ddrée mrpaal plasma may
oﬁéyﬂé%g#?%&%%? Bl RPGICAQ3LBisulfie e Reine PHAYWARY). Hence,
extracted from the placental tissues and’ L
to identify fetal epigenetic markers, the methylation profiles of genetic loci were
assessed in both placental tissues and maternal blood cells with an aim to identify loci
that demonstrate differential methylation between the two tissue types. Such markers

can be used for prenatal diagnosis and monitoring of pregnancy-related conditions.

MATERITALS AND METHODS |

[0101] Identification of CpG-containing genomic sequences DNA methylation
refers to the addition of a methyl group to the fifth carbon position of cytosine
residues in CpG dinucleotides. Clusters of such CpG dinucleotides on chromosome
21q were computationally identified through the Genome Browser of the UCSC
Genome Bioinformatics Site (genome.ucsc.edu/cgi-bintheGateway) (Yamada ef al,
Genome Res 14, 247-266, 2004). The CpG sites were further subselected based on
the criteria: a stretch of DNA sequence of at least 400 bp in length with a minimal
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maternal huffy coat by using the QlIAamp DNA Mini Kit and QlAamp DNA
Blood Mini Kit (Qiagen, Hilden, Germany), respectively, according to the
manufacturer's instructions. For each sample, | .tg DNA was subjected to

cubishiirtes CoRVERSIaBhish SonvaIts wimethy fatrdmipsipR fasityes to

uracil but leaves methylated cytosine residues unchanged, hy the

frequBeromecsN A Mbinruersy Rirlsastdet, 28tMihEo s AT RES RN %o
Sei%%%écte (L3RS USHONS dhRgRisHiecopErRes RNRemas than

to PCR amplification with pairs of primers flanking the CpG
dostrst(Iratitethy reoHRISp Eleasiiedr IR JUR BTHIC betie Al Ay &egions A and
I investigated by two or three PCRs, namely regions A, B and C. Primers
‘were designed not to bind to any potentially methylated cytosine

[ogﬁifuga These prmers are Shawn Ry ¥l bskatianaad.shauid not
¢ Jiimitt

een e range of primers which can be used for this purpose.

coReggedissshipplisairpine Werg v REH by meyBhiRk firspradid

.Biosystems, Foster Ci t pesiigasderLach
mﬁ?&sf% gr%ﬁlgg%%ﬁh%%é@ \%%%:ﬁﬁége P%g%gv%grg%%ﬂrformed ir} afinal .
subdattiafieroksareanf @S ivkrwithdNIgo| thepfigidrsnvyegicoiicpe plisteiermpghon

XM of eac 1P, with or it | uifoxise (DR nrior ¢
Of@é‘%ﬁ?ﬁg%&fﬁgﬁrﬁg é&g‘%@%#@&’&%ﬁ gﬁt%rll?[ial denaturation stes %ﬁ‘lor °
thOB@dovflehminfdiowedhmateyllesrsty st ity nated eerarge siood

annealing temperatures between 55 to 65 C fqQr.1 min (Table 1), 72C for |
el e AN BRSSO PEY 7D, LA T ar g 5 CHAGh AR vos

status at the resolution of a single molecule, the PCR product was
obTAnciDitest inte falplasiovdlveqibsrosing e sEEMTiE RS VAdctor System
(Promega, Madison, WI). The inserts from the positive recombinant
platenas ineresanaly recdl inytiessbeadusioglisigafeBiymye makiinator
Cycle Sequencing vi.1 kit (Applied Biosystems) as per the manufacturer's
P%’@ﬁ‘i’lﬁﬂ%?‘#ﬁé%ﬂ%&tion by genCLEAN columns (Genetix), 8 | of the
samples were added to 12 | of Hi-Di formamide and run on a 3100 DNA

[oAeRYZ8Ls(ARRIad BinRYs e mRIASRSehtGOed NdhrBe PMdde00saRs Znd
OU.-ICONNNNN NWOo L
maternal buffy coat by using the QlAamp DNA Mini Kit and QlAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany), respectively, according o the manufacturer’s
instructions. For each sample, 1 ug DNA was subjected to bisulfite conversion,
which converts unmethylated cytosine residues to uracil but leaves methylated
cytosine residues unchanged, by the CpGenome DNA Modification Kit (Intergen,
Burlington, MA) according to manufacturer’s instructions. The bisulfite converted
DNA was then subjected to PCR amplification with pairs of primers flanking the CpG
sites (Table 1). Some CpG-containing genomic sequences are investigated by two or
three PCRs, namely regions A, B and C. Primers were designed not to bind to any
potentially methylated cytosine residues. These primers are shown by way of
illustration and should not be seen to limit the range of primers which can be used for
this purpose. Reagents supplied in the TagMan PCR Core Reagent Kit (Applied
Biosystems, Foster City, CA) were used. Reagent compositions for each PCR are

detailed in Table 1. Typically, PCRs were performed in a final reaction volume of 25

ul, with MgCla, primers, TaqGold, 1X Buffer IL, 200 pM of each dNTP, with or
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OO R~~000000000 UNNO.O, 0000000000 Cti~~
CNNNNNCOoO Np . firpdru=L7Uw'Oa,V-NMMmMinmMyv
rCi/~dMEUUUNDBD ,b.ti~~hU<~dO42FUQUI-yb 3 ~i~c>~U

v el B R T o BB e B8 Lok ol
iR S dMGtioh £6)-8fO I Gt T enlitoft) OVIBTHO 49 rcsrchzs pk95°E forsl g, 2
raggggz % ;Ap%%)@%qgefc7 7 gfzéj;v C?\#\P é‘% S (4B BORRT(RE 1
min, and a final extension of 79°C for 10 min. To analyze methylation status at the
resolution of a single molecule, the PCR product was TA-cloned into a plasmid vector
using ﬁle pGEM-T Easy Vector System (Promega, Madison, WI). The inserts from
the positive recombinant clones were analyzed by cycle sequencing using the BigDye
Terminator Cycle Sequencing v1.1 kit (Applied Biosystems) as per the
manufacturer’s instructions, After purification by oenCLEAN columns (Genetix), 8
pl of the samples were added to 12 pl of Hi-Di formamide and run on a 3100 DNA
Analyzer (Applied Biosystems).
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the s@ﬂuﬁz@@v@d\dy@mm@m@a@ @u@emm@&mmm&a@aww Wik WiR22idue
0104 Dat on and statistica
(deoxﬁaﬂ/gs i}e%tp s \was LR @53@ é@éﬁ)ﬁerﬁé’é{ r each CpG
site wymrmmm&mhaﬁgﬂhmgth@éateﬁtﬂismwas eetupiet by-eethynbinedesigpiRs. The
rt. of yraci oportion of methylated cytosine

it P S A R R R R e g 1 e A placenc
tissuas amé Hrﬂsethalr’mﬁ@maﬂtﬂopehshmpﬁésﬁa be cHisigtuiticmal setiviaied @@d) 05 is

u d C smes re tween the Iacental tissue
consy e A8 ) 2Ot TP AR G (L R Ay e PEURE i the
Signﬁm% 0 coftsider€siPas statistically significantly different. Statistical

analysis was performed using the Sigma Stat 3.0 software (SPSS).

RESULTS AND DISCUSSION [0105] Among the CpG-containing
RESeisieseasaEsssietified from the computational search, 13 loci

[Gm%ere the fo%f%gﬁga relsﬂenr_}t |n\€?0%g%a%%%egheen ?&cg rom s%ci)crrﬁ%p %@OMI

cafqon ACCEE B UMb ars of these
search, Fdilmactenf ﬂm&uﬂleﬂthegrmmulfn%meIM|@mﬁdﬁfﬂﬁdmmwl location

lacental tissues and mater bIo d cells 106
o B S 51 e et Rt PR P o sudid
loci ﬁblwtﬁmwespwﬂhn:g maﬂmrécbhimdquﬂsceﬁédﬂémxﬁﬁhtednﬂimmbeﬂs.
pregnancies. The bisulfite sequencing data for regions A and B of all the

[0106] casERI 8B shwvndthFligivesiéiiandf CGI137 was studied among placental tissues
and the corresponding maternal blood cells coliected from 5 third-trimester pregnancies. The
bisulfite sequencing data for regions A and B of all the 5 cases are shown in Figures 1A and
1B, respectively. Each row in the respective paneis represents the bisulfite sequencing result
for one clone while each column represents an individual CpG dinucleotide within the
genomic sequence. The proportion of methylated clones among all of the sequenced clones,
the methylation index, at each Cp(G site was determined for all 5 placental tissue and maternal
blood cell samples. The data are summarized in Figures 2A and 2B. It can be seen that the
placenta is hypomethylated compared with maternal blood cells. Chi-square analysis was
performed to compare the distribution of methylated and unmethylated clones between the
placental tissues and maternal blood cells at each CpG site. The differences in the
methylation indices between the placenta and maternal blood cells are statistically significant

for all 21 CpG sites (Chi-square, P<0.0001, Tables 2A and 2B).
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113, respectively. Each row in the respective panels represents the
bisulfite sequencing result for one clone while each column represents an
individual CpG dinucleotide within the genomic sequence. The proportion
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tissues and ernal bloqd cells at each CpG site. The differences in the
asse tﬂ§@ﬁgﬁ%c§é%é’f\f/ &A'NE placenta and maternal blood cells are

statistically significant for all 21 CpG sites (Chi-square, P<0.0001, Tables

2A and 2B). 35 Table 2A. tSumrpg%go:_}fubisulfate sequencing data and
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nug&é{*@f@posn@ns relativesto chy2l: 463249636 (#i) ofsthe HamansMayu:s

2004 (hgl7) assembly of the UCSC Genome Browser. Samples

RleMytamon Number of ctanes at desfynatleu opG sites status *-0 Tinto
TR AENfE Ble Llapioted 543 939 45 27 1a A7 17,532, n 1
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bisulfite sequencing data and chi-square analysis comparing the

methylation profile of the placental tissues and maternal blood cells at the
individual CpG sites within CGI137 Region B. The individual CpG sites
are designated by their
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indices and chi-square analysis comparing the methylation profile of

third-trimester placental tissues and maternal blood cells at the individual

[Gio'gp@ﬁﬁﬁﬁiwﬂbjﬂé?&@% rewE 4. The inetivydatidn OpeilsitelsPdiE94 was studied
among s Y e e PORr S AR AR S IR G RUPRYRS thira-

trimester and 5 first-trimester pregnancies. Cloning and bisulfite sequencing were performed

and the methylation indices of the studied CpG sites in the placental tissues and maternal
blood cells for the region A amplicon are summarized in Figures 3A and 3B. The
corresponding data for region B are summarized in Figures 3C and 3D. Comparisons
between third-trimester placental tissues and maternal blood cells for region C are shown in
Figure 3E. In general, the placenta s hypomethylated when compared to maternal blood
cells. Chi-square analysis was performed as described above to assess for statistically
significant differences between the two tissues. All but CpG2250 in the third-trimester
comparison are statistically significantly different in both the first- and third-trimester

pregnancies (Chi-square analysis, Tables 3A to E).
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Table 3B. Summary of bisulfite sequencing data, methylation indices and chi-square
analysis comparing the methylation.profile of first-trimester placental tissues and
maternal blood cells at the individual CpG sites within PDEYA region A. The individual
Cp( sites are designated by their nucleotide positions relative to the reverse strand of chr21l:

42,978,424 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome Browser.
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anongy plc:u,égln Ftrgstresgand f;;u: coiespuwdingsmaternal blood cells

collected from 5 third-frimester. and 5_first-trimester pregnancies. Cloning
and-bisutffe SEYEEE nd Were Bertifed Sk thES methylation indices of
the studied CpG sites for region A'in the placental tissues and maternal
blood cells are summarized in Figures 4A and 4B. In general, the placenta

s hypomethylated when compared to maternal blood cells. Chi-square
[0108)n 2N srerqspirars aratad #4 eedermrsd etvsvdatonsGubibiom erivnedbpsendogene

2 (PHQ@E@%W'P’H@W&%W&%HB?W@f@?P@% MRONG, 1&g e diedGREplacental
_ sites, 23 are statistically significantly different in the third-trimester
tissues and the corresponding maternal blood cells collected from 5 third-trimester and 5

I=th

first-trimester pregnancies. Cloning and bisulfite sequencing were performed and the
methylation indices of the studied CpG sites for region A in the placental tissues and
matemal blood cells are sﬁmmarized in Figures 4A and 4B. In general, the placenta is
hypomethylated when compared to maternal blood cells. Chi-square analysis was performed
as described above to assess for statistically significant differences between the two tissues.
Amoﬁg the studied CpG sites, 23 are statistically significantly different in the third-trimester
pregnancies and 23 are statistically significantly different in the first-trimester pregnancies
(Chi-square analysis, Tables 4A and 4B). In addition, the methylation profile of the CpG
sites in PPPIR2ZP2 region B were also analysed by cloning and bisulfite sequencing in
placental tissues and the corresponding maternal blood cells collected from 3 third-trimester
pregnaneies. For most Cp(G sites in region B, the placental tissue is hypomethylated
compared to the maternal blood cells, The methylation indices in region B are summarized in
Figures 4C. Chi-square analysis was performed as described above to assess for statistically
significant differences between the two tissues. Among the 12 studied CpG sites, 5 are
statistically significantly different (Chi-square analysis, Tables 4C).
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pregnancies and 23 are statistically significantly different in the
first-trimester pregnancies (Chi-square analysis, Tables 4A and 4B). In
addition, the methylation profile of the CpG sites in PPPIR2P2 region B
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[0109] Similarity to FemlIA (Caenorhabditis elegans (C. elegans)) The methylation

profile of Similarity to FemlA (C. elegans) was studied among placental tissues and the
corresponding maternal blood cells collected from 5 third-trimester pregnancies. Cloning and
bisulfite sequencing were performed and the methylation indices of the studied CpG sites in
the placental tissues and maternal blood cells are summarized in Figures 5A and 5B for
regions A and B, respectively. In general, the placenta is hypomethylated when compared to
maternal blood cells. Chi-square analysis was performed as described above to assess for
statistically significant differences between the two tissues. Among the studied CpG sites, 8

. are statistically significantly different in region A and 7 are statistically significantly different
in region B (Chi-square analysis, Tables 5A and 5B).
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Table 5B. Summary of bisulfite sequencing data, methylation indices and
chi-square analysis comparing the methylation profile of third-trimester
placental tissues and maternal blood cells at the individual CpG sites
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maternal blood cells. Among the 20 studied CpG sites, all are statistically
significantly different between the maternal blood cells and first-trimester
placental tissues of both normal and trisomy 21 pregnancies (Chi-square
analysis, Table 6). Table 6. Summary of bisulfite sequencing data,
methylation indices and chi-square analysis comparing the methylation
profile of normal and trisomy 21 first-trimester placental tissues and
maternal blood cells at the individual CpG sites within CBRI. The
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0.2692 isttrimester maternal blood cells000000000000000000
0.0357 0 46 [0112] Down syndrome cell adhesion molecule (DSCAM The
methylation profiles of DSCAM from 2 maternal blood cell samples were
compared with those of 2 first-trimester and 2 third-trimester placental
tissue samples collected from normal pregnancies as well as 2
- first-trimester placental tissue samples from pregnancies where the fetus
had trisomy 21. Cloning and bisulfite sequencing were performed and the
methylation indices of the studied CpG sites in the placental tissues and
maternal blood cells are summarized in Figure S. In
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general, the placenta is hypermethylated when compared to maternal
blood cells. Among the 27 studied CpG sites, all are statistically
significantly different between the maternal blood cells and first-trimester
placental tissues of both normal and trisomy 21 pregnancies (Chi- square
analysis, Table 7). 47 Table 7. Summary of bisulfate sequencing data,
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first-trimester placental tissue samples from pregnancies where the fetus had trisomy 21.
Cloning and bisulfite sequencing were performed and the methylation indices of the studied
CpG sites in the placental tissues and maternal blood cells are summarized in Figure 9. In
general, the placenta is hypermethylated when compared to maternal blood cells. Among the
16 studied Cp(G sites, all, 9 and 10 sites are statistically significantly different between the
maternal blood cells and first-trimester placental tissues of trisomy 21 pregnancies, first-
trimester and third-trimester placental tissues of normal pregnancies, respectively (Chi-

square analysis, Table §).
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tissues and maternal blood cells Differential methylation between placental tissues and
maternal blood cells was not universally observed for all studied loci. The methylation
profile of CGI111 was studied among placental tissues and the corresponding maternal blood
cells collected from 4 third-trimester pregnancies. Cloning and bisulfite sequencing were
performed and the results are shown in Figure 10. Clones from both the maternzal blood cells

and placental tissues were predominantly unmethylated.

[0115] Similarly, the methylation profile between maternal blood cells and placental tissues
of 5 third-trimester pregnancies were not significantly different for CGI121 except at the
CpG site 1603 (Figure 11 and Table 9).
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bisulfite sequencing were performed and the results are shown in Figure

10. Clones from both the maternal blood cells and placental tissues were
predominantly unmethylated. [0115] Similarly, the methylation profile

between maternal blood cell cental tissues of 5 third-tri t ot
0116 olRaRE P A ol A TAAHTY ARG oy CGH 21 B AL o
(HSF3i8) 180 (Bisue, HeantdTahn Qn4btialnie Sdumensal/d tisidiisevere both

sequencing data, methylation indices and chi-square _analysi r
B e G R
blood cells at the individual CpG sites within CGI121. The individual CpG

mziée are designated by their nucleotide positions relative to chr2l:
Examplerss 112 (+1) of the Human May 2004 (hgl7) assembly of the UCSC
[6117FeMome Brawssinire Eenomicisaquances-with alifferentisl methylation prefifs

8uff, ycoatl C, 2..t35 .. 09 2
berweph PRSI PR TS A SR T L e g s o

maternal blood detection. In order to distinguish the fetal-derived DNA molecules from

those that are maternally-derived in maternal blood, assays should target the detection of the
placental-specific epigenetic form of each differentially methylated locus. An assay has been
developed to target the placental-specific form of CGI137 (Figure 1), namely the

unmethylated molecules, and assessed its specificity.

MATERIALS AND METHODS
[0118] Sample processing and DNA extraction. A third-irimester placental tissue sample
and corresponding maternal blood sample were collected from a subject undergoing delivery

by elective cesarean section. Maternal blood (10 mL) was collected into EDTA tubes prior to
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the primers is shown in Figure 12 and the pnmer sequences ate listed in Table 10. The

forward primer spans the CpG sites 472, 477, 481 and 486. The reverse primer spans the
CpG sites 553 and 561. The amplicon spans between coordinates: 2742998-2743130 for the
GenBank Accession; NT 011515, A primer extension assay (Figure 12) based on the
homogeneous MassEXTEND (hME) protocol is designed to interrogate the methylation
status of the CpG site 541. Basically, the primer extension primer spans up to the nucleotide
3’ to the CpG site 541 (Table 10). An unmethylated molecule would be extended by one
micleotide with the incorporation of a dd(2’,3’-didecxynucicoside)ATP, while 2 methylated
molecule would be extended by two nucleotides with the incorporation of 2 dGTP followed
by a ddATP. The unmethylated and methylated molecules are subsequently detected and
resolved by their mass differences ona MassARRAY™ Analyzer Compact (Sequenom)

mass spectrometry.
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plain polypropylene tubes at -80 C. DNA was extracted from the placental
tissues using the QlAamp DNA Mini Kit (Qiagen, Hilden, Germany). DNA
from the maternal plasma and buffy coat was extracted by the QIAamp
TablP NN EIRRE- NI LR GORR, IREIAPHRERN ) %Oﬁ%% 'a[g
manufacturer'sainstructions. For eacﬁ%lacegr%l grt:% bu c%?:}? ?\?Aform of
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deph°¥ %‘Zﬁ%@ B TEmeLYE (OELESrRe BRHer: LAsy ramanatieR iihstriAsaEent

primefQEedidaGdshy 7 HormRh S8 QUEPCR (RAQidn, onvardees buffer (Sequenom),
TGTTATAGGTAGGGATATGTTTTGTTTGACGT Reverse primer

0.6 pirefibrme elkaloa Rirseima AScanmenri AR e, of water were added. The

reaction mixture was incubated at 37°C for 40 min, followed by heat inactivation at 85°C for

5 min.

[0122] For the primer extension reaction, 4 uL of base extension reaction cocktail
containing 1500 nM of extension primer (Integrated DNA Technologies), 1.15 U of
Thermosequenase (Sequenom) and 64 pM each of ddA TP, ddCTP, dTTP and dGTP
(Sequenom) were added to 10 pL of the PCR products. The reaction condition was 94°C for
2 min, followed by 94°C for 5 sec, 52°C for 5 sec, and ’72°C- for 5 sec for 75 cycles.

[0123]  The final base extension product was cleaned up with the SpectroCLEAN
(Sequenom) resin to remove salts that may interfere with the mass spectrometry analysis.

Twenty-four microliters of water and 12 mg of resin were added into each base extension
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Extension primer ATCCCCAACATTTTCCC [0120] Three gL of

bisulfite-converted DNA from the placental (equivalent to 150 ng DNA

before bisulfite conversion), maternal buffy coat samples and mixtures as
prodwgbliihs fermlnofthistifiteccoinet iac plésios® A (EquikdlentdoiDNetion at 361 g
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for arf@y4i®. sec, extension at 72C for 40 sec for 40 cycles, and a final
incubation at 72C for 5 min. [0121] PCR products were subjected to
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(Sequenom) pre-spotted with a matrix of nic acid by using
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from the SpectroCHIP. Mass spectrometric data were automatical

into thiwpeteserirmbospeicnd FYPER ¢Sefusabn) whiglbisdatter contains a high
background of DNA derived from maternal blood cells (Liu er al., supra), assays targeting

placenta-specific epigenetic markers are useful for the detection of fetal-specific nucleic acid

molecules in maternal blood.

Example 3
[0125] An alternative method, combined bisulfite restriction analysis (COBRA) (Xiong and

Laird Nucleic Acids Res 25: 2532-2534, 1997), was used to assess for the presence of
differential methylation of 3 genomic sequences on chromosome 21 (Table 11) between

DNA from placentas and maternal blood cells,
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Table 11. Identity, location, primer sequences and PCR reaction conditions of the studied genomic sequences on chromosome 21. The

for analysis. RESULTS AND CONCLUSION [0124] Mass spectra for the
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[0126?? &);Eﬁ&@?i t_ﬂj_xé\bfﬁt% Eekﬁxéﬁoﬂ%w“@bﬁﬂ)cﬁé ﬁ%ﬁi\\lﬁt%a%tsubjected
to bisulfite conversion by EZ DNA Methylation Kit (Zymo Research, Orange, CA) according
to manufacturer’s instructions. Forty nanograms bisulfite-converted DNA (based on original
unconverted DNA input) was then subjected to PCR amplification as was described in
Example 1, with some modifications. Reagents supplied in the HotStar Taq DNA
Polymerase Kit (Qiagen, Hilden, Getmany) were used. Reagent compositions for each PCR
are detailed in Table 11. Typically, PCR was performed in a final reaction volume of 20 pl,
with MgCl,, primers, HotStar Tag, 1X PCR Buffer, 50 uM of each dNTP, and 2X PCRx
Enhancer (Invitrogen, Carlsbad, CA). The thermal profile consisted of an initial denaturation
step of 95°C for 15 min, foIIoWed by 50-55 cycles of 95°C for 20 sec, 58 or 60 °C for 30 sec
(Table 11), 72°C for 1.5 min, and a final extension of 72°C for 3 min. PCR products were
then subjected to restriction enzyme digestion. The restriction enzyme fo be used for each
respective locus was chosen for its ability to distinguish between the methylated and
unmethylated sequence after bisulfite conversion. In essence, restriction sites are only
present in either the methylated or unmethylated sequence but not both, so that one of the
sequences would be digested while the other would remain intact (Table 12). Restriction
enzyme digestions were performed in a final reaction volume of 20 pl, with 5 ul PCR
products, 1X appropriate buffer, and 10U restriction enzyme (or none for mock digestion),
under the manufacturer’s recommended temperatares for 2 hr. All enzymes were purchased
from New England Biolabs (Beverly, MA). Digested products were then analyzed by gel

electrophoresis.

Table 12. Result prediction for COBRA analysis

Locus name Enzvme cutting stafus methylafion sfatus products with compiete digestion {bp)
HLCS region A BstU | Mo cut gn-methylated 338

cut methytated 285, 53
HLCS region B1  BstU 1 No cut un-methylated 310

cut methylated 48 22,178, 30, 37
HLCS region B2 BstU Mo cut un-methylated 413

cut methyiated 34, 22,1786, 30, 151
CGlo0a Bsti) | Mo cut un-methylated 211

cut methylated 82,83,51,15
CGlhs2 B8sflH No cut un-meihylated 210

cut methylated 60, 49, 58, 45
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reacticE2ONpoNRsthiiationKigs piry HitsseareRti oy anges e ) AESdhdingsitpn shown
above (A LH?E% YiE rc%o%%%ﬁﬁﬁé@e&@&%@%%@@ wenwestach B at the

(pase on origina unconverted DNA input) was then subjected to, PCR
resolutimpiificativgicam oles e ot BER - BRaE TAWINEO MR SRRt gRgtor using
Gepls syRRisddn the Htsiar T ag.eiNA, Relymerasa it (RIR0RR posit
the p ﬁggn, éj&%%!)? \%‘}()esre us'(g?j. Rgeégg%’?\% comb@g};ons fo%fa%ti%%ggea?gsmve
recombitaitetlinsFabtee Ehaliysi By PIC Reaies pardRedn Bigh3Frégbtor Cycle

volume of 20 1, wi j t 0
T
purifithigomby ptbfitecpresipiéation.aha ﬁﬁ@k@ﬁéﬁ{ﬁéﬁ%ﬁ%@ﬁ%ﬁ%%ﬁ%ﬂ%,

rorm{BJR5H BLSRES FUFIPRS! 25090 565 5B 9k Akendpr 30 sec (Table

> min, and a final 'extension of 72C for 3 min. PCR products
were then subjected to restriction enzyme digestion. The restriction

RESUTRQYRRED BE\egd foicach respective locus was chosen for its ability to

Istinguish between the methylated and _unmethylated se Tenc after
1

[0128bis e choasdion SrdgereElidsctior srebgpd ghRrolles of the putative

promoter region of HLCS from 2 maternal blood cell samples were compared with those of 2
first-trimester and 2 third-trimester placental tissue samples collected from normal
pregnancies, as well as 2 first-trimester placental tissue samples from trisomy 21 pregnancies.
COBRA assay was performed and the gel electrophoresis data for region A, region B1, and
region B2 are shown in Figures 14A, 14B, and 14C, respectively. In general, the placenta is
hypermethylated when compared to maternal blood cells. Cloning and bisulfite sequencing
experiment was performed on region B2 to further analyze methylation status at the
resolution of a single molecule, and the result shown in Figure 17 confirmed that the

methylation in HLCS is placental specific.

[0129] CGI009. The methylation profiles of CGI009 from 2 maternal blood cell samples
were compared with those of 2 first-trimester and 2 third-trimester placental tissue samples
collected from ﬁormal pregnancies, as well as 2 first-trimester placental tissue samples from
irisomy 21 pregnancies. COBRA assay was performed and the gel electrophoresis data are
shown in Figure 15. In general, the placenta is hypermethylated when compared to maternal

blood cells.

[0130] CGI132. The methylation profiles of CGI1 32 from 2 maternal blood cell samples
were compared with those of 2 first-trimester and 2 third-trimester placental tissue samples
collected from normal pregnancies, as well as 2 fivst-trimester placental tissue samples from

trisomy 21 pregnancies. COBRA assay was performed and the gel electrophoresis data are
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present in either the methylated or unmethylated sequence but not both,
so that one of the sequences would be digested while the other would
remain intact (Table 12). Restriction enzyme digestions were performed

in_afinal reaction volum [ UGES: rat
R R N P e G
blood dedlsnanufacturer's recommended temperatures for 2 hr. All enzymes were

purchased from New England Biolabs (Beverly, MA). Digested products

were then analyzed by gel electrophoresis. Table 12. Result prediction for
Exam@BBRA analysis Locus name Enzyme cutting status methylation status

[(}ISIﬁrog Lets c\fN itﬁag g?g%&%ﬁiﬂﬁéﬁ?ﬁﬁ%ﬁ)ﬁ%%ﬁﬂ&ﬁeﬁt%Ejrhﬂﬁe‘?ﬂn placental

n-methylate cut methylated 285, 53 HLCS region 61 BstU | No cut,
tissuesimrhethiviat dbR00 celmatjiemedins nzthad esize TS FERREHVE ostriction

enzyrr%sé%a%gé: S%'[%&J?%@c? g yx@t?ﬁn%‘ Lmgthviaied 34 Reeldfdd cil!%?ftiltgtiveiy

o cut un-methylated 211 cut methylated 82, 63, 51,
analyGEEIRFBstitldl Nethytativamdthdareriosedpmedidis§ Segion B (igble 11)

betwedn) it 2. cloping and hisulfie eAeRgaGIONA from the same PCR

ication “reaction as ibed In "Combined bisulfite restriction
analysis (COBRA)" session shown above was used for cloning and

isulfit i .digsanalyze methylation status at the resolution of a
MATERUES St se

sing e PCR product was TA-cloned into a plasmid vector
[0132)siligethel pisEMeRsktisy reishay snamp g Han MabiSor2y\Rjrepled from the

AR HYS B SR NARE RIONETWSISANRZ6MRYLIONA from
piace%tgj(qqﬁgé%r?gﬁ%gumgr%%?ﬂ%}%g{gye Terminatorrgl%% Sequencing vI.lggi:t

the mippiicaiEfiosystentsplasprrurceAaatIAN P QiR foNs. TRiger Mini Kit

.1 BUiHgation SiRitatian, assspensies &y plental
L e oy A
and bBsyste PN RESUL TSNS et Tbiesteforsar iRk restiction

o U (L B Aok s e, o
of 50 thlp s tbDNErsi-Ximppeteriatbe nanddadief Eée&ﬁaﬂtﬁs% é’%ﬁfﬁ%léé“ none for
mockccﬁgg&s%g}frﬂﬁa&(%ﬂ@ Al anufacturer’s recommended temperatures for at least 16 br. For
each maternal plasma sample, 1.6 ml plasma was used for DNA extraction, and was eluted in
50 pl of deionized water, 21 pul of which was subjected to restriction enzyme digestion.
Enzyme digestions were performed in 2 final reaction volume of 30 pl, with DNA, 1X
appropriate buffer, and 20U of Hpa Il and 30U of BstU I (or none for mock digestion), under
the manufacturer’s recommended temperatures for at least 16 hr. All enzymes were
purchased from New England Biolabs (Beverly, MA). Digested products were then analyzed
by real time quantitative PCR. The selected restriction enzymes only digest the unmethylated
DNA but not the methylated DNA. Since the data from Example 3 has shown that HLCS is
hypermethylated in placental tissues and hypomethylated in maternal blood cells, we expect a
proportion of DNA from placental tissues would remain detectable while most DNA from
maternal blood cells would be digested and thus not detectable after restriction enzyme

ireatment.

[0133] Real time quantitative PCR. Real time PCR assay was developed for quantitative
analysis of HLCS genomic DNA with and without restriction enzyme digestion. 4 pl of
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pregnancies, as well as 2 first-trimester placental tissue samples from
trisomy 21 pregnancies. COBRA assay was performed and the gel
electrophoresis data for region A, region B |, and region B2 are shown in

restricf] gBures T2 gBd %WAlérCmé‘Sﬁ %%%IX S E?I)%]%l ul® RIRRENA $me PCR

en compared to maternal blood cells. Cloning and
aSSaY. bmwaeﬂmmmt@nekb’&m@mwésmsféﬁﬁ‘éﬂMﬁ&tégwméénﬁif@#tﬁ&systems,

n.status tth 0 I d
roses LR A L BTk R o oAt o) o
revers@lmﬁmedsspeﬁm}mae]@mm%@%ﬂaMdH%m@ﬁl@ﬂbfq@@m‘gbe (5~

o R TS o oS ST MBI 3

min, sfsci?m fermahpteshandieseB85Welfas]2 fiest-arithesdr fadantal tsdaeactions were
samples from trisom nangies r
run IngRpHEF S r&o%ﬁ&lgavlsat}lgﬁ %agréw asshown |@§§M@mﬂﬁa@%§g@ﬁﬁA
or 1g1n@1@0@\mmiﬁé&/b?@p&ﬂaﬂll&ﬁmwhmamm[ﬁiﬂe&ﬂbm@mhb Wlovdizémsstandard for
[0130] CG1132. T Of 0

the asﬁ%"ﬂ %Hb?e‘i Wé?g mpare Wlt 01§§ ro%ftég ? é%%%r&negt? SM%B@SQ}RQ&M
meth;ﬂat%ﬁmﬁafgwmam@maim‘sﬁm&émmegu@oﬂmw 1613 acscsrmaﬂhylahon index.

The o A SR A LErEE Hp BRSAL oo SIS difBRitrarion

assay as perfbrme and the gel
after @lpgitophaasia ddth dre dastavwitniEighréigstiongeneral, the placenta
is hypermethylated when compared to maternal blood cells. Example 4
[0131] Based on the differential methylation feature of the identified
- RESUNaskeNih PlalsentalSiigdtes and maternal blood cells, an alternative
ethod us th la
CER R e b S e

Ve to quantitatively analyze the
bIood&é&é&B@ﬁi}ﬁhm&h@Mmpathm@dhom|&@@®ﬁﬁﬁé@ﬂﬁ@8ﬂ‘éalﬁﬂfé@mes‘w

roee B HER  BOgET e i e i
follmwmdlgwlﬁﬁm&wmm&@wérﬁa@@em@%mmm@sﬁ&@ﬂe 18.

the 2 REorfes
DNAE ernapbu '\&i}ééﬁ sm vggéé ggg%ggﬁﬁg%%t%%n %{f DNA Blgglgs
resuitMgwIMe(@bJ@en intiigen aﬁ@m@mg QwdiiBAcPR A tﬁ%’@ were

pamallnSt Pq% ?ch 1 ﬁﬁ&ﬁfgﬁr‘lj‘ oﬁ%@ﬁzﬁf@ﬁ%@m@o 10skpg DNA

ec’te ation sensitive restriction enzyme digestion.

01358513?&%%%5‘35‘%@%%&?% QusWers Rerounel i iralieactine olysng DNA

while maternal blood cells are the main contributor of the background maternal DNA that are
detectable in maternal plasma. We believe that the placental-specific (with reference to
matermal blood cells) fraction of HLCS DNA, namely the methylated or non-digestable
fraction can be detected in maternal plasma and is pregnancy-specific. Paired pre- and post-
delivery 3 trimester plasma samples from 25 normal pregnant individuals were recruited.
Restriction enzyme digestion followed by real time FCR assay was performed and the results
are presented in Figure 19. The HLCS signal is shown to be positively detected in the
enzyme digested pre-delivery 3™ trimester plasma samples and reduced after delivery. The
median of HLCS concentration in post-delivery plasma samples afier enzyme digestion was
8.1% of that the median HLCS concentration in pre-delivery plasma samples after enzyme

digestion (Figure 19A). The clearance pattern from enzyme treated pre- and post-delivery
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of 50 1, with DNA, IX appropriate buffer, and 25U of Hpa Il and 50U of

BstU | (or none for mock digestion), under the manufacturer's

recommended temperatures for at least 16 hr. For each maternal plasma

sample, 1.8 Lol ik UACHQPCAR Wes alb ey, the
plasmgdnrﬁf% ¢ e%%i}ged%g%%@gﬁ$%%qﬁv%;%bjg%te%eto restriction enzy,r%re
mediaali gESHHMNAnaymentiigiéstianpavedelpisriormatsanal alapaprealtiensoeition

of 30 1, .with DNA, ropriate buffer. and 200 of Hpa ) and,28Q6rafue 198).
enzyr gy I s SRR ale fulen i ddealorioa oA\ Eefure 1o8)

r none 10r mock daigestio anufacturer's

recommended temperatures for at t 16 In: All e S ot

0136] LR R A A e A Do spplicator

includMereibEshanatizedady realdimederititatyecRER afhinsetpoteidd by reference in
restriction enzymes only digest the unmethylated DNA but not the

the enfyelividad PIRICSEince the data from Example 3 has shown that IILCS is
hypermethylated in placental tissues and hypomethylated in maternal
blood cells, we expect a proportion of DNA from placental tissues would
remain detectable while most DNA from maternal blood cells would be
digested and thus not detectable after restriction enzyme treatment.
[0133] Real time quantitative PCR. Real time PCR assay was developed
for quantitative analysis of HLCS genomic DNA with and without
restriction enzyme digestion. 4 1 of 57 restriction enzyme treated DNA or
mock digestion sample was used in the real time PCR assay. Each
reaction contains IX TagMan Universal PCR Master Mix (Applied
Biosystems, Foster City, CA), 300 nM of forward primer
(5-CCGTGTGGCCAGAGGTG-3"), 300 nM of reverse primer
(5-TGGGAGCCGGAACCTACC-3"), and 100 nM of TagMan probe (5'-
6FAM- TCCCGACCTGGCCCTTTGCC-TAMRA-3'). The thermal profile
was 50 C for 2 min, 95 C for 10 min, 50 cycles of 95 C for 15 see, and 60
C for 1 min. All reactions were run in duplicate, and the mean quantity
was taken. Serially diluted human genomic DNA originally quantified by
optical density measurement was used as the quantitative standard for
the assay. As the detectable HLCS DNA after restriction enzyme digestion
represented the methylated fraction, we expressed the real-time
quantitative PCR as a methylation index. The methylation index of a
sample is calculated by dividing the HLCS DNA concentration after
enzyme digestion with that obtained with mock digestion. RESULTS AND
CONCLUSION (0134] The methylation profiles of the putative promoter
region of HLCS from 8 maternal blood cell samples were compared with
those from 2 first-trimester and 2 third-trimester placental tissue samples
collected from normal pregnancies. Restriction enzyme digestion
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followed by real time PCR analysis was performed and the results are
shown in Figure 18. DNA from all maternal blood cell samples were
mostly digested by restriction enzymes, resulting in methylation indices
W AghRreaching: B, mhile that from placental tissues were partially digested,
resulting in methylation indices ranging from 0.567 to 0.966. 10135]
Previous data suggest that placenta is th%?redominant tissue source

f.
fotal DK whill FEBRAEABIBOE R B R ESHERBTar of es disorder
in a woRGKOsRUAdIM el RakBN A thalrasg cdeseedpblein maternal plasma. We

believe that the placental-specific (with reference to maternal bjood ce Is?
fraction 69KPEEBRA DI FRHEFOTAES SPRET-dELEAR e R ARRSH
wholqug&@@ggggtgﬁgﬂlmwe%pﬁgm and is pregnancy-specific. Paired pre-
and post- delivery 3rd trimester ?Iasma sam Ie§fr m 25 normal pregnant

individul) AREFEPEERFERF TREESHHLLTOYS & et oIBR BB e duenee

in the UMERCRrarsaWas ReRy Redeand fhe resulnisaediiesgntechin figuwiee from
19. The HLCS signal is shown to be posjtively detected in the enzyme
the e B EIAEIUR SFLH HELEBIE 12 EEREREERG RSAORHR seaproe fom

the woial¥eRH HegcmadianQfudhdeFroanceTviation di: Rasiple bty ddiadnaenomic
samples after enzyme digestion was 8.1 % of that the median HL

. CS. ...
seqienah T P STV Ry s SHSIES &SPy HHgestiapis withn &
regim{%@%lﬁ%mgﬁ?%m@@ﬂﬁaegﬁamc@ﬁmm @ﬂ(&@@@@@&ni@ﬂdcug selected
o B e ST Sepons v
PhospRREE I 2HN ARy RO B ARIIVEYY sURleH B Riasspany RN PRI KREBIICS M arity o

enzyme digestion was 83.8% of that in the mock-di s&ea%grzz eIiveO%/)1 .
Fem I dooprae oAb ey SEIORN GARARR! FERBRESpIahon, RRAGOHdr o
cell aﬁhkﬁli&ﬁ%m%awﬁﬁbgmgﬁ%@ﬂwom?%ngmu?lmggmﬁ@ agifmfo;ﬂp),

polynucleotide sequences, are inc e eference in the entire
Holo oS See S5 BOAMEL IS (A A OHEPE A B e
10 kbBEAHARNG-A/BreRRANGEasSReiated Wsarder in a woman pregnant with a
fetus, comprising the steps of. (a) qQbtaining.a biological.sample from th
woman, (GhesHRHERA B S vE! Fe%&?é%?é&%lﬁﬁc&é‘s" r;},gﬁr%t&sb%ng
saliva; (iiyedaipaningithea sietbyitisorsinties afiisp Graarefitgs with a

genomic sequence in the sample, wherein th nomic, sequence, from
S QRS RS R SHE SE RS OB i 4 e ey

oman arée

presefR MR e distinguishingdbiatge inritsequence from the
woman and the genomic sequence from the fetus in the sample, wherein
the genoi'nic

The method of claim 1, wherein the genomic sequence from the

woman is methylated and the genomic sequence from the fetus is unmethylated.

3. The method of claim I, wherein the genomic sequence from the

woman is unmethylated and the genomic sequence from the fetus is methylated.

4, The method of claim 1, wherein step (b) is performed by treating the
sample with a reagent that differentially modifies methylated and unmethylated DNA.

5. The method of claim 4, wherein the reagent comprises bisulfite.

6. The method of claim 4, wherein the reagent comprises one or more

enzymes that preferentially cleave methylated DNA.
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sequence is at least 15 nucleotides in length, comprising at least one

cytosine, and is within a region on chromosome 21, and wherein the

region consists of (1) a genomic locus selected from the group consisting

of CGI137, phosphodiesterase 9A (PDE9A), homo sapiens protein

phosphatase 1 Tiegulstany ¢idiiiitod) sdisteit hpsmgdopereRises one or more

(PPPIR2P %_, Similarity to Fem1A (Ca habditis elegans), CGIOO09,
enZYIERr W?f SB@I‘J _ch &\ﬁﬁlﬂ?ﬁ%\x}r(ﬁ%yn "te cell adhesion molecule

(DSCAM, and chromosome 21 open reading frame 29 (C21 or 29),

HolocarlibxylasEhS ymttietdof 4irc &) s Daiasth) anaatyaply methylation-

. fs,eég&?{nce of no more than 10 kb upstream and/or downstream from the

SPECIS & (c) determining the level of the genomic sequence from the fetus;

and (d) comparing the level of the genomic sequence from the fetus with

a stand&d confraciidriindeteriing A5 Qe HEURS A RN ASEaHFd disorder
inaw %%géﬂ@%’&%%%ﬁﬂﬁ AESERER ALRIGEESSiALeS a pregnancy-associated
Isoraer. 2.

e method of claim 1, wherein the genomic sequence from

the won{ahabteirits/TaRed drftiedogisi B RIEIERBTBRTA: TRESIR the
smnplﬁggnlﬁtﬂgé%?&d?s!x‘aﬁa%%@%,%ﬁléj%k%aM\d&%rein the genomic sequence

woman Is unmethylated and the genomic sequence from the
fetus is rietiyhiiag e Phetrfomctcsr@ami bigpdieidedep (b) is
perform LHEAHRG hea SRMRIE A /880 AR difere fd@lXtep (b) and two
modifies hylated and unmethylated DNA. 5. The method of claim 4, .
primevsHereiplily PGBt RS S HISIAN RS I8Nt e WHSTRBLLBE BRIRIMC sequence is af

i [SRS.0R8ALIDREL RN esdhatpiateraatiaty on
least c %%%%%%?ﬁﬁ%@. 60 7. 'ﬁl;'he method ofggim 4, Wlherein theﬁg§ gent

chronuzsorsEs ok Whateirahe FRgATeSOmUStH T ARSI RICA0SUS SRBHRAAte the
group%%&ﬁ%iéin rehey. %@1‘5@%&1&?’9@{@ 13 4G AS, PR BIRGLRY protein

ylation- specific PCR. 9. A method for detectin%)or m n%ggnrg a_z i b
phosprsgrrhcyeaskBerat B SHAWE SR et i o rilarity o
FemJﬁoéﬁﬂgﬁmébszﬁ}%%gafésﬁéb@ﬁww%;@M&zineam&gﬁq@mmpm@mﬁmome

woman, wherein the sample is whole blgod, seru%?, pI)a(.sma

,uri or
cell adlisier(mpsalinPNAAACHSH IR B ARH bTEGHLAR HEE 45 ettty
Holo@ ASicinmmieaction uSina e oA frammdstem (DNaneeinen g infexs tore than
am

plify a CpG-containing genomic sequence, wherein the genomic
10 kbsepsinsnoe gad4pr downstream from the locus;

and wherein at least one of the two primers binds differentially to the genomic

sequence from the fetus; and
(d) comparing the level of the amplified portion of the genomic sequence from
step (¢) with a standard control, wherein an increase or decrease from the standard control

indicates the presence or progression of a pregnancy-associated disorder.

10.  The method of claim 9, wherein the amplification reaction is a

polymerase chain reaction (PCR).

11. The method of claim 9, wherein the amplification reaction is a

methylation-specific PCR.

12.  The method of claim 9, wherein the amplification reaction is a nucleic

acid sequence based amplification.
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least 15 nucleotides in length, comprises at least one cytosine, and is
within a region on chromosome 21, and wherein the region consists of (1)
a genomic locus selected from the group consisting of CGII37,
- phosphodiesterase 9A (PDE9A), homo sapiens protein phosphatase 1,
regulatory ginhibitps)GelbudibLcpsaudoganeir RPRMRERRA) o SIRIREY 104 strand
. Fem1A (Caenorhabditis elegans), CGI009, carbonyl reductase 1 (CBRI),
displpsSMEnE sfiifte cell adhesion molecule (DSCAM), chromosome 21 open
reading frame 29 (C210r)29), Holocarboxylase Synthetase (HLCS), and
CUT 132jdnd (Z)ha DbiAcsesfudaice Qivwiceraor ehéhanp 1Qckbdpsiiean is a
branc%%g/f)rlej wnsig?antl grom tr%e locus; and wherein at least one of the two
primers binds 4itfé eﬁ]tfgﬁgf t&the genomic sequence from the fetus; and
(d) comparing the level of the amplified portion of the genomic sequence
from stepfc) withamstihabed dentrdl owhendiercin theprageaordesseasted disorder
Sas_tandard control indicates the presence or progression of a
regnancy-associated disorder. 10. The method of claim 9, wherein the
amplification reaction is a polymerase chain reaction (PCR). 11. The
method ok&laimoinhsid ehelaimpline Jish eeietbnnsegnancy-associated disorder
is pre@ginyatipn-specific PCR. 12. The method of claim 9, wherein the
amplification reaction is a nucleic acid sequence based amplification. 61
13. The method_of claim 9, wherein_ the amplification reaction is a strand,
displacentént relEadRFtad FhelHmthon brhario hrReraiFiRg associated disorder
is hyperplifisiationvigaation is a branched DNA amplification reaction. 15. The
method of claim 1 or 9, wherein the pregnancy-associated disorder is
preecla ia. The methad.of claim 1 or 9, wherein the . .
pregnandPassob B e e Qe RIS 7 R R SaEaF i lisordr
is ectdpix Broghmreyn the pregnancy-associated disorder is hyperemesis
gravidarum. 18. The method of claim 1 or 9, wherein the
pregnancyyassoseiat iSQr ! To g 1 :
Gl 1 0L, e T g TS i S ARRASY dconder
is a chromosomal aneuploidy.

is pr%

26.  The method of claim 19, wherein the pregnancy-associated disorder is

trisomy 21,

21.  The method of claim 1 or 9, wherein the pregnancy-associated disorder

1s intrauterine growth retardation.

22. A method for detecting and monitoring a pregnancy-associated
disorder, comprising the steps of:

(a) obtaining DNA in a biological sample from the woman, wherein the
sample is whole blood, serum, plasma, urine, or saliva;

(b) treating the DNA from step (a) with a reagent that differentially modifies
methylated and unmethylated DNA,;

(c) determining the nucleotide sequence of a CpG-containing genomic
sequence from step (b), wherein the genomic sequence 1s at least 15 nucleotides in length,
comprises at least one cytosine, and is within a region on chromosome 21, and wherein the

region consists of (1) a genomic locus selected from the group consisting of CGI137,
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is a chromosomal aneuploidy. 20. The method of claim 19, wherein the
pregnancy-associated disorder is trisomy 21. 21. The method of claim 1
or 9, wherein the pregnancy-associated disorder is intrauterine growth

phosp%%?i@g%i%?é 31% ' gglate J&?%‘P%P?Jﬁz%@?n%@&%ﬁwg ARG@ 1 regulatory (inhibitor)

gnancy-ass disorder, comprising eps of: (a) Obtaining
subunD I Asirudolgiote i RPRAMRBIR S ctimife NiydmAamMAH dkerarprdadditip lasaifole
ood..serym, pl a; UARS, orsaliva; t]
S E R L A L sl

chronDNAe(E) determinifietfiemade (iabsBdhetcboord ap@seontdimisge (HLCS),

; f : ) )
and c%%?s!;ii“'g%n ﬁ%ﬁ%@%@%&? Bhvhsreinthe 9gn %gﬁ&e%% UERLE 48 Rhstream

ngth, comprises at least one cytosine, and is
from theétkoomwa;ragion on chromosome 21, and wherein the region consists of (1)

a genomji¢, locus selected f t iati Y _
phospho 'e%?g}g%%ugAﬁigBfégiﬁ)l,g%ggn%&ggggg%%Sggr%gi{ﬁgp(%%%pﬂa a(ggzwll,th 2

standaelpdatary fihhibitos) chutgeic Shppeciiodeors theppnirzboptshiigisgiapthe
preserg%rgrl A ﬁ{ggsqgﬁho ??J'é%’: Slegansls GidPRFaponyl reductase 1 (CBRI),

oW rome ce esion molecule (DSCAM), chromosome 21 open
reading frame 29 (C210rf29), Holocarboxylase Synthetase (HLCS),  and
CG113223nd (Fhe mriboskef eise 23 M rsere e W IREHae R ARG 5T

downstream from the locus; and (d) comparing the profile of the

nucleotidg sequence, fpaneg e withestandar ecagnitebmrésainge or more
change in the profile from the st ndaMtrol indicates the presence or
enzyppbHriduiehventae gHanestuidastdd disorder. 23. The method of claim

22, wherein the reagent comprises bisulfite. 24. The method of claim 22,
wherein #%e reagieahosinplistdanedy winreietizyreas:thabpresiees otially more

cleave methylate DV\JA. 25. The meth f,.claim 22, wherein the reagent
Iz @é%%%é‘%b?qméﬂ a‘é%‘zi%%%ggtlr% éz)ge éAFéntiaIIy cleave unmethylated
DNA. 26. The method of claim 22, further comprising an amplification step

of using2fie DNIérovetaed{isjand BB phrrsRmBTiRg ) PYERFRRstep of
usingggégm%?&z' S8 @He S SHnLE a‘%!fﬁ‘iﬂ"’tﬁ@ eaIRibcadmsien is

27.  The method of claim 26, wherein the amplification step is performed
by PCR.

28, The method of claim 26, wherein the amplification step is performed

by methylation-specific PCR.

29. The method of claim 22, wherein step (c) is performed by mass

spectrometry.

30. The method of claim 22, wherein step (¢) is performed by primer

extensiorn.

31. The method of claim 22, wherein step (c) is performed by
polynucieotide hybridization.

32. The niethod of claim 22, wherein step (¢} is performed by real-time
PCR.
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by PCR. 28. The method of claim 26, wherein the amplification step is
performed by methylation-specific PCR. 29. The method of claim 22,
wherein step (c) is performed by mass spectrometry. 30. The method of
claim 22, wherein step (c) is performed by primer extension. 31. The
method 8§ clainTiZZniethedof slsim (2}, isvhadnrmenl (oy ipptyfureledbge
hybridization. 32. The method of claim 22, wherein step (c) is performed
electr§ipteiltime PCR. 63 33. The method of claim 22, wherein step (c) is
performed by electrophoresis. 34. A method for detecting trisomy 21 in a
fetus in 44regnanistiarido; detrripnisingaing 3lejpsaoki(e)inbtaingge woman,
biolo ical sample from the woman, wherein the sample is whole blood,
Comp%ﬂﬁ%}epﬁ% ,'urine, or saliva; (b) treating the sample from step (a) with
a reagerh}hatdiffagentiallygivat fiesplmitny et andniwhetbiv she daDipk; is
. (ﬁloa a%/zin% tl'gaalleles of a C%?-c,ontaining genomic sequence, wherein
whole Oge Gt BN S8 18381 % 5 nucleatides in length, comprises at
least ongiyytesing, thaddmpldthinasteni@h wittchrengesbihet 2iffematially modifies

herein.the regian cqnsjsts of (1) a genomic locus selected from the
methﬁ?%ﬁ%ﬁ%ﬁ%ﬁ&%’f%, phosphodiesterase 9A (PDE9A), homo
sapiens @ieilyrhasphatiseslofedipGienn @nhidt gensubustqRence, wherein the
pseudogene 2 (PPPIR2P2 imilarity to Fem1A iti . di
om0l DTSR R B, Sy s
withi:ad hegionomcleculestiSCAMy Chomos dmec2bopensisiadifg fragea@gic locus

selectl oA Toe ST S BT aTe o P SRS (oD

7
0 matre than kb upStream an nstre rom

sapieHa@loRis phoshkd) detérminitg dhe (atidvithedieled patveledore deiBHR2L2),
.., from that o oman caryying, a fetys ving 1ri 1 ingdi

T T Y

Syndroam béﬁeﬂﬁﬁﬁabﬁmol&ﬁzlﬁI(i@ﬁ‘ﬁ?ém@dcbf@mmrﬁd 2Whpesinetiinedgern 29

(C21 o%%ﬁrﬁgl%gar}%o%f nse %’ynfhetase (HLCS), and CGI132; and (2) a DNA sequence of

no more than 10 kb upstream and/or downstream from the locus; and

(d) determining the ratio of the alleles, wherein a deviation from that ofa

woman carrying a fetus not having trisomy 21 indicates trisomy 21 in the fetus.
35 The method of claim 34, wherein the reagent comprises bisulfite.

36.  The method of claim 34, wherein the reagent comprises one or more

enzymes that preferentially cleave methylated DNA.

37.  The method of claim 34, wherein the reagent comprises one or more

enzymes that preferentially cleave unmethylated DNA.

38,  The method of claim 34, further comprising an amplification step

following step (b) to amplify the methylated or unmethylated genomic sequence.

39,  The method of claim 38, wherein the amplification step is performed

by PCR.
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enzymes that preferentially cleave methylated DNA. 37. The method of
claim 34, wherein the reagent comprises one or more enzymes that
preferentially cleave unmethylated DNA. 38. The method of claim 34,
further comprising an amplification step following step (b) to amplify the
methylatégl or lﬂh@@ibmaﬂedf@ﬁimﬁi&, segusndke ARplilfieamethwehat platirmed
38, whereln tlﬁi lification step is performed by PCR. 64 40. The
by mefiuiRueweR %@ herein the amplification step is performed by
' methylation-specific PCR. 41. The method of claim 34, wherein step (c) is
performeid by niaesmspiestrofieétiy. 3 iteemethpdofciznodacd/he rens
tsteg;ﬁ(%) is performed by a primer extension assay. 43. The method of
Spee rgfg 4, wherein step (c) is performed by real-time PCR. 44. The
method of claim 34, wherein step (c) is performed by polynucleotide
hybridizafon. 48ha meetdeleiol A st Stispesfaamsormagmer
extené?ﬁ %;ophoress 46. The method of claim 34, wherein the two different
eles of the genomic sequence from the fetus comprise a single
nucleotide polymorphism, an insertion- deletion polymorphism, or a simple

tandem fpeat BBWM Shclaim ;&%‘éﬁ%ﬁ‘*éfeﬂ’e@dﬁﬁﬁgﬁ’%ﬁ %B'rﬁ?@l Alme

PCR. Pregnancy-associated disorder in a woman pregnant with a fetus,
comprising the steps of: (a) obtaining a biological sample from the woman,

wherein the sample is Q@ Iood_f, sm urlne rsa# a; (b)

etermirifly thel R BSEHE CRE T GO SR LSO e
polyngdanlee Whgtginatengenomic sequence is at least 15 nucleotides in

Iength comprises at least one unmethylated cytosine, and is within a

region opehrompsome et atbuherellie s g&g@g@é;@?ﬁé&w

genomic focus Se rom e grodp consistl
electrpptasphisdiesterase 9A (PDE9A), homo sapiens protein phosphatase 1,
regulatory (inhibitor) subunit 2 pseudogene 2 (PPPIR2P2), and Similarity

to FemlAy(Caengihabdiliziglegans)s@dntherein the two different alleles of the

genomic sequence from the fetus comprise a single nucleotide polymorphism, an insertion-

deletion polymorphism, or a simple tandem repeat polymorphism.

47. A method for detecting or monitoring a pregnancy-associated disorder

in a woman pregnant with a fetus, comprising the steps of:

(a) obtaining a biological sample from the woman, wherein the sample is

whole blood, serum, plasma, urine, or saliva;

(b) determining the level of a CpG-containing genomic sequence in the
sample, wherein the genomic sequence is at least 15 nucleotides in length, comprises at least
one unmethylated cytosine, and is within a region on chromosome 21, and wherein the region
consists of (1) a genomic locus selected from the group consisting of CGI137,
phosphodiesterase 94 (PDE9A), homo sapiens profein phosphatase 1, regulatory (inhibitor)
subunit 2 pseudogene 2 (PPPIR2P2), and Similarity to Feml4 (Caenorhabditis elegans), and

(2) a DNA sequence of no more than 10 kb upstream and/or downstream from the locus; and
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(2) a DNA sequence of no more than 10 kb upstream and/or downstream
from the locus; and 65 (c) comparing the level of the genomic sequence
with a standard control, wherein an increase or decrease from the

standard gonisglindicaips R IRSER ShiP'QYRSIIOR O 3 standard control,

pregnancy-associated disorder. 48. A method for detecting or monitoring a
wherpia gh dpripase s daterrsidiranthestandens annsidgndivalerithe fetsspce or

progﬁmiém&}%ﬁg&&fg&%@@@m%@ biological sample from the woman,

wherein the sample is whole blood, serum, plasma, urine, or saliva; (b)

determininﬁ the level of a CpG-containing genomic sequence in the ‘
sample, Wifereir tHacHasolon dgetinmee OB E 2 BrAgemMGtcResapiated disorder

in a YRIMGHA OMBASAHRLIRASE, eng ety Biedotasine, and is within a region
on chromosome 21, and wherein the region consists of (1) a genomic

- locus sel¢gfeditiom ihehRidEDRIFIE GO GRe QRP ARRARM T BHICIASE Y5
wholé%?m , Down Syndrome cell adhesion molecule (DSCAPI), chromosoime

AFERHIRG TR BT S @PRI51%29) | Holocarboxylase Synthetase
(HLCS), and CGlI32, and ( DNA seqguence of no more than 10 kb
upstream?@n%?@f%&%%g'@a@?' %&ﬁ%@%@&ﬂ&%‘?f&%ﬂ%ﬁ%ﬁ%@% iBvbe
sampid, twhegeinainigessuRnaewitbed siandsrd £anblebtiNdIe eIt athi HerRRSE:0ht feast
d% rease from the standard control.indicates the presence or progression
one I%c% gyga e

PG AR e S0S S ST GLS G AP PrHEFRATRIEE o eI &R Whegr gie region
consivdefein atgm@?qm a-e&&taﬁﬁﬂ_m %%ﬁ@&?ﬂﬁiﬁkﬁg@@ﬁ%@@é‘é&%@&
are t differentially modifles. met yat a unmet yate
red A SO B S RO PR LA s eisome 21
open bisidifiig ﬁmemqmﬁﬁwgwmmm&wa@é@mmagmmﬁ@@pB@, and
ore enzymes that

ferentially cleave DNA isi thylated
) & BNk B3 S Bl P SR AR SEBGERT EBBRRE s end

or more gnzymes that preferentially cleave DNA comprising unmethylate
. cytosine. %%?%ﬁ%%a"n%%%ﬁlg% SY%Iglrﬁlg’ﬁ%nro RV AR (%gftgﬁ‘gﬁ]’ﬁﬁsiggg
whereimplificaitasereadtionaddf dindlm ethabldf clairol58divitesdir thesence or

mplification reaction is a. O%Ii/ erise chain reaction (PCR). 66 55. The
progrgssx ¢ %%T%ﬁ%%ag%f \E/\‘vﬁ%g%#ﬂe & ’(‘,?Ef‘is a methylation-specific

method
49.  The method of claim 47 or 48, wherein step (b) comprises treating

DNA present in the blood sample with a reagent that differentially modifies methylated and

unmethylated cytosine.
50.  The method of claim 49, wherein the reagent comprises bisulfite.

51.  The method of claim 49, wherein the reagent comprises one or more

enzymes that preferentially cleave DNA comprising methylated cytosine.

52.  The method of claim 49, wherein the reagent comprises one or more

enzymes that preferentially cleave DNA comprising unmethylated cytosine.

53.  The method of claim 47 or 48, wherein step (b) comprises an

amplification reaction.

54.  The method of claim 53, wherein the amplification reaction is a

polymerase chain reaction (PCR).
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PCR. 56. The method of claim 53, wherein the amplification reaction is a
nucleic acid sequence based amplification. 57. The method of claim 53,
wherein the amplification reaction is a strand displacement reaction. 58.
The method of claim 53, wherein the amplification reaction is a branched

DNA amphficatignd gagten o3P lThesMethadiRtRPOR & aridhwasringhefic

level of the genomic DNA sequence Is determined by electrophoresis. 60.
PCR.The method of claim 47 or 48, wherein the level of the genomic DNA
sequence is determined by polynucleotide hybridization. 61. The method

of claim 4¢ or 48Lwheai thechieg fansassotiatedy diRarttar isaction is a nucleic
preeclampsia. 62. The method of claim 47 or 48, wherein the

acid sgRGReHESSEd SMEF f order is preterm labor. 63. The method of claim

47 or 48, wherein the pregnancy-associated disorder is hyperemesis
gravidar@n. 64.ThHeenwikihbaf olaiaifd 4viords thetrerpinftbedion reaction is a strand
. regnanc -,?ssociated disorder is ectopic pregnancy. 65. The method of
dmpk&%ff?ﬁ 6748 wherein the pregnancy-associated disorder is trisomy 21.
66. The method of-claim 47 or 48, wherein the pregnancy-associated

disorder #intraliterimethrdvoiriaimddtivhes i heemdifsaliondesatian & a
bra_ncﬁgd %ﬁ%lﬁ%awgg@g&%ﬁ'genomic sequence is a CpG island. 67

50 The method of claim 47 or 48, wherein the level of the genomic DNA

sequence is determined by electrophoresis.

60. The method of claim 47 or 48, wherein the level of the genomic DNA

sequence is determined by polynucleotide hybridization.

61.  The method of claim 47 or 48, wherein the pregnancy-associated

disorder is preeclampsia.

62.  The method of claim 47 or 48, wherein the pregnancy-associated

disorder is preterm labor.

63.  The method of claim 47 or 48, wherein the pregnancy-associated

disorder is hyperemesis gravidarum.

64.  The method of claim 47 or 48, wherein the pregnancy-associated

disorder is ectopic pregnancy.

65. The method of claim 47 or 48, wherein the pregnancy-associated

disorder is trisomy 21.

66.  The method of claim 47 or 48, wherein the pregnancy-associated

disorder is intrauterine growth retardation.

67.  The method of claim 1, 9. 22, 34, 47, or 48, wherein the genomic

sequence is a CpG island.

67



