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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
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mher ei n
c&ﬁf)ﬁéerﬂrfég)r ‘?hcﬁ‘é {1) t%?é&%ﬁleﬁtliﬂép&e{\?asna%ﬂlppﬁl&g or

sample iIs
uslabﬁhvlated(dy}osdet erm n| ng the |evel of a CpG contai ni ng
genom c sequence in the sanple, wherein the genomc

[6028 €16 Sorhé e@bodihRAR! stdp ngf) %SEgﬂgég%sarﬂylﬂcM H:gc’uon such as

conprises at |east one cyt dsi ne
a pplymicrasg chaigirenstion (RER ) m’neomﬁy 2yethyldtiohgreeific RCR. The

o G BIRKRA Faad oty e T RACRHC s eSS aime esdion.
st{dnBfdigplaceeiMtTeBHIA! HBRnEIRIJ Dﬁﬁ%ﬁﬁlﬁﬁaﬁ‘&{ Rt (I?%%M
noso 21 open readin frame 29 (C21 otf29
mgwﬁ@am@f)% |leé(§bof$§1ﬁ geramis %NAIL@FHCQ;I; deeanired, byamgl/ qf2)
10

clEotrchy reé%%‘f??%%u%oﬂﬁ%o@%hﬁlz% B8 (o) compari ng the |

I h dard

(7L e The migtioellE Mafble BF defeimgcns snomiionng AGugthan depigEnAncy-
asS6dAtEQ khsbfaﬁlfsc HeRRlid e&flﬁﬁgs}& ﬁargé%%g,gﬁ;yﬁ%@gs}g bravidarum,

pregnancy- associ at ed di sor
eqiepi¢ R0V OBE6RY 21] aeRigjrattarisopewdnhadiativnl s, step

(b) conprises treating DNA present in the bl ood
[0925]p| B the stk tiRadpB@aTMhis ikvahtioh, faf BB FRldbict

nmet hyl at ed and pﬁnmst hyl at eé ‘cyt osi ne. % @Mﬁlgﬁtomga
Pragipngyapiorgtedistisonderan a wagpan nremw vihpifetse ?ﬁhemthodo re

coﬁ@ﬁﬁ@?&& ts%% yf é@f o%rteﬁﬂltn:galklil ﬂﬁ 81y W%?ﬁéb%@n%ﬁ?%em the

saamieyrm@oﬂé‘lb\tboqurseﬁﬁt eitdsh)l, iing; o salEya W d6te iRimirl A8 level of a
net hyl. ated cytosine. [0027] |In sone enbodi nents,

CR% &pug é’}ng:%erﬁ‘.;}ml“s RRQUEREeA S Smpie, vehereie Histgeopmicsseghenss is at

ledst P9 hﬁcﬂ%tﬁ&@ iff féﬂ?@l ide@ %11(:? Bhe Fl%flﬂf?aﬁ%c?!artggg e, apdd is,

nmet hyl at i on- spec
witlgip aabgion be chromﬂsbme Qlam@whe&qn&]m&ghﬁ&ﬁdsmts of (1) a genomic

tofBelebist Hoah s edpunt scodiohohof BGRiorarbpm sedhsrase 1 (CBRI)
DEWDSHidBnt §ell &M@sdoﬁ%ﬁ‘dze&ﬁe L A8 de;ndé’!r}%}e S PUER iy

det er m ned el ectrophoresis

frcrmq %(@’1’]@0{2&% é{q@qg»rbcuqykae Spithetase (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.



[0028] The nethod is suitable for detecting or
nmoni toring a number of pregnancy- associ ated

wele®onsass, including preecl anpsia, preterm | abOr/GB2007/001627
hyperenesis gravi darum ectopic pregnancy, triso

[0026] alncsoimetanzhodiments stppdi) bomprises traatmgrDN{Ach@}lt inrthe blood
saf Vi ed aabiOutt GRS LR B LB iR

cytdriaeC OrHi feldil nh§ ROMpEise BIRUIENS &r itﬁn@ﬂdﬂmpiﬁs @ﬁe or more
whereas in other cases_the CpG containing genomc

engpejaethetrieiyeniially slease DN comprisier mpthylated) cyierina et Hewny
Lp , out
kBt B GO BnLoL rRABERNT T AR SRR
ureidipdite@oyesinthe nmet hods of the invention onit the
step of obt a| n| ng the bi ol ogi cal sanple fromthe

(42BN, e on g\ﬁtg Nyt nép[{@) c%f)ﬁstes bfy Gin gﬁﬁceﬁfo?ﬁeéd'ﬂf&x &Rh as

carrle her disclosure In
a pdﬂymelaa@plham wacmn ﬁ’(ﬂﬂ); espeadiliph methydationespecific PCR. The

e I R A SRR R T
stf 'nH%ﬁ P?a%&ﬁgﬁt rbdbtibh] asbﬁﬂaﬁ@mﬂtanﬁﬁﬁ@m refctioRt TRAomef

efecting or nonitoring a pregnancy-associ at ed
erlbstimeats, the lexelwfithe ggrosjn BN A wequiencesis feterined bpraysifng

elﬁ&(wf) BR of bab e B bRtiadp) o7 T TN Hhe

uence in a biolo |cal sanpl e fromthe wonan,

[(m eiThe pigghod dmpitablesf ks Q8 GRNIQERE ANUBIbEE pfpTegnancy-

e

edtbpit preghinics] iri)éomtzhyduﬁi 1ﬁdaut"eh1&r glowtldiesdrdatipmi. shi ng t he
enom ¢ sequence fromthe 8 WO 2007/ 132167

g
[OBE%]I ng@g@{ (%Q%ﬁé %s\éﬁllniﬁoerﬁqu Wiflfin 9B ARG BERABE EbdvelM

wherei n the genonmic sequence
Cp6 isltnd mag be ngedmscthGGpGet@stalmng gergmw seqeped igi sageaases,
east, one cytosjn and is are
whiEeHBOg RS S b maRaiing Hnoptt EneER SRR b (g
istipgenom ¢l ocus sel ected fromthe group consisting of
CA 137, phosphodi esterase 9A (PDE9A), horno sapiens

85850 s BT R3O Rl Gl WY GOk ny
sté bfiﬁl thé olagg&nthkse @ﬂ:&ﬁﬁems,ahb arytlods péthedhestion
1 (CBR1), Down, Syndrone c eS| n nol ecul

omitmanipp ofekiamingthebiolgic i s iYFRIna, apdstoy Withthe

i AR YR A g ?gﬁéﬂiﬁﬁﬂ“%‘?ﬁh‘aﬁm@ Dlonanin b,
apihiieeappdies tquallgoovisse embodimentst dxseptovhesy thepntext clearly
determ ni ng the | evel of the genom c sequence from
IqaHECS IESV5%nd (d) conparing the | evel of the genomic

sequence fromthe fetus wth a standard control,
[0026B¢ i Thusythe methed 6 ther firgeaspeside this erbediment basamess a method

og{f%&cﬁ% é’§ In‘gogfétgﬁ%lgﬁ g%ehggafug %@8&&68 ﬁlsg{dggfneas\%bﬁ)lgn &H‘e gﬁant 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



[0029C] Simlarly, the nethod of the second aspect in
this enbodi nent becones: a nethod of detecting or

WwWOorRWrtsalbhg a pregnancy-associ at ed di sorder i NPEI/GBR@EN001627

pregnant with a fetus, conprising the steps of. (a)

wqmoan andehy geromyic sequgneeno Etusdn thy ssimpdg, c*elmr@aﬂ}ﬂ g@nomlc
se%&elnc%shf bei agﬁ?&w%@&fﬁ%% fglrléﬁsgn C%H'R) 1§1ntg t)ég (ﬁp%b}%‘g%&a}nd is

wigteih h@édibman alitomdpbié 2¢ airldﬁﬁhd‘rﬁﬁ@ﬁd @Qoﬂ%bﬁl@sts bhél) 2NBnomic
fromstep (b) and two prinmers to

oGl o e RPN e GRRE)

ho?z%ﬁ%?{égzgg} ?zﬁ%hbsgf?z?ﬁ 507 t%#ﬁ a%? "(tgzﬁz% prsslugmﬂi?th?gseg{dogene 2

(PP@gREHZ)QSmammymsEmlﬁ ({Cawznﬂaabmm reéagnns)h@(}flw, omwbonyl
regieiis IO bt SO on edhadisnion gt LY grd

chk G321 ﬁc@ﬁ;&§ﬁ§3n9 not ébfbiﬂwsﬂﬁagﬁ*ﬁgxﬂase Synthetase

regul atory uni t” 2" pseudogene 2
(HLPBP) a‘ﬁﬁFQX}LBEl amidl(Ay a DNA seqfﬁembmf 0 Gaan dtramaldolcl ugstream

o OB T RSk oRn EEFOH GETHEE PRt pT B B e
freet 1R s AR H?j@orﬁpr&ﬂ% RO 1vEI2F tRE EedPnic bfuesay fooh thfefus
Synt het ase ( and CGl132; and (2) a DNA sequence

widh a stendasd eontmlnw @emtanupgvpmmdamase drog thestandard gontal
infifit PE Bijsef °&|Pf?gef?sésh‘%“| Sy SihePRte oot

fromthe fetus; and tiﬂcorrparlng the | evel, of the
e

(08284 ] $m@hlrlgoﬂx9 inesiihast of; the serond Airect iadhis smbadimesibegomss: a

oy Y Mo U DB b0 5
prpgaacwitk adétus;rooglpelsmgdhe stkpscofp(ad foraitiey|; s)stoctiag @NA ofa

di sorder. 007/ 1321 7 PCT/ GB2 07/ 0016 [ 0029D]
bigjogicplsample irﬁ@ t WﬁB@no’f" IR they530ap sgsp%la]l %ZPO@hfegum

pIEFRL AR B sali6 s QNES bis@lfitdIRENIRSohAIedRl Al iRt action using

monrtoring a pregnancy associ at ed di sorder, conprising
the BNA ﬁpep&temfb) a(l@)W‘P priivetsed amplif) a Cp@actqnt@nl@glgemm@

bi ol 0 e f.romthe .wo nple
seuhsR o e Db, HavEp e AL gy 1 A dugoude i) Bl T
confEeNit léd%ﬁbne @ytésfn@er aﬁa isfvithin ARedibh 68 chidhivsbatad, @mid

unnet hyl at ed d\)[ eterm n| ng the nucleotide

whes qméh%@gmn Cé?n@p %quilpmgc & Qgtegéq;q@ iRegrppp gonsisting
o%@ﬁégt ;)hé) e}f\ﬁ' %ire% egaster@l w Choc‘)ﬁtg @?{rg é) ?z‘eﬂ} npﬂzo%ﬁﬁc;ta.sjeSJ

en t'h, conp ises a
re\%zghﬂﬁy W@hzﬁa‘ﬁ@ SuBunit Bbsdudagémga PP RIR2£D), Simidaritg t@ Femdd
erein the region consis
(t @’él”@@f’é‘é‘t’f ?@&ﬁ”%s}lpé:%wgpc%‘ ﬂ’@i?gqcmq@)sgg (%g;@glpown .§yndrome
in
i Aﬂggﬁrz%fethfe%CA &4 y s o e EPBPW? gy,cp,yeojga

at ase regu I tor uhi t

((1173 ezﬁl@)g Hw@cﬂr&d@ﬂaiﬁi)ﬁﬁbqtaﬁl (MDC’;W,I anyl Q(HlB’é,remA (2) a DNA

IR RS e AL i o5
ﬁMeast SRS Epranerd BEUs R e iR gtfoliedeqoénce

, Hol ocar boxyl ase Synt het ase
from the fetus; and (d) comparing the level of the amplified portion of the genomic

sequence from step (c) with a standard control, wherein an increase or decrease from
the standard control indicates the presence or progression of a pregnancy-associated

disorder.



(HLCS), and Cd 132; and (2) a DNA sequence of no nore
than 10 kb upstream and/or downstream fromthe |ocus;

wa@pa7(sdieronpari ng the profile of the nucl eotiPEr/GB2007/001627
sequence fromstep (c) with a standard control,

[0 ]e$1mﬂarlahfan geethad affie thindraspest frr bim embedimenthaeqraes: a

ST T -
ste%bgbffc(@) [@hnfté’tﬁ (lﬁtl’éﬁﬁhgaENﬁCéf d Wlololglcal sapdpdelfromthe woman,

cones: odfor detectlngtrlsony 21 in a fetus
whegein thsy S@grpémts Plood.sepimi.gilasgas RANepresghiva, gith g gepgent hat
sSSP By s Sy ST o e
nupleai@d@sequéncefarCptoniaining gehomio eggent fiohastep (b), wherein

differentially difies th |.at ed _.and unnet hyl at ed
th @@won(lwe%ﬁmeylf .anga%’fﬂé e loptiess 1%§en§th@ﬁ@1pfd§?ﬁta5?éﬁ$tr?§e

yfbg ?}@5& %ﬂglc ateg eﬁg@{ %%B%%@P%ﬂh%%ﬁéﬂﬁ%q %1b§ cBsists of

engt conprises at Teast
(1 pmgeroptio $ocue selected fremvohd: gramp aonggingof d}GHahmdwmmesterase

oA Gl bt ot gl b Rp i o i o g Sy

psPRRROS '(FFPPRZI%? %zzaf’%%@emmo(meﬁ&mw&ﬁs ez@g@w@mow
phosphat ase 1, ul at of c(ll nhi bi tor) subun

caplpsplivioyeine: 2(@3& LR@WZ yndrg mﬂqearddhgszqmnpl@mlA(DSCAM

o T S R SO e

HIJZUQSQ’%&‘U@II@Z aﬁﬂQQ) a D@Hﬂdkélﬁleﬁde&ﬁﬁloaﬂor(e@i’ah W lflﬂ@stream
Hol ocar boxyl ase Synt het ase (HLCS), and CGl1132;

and/py dgwpsircaseomtbe losps; gpd ﬁ@rt‘@nmaraﬂg thy H(Bﬁlﬁﬁﬁheég}gieot1de

se@%@&%@w J ﬁrt%{(:@gs&&n 1 % ?eget o %?%@K the Iﬁoﬁle from

thé atandard tothed imditaésthe prlseroeion progtesgioatof alprégnamﬁ-tsabcmtbd
a woman carrying a fetus not having trisony 21

disgideteat es trisonmy 21 in the fetus. [0029F] Simlarly,
the nmethod of the fifth aspect in this enbodi nent

[0029RinBEnilaaly, thetthasbodéf tHe fauthi asgead in thimgmlgndimgnizbecomes: a

mEhORI Hlsetes TRomyAIsnAdeEn e s PRaBiriorap BOBRTRL e steps
ofl @) [SBHRATT(B) t'B&tth e bﬁcﬂM%ibal s@ﬁan: fERPIEORbRBR lvﬂﬁ:r@ﬁ g gagnple
sequence 1'n a ogi cal sanple fromthe wona

is wheteshlpod, tserugm pismaj EUIWI‘RTI salivs, 3 a r§@$qmmhapdlé®ﬁwually

T s T A vy G, SRR n ROAREFof 2P

contiifihp gbiadred seyiiensd, Wehereii chel @n\?hlnidﬂetlualce watdasasohs
chronosone 21, and wherein the Iﬁlgf{] si sts.of lél)
nuglegidemindengsi compaisescat depst 9%%9?&16@ 15 VEHHR p 851900 f

ch%ﬂlg;s”b&e 2Phns %@f&ﬁﬁﬁﬁé@@gc@ﬁm@&@ﬁ Jb@ﬂel&%gtsaeaed from

elrn os hat ase (1nhibitor) subunit
thQ gnm@uxzmgsm@ é?f CEHBT RFea)yhodaster &ierd é‘fDES}A)t borre sdphens

(Caenor habdi t i sele u
A T e R b e e )
SihRIEMSy 10 LLICIROMBBHIY eleBbns) 8VE1009f cdrbéndpaniide 1
(CBR1), Down Syndrome cell adhesion molecule (DSCAM), chromosome 21 open
reading frame 29 (C210rf29), 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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sequence wth a standard control, wherein an increase
or decrease fromthe standard control indicates the

wW@e@3asme7 or progression of a pregnancy-associ BCEGB2007/001627

disorder. [0029G Simlarly, the nethod of the sixth
loqisngli(d) determeiningibeiratiornd theeadlstpsswheseinpedayipgiogffrom that of a
wOEREGHIAG, Ofen G0 h&&lhggm%rn@fﬁq%@g%s ARG Al the ferus.

reg conprising
t he steps of (a) [om deternmining the | evel

0§y e b et Gl %ﬁft% esseh e SO ergres) o

B i L

prepranivith s égus mompnsmgtthel ﬂqstofl('é) Eunmltted)]t; (Deletdrmidiegtichcvel
Cc I ses, at |east one neth ted. cytosi and is

Of SRR FORAIP Bl BSHODHE FHRBIRG S OREC A S GREH e Hunan

wﬁeﬁgh% RPN Rtwhdid bl%a g g%m LRRIS: ARYE GiIRGeih HiRM
the group'consisting o , carbonyl reductase 1

ge(lm}:qudmwm Byendt bﬁnucdmtlldeamﬂelgtb,rconmrs@mtdea(smm

oSSR E iy s SRy ar g of Al Caom iR abhergi e

reglaa céhsERYo 5@ Y HeBsdmR odR seléted ﬁbmn& rdd@ d@ﬁﬁbﬂi@gaw CGI137,
nd/ or downstream fromthe | ocus; npari ng

phmélori@v@rase 04 (R Efeoheneo sagwagfﬂf@n\mhpfp@t@? dncearw&zfow
(m%obg}ﬁ dg ué)u r#t%lgzgcfo ;ﬁé d.?‘ gﬁﬁﬁﬁ&g}%&, a%ﬁ%r;%ﬁiﬁty t5 e

(Caémh@ﬁﬁdz@ﬂegdnsﬁ apd €YD @q&me @f ﬁd nfbrs ﬂradalo kbhibst@m
2007/ 132167 PCT/ GB2007/ 001627 BRI EF [fEWgRl PTI ON OF
angiqedeyepsyestpodioiocks; gud &) somepidng te e obihsgeremic

seGEAYE RGth 2%t d ohi61, kereit S irads o@d&réag% frgllrngg% OanBird

nong paire acentdl tissues and nmaterna
coaedl 1ﬁd1catbmﬂ1e\preh¢abe @nEogiessimn efracpragurney-@skoaimtavishsardhe.
first row, with nucl eotide positions defined relative

[0629(9]*‘31%111&11‘ ?76th% %tﬁ@tﬁoﬁtﬁé—hxﬂf asg&‘i‘ iR YA &R @dcdoa@t 4)

assenb Genone Browser. Each subsequent
metbod d%ciﬂtzntmgtom mqmtpnyg apiegnansyzassesiated digersler inea @pl@an

i Ce B Ade e seT drge s Gy R EE T RhRe e fove

of Ut Ryhaingsh £Ronfit b@fendeds ReRd1bYEASampleoii@s the @oman,
pl acental tissue sarrp es are |abeled wth a pref.x

whepgithe sgmpleis Wende bloodoserymrissma, uan% sadap) Whetpia the
gegﬁggc ds%ge%{ﬁc;e & 1958?&5 YuclBbtlles 1rﬂ| Qﬁ]{egsrt Bal

Pfomt he sane pr egna t |n i vi dual are
méttgated feiyediney andlie withimb repgompdrechromuiyene 2 blandwihecein the

reBloD RIS B0l AcebUBApRgHaFied Siont s e aesisivE PGS
cdrBn %/f %u?)a?& ¢ Z@BR M) @W@hﬂ@m UeAUINERH nﬁk@meZESﬁHM)

eac tudi’‘éd CpG'sites W thin
clw”wgomme,&]mn(ra)dmgﬁgnmr29ECQAU}’ZﬁsH()MéaBbOdeW@sSJHﬂWéﬂse

R R GE @R E TR st ekt oSt gk (B s
arld/dr do®hsthdign HafBie Miyis;28Q4c ) doghbéling #edawdl \of e denemidCSC

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

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

11



Genonme Browser. [0032] Figure 3. Box plot of the
nmet hyl ati on i ndi ces anong all of the sequenced cl ones
wo oro7nsmepl acenta and mat ernal bl ood cel |l sanpP@BEGBRI07/001627

each of the studied G sites within PDE9A anong
t hi rd-tri me BRIEFAABSERIZEION Ofreldile PRAWENF2nci es f or

[ A . j C_and r eoN .
0§ ghe< £ EMhiRd and B Sopfen ¥ SACGIEST €9) Bebidn 4
addr@wegmlla @hfongipadsedgilfceeditiBsneds agdwhateridldlood cells.

nucl eoti de, positions relative to the reverse (?tra_nd of

Indinidmpl Cp@ sibeagrg pumberpd agross the frghgaynwith luslgpide pasitions

SRR 3f 28053 PR SRR 00 ] sty o
théU@?ﬁG&?o&xeﬁ Bizol)ws?; o]gz;dgi %‘855 eaEenic rel algpiv’g thcf: metﬁymi;crm rsvewsd

: + .
achshediot HEES b piryici DOV RASPUESolBN R bopigy el and
unglggg @ggggﬁeggeggg%n&ﬁyﬁfehf%n@ LAREN ate@r@gp@@ft@s{ Rabedverd

r each of the studied CpG Sites within
Cloagy foom plaoéntERRERS Rnplevarg l4baled with a prefixi“RE, ewhieithose

s gl ool AT rE AR Sint PR e Rhagptl b hterna

blOSEENR BohEthe sABE ?Fe@%lhﬁlein&ivﬁ?ﬁhﬁare ideatifiedby idbuatal Rple
sites are 12 WO 2007/ 132167 PCT/ GB2007/ 001627

nugiehst frikemang thet BLNVedr“ MY "eot i de positions relative to
chr2l :36,180,493 (+1) of the Human May 2004 (hgl7)
[0asgePighred. Bog pliiSE the ndiyliion\Bdices d{biglalFofaliee 5.

Box plot of the nethylation indices anong all aqf the

sequeped clanes fayrihe plagenthandmagarnakbland celhsamples foy ensh of the
| ] t he: i ' it Ri.n,_
B8 RPNy, COTIYH, R AT Bl ot e
ax{BYhe indiegivahCRG skes as slesipeated with gheittheldotide positians rélative to
g ; t th thei | 6ot | o
crpet o2 SO B e e biey oF el wpor b SR NNy
G%Q%“Ae BicR@kY) assenbly of the UCSC Genone Browser.
00351 Figure 6. Box plot of the nethylation indices

1| of th . for th t
03" Srfbred okl SIF REThYRLET R arlot A fEAQ' °
seqbileAdIdRE 6 fRLN dnlfd An i A61%al Hloba@ ell shplesdoi €ach of the

the individual CpG sites are designated with their

stndiel nG disespwithin BREIAamang thindotripester andfry=frimester
+1) of. the. . .
islio s fof FeqibhiAE(h NN 5 4148 (ChnB TGIRI YeoSin ER), For

Fi 3@%%@8B9ibrbsrsdh@E—&x&;’rﬂmg’ncﬁt/idudfcp(h gitessipe| desigmttdovidntheir
or the placenta and maternal blo ] I o)
ot ol Bl B s e e PR 1) o
HLAIH Magfsﬁ)oé -(h$°1°72 ASR i o XthEXI S C EBforh & Broalnd PG, 3C
re destgnated

sites W th their nucleotide positions
and3Rtrielatve © th fAvarBSr@@3f5BA1: 42978, 08 ¢ foukien 3Nusplative

0 PSR Yol USC Gernome Brover

[0033] TFigure 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-trimester pregnancies. Across the x-axis, the individual CpG sites are
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[00371 Figure S. Box plot of the nethylation indices

anong all of the sequenced clones for the placenta
wa@ea7msxier nal bl ood cell sanples for each of tPEr/GB2007/001627
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segERorAelaaen Forihs lAceni and mapsrpaEb A elb?%ﬁh‘&ﬁf‘” cach o the

d |
stﬂflﬁﬁg{i \C’ﬁ Silt%s vtkin! (%ﬁ'@g)rz_)fl 'r@t@u‘?&’sc '[1 qﬁ[@rﬁ)s%%% %—;@gﬁlﬁw ri'%kggﬁﬁal
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[063F HigvreRaBen pletraf the mlethylation Bidiess agomgalipfshe
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cHFPl41f139% 75891 théHﬁHﬁWayTilﬁmc{th? R&deniN Ao SBE UAIEE
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GapBisBtaysenr e identified by the "++" sign. The CpG
sites are additionally nunbered and the nunbering

[0095] EFRRRE9. BoxipIét ofithe Miedhyldtion ﬂflﬂces%(ﬂigchlirﬁbﬂh@ 2A.

QIt osi ne residués which are not Eart of a
sedinpuesidectonied dorthe placeata and amterpahblood cell gatmphq dor each of the

stusf%dcépeé lk%ss Mtﬁﬂ.t @2?09‘% rAc%gssS[ﬁgy %Q&ethe §ncﬁ91§lﬁg @ﬁb tsil't]& are

designated with their nucleotide positions relative to chr21: 44,953,288 (+1) of the
Human May 2004 (hg17) 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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assunption that all CpG sites are nethyl at ed.
Alignnents for the forward, extension and reverse
w@eiongsd6ar e shown bel ow the bisul fate- convertwr/GB2007/001627
sequence. [0042] Figure 13. Mass spectronetri
acossithiedigss row, with nveleptiderrasitions Nefiusexviatis ’Ei)s@é%l 44,699,072
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ocar egl o . region Bl
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wo 3d trinester normal pl acentas ( Nornal N 3rd),
stugied Op& bites withimeSGEI21. reressiilg x1gkigotdie mw@u@m gites are

I
ocE B Vi B PR RLATNGL T MRRP BLADPLT e
HERiEMag 200 (Kd19) apprblyasfake UO)S(I @amfeamioe«ses i ze
di gesti on products. One kb I adder (I'nvitrogen

O, FELniagiag W iy sl
tatgdti&g:rthe lﬁﬁnm%ﬂd&teﬂ&fenﬁ o2 CGIEPB‘N) The nocldstidetsequens¢ spanning
No | . PLN
b e e Tk R Sy BB
b1§1ﬂﬁ{éec%fn%rté@steﬁﬁ&ﬁla @ip@%‘i’teQ@tje i@erkiBidfl by tgoaty” s1gﬁi‘r'ﬁhe CpG
roducts were digested with (+)
sitab hﬂ&@ddlt(oan)BBmhbétreémfﬂm numbmgngmrrﬁ,spmdsdﬂ ﬂwasn Fig. 1A and

DSETTEAR 15 APBSRLA R Rt B pRPE Bttt

idGRIeatagth <. Chkn (Mhe cldd %@ulﬂ%e-@@hvert%ﬁ@ e basddson the
[ 0045] "Fi gure 16. % anaﬂ{sm of CG§€L4132 Two

assumgtmmhmalbq?a@éﬁ@we ety lated. N ligaraents £ar the forwatdepxtension

i arTeate PRES A S bR, hpg{.tﬁﬂ@ae el fgdanest e

trlmester mat er nal blood cells Buffxs\float) wer e

[08d y Fignre bERrMiass pectromedric traduss ddhghpmogeneoys
{ N(]{}ssgibu ktlﬁgﬁ}’erf?nmet té’ﬂaf‘(ﬂ}ﬂ 6t QM IR Results for the
ected t §

ppear ance o he smal [ er size
puie gmsentmerNyAr ochterhal. buﬁﬁy@okttDNAd SN ((nlatwmatl boffegoat

colagerel GO ke Bt g eosro ey FrFERRRRG G0

teﬁllpgﬁ‘e E(ﬁﬁfd?@(l\ﬁ?c%@ JBown. 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). Holocarboxylase Synthetase region A, (B). region B1 and (C). region B2.
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pl acental tissues and maternal blood cells. Individual

CpG sites are nunbered across the first row, with
woemastistde positions defined relative to the PEVEB®7/001627

strand of chr2l :37,274,682-37,275,036 of the Human
Twniyisong2 1 (thegentas éE%leHbNy teyp 1§ tramestsmonehilaeenBis(onnal
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represent methyl ated and unnet hyl ated CpG sjtes,

() @rs‘ﬁvél@qut\&é|3ﬂU prsee. (PN methwlafign wes detpeiedrhy thegppearance

o BRI ULBREbaRie, S4) APRNAL BLARSI Rk g 0
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PIMEES XGOS S e 89 B 1 Caliaer s ﬁ%v@”co%fﬂ
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concentrations after restriction enzyne over t ot al
D¥é&mghylation vas detsctdd by thei appeprancetof éhe sieadler eng d@estm

oo, o Bl e ERERR BelenCX0s) DEHAG ARG oy
cléubbhoreqat is | abeled as "MBC." [0048] Figure 19.
Fetal -specific HLCS detection in 3rd trinmester

OB Fiors P EP SRR Gt 56 ey
PION, gwis & fri)steraiokyihlalheentas @sinidl PEN EYf twacd'! trimester yoemal

S e B N b
wéd agﬁ?n ;] CR?@‘BHIH&§ e cﬁg%sns ot 'wuﬁﬂgt @BMJ IT e,

use lon react , are labeled as " (%)
DNaA mbthylyahom walMdetlecte g she appsammciemfmhe snadlemsize td@atucme nt

are | abel ed =), I NL.T. 0049 he term
ot Adne AP e it ipedh Pk CAIAD R Heed HpdtS
cléRph&@bison, refers to any condition or disease that

may af fect a pregnant wonman, the fetus the wonman is

OB e 3. BT U R RSB s

pRcéntil tissdest zhfﬂénﬁwmﬁlibloed gells. dﬂdﬂviﬁl@ahﬁp@ RHAECH e ofmmbered

delivery, or may last the entire life span _of the
acress (e ﬁl@‘[ 1%\41;81 qlchqu],dp pﬂsmg&@@%ng;(giaﬁ}vggo the rgverse strand of

cHb £gRanE 882"‘§§,995,@F99f§fe thf Qb(?&ﬂglg??} é%@érﬁbly of the UCSC
pr egrniancy, ~preeclanpsia, prete and f
GetonosBsoowsat. Edmhmubmdqm&mtarswsmplhtsahe met}sfdm;onznatus e[cms Ofe

Cp@ﬁ%@ﬂ%?%?g E)gﬂg quo? e 1%6&5 &%a} H Efgf ﬁfgkﬂ circles
rebRE&k n¥ihy1feld AR ARRBINDIRI @YG sm&; febls&ﬁk/elgru ¢ho@s ffom 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 numbers following the prefix.
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human fetus or a pregnant woman. Typically, a

"CpG cont ai ni ng genom ¢ sequence" 1is at |east 15
woewastistdes in | ength and contains at | east OPEI/GB2007/001627

cytosine. Preferably, it can be at |east 30, 50, 80,
[004Y), Higore I8 Quastification3ddTHGE DA fivas plagentahtjssnes and

SRR o by B N
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500 bp, 200 bp, or 100 bp. Furthernore, a
redeGp®, @od exei labales] api(o)i io thepiab Maeck digeptierrcwithe sngyme

nucl eoti.de sequence transcribed or not transcribed for
tr ﬁ%?gﬁﬁ”ﬂﬁ%ﬁﬁ%iﬁgh, and the nucleotide sequence can

be a protein-coding sequence, a_non protein-coding

sequence (such as a t?%ﬁ@ﬁ&}ﬂ%n promoter), or a

i Con v § el S
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W@m@qﬁéﬁwmgwga%gwcﬁ@m o ﬁ?%}usc &eeh Eéﬁ)lé:l@l?ﬁr?ﬁéﬁeae? may
: : - 14 - 4 hbed
ol PR TERB M8y 10 s
debiusty, tremay laktethe entii©0ife sprnedthalfetisitolloweng tits biftia sSeme

s Sy g R,
pré&iinpsit ipretémiabor, 880 f#ARhDHEomdPibhbriaARs@atl Aewisény 21.

CpGisland less stringently as a sequence at | east
n 0@@&9&%-&-9 Eicthid geeﬂ 09aPusal Biafe! relfidtatb HQ%ment

mggﬁco%te t, andlénggtF/ECEe at i o %reatqr ;h%n 0. 6. ?ﬁg
of dNAepquente a d'dfiBed $dcatiatl in the getmmemoSunipdiduabsuchsed

in thjs application, is.one.that~fits the G islan "
g el oF R Brest Rty aFSP e B Chbiisdnlpiing Bopiaic Sflence
is 3VRhdt a8 lnRc oI iR 1dn@ PdndioRMiRHE 1AeSing e thsfrel Preferably, it

scanni ng chronosones based on the above, stated

capbietad Feast, 30e AESOp A% 140, 2Ws 859,91 38@ pasledtifenielengdiang

HHHEEES, 1090 20 0Ll 58 besopadontin

ge_&x@ﬁl@cﬁ@qﬁg;car l@tcmgis(en Iﬂnetidf)rn @i gh,ivdﬂﬁh f&l@gﬁm sdniriteg arnanbalgiven
in this disclosure ar rt ef i t hei

2Bt SPLARIFIHGIMEERBRT-L Gusher @%rps‘rclélégg (ﬁgﬂ 5% ; ﬁ9{A=_CGIOO9»

etxzrﬁb%ﬂti@é‘&qﬁ@rﬂz'e%ﬁ%oﬁﬂﬁaé%t oM SRR3R ko 18RA&UAP Bnd from
relative to  the chronosorre 21 sequence of the Human

alidheyto2010k efvhng for theassenindividfal.t ’ﬁﬁ)ic_sgjs(}uch a region centering

around 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 downstream
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Genonme Browser (genone.ucsc.edu), and their capability
to be anplified by PCR priners under given
w@oovditgilens, as indicated in Table 1 of this PCT/GB2007/001627
specification. [0052] The term "epigenetic state" or
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e origin o el es. The term "nethyl ati on”
Prpe.d¥atl. efcadrScl. ié Sky DABT 603340 12062) tive defimfder Sp@ aslamkless

relati ve or absol ute ncent r.ati.on of t.hyl at e O cro
SR e T e e
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nucl eof i de pol ynor phi sm' or "SNP" as used herein
onrabfanesonted? It, heuged|iy this hepdichiien, seensdhetdity thei GG istand profiles

rresent at a single nucleotide resi Lt hi .
ordipE Pt oot SIBE G o ol Bl Satlrh s cesigned for
scMfinAlremoSdestsuset! ondht bovd sigted C0@tiAGnEEBbMRING results

non- codi ng region (i in the praonoter regi 82%&0&8?6})
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nagiekléh &ﬂs disclaswt agl farthgelefined by dgirencespdn0igHending: ¢oatim
R e eSS S eb S R SR g o

ﬁ% et RS DNARE WMayTDR4LBET) 28RV IFHRUCSC
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DLW AL Le ed her el 1 f
e S ORI G

capabl e of chem cally cpnverting.a cytqsine (O .to
(OFSHE T i Gymvieetstetie sty o areslar iy o5 Ut hrin et o
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dify a DNA sequence based on the nethylation status |
thaf thepeimappancleotide 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 cellular 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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[0057] As used herein, a reagent that "differentially
nodi fi es" nethylated or non- nethyl ated DNA
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nucl.eic acid and are netabolized in a manner simlar
EFOMIGIIWFNS y occurring nucl eotides. Unl ess ot herwi se

[ ici%ed, g, particular nucleic acid sequence al so
(0970 i A feymehlenth s sisad egein sefomstip e dlgodrreniid expreparation
Yl

i f n
R PPt Wb lor v beiEHEREL B SoSHRE roananen, Thedem
engomypassepwhelebloddShRe)y , fraatichsad i iy Buthais e BB AR 8n A%
wel |.. as tHe sequence explicitly indicated.
cogyentiquplly, felinedjegener at e codon” substitutions may be

enerating sequences in which the third

i eyved b
Wﬁé@i t %gﬁteﬁl "Oisuliite” ap pyed hereirencgmpessea pll fynse @bbisuliiites, such

SR SRR, Wk e BRHACPARGANG Bl GEREY IRSLGE) 0o
urgdib@l) witlghtt shémicelly alodifyihg aBhethylateh @ posiae @n 6Q9e3&Q3n be

85)., and Rossolini..et al., .Ml. Cell. Probes
ugd 31%%@1@5&55@@&%@%%? Brscd quithe methiyladign status of the
DN@at er changeably w th gene, cDNA, and nRNA encoded by
a gene. [00591 The term "gene" neans the segnment of
0 i my = . . PO _
0P, | BN PRI DG PSR 00 on
methylated D Aeadempasses dnyacdgen) thatnwodifies miethylded and/or

; LN R/ trans] at i th duct and _th

QG DAV Eh & R et Bt PRGAHIF arocus Tt tom
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0060 his app
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methulatien status p Shgippiscesdes may imehide.deyt areamd litgitedtte) ahitmérak
] ngeably herein.to refer, to a polyner of
re%f:?ﬁ%ﬁ% {sg%:l? géz !rf' gs—ig dggg?{vefﬂgn %Pﬁglﬁl:cg) and enzymatpc 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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apply to amno acid polynmers in which one or nore
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I catl on, I ncre décr ease”
in véfi@r the thordepositismenficab Ioe n;wssedem@ (or alﬁ])ecgnalpnwa sohsitigfed iith

t abl stand al,,
ik Pasrielcr S B RnGRsReh et aetr S G idid Bay D508,
(19@1)60%&1&@&@@ y Bz‘é@‘)@heat 60: 2605 %q@r(eéas)aahwassbnmcbz al.,

evén nore preferab g@at | east 5-fold, and rmst

Mpk Eelr Biobgs $:01498449940) - Tt igrra puelpis agishis perd iptsrehangeably
m | ar S ive h f bl
wfireg?neeaglbﬁf@a@wiﬁiﬂ eﬁce#dé@‘bf@f%@%% still mre o

fe at | gast O and pref er abl east
10B88) offie i Sae ane TR ARRRI G rodoing™
o%'b'%ﬁﬁﬂé éﬁaﬁﬁ‘ 8t 1%Bﬂtﬂgsel%gﬁihs gfe‘cécﬁﬁg REERIOHE fhe @@mﬁ rédibly €
basis, such as "nore™ or "less," are used int

(leildpﬂ andauauleﬁ 1nvplv¢de1n§b¢r@amsa§hwﬁtra*§la@@§@if theegeng @mﬂéwt and

th% Igey fa]rglop 8? er s grgﬁﬁ)tn/t?aﬁl 12%? 'ag e%ﬁiﬁxg%algezﬁ%%i gd

(irruhs Phet e intividiad c@dlﬂ@kggmmtﬁemr@ based onits
ability to form Watson-Crick base-pairing, under

[0860) OB tht@phyfiondihe At polpeptidé, v npeptidle, Nardl “protein” are
pol ynucl eo |de probe of a known sequence, Exanples of

used arterchanigeatly hareinte e foaolymer abenisg @Werﬁﬁdms@ﬁhe rigrms
d
aqp& t :,\I?[Elgo g?la é)o r}%(&_ﬁr {CR %Bg l)lt‘ mg{e 58 acﬁéeﬂﬁ&éjls f&ﬁ raﬁiﬁhlal

can e use

ciRfitdl kdimatit 6ha H@fretypdndlﬁgi aftuadly acpatiygemaseadidais well as to
reaction (PCR), uﬁ};@l ify a_ nucl eo fé,de seguence

najaly oewr&lwearaaom Bpigend sgRraRE ARG 28

p(\?l\i?flinﬁﬁr tAsCLHEc?ﬁeégxl?lgf:H@n gm%eéil@&%fss afhifl aci@BRaihP &R dength,

inthe Cp
including full-length proteins (i.e., antigens), wherein the amino acid residues are

linked by covalent peptide bonds.

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

acids, as well as amino acid analogs and amino acid mimetics that function in a
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PDE9A, or CGE Q09 on chronosone 21, in various
nmet hyl ati on status. At |east one of the PCR priners
wo e007/as2ab7 fi cati on of a pol ynucl eoti de sequenckCT/€B2007/001627
sequence-specific_ for the sequence. [0066] "Standard
maswnt siglilar tosthe selyrallyrosrirringasrieo aGds Nawislly ogepng aminp

o . _
s BP0y AAETBE it SRS Ut AL et v
médifié&reanthyalfskypafiine aptabohaldamete] sid O-phosghaterthet o
met hyl ati on) suitable for the use of a nethod of the
[0062S EAINihYEM h@Nbe teflerbddi@hefed bE GiffRa HheWnihenlaKaGWh three
or 20 WD 2007/132167 PCT/ GB2007/001627 nethyl ation
lettar symbolsfor By pae eneclgtterrsygbabripeonsaepsd by thelUPACIHS
J ocat. i 1 hi h J sl r
o8 GEH A0l Bt B GHle A iy iereed o
byStR& bémmPdnBadtBtRed sibyletlgitedSodesst andard control
provides an average amount or nethylation profile of
[0865)€N&s Afed iRkIHE 8FPlichAaA, anSidcrPise@br 4 CecReader tefdltd 4 me
(e.ag)k, first trimester) during pregnang%).l n- t he bl ood
detdfotabte prsitivecge negasivietchyngsrin gnaniity Womean esteitishadrgangard
nor fetus,. both. of 0 are. n I 0
e O ey bR e Bly Bheshl Mot mpprerably
508058l B e ipedtrably 0], eTbe niogs prelcamty atieast Safold)apd miost

t he context of describing a_pregnant wonman, refers to
prefeeablnedtleash 49-fold o f thorpentrpkvalycs Sigtilagly, 3 degiqaspite negative

I L [ n ayik

B EOP B TY6rs BUES ORIttt ew
8096 cmd ansy presaally at kdst 90006 of the oont{d. @thereatspindicating

pregnancy, preeglanpsia or pretermlabor). The ter|
quagt P&%é}}ang%‘éf 1&3@8@%‘6’? REPMPHAIES Pasis, é‘fcé‘raﬁe_f‘wre Tor
"ws@,ﬁvta?él ﬁkeegﬁﬁﬁsciﬁmhﬁdrﬁmém Bshibi8s dd¥BibRd Aolen

profile of a particular genom c sequence (e.g., one

at ed,. W . . . n ,

[OE@:]O Og \r%éﬁlrc%?r{ol Qg #\g@%ﬁ% f %gettﬁﬁrra]at%érs %(gﬁ%?%ﬁ& eﬁ? Settoa
méthbd forsleteeting tHerprédeaceramnidor qmaitity of a pblyaticlastéde based on its

representative of randomy sel ected up,. of.
abilggte oo BRI RS RO O RO BIP
cdRfRL, witieh gﬁlztﬂ%%midéggo%ﬁ%%%l s%qﬁé?lcé‘.nExam%les of such

pregnancy-r di seases or conditions. Thi
hydeidentied nytlodp ircholgl SHuthenpblogimgand Ndrthetreblottimgnber  of

wonen such that the average anount or nethyl ation
[0065) i I'Prinferd"hs ugahlontia refer teslipenodledtities thes tarabowsgd in an

oreR BB MAING, Bl POl GARAFAIOn SEpRhdb PORE S
n%géé‘)i‘tihp YeASHIE] YPTIR o‘l‘}rﬁl@lebﬁ‘%%c §eﬂMerfc€tcH§§‘s§)on{1iFlg to a

tion, the selecte group of wonmen geneéra has a
pasticilbigengmét sqieome) e. agend locathdwithin the Wpfpislang 654137,

d i ted,.for indigation. of a.noetenti al
PBOR of SO R T s heroiect)y i Piticf aR eyl i, At least ome of
the I i98a!fo 1ifatiBh 8£4 p6lyRaclédiRleBEQRAN isisBYMte-Specific
may vary depends on the disorder that is being
fog gheeseg@enceor . For exanple, a pregnant woman is
screened for the risk of preeclanpsia preferably )
[0866] ngStamndapdcantrolt r$ needthereimfeferh o ppagplasemprising a genomic

sequence of a predetermined amount or methylation profile (which may include

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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whereas fetal chronosomal aneuploidy is preferably

screened for and diagnosed as early as possible.
woeensas] the preferred gestational age for tBGI/GB07/001627

may al so depend on the gene of interest in testing.
mdtidadin states ofa partipnleeginamis setienes, €ge dnh kacaicd wwlsmza&lg CpG

. 1 LN th duri : h i

i o8 PP Y o o Grromaia b R Er g et "

sapRS A Efn Sk k@R indCE AEemdbRIC ool fievide £atMeeagelaniuat & ns
in the urine and edema (swelling). Preeclanpsi

, [ . npsi a,
meshitationprofitesrf zpne of Enterastdat py wgivahtoy a delingdtime 6218+ Brsh
; / . 0 i

vighol D ARRE 4RSS SEREOCLERABRE, MBS pREhR o
catr9i@gtahieimal febuss Both Wf ho atdws et dsinelf developingsnglpkegnancy-

devel op during the _second half of pregnancy (after 20
asspstakesd) disqraens 9k complicadigys-devel op shortly after birth or

before 20 weeks of pregnancy. [0069] The term
[0065 et Elrentetraiayerage,” asp\aS@Snam theecontglbef'deseribing d prrgnantyvoman,

ef er. Q, th condi t.i r 0 ¢ i
oo B e SR 8% FES Gy B0kttt 170l i o
ha@ig it chiéinveeksly aboin] &iths or bhefdaingt feor b @idindn ey -isodifted
if not treated. [0070] The term "hyperenesis
copdition dagw AFIOPIEMEFENARG, Bicerlambsia 98 PESIEMIaPOn)a B teTMa n g

“ayﬁgrgé%,j’ B Hgéﬁg.o‘ﬂ%ﬁﬁ IDRABGY refetd LrlPCHaYacliHstRY ls{éég%sttge

trimester e nausea and vom ting nay
metaiiytiompiodite afwlpatierengennmiesgaence (2 gghbhe peated frathin the

Oy T RN S MR

feﬂé@é@?g fflinAYh HlelRoh BEs MHSY, 4Bat afd fpRUERAtVE FSnd@RIgS

opi ¢ pregnancy the ‘egg settles in the fallopian
seteatsd grourhiSheathywahso wheconpiageal withmbwrempsomally normal

RS 5 TG DB el AT, 107
seldERERr &Y Eufdcohifzist MYEMEldNnuhber dTtwopakicduch thaf e R krage

The presence of fetal DNA in maternal plasma was first
anpasd o1 mgthykatipogrofily of thefeeaemictssaugnes f mtgrpstypmoge these

non- i vasi ' '
G R,y REGOR Lo L 00 Bl O e
popaitiéf of Aalthy kROhant Womekatvith healtiyefetusss. datadditioa) the selected
clinical applications,hﬁve been devel oped

.
StpER o WOMSR SeneRianRas ATy SBIRHPIRIAEE f4 %‘Pfar@?laﬁn Briase
blg&[‘fé%gtécﬁo'r ﬂgﬁcd’tf&ﬁr@t&%&%ﬂ{ alRdr cyl8M6ciRREMisok @ NTNE O
wth a nunber "o

e assocl ate e1 pr €gnancy-associ at ed
prefesiod g@eststioriah ega b practiping o raessst myepgiost neyrvarsidepends on the

.antepartum henorrh Lnvasi v | acent.ation,. fetal
CiESSFT 5hiPEE SCFRFDh el SRR S A PERDRY R is sErefied for
th8 Piek Bf Predéi@mpsikipnciBrablyRivding MW¥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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anal ysis in maternal plasm has been suggested as a
potential marker for the nonitoring of fetomatenal
wowedorAkasng. [ 0073] However, fetal DNA co-exi SPGT/GBR(07/001627
background maternal DNA in naternal plasma. Hence,
merg seriqussiivordat called festamnsies' wWhivk israpecdampsia together with

et ection sequ r
selBieScah e Pyaliput PBlT SRS SIS Secdq LT SpeFufiine
20aReckPP fRagh thdythip dévisbbpabphtiycdier birthyor®kfdrd 20 eeBd dihg
assays to only 50% of 22 WD 2007/ 132167

PrEgorReB2007/ 001627 all pregnanci es, nanely those with
mal e fetuses. Thus, there is nuch need for the

[00@] e| Bipattierm "pretepam dahror!’ oy dpemaiars labert' as updshatein kefers to the

f or. mat . det ' .
coplioR SUErS EhabASFRIL BE haf rse ARG e A esipon
pegid oPooudl U6 nerRY) ivithigitofish [eARBIS peinidi@ie &EIeF robtreated.

met hyl ati on status (U.S. Patent Application

[06%0! | B (RR "MPperdRRRN %Mﬁ@]\lm"\ﬁfé}y tAd:tRd, Perdlitent nausea

epi‘geneti ¢ phenomenon,” whic refers to processes that
andlvomnitizg girrgqrygeney tpadiculacyduring e Gistingesstarn Thh sauski

R e L
pr8@fagépal 1 y-inherited alleles at H19, a locus

exhi biting genomnic i'r'rprinting (differential . )
[0fEt hyAnl'eetopismyegrancy " miem de anphnormalpresepsey in whichgo

] . i . , a . .
reirE s I e R g, Ao h P G etopic
prefienpy Seepp setieeii the Salkpthnhidsesgthsuprni biss enchampassdsrabhethal

the feasibiljty of using _r%ﬁ%rg[e({wti c nmarkers té) det ect
pregragfpicy whesgdhe %Elwﬂaqglgw 4 B BRAARE QUANE IS, OF
ernal plasma (Poon et al., din. Chem 48:35-41,
ceg%
2). Landes et al. have also proposed the use of

(0 £ par BRTAIEER R85 BIFBOEY PEAB RN RERTON! agnosts
1.2003ddoleabn [0075] The present inventors have

recently denonstrated that placenta-derived RNA can
[0082]d e T prsserica ofatel IARA ip maaseraal (lasmer weg first peided mahoP7

ol R panifio AP BVl prp libnqdil B, Bl e

araB@is\fduadtSrna Bblpb& Saple @D biyald Enhaced50:185p487, 1997). To date,
hemat opoi etic _cells }(ﬁLui ef al. din.
i

nupgerggsnofential oliwgog] appepdions hw%%é%%lwﬂﬁﬁg]@ﬁs@arat hat
q#alﬁﬁtaﬂ(zg Qﬁfie %Pge %d}%ﬁﬁagﬁ%%%?ﬂe&a@?fabﬁﬁﬂave been

rom peri phera acenta is a
fomnd & b esssoated evithfa fuenlzr oDpignaicgaswciatddiserdersniacluding

pl asma., Hence, .one sirate for, the devel nt of
pigeslnpYa. Feriain @_&iarlfe@a. RPRBPES Gragst 8@?%&“% fota
DERH &Y AEbme PriSHRer! fStal ShrbMSSIhd¥nduisiaRs! PRhcd, Fetal DNA

differentially nmethyl ated between the placenta and
artalysisimmeterahl Pesmphasrbekn Miggesied oy ¢ potegtiml 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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WO 2007/ 132167 PCT/ GB2007/ 001627 100761 The present

i nventors denonstrated, for the first tine, that a
wovhas216f genom ¢ sequences | ocated at speci PCT/GB2007/001627

genom c loci on chronpsone 21 are differentiall

allgmgaan@ip% gamekyibese witle nyade fgtusemnA us gheree mugh ugec{ o1 the
| p
ey B bR ReRRS AR AT KR S HhalRrs RV b Biding |

depcym.des a new approach for distinguishing fetal and
mat er nal genom ¢ DNA and new net hods for non-invasive

[0678 N ak Blas GiRIRF Femdnbstrats® BRE Atal MRE RAGGhATINAQRY 3

Practicing this'invention utilizes routine techniques
digtimguished byetheir elifferancss i methylstion stpjus (BaSiRatans dpplication

i-scl osi.n ral ods of i ' .
Pl RS e RO R apltR B bbb eppry which
refeb Ol pfR@oesRs ki aliat Opnenbpe alithowl idveding268dges in the DNA

Kriegler, Gene Transfer and Expression: A Laboratory
seqrengel By e8ploitinggheidifigranspin thpﬂﬁ% &ty latipiatag betygjeen the

i . | , ; .

R 804nd SRR by L Ry BT
ingpkih)ing) (diffaizatiglandthylatiq) and hehes differantiebdxipression o ewd ulieles of

rom agar ose_or _acryl am de, gel el ecirophoresi fro
2 siegleigrice telafed futhe Patentd origin PW}?HE?F Eﬁﬁ&h _OBNf\Y MD.To) of
o B Rt B B s lefth B 1 (UBILING o using
epRrentd masiersats dateet fetdliderivetimaternahy geherid¢ EloNAogsiquernsifiom

from sequenced proptej.ns,, fr er,i am no aci
mgleGHLRRLS U500 6im B T EHEA S Bl (T 2de BN 04T P A
pr&hd B Ml BF bﬂgémttiﬁ%arﬁé@ fRGonGAVA¥R/eGirétaal diapabbialls.

can be chem cally synthesized, e.g., according to the
PataitiApplibativa Rbbispioorlben 2008 @ 1162 Bst er net hod fir st

descri bed by Beaucage & Caruthers, Tetrahedron Lett.
[0823] 1BBOp1ESHR ifvEa®1Y havegecegtly demeanstratesttbal rdgaentredsirived |

descrj bed .i.n Van ant et..al., Nuclei o
SR 3 Aot oF oA PR (NBGY i gt AT et 86 884
100473804485 enfokylednitte HRES IMTER hakShddfl sBéyn &fat plasma DNA in
recogni zed strategy, e. native acryl an de ge

., |
nametndipdisisss psed@mimtlagrdeéx%ﬁﬁ@éemt@ﬁlﬁéé PPB?g traneeal.,

. gui d r i ' .
Cli et SRHG TR AR LYy Ao GREERER 3 e B St
SOUERQTIntat SASIUBNAES dedfivddorp hesghdralibiovrindello svhile tige placenta is a

those |l ocated within the CpG i sl alnds on chronosone 2
passible spyreeal {37l DSAgleaseintp maiemsoplaging Hegcee, one strategy for
BRI ER FgRER LA e, neb kA, ok aruct dphiden
plamhiizdo identifengaredhaigs diffendnsially meetigdated betplean the pdcenta and

Wal | ace et, al ., ne, 16: 21-26 (1981). 24 WD
thg@@ﬁrgglgfg?ﬁqséﬁlegaﬁlﬂ 001627 111. Acquisition of
Bl ood Sanpl es and Extraction of DNA
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[0081] The present invention relates to analyzing the

epi genetic status of fetal DNA found in maternal
whbk@od3As7 a non-i nvasi ve nmeans to det ect the prPEEEBL@®7/001627

and/or to nonitor the progress

[09576d g nBliecireset b pripesdleawngitaied rforothe @rr% imee that FpyEmber ofe
geg%@ﬁ}squ&gpﬁog&e@5@3%%&1@: ggn&ﬂl'c%él%\é p}dn&)&oﬁ{eezltag

ain ma pregnan
differentiudly Mylhfedmet\b&nslw‘lfem DNA fn%ﬁqthle getus (g pfrox’ﬁl thed

Sanpl es, [ 0082] A bl ood sanpl e i ObIIn fro
pl %@@hm&\%‘h@é %hDIéIng&m e %ﬁ@ﬁﬁ%@e@p elafglasfi gelisy, This
diseBony Pt 30 0e e AR ot fob BisBifia e I BRY byl Benomic
DNAsand ciew rhethddsor am—mvamuspmdaﬂabcﬂlagmos@ol | ection of

bl ood froma wonan is perforned in accordance with the

st and rd%%li ﬁf&iﬁhospl tals or clinics generally
LSRR &tfg %t e anbunt of peri pheral bl ood,
[0@7 -, Pla¥idiftHiyinvORIonaeilizes At techfiqed!ih af fdd angholRMlar
be stored according to standard rocedure prior  to

bidlagy.hBasip teatradisalosing tthelmr@lp@mh@ use lrgh@davgﬁmu@@ude

o abtSrERR TRl B A B QR T EG S Soon

K@i GoRél ThiBisRE and Egpressidre ANDGDRalol0obfdnud €l 990) aid Current
plasma. The nethods for preparing serum or plasna

Prpjasgisiiaidalecadanftiowey shusuhel qta&n%ﬂ&n 18%HMg t hose of
skill in the art. For exanple, ﬁregnant woman'
[0078] o dF erariclpic muésc sides aye glvenunbelﬂt,e@ lab%ﬁmﬁcbmrrhase paigs (bp).

RGBS g RS LRR, P
seQhePRed Bhddéit iabids, o@lfﬂ)rrpbls’t’&ﬁﬁechNA idyaendes, E@‘t;&bﬁﬁﬂ §izenare

whol e bl ood thr ough centrifugation. On _the other hand,
gheasy igrkilodaljons dklamt aljapdap agid esiue Wiubstse Protein sizes are estimated

BRI AR R L A LB B bt

sefiméncess of fisimviaibyisheiprdisnt eduatceman appropri ate speed,
e.g., 1,500-3,000 x g. Plasna or serum may be

[0674]) eotigbimicteotideihbi 26 abt @aithérciallg avalmmlesdaanﬁ chefiatty
being transferred to a fresh tube for extractio
sypthesizgd, kg sepmdingo thy olid rhasl nheﬁ%lwr%dﬁp Giiestsr matod first
YRI5 o Rl ThriealoFUOHEEE T S50.983 (1951),neine
anvut@hated pyhikesizehtaa ldmmibéabiri Vav Dgvangerter.i dl.uyatieardafls Bes. 12:

R A B g S
regci‘%nﬁf}gtsh@ﬁ gffe. tive Q&@lan:ﬁﬁ@ 561 MRroPHOREIIUE a&B@-\é@change

s for extracting from a biol ogi cal rgz
high pericinegedligad cmt@ma(HM)mdsscmbeMearson Reanier,

7 RSB3T £84: 987450 Grogagiescr i bed by

[0080] The genomic sequences of the present invention, e.g., those located within
the CpG islands on chromosome 21 such as CGI137, PDE9A, 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 et al.,
Gene 16: 21-26 (1981).
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Sanbr ook and Russell, Ml ecular Coning: A Laboratory
Manual 3d ed., 2001) can be followed; various
weoomesasal |y avail abl e reagents or kits, suchP@®GB2007/001627

Q a DNA Mni Kit or Q’aAn'%éDNA'BIood Mni Kit
11 ¥e) ngcquis%’tioa@ﬁ Blaut Hamples amd Expiaction 9¥ DB\ ood DNA
| aty O It ' . .
08 bt oA e g Mg DG b D
folmidsipahaemyl bIddd as Hayn-dlvasivdmennssatd detedt thbtpadsenddNAdior em

a bl god sanpl e from a pregnant. wonan. Conbi nations of
mowifos ther pragreshel apregrAns-aREiRtsd SORGIIOR 08 disprder; s Blps, thy first

] o . o! o
stqfg BB LClip A0 UB ekl SR RILGn HAI0d (hRAC B piEBint woman
anfree@aa MN Avdromn thetdampldNA is treated with a reagent
capabl e of chemcally nodifying DNA in a nethylation
differential g i.e., different and
dis tAGuisId ¥ structures will result from

[o%szggt RIS RSt RE8nddGorh & PhHiEnBREn AN ath) ¥alﬁ)6hﬁtﬁ§5ai

sidue foll'owng the treatnment. Typically, such’
suiteldg forttestingatsingva mbthod ef iha peashiytl inventioT dbs iseliablsgesiational

DNA nol equl e ,and convert,s each unmet hyl at.ed r.esi.due
ety BrLasHendOF oot iee GREC A AERBA BhR SAfRkS:
b6 RIS @Swé AR s perfoetiad Bl corlihce With the’stadd§@ 610661 Mdspitals

al |l ows det ecti on and conpari son of methylation status

orjskigied generalafndlow. i An aprsoprinte saeyntof gerphesal ploadne g, typically
oo 0 L 0 B S80S0 B kB pri

to it Hee @eephtationsi ng bisul fate for chemcal nodification
of DNA are well known in the art (see, e.g., Herman et

al., _Proc., Na“ ) gadE Sci. USA 93:9821-9826, 1996)

aﬁd CPRIALER.O : d in detail here. [0087] As a
[oﬁg.g' | 2 ALY 30K Mal DNAERABIIE Rt bRIJIGKcE@RGAD R present

that are unnaned here but have the sanme property of

ingdreionaadyl e gerfortid usigh, eanythowhete bleed apiuanjor plasaif Fhag

t ated and unnet hyl at DNA di fferential can
mfiBadt b ProDaRe 4T BIRS HRE 1RmL BRI s Nelp A aRong
thbS3fAREEIn tHBhRY Fat &) @ prddnant®ethin'€Blob@ BarObe e B

al so be acconplished by nethyl ation-sensitive

tubeeantaigingdiD BA 2y wssecializad commegialarodugh fucki as scp@inge SST
hyl
R TR Rl AT prBy B U RPN

théxﬂd@ﬁblﬁinedgﬁmi\/bzh%)bl@dcﬁﬁhml gh ijdﬂriﬁxyaﬁaﬁ.n()gghermhélwaaﬂaérum

cyt osi nes but not, unnet hy| ate .. I'n_addition,

maj P platned Wik orowiEhavE S‘Fm’ﬂ%‘&?tfqﬂcgyswmggﬂao‘f%@ftﬁgc tlfo n
7A/ <tr . .

oo S Tty % Bl e MRy sy, conducted atan

appiairiasd et CERRA),S00:)000 & g SRiaknianer serwe niayibegubjeeted to
resent invention. V. .Polynucleqtide Seguenc

ol ot GRS G PR e FiStBe) T G6F 5 TPWA

e@hefidcal nodification of DNA in a

nmet hyl ati on-di fferenti al
[0084] In addition to the acellular portion of the whole blood, DNA may also be

recovered from the cellular fraction, enriched in the buffy coat portion, which can be
obtained following centrifugation of a whole blood sample from the woman and

removal of the plasma.
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manner, the treated DNA is then subjected to

sequence- based anal ysis, such that one or nore of the
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AfoSi ot PS8R 5 9876, WEST wscwilnot bf diseved b eyl b
t hrough a 27 WO 2007/ 132167 PCT/ GB2007/ 001627
[088Hat As arslsilledgrtisan vall pedogize. g odier rﬂjtgﬁlaig il aregpaggd here

{
b Sl P Sipf GRS Oy R BBRALEE der ARG || |
ma¥idyih@ blethyldt&0Stlurhéthplagh Mdmmbmtfdllgahn b usdd for
target polynucl eotjde_sequence ( ?

PregiisiRsiRe RISSFHGNYENIOR EosRgdRste sy Taioncwseifanosifiatiop of
DNACmMEF AR b8 Ak oTRPIRhEPDy 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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sequence is differentially nethylated) is typically

used in practicing the present invention, one of
w@Riorh3ier the art will recogni ze that the anplPET/GBRG00/01627
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al ., supra; Sanbrook and Russell, supra, and Ausubel
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i nventron.” Additional neans suitable for detecting
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andar.d..cont.r [ LC . hj

il Eaer bEPAE Bl AchGrt SEbE Mok B HRHORE Sludclh 3, fom

tHeeddcehtd of ©thes ssuas 6f the figtts, iLEtWRCHAHAR246 7
PCT/ GB2007/ 001627 sel ected. These wonen are of
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PR LT AR PG 5 T il e
afBire Bhissioe de%ﬁbétginSdﬁ[t}ail hﬂ]eihr ﬁ oY ahlreg:impf PER rhahodsh prI;)tocols,
non- pr.egnant wopen. [0095] T eal t hy us of t .
andpeqiplgs Brdssigame BRERRH SEhd-& Henkeg s ELiGpacpls: 4 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.

[0091] 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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carrying are confirmed by well established, routinely

enpl oyed net hods including but not limted to
woreiinsaibhg bl ood pressure of the wonen, recorPCTIGBRIWE/001627

onset of labor, and conducting fetal genetic analysis
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| B. DRSdérinigation@@P8lynGriestidSauercge | evel or
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esﬂ%ﬁ%d%ﬂd Wﬂ%l*r] EFH Qiﬁﬁl th¢/ fk'lé’lf%ﬁt rebQHGidID BSCHRsMRER heWasic
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pragiigingethg eethods of theruesert wyshtion ncludebut ggs pet Hmted to mass

sp%?t?(?‘ﬁer @ﬁ Pﬁﬁﬁpgﬁfeﬁjsl '%B[ﬂlluélegﬁ%: }Fvaﬁﬁlzgf?m?%%:ﬁt% ﬂlépéﬂ by

aspect's o t’"he tion pro
elgphoesisequence of the fetal origin. EXANPLES

VI Establishing a Standard Control
[0094] In order to establish a standard control for practicing the method of this

invention, a group of healthy pregnant women carrying healthy fetuses are first
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[0099] The follow ng exanpl es are provi ded by way of
illustration only and not by way of limtation. Those
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a@ﬁ% HE FGued UDE@iratly Hhi ggféét@c!r\’gﬁg\xggg PREA 28leadd! 10 women.

es 14, 247-266; 2004) G Sites were

O BREL G AR BB, Ll
reﬂhﬁhﬂ‘ﬂﬂhpl&Qhﬁf@eﬁ‘%ﬂ/s&&&élﬁ@ aﬁﬁ'&'ﬂs%ﬁiﬁ)ﬁétﬂi@tﬁﬁ@? staps afithie
and cytosine conten% of 50% and a m ﬁlﬁ% ati o (i'f .
Pt AsOmNGCARFISE U EAESY %&PE&SI@(&@ ar@a ﬁwn Broti is
Whﬁen .?. ﬁ%}&idu@@ﬁnema%&Mt ORBARE SspeStas HRNEATHRDE

we al so branched out” to CpG S|tes further
ylatedC bm stithémarparticelheggnosi¢ mgceu, o élmher aspgct of the

PRI S s SR AP e o s

oftd ﬁi@ﬂ'@'ﬁm@ﬁ roffle tla§ SRAH, Bat 42k ﬁ@ﬁlnﬁﬁé‘@io@ﬂle\&ﬂéﬁc difference in
leCted fromwomen in the first and th
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|l ect

CSERASSATRMATLA L B g i 9 95,

platkhita G Sttt feﬁdil t1seueTi Tialk) separatefstermegirmnu‘yls it teer esedblished for

bl ood (10 L) was, col|ected into EDTA bl ood tubes
difkereait fate] tissues used in testing.

[0098] 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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t he onset of |abor or the performance of any
obstetrics procedures. The bl ood sanples were
weenrnsgfieged at 1600 x g for 10 mn at 4C. Ther€¢mB007/001627
coat portion was obtained after careful renoval of
propfiila oftheafisth] gemomeid ss@paemasl thusdhe usedas a mlaedaré cantealt al
ué,ibissues wWenre. i ns

BRGS0 EEnbE rRSSRRRD TR BB eV e
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| eaves net hyl ated cytosine residues unchanged, by the
CpGenone DNA Modification Kit (Intergen, Burlington,
MA) according to manufacturer's instructions. The
bi sulfite converted DNEX#MMPLE&SNn subjected to PCR
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C. Priners were designed hot to bind td any
crpmlemaraﬁm thas tcyldeheadranged o3 imdlifiesktoJirld essehidally the same or
snﬁ |rmsr are shown by way of illustration and shoul d ‘

Je* 1680 6een to linit the range of primers which can be
used for this purpose. Reagents supplied in the
Taql\/lan PCR Core Reagent Kit (Applied Biosystens,
Exampled Gity, CA) were used. Reagent compositions for

| .
R S
blmbd fPng@thatp siggeststhatTaigCONG, mbXcales frematetnal pREmMars

DB SR 1O 1 Sl (B Be P N deade US AL

1dzhﬁi789114959fmbﬁ1zﬁﬂfb? bﬁtﬁﬁfegbeﬁé} 41, D89-b9P, 2@@@31#1%@} 4B Hium
ep of 95C for 10 mn fol | owed by 40 cycles of

Refpood 19.1%28-724, 209G gehidé thahn@@rcmmg Elﬁﬁpemmt@ne@lamafm@m

65 C fo
orfif i e g Pl ol @8 et i T By s 2085 Aence,
to HEBInfYY Btdl @Pigeheid Baikers) the mdtRaidH }]In@ﬂle@fof gerftin b were
nol ecul e, the PCR product was TA-cloned. into a plasn.d

asgeseqdoin botlsplagenta dispigs pnd matesyal bé@@mellsy@tb@ma(mrt@ isgaty loci
thg%h?%%atx\’dif rgﬁﬁlﬂé é&tﬁm gq e Rﬁ?ﬁ% h¥ es. Such markers

reco RAnt Cl ones me ana yzed by cyc quenc ng
cadbenged foe pBirmpid) diaghesisramiah onitdring| of p@pﬂmycrehged/donﬂltiqns
(Applied Biosystens) as per the manufacturer's
instructions. After purification by genCLEAN col unms

MAGETEADY AN® MET2fObRe sanpl es were added to 12 pl of
H -Di formam de and run on a 3100 DNA Anal igzer

[0083p| IdemtiSicatign 0 FPG-c@taining genomic sequences NA 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-bin/hgGateway) (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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[0102] Subject recruitment and sample collection Placental tissues and
corresponding blood samples were collected from women in the first and third
trimesters of pregnancy. Placental tissues were collected from the third-trimester
subjects after cesarean delivery and from the first trimester subjects after termination
of pregnancy. Maternal blood (10 mL) was collected into EDTA blood tubes prior to

the onset of labor or the performance of any obstetrics procedures. The blood

samples were centrifuged at 1600 x g for 10 min at 4°C. The buffy coat portion was

obtained after careful removal of plasma and stored separately at —20°C. The

placental tissues were rinsed in phosphate buffered saline and stored in plain

polypropylene tubes at —80°C.

[0103] Bisulfite sequencing DNA was extracted from the placental tissues and
maternal buffy coat by using the QlAamp DNA Mini Kit and QIAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany), respectively, according to 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 MgCl,, primers, TaqGold, 1X Buffer IT, 200 uM of each dNTP, with or
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ch ¢ Ua a a 33 WO
the @aﬂma@mﬁbm@wmmwc) ansdyzed by oyele sequepsing usingshe BigDye

Termme&or%yccl)e Sequencing v1.1 kit (Applied Biosystems) as per the
manufacturer’s instructions. After purification by genCLEAN columns (Genetix), 8
ul 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 placental tissues and maternal bl ood cells for
the region A anplicon are summarized in Figures 3A and
3B. The corresponding data for region B are

summari zed in Figures 3C and 3D. Conparisons 15
between third-trimester placental tissues and nater nal
bl ood cells for region C are shown in Figure 3E In
general, the placenta is hyponethyl ated when conpared
to maternal blood cells. Chi-square analysis was
performed as descri bed above to assess for
statistically
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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 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. 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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placental tissues and the corresponding maternal blood cells collected from 5 third-trimester
pregnancies. For most CpG 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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analysis comparing the methylation profile of third-trimester placental tissues and
maternal blood cells at the individual CpG sites within Similarity to FemlA (C. elegans)
region B. The individual CpG sites are designated by their nucleotide positions relative to

chr21: 14,056,070 (+1) of the Human May 2004 (hg17) assembly of the UCSC Genome

Browser.
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sites, all are statistically significantly different
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pl acental tissues and maternal blood cells at the
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sites are designated by their nucleotide positions
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[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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[0114] Cenetic loci that showed no differential

met hyl ati on pattern between placental tissues and

e T

analysif cMﬁpsﬁhg yhomethylaib profild of fitst-titimdsien piaceritad tissues and

materpbaion et e Sndisfial 65t wdfiin B2 an b Riigyay a0

sites a%ec!le's%nﬁféhlbgq &Flmfl Qe pbiitiba felaivE 8 @fﬁZPr@Z@nﬂQf{%) of the

oning an I sul |te sequenC|ng were 15 pérfornmed and
Human Mayr 20041 (hg 1 Brassestdywnf the UGS Genaioe Bovwsees fr om bot h
the maternal blood cells and placental tissues were
predom nantly unnethylated. [0115] Simlarly, the

|
i

et hyl a§| an [ Br pEi Ig t,ge_@ee@ At & ngl gl op geelg Dvalngf " RERERE
pl acent @l ?il%sugs cfg ngthgrogtrg Trg_ster ﬁrepraenw”esg 213)%8
- —wer e ol -|si gni-f Fcantt yrdifTarent Tor Barian® cept, at| | o
Bufiycodt he € ( 8 e 9116 ard 5 “3 AQ0 \MD| 10 | 14 | 44 [_13_| 17
|Buffy codt he C ,,Cpﬁ.;sitea 1,693.,(%9' Sii-add %ﬁg ﬂéo:é}..igé% M- BT re T
"“‘26@:?#&13441.% ’63%431‘(]25:@. ‘d% H5ad 657 | dsdDd €| &z [oUITHEDBAE |83 [ 045 | 0641064 | 059 | 0.77
bl sul fii¥2e Bedleric) Ag-Baftal 2ne®} £9 ,gg T BeR2 hfdl 2 [ 2 [ 2222 | 2
Fmem CTESOUaTes TaatsySiaS S ORPRL T Ng | tTE arm bationi Preof 6160 [ 14 | 14 | 1
BT ;3p"'8L~§n L8] N 13 tdF had | 6 | 128 | 8 | 11
I 0 Metfhrll :qosz To.gsl 042 1 Q47 | 064 ?g‘ o4 | pal ,oéif%’lg% ﬁ? 41 050, II50”03‘1 027 045064 (064 05
-G Ct 158 81| theT Tt Vi Al s Gt S L eS| Wt A CH (210 [ 2 (2 [ 2

he | nlcé: d > 5 ted t hi
— I-pquare |1 16}5 I17%*7[ 1':‘1%5 0%3% 327 3.2‘§0 %%ngﬂﬁﬁs ﬁ%’sﬂ% 3‘?!‘5'3 006 %%3 @5}1"0".958 0.8540.825|0.098[0.096] 2.455
, “"iﬁiﬁo | 61608360l ol 35 (B 0.07 3 36 [0 1/5W | 6734 | €R27C Y000 1696 0. 75722 eveth, 0 L5k (d 347 [0.3640.754]0.767 [0.117

T(+1) of the Human May 2004 (hgl7) assenbly of the
UCSC CGenone Browser. OpoN -. OCD CD CC,/ Co {Op CDp
OEW[@CDD®61 t7t7¢t7 VL7 t7 (7t7t7 Crt71t9
A [7t7U t7t91t7t7t9 aaaaaaaQ aaa a
[01 16@ Q)x@h@ o‘ﬂv‘ﬁi‘\lﬁn@ Br Kw‘(lﬁ ¥ PllanSM)ck’tMnycr%)t)(m fact@r Y?)mdz;? proftein
V V-, fycoat
(HSF2BP) $d3CAD6A!,6h8stBdied cherﬁalI@sue}! and maiqnil?tﬂ’chi cellg were both

19 21 19 17 14 14 12, 714 91
prdogiggun i B g s g bty b AR i
0.27 0.36 0.14 0.23 0.36 0.14 0.45 0.32 0.45 0.64 0.64
0.59 0.77 C+T 22 22 22 22 22 22 22 22 22 22 22 22 22
Exangde 22 22 22 22 22 22 22 rmacenta C7 5 7 9 014.64

oA 2554 by et by
betwen %lac@ntéﬂﬁ%gﬁelnﬂ. rﬁﬁgﬁxglllélg@dz gellcs) &gﬁtﬂseﬁﬂ?@ gﬂalie_pégbéldﬁc mgﬁ@rs for
matergilblogt defectipnpdh p5lepis Gatispi e pialsienye B mghossd fom

v f th
vos 55 Beq L ARUELR yt el B AL S BB B o

placeﬁ)taD%cﬂicél@Egenv'acﬁ fra0. fsactodifegntabgmetiybred b).cqg ZAQ aggp has been
IR e N A A

unmethylated molecules, and assessed its specificity.

MATERIALS AND METHODS
[0118] Sample processing and DNA extraction. A third-trimester 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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[0116] On the other hand, for KIAA0656, Heat shock
transcription factor 2 binding protein (HSF2BP) and
wW@eAL2161 he studi ed placental tissues and mat BETI&B2007/001627

bl ood cel|s were_ both predomnantly ma ted with
as welhes afteg therdedixgiy. ditrerdoad waapl %é’t’%éﬂ“ﬁﬂ’ée @Oa%gsqf 10 min at 4

<. TN oS BN o) SR AT gt e

tion pro
separabiy w0 °0l ﬁh@plaadna twas furdser aﬂdrlf@eé rinkd, 004 o gdorcH] e @rdel .6 mL
usef ul sfeta enet i c rke for tern
plasmy @xla§grtup gired g ¢ owlgqe% Gat@not élpst grtglc;,%r&fe)gymg

cell pelﬁ'é'ﬁ PIRL e h@ﬁ flﬁ%@iestvb’éfé Binbcaah ﬁés%h&i%%ffé?éd' MRS Eked in

I n mat er nal assays shou d target the detection
plain wlyirbpylens tab@mtaﬂSO §f3e cDNA ovae pkigasiest fromfthe phaodntaldissues using the

S5t B b MRS RN PR B R R n

fhk . QIRAER) DNAMSIood MIBE Kitl(@iedn il @Gt
bUffya&%adt%ggg{éficg%&ﬁs Semﬂﬁ cit OR/ATERI ALé Aa%%nlvE THODS any)

accordiog tgthe Smmfaehmrcﬁ:@stsmq’q@na R plreenialand pufly coat DNA sample,

rd-t r ent S
1 g 1S SR SRR ER Rl SRLRPAE wllfithytated gytosine
residub$ wnracﬂsbmu@ﬁfes Has1ged Bgodded tevidass u&ﬁa@edﬁbﬁﬂfelMﬁhylampTM
cesarean section. WMaternal bl ood was col | ect ed

DNA MudifiGabrm Kt (fpigeptaldnc s NewseoripgV¥ BeOIGba ymantactirer s
1nstrugtfys (%%PIQ Z{(t@&l’%om%% i?ﬁ‘ I#Ias%'fa @gst &0 M?)?ecg&il t}p‘b?srul'ﬁte I&‘?verswn

d sanples were centri ed at 1600
AdditihakaliqGots biff ittt lﬁxyulﬁ&atomemd DNA/\Hsrecaﬂﬁoeprnm‘e(hémmpnsed of

. careful renoval pl a nd stared separately at -20
mixtures oF i AR, PGP A BifoRToL G G PGB8 S ¢
for 10 mn and 1.6 nL plasma was transferred to cI ean
[0119p ol HemogrpnieeneMasJeX THININ assay eAnplacantal dissics ate h}fp@methylated with

sped 35 AR Bl RS T S R B detoton
of theﬁinﬁie'fhyﬂ’ﬁéd/ RO GBE 357 whe Hesiknedd OThE - asdayAs Baed @ntth@ManRRAY
from the placent aI tlssues using the Q Aanp DNA M

(Sequmm(Sgna@ego, G4) ple M@ﬂwwlon@nwﬁ? PR ApRaRg 0T the

spem%f %ggla% ﬁ on RF thf Lém @la’cg\@ﬁr 1§9 ¥51flﬂsg%acg8@gme%tlon of

the priiérs iedhdirvach Figire $2 anid tHeqﬂinhe@ IBSqueEcm aeahkteqb ireTane 40. The
and buffy coat DNA sa S _subj ect ed t
forwasql pimes &pén%%\%@ sigs 4 r;&h‘%:’]h }‘gbﬂwg‘%@%ﬁﬁmﬁ Bg Spandthe

L
c3 G495 81 S5E LR Qo LRUES o Ym0

DNA
GenBM!ld Alctestibn ONT KOI 1 X1 EpiAgpmmetkexitansion asw (Figuke 13nbased on the

nomegiept M SR B T acihis RRHEL bRyl moptatin

statu%ﬂ Hﬁ% ?FG%HQ gﬂll’eBﬁél@zﬂ th‘éqﬁ‘inﬁdr‘éﬁ@hs@h !pﬁtifé} gpe@lfs upite €@ nucleotide
I's te-convert ed wer e al so ﬁ}eepare conpri sed

3" to the Q&3 m@dﬂr(é"gbbflob hantamehylaied maleguigivardh bapxippggd by one
nucle%@g ggﬁggg%rlggv iQH g of ? tdd@ ﬁgopldggxﬁu 81[338%1&%’['#? WdiE ARt Rylated

molekBl WFBIdMHE xteddedbl Iawo nedpaties tixhrad Emzmqalordﬁonmxﬂ aci§tTRsfollowed
at C3 137 (Fi gur es 1 _and 2), . an as‘%?y etin he

by a ATt Tasmnrost Yined gadaetiplaedmolesh bgiyonijgdeiceted and
resol S yANEE mad NG FRTHRYs dra RASEARRA Y HEA MBPRABBMPact (Sequenom)

mass spectrometry.

51



10

15

20

25

(Sequenom San Diego, CA) platform Methylation
specific prinmers are designed for the 20 specific
wa@epritgateati on of the unmethyl ated form of CG RGTGB2W7/001627
ilb tration of the location of the prinmers is shown
Table 0cPejimes saguehfes olithe BMiassay darashios shewemetiiated form of
ccgiisbl e 10. The forward prinmer spans the CpG sites 472,
477, 481 and 486. The reverse prinmer spans the CpG

Primert es 553 aSdqwdiite (The 3Anpl i con spans bet ween

A L. 2742009 2743130 for the GenBank

Forw%@r%ﬁig%"rgh?‘ N TIATEAGGTA CAdA TG EREGERTSAGGT (Fi gur e

R L 1 L st uned Tl e AT AP A A CA TN A,
Extergsicattprimcrf { AECOCE AACA BIEIITCBasi cal |y, the priner

ot A—BE-i el spans—up to the nucleotide 3' _to the

onalL.n
CAL CTTOT UT1

CpG site 541 (Table 10). An unnet hyl ated nol ecul e
ide with the
Pt e < st or Dy SRl S hrethl el pleno 150 ng DA
beforghishbite comtetrdrg matermub beffy beat waiplds el RxdieRe aslwbl af Wa uL of

it BRI Ser  eprpeigt on e o ST 0
plasn‘{ﬁg Wefd Arisli fddroS tHRASBYANDER r%%i?ié%ﬁ%?ﬁtﬁﬁﬁ%&%a\é&% BYpcr

eir mass differences on a
bufferighplied Biswstemsorgster @itys Cep edthr DoetMMgGH (M@blied Biosystems),

Q711 PCT/ GB2007/.001627. Tabl e 10. Pri
200 3810 SlE RS A)0 s oL IRS Amicabiorivores) 90 n
each %ﬁx})ﬂaﬁa%@;%%%é rifich {FXWQ Zg/cgglézﬁﬁr o) and 1 U
of AmliTeg ﬁﬁi@@%@ﬁk@ﬂiﬁ%ﬁﬁ%b%ﬁsﬂmmﬁ?cmmﬁﬂ Whs
ok ede ATCCOCAACATTTT 0120] T .
T e NI A

for 40t 2 J@erpnEV0 SR abESTRi4BW Elet, And IRAST Bb@8ion at 72°C for 5
mat ernal huffy coat sanples and 'm xtures as vvePI as

min. ten gL of bisulfite-converted plasma DNA (equival ent
to DNA extracted from 1.6 nL nmaternal plasm) were

[0121nHGR preduéts weebsibjcdtedlto Rfinp @BGlih® PhospRsisel tBdghéR o
dephcs nt all ned 1X PCR buffer (Applied Biosystens, Foster
ePhO@O‘%%?,Y ARy P ANREFNNE ipd Preyenpibeir deromasatjen irthg subsepent
; : : 4 0 P
P e oy e MERG Rt S T S ubdies fpauenom,
0.6 ult efighiriaep gkiliRholphat-ee endahYanfieringl, a9 .
Coralville, |/§?l Halee i Anpl i Taq 3 d??%rgﬁ/&eadded The
reactigsphmyxiaie 6 inabpter el 3 BiCoky 40 emin) followed PrReat daartivationvet $5°C for
5minl Nitiated at 95C for 10 mn, followed by denaturation
at 94C for 30 sec, annealing at 60C for 40 sec,

]ex ena{eon_ at 72C for 40 sec for 40 cycles, and a final
[0122] , Kop theinsimes extepgion graction, i i, ofiasp exengiorEReioehektasl

NE i ' i hat as
con’calt ; ggtsrﬁrg ?M?fo %%{gg’ﬁﬁi}%ﬁ%@ﬁé%%eg E@\U? Eoﬁgk&g?%esg,l\}rb% Ugfy
Thermsepeniset(Bequenomiy MdeF gl @idh iof di AP SAHTS8Y W8 TP and dGTP
(Sequenom) were added to 10 puL 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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primer extension assay. For each 25 L PCR reaction,
0.34 L of WE buffer (Sequenon), 0.6 L of shrinp
wabdoal132167 phosphat ase ( Sequenom) and 3.06 L of PeEGBR007/001627

ded.. Th tion m xture wa ncubated at 37C
prodi The ST i e ey adpiatondordiomin oﬁﬁmcesﬁxﬁagampn 2t361 g
for 5 %Qn 5afp&51‘dk1m[1191[}21?d nlE 8F rebforPoldiRn v?ei(% Jh%hé)e %{3% gdrmat

base eXtension reaction coc

Spectx@@ﬁlﬂq{ﬂeqﬁemm)misﬁi};oﬁjdnmﬂm métrix ep- Hﬁc&dx%élmc acid by using a
B LR TR IR et T T
Speo&cﬁﬂﬂ%{ﬂéﬂﬁeﬂﬁﬁl}@vﬁ%&gf&Qat%%c%&s@olrltﬁ%gx @% Q&?&f-?]ltPgml\éI%ss

The reaction condition was
spectyopetiedyia wese awematiadly impofedsiatn Speetto TYEERA(Sequeniesr) Uatabase
foran%&s?syd es. [0123] The final base extension product
S Cleaned up with the SpectroCLEAN (Sequenom) resin
to renove salts that may interfere with the mass

al SIS Twenty-four mcroliters of
Msﬁéﬁmoﬁﬁd Nyesin were added i nto each base
[0124TXtI@IQs%' s%@ctﬁa'si%]; IFIQSQM{ROI@‘} %\Ig 07/ O 62%113,[ The primer

product

extension pgeluni for tlfkfmmeth:}éﬁbd fcfrmgﬁ"t(I@Il 3aba135édﬁect§@fn the Flalental and
degﬁpro i mat L of faa}%ﬁqpon sol uti on was di spensed
Pre-Gonth Hadsys e“s%ﬁe‘?f? P> P3attnve) mptp@wlsbuffx et and

placeMhlDNA . MPHeké Yat kudreBNHLQNY E’é s s@hﬁtl {o%h etg%ﬁé%ﬁ placenta-

Spect r oPoi nt nanodi spenser

derwqdnmn}ez]@rla@ fipracof CEES75n Bmmmal qﬂz&hﬁrmﬁmmﬂf&em toa
fracndélsagg %%}on of&gaﬂ UNallé{glélglg\ﬁ% e(clt qsggé%%fcgégmqygfgima

18 ¢H eohfitRRt
S e A cl{dﬁﬁcﬁ%%% b 0124 %?Nglées&rg%eéﬁ?%}ﬁbﬁ’ PHGUI137. The

lack ofsignalrimale inthe petesnad bulfy hmmamplemlgmoaﬁmﬁs thErspeqaﬁcltyeasf the

assay E@Sga?%ﬁg zl'ﬁ tl&{ gftﬂg ‘ilnlaagﬁlx a{eﬁletjtj) %glﬁlﬁ?ﬁ %Irnnr;la?';, due to the
differquoes thethé nmbymi@qﬁaﬁllardﬁcs:ﬁmm B&waén mbéntﬁilshh:@ al@ nétemal

blood ur es, of Hater al buffy coat and placental

00 ?ﬁ‘i(z% Sengifive aad spesdic assays QOH@ besdeyploped toctarget the eieteotuvrhefthe
f

Pl o LD A6 £k RS B Pl R e

derived frofp gratdroal dlloasoretienis dic acenfa i5%tisdie oGO FMADNA release

d t t-d t | 15 | e which
ito i RAB SR G hER e Bt re Py IGhe ofe: crmvesy Highod
backgfoah@o® DNXHdidved FHL mAdhl lﬂ’dodsdeﬂﬁ] 1]3,1|e? al hs%ﬁhﬂ 1808s targeting

mat ernal buffy coat sanple also c
placengyanacticcspigenstic matkersars asefulofanthesletdotionl of fetdlisperifié ntdieic acid

rmof CGE 137. In sumary, due to the
molecﬁl@?ﬁf@éﬁg}]ﬁgloﬁﬁt he nmethyl ation profile of Cd 137

bet ween pl acental tissues and maternal bl ood cells,

E sg sitive and specific assays could be devel oped to
Xamp rn"'get the detection of the 20 placenta-derived form

0125107 ARGItERAHFEBRELA, &?ﬁ
[ ]m) | ecul es ' deri ved rll)g%éd)n%‘i ﬁ?ef e&gc %%a@ C%Agﬁf‘%gﬁong and
Laird Nuclejertcédsi Res &5t 254253401998, wés dsed & adobA fbﬁﬂhe @BRence of
differential methylation of 3 genomic sequences on chromosome 21 (Table 11) between

DNA from placentas and maternal blood cells.
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[0126p CQumbined bisulfite restriction analysis (COBRA). One ng DNA was subjected
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 Tag DNA
Polymerase Kit (Qiagen, Hilden, Germany) 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 Taq, 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, followed 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 to 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 pl PCR
products, 1X appropriate buffer, and 10U restriction enzyme (or none for mock digestion),
under the manufacturer’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 COBRA analysis

Locus nhame Enzyme cutting status methylation status products with complete digestion (bp)
HLCS region A BstU No cut un-methylated 338

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

cut methylated 45, 22, 176, 30, 37
HLCS region B2  BstU | No cut un-methylated 413

cut methylated 34, 22, 176, 30, 151
CGl0o09 BstU 1 No cut un-methylated 211

cut methylated 82, 63,51,15
CGl132 BstU 1 No cut un-methylated 210

cut methylated 60, 49, 56, 45
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WOBIDERB2ALS AND METHODS [ 0126] Conbi ned bi sul f aR€T/GB2007/001627
restriction analysis (C(BRA) One g DNA was subjected
to bisulfite conversion by EZ DNA Met hyl ation Kit
[0127) z¢ionirg and r{nwlfi@sgqg@clm) DN AcBemithgsans RER amphﬁcatlon

reactlcgli @ﬁe?ﬁb%ﬁi% 1(518& gﬁk f?gg rgc? 8}6%8%1%19 g(ﬁﬁﬁA)” session shown
above UW@Qlﬁb’éG %Iﬂﬂo@h@ammﬁbﬁlﬁté/@quéﬂmig Iy bn@lg’ﬁ@ﬁidl@laﬁ@ﬁ status at the
nplification as was_described in sSone

resoluﬁ@m pf ¢ singleanaleculn el B Pseghst WéﬁTAncl@mFé IP@t@1§$mfﬁdf($°t°r using
d
e o BRLYVRAGAG] o ChaRE ed ) B PR 18, o

recombihatidlbges kilere Mymﬂlﬁmyol@@&mmmgmhgﬂ]mﬁlgmeéf drmixaltor Cycle
reaction vol une_ of 20 |

Sequen@psfvéfl ke ppiisd B@QYEEW)&S peg, @ew%/%%g%%ﬁp y r@ﬁnfwctma After

t T t
P by B B e Bl R pef oy oy T Tt
formafhde dmlrruft Do 3100 DNA ety zoy (45168 Bigsybtemshf 95C for 20
sec, 58 or 60 C for 30 sec (Table 11), 72C for 1.5
mn, and a final extension of 72C for 3 mn. PCR
RESIH!’I@MNDSCWGLUSIW subj ected to restriction enzyne

%;Stl on. The restriction enzKrre to be used for_ each
[0128] 5 Hadagsboxwase|Syuthetase SHERSS e hbs methyladionprofiles of the putative

I.Stl.ngul 18
prom AR 3 O EaTBEY AL Ao UL s or 2
first-tfimséted £4id DhirdittigRstar glacental tispeasamples Icnllmtdidl&a)mtﬂmﬂnal
met hyl at ed or unnet hyl at ed sequence but _.not bot h,

pregnaneats, shwelbes ¢ fest-idmgtieilaceninh rwiesamaley EORLSRY 12 Hgsmancies.
COBﬂlag%z% d HEAR dhd AL @@lteléc Eecgres]ighata Bﬁsfte%lbﬁw @8gion B1, and

stlons wer e per in a final reaction
regionvBR lamhof?vnaﬂ Figuresi 144,348, &R 40 rpﬂpoctumlys Injgkneral, the placenta is

B AT TR T e qe—

experinréf WS ggﬁgrrﬁe‘armﬁééﬂ)ﬂ B2StoffRfthe? ahl zﬂnbtl@&i%ﬁ@ﬁltm ¢he
purchased from New Engl and Bi ol ags (Beverl

resomoge>§a sihgr mdigculs, andrthe reselh shovan ipAigumsyl 7gentirmed ghat the

e 12. Result prediction for
ethy@i%?—%& 224?@ gacfgtgﬁ?eﬁglﬁe Enzyme cutting status

hyl
(0129 by Iﬁﬁmfééﬁfaﬁ%%%ﬁfoﬁ@@a@g ey S A{FA Bipod gl samples

were goﬁﬁ%%?%% a?fé‘%g gf%%rstﬁﬁmels_{le%d’ £ iRk Res B bidcdntNAissH 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 are
shown in Figure 15. In general, the placenta is hypermethylated when compared to maternal
blood cells.

[0130] CGI132. The methylation profiles of CGI132 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 are
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cut nethyl ated 45, 22, 176, 30, 37 HLCS region B2
BstU Il No cut un-nethylated 413 cut nethylated 34, 22,
waz®y13067 151 CAE Q09 BstU | No cut un-net hyl ap€dGB17/001627
cut nmethylated 82, 63, 51,15 CGL132 BstU |l No cut
shownin Figstr§6.alregenered, the plapestinis hypeaneginylated whe compared, & pafernal
bloo dzqgw 132167 PCT/ GB2007/001627 [0127] d oning and
ul fate sequencing. DNA fromthe sane PCR
anplification reaction as described in "Conbined
bisulfite restriction analysis (COBRA)" session shown
Examplee was used for cl oni ng and bisulfite sequencing.
To I I
(01317 PERR o e IR ERINRIE HEpual oL RoNARGMAAAR i bladontal
t1ssue$drdsmatelmabhlbod cells, my altelmmvp @ihad Esy mythytation Sgrssitive restriction

f h
enzymp i o graeel ity e BOR wes veloged i ifvely
analyif%ﬁ@?ﬁffe%ﬁ@l S ?laﬁ%ﬁ oF R tgRhok de§uencs GFFM@SGleMﬁB@ (thble 11)

I ed Bi osys as per the manufacturer'
betweemBNAufbingriacentus tand mapmnalﬂ)ﬂqsﬁtqeﬂh by et hanol
precipitation, the sanples were resuspended by 10 | of
H-D 10 for mam' de and run on a 3100 DNA Anal yzer
MATERRIS aNBMEBHNSOPSs) . RESULTS AND CONCLUSI ON [ 0128]
Hol ocar boxyl ase Synt het ase (HLCS). The metlgyl ation
[0132]or Methglation sensiting yostriction enzymsdigestion; HN4Hapexigciedfrom the
I e t
placerfyl T 5 g O OFA B DN SR AR Ol R HIRARC Ot PRfFefrom
the mettémsumf&actmk asd plashe eneekifactd bycherQIAdhp PNedy i ond ®eni Kit

o b G bt SR Sl PSRN St BHE ARTRS e
and bﬁﬁf ik PR 30 ﬂehﬁ)(ﬁﬁg DRIASHES SBRERSH Snelidfi @i Jri¥ensifod RRtriction

region Bl, region B2 are shown i'n Figures 14A,
enzynib4cBgesand R&@nch@smme\degq%uonﬂwge perfatmediine fplahreapiien volume

ors0 b BT R TR B TS0 PR o one o

mock\ﬂ?%%stﬁlﬁi)fﬂ{mﬂle‘iﬁaﬂlﬂm& BrecbMnicntéhRmparsddrye for at least 16 hr. For
| ation status at the 20 resol ution of a si ngj e

each mﬁb@@hplesmasmnmlnel ¢ & plasmsvssrised m.Wéxf_Eafct@@nmermd n
t.h
s o B S B 0 PR 6
Enzyn?IeF1 ﬂ%’éﬁtc?h@gve]l?é p@?or%mkilm 8 fﬁm“ Ie&tlmhlmaémtbﬂ} el widhtDINA, 1X
ose 0 irst-trinester rd-tr
appropiele enie and 3806t Sl Bl SUEP BELIGOT e IBREK digestion), under
the m. u?%@t%?’ 5 ?éci ﬂﬂ%h lten%ﬁre&utfeb Sitat Ha'st"ﬂreml%ﬁﬁﬁég Were

I'ssue sanple rom trisony 21 pregnanci es. COBRA
purchmdzfgomvhbwiﬁmg‘lmdﬁmlm BevedygAe Imgcat@bmodw$ wergthen analyzed
ener al

h
ST T TOE R
DNA ®8} At-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

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 pl of
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[0130] CGl132. The nethylation profiles of CE 132 from
2 maternal bl ood cell sanples were conpared with
W b@3ae3xnb7 2 first-trinester and 2 third-tri rresr@r/GB2007/001627
pl acental tissue sanples 30 collected from nor
restricgipie gpzyits EentedaNeepn magk diggstipg gampple yeasused 1 the éeﬁ! ame PCR

assay. tfifc%lfga&i%mkﬁ 1Jsr19ﬁ5%hé§?ﬁélv%gslaﬁ?ﬂ%5§érqﬁlx @ﬁ?ﬁ%?gosystems,

or med ectrophor esi
Fosteractlw, C:'ﬁ@ WD) ﬁIODHﬂ foB24r8 prilEr (%EZOGTG(IKIKHZQACM@MGL%) 300 nM of

reversgiames (P ORACEERIA AGETARIGSS e 1D nERE AU, pobe -
6FAM- %%%éec;l ggglﬁ?g c?“[@rl‘t{,( & ananRiaas )”?h@ﬂleﬁhhl%oﬁﬁ%&é% °C for 2

ers in platental 5 ti'ssues and
min, 9r$5?0eﬁon 20 ntih, dfifcyekeslof 95 8@ farl tSesencanid\6® *Eefoh danins iAdigreactions were

run ing IR B g BT SR kP DBl PR R SO0 Eispie DNA
orlgm&l‘Py ﬁ\%ﬁﬁb& Y }éﬁ&aﬁ éieﬁsﬂft%'l nide8ureRntiwhd @@k tRl quantitative standard for

['ation™ o enom ¢ sequence of HLCS region B2
the aSQaYa b’LSth dytectpble DNA afte@m lca@@rmaxma dtgeﬁmrlenemsented the

RN TR Y

The niety1hRD i8I S Rehpld @mhrchﬁtedwyaﬁﬁat@ thé Yﬂ@SGSNASdoﬁGentratlon
the Q Aanp DNA Mni Kit ( Hi | den, Germany). DNA
after enzyme dt%@éthm‘t\féhﬁlﬁt obfgirfeg v %ldﬁo%g?ﬁt@&m was extracted

by the Q Aanp DNA Blood Mni Kit (Q agen, Hilden,
Germany) according to the manufacturer's instructi ons.
RESMSAN&C@M&IB&SI&)N and buffy coat DNA sanple, 100 ng

o PSS RS A L B ) 0 STt L P 1 R
blood%ﬂ Ea%§ %f@e&)dlﬁhr&i $ritRatlost BB6LD ARtV andf2 thBdlsimester

appropriate buffer, and 25U of Hpa Il and
placexﬁ@lmssme @mplbs co(lkacted@mn mmnal prsgkengiege Rebtoigtion envarare digrstion

follovg% f-_tg{lee {Dglgc {T;V?%%%r rgjnéxde{éé' {ﬁ%ﬁhg %r éﬁw ’ﬁflggure 18.

DNA ¥ M§ﬁﬁtd‘rﬂaﬂ bR &lqtsﬁ@@eb ‘W‘ére mﬁﬁly/mgeﬁédllb}e&sﬂri&tloﬁ endymes,
of dei oni zed wat er, of which was subjected to

resultinggn meéhs:fcl@wr@néyﬁ%amr@%mg&q whlg ther fsﬂ%plapeg%ttﬁsw?é were
f
partieffffeeRRly B4R W B 5 ko %@“&Bﬁﬁfﬁf“ﬁ%ﬁﬁ |

and 3QU of BstU I or none .f Stion r
0 o b S b Lo 406 S bl Pl 5 D
whlleb?ﬁfﬁi felgs‘l dre ﬁx@@(aﬁﬁ SoMBb&or HHLER \frfdQﬁétEﬁi‘é’l DNA that are

(Beverly, MA). Digested products were
detectabbnn ataaéryzlqﬂasntﬁy WVe éolehwerthatqhmpiacmhspec@cﬁwﬂrrﬁéerence to

T e S

fractibi art @t M ABRLEpl@sthagndSiB @ Wgnhlﬁtiyt-spbﬂ;lﬁs Paired pre- and post-

hyper nmet hyl ated i n placent al t| ssues and
delivery BOrtemisterplesms remplesfami2Splosmal Rregnagt ngividughewpregecruited.

Re strg: ggrt | oendl%stﬁ'\le’ fl&@%@%ﬁ%@bg& ae%rw % oSmE& the results

are proSuskedl inFiglirg @St e ALY digiml Bahovatiebe abditvaly tietected in the
enzylilee altgreétgctl i:»r%nde 1Q€1yyngd tr}rrrleestaetr rrFasma samples and reduced after delivery. The
median of HLCS concentration in post-delivery plasma samples after 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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30 [0133] Real tinme quantitative PCR Real tinme PCR
assay was devel oped for quantitative analysis of HLCS
W@ emonBs16DNA vvi th and without restriction enzyP&r/GB2007/001627
digestion. 4 | of 57 WO 2007/132167 PCT/ GB2007/001627
plasma erglaqalt@tth%iﬁh@ﬁ%w HLEeSstenalDRRregnaRgycIpegilige £in thp contrary, the

medla »S?lgiﬁ%g et g‘?‘ﬁ%ﬁfﬁ $o§t—ﬁ% W{ljk Fﬁ\&jaéé: ml pl%é%?%gh t’x:r?o%ﬂ ﬁstrlc‘uon

enzyn(e%ﬁgésh@d wRk 3894 efithat 1n|¥h>é$ﬁleck-ﬁigbs¢ed PR} deliefy saMpds (Figure 19B).
forward primer (5'-CCGIGITGECCAGAGGTIG 3'), 300 nM of

[0136];)?‘/4?.[ a%aﬁgﬂg F?rggqut Q@;cl@%m%%ﬁ c:)ted ANFis h8RicAlbn,

includiaGRBNCREIGEIRC REIHGEPolyhkeleotile) seqiidneed, lasr imedrppratefd Hyereference in
was ?0 for 2 mn, 95 Cfor 10 mn, 50 cycles of 95

the engirety, for f5 RUEROSEHNd 60 C for 1 min. All reactions were
run in duplicate, and the nean quantity was taken.
Serially diluted human genomic DNA originally
quantified by optical density neasurenent was used as
the quantitative standard for the assay. As the
detectable HLCS DNA after restriction enzyne digestion
represented the 10 nethylated fraction, we expressed
the real-time quantitative PCR as a nethyl ation index.
The nmethyl ation index of a sanple is cal cul ated by
di viding the HLCS DNA concentration after enzyne
digestion wth that obtained with nock digestion.
RESULTS AND CONCLUSI ON [0134] The nethyl ation profiles
of the putative pronoter region of HLCS from 8
mat ernal 15 bl ood cell sanples were conpared with
those from2 first-trinester and 2 third-trinmester
pl acental tissue sanples collected from norm
pregnanci es. Restriction enzyne digestion followed by
real tinme PCR anal ysis was perforned and the results
are shown in Figure 18. DNA fromall maternal bl ood
cell sanples were nostly digested by restriction
enzynes, resulting in nethylation indices approaching
0; while that from placental tissues were 20 partially
di gested, resulting in nethylation indices ranging
fromO.567 to 0.966. [0135] Previous data suggest that
pl acenta is the predom nant tissue source of fetal DNA
whil e maternal blood cells are the main contributor of
t he background nmaternal DNA that are detectable in
mat er nal plasma. We believe that the
pl acental -specific (wth reference to nmaternal bl ood
cells) fraction of HLCS DNA, nanely the nethylated or
non- di gestabl e 25 fraction can be detected in naterna
pl asma and is pregnancy-specific. Paired pre- and
post- delivery 3rd trinester plasnma sanples from 25
normal pregnant individuals were recruited.
Restriction enzyne digestion followed by real tine PCR
assay was perfornmed and the results are presented in
Figure 19. The HLCS signal is shown to be positively
detected in the enzyne digested pre-delivery 3rd
trimester plasma sanples and reduced after delivery.
The 30 nmedi an of HLCS concentration in post-delivery
pl asma sanples after enzyne digestion was 8.1 % of
that the nmedian HLCS concentration in pre-delivery
pl asma sanpl es after enzyne
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di gestion (Figure 19A). The clearance pattern from
enzyne treated pre- and post-delivery 58 WO
WQR®7131838167 PCT/ GB2007/ 001627 pl asma i ndi cat BGT/GBa107/001627
the detected HLCS signal is pregnancy-specific. On the
A : medi an HLCS DNA concentration in
post-delivery maternal plasma with nock restriction

enzynme, di gegt ot eﬂ’gir Rl 6f mBF@énr%% %ﬂ%gnancg eBssomated disorder

nock- dlgeste |very sanpl e
in a wothhi GiegAhit with e fitss, cpmprsing dpmtépsafi ons, and ot her

public ns.cited.in this | igcation i ngl udi n .

Dbl | S ReqDaHiRG bialBier! op s BB Sytriia e st i
whold BIG&, REuAL gf&sﬁx HelEbLRtgai N the entirety for all

pur poses. WG 20077132167 PCT/ GB2007/ 001627 WWHAT 1S

CLAI MVED)Idgterhining therra¢thyldtidrostate pbe Cplecaptainipgigenemisgequence

in the e am RS BOTRpRE SEaHRE oDl i M RRibRE SEHRR from
the wé‘m@ﬁ %@%f@r@ﬁha‘l@rfﬁétﬁylfafe@mhéﬁﬁy \IpEBAuisMAE R denbihee Seqti@ilce from
whol e bl ood, serum tg@asrm urine, or saliva; 5

the wcgm;m @mita;ﬁ gﬁmnmlg sm@enﬁeflﬁm fedws 1gtthg spsmple, wherein the genomic
seque% e s gf IE:B{% t‘}g nu legﬁdé)s'ﬂm(fe %gﬁﬁﬁmﬁg nga%t% e THIRLE, aﬁld is within a

m ¢ ‘sequre us’ an
regio) 6 Slifofos@fe! 2 neadfwieiein the rbng@UMstﬁbﬁ( 19 iafgenoraivtlbedsl sglected

Fom e SHSOl s éféﬁ%?érf?% Y RaREEA e teiens prorein
phos;JhaPcR} b %g{tl%d‘);? (}[Hﬂzbtz}a?) 524‘3%2‘: ? got | e%'e@ f]?ﬁ’]@?@)n&‘mz?amw fo

sequeitce®l’s at '1 east s in
Femldq@penshaigliad elegasy), QRB08ydapsinybredacidsd $ (@BRF]] Down Syddrome

cell agigRiorgraloae (ONCA e oee 24 apaet e e g CHe29)
Holo%{g% )&gi'cgg’%ﬁtﬁ S0 CY Ak GIlBQOa?rﬁir(Qﬁh eNL %@cﬁﬁn@e“of no more than

ono sapl ens protein 12 phosphatase 1,
10 kbrupgtnéaat m@/o(dmnsbﬁamrﬁonsﬂbdmus, 2pseudogene 2

PPPI Si.mlari 13 FenlA Caen rha
F equndd) detsantnnt B lbyelof e el sh i ep Aol R S and
Syndr on®) ¢ aﬁeg Ithewhasifam: %"@bmwi@ué@‘é%m theafoths w1th a
chronosone 1 open readlng rame 29 (C21 or) 29

StandeI cgnfamlbwhyneasel igpreapreeraisereasq femp thessiendard qapro 3 Hr%ca(fez)the
0 kb upst
prese By D BRI o PBIPAR R g0 0 vpstream

the | evel of the genom ¢ sequence fromthe fetus; and
18 (d) 2conpaphiengethtiof ewied 1,0fher¢ie thregrmoinic seperoedieom the

fromthe fetus wth a,19 stan ard cant r ol erein an
womii o Redaeley S e LEREi AP DOPLARY BoIed.
indicates the 20 presence or progression of a

pregnancy- asgRGhahed ofitlaRd UekherdinZhe ddd@niiet dn@f from the
claim1, wherein the genomc sequence fromt

wommmme&ymmgndaﬁxe@emctsweg%ﬁﬁmd o feireiy @aethyletﬁsit he
fetus is unnethylated. 1 3. The nethod of claim1,

wher ei Myt he 'ﬁi%r}ﬁgﬂlgd LAY f,ewlfléraﬂ‘skge(b) is performed by treating the
sample with a reagent that differentially modifies methylated and unmethylated DNA.

S. 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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2 woman is unnet hyl ated and the genom ¢ sequence from
the fetus is nethylated. 1 4. The nethod of claiml,
wob@resnestep (b) is performed by treating t hePCRGB2007/001627
sanple with a reagent that differentially nodifies
met hyl ated and unmethyl ated DNA, 1 5. The net hod of
cl ai m 4, whdhemsthadeofclaimeh vhersibiie Jeagent comuriseg onel orgnore
T ' ' he reagent conprises
enzyn})eﬁgh%ﬁﬁe&%gg&ﬁydéﬁdﬁ nuégl e}qﬂg%tgdppgtf/&ér entially cleave
met hyl ated DNA. 60 WO 2007/ 132167 PCT/ GB2007/ 001627 1
7. TheS8net hatle efetladdaifreladm Mivdeesimsteh é)riepegydrmed by methylation-
.conprises one or nore 2 enzynes that preferentially
spemfémg@%e unnet hyl ated .DNA. 1 8. The nethod of claim1,
wherein step (b) is perforned by nethylation- 2
speci figc PCR mlh3d 6 dEERAE of RlonHEHiBES preBndiicy-associated disorder
nonitoring a pregnancy-associ ated di sorder in a
in a woormarpregneytaith a Witush campesing thecwensiof'si ng t he steps of 3

(a) obtainin I n_ a,biol.ogi cal .

woman, GHEERE LA T 8 ook sGRp SRIP IR SR, Whfysin te
samplRli#&ABle tisdd)Seruf! pRgthh Mainepor(dakivd;r eating the DNA from

step (a) with bisulfite;, and 6 (c). perforning an

anpl i f i(Retreating theddNdolom stapdar ite:daflstep (b) and

two 7 .pri . 1 ' . ini '

sequend® iR A lckich (REGARE B DAQRAGTE @ and two
primetStorgdlE hiCHES comaihizpgichomiorpuimesvizreih ¢l gerondc sequence is at
| tg:tosn ne, and is withjn a éqesgi on on.9 chronosane 21
cas

auclpriides in lenghycammsifet Hrleastone foyng and SHIHP & 'PHRHSD
chrong(%glg%tﬁdaﬁd' PHbRGhe l]e%a(%{DE Asﬁ%ﬁ%i)sat $AEmA 10664 dedelcted from the

hodi est erase 9A , horo Sapiens protein 11
grouppdvasisting aSEGLL3 7y plgusphadiesfergsantd RRERY), baanepiens protein

oo T B B P Nty

Fengagg%%)mrhl?yms S¥PEHIEGI0bS, &RbbmRshRsiaes | TOBREN | Down Syndrome
CAM), chronosone 21 open reading frame 29 gC21
cell adhés2®) moledultiDSCAMD o3ty priewonydl nspasedingiiramy 294kd107/29),

rotogShi Ty Sl 0 HEECIER B 00 B g v o
10 kB"tiiﬁfr@éxﬁ afd/of Easistend ffm thedotww® priners bi nds

differentially to the genomc 17 sequenge fraom.the .
fetus; aadavheseip ableassopa Pl g tva @rlp@gselpmgqr c‘fl{e-ﬁqgng%y {9 thg genomic

[t enom ¢ sequence from 19 step (c) with
Sequeglgggxgﬁl&gfg eté%%{“?m, wherein an i ncrease or decrease

from t hd) sémapampdhe et of the dmplifisdatréen ofthe gerapissequence from
rogressi ogn of a pregnancy:associ ated disorder, 1.10.
step (%}]@uthr@tspﬂpéa@fcogfrgﬁm TeTR, Ak OSTERSE Wec}eg%‘sq lisrﬁnggﬁ? %tlafndar(? control
indi i h& & Qﬁhdﬁ'@‘”ag&@ a8y -AssobiatedidddrddrCR) . 1
mdlc?[t%gﬁ{?ﬁg&ﬁet ho&)rggr claimg, %\he?jéi n the anplification
reaction is a . ) ..
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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2 methyl ation-specific PCR 1 12. The nethod of claim
9, wherein the anplification reaction is a nucleic 2
wa@eiod/13aquence based anplification. 61 WO 2007PABEB&M7/001627
PCT/ GB2007/ 001627 1 13. The nethod of claim9,
wher ei n_t he lification reaction is a strand 2
di spl acé'l{'re nt %Hgg’@fhoér?.f clpim 2, “’i‘ﬁ"@lq@? pB@lifeationgpantion is a strand
displwbeaiedit Peakfign.anpl i fication reaction is a 2 branched
DNA anplification reaction. 1 15. The nethod of claim
1 or 9, wherein the pregnancy-associ ated di sorder 2
i s preeldtanpShamethod®f clitie Ipwheéreth thé amplificatibnaeaction is a
' . pregnancy-associ ated disorder 2 is
branég@g@% ?18‘1?_‘:1 Ifa}c.%yo?he nmet hod of claim1 or 9,
wherei n the pregnancy-associ ated disorder 2 is
hyper ent&i s Themethad oftlain 18+ 9 WReltRl O Brepharfdy@sBclatd disorder
.9, wherein the pregnancy-associ ated disorder "2 1s
is pregelagisia. pregnancy. 1 19. The method of claim1 or 9,
wherei n the pregnancy-associ ated disorder 2 is a
chr onos | fey j : T. thod of claim1l .
~ wherei nwtjrﬁe pr egﬁ%ﬁﬂ??‘é%é%%?’g? é%ﬁ%f?}s%c}g%jB?egfl%pcy?ssocm%éd disorder
is preterinslebgr. 21. 1 21. The nethod of claim1 or 9, wherein
the pregnancy-associated disorder 2 is intrauterine
gr ow h 7etar atiotﬂ\. 1 212, A nethod for detecting and
moni t ortng al BrRGHEA Y clan b or 3+ wherein the BissRIcy-associated disorder
is hysperesis glagidaRgn. st eps of 3 (a) obtaining DNA in a
bi ol ogi cal sanple fromthe woman, wherein the 4
sanple js whole blood, serum plasm, urine, or
sal i va:185 (bYhemethed afcleinel DAA Whaendhepregadnoydassocited disorder
; t differentially nodifies 6 nethylated and
lseCtgﬁﬁgﬁ%‘ﬁgt ed DNA; 7 (c) determining the nucleotide
sequence of a CpG containing genom c 8 sequence from
step (B, wiBreanethodef dainpibe9 seliencke: ]{n‘égﬁinc&-ﬂaﬁiciaie'ﬁ disorder
is ucl eotides in.length, 9 conprises at |east one
a cromosyal aguRojdY- wi't hi n a regi on on chronosome 21, and
wherein the 10 region consists of (1) a genom c |ocus
sel ect . f r orReli@hed OMaiGPTY vietd# 1R prifdatdy assBéiatiP disorder is

. 2007/ 132167 PCT/ GB2007/ 001627
trisomy 21.

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

is 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 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,
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11 phosphodi est erase 9A (PDE9A), hono sapiens protein
phosphatase 1, regulatory (inhibitor) 12 subunit 2
w@s@adsygene 2 (PPP1LR2P2), Simlarity to FenlA PCT/GB2007/001627
;Cﬁenorhabdltls elegans) 13 Cd 009, carbonyl
phosphediesterase94 (XOBR\); , OWWWP&%Pk@WW@%éSVﬂMWOW (inhibitor)

L e
L e e T O BT
CGIO%‘)CS) cﬁfb%njﬁteali&&aseahg:/'zf@)a Bo@Nﬁy;que eele adﬁesn?hmlewlé [2SCAM),
upstream and/ or owns e | OCcus,
chromgsema 31 QH)" regAmsdT e 3hEH peedh @Oéﬁcarfifwﬁa% Sakeiane (HLCS),
and CV\E% Igﬁc? g) OHNAl RBudrRl ofhd gxfol?ei tg&? 16%8 e 2 a&’rgf /6 Qownstream

ange |n the pr rom-t
from thehdcuel anidndi cates the 19 presence or progreSS| on of a

regnangy- associ r.der 3. Th th
Ol 5 G copenae oelle S i iclsS i sequenss oM P e) with a
stand#d codthst, WES Bt Gan ngé 1 &%ﬁlé’%@ﬁﬁh@ staR@rl 889N tindicates the

conpii ses one or 2 enzymes that preferentially
presemvke @a po gressiopl cftaguie dhiNacy-ass@@ated Hisordet.nod of cl ai m 22,
wherei n the reagent conprises one or nore 2 enzymes

t hat Py, fer tial h 1. .
net ho d f Cﬁn fic}/d ?{f ?ﬁ%‘ 4 ?% gagg%%mﬁ'ns%?blsa-lﬁ?e.
anplification step of 2u3|ngthe DNAfromstep(b)

and twa4pri fl&léSndthbcﬁdSﬁﬂlélﬁMZ‘; hbcatntrircageaneansises dne2ot.more
The nmethod of cla wherein the anplification step
enzymes that prefereatial lszclsﬁfvepnﬁhy 4ted®NAhe nethod of clai m 26,

wherein the anplification step is perforned 2 by
met hyl aki onﬁﬁ‘?ﬁét%&fof cgﬁn y.) %ereﬂ‘ﬁw%ﬁé%ﬁ%&ﬁprﬁe@bﬁ@ or more

22, wherein step formed by nEss
enzyrsq{sethatrpmcfetangaallﬁclsave ﬁmtmtlméathwl‘bﬁ claim 22, vvher ein
step (c) is perfornmed by prinmer 2 extension. 1 31.

by- 2 g0t ynadranfhaL S E Sihed tORphGhe 5 AR B BB bep of
using@he ON& ﬁbl%%’te;y‘('g% V%ﬁﬁel@ €0 amplifyahé geniic Byquence.
real -time 2 2007/ 132167 PCT/ GB2007/ 001627

1 33. The net hod of cI aim22, wherein st

per f or A8d by te reteed plopltity & wherejn 1%@‘(“\&%‘%15%6}8 performed
b P(ggtectlng trisony 21 in a fetus in a pregnant wonman,
Y conprising the steps of: 3 (a) obtaining a

bi ol ogi cal sanple fromthe woman, wherein the sanple
is 28. The method of claim 26, wherein the amplification step 1s 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 of claim 22, wherein step (c) is performed by
polynucleotide hybridization.

32. The method of claim 22, wherein step (c) is performed by real-time
PCR.
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4 whol e bl ood, serum plasma, urine, or saliva; 5 (b)
treating the sanple fromstep (a) with a reagent that

walpdofasantial |y nodifies 6 nethylated and unnethgBaioedo1627
DNA; 7 (c) analyzing the alleles of a CpG-containing

genon1 seq nce I.n the 8 geno se uence i s
AR R AR B wherein Stey red Peast

t05| ne and is 9 within a regi on on chr onosone
dcangﬁﬁmﬁﬁd wherein the region consists of (1) a genomc
| ocus 10 selected fromthe group consisting of
CG 13734. phoAphethbé $oratestin® misORPERI AN 2 fhivsin 4 pregapitevmnan,
Ipr Ot@ﬁ phat ase 1, regulatory (inhibitor) subunit
compiSIRE g §t5 S 2 (PPPIR2P2), 12 Simlarity to FemlA

E Caenow %B%ﬁlh%a%h&a@sa)samﬁefm&the%mmhe&aﬂws@ﬁ@ﬂé is

ndrone cell adhesi on nol ecul e
wholemmmmphmsm pusabigein reading frame 29 14 (C21

2 o R RIS o B L0 o e e

methyld?sd fRPMnAIEY 1@1@dqtmmst reamfromthe | ocus; and 16 (d)
determining the ratio of the alleles, wherein a
devi at (Denalysing theallelss of 2 CpB-HRIHaiRINgAepMifgSequense wherein the

genorﬁig%%@}{ﬁ nlg g{ fe?%q@/nlﬁ?]eogaéy lﬁy glﬁ}h%él?ﬁﬁ\gl%ea? Eaﬁﬁr{%%@to&ne and 18
withirf zemg\;tgnt omm'ﬁm 2, il filiegein the 3€gio bensiws df(d) @ Bewdnaii ocus

t
selectgshrgidte ERaP ceﬁ%%??ggq?&(f%ﬁgﬁp S i1 2 GRS, hano
sapze;’?&g)rotzhgo %}?cggseof r %ﬁbﬂ?gﬂnhzmﬁ ?&H%nb@%fes&%%% 2 (PP];J R2P2),

npri ne or Nno enzynes t hat pr eferenti al
Similavite tov Beraire dreylo shodditidNbegats)38 GO cwé;ph)dd‘edﬁct@ieaﬁ (@RI ), Down

st b P ds TR TR A et bt
(czzo\%ﬁm WSlo &FAHE/NER Syhthdfse WBCS?EMEDOGM3 2¢hd () %ibNA sequence of

rein the anplification step is perf ormed’ 2 by
no mad tha® 1260 1psBeas Andordcroeandrs e loqusagnd The met hod

of cl a| wher t

o6+ or e Beloh 051 BTBLLEL kR A o ot
womdhRaf9th g%ffeﬁis&hbﬂhéiﬁng emgiN isdiegey Risomy 20dn figy ford. by

mass spectronetry 1 42. The met hod of cl aim 34,

wherein_step_(c) Jis. perfor pri mer ext epnsi
Asay. 35" a3 Thyricthast Hdeisy S Pt OE TR IR DR
is perforned by real-time 2 PCR. 1 44. The nmet hod of

claim 3¢, WhgLeldh&d @ﬂ%la(lﬁ1)34 svheRid deBsheld contprises one or more
pol ynucl eoti de hybri di zati on.

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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1 45. The nmethod of claim 34, wherein step (c) is
performed by 2 electrophoresis. 1 46. The net hod of
web@7is347 wherein the two different alleles oPCT/B82@7/001627

genom ¢ sequence fromthe fetus conprise a single

nucl eoti de pol ymorphism an insertion- 3 de]etion

pol ynmof®hi ske Bethedof glsim 38awhasinthp anplificationstops gerformed
bymeﬁlpff'azionﬁg%fi@?@lif.or detecting or nonitoring a

pregnancy-associ ated disorder 2 in a wonman pregnant

with a fetus, conprising the steps of 3 (a) obtaining

a bi ol ébi caThsmefiod dof ctamt3dewhensmrstepieeisgienformed bpmake

is 4 whole blood, serum plasma, urine, or saliva; 5
specttpBPtget er mi ni ng the | evel of a CpG contai ning genonic

sequence in the 6 sanple, wherein the genom c sequence

is at Wgast ThOnRupdeAlARS4] WheRREh (cF BRifosRsd BY a primer

| east 7 one unnethylated cytosine, and is within a
extensiergdssay.on chr onosone 21, and wherein the region 8

consists of (1) a genomc |ocus selected fromthe

gr oup nsi st.j f h S | e

( PDE9A 9 ot g‘g&h?’élnoﬁar@tsé‘r %hgﬁ%s%ﬂ%@??’ eﬁ(’?ﬁgd BfMreal-time
PCR.reqgul atory (inhibitor) 10 subunit 2 pseudogene 2

(PPPIR2P2), and Simlarity to FemlA (Caenorhabditis

el egans), an 11 (2 . sequence . ho re.than
10 kb dpstr gﬁf@%ﬁ? fcmw %&%‘?ﬁ“gﬁequg’g‘agﬁi and

polyn@ﬁe%faeq@gﬁéi%g’@&ﬁ7 PCT/ GB2007/ 001627 12 (c) conparing
the Tevel o

the genoni ¢ sequence with a standard
control, 13 wherein an increase or decrease fromthe
st andadf. coihe olethaddifcirins34 whersiregemes ioperformed by

r,ogressi on of a pregnancy-associ ated di sorder. 1 48.

elemg?l'l‘Pg?sﬁsod for detecting or nonitoring a
pregnancy-associ ated disorder 2 in a wonman pregnant
W t h a4bet uThe atiipd o ciiimt 3% whtepsthe frwo diffagntaiitks of thg

a biological sanple fromthe man, wherein the sanple.
genomig sequefpR framFhe fius couRilee am%ﬁ%ﬁ%ﬁ’yﬁ 8915’81*011%139?‘\/%}1%8‘3“1”'

: 1D : I Qﬁﬁ%&ﬂﬂhﬁ! ni ng genom c
deletlélggﬂlgﬁltgg&{ﬂr?q’tﬁ% s%ﬁglgé%}’c%b I\%&%a?gi t he genom c sequence

is at least 15 nucleotides in length, conprises at )

| east 47. one\ methiogfoit detectipg 05 invaitoringia pregpanchirasseeiated disorder

. regi on on chr sone 21.. an erein the region 8
n a w ipg‘fgonaﬂtfW’(tﬁg?eo{ufj@ﬂmlémggl&m@epsgeqf'ect ed fromthe
group cansi sting. of CA 009, carb | 9 reduct.a 1 .
(CBR! ) (OSSIag I RE LA E T A SR el
10 ding franme 29 (C21 orf29),
th{%%%%%?@%{gﬁglg’%}%ﬁgfﬂgg’(HLCS), and CQ 132, and 11

2 au . .
(2 5, Dfuashinie Bobva deavnfs LRt SRy RYC BRI in the

and/ or trea rom-t ocus; _
samplowhereimiie izligorhie weduente istat legatridmuclestidesdn dengtlh, tchmgprises at least

standard control, 13 wherein an increase decrease .
one uprgHY i SHEHREa P! BIRHHBR 741 CaFBOMERRR A byBHOUgR the rogion
considtd oP{19A RAESHhRN0 s sR1eRfe8 IR fi¥é-RSHPsnsls B 6f COTIHT -
phosphodiesterase 94 (PDE9A), homo sapiens protein phosphatase 1, regulatory (inhibitor)
subunit 2 pseudogene 2 (PPP1R2P2), and Similarity to FemlA (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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1 49. The nmethod of claim47 or 48, wherein step (b)

conprises treating 2 DNA present in the blood sanple
wowah/1zeiseagent that differentially nodifies netThgBaiedo1627

and 3 net hyl at ﬁd cytosine. 1 50. The nethod of

cl ai m 49; COmBIIET ¢ frvel e sencmippequenes Witk alstandard control,

wherbih-an il&re AR AdcrRhse Hh [Hf@?&tndi%(%ﬁkt L iﬁ'lﬁl%a{efe @%}ﬁ%ﬁegfq v

conpri ses one or nore enz pre

progigbsiely ef Dpgranprassiciaedditdrdérat ed cyt osine. 1 52. The

met hod of claim49, wherein the reagent conprises one
teferentially cleave DNA

Or nNbre,e 2 €enz s, t hat
conpr i Slltsr']g u%n%e?ﬁ?ﬂ {ff gﬁtegty}go%r iTRutofing 3 pregianeppsseeiaise disorder
in a womimprégnait wifh a fé’ﬂﬁ{&fn{bnish%ghé ?_t)ﬁggsgﬁpr ises an 2

anplification reaction. met hod of cl ai m 53,

wher ei | £l ' ' ' 2. pol rase .
hat 1o aBT | blofoRlcaE Balig blMe butn, SnBRIDEE LSle s
wholebipodBeoan/ fleshss firind, ds5alivelhie met hod of cl ai m 54,
wherein the PCRis a nethylation-specific 2 PCR 1 56.
The net(bpdetefminingithe kel oAl ti-BokthRid Rnbini CRlgh&ke in the

eaction is a nucleic 2 acid sequence based

Sampknﬁﬁjﬁﬁ%@ﬂg&ﬂ?m!f ssqueng i Fidaplokd wiclestidenindengtivieompirises at least

Lokigatd t4.0p: | di acenment .
one AT g i, WRA Rioh Itk e 71, 1hEPRERRER togion
consigtspf (1) iacgenomic lpemleotedifﬂ)lmtheégrmlﬁ&tﬁisisanGllooa carbonyl

i fi iQn reaction. 9. The nmethod of claim47
recc R J{CHifter B Shivle ool aheeios mgivats S6s) ghmomosome 21
PRENBHEME 99 i ' ' 6

open net hod of cl g(lg‘?npaﬁ 92’?%412%&’ %}@ffdév% %?%]’ﬁgel%?éeegfé%f %dhcgaﬁ 32, and
(2) 2 BdoraquemIRS np merq thandd libsupdtrtam andiedddynstream from the locus; and

pol ynucl eotide hybridization. 1 61. The method of
cl ai m 47) mpksing viredeedl of theeepomiRqtaca SHMCd #4R¥rd dontrol,

h disorder is &r eecl %ngé a. 1 G(i. The net hod_ of claim47

Wherelp an BICTGRse PRyt g bﬁ siArdara sawql dpdieptestheipersenseror s

progré¥s R Prékhcy-dssBated ARofREN0D of claim 47 or 48,
wherei n 't he pregnancy-assocliated 2 disorder is

hyperenesis gravidarum 1 64. The nmethod of claim 47
or 48, 4her dihg maikodwicipimmAoradls vhemirestep (b) dbmprisrirdating

DNA ?ﬁées?@: iﬁ tﬁlgg%?ge%br(pal% %t?%érg%e%&@é&?gre%{iaﬁ}t %ﬂoﬁiﬁg rr?ecchyzlgtéd and
unmethylated cytosine.

50. The methqd of claim 49, wherein the reagent comprises bisulfite.

S1.  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.

33.  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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2 disorder is trisony 21. 1 66. The nethod of claim 47
or 48, wherein the pregnancy-associated 2 disorder is

WO niorasxier i ne growm h retardation. 1 67. The nePdDEBRG07/001627
claim1, 9, 22, 34, 47, or 48, wherein the genomc 2

sequence is I sl and. 67
a 55. Tﬁe ?n%%od of c?acljm 54, wherein the PCR is a methylation-specific

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 amplification reaction.

59.  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.
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