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DI AGNOSI NG FETAL CHROMOSOVAL ANEUPLOI DVEE/ 68 BRAVPD 25 3 0

SEQUENCI NG CLAIM CF PRIORITY [0001] The present

wappidioaadson clainms priority fromand is a PCT/GB2008/002530

non- provi si onal application of U S. Pr ovi si onal
Application No. 60/95 1438, entitled "DETERM NI NG A

NYBYSONEAT. ANEUBLIOIIXY, USING
DIA% neyWﬁZ% 005200US), the entire

contents of m@EN(ﬂVH@@Eﬂ)IUEN(HNﬁfat ed by reference
for all purposes. CROSS- REFERENCES TO RELATED

APPLI CATI ONS [ 0002).ATVMePPREGRIT PPl i cation is al so
related to concurrently filed non-provisional

[0001] Thppkésent dppHcatinn alioy PHOEDEIMRRANES ADRRBIEFOngkppplication of
USS. Provig pgSapigisabn 8 STga1 o LAHIREXDRIERAHINNG A NUCLEIC ACID

e entire contents of which ar
SEQUENd‘JE NRIBK L ANUEPaklad ¢y g, I(Iﬂﬂe{Ae(nnmyﬂlnckaﬂ NO{QMQ&Q-QQSZOOUS)

ELD OF THE | NVENTI ON | oooag s in illl on.gener ally
the entire ¢ce1t%rttfe9f whichie MRraigiBPYEE Sy ﬁ“lﬁr%“e Bt PR SHosonal

aneupl oi dy by determ ni ng inbal ances between different
nucl eiRGRS- RE@M@E%TOB&ELME@ be\PH%TKW§ to the
i dentificat]on of

0002)  BiargrseahosSomals Abneapgiaran edty e A

applicatiof} %Hi@ﬁeed @E?ERMNPNB A WJNDID QIEMJJ ENéIBal]l\/IBALANCE »
ronosomal aneupl oidy results from]gC ﬁ ﬁgce of
(Attorneyzﬂmnheﬁ‘Mb Qi@@&ﬁ@prIfO ey GHIBR BPRECISF O W)

mcorpora@gg)y r?%égr%gggreaﬁgérml dose(s) can be abnornall'y high,

YB3 extra chronosone 2 1 or
chromosomal region i I abnornmal ly | ow,
e.g. the absencBIH{D 5’%@%@%@9&50% X in Turner
[0003] mlts ﬁnv(fnﬁo? LA ?gﬂy ﬁ%ﬂﬂ qetth@élﬁéndéﬁ@fé@ﬁﬁ\é ofife BB dGomal

ronnsona aneupl oidy, e.g
aneuploldtnyySdHBjnﬁﬂmg umbﬂihﬂc&s bbisvesa d];ffqrmj n@lee sqgﬂf:@:,ep and npgfe

i nvasi ve ocedur suc i
particulary foythe 1deg ﬁﬁpar‘qoél of, §O@W g]oééovg‘n sy r| élsbt c{x ?ﬂﬂﬂ(%sgﬂlap
‘%5‘?-] RSB aRHRCREUBRS such as screening by
aneuplmdl %lg%ﬁg ?g?cl)hy anélﬁ%l oc(hégm ca)l mar kers, have been

used to I‘ISk stratif %ﬂﬁ?ﬁfl men prior to
definitive invasive ﬁ/dAagnos [ c]jg?ocedur es. However,
[0004] Fgﬁ%sﬁlr@ﬁfoﬁﬁﬁhl%e?iﬁgfdgdﬁ:ﬂt? ﬁomtﬁbprmmf@mmM@m@Ma
hat are associ ated w e .chr aneu
chromosqmgor chrpingsnipal ;_rgglop rEhecabgorgpal dpse 50 %gmb %ll)(g] g}/ e.g. the
presence 8? an F)étr el oﬁnglog{lﬂ ?clﬂ@fﬁ%s&rﬂ&lqgélbm trikb RS bt gbnormally

|sadvantages such as being highly
low, e.g. the absence of a copy of chromosome X in Turner syndrome.

[0005] Conventional prenatal diagnostic methods of a fetal chromosomal aneuploidy, e.g.,
trisomy 21, involve the sampling of fetal materials by invasive procedures such as
amniocentesis or chorionic villus sampling, which pose a finite risk of fetal loss. Non-
invasive procedures, such as screening by ultrasonography and biochemical markers, have
been used to risk-stratify pregnant women prior to definitive invasive diagnostic procedures.
However, these screening methods typically measure epiphenomena that are associated with
the chromosomal aneuploidy, e.g., trisomy 21, instead of the core chromosomal abnormality,
and thus have suboptimal diagnostic accuracy and other disadvantages, such as being highly

influenced by gestational age.
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i nfluenced by gestational age.[0006] ?ﬁg/&asg%@e/r y0 ng 530

circulating cell-free fetal DNA in maternal plasma in
wQ2®p/0030er ed new possibilities for noni nvasi vEBCT/GB2008/002530
prenatal diagnosis (Lo, YMD and Chiu, RWK 2007 Nat Rev

[0006] I%'&fécmger{/%%c Z&lauagwlefréeme@l DRI BB snab pRSm ém 99 offered
e prenat al di agnosi s of sex-lin
new possﬂﬁlﬁﬁsd far ndivhedsial prelza@ajghagngﬁg (Lg W4 gmé:h@ %lgaw Nat

Rev Genet%i ratﬂ %j? Ni\’&ﬂl%ég; %i%ﬁaf%gg e{eﬁgl Jgpﬁ)l XF(?% tﬁ{Ie ngr%aééll%ga%n&ls of

sex-linke p(@gg@t Al cd8t 0667 NERT Jheliader tﬂO@Drmcbnm-talmsnaglplg@nejdle@ders
as represented a consi derabl e chal] éh I\{qsc?tecuon

(Lo, YMIGHiali, |9R0W Bag/7, Medip %)173%1?%@ it§ %Hpéllca ‘gﬂ:‘io g brgopigide

of fetal chmmgs)él 3 g%ﬁugga&?g DR e PedidRrIbihall euviind

mat e na origin that can often
Chiu, RW'KI@W QiRa)\MHift, kel mnddiy sdids @f-e)flsnalmaﬁ@male}l@sr@cw@lgahlgh

, Y t al, 1998 Am.J H 2., 76
backgrour@e%gwglelq &1 %qaofﬁﬁ@pr@pkor%p g?lfl g%ll} %\ﬂ erii*eﬁe WStP > Qnﬁlysm of

tibyg lap, PHERI Gerkef 68 T68+ TS n&l:@oﬁ@, fbﬂal
fetal nudfgc ??l@gﬁr’ %@gﬁlcﬁgr P\}gg%los age infor mat’i on of - genes
nucleic ao@ctsr@ﬂmmiasnmmm plasthepfedominagdy she cell-Goo fgrm. making it

gni ficant. deve nts ov t
diffel th Ve 4sS et FPHSHND AGHEST BLRAGE oo @@’&t@@ﬁ VESeoT
Lancet 369, 440-442). One ap roach det e

0007 SiehicaspisPlopmensveicenies Wss alHEH ULt gy beghpade
(Benachi, &#é?gég m@@g&:#%& 14@ g&?{ OB Rvﬁfp?@&{ch%&%ﬁ;rf@ﬂdp%eciﬁc

supr a
nucleic a%ﬁgﬁe Aiateg il QIERERNTULR oﬂ.erwaﬁmgrth@plrobtbm pomatehnl pagkigensind

| hic allel t t
inerferenee @2@?&" rfnqiﬁ@ﬁelae R0l o> paer pEaGolite 21 MRE"

R W theHladeh@- de@wl@mnmm eiotecules.
inferred Oénn‘gle A ﬂPb[%E&I%%pI i ed e?{l)a f etuses who a

However hmtsanahy@ misssf ascutateewher sgmpéfd; cpmayhl.gmh gDt thectﬁrgeged

metic b s oaTe 5 RO A0 phr B Rk i

S Wi i3ty Fub8st Althe p”c@)@YaubﬁmiC@ie p'mﬁno@mms ped.
pdymorpg‘lg%:r’l bed an &l ternative strat egy of enriching the

ort| f.,, Ci LC t | hog7 L 3 69
o PRI HAREE. R AP, MR, 2 o
474-48 1)%‘5&&&8%{&1'1t3mht18@ srreyest endohing thet dpdryion o€ cireutlgiing figtal
mat er nal asma was er m ne essicng t thi; 0
DA by ofpat FIRIGhYT IRRETRLP ORI 1 SpUERp T gl O e R 21
wh\@teniibed Bphdsesing the ratio
sequences antfrl%h%ﬁ'bgpcﬁg {eﬁéﬁﬁn)%%tﬁxhglﬁ%lgs?rﬁo% Fhdgten SNPBS? atsl mgW'ie
of patern&llyﬂlﬂlﬁhkgd fetaipeprtoiic zﬁltﬂleseto men-étﬁt@]nmc@wraélﬁ&s, @Wesmg(i?]nuc eot1de

nmbal f |
polymorlgﬁgﬁrggglsr}}%]gs gm 24 a ra%qwgaﬁxlo?l oLt m:ljlgﬁ é:lrnghﬁtrefl gk Py

referenc%’ﬁ{r Ihél eA§|}Bb£1§ﬁée0§f £64@T clebiosmsee was thearinfetrhd bp defcting
rence chronmosone, where significant is

a statlstmEEtEyrsggrmfufank édfqmemalbsévqgfl the PNPgatiop oreﬁgamgsqw@%fjand 888 of
the referﬁxg\‘% gat oty COV LRAE V%mﬁgarn? td%ﬁﬂeﬁggng&l?&e%[\ﬁaﬂeadfg@@ 88 To

there have been controversi es
ensure h[g%%"pﬂlaﬁ@n Ebﬁer@éef, ariré #anee8 SOIPsfvarertargkéd/pey dhgomosome.
However, there have been controversies regarding the effectiveness of formaldehyde to
enrich fetal DNA to a high proportion (Chung, GTY, et al. 2005 Clin Chem 51, 655-658), and
thus the reproducibility of the method needs to be further evaluated. Also, as each fetus and

mother would be informative for a different number of SNPs for each chromosome, the
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enrich fetal DNA to a high proportionfﬁdﬁﬁﬁgfﬂ%ﬁé})é%““J“’U
al. 2005 din Chem51, 655-658), and thus the

woepnodiosbi ity of the nethod needs to be fur POEIGB2008/002530
eval uated. Al so, as each fetus and nother woul d be

] - JRLI K48 hOSNR ratid dopiisomwoblkrbeofarigbledrdnp case & base
poveer of G 8 D S 005530 power of the statistical

(Lo, YMDI &<hifl, Gk WENROP B Litreset 366 4PP Dork UHBEIRP TS RSP E PBP PP g
depend on%g%%tggdf@%?ci %ﬁ#ﬁcﬁp\e{)w%&ﬁﬁgbg’ th%e 18004 o3Be8ds B&Pozygous

ce these approaches depend on
forthesep%ﬂ@néjrﬁﬁﬁﬁltsj on of genetic pol ynorphisns, they are
l'mted to fetuses heterozygous for these
ol yrmr phi i RO N ARfuBAEfcish bf A eloirioseme
[0009] ”&Xﬁ‘ r%%ghad{&g%tgﬁé?@%n of g‘a{:hr onpsone 2 1 | ‘ggu
21 locus 288 rafefeRbe s i dmuitsyte nultures dvgined famtisemy Sbeaf AERIC!

fetuses, Zigmoomacras: eG4 g oy St et S ARETRIg, fl oot

r 18f ol ElneRase ianRInesone s NINA: feqhehces in the
groups Ofitfér%gsfegggsee% Ogl%g r omg)some 2 1 DNA sequences in the

former. ShienEX-folGiifiozerse 2 DO A tagrflate pmtrp@rms?%p&i@erence of
trati ti.tut i+f ! -
only one t{%?ﬁgge &E/ elc(ggl, @%?1%0%1@%{1&%1‘;6n3)|f dif 4 6118 A0Fey Qﬁcef@ﬁh YeddNBe limit of

scrimnation of a 1.5-fold
conventiofhf {eﬁttﬁﬂé pdrasrdagneve et d¢greesalf quantitatnte discaimination,
rea

-time PCR To achieve finer degrees of
alternative saategicntieveedidscri mi nati on, alternative strategies

are needed. [0010] Digital PCR has been devel oped for . .
[0010] Didit-dl eCRGHds GBendealdped ifar thatlétectisenfiatglic ratig skewing inppgieic

| Ch | . 2002 J 4 o
acid sarmpl 6o mRBdY Y 708 TPER Gasgh st APy Ty S Tigta § R
ampliﬁcaﬁgﬁ b 8del rfaflefh &F@éﬁéﬂ'ﬁs feahqicrmEichidquires theulistabutionent a

I'stribution of a specinmen containing nucleic acids
specimeni dohriingubdleicadis dito dingdfite ok gﬁﬁqeg*ssampiqsewléeé% RAC gﬁxﬁlp}g

_ . contai ning on average WmeResRifstucleic
contalnmgé?a@éﬁleseg%}mg%? fiRe °§g§}éﬁ @?%?ﬁ% @g\?g acirgﬂt_ar%ets ar e
acid targ @9 Bkel i ifictiviith SQEeRBApecife piifriets tprenwrts spocifeAwptiees by

speci fic anplicons by dlq%l t al ECR .Thefnucl eLc S%g#lgme_
digital PCRCThet mcheic acid dest éaibaismeaissang fag species Of g P &f

. Sequencespeci £ 1 ¢ Bl IRkSnd SeliGietMfiled @8 Slédted por to nucleic
specific pr %tﬁit%ﬁgpng?uedegg glfr%g&:cgl n§or eseleect eed prior tg@%ucl eic
acidanalgﬁis.d analysis. [0011]] dinically, it has been shown to

e useful for the detection of |oss of heterozygosity

[0011] ((I,“l%e%lf-ygggﬁg'géenwmé aSef(1Z6Pthe ddlectidn af los@@liRterozygosity

Lance 19-225). For the aniggsis of %h i%al PCR1 sis
(LOH) it asmﬂgmAsgmptmng%@u, BY ot abi2002 Yanest p o124t 8 | SpRf)aly
as_been ado r.evi :
of digitap BB r e bk DR BURHS 1S LHE (AT b bpaRIddticty
previousg%\glg@snt% @ 1REif}-Hd exPerdme@ambileras being cEbgestvoof thapreg¢nce of

Stat Med 25, 3124-3133). 2]. 1 hods used
LOH in & martiple op net/(Ed Hereyi @hple 300G Hat ]}4%88:%{ ;@ﬂnﬁgﬁi col | ect ed
fromthe
[0012] In methods used in the previous studies, the amount of data collected from the

digital PCR is quite low. Thus, the accuracy can be compromised due to the small number of

data points and typical statistical fluctuations.

[0013] It is therefore desirable that noninvasive tests have high sensitivity and specificity to
minimize false negatives and false positives, respectively. However, fetal DNA is present in

low absolute concentration and represent a minor portion of all DNA sequences in maternal
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RN S S P =) 1] s
digital PCRis quite |low Thus, the aé@u?ﬁéﬁ“éﬁﬁéﬂgil‘ Do
conprom sed due to the small nunber of data points and

woypmiomak49et ati stical fluctuations. [0013] It i BCT/GB2008/002530
therefore desirable that noninvasive tests have high

plasma andss%ﬂﬁﬁ W thé!reﬁﬁ}g aﬁs@ gedifabld tb )haV@mﬂthmdsrﬂme allgy g noninvasive
negatives and fal se positives,. t@{)ect i ve
|

detection of édtall cthNéOSOqub ﬂ@@@hﬂ by mewEBLg Tt amewH éﬁ?[}egtc:l\%ﬁﬁﬁatl "
that could \g,eai?% t;s on §]?1%1 Qr%urﬁ'?)f ?Jtalq{uble%ﬁseﬂﬂﬁﬂ GiSt dsth minor

serun1 is therefore al so
populationdf 8'bi 6% €allsam ?w@nmlhgdﬁtdﬂmmmr@wd meloiortifvasi ve

detection of fetal chronosonal aneupl oidy by

maxi m zi ng the anount of §h1 i nformation that
could be inferred BRBH%$% ted anmount of feta

nucl ei ¢ aci ds which exist as a m nor pgag)gil atio |n a
[0014] Hahldhgemtabl thamplventormrayide mgtheds.aypiams EPYE

determlmqgmu\i(\:/éeetﬁ%\;agtﬁic?%éj a(g’illQ g%ﬁagcur}%gﬁg[;g@]é] HreoResiERi sl Bite) exists

stems, and apparat%f
within a bf‘o?ég ‘?ag L&hple RibBEn s Tedh & prégnaniciemiale. a’]ﬂnsjdsienmeattm may be done

nce (e.g., chronmosone nbal nc sts
by using ahjaﬂirmﬂgemd] a(nga@?qﬂné o%glgp?pé]d' qe %fﬁ“é%ﬁ‘? thpoﬁato

ThlSaet 930(;%9 el fagiods Fiﬂllﬂﬁmaﬂaﬁﬂogléal
other non-gHMEHHH ev pa}m n| cal F@ e(\:/%ct) chrglrms)omal regi ?n
sample. Th Bné gdpati, on aﬁl@uﬁﬁdf&hrdmomm 5i detdrmynadei @y g5equencing o

chromosomal regions (b ound re S t
nucleic achd mlobvgu]@a in gg)@gqr@al sinﬁpg g%& &5 uHpe, Iﬁ’%s%%ﬁ%%rn Qx#d"otﬁer suitable
biological sanplez> Nk id 51 GloPE M R tHer ‘tﬁﬂlbgw&leﬂttqﬂ@amgeqﬁenmgb kwshghat
10108 a*@Flé’ Rolecui es in a maternal sa such as e
a fraction PY @&Eenoserisisaquemetd o Ome or s10r¢ P vlg L@p 8% c@g{sensfrgﬁ,g? Iéxgmnlng
Nucleic acid nDIe ul es of

whether achgngseappared O ¥ é?ncg qpant Ct{) tD 8. (iﬁlbaﬁlﬁ&y ®r 8k&nple,

'on o e genome i s
with regalzﬁ%' ARGGEHo oERBoRits BPHR @ﬂbl@ﬁioﬂwdlregsns{me sath obkeaionay
etermning whether a change conpared to a reference

uant,j exi sts 8% dfromah
oo Rt Lyl P g s
pregnant FSed10 l[lssan(aﬁfz%% af dperﬂfrmr agbgmﬂ)dlagmali sf a ﬁ@@kgi@@rﬁgéog@ one
exenpl a enbodi nent, a bi I.cal ;sanp e )
aneuplmc].‘yr &h@lp%ggﬁbwngl%wﬁ qéle§ gucg %}g é’&OI?C g?frfrl]%g%? %e nucleic

acid mol&fes %ton i 39 ARYiSlo calasafn%'l@ére GEHLRABSD rmlona aguept, mecgmount

ol'ogl cal sanmple i ncludes nucleic acid nolg

of genetlé\uﬂ@ifniatm obfainddes suicisint foy @P@H?ﬁé diagnpas Yoot SV H ae)ﬁci;‘jsswe
t he_bi ol ogic I sa I aspect |

5o as to opﬁ@nh%gﬁﬁ% 21 ;H.I? @apgﬁﬁ le rE%LQﬂ:a P

ron ob ed Is
sufficient for accur ate diag os S yet not ov :
[0016] EBaseﬂsemﬂE sSqQueRsingpa é@qﬁpﬁ]iop}n %orpﬁ%onéwglﬁte}/rg%ned from
sequences é@%’ﬁ@lﬁ %la 8%' : a{l?%ﬁgﬁ fie RIS oﬁ%o&@okﬂecﬁﬂﬁﬁﬂom of bige or

anmount of a first chronosone is
more sec?ﬁ@i @ﬁx‘@i‘rﬂlﬁgm@ﬁ Rieseaueddasn sapehédsiidutificd o pyginaingigom one

the f t ch d
o he 11Tt b omeore. &, Sesont AR oLl

om sequences

L dent f led 1ieBIBhEAMBARE c&{l értb%nSaeelmﬁicatlon of
then compaq r%%,&g&g[rggﬂnq%t or fromthe first amount,_and. t he
whether %%‘L@D&)raﬂi@smhalla&euplmdy exists for the first chromosome is determined. The

sequencing advantageously maximizes the amount of genetic information that could be
inferred from the limited amount of fetal nucleic acids which exist as a minor population in a

biological sample containing maternal background nucleic acids.
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then conpared to one or nore cutoff vBLG4ED BEELaURZ 5 30
the conparison, a classification of whether a fetal
wohoormsoeal aneupl oi dy exists for the first chCOGBEISWHO2530
is determ ned. The sequenci ng advant ageously ng>gC m zes
th I §hddhedtmbiotuidah sdimple utatived from a
[0017) Alcﬁ rg?l%gg%%?g{%rgﬁgﬁﬁrfnbted ar,muntn_fgof fetal nucl ei(f
pregnant f@ndlelss ashlyzhd expeforass prepatalsliagnopis AR fgAl Ghogosoma

.. biological sanple.contajni bag ke:ont f fetal
aneuploidyp u@heé?lﬁlogwg?ﬁ%%ﬁ ur&ﬁ%ré%crl ‘g? ﬁgaing&gﬁ%eseggpl ar 5& oren
DNA in thE BREGERREmpR: iDidehafkd:ah namibpt N afsegiened thbo analyzed based

preg

nant female is analyzed to performa.prgnatal.. _ .
on a desiredi s@gmosy & cefculptgdchaged @%ﬁ@%g‘-‘@ﬁ@ge-aﬁgkﬁfﬁﬁ ag/.ﬁleﬂlllgfelc acid

bi ol ogi,cal, sa i nelk | ehatdnol ecul es. A
molecules ﬁ@?t&lé%fl érngei?c'ﬁgé]t %II AGIMARS rDHIBhEY Seqd

I'n the biological sanple is
identified. A nunber, N o

sequences d
[0015]  Brasbon g i g ey g SR RRBEEED | e
determine@ gﬁrﬁ)c esrgﬁ@gr?cles ﬁ%eﬁx{iﬁ@@ Ssl Mi@ﬁa’dﬂ@q}dm elecfirst elgbmlostmhe cAllsemnd

al n the biological sanple are randon;i? "
amount ofSB@We Rre sedofd thlonBasmds isrilcterained fpEHHERIGUS & %@‘, ied,as
. first amounpt of first chro | rAiNggounk &4 the
originating SguEeRse t ﬂ%ﬁ‘r‘PP‘?F‘éfan%?ﬁo‘B?Sr gl%péa{ | néér? rrogﬂ}?he first
second arrﬁﬂfn? (B EomphrSE oM o2 e tutoff vahes.0 Basmlran the cornparison, a
chr

onosones is determ ned fraom sequences identifi
classificatiori ofi wiadtherg feiab phropmesenalianeurleidy s 18%]6%5% e OI%?S%H%S&S
T ' Re HR6QNGS gomtint
deterrrunqlcc)lS éﬁn(%)ghﬁeé]}le%&?%gd%ﬁ{agw&laﬁﬁﬁzésh g

e one re cutoff val ues., Bas_eg )
nformatiONtHahEo @R afftBafrom thé imited pmatite fespl nistinasidawhich grist
ch

ronosomal aneupl oi dy . exi st.s. for .the fi .
as a minof popiBetEnRdological S@ﬁ%’éﬁ)ﬁ:ﬂ Bue ﬁ%a[t?{aglab GE%I%Sg%gﬁdgi a8s

maxi m zes the amount of genetic informt ieagg t hat couIdoL)1
[0019] DehdrehoUREnty @fthe yehfion aredirastedF SYstents ICORRETeRfeRaable

_~ acids which exist a minor population in a
media aSWiC@Fe@gW’éléFnGE}é?)ﬁ&ﬁ I%lgscélgﬁ‘?g?rﬁllnh g maternal background
nucl ei c acids. [0019] O her enbodi nents of the .
[0020] iAnbeetot innderstamding pEie saturoalAkvanaecs tﬁ%?ﬁ?&% juvention may be
: readabl e L a2 ASSOC L ottt hadBe SeoaiaRedy drawings.
gained WHEF%?WPCT ge(fgﬁ)?o%vﬁgg g %%ﬁﬁdn#g%ljs?? andi ng of the nature
and advant ages of the present invention nay be gai ned

wi th ref ergpas besOrePTION OF THEDR AWIRW¥escri pti on
and the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON (Jf:] el
PE;AQ/\E]!}@. fib®100 férpedfofhidggharital diagaosevhotkta
[0021] % or per irPQLQalﬂne rgji

orm ng prenatal agngsis of a fgt al oo
chromos6ialameaplvily iamdplogicalysampleolipiar PR Pregnt Eme SThed

_froma pregnant.fenale ' according to an
according (@ B FRBPRIRY ?%‘g‘e Bfeéi%tﬁ’wu“ﬁg‘ré'nti on. [0022] FIG 2 is
a flowhart of a method 200 for_perfor

[0022] dil&gAasa ﬁOWhm pEa met}&qr@%g%fongwfzngﬁ%ﬁ%%g% Ak a fetal
chromosrﬁl%glg gtﬁu%ﬁﬁ gﬁ %ﬁ%ﬁanﬂ&‘ﬁ%%&iﬁeﬁin%%c@d}dﬁ@w dh epmbdigient bfthe

present invention.

[0023] FIG. 3A showsa plot of percentage representation of chromosome 21 sequences in
maternal plasma samples involving trisomy 21 or euploid fetuses according to an

embodiment of the present invention.
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[0023] FIG 3A shows a plot of percenfP&{érs Mi/ 00253
representation of chronbsone 2 1 sequences in maternal

wohemrmaz®eanpl es i nvolving trisonmy 2 1 or eupl oPAT/GB2008/002530
fetuses according to an enbodi nent of the present

[0024] FIGVES Fﬁc% B20AS4ONRBRd0AR4Ina FhlEsmS Bast vk fetal DNA

correlation between maternal plasma fractional ,f

concentratiiAdetorciand bamassively opeallsl W@HGW%]%{@&P%?Q)“%S? g]lgﬁélquCR
. seguenci f n ' i dies, digital PCR according to

according %ﬁb%%‘ﬂ‘n%ﬁ‘?ﬁ‘%é& ?‘{?gédékﬂe‘%gﬁ?%u nvention. [0025] FIG 4A

shows a pl ot of t ti Li d
(00251 [6banbebs pelot o ereaBRo e Ot R o Ea SRR HER: o
chromoso%re]]%{;cgo;rglﬁggé iuh ﬁ%?ﬁ&ig{%ﬁt of #03RkerftlikvenfiBn.shows a pl ot of

ercentage representati on per
chr onpsone bet the triso i |oid
(00261 156k AahENn PP TSk (DI PeAET B e R R
" QD Rekeatsesidaphfid caershoepieEEhtdd.i on in
Chromoso%%rbgﬁrrlé%grre 2r 1 %uences and the fractional fetal DNA

¢ entrations i.n JrEPQeMiaffn b E1EORYsone
[0027] El@gtsgg‘aéa&er&%l?{d g %%Eyaﬁé%%gﬁmn{b of tahenpr.esen.t
21 sequen'ﬁéyﬁﬂtthé’ Fraci ALl FINGA conedhamsors inaiternalfplesmoiny Plyngof
?mrran geno(rir_e tthat ﬁéég%{%ﬁgﬁﬁgc QQ&F% ok 0 an
trisomy 2 & fddosts aeePrding 1@ Apc ) enote a
sanpl e obtained froma pregnancy involving a tri sonx. 2t
B e o
an embOdde@&fﬁheZPrise%éF{Y%@‘ma 3?3 Pa??{a ats%&gn © lr%ﬁo%il e ntacﬁg%g%aﬁ%y
. - hpygation. [0030] FIG 8A shows a table of top
mvowmgltoa{étgﬁ(g@ rzilirfng positions of sequenced tags aligned to
chraomsone 2 .1 accordj aftdrdiffefentifie euploid
[0029] EF%S—EQ’(OWSN%W&O%&H‘T%G{;%gea\l%legfgashom 'z; ta?gl e ofpt op
from tris¢rR 2 8 Féides ABcR@ini 1t ansmobdisequeltbe grasejsnenfighed t o
chronmosone 22 according to an enbodi nent of the
sgpt | VO 3t Gosiforsdesquentddiaks digagd &m
[0030] %{léaﬁgg&%‘ﬁ%?%%e (g:foto %?ler éﬁrfgg%r)sét us usable with system
chromos&@hé 2 Maédvediag ac amembodinteot elrtbo ficieiRvedfoRhe present

i nvention. DEFIN TIONS [0033] The term "biol ogical
[0031] ‘ﬁg%ﬁ'f'sh@v%s Yepik &ﬁbﬁ ikdh st@tias podigormnyf ssquepbe! tapaalignsd to
taken froma subject {e.g., a human, such as a
chromospihe A antordingam jn ando iorenbphibe PFRSCRINYRSI8 nucl ei ¢ aci d
nol ecul e(s) of interest. [0034] The term "nucleic i
[0032] qfl_tagb sBEws RBlosRUE et bfel exelfiay compated eprarainbgsably Witk
aci

(DNA) or_ribonucleic acid (RNA). and.a pol ynmer
system ahth eredoids iapcasiling éo e@ibﬁ@wmscﬂ% %"oéfsfe L pveaidikg

DEFINITIONS

[0033] The term "piological sample" as used herein refers to any sample that is taken from
a subject (e.g., a human, such as a pregnant woman) and contains one oI more nucleic acid

molecule(s) of interest.

[0034] The term “nucleic acid” or “polynucleotide” refers to a deoxyribonucleic acid
(DNA) or ribonucleic acid (RNA) and a polymer thereof in either single- or double-stranded
form. Unless specifically limited, the term encompasses mucleic acids containing known

analogs of natural nucleotides that have similar binding properties as the reference nucleic
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form Unless specifically linited, the tarm & b/ UG S0

enconpasses nucl ei ¢ aci ds contai ni ng known anal ogs of
waatmroads9aucl eoti des that have simlar bi ndi ngPCT/GB2008/002530

properties as the reference nucleicacid and are
acid and afEhAROIIAEGh b Bradnemsnar ity munatgumalebvd@c dinessng

nu ot1des. Unless otherw se i dIC g a particular
otherwise indmdamdcaaeﬂ@u}@éqw‘éﬁ‘ééc‘éil s§g,uqnﬁ%p S@ IPNCTRI ERRASES

ser V el V tithBorh), alleles,

conservatlagléj %%% ﬁﬁgjﬁ f(?d% u(tﬁ:ggﬁégéé Cgm{aﬁgg Sort ?10 | ogs,
orthologs, NS, a@ﬂ@brﬁﬂmbﬁﬁmﬁequ@ncssemdt esthasequshbe explicit indicated.

sequence explicitly [ndicated. K Spe i call
Specificallje Qmw%c%@aéﬁb%%‘ﬁgﬂs FRAY] tl?r?é;h‘ﬁg?/‘ft’)‘é g%&eﬁ%%\%esa%emes n
which the gﬁé é?""stlélor}%’ofso%%‘? eSS sélébt&‘hf& ;auj B&ichbiy sdbfnsiet vt mfxed-

ihnore selected (or a codons is substitute 8
base and/(Wl debxyihssabasiduen@ataer dedx)Nuo;éygcr ﬁ@zdﬂ@g,]&ugggl( B3 1) Phtsyka

ot al.,J Biol e 2edres sl sy i sf;(ilg%%?(}l) ShESnkA 0Bl RY1.98

ssol I ni
(1994)). ﬂxe eM? lucleR C#cnd RLebesitddctdhp &bl d84khe, CDDEA treRIVA, small

elc acld Is used |nterchangeably
oncodlngrRM mirab RNvb GotRINAY BRmixinterpeting IRNA ﬁ‘F{ %q%ehmrp in KNA
gteractln% RNA, and short halrpln RNA (shRNM
(shRNA) @ﬂ%‘lﬁiﬂ@ YBER® Gl 6r | ocus. [0035] The term "gene"
neans the segnment of DNA i | ved rod
[0035] Pbe wp@p‘tg'e@@’ raeais the qeg%%ﬁlg’ iAdBEéO‘P’%dgﬁld?Jfgg‘b“#’égg ﬁ“’lﬁaep“de
IRHiNtHe|cBade redlonl (lbadei bued frailer)
chain. It géay\k%(fq}léears IRt g%\? gﬁlﬁg 'Sﬂ(g gchueﬁlgé]es (CI nt rgo ng’;l) éet ween
as well asl 1ﬁi€BrVdrﬁitgﬂequﬁﬂhem (nseqgrrbatvecn dxdividyal codpgeperreEs {exPRy)-
"reaction" as used herein refers to any process
[0036] ‘rﬁx ‘Pér%h' "0 Rion N 8T herR FAfEB A Sny mc@bww‘ahg achdroieal,
I's Indicative of the presence or absence of a I
enzymatipportghgsibalracpot thatits 19@:@@@ of SR RIERACH PT FGSPRGCSL @ PP AT
nple of a ea t| : ' g@gyhg@ ti
P01Yn11°1%‘1§%ﬁ SgQUeRee,f ?‘f‘ﬁg ceﬁ( al eradggc tyliP Aoclrtllmz gtah% ol action
such as a Wrﬁse%aﬁ reé&ﬁﬁt(l’@R) IASloﬁleB expugre Df@ "neeatmn tha sequencmg
t'her by synthesis or

reaction, reeh@thymyﬂtheé‘,is en by {iggiion;. rf%‘i‘ Q?Oégl“f’]‘ﬁsr eﬁfté‘gqe it 8n62@ta{o%gw%tre °
the preseggeggﬁ (ﬁlerotr gk ?El'tf\/%ﬁ gb’fgh&&@dtgﬁ S GEHABH 6 EinGredt Hndrig She case

one ca nl'y one sequence of interest is
where o}y 86€8querideaftiserest M/@tdséntaél“ hedereh heallljag upesk igreingefets to a

reaction at predet eym ned_.l ocat i hi ipad
reaction k3 prefgipanined geatiop yERY %%?86‘88‘?%‘. iPfle ¢ 1A Wol-siffEd Aol
orchamﬁé?l 2 BER &fday- [0037] The term"clinically rel evant
c

& ¢ acl sequence" as used herein can refer to a

[0037] 3 %’C?%lg I} ngﬁcl f’é T r}z%tgl e o%cg ge%‘%gi%e“ Qs h&d%e?&ﬂ oBRMeféfto a

uence potential inbalance is
polynucl%@ﬁ@&gsehﬁéic@ @oﬁésﬂoﬁdinﬁ @o haegrentgéadarger SEQUENTGUENCS sflose
e exanple is the sequence of chronosone

2
potenua]e]xrdmbineg 1si heang tgeted p¥ & (RS BSNOBIE SCQUSHGY 1t§e]lf \éxpe g)%%meple is
the sequ%qe%sﬁ%ﬁwsgln%% Athat ﬁ%fé%‘?ﬁdlﬁdesﬁﬂbhﬁﬁﬁﬁﬁe 18, 19eNeht «. Yet

S Oof " copy nunmber variations that a fetus
other exAR)lek H@idetmithethgendicxeqhaicks of geinec pelysntHEusyeer Pk gpmber
varlatlonesxt?lgtp aI f%?uslnrlgyl 1lf11geer1t from one or both of its parents. Yet other examples include
sequences which are mutated, deleted, or amplified in a malignant tumor, e.g. sequences in
which loss of heterozygosity or gene duplication occur. In some embodiments, multiple

clinically relevant nucleic acid sequences, Or equivalently multiple makers of the clinically
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sequences which are nutated, deleted, qgrr-anplifiediim? 51y
a malignant tunor, e.g. sequences in which [oss of
waeomroompgosi ty or gene duplication occur. |n BOWEB2008/002530
enbodi ments, multiple clinically relevant nucleic acid
relevant miquiU 6 BA&S quddbe, QK b¥ Abdtblprovitkd datplfer desdceing thefimbhlence. For
cal | %re |'evant nucl eic acid seq uenc§ ag bedused
instance, data om\fiveeogdsatoasdeotivelaquenden g CROMOSHRE 21 Can begied 10 an
dat a. f L ST bl {RIbAIBHME BEESHiVE
additive fesenae g ararelg bo L o aRREe, i

itive fashion for
reducing th@ﬁeéﬁ%f%ﬁﬁi‘p[ba&dlﬂﬁeﬂf 1/60ssi bl e chronosomal 2 1
nbal ance, effectlvely reduci ng the need of sanple
ol uire. [ 1o "2 0 A He I EbfErs & £hacleic acid
0038] i;kt]: i eéa Oémdélggié%etﬂ(ﬂfe g?’%@r gfper s to a nucleic acjd
sequence wammmawmeo ﬁmdlmﬁcatlglmlovan@ nu¢1@10 @Pidrﬁﬁﬁléﬁnlc? islgogipa
nucl ei c, aci d sequen

nstance o e i AxfeneRARpIe B e P Sl e Pt e

chmcally §89¢é%9 fi&c181 QCM@%q&‘én'c@ hfeahboyalle Rk Evanthe Bugk ehionacome that are
uence are leles fromthe sane _chronmosone that.
distinct dl&B’ 1@ hétadbzyrgomt}d de angthhec)@n@pjy gkyisch}(grquﬁd RHeieK@eid sequence is

the back EnheifA8d
one allclegia} BEIPEVE T ATER RSB b enarhan A pafEnacleipand
sequencet RforEdveR oalel of bl eMae badhgﬁdlﬁlﬂmuahlmhcscbmam and the
Moreover, sone of each of the background nléC ]gl c acid
clinically selgvram ouclaischcidReqBeTICR N qogne; fzgra Ferfpfisiase d
sequence may cone fromdifferent individuals. [0039]
[0039] Thetdrw/eratenarier midleguacatihsseersiceteraly aaudprc acid
herein refers to a nucleic.aci uen ge
sequencecinse AYHATY SRCHFAL0B FET FARIqIS %HB‘OG% % ?&‘gq%@%a%’%@
nmaﬂuapas been neasured. [0040] The term "overrepresent ed
nucl eic acid sequence” as used herein refers to the
nucl eic, acid se ce anon ofy kil e aBd
[0040]  (Ihe ferm pVeireR; eé%#f%’”fcé l‘é\cf(g%tsg eg ggﬁ&ézﬁgﬁgera backgr ound
nucleic aSRGHERGS altneﬁé W& sdqfietioes of aherasidage atcham:alij'l Ealg;tan‘esequence

sequénce in bi ol ogi cal sanpl e. The te
and a backigamed Soquenafs) thatdsl et FPURGHIGE thg e tngy Souei Th g biological

part on" and refers to one value (or result) belng
used in the determ nation of another value, such as

occurs in the relationship of , .
[0041] The tgrm 'F'fgﬁse%fm'{ %seﬁg HH‘% %g%ﬂnré? Ll'e g? zlfn \P%rlr@;s Qﬁl}g é !
one valul! ?c(rer%ﬁlhz lbéﬁg LeEEhSht Qetbh8ink®d 241 MdeRE palaé, sach aanmmursaﬁ the

e output of that method, such as .o [S used
relationsipest ahhﬁpui@lf avmtlnamandsth@ h@tp@wfctbatam@tbﬁd ofheteyrg ﬁ%ﬂ“’é as use

herein alﬁ%ée%gl] 6%515 lﬁgfms&lﬂ% afgt |1tgp g%frg%h]@% %Qﬁtgrg%ﬁg)uhsf @himethod,

such as c;c%ﬁﬁtw}féﬂsth@%h\taﬁ@h iPihechldelatioe obd formuéa. nuneri cal
val ues. For exanple, the nunber of wells that show a

AR ¢ qhiR RECOBAIHEAITB® on
ovsz) o RRETP P S Gy e A RETRTE R Lo
or more REkBbY HBARS providerené cahonealunerichlataledsat'at example dhgnumber

sample.

of wells that show a fluorescent marker for a particular sequence would be quantitative data.

[0043] The term "parameter" as used herein means a numerical value that characterizes a
quantitative data set and/or a numerical relationship between quantitative data sets. For
example, a ratio (or function of a ratio) between a first amount of a first nucleic acid sequence

and a second amount of a second nucleic acid sequence is a parameter.
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quantitative data set and/or a nuneri cafCldEat E@Q%i@pﬁ 2530
bet ween quantitative data sets. For exanple, a ratio
woQanodfousuos i on of a ratio) between a first anpbuRCT&B2608/002530
first nucleic acid sequence and a second amount of a
[0044] fh%(i&%j" %4’ f 50 O \Qeéﬁ&eﬁﬁﬁ&nbananmﬁbamlww}ﬁdkéﬁdl]ue THesed
erm ™ cut val ue" as used herein neans a gﬁge R
to arbitraty Bétueentvaser matetmatess(eﬁ digeased anpper-disgassel ??S]tf%n% ora
., . [ore states | Sea ERSE Phiulf a first
biological sprple; Hiog §¥ ef’t‘fua P E%qs g% gﬁepglgnng]?es Eor - exanp lrIse
clasmﬁcat}(fn & tRAG@RBtRFve datads ﬁﬁﬂ@(e g higseated estate)t of ff vizd mamqer is less
st classification of the quant.itative .dat made

than the c@@fiyalut s diffentiassisipatiopy ofjthe quratifativg dads ma 3 ﬁee%
elI:ﬁnieS the cutoffvalue, a different classification of

non-diseag t%ﬁ)antltatlve data is made (e.g. non-diseased
state). [0045] The t i mbal ance

[0045] "ﬁhfaﬁegn ﬁvg,bcngrgﬁcf, 25 Bseat egé@plgg@soq{lygég%@?qnﬁ g%VI%th%r%% c{eﬁnec% by
at least 01} %to%{/ ﬁ?’% g@an'u@y &¢ (b aimitdy &fevﬁﬂitﬁlu@le‘idhcﬁ@béqyaence from a

evan dacid sequence froma reference
reference @uaxtity t Jor dxmmpds a]mqateéqrencheluaetfte cewddedquate pf %SCM Hugan
aratio of gﬂ d t hus. an i mbal ance woul d occur if
imbalance Weuldkngst & ppRgredi s }0046] The term
"chr onosonal aneupI0|dy as used herei n neans
[0046] vhe team“@hranmsvmé eeeanldidaep \Véedabﬁé?}ﬁtm‘?ﬂ“s QVE“H?W?D‘%%

t hat 0] 0 rhé‘tTHéW padoPRai be a
quantlta“ﬁﬁna’i’i‘OB?t of 3¢ %moﬁog‘l‘ n%%n?%% (ﬂg g&ﬁ% e of one 3
gain or a . qQERRQ iRvolve the Ret@leOsE cmfe chr(mlmsomem mareglpmoﬂa Fhrppesome.

term "random sequenci ng" as used herein refers to

Gt €146l BLeinAefeds for Rgn@ning Whereby the
[0047] ﬁggﬁegﬁlceg'g@awvgg Mczgge%s speci f} cal Iy [ dgnt ifie 8
nucleic abﬁﬁ@gﬁedtstsemmmed h&“.vesm)q beancipaejfipalbcidentt féed or targete before the

.Sequence-specific rrers ta hired.
sequencing BroRges e PRiEe Egrt ot Bhiabei B i Be0atol Sk

The pool¥ BF Yudidie %ﬁggﬁn L€nded RATRbB safglets eﬂmbreomd&nam ﬁsrrsanalysw to

analysis f e sane sanple. The identities of

t.h
analysis ﬁmqlwenuwckanm&,d dihe idemtities afrthe @eﬂuynqeg\pélﬁyeg:oaq SRS P?]lé( SGevealed
from thels %g&gg gﬁ‘&pufj %%e £ E@hg gmb!) A% f ?ﬁ@ﬁl@ééﬁ? [Hv‘ént@(fn the

| on, e ran om SequenCI(@g
random &ﬁﬁ&ﬁ@%@n@/ b@pﬁé@aﬂddﬂ@q)rb@dams ite buréchi bblgi Ban@,@lml@

art I | at f. I d
paticlas papula'?tgm@ of 3&3 Fico TR crulgs HiPEaE S gl e She
embodlnéeé]u aelagh of A€ %HEQ%%‘B d BloloBRaPiadlpROh £ ansq ol [ﬁomvlﬁy aff

pro abl Ity o el ng sequenced [0048] The term
being seqdehded.i on of the human genone" or "portion of the

human genone" as used herein refers to |l ess than 100%

[0048] the B eﬁﬁér‘?&iéﬂﬁe REBANE el’ Br theribu 0firhe gemomgendrnches
nprises of sone bilTion basepal rs of n%cl eot i des. hich
used herbm rem todersdhan 0% efjhemeriggtids seqpences 1 the hpwaa gepape whic

comprls%ﬁéfghg)ﬁéqgﬁlé)a %ﬁﬁ%fa%rtg P)? n@é’f&l’c@&g elg ‘ﬁ}eZeg)S g%@ 6f &q‘u@n&ﬂf it refers to

less tharPEF618 QbR Epc06f tAE ﬁ@élbﬁtﬁierseqmﬁbemﬁ the human genome The term may be
nucl eoti des/ basepai rs. afn f( ng ﬁa ¢
expressed as a percentage or absolute number of nucleotides/basepairs. As an example o

use, the term may be used to refer to the actual amount of sequencing performed.
Embodiments may determine the required minimal value for the sequenced fraction of the

human genome to obtain an accurate diagnosis. As another example of use, the term may
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use, the termmay be used to refer to tﬁgbgé;ﬁdﬁkw

anount of sequencing perfornmed. Enbodi nents may
wdeowrondaoe the required m ninal value for the BegwBemB®H02530
fraction of the human genone to obtain an accurate

refer to thé iax%gﬂrﬁ%f SeqiicANREN gy AdRIvenS patsRetet Bicarheurmior disease
mayrefer t% the anobunt of sequenced data used for
classificattber i vi ng a paraneter or anmount for disease

classification. [0049] The term "sequenced tag" as
[0049] 'ﬂ'f'eetgnﬂ efe%'ugncregfl‘% Sasti@ed héreigefets touodreifi miekot deguseausaded
romany part or all of a nucleic acid nolecule. %gréshort
from any parhomdlbof anwdeje esid aplece. gF FamBles i STICRGSH, B ™8y
. nucl eoti des se C 1092 Clefi. 6 sBtk Skrilnk @ AB¢1Eotidas at
string Ofr%ﬁ%oﬁggstsre%edw%(?ﬁ%ﬁlc%g%{légg%slaaﬁt%#gtF1 ends of ?a nucl ei c
both ends@fFlaGubleRoMRNrageEnt! dreths eguendhggf e entis neialeiar aeihfagrapnt

acid fragnent that exists i.n.the bi.ologjcal
that existnindhebielagiad sFrRligmérude afig fagmenids a%’gP%{‘?afe?& ¢ ‘elflgic
i agj.d %19 6L hotGyin€otédtio the other
witmo G55 AT g LE TP prebormmentny

to the other parts of
parts of thdlerdenfigea¢ic acidimolecwdei d nol ecul e. DETAI LED DESCRI PTI ON

[ 0050] Enbodi nents of this invention provide nethods,

systens, and apparatus I 1.1l ng whet her an

i ncrease or decr%gé%kﬁgggaﬁgﬁﬁi&ﬂe) of a

clinically-relevant chr or.msorr%l8 regi on exi,sts compar ed
[0050] EobedimsnttivishisdavensioameVidnnehads sTTFHS AP APRREH

._don usin @d}ﬁ;} i0f 1 saNstRBPSNY clfically-relevant
determlm&‘lgi‘ﬁl‘e?ﬁelrﬁg}-lr} e?agsgﬁ? C rsggr%lg(?rsml i E}g)i on_Ci nr g_l ation to
chromos&@hlgEgiBRBxistsicoimpatddyte meloedisensedtstatno SufdFtepaigrbo may be

e

aee?

w5

background regi ons) wi.thi.n. a bigl ogi gal o
done by Wik EREREO KB} 88 Igsof&rchpwgl%feg?voa&* %%P@g‘gn%’lge%l?ré "
relation t3 DT 'ﬂ&?—gliniﬁlﬂ 1 gkt ShrbmRsdrhalte@bnd (becligenamieregions) within a
sequenced, and the anount may be determ ned from I that
biologicdl @&tiples Nakleiherid erplesnisisiog thechielogical wgrwleae §equepeqdy sich tha
. are_chosen for determnin & of th
a fraction Bf e BEFEPLITCENRISHE TS Byt gt PRY 18 ERARARITRADRSE of the

sequenciﬁ%g ORX R0 ctbirRaregafedsoten fohéeteratinimg ofhedren @rehangsf
t chronosonal regions (or sets of

regi ons) ...[ 005
compared hiea cdfensges Qentbt easts .o palpkalanceh iy ‘?fgﬁlﬂ?r?’ %»9 %%ér%s]é to the
ratio of agrp(}/tkngszalf Ct?v%'c orﬁgckjs%ﬂ@aﬁ is (GowpVEEsidnd)n the relation

rnically-re ant nucl ei ¢ acid sequence to

the other nonclinjcally- rel evant en .
[0051] 1 Brecshenaxebecicbinni SR MR PO e pigh e 6r

downwaisfc%esg%ethg.tra%?r{ SEfe BlidicdllRRISREPARMILOSA] seqtcatorthastheenbn-

signitying a change may be any ratio or other
clinicallgiielenant yedubndesdiThfig the fefapncelstate BREPE ABBIARAGHS) 4Lty

(e.g. othgqi‘ritgé Irinﬁ ?ﬁeg(g%%éyg hcgtpg%}gﬁr?d’ 3 n%gs%re%ﬁ% & rg}ég#igg%'(cg%g%ﬁ%]ﬂ be any

ronosona
ratio or &‘ﬁléﬂ f%nﬁtﬁhﬁﬂﬂiﬁ@ﬂs'ﬁbrﬁ eleer¢RRdnch Yohreity anddteinsnefienthe)one or
an

e DBackground nucl ei c acid sequence may cone from
more cutoff valses. t ype of cells

[0052] The clinically relevant chromosomal region (also called a clinically relevant nucleic
acid sequence) and the background nucleic acid sequence may come from a first type of cells
and from one or more second types of cells. For example, fetal nucleic acid sequences
originating from fetal/placental cells are present in a biological sample, such as maternal

plasma, which contains a background of maternal nucleic acid sequences originating from

10
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and fromone or nore second types of cel [ Far detu [ U L5 g

exanpl e, fetal nucleic acid sequences originating from
woeot@lvipivacental cells are present in a biol ogPCaiGB2008/002530
sanpl e, such as maternal plasma, which contains a

maternal Peﬁﬁk B QL0ENBEdiARLE ERdutdTe Chlae & dredrehifdbasdiatdeast in part on a
riginating frommternal cells. In one enbodi men%f he
percentagelmlfd‘fefﬁm‘aﬂype of eeligén abinlpgiealisampls- Aots thererqentags Pt fe

rcent the fir t f [ @&utgal
sequencegghapﬁaglp %ma@fbf: ﬁlgl% rngétrl]) axg?eta (%e(flszle{i ﬁ)é:égrbﬁrﬁ%égﬁll a6
measurmé ?d’gﬂli%mﬁﬁy rBevae hacleicnei skenuemys fhtmb‘ehdeembedirﬂeot theaquigpfl
limted to nmeasuring the cI i ni cal I% relev

value is dntecmmed ablenst 18 Pl ORARSPETPENAET O HUPOTSTHBIICHR ngal
sample, Sﬁé’% %selﬂ?%r?% légrfuhf AL e dwhich Ic@x"ﬁﬁls 'a'?)aél@grréurﬁfbﬂdﬂ@lelc acid

unor sequehces in a biol ogical sanpl e,
sequence§ d@xhveﬂ%cphﬂﬁd@n-mehgmm sallsiwithinthethodyie, whi ch cont ai ns
a background of nucleic acid sequences derived from

L GENE%Eﬁ %@ﬁgggglgnant cells within the body. | . GENERAL
FIG 1 is a flowhart of a nethod 100

o0ss1 595 Bue BT RRMaRIGH 0 SHI88h LRk ey of e

chromos&ﬁﬁlrﬁn@ulﬂf)ﬁ@riﬁ ﬁ%l(fl@@i@ﬁl%aﬁlpm atdinatfomndi proggitant female subj ect

nmbodi nent "of the present invention. [0054] In step
accordmglld)an embodimeni afghe BigRENt&ePBAR-t he pregnant female is

recei ved. The biol ogi cal sanple may be plasna, urlne
[0054] SRKiP11 10 a Biblogitahesmsib iftoabthe psepmphtefemleds g@npfle@

contai ns nucl eic acid nol ecul es é{om fE ’ﬁﬂedsa}xﬂ)?e
biologica) serglgmaast kslpuna, BEnC Sy & 20y REChEEH F i
contains qﬁél@l% LlégglsmQﬁ&ll1@@fr5&qgmﬁ§aﬁdrtﬁgb&@ﬁm&ﬁﬂeS Fot édnfyle, ltine

east a portion of a plurality of the
nucleic aﬂﬂhheﬁeculas:maybalﬁagmee§ feoom chiiomegomes- t he bi ol ogi cal

sanple are sequenced. The portion sequenced represents

[0055] qn sf Gbost léd’ist h Psrtiwmrra pleabyef themadsc et adilemids,coptagmed
1 C aCI no

ecules_are fragnents_ of res tI fh
in the bmz:lhgmaﬂn@mwhsare cerplcaerl. (Eleg)ortw q?gggkygqi FPIRSP {)g raéz\éPﬂ of the
human g?ﬂ%nsl% lg{cg}ehe(renbo G)Juérﬁ {he%]qm‘éf&tac oﬁ@ul%@ﬂ‘é@fh%%ntﬁf'reé@fectwe

i'c acid nol ecules in e sanple may be
chromosS8@e0aednd (.g.j3dHasepaiy IlepéD hm&yertde adbeenive dragmgntgmay be

subset may be ran ho as, W |1, be des
sequencegprAill ngbg,quc ey %qlg rr%%ﬁ it} egﬁ@p@dﬁ%&’d?%eﬁyem%a &?QS’E
subset msdg%lé% |eR8ed. STIAO BSbsHEM AP LERRAbME) dholét, ab Welll be described in more

uenci ng. Massively parallel sequencing, such as
detaillatehat achi evabl e on the 454 platform (Roche)

(I\/Iargul ies, M et al. 2005 Nature 437, 376-380),
[0056] | dﬁé‘eﬁ?oo@ﬁﬂ&{fethé@@d%ﬁahg ﬁmonSst@ganaslsﬂE]fymanz)llebseqse]mmg

lied B h T |
Ma551ve;%§a§1521(@§&%1§m%§3¥ Figt baimBlech i i pIRComD (Bpcie) © ©
(Margul}eé,a tetlp %gﬂf@@@%? 43170?7&%%3) 1 Bfin '(ﬂ:ﬁln%e 'Kﬂaﬁﬁz'éf &®r Solexa

echno ogy of Pacif
platfornBic@ SOIEDHBstent(Xbpliad Biosystessy aethe H@QCQSBWE Single Molecule DNA

sequencing technology (Harris TD et al. 2008 Science, 320, 106-109), the single molecule,
real-time (SMRTTM) technology of Pacific Biosciences, and nanopore sequencing (Soni GV
and Meller A. 2007 Clin Chem 53: 1996-2001), allow the sequencing of many nucleic acid
molecules isolated from a specimen at high orders of multiplexing in a parallel fashion (Dear
Brief Funct Genomic Proteomic 2003; 1: 397-416). Each of these platforms sequences

clonally expanded or even non-amplified single molecules of nucleic acid fragments.
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and Meller A 2007 Clin Chem53: 1996-2001), al l'ow.the _ &+ =i
sequenci ng of many nucl eic acid nol ecul es isol ated

wéramwoazopeci nen at high orders of nultipl exi NngCT/GBR008/002530
paral | el fashion (Dear Brief Funct Genom c Proteonic

[0057] %QQ %}ﬂnurﬁggr of %@duen&ﬁg ek, ih figserdel FHuabrse thaguadsae sillions

expanded or even non-anplified single
or even pmﬁtﬂy humhedn‘ oﬁmdhensc)rén@hhane, precgeapiated fous ppchnemplginggceh run,
nci
the resulteﬁ&ag%ﬁgagd {e& ey, %%greg%qa;tbvg O%QS’F @‘FeqﬁL uér? J}ug§ﬂ§j£c%ispeeles
in the orifinhll dpe&igne@l Fo bXdmls, the h@lg@p@mrsmbtbme amé awthydaivp|peofiles

in each run, the resultant, sequenced df%(;ads foriqagB h
of the sequemeelgeadsaew@lwl@ﬁﬁ: pithgrigifal FReginean (REGIEF £ 2loja; Biotee

C 8)e %h Ii
;153805 o Py T, 0TSSR B S i
of sequedcb@frﬁﬁmaem gpstithen dise meskrioll élenticd eeq)fentetseswhag ithed generated

speci nen (Brenner et a 2000; 1
from the TegyFRRIEPT TS CEH el atf@ﬁefgf A §RV?a%%‘1f§)1gh Juidey, is
also a go{)ﬂgueln"ﬁ”c R/e‘cr etrj;ﬂﬂloﬁfof FRBACES: P QN1 fARRISPREA BFdies or
entl cal sequences, such as that

locusmtgenagmhle@rrfpie)mthe sequenci ng of a nucleic acid pool
at several folds of coverage or high redundancy, is

[0058] @1'1 §t@p 3300Rde HlbMHel skqlidnéRigl(e. gr &senbal theseqientihg), @ divsttamount
a particular nucleic aci

speci es _or | ocys t
of a first ghnogmﬁallne {agphbe chplgqiggqelqvlqnt&ﬁhé@nq@@e bsageé%{ngﬂec{ nléhe 1rst
amount 1gﬁ% 3%‘1%%? grofrf Se%herﬂ:%%] pichfif 5;6(? eg?&ﬂfﬁg'}fdnﬁ‘ e firdt (‘er&ﬁBsome

ronosone he clinical y
For exanipi¢, @ViAsihfdifad oDsrob®jure magldicart used‘lto Shate fachsaf thes YA

is determined fromse cgs |dent|f|eg orle%natlp&
Sequencap o fHe HENGRT BESPTIE K GHRSOHE ¢ RIG PTARYBN O1 such sequences wil
discarded fr8h1nsfu?5 {ehtcaﬁl SRARAMISE tHFYard Bx%@eﬂ@% ﬂﬁ@gpdaﬂrdgﬂﬁ@bﬂhe

ese sequences to the human genone. It is
human gpmsne ok én telgans aulpectpd kg ingen- mwgluelhva@etm@n € Es Cy] unRst

) carded, from subsequent naI 43
ratony 36355 O A RURRSPHB D BRBHP T DAL RR L 18 AFSpome
maythuéled[e%&hﬁHéd subjected to inter-individual variati ons
copy nunber variations. An anmount of the

[0059] g g Zlgngas% oh[@tﬁ Jegﬁ%ncﬂ%g tag%crﬁﬂﬁgﬂﬁhfm SheWr B&re second

nes m 0059] In step
chromosdf@s isuRsehingal ﬂrdﬂﬁ sequuesdiaugified as edigmdtingriramt onsfof ghresecond

or nore second. chronosone s determ nce?sr‘ m
chromosgmgse He@e snpRadimente éec .EJ%Q%OH’&S 15 %‘ﬁg 81t he
chromosgﬁl%g Pk R AIRRY gﬁf eQﬁ@ b@ Qelitdi3Nin addiBer@stdbnent, the

ronpsomes are er chronpbsones besi des
second chitendsonstis grsea fingke. othere:hmeoSomeng tested). In another
enbodi nent, the second chronosone is just a single

[0060] Om% a&fyﬁmwwa[y%ﬁ&&erﬁhmhg tld @neuriisiobde cbxfommymes;f
determ ning the ambunts of the chronpsones, inclu

including bt wegtlingifad to edumtmgctbe nuinhey afseqyenRtkiesh S RYBRT G ae enced
th
et 0 SRy R RLEGTo g L fened s Py

originatinD &HePpartiSular chrornosome(s) or chromosomal regions.

[0061] In another embodiment, rules may be imposed on the results of the sequencing to
determine what gets counted. In one aspect, an amount may be obtained based on a

proportion of the sequenced output. For example, sequencing output corresponding to
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originating fromparticul ar chronosone(s) %@T/GB 6/ 002 030
chronobsomal regions. [0061] In another enbodi nent,

woubwo1smy be i nposed on the results of the sefUEwB2003/002530
to deternine what gets counted. In one aspect, an

nucleic aglgg ginen Yof %%Bgﬁh@qzﬁgg réﬁgé @(ﬁ.\l@ Be el EtOP RAitdr tRObREntbMeutics

out sequenci ng out put

analysis. EREiBRP 0D thersizet ranges laes aboat:K G060 bp.gael bp of <HOshreci fi ed
size range could be selected after the bioinformatics

$lofEthe FEeMAME adPOd second @hount.
[0062] %[? @eé%é@& ;?fﬁﬂpﬂete%&%{eé%nﬁd ’ﬁ s 12510 g econ
The paraﬁh&t‘eﬂ el die, fos edatlp]lemt mm'plef ltatJmOf the frptraspounkinthe Seeoad @awunt,

e ot L T R SUEL S 0 U
could be 3h a%%\hﬁlefn{ fosd fﬁﬁﬁb&%r k@a&&quﬁﬁﬁm@ COwiget® lamﬁtlcpslnu§ bé ltt&n taken of

Irst anmount. In one aspect, each_ anmpunt coul %ﬁg
these separagfuftmn’uonso Qnef slridad; ip theogt wébwpa%atﬁ EhFcrInRiss © Feélt

b tio nmay be then taken of these separate functi ons.
suita e@‘i@ngtﬁ’fsrled inthe art will appreciate the nunber of
di fferent suitable paraneters.

[0063] dnisod cmbadimest, F%pa%@tgrr (geaérac cgqaflgé)%qssp]tgpors of a chromosome
potentlaﬁ}? ﬁ%&g&‘iﬂ Eﬁ%}qo%mgi @Hﬂ?o@ dedBMdn 2 Vorl di¥@hygehe 18 or

ronosonmal aneup .g. chronpbsone 2 1 or
chromos6ie qnpmamehaaemamtatmrfnmme msaltsrmfth bieinfaranatiss pracadwe:

fromthe results n ormatics .
The fracfipnpd fq%ﬁaﬁgptap@b F@éfgjﬁto 2}116 LA gpaunt gggas U (:?%eﬂl}gﬁ%es
(e.g. son?elnlﬁ%% e°(§1 £ o] Af & cﬁrﬁﬁlo§@fﬁé’s€iﬁ@lﬁ§m§ Qhegclnﬁ@im rekaantroirayfiosome)

e chronosones |nclud|ng th
or a partizhilaniselzkt 9f chedmosnmesd pgaiiplsngwfhcs Ph@niﬁPmeémr’aﬁhe Suphpe
of chronosones (e.g. just one other chronosone than
tested.) { he one being tested.) [0064] In step 150, the
paranmeter is conpared to one or nore cuhﬁ

[0064] mestms&s oy B oriafOBBRRLPTR TGO U AR R Ui
values n}aiylg)e a&%ke? \é}%ﬁsf{%ﬁ? gﬁ? nifA¥er df@ﬁitéﬂ#@w@?sy SRR dy¥ Rclude

sequential probability ratio
Bayesiat-€fiiel [1kglih&RRhEthbdf quemtxdl pobstslity, rade testiog (RR Ta fadsadigcovery,

IR R I BRI e N

led il Qﬁ&h&d& £OBSMFAB&N dpnéurtedtly filed application
these mgﬁg#ﬁ%’aﬁé@ﬁ D e An'D SE

“DETERWM@I@ENUQIAEICOA%D SBSUKEN CRMBYYsA B Fp ) &Jtior@fs?ocket No.
t b 0065] |
ore2ss Y el BRBRE MR turtyy BEEERRT, fract onal
representation of the clinically rel evant chr.ono rreﬁl call
[0065] .mwwn@ameawtmra@m@f@ﬁe%éraﬁ Rl TP GR 8h e linically
relevamiD Ghr ngs% ej‘?so Iy Qg%kcﬂgd o5 R refide xﬁn%eeé‘s@ib@i's}i@d hgréisRAcies

I'n sonme variants of the procedure
1nvolv1rig|'1ﬁ)rﬁ1@f (efeeﬂqﬂmﬂ)if@t@eé iTt &.posdille thet of Somevaresys eidhe propedure,

the refe %gjﬁé:.l a@z g gll|t qn g?;(gggfg g?lg )WT% %e)- ac}]{llsrt%f %;%?Srgaﬁlce with the fractional
concentTRoR At PORAE) S PreuldBat¥@blislagtha Sangsle. TR value of f can be
determined from the sequencing dataset, e.g. using sequences mappable to the Y
chromosome if the fetus is male. The value of f may also be determined in a separate
analysis, e.g. using fetal epigenetic markers (Chan KCA et al 2006 Clin Chem 52, 2211-8) or

from the analysis of single nucleotide polymorphisms.
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GRAG/ 002530

determ ned fromthe sequencing dataset,ef%;/using
sequences mappable to the Y chronosone if the fetus is
worbw/0134e val ue of f may al so be deterni ned i RC&GB2008/002530
separate analysis, e.g. using fetal epigenetic nmarkers
n id tior 8t whetBpr Ofetdlr om
[0066] srﬁstelg%}]a ’y%lgetsd %thhgigﬁlgpgldﬁgb%gﬁfg% B%I ymor phi sns. [ 0066]
chromosdnfial shepldiaf exisasferitherfirstebranprspreiis deiernzined. alpsqneicaofigient,

of whether _a fetal chronmosomal aneupl qi k- ST, -
the classifrlon i S ERSRUCONEN o QRPaP FRRG Iy § s Shiglin oy be
unclassiffalfe o%luﬁéé{rii)ﬁ.cﬁlt e AndtBerfensiRfdinitdt] the chesificutionanayl be a score that
anot her enbodi nent, a cl assification may be
is to be intapasbatia later dator fon axample by, 2 dastafet  anot her
enbodi nent, the classification may be a score that is
II. SEQUEBNEENGNAEIGRENEI AMD DHTERNINIAGAMOUNSSanpl e, by a
doctor. H SEQUENCI NG ALI GNI NG AND DETERM NI NG
MOUNTS 7 " aBt drenspdct,
[0067) - PN RaR e e, e B B N e B e o
even whé0DpoRbf Aulbieiacidadn dspdcimen ispeqicnenl 4ts<188 ganeBdEC everage

<100% genom c. coverage ,i nstead of at. sever . Qf.:
instead of ieF 8 LD F GNBAGoHE BB AT IFORC 8P SLGrred Paddedd
moleculegg#gstmlegﬁ%ﬁeic N0a sp&Qiesaa6lyRbgleatsd @fed Alpgdoesgei s

sequenced once.” Al so, dosage | nbal ance of a
imbalanqeaifipetticaiar chrosmpsoiemr shropisompLIS ERNS AP OHANHEHVEY
. quantitatively, determ ned, | Hos308
determmﬁibﬁ? Erewﬁﬁs’ttﬂggﬁﬁ% ﬁ‘ﬁlg%?r%ce(r)b f Q%{Cﬁ%mrrﬁg%ogrlgﬁ Oﬁ’gﬁ’ ons iIs
regions is MfEHEEHof B8 pEREntAES RpRbagfidiafitbseid Atioamong other
sal d | ocus anbng ot her mappabl e sequenced tags of the
mappabls pepieneadl tagOOBEBE sHusiget-s contrasted from situations

where the sane pool of nucleic acids is sequenced
[0068] THit istdoatrhiterotnosimationswehené Gl srmd pnolarfoyiclsic asidsdp ggquenced

mutipiesgpan ook ek Aot ST JOE o il danP e b
acid speglgmes&é%c&d giglﬁi i Bl .16 Wi sifubigdR] the dthibes pRinesa patienlar

en sequenc ative to that of another nucleic .
nucleic #id shesiee hresbernrsequenred wiative fiiat oframother pacleic acid species

copcentrafi.ons in the original. i3
comelat U TrcPLLSE coneptars T szl bfle, TGRS
increaseh Q9 the fuhBeraFTh RV vaegtifauied Rpichieabaturan refresehigtion of the
nucl ei c aci d speci es. F0069] In one exanple, a

nucleic gridpractason of such sequences woul d be fromthe
chronmosone involved in an aneupl oi dy such as

[0069] ClH GERs@n®Ic2 a broportion of such sspueates veubkbmfipe. thyelhrogiopepe
sequences from such a sequepci ng. exerci.

imvolvediy S0ANUFIPH SHB SO AHBRCSHHO A s RS e TP P other

sequencgsg ﬁg@%@&%#ﬁ%{lﬁ% aAkbRe it 8 dee@ fRsON® othel chromosomes.

e ot her chronosones, one coul d obtain
By takir inay aebimzted the etpionsize ofchmmeseme 8t eprpered mifighe other

oo TR U SPEEH i REEUFREEE BT} A s of

chromosome 21-specific sequences from such a sequencing exercise. If the fetus has trisomy

21, then the normalized frequency of chromosome 21-derived sequences from such a
sequencing exercise will increase, thus allowing the detection of trisomy 21. The degree of
change in the normalized frequency will be dependent on the fractional concentration of fetal

nucleic acids in the analyzed sample.
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21, then the normalized frequency of ch S EhmeH J D

1- derl ved sequences from such a sequenci ng exerci se
weoi2bdo/oinses ease, thus all owi ng the detection of PCTiGBamg/002530

2 1. The degree of change in the normalized frequency

[0070) me?n nu%‘%ﬁ hséH‘thE'i*l*Purﬁl&ﬁ@éneﬁl@IArem%ﬁﬂirrsﬁl idgmdof

erc’acids i n the analyzed sanple.[0070]. In
sequencir@ ¢ Heindieneimic DN arsiddlmquﬂaﬂm&dﬁi\lﬁaﬁa@h@n@ %thn}lﬁ%r

Genome hophirepeeo i Leeah Hngl R, PRI SRR s
surface te?&g&' &GS, Baal Hywexp mﬂs ﬂmes nghie dahl&emgeaw mdmdual

tfured on a solid surface ternmed a fl ow cell ach
specunenﬁ Ioopo@le bf spean@s| Bapbdatieis cgpp@les@ﬁﬂq:@ﬁ@pﬁ% ~@0O0NIb of sequence

which is Pglgjflggjba&g\plé og&e Sielﬁg},ogtbas%ﬁﬁg Qgﬁe%&ex%o%? gﬂegxgglﬁ%ne %Horh@ Hch

genomic ONA oRpfbREIDN0A seihipleheas3eidntédusimpeeanc sf oflow cell The
sequences in the hunan enone Eac&ﬂgenonlc DNA o

short seqpé:ra;g nags werg@d-;yyeg:e a WHJQ C§ 8L, geq&ﬁ;ncg and the
chromos%rpi(a)lg%c el by Eﬁt%d SRQY hta$ GHIBASST ihBORuNCRGHA: 8t BBgned to

human reference genome sequence and the
each chr&ﬁésbms\omhatﬁﬂatgd andasnpantdedith THeaelative bize afitash chfomosome as

expectechiun i o e e S e, 8RR MRS AR

SI ze of

Chromos%?rfeg%g&r&rméemeﬁsth@ﬁ(ﬂ%ﬁﬁﬁéa fromthe reference human
non- di sease repr esentati ve SpeCI nens.

[0071] %@—Aﬁcr% gglé)élp a1lly é%er%{glgﬁ)ﬁlﬁcétm%lrbftﬂ@@x‘ebéﬂt@q}escnbed

gene/chr@fﬁ%ﬁ(ﬁhé fhibagt bt@a[’te%f Athenapnelsepdited efldsequcheidg could be performed.
gene/ chronbsone dosage strategy. Altern t|vehxaipthed
Instead dd| mdmeqn@ﬁ@ulmgﬂé efitbg SB@*‘GE@?df ERgmats o et $XBe o

referenc? ﬁ arel aps %ag)edeo@%#?nﬁ;e 1th& FEAERRGOBOBS A MBI7R9], HiMumber

e re erence genone as descri bed by
of ahgne@%@ﬁhmlcéd filos alerd dahteGend 502808 coning tpxhrqrepmal fpeation. Gains
nunber of aligned se ed tags were
or lossessqficheqnesossy Eﬁ%x@lstoa V@Wfﬁb(ﬁ)é%t&m §s Sy d%tglumléa&j bz @Sjmparmg the

tag counltso@ﬁﬁw} E&E@ %Qﬁ%m& e Bthe Péfertliod ger@h{ecn”mlsﬂrma non-
ete m ned by conparing the tag counts with the
disease Epmﬁttetmecﬂpbmmsoﬁe paitedeeridrsequracingelpws OBC Hetfsivee size of

the or1g,1ﬁg]I iy 1%ﬁcdd grggllalsgﬁ gfsJﬁe & peféS &% %du¥ %n?jl@%ﬁé&lgﬁ?% of¥he number of

OWs one e size of

paired séc[h%n@érd' tggﬁ'@rre@p@ddﬁigkoaﬁlblélé dcidy fragrhento 0a speaifisidesidessuch as <
focus on the counting of the nunber of paired

300 bp, s@flbmeord 108§8- corresponding to nucleic acid fragments
of a specified size, such as < 300 bp, < 200bp or <
[0072] L100adomher kOBB3imdnn, thefmétim ofthoutioldnacidprel tatis spenest ina

iy R IS PSS B 15 SAMETEARBe Rl B

such as Bﬂé’d’r{u‘él%ﬂ ¢ ARaPasBeind §6lnb e Suls-vélbetdsor midde Ektid |s&pien<dze from
cou € used to first sub-sel ect for cleic

certain c&ﬁmdomnmeelges péteniial yemeaplpidehronesosieend fﬁ mosome(s) not
1nvolve€ A I an %/lganeg{gil noth%P c—r:x%n%%) ﬁ%hﬁ%%e&ﬁﬁ%b—populatmn of nucleic

acid sequences from the sample pool is sub-selected or enriched prior to sequencing. For
example, as discussed above, it has been reported that fetal DNA molecules in maternal
plasma are comprised of shorter fragments than the maternal background DNA molecules
(Chan et al Clin Chem 2004; 50: 88-92). Thus, one may use one or more methods known to

those of skill in the art to fractionate the nucleic acid sequences in the sample according to
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. . . xr‘.‘.A‘ WL o, 1"‘” 3‘\”‘“”‘ {/ ‘~ ;}\L r“l nes %
i nvol ved in the aneupl oi dy tested. Amothdhiexanpké@ws@iﬂ_ 2

that a certain sub-population of nucleic acid

weeoqumnsws fromthe sanple pool is sub-sel ect eBCDIGB2008/002530
enriched prior to sequencing. For exanple, as

molecule %ﬁ;gé%@ Sge@@fé\é& Hotresff‘:a& el heRalbRfnds R by elcalfluldié-based

Rha | asnma are conpri sed of shorter
approacthag Algdrhativiehsg fin tliee:xampbrqf ahalbamg gelbdired femlADN inoratargal

| Qin.Ch 0, ,.88-9 h
plasma, thaSEuRb AECISie 51 BTHER FORIG R ATPoF 5y e o L RanePeages T

maternal 8£ék &xndf ach 39 'Bgtﬂ?e Adaﬁldhttqi 1Birkalastyde %Bﬁal!%ﬁifbe al JAMAH004;
e accor t onol ecul e si ze, €e.9g

291: 11 143I9)3 dh bnp hmbedineng 2 irtan esabses pﬁﬂie@q:-g@iﬁge(gpoc&pf nucleic acids

di cs-based approach. Yet, alternatively, in
1ssequen‘€‘ﬁjg‘ %\rﬁjﬁ1 e of analyzing cell ~free fetal DNA in

| pl he f I I
10073]  Bibasfiaiag oyleisc SRS STHEEIS BB AU NG RARER Lo
T

sequencn@g’ffé@ﬂﬁdmgbf, thesipgle modetudy, realHniset (SMRT tpﬂ’fmol@gb’@é Pecific
ool of nucleic acjds is seﬂ f ed r.an ggﬂc%t9¥3]
Bioscienggshaiid RANRPPIE SABIBETREOUEHBNY; >h€ uge Ap BYp APUSEUO o
that by the Roche 454 platform the Applied Bios sterrs
[1I. DETSRMININGaA MOIANTSHF CHR GMMOSERIE S HRO SE(DUEI\\}»QIN S ITPUT

Voo

DNA sequenci ng technol ogy, the single nDIecuIe
[0074] rzﬁ?ér'tﬁé HBsiUYRp AR scb@smbing] Bigintodimaties bfidlygsis was performed to

Bl osci ences, and nanopore sequenci ng coul %FSI mﬁé\% 4
locate th@ ehrogwdoinl arfgis ofsIseaunreshiagy. iiter BETRIGE gaas
F%g'VDS P 2 M @5 st
Ongma“%gg’fr\/ F§°§§%¥Meﬁﬁ%g@%. érﬁﬁt))l[rnrgr;iMifh%:s analss}m@ e

SIS
comparcWSaRehfi@ly®oall of the Gﬁjuénctekl&agsl’n*rcﬁagssmmhatmgfgqnm opd oftthere

sequenced ta After tnhi edu tags iden
chromosgcy fl@*g‘pﬁ%llf*’ie‘%@ the 6&?‘%@%2‘% SN R S84lchbiig
output erle aﬂaﬁgﬁne b1 Bnd &Bélorfﬂ?xsﬂn@nrgmésdrﬂestfﬁt § 1t ysbyimenrie compared
ared quantitatively to all of the sequenced tags

with cut@lff ‘tﬂm derived méthimeghddselesaibed ot thembeve scHap gcbﬁ%gmﬂm if the
i nvol ved i.n. t he aneupl ai d The s en
specimen [{@s QBW‘}F% a@mg&a CY 1Y Vg]lg 2066;%){ gﬁ?ﬁfg c}bt%{%‘é'e

non-21 chronosones for a test speci

[0075] wAmimbet obdifferent ameuwfs incluss byt nef iiraiebiadhe ggg%l%ﬁo"il‘%be

b e
derived )%Blpécﬁﬁ g%qeupﬁg(ranttlgg% Félg %%gljié)$é @%ﬁet%@e@&ﬁ@éd@ﬁs Y8 Sabsolut

nvol ving a eupl oi d or
count, aligrlcd@9¥ particuf2tchymds6METhuld bewntiparedfto dhef Fbsplaite count of

ek G et T Sl

amount ?fjggglﬁénc% i ROSe 2 vBth RREJHE all @HBéme alhegned
Iar c ronmosone could be conpared to the

sequencad B@h Ublﬂid(beumtnpafedste tha¢ ntettiern laglsaf@lup@llfb@hr?@oé@ﬂ%qr In the
chr onoso

rnativel t t
present SR EIRILREC e SEARI eI R ATogh e R DA ARy o bypoer of
nucleotifl&f s%gﬁé}fc%d Qnfh ?aﬁ%ul%@&ﬁofhbﬁlﬁﬁe s@qd entBthet degived frahd dlep

conpared to that of other non-aneupl oid chronpbsones.
multipliech by Hee sequenced tag count.

[0076] Furthermore, as each maternal plasma specimen was only sequenced using one flow
cell which could only sequence a fraction of the human genome, by statistics, most of the
maternal plasma DNA fragment species would only each have been sequenced to generate

one sequenced tag count. In other words, the nucleic acid fragments present in the maternal

16




10

15

20

25

each DNA fragnent, the nunber of nucl eotides sequenced
wénramwoasparti cul ar chronosonme coul d easily be #eriGB2a08/002530
from36 bp nultiplied by the sequenced tag count.

plasma SI%S&E“?{LWF%;%E‘S TRl gt 1e@IhiP @olﬂ?{; Q%ée [[P{lé‘stﬁ@‘to%? %ﬁinﬁ@trbf

enced Using one whi ch coul
sequence@ MYl cS@AH4EBE nyBpalrtic@ddri c(hfbmxisotriee)vdm«lmws‘gﬁ nomespotyy to the

f th |
e s e Sl LT G Lo
Hence, t Earc]qeaﬁﬁlaﬁvg H% %ﬁﬂyt%hcﬁqhé ré&s@MAion éﬂh@bb@ﬁuw éﬁ'féuplbfde

el c acl nments present in the maternal pl asma
chromos&R€chule rbe\deﬂeedsﬁqmenfwﬁoabf thegmnttisnor aquivalent dengtr efge.

Thus, the ot mber of nced. nucl
nucleotldéﬁyeo{ygpfq a&ﬁli@ mﬁ%ﬁﬁe Ienee 1o yg gg ?arr S(geglr\{g@{luantlty

] proportlon or length of the part of the
forOthelc ?Oé hrom)soma that has been sequenced. Hence, the

Ac&ﬁg chﬁi’éﬁ%f iEiee of

AT . F pbe deri ved
fromafractlon of t he number or eU|v t Iewgth o;t £
[0077] rAgmeriongd gbeenansrsiglished i (heXapR a portion o

referen I, reuBloEEases.
the humay gehome n%e(tlsoto%.ss %?%Wf&i&%ﬁe %%{}Jg:]ytﬁ%%ﬁz?c A Clas%ss
Thus, it %%d%@d&xlﬁ]lel‘dﬁd[caﬁ%ﬂecm toeenticlo techoabol/euchgiel acids to be

establlshed in the.e e sect.i,on bel o
sequencsPTITGh FOIOPHBINFNE GenHOROLHE tphchel fosh ok eampls, el
DNA m(ﬁls&{l%r g%ét@ﬁﬁl ;%)lﬁérﬁé)ﬁﬁé c8mprikddodn sﬁbﬂér@ré%nfe’iﬁﬁﬁan ﬂH@Uﬁatennal
e possible and cost-effective to enrich

backgromabDNaf molechles (Clzani a9l €bn Bhemd§@én2&$8p12D) oThl’tSo‘)fFedH@bH%e one

oo SRS Fu ek B DR Bl lgncs

the sam;ﬁ@ %Uo'nﬁﬁg t@fnoﬁé&ﬁ[ets@a”e ¢ gwfe&ctrbﬂibrtdwomke@nmsmn columns
kground DNA nol ecul es (Chan et al din Chem 2004;
Orby1n15®ﬂuabcsah§sed“ﬁhm§a0}bne may use one or nore nethods

known to those of skill in the art to fractionate the
[0078] NWel, eiternatvelly, secheeerxamles of anhlyzimgreplldregdetel BNAyint maternal

pasma. st e o et Sy PP PRI RR Pl o
maternal 9%?(@%0&{@ sucﬁ la§ g%ﬁl\&t dd¥lon of ifernidi@chgde (Dhatlagfet alnIaSLMAI 2094;

ree in maternal plasma, the fe

291: 111s8). dihe pamodthmﬁ fietah d@r@md@emenéwwﬁé &e Wl‘éheﬁ’éfl ﬁ&ﬁuclew acid
t hat p Ses th I Péﬁt

polcoppRs R TR R TP LA RSt e

required2foF diffeldiftiabhg e dﬁl@lcpﬂhﬁ’ﬁ @fi$dndn2 béastetvatilddediozed the fractlonal fetal
sequences woul d be enriched in the nucleic acid pool

DNA canoerativadngeasshor t er fragnments. According to FIG 7,
t he nunber of sequenced tags required for

[0079] diAfifetiagintlyatdqnendes phgﬂndtlrﬁg fromtar pasentiplly ateurdeid shygmadsgme and

one or &g;gmogngg n]:)tr 1%$gllvg n thfe %Elgllplmdy could be ré%lrru%eld%y hybridization
techniques for example onto oligonucelotide microarrays. The enriched pools of nucleic acids
would then be subjected to random sequencing. This would allow the reduction in sequencing

costs.
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LOT /R0 005 e T
[0079] Alternatively, sequences originat#ﬁéiggoﬁw5/ Cuze

potential |y aneupl oid chronosone and one or nore
wohowrmseees not involved in the aneupl oi dy coRCT/GB2008/002530
enriched by hybridization techniques for exanple onto

~___—J§é§£§£§£§%§§§ggon1croarrays The enriched pools of

V. RAN i uld then be subjected to random
sequenci ng. Thi s woul d_al |l ow the reductio .

[0080] §é@u2;3m ﬁ,@w@@gtt ‘aymet e{%ﬁ@pg@tqm@@ggﬂagﬁs&i off fetal

chromos%ﬂl% gaﬁxslé}%;l {d u%fng%m?@qm Qﬁugﬁ)&né chcoﬂﬁﬁé & A dHbdiasRtoRkhe

onbsomal aneupl oi dy usi ng

present ifACOM Eesneenpio forahe orskividy parabiel seqisodingepprosehit he
present invent |tgl

t f
representgm@daté frogea]liehibe ﬁaroﬁfw‘é%sw Y Pg 6?%%%%@ & ﬁﬁg’é&gg ﬁ}é‘%f ot
origin of% ﬂaﬂ%%%gﬁﬁﬁ?ﬂ%@ EBStdBohehE o DEME r"ﬁie%éqﬁéncirfgﬁs daumeat

rigin of a particular fragnment is no
random aﬁ'ﬂl that #databrsadearth miayrbe pmﬁ@rngﬁ@cfg SERY @re|a§>a5t5wéa ;iltagment 1
hen datab se 5ed

d
coming @éq{?\h‘fé?sgcoél rﬁ%{?‘ﬂ ropy sipe ?n:fgment i g’&g%r% Em%ﬁ {%%{1 Iﬁ&ome

21 and ahSth&UHe Rsth 8BrobdR6MS i1 ta@ihpliGedihen a specific fr agrrent
ronlchronosone 2 1 and anot her one from chronobsonme 1

[0081] a{ﬁ%ﬁ%{ﬁg f%‘f' r%éat%%%%ﬁ'f{bnﬂh% rtnt RnfAleotk stieRl. S{ﬁ@’@:EQZO,

l'e1s received. In step 220
the numbEnPef seﬁuéﬁce§ egpenebzed & dabudmel foz edesisedrsceabat BPneor

embodlrxzilqgg,g'a?;l)qrygg(z:li;ltaflg,%cotI [ﬁ%g :Aglﬁlot eglplggo odi gajsn?}ilé fsatﬁlgf fasHTH&Y erpd may
be done \'t/)v? reiw E)\Iljcal(l:)fé mdaHsSis RN bB&nSOR® B KilledsiH ithedit. eTheepstification

nown to one skilled in the art. The
may mm[pl:jew\st iehdinghivaluertbat vedismpdagureé by @g@ﬁhﬁrgenéltx, ainbisiepodigagat, the

ot 5T LBt O T i e
exampleaﬁél M bBsddRends asedel @ pesayed geuldbe inerangl whertthe fetal
nber of sequences needed to b mou&% ber N
DNA pekcrotres saboiahocthbi Geass kb Re HE U S A ips | ' Agmber
may be ?]ﬁﬁ% pﬁﬁb%&%%@ﬂﬁg WGRet GR a@ﬁ%'erc@ﬁ%gé ' §19§noth-5lﬂ 8mbodiment,

|xed hu r a relative nunber,
one coullUehudte @ npaibeeNttagds khowmatedidrieqenth Gutiageurate déseasecdiagngsis.

seque nber N t hat K t t
The nurahst bY G B S8 SUAPRBSR 41 PRRGAADER K13 B cRfions
that are sHhLisl& %d%‘f@rﬂ: rhﬁ]mafﬁﬁé‘@nm es with fetal DNA

oncentra lons that are at the |lower end of the normm

ooy 35420007 B TSR0 B ERT ol ki

blo1og1c*aLQJxﬁ£1é R ras@RlyRcqicdcédand %Me&éﬁued@mdbedﬁaﬁpemmnethaf the

I's descri bed approach is_that & nuclekg Cld
nucleic b@ds echeesequencad eremst seqséligatly écgqnfu@e GRS SRR samp

analysmséa %ghlgeglcg’ge g : eueggg?;}er%e I gﬁlx%fesrk to tak%e? S% X gﬁ%@% g«gﬁ are ng)é |
needed Br&e@nci@eURSpdsls oﬁmqulam mldsgseq'lﬁbtmefj vatysfrah sampledp gample and
even froanc1: Iagaiy;s touaenr;%yes?s t%?'[he s];rrng rsnar%&rrp kl?rtltle?morew?rom &2 %elow descriptions
(FIG. 6), the amount of sequencing output required for case diagnosis could vary between the
tested specimens and the reference population. These aspects are in marked contrast to most
molecular diagnostic approaches, such as those based on fluorescence in situ hybridization,

quantitative florescence PCR, quantitative real-time PCR, digital PCR, comparative genomic

hybridization, microarray comparative genomic hybridization and so on, where gene loci to
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even fromanalysis to analysis for the samelsafpies / UL
Furthernore, fromthe bel ow descriptions (FIG 6), the
wanot34«eé sequenci ng output required for casePCT/GB2008/002530
di agnosi s could vary between the tested speci mens and
be targetdd e qhii?d ?ﬁ&gﬁ@-d@@%ﬁﬁﬁb&ﬁhusﬁ%@tﬁﬁn@&&_&(‘s% of ffcls-pecifivr peters or
contrast to nost nol ecul ar di agnostic approaches, such
probe setasr pdmsdseoflsasled on fl uorescence in situ hybridization,
quantitative florescence PCR quantitative real-time
[0083] TCBne ShbbdidlenPERdosOIR AR Ve pefnamEdoon DA fidgnadnitthat are
_m croarray conparative genom c_hybridization and ﬁoh 1d
present imthe phiseracofgenresnast Womgpeand 41§ OPEIS FEHOTHESERFRsES Which wou
i & det erm natd O HofeR IRM o $&uhcing inyolves
Ong“mufh%ﬁ§¥@E%%% %%h%ﬂpﬁéﬁgﬁgfﬁgﬁggggéets or %%hé?%gg?O ¢
samplingS(d€duenti@@BBtantomaoeti@ndiahé medi¢ic acidmoiclrvidecureseot mghs s
) _ perfornmed on DNA fragnments th are pr nt. i e -
biologicsjrershls s e prROGHARN (BRI Lo RHE BBt AP RLIJ AB g auclei
i G | EEEnBRIEY Fha9bk Gbqihbad iRYen SRR MEfbalihbes will
amdmol? e ?@%&St}uﬁ?ﬁe{?{é& rmé hg?. Racﬁ%om sequenci % i nvol ves .
work evesawindi thiy sibse weres figh samplarid ssmplornd lemodnalyses thdedlEsiy
) aci d nol ecul.es.present i.n the bjol egi cal... I 0
which g, g° Qe e Serantan: ErarpieeL e EoHdEiR Soudrv,
0.5%, 1% $92C1G98M0%8  ort309 HGE @bfonde: 1 JMEreeitodindriay) the fracsion freat
genonme) may be sequenced in each anal ysis. Enbodi nents
least anyvarielof Weask velieh when this subset varies fromsanple to
sanple and fromanalysis to analysis, which may occur
[0084] EP@esiiMig: b SO (samppreceddianpiniacharmeeas madod d60.
are about 0.1% 0.5% 1% 5% 10% 20% or 30% of the
VI POSTSRTBENCING S8 EeTROdIGEPOBL S e SEAMNOBDIEAGS | east
d

ny ofne of these val ues. [0084] The fest of the steps

240-27Q mpy proceed.in Lmlar n 0.
100851 \is dpemherbipPeReRe i B Sropan SR luBht e s
sufficient A sHRABR tri86m§l 3 FdnP esblbid cazeaNPhesubkét ofisetiuehtedutkzoaguld

a subset of the sequenced data is sufficient }(r:]o .
be the pwpsttiongiisetneneddsioaythat nassadsertainvglity RasuBEersTRY appls, 0

sequenced da oul: : W) AYSRE BEm

example i SEHERT Bls DL MBI Rt RS BRACD PGk RRMARE Bl
genome Seadided, AltBrnai®lpl dhelnhay sequerenaedpresmgsativh avohwfmacleic acid

uni quely aligned to the repeat-nmsked r efﬁr ence agumin t1o
fragmentrefiiorrall itk EhsR@osomeseiuh A 81 1 CHPAHEER g sehdaa fplevan
the poteﬁ?ﬁ{yeﬁl%ﬂﬂad &Eorﬁggr%@énd%@a{ Ri&afCh & funB@FBRhcn-hricapload |

0 he chronosones but focus on the conpari son between
chromosdaies. rel evant to the potentially aneuploid chronosone

and data relevant to a nunber of non-aneuploid
[0086] CRECARSRARSLy, b QQSkE] of'tet setjubstin@bityel shcompassipeiequinceditags

sequenci ng out put enconpassi ng sequenced tags )
generatagieinen anddicfacishiragraends eorerspendingiprresnesiiicd size SpBARY Hythe o

.. ,a specifi Si ze W A ri Qi '
o 325554 L S2S08 HPAE oD A5 L SR e ot
using thE MurBkaRIneme analyzer, one could use paired-end sequencing which refers to

sequencing the two ends of nucleic acid fragments. The sequenced data from each paired-end
are then aligned to the reference human genome sequence. The distance or number of
nucleotides spanning between the two ends could then be deduced. The whole length of the
original nucleic acid fragment could also be deduced. Alternatively, sequencing platforms
such as the 454 platform and possibly some single molecule sequencing techniques are able

to sequence the full length of short nucleic acid fragments, for example 200 bp. In this
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using the Il lum na Genone anal yzer, one cou

pai r ed- end sequenci ng which refers to sequencing the
woweamnsive of nucl ei c acid fragnents. The sequeRCE:Blais®02530

fromeach paired-end are then aligned to the reference

manner, {hd 'Zﬁfeﬂlggllgggc%f FRMR G acid hEgRba B8 beimMeaRely Riown from the

nuc S spanni ng between the two ends coul d then
sequencedelatbeduced. The whol e | ength of the original nucleic

acid fragment could also be deduced. Alternatively,
[0087] StdH ?Qi?éd]&lcpzlr@hfsﬁrigﬁlﬁ PELLiIsS ubing otled sqfuaiiding platfontins, e.g. the
possibly some single nol ecul e sequenci ng techpi ques
Applied Biesysthhe SO8.18 sysiemcBortthe Roehq 434lgifornn beegvss ot iy ariepied

cid fragnment for . . '
e o b AR SR TR AR s TR ke o
determink MNERh@h ¥ fapaisnt fro@istdompbete seuenet. dat a. [ 0087] Such
pai red-end analysis is al so possible using other

| §upeetBirasyRh MR
[0085] é%%f%%ﬁy@%e&nfg o (rﬁ{ gd%g %ﬁ%&%ggﬁglﬁé atf o? m %Q{e}?aus ea_%sf
correspohdisg it sticeamettic ecd flagmghls i thepaieseh] wiatdmaltphasma specimen

e RSBt RSB SRR R B 0 e o

fetus. Th:ﬁ 8 1 OTRL BlcTeBEDNRNERechRI BB matthta] pthématangomrised of shorter

ocusing the data analysis on the subset of sequenced_
fragmentsalym tho mraterpalrivickgrone] By molngulesiChancgt @l £Ha Ghem0fnd0:

he ari gi t er nal ' . ' r
s5.97). h0a8ok % B TFGP B QA AR TE RRR AR M
euploid £6MUEB 2 desdey @dufd eiudehs thefractionhfetal DN A ecsugstatidne
. fetal nol ecul es in nmaternal plasnma are conpri sed
mcreasedpf shorter fragnents than the maternal background DNA
mol ecul es (Chan et al Cin Chem 2004; 50: 88-92).
[0089] ATleopabt-sgencifig &ledtiontdfeubretsxgmuoleicsasiflipendets diffigrent from
required for differentiating euploid framftri.
other gt BTGB YHE: FE4et RBRES PPk a1 LR nysh, such
as the us%g%f: @lg_étf(%ﬁl'o%is' RGIR 2868 si0h 00BRIns Thethp edltctiapfencleitgicids of
sel ection of subsets of nucleic acid pools is

particulatisiZesrverith faquire therysisalcdepiuetion pEthe spricheddiep!l from the

strat egi.es ,whi ¢ e rf ' . '
ke SRS s PSR TR SRR
experimB@al $1§sUMd Gy sroh®to froBletrisact assoneiminatedne Thegostds

of particular sizes, which require the §%§|c I
sequenciygpastico saleeiion ofesubats ehwausRsEIe Gf“ﬁ%%"f%’i R Q@?‘?ﬂ Qg o vary

09! i ' l ' i dttination.

e sisfFl o BHELFUR e HepRrsle A feasaaas, aavhhaion

probl ems, such as contam nati on. .The post,sequenci ' -
0090] Sihe bigertes o Reey Stisiet qeRoriy SHenG Rahy ir2
matemaggﬁgmg H)/&%pr %de@aiH&f ot reglaeivbpan depeibdrgtiontrisbrry 21

nsitivity and specificity required for disease ‘
or eupladie febusionid boenmpitoidolo aresupitesinipgyameRrpduct used to determine

conput ational and statistical.. 1d
pran G g B L SR AP GRS U
involve tleOdBt @ nizhiag BE B lquiRiTRdy St ioeh the pbteatiblly awaylofi diromosome
as well as amount(s) from one or more of the other chromosomes. A parameter would be
determined and compared with appropriate cut-off values to determine if a fetal chromosomal

aneuploidy exists for the potentially aneuploid chromosome.
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or euploid fetus could be conpiled into a c%@%ﬂ@%rﬁma/ CUz520
program product used to determ ne paraneters fromthe

weequdsiong out put. The operation of the conpuPer/GB2008/002530
program woul d i nvol ve the determ ning of a

quantitative amount frquNpgrRotentially aneupl oid
chronpbsone as well as anmount(s) fromone or nore of

The folloteg @takrmiescﬁm offosdrie dlusiaigabumet orlina el pgrcd deenhiphed

c t-off values to
L PREN ' 19 R oﬁ{fS@ﬁY aneupl oi dy eX| sts for
t he potentlally aneupl oi d_chr onos

[0091] Fﬁoght@vﬁgmgnfe\xm weregearuged &y dhe ~°tt6<%f |41§§RA¥P Péegnm}t‘”%%n

were n LAY LIPS BB A s PTG, BOAGHORL S

each cart*yﬁfgfﬁetlﬁ dviflotiisbing 24 tand yhe dthbrffoﬁﬂwwelpreaginemtymg;weuplmrfgtus

Twenty iR PepPRsRRTELS Moo WaF SIETFOES il Mol
plasma v&a@thﬁts\/eg‘@e& Brde de fnﬁfﬁﬁgﬁloﬁ A060¢ L8 ot Temiduees andgigh@aelktrifuged

ying a eup fetus. Twenty milliliters of
at 16000p;eg fqn Hemaihutee o Wwisdben Wstslctﬁdl @@58](9 i} @headcpiasma sample.

The matggg}t;ﬁ A% ItAnggQ at:h xﬁgﬁ%@ 161a§s(5ve %?lnﬁ%%tegjse&lg{n bfy the Hlumma

Genome Qﬁﬁl}fzblf Meetling toli@Factuer’s Q{striletldﬁsn’ﬂh@&ch@biény\p&rfdrimmg the
extracted from5-10 nL of each_ plasma sa

sequencinrg vesralindst efmt@rﬁ@tamgg@%éﬁd%r@&hP §FAUTRY ngg gad §Fquence data

paral |l el sequencing by the Illum na Genone Anal yzer
‘according to manufacturer's instructions. The

(00921 {1apion B BT SAGHL ST PR G ey e Horecy
preparatiégqﬂ ?sn}gc%sﬂ?et 13 sﬁﬂf\k&fﬁ iSserlaBfoRAls sBER &f 1 Yng 8PPY AX bfbeinal

mat er pl asma DNA was used for DNAllbrara/

plasma ]DNApMa&trnﬁirplasma DY Apvesnditewers bé\@rgfqndqd ligated 4@ Splexa adaptors
anount as 15 10,n

ond frogRp 8 R PO DA R TSR ol A Rlas B TR dfhed

and adaﬂtblgﬁga@&i el gm A 4B GF af@m%ﬁti cfoﬁm&dahroﬁgﬁ c@0Mnbe.g.
wer e  sel ect ed Url i cation. natl

AMPureb Agnncoetrral egreamye aml;gqtgc} adapgpas é@lthﬁ‘éttsé?% P’ég’ﬁ%}/ﬁ\‘%ﬂef
generatl Gt 1%019 ﬁgét P?I WS e%ﬁ&ﬁ%hh&&h%@ of fl@wg:ells and DNA

ve unligated adaptors
clusters Weﬁé’lgﬁﬂxbra%dhmxfgdhe ¢ilwroina bbfstr etatlbml,dbﬁmwgbhje pacyades ofThe

adapt | ted DNA t f
e T30 D e e L T LA e
was seqll,lérlcgcm)? Bn& hU%tc%L e§5q|%f=:h&ﬂ rreddd |vb&¥\@&npﬂeﬁ§slﬂg/%le§a Ahalysis

sequenci ng on 'um na Genone Anal yzer. DNA from
PlpehneeAd:lhea‘(ht\mm ﬂienmﬂlgaﬂhtoébe tapaetrmowked S@QWQ%W@}/&’%W@IC

I uenc eads_.we 4
sasency DS eSSBSk LSPGO o Ny,
usmgthggpcgﬁtapgﬁgé%q ref erence human genom c sequence, NCBI

36 assenbly (GenBank accession nunbers: NCJ)OOOd to

[0093] NFn-t%ls sQucfly), to reduce the complexity of the data analysis, only sequences that have

analysis.

been mapped to a unique location in the repeat-masked human genome reference are further
considered. Other subsets of or the entire set of the sequenced data could alternatively be
used. The total number of uniquely mappable sequences for each specimen was counted. The
number of sequences uniquely aligned to chromosome 21 was expressed as a proportion to

the total count of aligned sequences for each specimen. As maternal plasma contains fetal
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T ST s
using the Eland application. [0093] In thisgéﬁdéyi‘?%j*
reduce the conplexity of the data analysis, only

weequmnsws t hat have been mapped to a uni que | BCaMGBaMS/002530
in the repeat - masked human genone reference are

DNA am: #é %1'%% Qi Se5ed. ofgaﬁﬁﬁalsdf%‘i’@ tte @fsodk 2 Ferue Roluldeconibute

equenced data coul d ternatively be used. The
extra seqheﬂo’ﬂﬂ taps wbiginatihg rﬁmnqct&bmomp@&b flee '@éh‘ﬂélﬁ’é@@e Pban exEgropy of

nb
chromosgqnp élll dyt ?Shg%}l'{;grtgeg fhe\r;pg §ce§£(a§F gg ng%ggrgé oY gécﬂféﬁé% in

maternalgﬂéé%rﬁétﬁ'ﬂ Pe&rlahy éaﬁfy’%ﬁg £810nyaf] faluk gratt Bfemlghmﬁal thatr from
speci men. As maternal plasma contains fetal DNlA
a pregnaseyowigh a eb@oidgﬁe@un@hmnamﬁ dstes mat 1envizg thetargeting qiffetal-specific

sequencelsaié §%g|y’d|°§§ ok rg%lgrsef tr% ##191@13’%%% %‘g&%n gf feét Hﬁﬂféﬁeﬁlal nucleic

acids. It RE686RGRL Biquas texiided t6 dRYngfislchridemify m‘ﬁa]Zrdm inmatérhal
fetal genonme. Hence, the percentage of chronposone 2 1
sequencesedigesrRIBENIIRE. mat er nal pl asma from a pregnancy carrying
atrisony 2 1 fetus would be higher than that froma
[0094] [FIEQYBANhywaiiepeacatypemit decfuenm .mdpiped tmelirgmpspraek(pgesentage

require the tar ific enc
cepresenigfigh OfEEMBRIF SULIT ST B F G R a1 S AT
percenta%@ Ryrestaﬁtgﬁ?)m &iBRbsAHE D Bives Sighi@iRantlyt high&On éR@Snal@lasma of
Ire the need to distinguish or identify fetal from

trisomy ahpegnaicmehmmb@t ceffeuplpldsmqgimieﬁgT hepgdasa pugeest, thaga

WS ercen

noninvs SRR 25 PR SRSERRARRL bp o6 e

percenta@8 edpr&entatién 8f ﬂi&taﬁéﬁtﬂbldmhﬁﬁmﬂxoﬁi&koﬁ@amﬁes thaTh#a reference
per cent age r;ﬁresentatlon of chronosome 2

populatigh.gATteIERYALY the FRIREI0SPIE dh CEFTHEPTESPHEHAD 99?1}‘1 9 ‘if‘é?ﬁ}edzbyl
comparlfé%frg:rb%pcceh g? E%l:ﬁ@ieh&ubﬁ AF b YRhob o oQtraﬁﬁH%'QﬁérﬁﬁentJ [Re&Eh the

noni nvasi ve pr enat al di agnOSI s of
percentafge Tr@ire@ﬁ‘@tiph of diyronoubrde BE saphnees edpdsjeddiot & ﬁnplmdiglmqme

per.cent a repy esent.ati on of neu l.oid ¢
genome { i P 0t SOV BY HGAKAE PEPeERED B LFREL Shot o M AAE:
gemomeAl ternatively, the chrombsone 2 1 over-representation
coul d be detected by conparing the percentage

[0095] eﬁ% :éléitﬁag g%%ﬁv%%@%%&eea% eﬁ}lgh'ﬁ%ﬁie fetus. The sequences

e per Cen resentation o
mapped &6 IRMP SRITR1 080 the SRAUEBE %al%paﬁﬁt élthefpat‘ceatagel pf sdqietmgsarapped

enonme. This could be done not maskin
to the Y?qbeomeq@@m wassgied it calﬁulﬂﬁéh%ﬁﬁﬁwn@e’%@?r@?\h} sw&?]ltf% ‘{?égé‘ﬂe
original fmzﬁergélg;q% Qi%gn Wg&e\l‘gﬁ@ﬁgﬁmapﬁfaﬁ YNW cénd@Birfion was

uences mapped to the chromosonme woul d
also det&ﬁnﬁ@i oy uﬁmmlcﬁrbﬂuldil'dsehglaﬂ EERt lag@lvnﬁg theguefings nrelsied-

t he Y-chronosong s, u | cul ate the
linked (ZF%)c%f}doﬁﬁ’%ﬂ IHEET BI'OTEHRIA iﬂ]fﬁ‘z%é O%OH £HEori gi nal
mat er nal pl asnma speci men. Moreover, the fractional
[0096] f E1GI 3EDbbavedhe eatrelatiomet the Sragliens! fréal M seacepiratians g inferred

by the pﬁ]fcg{x‘g;ril:] lrjép%{sgﬁtﬁgag 0}’ ?’ chromosomeqt;y%ealgencn% ﬁl'dqge{t de¥hined by

ZFY/ZFX microfluidics digital PCR. There was a positive correlation between the fractional
fetal DNA concentrations in maternal plasma determined by these two methods. The

coefficient of correlation (r) was 0.917 in the Pearson correlation analysis.

[0097] The percentages of maternal plasma DNA sequences aligned to each of the 24

chromosomes (22 autosomes and X and Y chromosomes) for two representative cases are
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(ZFX) and zincfinger protein, Y-linked (ZFY)
par al ogous genes. [0096] FIG 3B shows the correlation
wohomle3de acti onal fetal DNA concentrations asPCTGB2008002530
by the percentage representation of Y chronobsone by
5 egyeng] T HonBR SIS theWriZenty ETXHS LR thebiiet ias
Shownlg?g(?'t@ajf' @%ﬁé%ere was a Sp(%gl?t fgvencorir,el ation between
carryingt henploid detuize peateatagDiéhresontetion phscquerses mappgdepghfomosome
. ..Rpl as determ ned by these two ngthpds., The .
21 is highsE iy g PER AU BE TR TP s S SR P with the
pregnanPRRIRARaG P @l iinanfeaRal ysis. [0097] The percentages
of maternal plasna DNA sequences aligned to each of
t chro 22 0 Y.
10098) e Aeitcd) CPENT P gt e LSRR 8% Ss BB mosoms betwesn e

maternal bfasmé4 SN ARpeddiheayéiithe WhovRNwo@ases & shpwndn FIGr4B0The 2 1
fetus and the other was carr oid . fetus

/ | yi.ng. a_eupl .. The
percentagerdiffereneselor a pruiselar shrosipseme %M%ﬁumﬁé oggypla LG
chronosone 2 1 is higher in the pregnant woman
Percentsxr differegcea(%) + By~ Ps)LPf il 087onwhehereonpared with the
pregnant wonman carrying a nornmal fetus. [0098] The

Py = pe%eﬁﬁ% Sy 91‘»‘a§m@1%NRfse«%ﬁh%c&edH‘gﬁéﬂ R08e PRICERLHrioesn®RY the
chromosoire between the maternal plasma DNA speci nens

pregnantfvontae cabiying atisomzrdédetusardiown in FIG 4B. The
percentage difference for a particular chronosone is

P = pefcehtaid of oS DA thipiehdes Alibiedle tityparffal aeht@gesome in the
difference (%9 = (P2 1 - PE)/ PE x 100% where P2 1 =
pregnan SogRtCAEINEa %Pﬁﬁﬁetw sequences aligned to the

particul ar chronosonme in the pregnant wonan carrying a
[0099] t Misshown 2n FIG.etBishands anRiverrqpeesertatiay ef dirombssna Ddyjuences

by 11 B S AR, P Bl AR A

i k WolilaR caftPingld Qipfoill $et@) FOY e sbQRNEEAINAE QbtRér
Wlththécﬂr@%ﬁn]%lsor?e 21 gl&%uences} by 11% i nst e pl asTr%a of the

chromoporeem dretdifferracesdetweenithe tva edssowgrewithin é¥uy dsihepercentage
conpared, with th regnant . . [ ' .
represe gL o Bt g e JE RERa o) Hgheh P A Byl cuptoid

er ~cnronos

maternd] peasfialsh@PRICIBS dEBvRRI%) Reuldwe atieaabvele refetbbd bd the B8gree of
As the percentage representation for chri%ir?msorre WA LS
over-reprgegnistivadn chrompsomeid saguepces. dppaditien todifisrenges @oAndi d
| Hati6R UG8 th
st B 108 LRSI BT LA AEOGR BT i
counts RyRItest apd eferrhed sapplésconht dsmbocacBatd sediwenldds:.indipative of

additjon to differences (%. and .ab te differ. .
the degfig b eBRMTOTER] GHBC R ot H oI RTRE Al PaPEE Tt Spiid

Smnpbgatios of the counts fromtest and reference sanples
could al so be cal cul ated and woul d be indicative of

o1 B SRR bR R Bt 1S o
their plasma DNA sequences were aligned to chromosome 21. In the four pregnant women
carrying a trisomy 21 fetus, three of their fetuses were males. The percentage representation
of chromosome 21 was calculated for each of these three cases. The difference (%) in
chromosome 21 percentage representation for each of these three trisomy 21 cases from the
mean chromosome 21 percentage representation derived from values of the four euploid
cases were determined as described above. In other words, the mean of the four cases

carrying a euploid fetus was used as the reference in this calculation. The fractional fetal
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[0100] For the four pregnant wonen each carrying a~ ¢ * 1570

eupl oid fetus, a nean of 1.345% of their plasma DNA
weeoqumnsws were aligned to chronmosone 21. |n tRET/GB2008/002530
pregnant wonen carrying a trisomy 2 1 fetus, three of
thei . § nE??é E80miM8 R&IGRIL #Brred from their respective
DNAcor}cggtrraéusogg?%{ftlﬁ%sr? oegc rormggﬁe 2 1vaas cal cul ated for
percentaga@preséntithmse Y hiveenosame sequéhesdi f f erence (% in
chromosonme 2 1 percentage representation for each of
[0101) tz'[kh%%SrrEﬁﬁgﬁb&tWe%Q% R olecADO&-fepRBRithRor T Bhréifossras dive
percentage representation derived from val ues of
sequenceshad fletfractiophldei]l DAReconpenteatipas i sionadn F50 de dderepuss 2
. .. above. In ofher rds.. the nean e. f.aur :
significag g GORSBTh PP ol e ads LRt BE Erelation ()
was 0.8981h SheQRatish @bireRtiod Bgal<ia ah@natulfsehditddithat the degree of over-

concentrations for these three male tri g‘grry 2 }1 g[:ases 1
represeniatine of elfremoseme 2 baequseses in exfsaral plasnads EdsFd fethe fractiona

repr ton of Y g 8 d
concensG0F GEP) BT Bk gl SRR B G BIE S chOLLL e dere
of chronfo86meé D1 eeqpRasERriemespeion sclaviht tdibe firratonad fidhl PAal

DNA concentratiqons is . shaw in FIG. 5. .There
concentrgfigsioph R AsERTR MG EPIHEPBIR At bR ! Riuses

paraneters. The coefficient of correlation (r) was
[0102] OTIgSRtérmindtionRd dresbartivpalrenentition abfejed TN A ThEggernal plasma

results indicate that .the degree qf egr Gan
can also PR SRBETD e 1oLBUHIBRCs PRI ) {sFALEEHLNA
concentx,raﬁ!nt@&ﬁﬁd b8 ptdigetbmanéd @ reabiive PUR3 miorofnidiéc?@R obivass
I n

he mat ernal plasma sanple. Thus, cut-off values ij[’l
spectromdiey. Berampd, varhayrusorastzted igdi{jeABdhat there 1s good correlation
ef- Lepr s ' -eyvant : ' I

between s it Ak n B0 SR ool Gt 1 BIRRAne LA

generatellREINA AL RFudty tanngd thd ZONZFX rdtid ginesaed eftornap ththe
determ nation of the fracti Onoglkp oncent.ration of. ftﬁéathan

scquenciRAUR- o e clehD YA Sepeniaromrcais beddeminet v fogt oo

the Y c&%o&ﬁ%ﬁag'{&lcigﬁﬁcz{ﬂf g) %ﬁfaleeféﬁﬁ&{ €or éﬁﬁl&a\fe,@ﬂaﬁfé@ slagewelNat

concen cou e pre-determned using real-tine
fetal-det@R, methylatetll RASHFT S seQRnges wowld bs detseted v theyplasmyy of pregnant

B

al, Clin E8ELPAD6S2023 68) OThd fAeti¥nsl FetaNDBGNEorEontRdtiopens tatsdd
uring the sequéencing run and the ZFY/ ZFXr

determigpelier dvidihgthe emeznt ¢ . @thgla@émg‘i]ﬁ g;eqmpeqﬂ%yl t%g @{n’ount (?f total
RASSF of@g%mx%%%ﬁ@ﬁg@ﬁfﬁ'}@ gocl(-?rléh‘%s'be det erm ned using | oci

and applicable to femal e
fetuses. For exanple, Chan e

t..al showed that
[0103] f Brigpxpesier o maiempl Rlaspp m@éﬁemr%fgag@ﬂ‘é%én%ﬁ%s%”é“ for
iciSs ] Rike WRIZRIAI blboti kRells during blood
pracucl%%é‘%gbg%ﬁlgﬁg%g%gtgﬁa f;teggd% uen nmet hyl at gd_ RASSSul;?nAg\ >
clottingsElaseifeemin{ Shaad, gt isakpedtd thatChe fractios! wcggtlatpng)f fetgh]aNA

) fractional fetal concentratin .
wil b kg8 PAEEP A LT TG T SR oL R prmal serum i
used, it Eéﬁ%ﬁ&t@d BEIHRRE 8ubcel RRURITY Ao BE géraratbd RASSE] ¢hromosomal

hyl ated and unnet hyl at ed) sequences. )
aneuploidy to be diagnosed, when compared with a plasma sample obtained from the same

pregnant woman at the same time.

[0104] Yet another alternative way of determining the fractional concentration of fetal

DNA would be through the quantification of polymorphic differences between the pregnant
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[0103] It is expected that maternal plasma woul d b
preferred over maternal serum for practicing our
wonwwrsoa because DNA is rel eased fromthe nmaPer/eB2008/002530
bl ood cells during bIood clotting. Thus, if serumis
C f I R EHioN
women i e fels (SRRFAPRTAEE 0T LS J0PTI AP pE SRRl A e
method \n@dl& bBad tasgdt lpfﬂynicmphlb lites anovhitsh the progaérgrvaharsie rhumozmous

sed, it is expected tha nces woul d ne
and the 1585 GUIRRERIBNT of BRI, BHBTEBTE A GLR B SRR e
amount &rtg%?&ﬁﬁgn a8 Mo QOERANE thevtk dchoRal Qbﬁ@e@i&aﬁm Rt P4 ned

e same pregnant wonan at the same tine. [0104]
et anot ete

alt n
(0105] 5 50FPion A e SRGHE FPHONC o Fer ek BT BEeTEoBhgn
includin% BEmPHaNd fdnotic BYbrifizAtohymRLdHtia ? cdipbetiea ge;sorfmet ween
he pregnantwonmen and the fetus (Dhallan R, et

hybridizagey qumﬁxt@tve redgimepalymeEse chin Eai &V daipet a}% APty
d bhe
one or MR R L RLAE mBAUTHANCechlid it nihddHentcifon the

onozygous an
detectio it 812Dz KT e deTdimimdnutatprafefied sdt of PAEA fequentdseAeasm

be caonpared with the anpunt of the compon all el 0
ropresenipgve PR SHANA e T IRa TORIHE SIFCH B 7] O SAEPIPS (g number

of dlffer%rgtjsgcg%enkéh fa 51515 H t<5 Qaﬁ cBrndsbiel Ee%fd?l@ hﬂé&l%pefr&:f between

erratlons i ncl ud I Ng
specimenOaPdaiRing ve ng’eumlltmmng ylm lDHAzschl@mof intesesp {ehragposomal

s GV SASPRT AL 62005 PRI D s

aligned ﬁ%?tg:nfe‘{l DR oW ki GPRGhE %fecﬁl%ﬂl@.e nce(s), massiv e! y
para sequenC|ng I's not dependent on the detection

[0106] gﬁ g’)'(asl’n tl%rs%gﬁ%%%r]@rtga%l ed £s%gae<§éllnﬁge BRiA ﬂfd%)kleAused

entdtive fraction of
to detectBb G&@hﬁﬁmﬁﬁkﬁbeﬁhﬁo@ﬁﬁhﬂﬂlsmmbNA for slendatentiod.of Alspecific

nunber of different ed ta aé gned t varlous
cancer. PRSP SARASIS havgiasRso] @Pl@@r@é(?%m%@% “‘QB%C{B
(amphﬁ&&[yil@est H&%g shet mﬁﬁﬁﬂ@é}ﬁblﬂgscinli‘ﬁ r%sﬁﬁ@%b@ﬁse@f Thus, there

sonal" aberrations woul d be reveal ed by
would bdiaf irmrmsedegrapnrttdms)f rsaqnmc%(ahgn‘prbﬁodb@ pagbficbregiagaahees

s B B SRS RS B0l e

represerﬁ;ﬁﬁv'ﬁrﬁeﬂ Hl%oﬁfbs@ﬂn@%ﬁ@ld%' domiptiRE viRIWhE B € f6r da8k dotresponding
tect the chronosonal aberrations in the plasm

DNA
chromo$qme intrerefieenseernRme FXRICSHE a3 Perecniagec gengncgpigHfntation of any
ancers h aye e f r
o R L O et

referenc@hhﬂiﬂiﬂﬁ@ﬂﬁhni}e@scﬂhsmwy be used. Thus, there woul d be
an increased proportion of sequences aligned to the

1L SEQBRRICINGERUS £ chGNaoﬁ?ﬁEeﬁgﬁﬂAN@moMEm of
ecr ease regil ons. e percentage

r esent at er hro could be ¢o [
0107) | BB RS0 Aot DBt s SURBRET Gl oS BRI ca
individua® SRCBAGEw SR TEn R RERE 986 186 R 0aBNThg duabegef@quenced tags

representation of any
generated from each of the tested specimens by the sequencing run is shown in FIG. 6. T21

denote a sample obtained from a pregnancy involving a trisomy 21 fetus.

[0108] As 36 bp were sequenced from each of the sequenced maternal plasma DNA
fragments, the number of nucleotides/basepairs sequenced from each specimen could be

determined by 36 bp multiplied by the sequenced tag count and are also shown in FIG. 6. As
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gi ven chronmpsone in relation to the whole GEROBB.Z00E / 0 02 5 2 0

Di rect conparisons or conparisons to a reference
wohoormsoee may al so be used. H SEQUENCI NG JUBTTASB2008/002530
FRACTI ON OF THE HUVAN GENOVE [ 0107] In the experinent
descri b j : t
there g RRRRE ) o Bt B B BB B L R T S e
data gen€i@tdd fsth ¥achTietemairblesme fpesanerempedertayenly erderctivedafigiogn
each of the tested specinens by the sequencing run is
from sogpdiR W A3H G 6. T21 denote a sanple obtained from a
pregnancy involving a trisony 2 1 fetus. [0108] As 36
[0109] Hpurtkerreomenuibiscaulyf oupnteaetiqedly mappahdesrameragd itgseterasd U0
) pl.asmg f nts, the nu r. of g
in nomenglalfis T 49 Eﬁﬂgg%ﬁwes‘aaﬁéﬁ%ag% Jemom e fhedpginie pf over
represenffidhGn BR K858k BT &ﬁQmBYOﬁ@ZD&qIﬁHﬂldeb gl iheahdwrntlgasma specimens
sequenced tag count and are al so shown in FIG pfp
from prefsativigseagn earayipg aXetrawethyrismyi 21, jap Aessabed iy Pemple  ghove. As
.h one, th [ r
shown if F{TE b, S8 80 en G0 T Blen P4 s BRI 0 AL B R e
from eadl §etibfR ant Fdhdd Gegre@m soen olbioprdBsttioh KbEE] 2%, of the human
Furthermore, in this study, aonly the . uniguely mappabl.e
genome skhpse Asiadndiggje thaf Q}er?éﬂiueé)c’@giog ORGP 8&@%&6’%‘@%’%"“‘3
- i did}Boflk 65RME
seauene B B e e DT
aneuplokigquences in the maternal plasma speci mens from
pregnanci es each carrying a fetus with trisony 21, as
11 DETS88ANREONDEXRIMBER ORSE(RIENSES RBQUIREF| G 6, U
Gsequences only represent a subset of all the )
[0110] sEhessquercingrpsulyefithealastnar N feqe B PegEmaNBAMaRn grITying a

euploid %?aliett % urSH% ﬁgerﬁlefég fifis ﬁﬁl}%ﬁse The gig{nt&.rof glé aﬁEéd tﬁgs{ th?ﬁ(gﬁ %%

enone. ese ain te t
mappedS/EHORD &I GateHes a6 the rafepaict homan gerdnee sequencegeasdnd3,000.

N T MR LR T SN THCE
sequenc?%;é—l@egg %Iﬁr%o%mygmg chfou R AVENGE SadREQOL SRE N kAlY of

uencing result of the plasnma DNA from a .
sequencps fptha stibseiseas wasied fiongoG0Uel YO DO0faeguehetsuEoy epch selppet size,

i S8 A ALREL LB 8o o

the seqUeHEERIta SEHORENS RAXPIE Puitl %10 bilRD Qo fbidiatiSubrae psssitile. The mean
sequences were randomy chosen fromthese 1,990

90, 000
percentdgegyd sequincésealigoed torrhagmossanestlgandiibsestandardyiryéption (813) were then
chr.onpsone 1 S ! | ate ' '
R
across BPeRR0subset 31es A0d:tsadhethe effectradisulbat sizs ab Setdigiibetjon of the

mul ti pl e subsets of the sane n r of s nced ta
percentageref se@ippreedligngd Fothe SHiosseRe 300 Ees % waf @ﬁﬁ%ﬁ%@l@s%% the
3lcc8flg tHMd hefiPatdISr conbi nation
e R ko
[0111] When a pregnant woman is carrying a trisomy 21 fetus, the sequenced tags aligned
to chromosome 21 should be over-represented in the maternal plasma due to an extra dose of

chromosome 21 from the fetus. The degree of over-representation is dependent on the fetal

DNA percentage in the maternal plasma DNA sample following the equation below:

Perp; = Pergy x (1 + £/2)

where
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percent age of sequences aligned to chronosotd /&FH Jemid/ O~ 1 3
its standard deviation (SD) were then cal cul ated from o
woOheoorouda6 pl e subsets within each subset size. PTh&EB2008/002530
data were conpared across different subset sizes to
Perry; réﬂ%s@ﬁt@‘tﬁbepér&@ltﬁefo@ géquehces ilisadd BichRredkohRe1 in a woman with a
di stribution of the percentage of sequences aligned to
trisomy g héeta$irapdosome 21. The 5th and 95f percentiles of the
a
Pere, refi i e PERoRES f&agenggé §itth R BRGHOLGHO 91 hf g}gﬁlamm a
euploid fthsseny 2 1 fetus, the sequenced tags aligned to
chronosone 2 1 should be over-repr nted in the

f represqpy e APl BNAspraceniagep materasdplas f chronosome 2 1

fromthe fetus. The degree of over-representation is
[0112] dAp ehatemin BIG.t7h thefSH fir tiRNferpartagen pﬁmupm:es plgnediter nal

S e follow equati on
chromofsgEAl SEoteRE STV SIS SEBPTS! G B et 1Herctore,
when th 08Bt @&% MncSERURBE Gibsel ihareards the BEQATEANEn2hd 5T Bndi95th
wonman w th a trisony 2 1 fetus; ‘and Per Eu represents

percentiteseleprensenVage thef 5% GG teimicesal 4b1 ypeuplois! adrtiprIan Ak cgeg do not
overlap,ftﬁcr}ﬁhe erﬁl\é\fg%tloﬁlt gg uéjen%ed t ¢ e rldﬁ s (?f’l:%és \{f(%ﬁé\%? g%sgrile B%h an

i et pl asma
accuracy bpwsdtn FIG 7, the SD for the percent ages of
sequences aligned to chronosonme 2 1 decreases with

[0113] ﬁ% rsﬁ?\g?h WF% @%e ﬁfnuﬁ%"s‘d@% ?&e Ied} tREGHHeR4IRBbN of trisomy 21

ere nunber of sequences I n each subset
cases fromeupbibeased fseiepmdenwcai thb é¢talddN At feeceBitdgeahiee @Btimal subset sizes

percentiles d eases en the I
for dlffqrﬁéla@ag It%?oéﬁyaﬁldﬁ??li LB 4595 ‘8’8’?&?6&@% %%dq(g(g)e?‘q%a%ﬂo(broﬂe n
se:quenc%é1 ?or%tfaf EN@[‘f)ér@édtégés Qﬁﬁﬂ%e 10%had 598 réspestpelefln ﬁﬁﬁﬁﬁfords the
woul d be possible Wwth an accuracy of >95% [0113

number $>lﬁ emenccsﬁje@ied?to belpalyzad weuld 28008 ;fqreiefqgmlqlﬁg ether a

s 52 L BRA KRR SR S SRR A LS s o

number@f@éc[(ﬁhcé‘sliﬁé@éd Bibeesallyasd \dblﬁlﬂ%&ﬂiﬁre&séd ng54Q, (D(Ebwb{enZthé_ fetal
fromeuploid cases were 120, 000, 180, 000 and 540, 000
DNA peyeeqy 8P Or>%et al DNA percentages of 20% 10% and
5% respectively. In other words, the nunmber of
[0114] sdguhndas weee gmd:ratcﬂ tingabasepar swqubnbing 120000080099 and

determ nin S 1 when a
540,00 RABHHET SBFSRE BN SArBPL LA s SO PaPR e EREE The
respectiPEIFORE tRf lo%ﬂ g@ 8818 EHeA chbicdafaidial il #eflernal]hni¥obtained
i nCreased to 540,000 when the fetal DNA percentage

from eady @p@gntancls@/zwe{mnmed,&g be seme 2Va(Iwe Y& eh 8k AP us] Hygn Genet
62,768 376/5? FRe e%llugnécirelg 9Fio up §6% ng[hQ 9191‘1131} EQnleQe m@? gepresent the minimal

amount of sequencing required for diagnosis with at least 95% accuracy in detecting fetal

chromosomal aneuploidy for any pregnancy.

IV. RANDOM SEQUENCING

[0115] To illustrate that the sequenced DNA fragments were randomly selected during the
sequencing run, we obtained the sequenced tags generated from the eight maternal plasma
samples analyzed in example L. For each maternal plasma specimen, we determined the
starting positions in relation to the reference human genome sequence, NCBI assembly 36, of

each of the 36 bp sequenced tags that were aligned uniquely to chromosome 21 without
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540, 000 sequences correspond to 0.14% 0.22PC3AaB0I088BY 12530

of the human genone, respectively. As the | ower range
wohofmizdoe DNA concentrati ons in nmaternal plasnmRCT/GB2008/002530
obtained fromearly pregnancies were reported to be
mismatchedTBY &Peh lodderddMBe &taritdg pokRRA ¥ blr FsThéBHsIE ofAigned sequenced
768-775), the sequencing of about 0.6% o0f the human
tags fwl@@ﬁmeﬁmenrlwﬁ@@éwg opdes. Wieriierfarmedhe similas pnaggei&¥ci ng
r t
chromosg)g%l'b ed, flglgttréjt}\%gﬂl?%dﬁ% St}(;\érr{alis tgxtﬁ %%ﬁﬁ%l é)gﬁxfé%l??og%;@o%osbﬁle 21
and chrdmﬁcﬁ;gmam)for ¢aéh ﬁmeﬁﬁ@m B\{Gc[rﬁérﬂs&]re Sloowd InddGSa8 & and
that the se uenced [ggl@ rrents vvere rando 31
8B, respegiebi: éF @t ﬁaplieﬁ@t ﬁfhaab &h (DefeaBERcar peefs hENA

fragmen@se\géi‘@rﬁgﬁqdérﬁﬁﬁ &%\Q@Jnastaﬁfﬁlé‘sr om the ei ght maternal

pl asma sanpl es anal yzed 'in exanple |. For each

00161 TR P BB R HE Bt B S L B ey e
implem GRS Bwa P E)de s 6 B Mted by froQASH: L@,fng]{ aﬂ@ sﬁﬁaﬁl@ computer
sequenced tags that were aligned unique
language mcbrms@nexeznnlewamdm—hmsﬁ’mi (G fowampéen cgn‘cﬁ@ﬁ@@al ohebject-
orlentedstgc%n fgéc' ggﬁ\?apr ngetjl%r {)9 Eto}ela s%osghés &f m%ﬂc@ig 8r
que c ed F M B4 r

commaddé oaarcfoﬁfpmeaﬂ r@adabm rhéliug rﬁ@d y@age ﬁnﬂ/oxctt’e&rsmbso:me s@@blefnedia
illustrative pur pose the top ten St?él}/(ng pOSItI ons
include gdomiaeesiss Sismery (RANDL2 &3¢ onbearmony M) ciagenstic mprd

[ |
s PR L8y S BE S01) o B
DVD (digital essatildrdisklp (ﬁlaelnrredlopp ahd tIrn!fhl@[\IAfHercagthﬂr scageble medium
non-i dent i cal tween sappl es. 0 Any of the
may be %rbvfmﬁraa eI SHENT S8 o RS bod i i s
plication, may be inplenented as software code to be
[0117] e mregraw ‘aayprlen beensedersinsransnitiad usiy eardersignalsradapted
for transn%ssggna%g Wi ye%h ﬁ%ﬁal fa?lé@ﬁ\@%? |S§ Iﬁ%;clé&%}él?s 9 gforrrﬁlgﬁ 5] Jfangty of

protocolk eiﬁhlﬂdﬂl@&h‘e In'férﬁets A4 svah.en @mqmtél‘&yachble&hah&m e&Sorﬂmg to an
series of instructions, or conmmands on a conpute
embodimen A HICTRIAT INERUIN BEp Pogeaish 4Poe adaliumh hegyded with such

program?.: ggﬁ?ﬁl&y qgﬁaﬁle'lﬁ&hé‘ oﬁ@&‘%ﬁ‘t@& erani B Ha u}f: BMMckagtd with

nmenory , a rmgnet medl um such as a
a compalﬁhteoﬂed'rde\oe poyvided dep@qagel)dfrsﬂn Othﬁl‘ damcesp(a g avia idinghdaevddad).

Any sucgség%pﬁger ﬁbl%.@?ﬁ?}émw dres&i eemP %sna%l%%ﬁ%ngpter program
product {€2GARKE AARE bR ERife E&nﬁlﬁﬂér ?@tﬁm)na{d 9By BE piddet onloR At
or transm ssion devi ces. 17] "Such progranms nay al so

differenteonepiterduaganprodugis mthtneaesya@nh@r neaweike rA §@Ignaqefssystem may
include & %O%?tgld é)n%{etrt (;r%@ﬁerp sﬁ%&#b%‘ d])éﬁg}l%y }%rr p%gvmﬂl%t %ngf%f %thealltl,gl{l% mentioned

herein t®4 @é@col s, i ncluding the Inter net . As such a conput er

r eadabl e msdi um accordi ng to an enbodi nent of the

P | | i 1 99 Sind 9w |
[0118] zﬁg%g%p%%\fﬁ%%tﬁystgﬁ iSaR¥EH ME 9918 gl%s?s wn in
FIG. 9 are interconnected via a system bus 975. Additional subsystems such as a printer 974,

keyboard 978, fixed disk 979, monitor 976, which is coupled to display adapter 982, and

others are shown. Peripherals and input/output (I/O) devices, which couple to I/O controller
971, can be connected to the computer system by any number of means known in the art,

such as serial port 977. For example, serial port 977 or external interface 981 can be used to
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prograns. Conputer readable nedia encoded\ﬁﬁﬁfﬁau§ME‘ L2530
program code may be packaged with a conpati bl e device
wonroproosddcded separately from ot her devi ces (e. BCT/GB2608/002530
I nternet downl oad). Any such conputer readabl e nmedi um
connect ﬂﬁ%ofn@ﬁte@ SpPatfs toM Wikdehréh SiteHEuER BPtHeahtcR @ @Blse input
product (e.g. a hard drive or an entire conputer
device, syascamer. Ahalinteryorecioregie system bos allgwhihg caiti4l resgssor 973 to

commS Y SRRt BSOS e

memory®7D ek tieitealdi 9% pd axll hoOtheRkEhnde BYirdtimion heBveen
results mentioned herein to a user. [0118] An exanple

subsystegfs. ghe @mj@ménergg,rg.@gan and/og Bw\iiced !qliqlz| may gppody g computer
readable RN DTS 575 Addi tional Subsyst oms such a5 & -

(01191 Sk st deectint GbApPER S SrUpR Y SRS horisagen iigeen
pree 0503 g S RSSO Gt
or to limitthe éokribrt © thé precoafortredessiistde amdyany wodifidatipnsdnd variations

ans. kno in the art uch as..ser.i al rt 977, ;Fok, .
are possi bt SEe e Bobt ;T nGRuRls Nt Biops Al Soed n
order to BEst ¥RFIEinttAE Eﬂﬂ&ﬁles b heGAVERLIbR n@ PP pradtitts abplicativhale thereby
area network such as the Internet, a nouse |

: A nput .
enable othevs gelledon the & snprst utilizeehe mVémeQ;hlﬁéf@flp%emb%ﬁwgtﬁ aépd with
. bus.al ) o the. ¢ onmuni cat e
various %"? ]ﬁfﬁ‘:%!é%l}] ass l? silustiégtrtr(]g glﬁ &B {:tg:%g% E‘? ér %&zﬁélgtgg ecution of
i nstructions fron1sX£ten1nenDr 972 or, the fixed disk

[0120] o4d publicafiens. PatenishanRaFH AEBIGHONHERARE 1B AT Yen

: ; I and/ or the fixed

mc"rpo‘?{fég%%%%nlﬁﬁTrgﬁnlt?g@hge@é?nggt%‘?& rzgsédabl e nmedi um [0119]
The above description of exenplary enbodi nents of the
i nventi on has been presented for the purposes of
illustration and description. It is not intended to be
exhaustive or to limt the invention to the precise
form descri bed, and many nodifications and variations
are possible in light of the teaching above. The
enbodi nents were chosen and described in order to best
explain the principles of the invention and its
practical applications to thereby enabl e others
skilled in the art to best utilize the invention in
various enbodi nents and with various nodifications as
are suited to the particular use contenplated. [0120]
Al'l publications, patents, and patent applications
cited herein are hereby incorporated by reference in
their entirety for all purposes. WHAT IS CLAIMED |IS: L
A nmethod for perform ng prenatal diagnosis of a fetal
chronmosomal aneupl oidy in a biological sanple obtained
froma pregnant femal e subject, wherein the biologica
sanpl e i ncl udes nucl eic acid nol ecul es, the nethod *
conpri si ng:
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recei ving the biol ogical sanple; sequencind ‘at Heaktia 2530

portion of a plurality of the nucleic acid nol ecul es
woanmdaisee i n the biol ogical sanple, wherein tReT/GB2008/002530
sequenced portion represents a fraction of the human
WHATdSr@deiMBiged on the sequencing: determining a first
anount of a first chronpbsone from sequences identified
as originating framthe first chronosone; determnining

a secénd afdififopforgrelogpingrenaia dingaosine brfstaehroniasomel

IR GA | Wiy (o] | ne .of . the
S AP SEAL SftafRd Mol PRl b B e
biologidal smnplammiutes andeichreidmolendes niamtthod comerising: t he

paraneter.to oge or, re cutof f val ues; and based on

the cBipXMedBnooledical Pl a cl assification of
whet hedquandigg &l 1e£30 b PBRRABHa ARSHR! it I f
Cfirst c?_hr onligésontee. 2? The et hodHtg'foqc a?l%nﬁf(?aé\ﬁ(g?{%?%%%
containgchia the bigkagidah gaingle pehéreinrthel seqanuedippriom rappesaits ofracfon of the
ucl eic acid nol ecul es contained in the biologica
human g%%pn{%é 3. The nethod of claim1l1l, wherein the
bi ol opisedbn Sargelgericngrat er nal bl ood, plasma, serum
urine or saliva 4. The nmethod of claim1l, wherein the
bi ol ogi cal d@ﬁﬁﬁp’é‘gi?’sﬁlﬁ?%ﬁ@@épﬁﬁ£@t chipyngeme |fiping seqBences
: : : : ] AT e.first chronosone is
@E?tcl)ﬁr%ts%%lgg{ﬁtﬁ% Ellrogﬁrr?)h se one Jfg(%rﬁ%str?lragﬁo sone 13,
chr onps omedéterntningar seomsibameoutit oSoneldiransre tsbashd@hrah@oes
wherein the. paranmeter is _a ratio of sequences that
BP P RS O TG P CAER QOGS 1 Seril AEOROEPTDFS:
cl ai NiernWhi8f &l gardoi@er @éih Ohd HrsPRh&hA %—Ed El{e%gbcﬁﬂyan?&ﬁt;or
more of a fractional count of the nunper of sequenced
t ags, campariag thopahmatgntreoneadr nsequeteticdluescireiot i des,

d af ional | enat h _of | ated . . 8.
The nehEdh bR BmpafiRat Aoim ity { e SUEaaR ELERERS; o e
chromo@iayinndiptoilly ogistsfer the Fieét cBlnaspeseMe are sel ected to be

| ess than a specified nunber of base pairs. 9. The

met hod of "fl aim 8, erei.n the, specified nunber of
base ?‘S_ai r sTiSmEBeR o1 clagapwherein fgwmue%ng IrReTivenpbrandomly
on a por@ibn 6f eMudleid YR BblchidS cHMEHEH & @S Ibﬂ)l(ﬁ@k?ﬁ%gljns&. of the

3. The method of claim 1, wherein the biological sample is maternal

blood, plasma, serum, urine or saliva

4. The method of claim 1, wherein the biological sample is transcervical

lavage fluid.

5. The method of claim 1, wherein the first chromosome is chromosome

21, chromosome 18, chromosome 13, chromosome X, or chromosome Y.

6. The method of claim 1, wherein the parameter is a ratio of sequences

that originate from the first chromosome.
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bi ol ogi cal sanpl e have been enriched for seqUeﬁcg .
originating fromat |east one particul ar chronosone.
wQ2009he96et hod of claim1l, wherein the nucl ei BCa&GB1008/002530
nol ecul es of the biological sanple have been enriched
for sequences |ess than 300 bp. 12. The nethod of
7. dhaimetiod offeddiri 6) vieeein tad @tic ivshtanedfrenungsnebr ioee of a
al sa Ie have been enriched for sequences
fractional Gy b pe S0GPRP ! FIUTRRE CHSL hBECSIALIGRIAF 21 Seaverer
nucleotﬁd?:@ céli?éc@loﬁ?l'l?né‘fgb?ﬁwuﬁﬁﬂ&éd% Gete@! 0gi cal sanpl e
ave een anpli using a rase chain reaction.
14. The method of claiml1, mherein t he sequenced
port i 8n r egheseathad @ﬁclaiea@twlargn&mqm@mémdt cﬁniginatb Gom the
t he humm
first s A BT o PR TR AP BEL T OB ¢ he
human genonme. 16. The nethod of claim 1, wherein the

f r act oon r ape esthddodlaibhe@sihddeib theddpetified AumBE: (SfQﬁ@dT%us is
The et hod of claim1l, wherein at | east one of

300m%@9@6¥9r@%ﬂmbs is related to the fracti onal
concentration of fetal DNA in the biological sanple.

18. The. Metiechdlo bt el { wildhih Bkl LE@HIONRL of the
concentration of fetal DNA in e bi ol ogi cal sanple is
biologici tsamplerhade bsenzamyicberbfon Beqmneesm‘ngmapng front atdeasobneviwiiticular
chronosonme sequences, a fetal epigenetic marker, or
g single nucl eotide pol ynmor phi sm anal ysi s. 19. The
met hod of claim1l1, wherein a cutoff value is a
r ef ergnce Takuetest aldlaishedviicheia tHEudRlic &i® e of the
nple. 20. The nethod of claim1, further conpri si ng:
blologlwé éﬁﬂpkﬁaﬁ@ egi camshed fos sequenegs lesuthandQ0r®- bi ol ogi cal
sanpl e; and cal cul ati ng a nunber N of sequences to be
anal yz¢d bél‘gé th Bb Pofdfsth] £ AviREGH HRGrcletcac éé\gfo‘l’éﬂﬂ o the
program product conprising a conputer rea e nedi um
biologieah saupld hait beea quiriched for geqlencasdess tion 200k or
controlling a conputing systemto perforn1an oper ati on

f f f et.al

P R R PR
biologiéal @mllp‘le@lﬁﬁiﬂﬁ?ﬁtarﬁ}ﬁ{f&idmsﬁigm BtymebesRinrehfteonpi ol ogi cal

sanpl e 1 ncl udes

chromoa

14.  The method of claim 1, wherein the sequenced portion represents at

least a pre-determined fraction of the human genome.

15. The method of claim 1, wherein the fraction represents at least 0.1% of

the human genome.

16.  The method of claim 1, wherein the fraction represents at least 0.5% of

the human genome.

17. The method of claim 1, wherein at least one of the cutoff values is

related to the fractional concentration of fetal DNA in the biological sample.

18. The method of claim 17, wherein the fractional concentration of fetal

DNA in the biological sample is determined by any one or more of a proportion of Y
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nucl ei ¢ acid nol ecul es, the operation con‘priniTr(&Bt GO/ 002530

steps of: receiving data froma random sequenci ng of a
woaowioesef the nucl ei c aci d nol ecul es cont ai NBATIGB20(38902530
bi ol ogi cal sanpl e obtained froma pregnant fenale
chromogorpg &rqueneshes faital eplgendticahayers at usingpihglei u6ledB&S polymorphism
analysié?Ud eic acid nol ecules, wherein the portion represents
a fraction of the human genone; based on the data from
t he random sequencing: determning a first amount of a

firstl%hr oMhs prREholdl @RISR AU RRERS 4 Qﬁefﬁ\fagﬁ% @¥eference value
tablisoe‘réi]égl nating fromthe first chronosone; determning a
es ]% ﬁdmé%ﬁﬂ@loafcab%lni@ nore second chronosones from
sequences identified as originating fromone of the

seconsh chr oRBOIBS or Igh'i TR0 A, RAGAMEL or [ rom he

first amount and the secohd ano aring the

par anidewifying aorenmnt abfeen] DNAfL thedislesicaldnthoRasss on
ing a classification of

the co rison et 1 N

whet h°ea?g%‘2a“rn§t"‘aﬁ“ng‘?ﬁf %ﬁﬁqm%@m agplygedRised onfagiesitdie
accuracy.i r st chronosone. 22. A nethod for perform ng prenatal

di agnosis of a fetal chronobsomal aneuploidy in a

bi ol ogi cal sanpl e obtained froma pregnant female

subj ect, vih EPBPALCE AroghinD preginctadongaispigen ¢oneputet@sadable medium
e j ' I the nethod conpri sing:
neoded VAR S a6 RLTRIERSS Ton 0En TP Hearbie v tnpsrtom m
operatiop forperfosningprématd elianatiy 204 fha B B8 ol %%ubﬁ)ﬁdy in a biological

€

cur . random y sequencing at | east N of 't
sample O??ﬁaé‘lleéffgg"&@ipaegﬂi‘fl%{em subsish ayheesin ithe hipkoglvabsangile alcludes
nucleic s3RIBbRculdl) Sh&bHbrit ' nts a fraction of
t he huﬁ%n genolsnbé; 'Ib}?;xadég[ igg{étthg%g‘i%gm sequenci ng:
det er¢feniirgydata fionst randomrsequdncgfaf afortidH GBS AEReiE Lo
,dentified as,originating fromthe first
moleeul el Yo Ihe o o ice el ok Bingh ommpieena: Tanele onbjeass e

wherein the GisidgichirampAORERES AMSERE LdehiL] .
ting fromone of the sggg%él éghﬁgﬁ%gﬁtﬁ%?;&tmn represents

eio
a lractionyol tae AMAM §ROTRRIr anet er from the first anount and the

secopsleaATRYI 4 iLng the parameter to one or nore
cutof f vgpues; atgang Elaﬁhgé%‘df}ﬂl Steﬁge’lf’g}ﬁ)ar i son,
det er m ni dgeminlmpssfifst &abuRBL ifirWitdiedsothel R sequences

.dchrp somal. aneypl oi dy_ exists for the first

1dent 6%%5 nating from the’first chromosome;

determining a second amount of one or more second chromosomes
from sequences identified as originating from one of the second chromosomes;
determining a parameter from the first amount and the second amount;

comparing the parameter to one or more cutoff values; and

based on the comparison, determining a classification of whether a fetal

chromosomal aneuploidy exists for the first chromosome.

22. A method for performing prenatal diagnosis of a fetal chromosomal
aneuploidy in a biological sample obtained from a pregnant female subject, wherein the
biological sample includes nucleic acid molecules, the method comprising:

receiving the biological sample;
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23. The method of claim 22, further conprisihgl/GB 006/ 002530

' ifying a percentage of fetal DNA in the
Wé)g(?ﬂr;:ﬂlgjgal gsarrgl e, wherein cal culating a nunbecTABa08/002530
sequences Lo be apalyzed based on a desired accuracy
%@8‘38?{“& ‘h@‘ﬂﬁg?r AE gggeences to be analyzed based on a desired

IS ba
accuracy;
randomly sequencing at least N of the nucleic acid molecules contained in the
biological sample, wherein the portion represents a fraction of the human genome;
based on the random sequencing:
determining a first amount of a first chromosome from sequences
identified as originating from the first chromosome;
determining a second amount of one or more second chromosomes
from sequences identified as originating from one of the second chromosomes;
determining a parameter from the first amount and the second amount;
comparing the parameter to one or more cutoff values; and

based on the comparison, determining a classification of whether a fetal

chromosomal aneuploidy exists for the first chromosome.

23. The method of claim 22, further comprising:
identifying a percentage of fetal DNA in the biological sample, wherein
calculating a number N of sequences to be analyzed based on a desired accuracy is based on

the percentage.
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