NONI NVASI VE DI AGNCSI S OF FETAL ANEUPLO DY BY SEQUENCI NG | nventors: Hei - Mun
Christina Fan, Stephen R Quake CROSS- REFERENCE TO RELATED APPLI CATI ONS
Thi s applwoabvios3zzBai ns priority from U S. Provisional Patramstooppiideati on
No. 61/098, 758, filed on Septenber 20, 2008, which is hereby incorporated

by refer engeNINVASTVAD EWA?AW&WWBB@G NGs

i nventi onnlﬁvgg1 Me§vﬁp%§y0%?\?§rnnent support under | re%tor' S

Pi oneer Award DPI e Nel .Gav ainrights in this
i nventi on. REFEREN%M%%?&?%%aWP M OR COVPACT DI SK
Applicants assert that the text copy of the Sequence Listing is identical

to the Sequence Li b%g-f*ﬁFﬁ%WErﬁéWﬁﬁﬁd&f’ﬂi@%ﬁﬁm t he acconpanyi ng
e SO

conmputer file. Appllcants I ncorpora e conten e sequence listing
by referenceni.n i ent ijr.ety. . BA . THE I Fi e of the
hvent on T e SafH BRI ES bt PV R

di agnos31vV@ss, 758ntledwheSepanibiee 00,0008, wiich hehdrétsl idc@pofptednatafergeadt ite

di agnosis. Related Art Presented bel ow is background information on certain
aspect £N8fetY he present invention as they may relate to technical features

referred to in the detail ed description, but not necessarily described in
detail. That is, cerg.Aa| | tion may be
described in greateréﬁéﬁgﬁﬁﬁgﬂnﬁﬁgﬁﬁgkgﬁﬁgpg&ﬁﬁﬁgﬁ@?ﬁéﬁ@eIOML The

di scussi on l.ow shoul d not  be. c trued as an adm ssi s to the

el evance of IEREVPRIGrWRTHE YET Che Grsmmsa MRsrtnge S DRECRrior art

ef f ect mbndeh@wid BIPI DDERDS T I BRAY. SFELAEMAREUIRIs @LAYin 3138 tsah AL ifBhGSPS OBl
aberrations affect 9 out of 1000 live births (1). The gold standard for

di agnosi ng chronosomal abnormalities is karyotyping of fetal cells obtained
vi d0i nvasi ve RESERKNEE BOSEQISENGE LISTING) COMPETER PROGRAM,
ami ocentesi s. These OR COMPACT DISK

Applicants assert that the text copy of the Sequence Listing is identical to the
Sequence Listing in computer readable form found on the accompanying computer file.

Applicants incorporate the contents of the sequence listing by reference in its entirety.

15 BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to the field of molecular diagnostics, and more

particularly to the field of prenatal genetic diagnosis.

Related Art

20 Presented below is background information on certain aspects of the present invention
as they may relate to technical features referred to in the detailed description, but not
necessarily described in detail. That is, certain components of the present invention may be
described in greater detail in the materials discussed below. The discussion below should not
be construed as an admission as to the relevance of the information to the claimed invention

25  or the prior art effect of the material described.

Fetal aneuploidy and other chromosomal aberrations affect 9 out of 1000 live births
(1). The gold standard for diagnosing chromosomal abnormalities is karyotyping of fetal cells

obtained via invasive procedures such as chorionic villus sampling and amniocentesis. These
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| of 49procedures inpose small but potentially significant risks to both the
fetus and the nother (2). Non-invasive screening of fetal aneuploidy using
mat er nal weramasi7Rer s and ul trasound are avail abl e but Poaws2600051186€

reliabifblffed flnl':li)osfegt ogeﬂt?eflﬁgs?étﬁ%@angﬁ 6. tofh tﬂ%ﬁf&h?&hd&ﬂ@ 8{0%/&32& y of

genetic tests onDso norna Ities. Since I SCO
i ntact Nat-alvaded d;cseanmgmtfeﬂahaieup]oqud;smgmammhserbmenarkm ang eltranterdest i n

trying to s .a di agnost into fe enetjcs (6-9), Wile
this ha?sva%%}e%tt ap e ﬁ@@%ﬁ%é ghﬁdﬂlelgﬁbm@&%@mﬁe@f@? d%Vﬁi@PH@@éPV%i@covery
t hat Su%ﬂaﬁhggghxqggpaﬁgmggnﬁgQbm&ﬁgﬁnE§tal nucl eic acids also exist in

mat ern circulation has led to the devel opnent of new non-invasive

pr enat al tic t sts for.a va t of trait 12 However, neasuring
sl of dy rais e SRt e ot Yo it naEobad tar o b S THERE: nal - DA

fetal DhA&Qf ﬁlecfylﬁé’ﬂﬁﬁsletﬂﬁ’érﬁ% 5&@5&&‘}10 Lahddw %fétﬂ g@ﬁétﬁrs n&lo).afhlic fHiekaspl asma

(13). Recently ‘devel oped nethods for aneuploidy rely on detection focus on
alleli 0101/&¢ura@vednntbelrm1@m1 applcationiéd), thedatehdis¢ereusthal wgmticalt amdentsot r at ed

used 1 e BerEdral Rl 26E R Ap bGP Rhpa b PRI TR E B Fhey

al so shpwetbnt easiseprehatall de@bticCte 6@ ForQSyadiktyl SRR B 198 MRSV Var, rﬂfeeta@lirnﬂél pl asma
DNA to dlaqnose trlson¥ 18 (15). Dhallan et al. used fetal speC|f|c al l el es

i n 1fat enaarloly aemanprin lpaglaéfié%to ihe highrhackereund ef) matemabPVA; feabBN Aret hods
are | 6o b9 GBeCt §d. & PRRUDRAL; t&ﬁ&lacgg%getﬁ}%’spﬁae@%d on the presence of

geneti c pol ynDrpglsnB a speC|%’ ers’argued that it should
be possible in principle to use digital PCRto create a universal,

pol ynor phi srRecAdbp&Tgtaped meshods dor @é@}épldaﬁ@lwme&yﬂ% fasys paekslical pl asma
DNA (17,1 on 0w el GE %théé%nﬁﬁ&elhqa . !c?e\ﬁ?ongir%& ﬁlaﬁ%@ﬁ%h&é Cgtion of DNA
(6] OV\B e

is direct s of gun sequenci ng y mapping to t ronosonme of
ori gi n pmdnehypeeifatihRN Aoih thatagabplhsnperuld be osedsodetectReisaeny 2advesnaas in DNA
seﬁrenC|ng t.echnal ogy allow massively parallel sequencing (20), producing
S ofPoRPRfiPBNd4bf short sequence tags in a single run and enabling a
deeper sanpling than can be achieved by digital PCR As is known in the
art, the terSmilaggubecadsd sipwedaehens dfallalic ekiat otviedprinsduogeiney @. rgaternib- 100)
nucl ei c_aci d_sequence that ca
plasma DNA to diagnose t%somyrIS (15). Dhallan et al. used fetal specific alleles in maternal
plasma DNA to detect trisomy 21 (16). However, these methods are limited to specific
populations because they depend on the presence of genetic polymorphisms at specific loci.
20  We and others argued that it should be possible in principle to use digital PCR to create a
universal, polymorphism independent test for fetal aneuploidy using maternal plasma DNA

(17-19).

An alternative method to achieve digital quantification of DNA is direct shotgun
sequencing followed by mapping to the chromosome of origin and enumeration of fragments
25  per chromosome. Recent advances in DNA sequencing technology allow massively parallel
sequencing (20), producing tens of millions of short sequence tags in a single run and
enabling a deeper sampling than can be achieved by digital PCR. As is known in the art, the
term “‘sequence tag” refers to a relatively short (e.g., 15-100) nucleic acid sequence that can
be used to identify a certain larger sequence, €.g., be mapped to a chromosome or genomic

30  region or gene. These can be ESTs or expressed sequence tags obtained from mRNA.
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be used to identify a certain |arger sequence, e.g., be mapped to a
chronobsone or genom c region or gene. These can be ESTs or expressed
sequence wagsioaisaBned from mMRNA. Specific Patents and PrbTiusatoss36&ci ence

309: 147% . ocus "An Earlier Look at Baby's Genes"
describ §£§F§§ﬁgﬁéaggiﬁgyg dgﬁtests for Down Syndrone using maternal bl ood.

Early atteng g to3081emd 230 289ANGIEFstak M3 niRiad: [k a8 Bb P GEREer nal
bl ood were called "just nodestly encouraging." The report al so describes

wor k bydeaihsh sttgrapts éo desteapttegth Eor Rpvgependreme usiag grtepd béoqd: Epdy affeserit i n

t he nother. i.on he, fath e.r r |y been
dot ect &8 et RnFh STk 30 BARECghs bl MBI BIRE IR WPRRICER
dwaist i sscaundgikiyntlihegépnt dsddSeqss. wdik be\[Bnnistieweletees thetRh feaeén BGdtual ways
been reproduci ble. Venter et al., "The sequence of the human genone, "

Sci enceYheppi1s #¥p111B Bromedsp ﬂthq’gwa%qnsmag&?ﬁ%égom He fabguetiearetie human
9enom bl Gl hOG IRILONa! & BURIAIY b RUARL R £ B WERartROLREr

il
ref erence genom ¢ sequence i's a current NCBI build obt al ned
UCSC gdharimgtpat edisgase. \Needver, tistse adsults hahleenoc elvplye beengepedacible. an i ndi vi dual
by massively parallel DNA sequencing,” Nature, 2008 Apr 17;452(7189):872-6

di scl oses t hye b 3£A4RRGE BhelodhPholsth SERARE: 9fiefesigligyl ndi vi dual

James D. Watson, sequenced to 7. ncy 1 n two nonths using
mad9i veloy23&yH7):éB04sehdealobasghé seqpemel of theshsnanegenemet which vigfesedteon is

Conmpari s of the. sequ to the reference genone led to th .

Caont ] RRe eI TR ol s B RO Bty P TSI CIBE bl ch
10, 654 KpaeheATdRIRAUASEURRSHLE Yhtk@Ry W thin the coding sequence. Quake et
al ., US 2007/0202525 entitled "Non-invasive fetal genetic screening by

digital analysis,"” published ust 30,. 2007, . di scl oses r [N which
mater nal b OSA° B i cpew i BNt 4R o g RSk Ao T BN A

appr oxiggdcdkinoC K HRN00E8 KA1 MASRNI DI 7TEIAIIRESsck BRADNANe§@HRE 6f a Hpldid et

al ., "Noni nvasive Ppenatal di agnosis of fetal chronosonal aneupl oi dy by
madsi vedepopaphp siaglegadigidual, Brpesslaglyamenmgaemceihg 7.t foldiredundhngyi iadywa, " Proc.
Natl. Agagl. Sk 20802 TL, 20458, 20403 f Prepiber 83, 2008). 0l sgh 03es, g met hod
for determni ngg Feta ™A eupff 0|(Hly us ngpna55| Vely para et 'sequpenm ng.

Di seasahstafusitcede ties fen@ice @BndradRdpb SiedigntifRati sraGE3. B ynillinGidodd hutgeodide Z

score." Z scores mere,congared wth reference values, froma
polymorphisms, of which 10,654 cause amino-acid substitution within the coding sequence.

Quake et al., US 2007/0202525 entitled “Non-invasive fetal genetic screening by
20  digital analysis,” published August 30, 2007, discloses a process in which maternal blood
containing fetal DNA is diluted to a nominal value of approximately 0.5 genome equivalent

of DNA per reaction sample.

Chiu et al., “Noninvasive prenatal diagnosis of fetal chromosomal aneuploidy by
massively parallel genomic DNA sequencing of DNA in maternal plasma,” Proc. Natl. Acad.
25  Sci. 105(51):20458-20463 (December 23, 2008) discloses a method for determining fetal
aneuploidy using massively parallel sequencing. Disease status determination (aneuploidy)
was made by calculating a “z score.” Z scores were compared with reference values, from a
population restricted to euploid male fetuses. The authors noted in passing that G/C content

affected the coefficient of variation.

30 Lo et al., “Diagnosing Fetal Chromosomal Aneuploidy Using Massively Parallel
Genomic Sequencing,” US 2009/0029377, published January 29, 2009, discloses a method in

3 0of 49



popul ation restricted to euploid nmale fetuses. The authors noted in passing
that G C content affected the coefficient of variation. Lo et al.,
" Di agnosiwg 2Fe@Bs7€hr onosomal  Aneupl oi dy Usi ng Massi vel pClasaddopb7iGnomn ¢

Sequen C\{/lﬂ resh&ﬂ%g 91%/09% %? Z th@ﬂg‘ fe?g@lgt ?]n@gﬂdgsr%ez%d q?f% ﬁgtrglluﬁf | oses a

met hod |n respective anount nically-re ronosone and
of backhrouednek aemesomiseddren detbs of medivetyoparaléd weduenahg niheas feing tipar al | el

sequenc It was found that the percentage representation of sequences
mapped ¢ b%g%rﬁ%mfsfswezﬁaﬂqnso?ﬁ?@ﬁ@?e%.fﬁapgeéfoe@ma S%ﬁfwgﬁméaghfmgpg?%mr}tsony 2

1 et us,MSNcHRMRAL B oMyt f@m@mﬂ%%pmmth%&gﬁdﬁgwanﬁﬁrcmmg%trfé%m |For
the four pregnant” wonen each carrying a euploid fetus, a nean of 1.345% of

t heidr prasnkor NN osepgenad svomemeagh cgnedg & eughiddaoscmme@nof 1.45b oathejr

Det erm ni n Nucl ei ¢ _Aci d nce | nbal ange,” US 2009/ 0087847 publ i shed
Apri | qm?%ﬂgNAdiQWFgg%gegzﬁggﬁgﬁcﬁﬁ PYEMET i ni ng whet her a nucleic acid

sequence i nbal ance exists, such as an aneupl oidy, the nmethod conprising
deriving a fliaetal.cReefrhimig M§U¢ISGMQ©SW9@@WQ MURROGHOWN/847 r ef er ence

nucl ei ¢ id.se ch of ur

o er e RBTHGAPEH L 80. SifHER Ehe BoBiih Bl phERELS FhTeic PRTRY Rt ei o
aci d sagbenae: &ists, Rechacdgineldidylitk ehdéthalidinH RS RinLOABAELBH vhlte
paraneter to the first cutoff value; and based on the conpari son,

det!&r mifFih gn avernesseanepEtiop el afefaisashacleic acid |S@11@n<aec1mcra§1eqﬁml@éahtm%| ance

exi sts. gﬁﬂoﬁf ﬁ&?ﬁ% %ﬁ&'&'@nhﬁé@é'}@@ 1]-4}1% fé blgm@%hmcla@%{e? lélg not

i nt ende eatures an pec | nven I on, nor

does i tacidweyerichat tHehﬁclthﬁmi muﬂmm&sﬂ séquehetd eombilmfgetﬂié phemetindo et S
di scussed in this sumrar present invention conprises a nethod for

anal yzifHPThvHEG P aﬁseéﬁﬁh%corépagmon,fqe&ﬁ%m bﬁ@ﬁ%ﬁca&oa@é Whethey a njgjgic

i nvasi vg:d A QedcPenbat e as is amiocentesis or chorionic villi
sanpl |ng1 ﬂ aﬁe pre%efregﬁﬁeth fetal DNA which is present in the

mat er nal plasna is used. The fetal DNA is in one aspect of the invention

enrjisched due to the bi BRIFEF SUMVRARYOR PHE ISVERTTON DNA fragnents, which
tend to be fetal DNA. The nethod is independent of any sequence difference

bet ween t he TRtBNMIngdMef §i8hAhryde AeMBiendbEtoNu@biIRfARes dakpicabdMthé rom a
peri pheral blood draw, is a mxture of fetal and naternal DNA. The DNA
present invention, nor does it imply that the invention must include all features and aspects

discussed in this summary.

The present invention comprises a method for analyzing a maternal sample, e.g., from

20  peripheral blood. It is not invasive into the fetal space, as is amniocentesis or chorionic villi
sampling. In the preferred method, fetal DNA which is present in the maternal plasma is
used. The fetal DNA is in one aspect of the invention enriched due to the bias in the method
towards shorter DNA fragments, which tend to be fetal DNA. The method is independent of
any sequence difference between the maternal and fetal genome. The DNA obtained,

25  preferably from a peripheral blood draw, is a mixture of fetal and maternal DNA. The DNA
obtained is at least partially sequenced, in a method which gives a large number of short
reads. These short reads act as sequence tags, in that a significant fraction of the reads are
sufficiently unique to be mapped to specific chromosomes or chromosomal locations known
to exist in the human genome. They are mapped exactly, or may be mapped with one

30  mismatch, as in the examples below. By counting the number of sequence tags mapped to

each chromosome (1-22, X and Y), the over- or under- representation of any chromosome or
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obtained is at |least partially sequenced, in a nethod which gives a |arge
nunber of short reads. These short reads act as sequence tags, in that a
si gni fi cawD 2breeos8378n of the reads are sufficiently uni qreTiusS2400/06HpPed t O

speci fi MRS h B@&&ﬁ%ﬁ%on@% R Jﬁ@gﬁ!\@&dtfg W %hFbe lidledld NUTAN

t .
genone. ey are mapped exactly, or e “mappe th one msmatch, as in
t he exdrps esthbdldows ndByequonerthé segjuerve diffierbetiatioh of éejaleveces naganaEdpNAd to each

chr onosone -22, X and Y),. the oyer- or under- representati.on of any
chr ono _ﬁ@%%ﬁum@(ﬁ%ﬂ&wp&?bi) pHEmA A C BRI BRHEr f%%le@HC@ﬁr an
aneupl Qlnfhrh&loHte i@ dfosdie ok R wilitesuiMTELAOM 1AREMRlinfafdUipicat he sequence

differentiation of fetal vérsus maternal DNA, because the sunmed

contr i hrdmesoofe dndtah abmirart ghitonznydme gteal wisle guerice® py nmasipg piteul arthe

chr onmosqne, or, chro ne por,tion will be different as. betwe an i ntact,

di pl o ARERPOHREHER Tt dpPaal e B AisHe cayenge Mgirpcn thy dybuld 000

m ssi ngiehish fet@ DNAErbih katerh ONASTh¥@Eb$mal NigriBBEAOEE HRES cRi®indkehy Oon a
priori sequence information that woul d distinguish fetal DNA from naterna

DNA.  TH¥ papisoraral cheimsesonsut £-om gtsss delpéempr intproprdonebatetgaringdon thf a
A e ol ot i . ! . 2 h
B T SR L T T T

chrionosagdisn cotieoMBaosdmat 0alaés @F., auhbsostabqueateiggs pér. itosomenBanedhs sequence
tags per autosone) is used as a nqrmalization constant to account for
di f f er dEBalizagion gprgtans ihdrepurifosdiffgesnees ndgfal nunkes of sqapencedapais tsshiobet ween

sanpl es.aNdrifG MG CARPIRSATRE WIS ch&iBsomBl PHORATE RBfdsOfe pbiioHs &d
h

herein to denote elther "an entire chronosone or a significant tfragnment of a
chr onoasedherfrto @raotp Erher o ctetigt dhr@ovgonsyarcirsigretidras frogeentad soci ated with
partial triso élqzz. 2 anal yzi ngh§§ uence tag, density in

ter, .
predeficr]i‘é%n%%? e ?Ii%‘ﬁglpﬂﬂgntoﬁye@%%%@& N s P P HEHELVIR R ), a
norjal i.zat i cal > i ons
N g S LR

pr esentchi@hbroehes 8 g be0 appi0 ledwindoak iatnoahaliAtisieddstdnt et beodascuddted, @ha@l DNA.
It has been denpnstrated to he accurate down to 6% fetal DNA concentration.

Exenpl i FAROR81ob i Isections asunidied &¢-at 21 f WRJLEGFNSRHUEABIIE BeiPURtppi ng
of DNA tfl? pl%g’éng Yﬁet}{o%tcﬁh b&f%b?]géﬁyto arthtrd Vyﬂla?lm{igﬁ@éfgettaf HROM¢ 1R b(eggwar d
ne), an at one

syndro trisony au syn , carried out non-invasively
usi ng chlonktraed fodicadcciibik dawmmtcst fradl [PN Aswacentibtion. fExemplifibé bdlawiis thaf a

andiipl gﬁg;_s o YRRl LRSS mAiing SYBRIAS d2PROT ity T (Dewn €12
syndrome), trisomy 18 (Edward syndrome), and trisomy 13 (Patau syndrome), carried out
non-invasively using cell-free fetal DNA in maternal plasma. This forms the basis of a
universal, polymorphism-independent non-invasive diagnostic test for fetal aneuploidy. The
sequence data also allowed us to characterize plasma DNA in unprecedented detail,
25  suggesting that it is enriched for nucleosome bound fragments. The method may also be
employed so that the sequence data obtained may be further analyzed to obtain information

regarding polymorphisms and mutations.

Thus, the present invention comprises, in certain aspects, a method of testing for an
abnormal distribution of a specified chromosome portion in a mixed sample of normally and
30  abnormally distributed chromosome portions obtained from a single subject, such as a
mixture of fetal and maternal DNA in a maternal plasma sample. One carries out sequence
determinations on the DNA fragments in the sample, obtaining sequences from multiple

chromosome portions of the mixed sample to obtain a number of sequence tags of sufficient
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sequence data also allowed us to characterize plasma DNA i n unprecedent ed
detail, suggesting that it is enriched for nucl eosone bound fragnents. The
met hod mayoabem3bssenpl oyed so that the sequence data olpCaiuseaonsmibe

furt h.erle #ﬁ%@gnjtﬁﬁecp@qﬁ&ﬂ:eit@ LQ 5%%1‘}!68 % 4 @ﬁ%flgis&ge %héf&%ﬂﬁfn 3 and

mut at i ons: e present 1nv Ion conprises, In certalrn aspects, a
nmet hod afsuffesint ngmbarto asfleabmoronahl dstsibutidouUisory offaespaedqiened oot nGS0Me

portion in a mxed sanple of normally and ahnqrmal |y distributed chronpsone
por t i orf&¢ Wﬁ?ﬁ?é&gsf@gl?ﬁ”écoﬁ%@?“éh%r P%Or%fiﬁdﬁga@néaéf’%%t&‘reesPS?&lF tal and

mat er nal I oH2 17 (RIfAFAR heRlegSiTR e BARIRLrBnce QRROMRY deby fshc@ U SLALRNGE be
determ nations on the fragnments in the 'sanpl e, obtai ning sequences from

mul 6i pla thépwlensionmslipay ¢fisbor sefuendretaps thetars aspgredtto cobtimtromopemese andf
sequence tags,of sufficjentlength of determped sequence t.0o be assigned to
2 b oEeeREocab R T A e B o OFS Jh iy O e CRiABR Ao  r of I ect
abnor majurthes bf idquénceRagsWUrdppad & itaéRE BRCROERAY ARG U@ réRsidNSpdrien Sequence
tags to their correspondi ng chronobsones |ncludyng at | east the specified

chr ono e segendawpher AGseanencs dagiemnped ¢ thefspe hjemesne utoehodh O ten

t he.r € lr%mgs%m%? bgirﬂg ilﬁ rogee ﬁli)g)efd sg}nlpiel. Eﬂé Pl%fseﬁ?%rﬂhds ﬁ&“ﬁ@@%eg (%q?ecﬁ{?g forar €
assigned to cerfarn-chronbsones, rand, fnportantly, certarn posittons al ong
t hd Oc hrrpositsrasdistaneatidhemuenmy tastte diffsrentahfdnigbmalpiabn O fThie ueplgited ags
mapped to at | east one norpally distributed chronosonme portion and a second

nunber 1BHCEEdglont & e niaRPECd it e Si5HBeG leagthckt GRBSOAENBSr tion, bot h
chr Om%ﬂ%ﬁ?sgrﬁ{eﬂale'vﬂn 5Gs Beaffgt&} ﬁﬁrmh&-oflﬂsbgéﬁaq%%ﬁm& Bfmbdrep! ves

correcting honuni f orm ution sequence ta o different
chr onmossequnc crgs molh $all ik mangofethp wandved and thketvaidowseboaningwhel entaenunber of
wi ndows . of defined |en tgﬁﬁre created alo ggg chronosone, the w ndows bei ng

on t he BFURYSOFI RAPGHE LY AXGEBHGIHOT Rk WVRETBYS: 58 SEYIRIACE tags will

falils i nt@oARME @petithe r¥iBfONSriBAda Ve WuRHRWS | £ 0N Bl A YaRaE Arclldul fed
chronosone in question, with exceptions for non-informative regions, e.g.,

cent r orfer diffieeayt piloandind epepirei vBy ceuitingsequgacd @as withisrasgeienairedaefined. e. |
medi an val.ues,.are calculated.for different w ndo n ared. By
Count | My Reees e Sl RubLphE firk oy PhisatPiiss ¢ MBI STRRHE" s g

| engt hssiglieaat tistilkenenbe 6haRMeBSTHE S eseiPmethoe RS tinvieksehRbiasht aal |y
significant results nmay be obtai ned. The present nethod al so invol ves

cal cul #tiffergntial betvesh éhe flst neberasd therecend mmbey whdgh is detefra@ageceind nunber

Whi2%)h iﬁhe?l?etr%g Hbﬂﬂ& icﬂyl?or&];l distribution exists.

In certain aspects, the present invention may comprise a computer programmed to

analyze sequence data obtained from a mixture of maternal and fetal chromosomal DNA.
Each autosome (chr. 1-22) is computationally segmented into contiguous, non-overlapping
windows. (A sliding window could also be used). Each window is of sufficient length to

25  contain a significant number of reads (sequence tags, having about 20-100 bp of sequence)
and not still have a number of windows per chromosome. Typically, a window will be
between 10kb and 100kb, more typically between 40 and 60 kb. There would, then, for
example, accordingly be approximately between 3,000 and 100,000 windows per
chromosome. Windows may vary widely in the number of sequence tags that they contain,

30  based on location (e.g., near a centromere or repeating region) or G/C content, as explained
below. The median (i.e., middle value in the set) count per window for each chromosome is
selected; then the median of the autosomal values is used to account for differences in total

number of sequence tags obtained for different chromosomes and distinguish
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whet her or not the abnormal distribution exists. In certain aspects, the
present invention may conprise a conputer programmed to anal yze seguence
dat a obt awoedioia3ssmBa m xture of maternal and fetal chromosarsato9DsA36 Each
aut oso ' HER %9%

non- ovg}r%ﬁegcg%lgmn%sjo\?\n% %L%Il\lfxagwﬁ? s%%%ﬁg%{)%%l%?v couF@gqyggﬂlb i)ir%{ﬁé{ ach w ndow
is of suiyfaled endpdliedyd tisteon pamilahdeietaanslogmséntmamn anchrbepsafe. lhagsesestequence

tags, hayj about 0 100 of sequence). and not sti have nunber of
wi ndows™pap o lhp B efwf)@awryectlag% Benipe ey }t%% i and 100kb,
mor € t%ﬁhﬁ@i | YOIH@Eh‘é%ﬁbxﬁge(?.{%QClﬁg nfdhod WA Bui®H ﬁodﬁé&‘?ﬁ‘@re fs0duefx@Bt Bom

accordingly be approxi mate ween 3,000 and 100, 000 wi ndows per
chr énodoremenW widlowsrarsed GAY gowmielByassrgnm&a weigbeto e@th swgeeedeg basgd onhat

" ea) on)nbp/GFet R entn B Tk B e A BArn SRR (o R R vl ue

i n the prefe)abBOddlleP EanWhé W ohOor SREBneh BB AIRAlcSlat6 ect ed; then the
medi an of t he aut osomal values is used to account for di fferences in total

nunber of sequence tags obtained for different chronosones and

di sti ngui shi nt er chr omBRIEK DESCRIPTION OBHRE QRAWING DI as from aneupl oi dy.
Thi s mapping nmethod nay al so be applied to discern partial deletions or

i nsertions ikigarechisanostterglot Bhephphewarnt sequdnee thgadensitipy ﬁvmckeglteennet hod for
correctl ng. for bias rcﬁ%ul ting fromG C content. For

th
Soll@xa seBglrantavig et ar%%e%@ﬁa aﬁ&l%%%l@éh%%g@feé%%a% rﬁ?éaltaaﬁlg&‘?lfibren
fragment geidhihile %g%@&%@% £nGAbh 8Pthe aﬁ%cteé %mgmo@am@ lma&mal bRogach

sequence tag b d on G C content of a window in which the read falls.
The wi rdgurd bk sl@@fchmcattagﬁenslsy pﬂ@fven@mewosﬁmmémgtmhm df lzgenamicdIMAT or

sequence %a]? ensi t cal cuclseﬁ on.. BRI.EF#E& iﬁ)\l DRAW NGS Fi gure
1 is a“SBEPY EMOPIGY E,Sr%FBr?r ngesdgiiente X ﬁntd Fac%lssﬁ SM%Ei ght een
sanpl espdibavd,Nge plavifia Hohf £ 6Mhn BENHIPES) fedfs; pRAGHE Abha Wondah®eddid €

| egend. Fetal aneuploidy is detectable by t he over-representation of the
af fléct eldl Scthusnplatmeipm mr@ﬂh@dultbn@ieoplam@ﬁp@ 3 W@%W@é@d@ﬁ@@ fetly; density

relative to the correspondi ae’ ue en ONDSONES are
or der e (ﬁ%y lfir]%nrl él a%olnrl]zbn 8 %on tl\éﬁ" tus. eguglce?zf%&ensﬁles var moreamﬁn C 8as1ré$

pl asma dhiandsamad GaD cbeadit. Rigute TB s § @bl ,frolai BRIRAf sHowiAe WathRbsdearing a T18
fetus; plasma froma normal adult nmale; plasma froma wonman bearing a
nor ma_| segyqpee tag density relative to the median chromosome 21 sequence tag density of the
normal cases. Note that the values of 3 disomy 21 cases overlap at 1.0. The dashed line
20  represents the upper boundary of the 99% confidence interval constructed from all disomy 21
samples. The chromosomes are listed in Figure 1A in order of G/C content, from low to
high. This figure suggests that one would prefer to use as a reference chromosome in the
mixed sample with a mid level of G/C content, as it can be seen that the data there are more
tightly grouped. That is, chromosomes 18, 8, 2, 7, 12, 21 (except in suspected Down

25  syndrome), 14, 9, and 11 may be used as the nominal diploid chromosome if looking for a

trisomy. Figure 1B represents an enlargement of the chromosome 21 data.

Figure 2 is a scatter plot graph showing fetal DNA fraction and gestational age. The
fraction of fetal DNA in maternal plasma correlates with gestational age. Fetal DNA fraction
was estimated by three different ways: 1. From the additional amount of chromosomes 13,
30 18, and 21 sequences for T13, T18, and T21 cases respectively. 2. From the depletion in
amount of chromosome X sequences for male cases. 3. From the amount of chromosome Y

sequences present for male cases. The horizontal dashed line represents the estimated
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plasma froma wonman bearing a Tl 3 fetus. Sequence tag densities vary nore
with increasing chronosomal G C content. Figure IBis a detail fromFig.
| A, showiwg@ 20twvisatysonme 2 1 sequence tag density rel ati vecraskéie/osadé an

chr Om)S[ﬂ]?ﬁ‘gglg]feé?ﬁﬂ?nﬁgctfo{f’ﬂaﬂﬁﬁaif{)ythgfdegegﬁ%{q%&%gﬁﬁelsor Nt & fatmd he

val ues o i sony cases overlap at shed line represents the
upper balirdaf fetdfDN Adra@8en cdailatde fioen thadetavdidiffoastchtmh@dnifes erraal | di sony 2

1 sanples. The chronosones are |jsted in Figure | A in order C content,
from I &me&agecﬂﬁ&ﬁre RIS & Qi irgas tuTd Hion BshEecRd ave&g@ffsﬁaf){)é}f%se as a

ref er engRieh L MPSeABnhIh ok E=0TH0ARY, BRIk didetefrelints the¥Bhp1OfinGC content,
as it can be seen that the data there are nore tightly grouped. That is,

chr énosogressidiglineghet@eenthe dperage fetal RO piaction adsgreatienhl BesvThe\Ridvabure) , 14,

9, and 11 m e used t he .nom nal...di pl i d chr onpso i.f 1ookjng,for a
b1 oomyeerat B siPenBe ko 8 ERmdR BebrEs SRS MR st L ngdT

Fi gur e day Se @nplofdd &ra x&k;}a&ar%rl\ﬁ@a o puinagcy FhaliatMAré biraink®fros@le gost at i onal
age. The fraction of fetal in maternal plasna correlates with

gest at i 'wieklstaggand Rasqrdiecayga that scthe exligr stage o waich ghpjoniyidle sanplingrient ways:
1. Fro h Lt l. nt. .o .18, nces for
Tia, TRSCgAR AR s B e bR DRTER PR thnndeher PIEE, bn SOUHRTCES o

chrionosapect Xo seginanemsndfolrdafbdse:aclgased.wesks festitiohhlen gah@mipolsibly eatifepmosone Y
sequences present for male cases. The horizontal dashed |ine represents the

est i mat edm . t.al: f : i i
aneupl oi dy. rﬁlggyme%{gﬁqgg%ﬁ‘f Srht% ﬁ%ﬂ%ﬁﬁfggﬁg?&&e{@rﬁa%ﬁl %ﬁa@ﬁﬁ !ojr%f] Ac?ﬂ cul at ed
f r om t heatei@tbpladmalilf fhensnlie dhy diswidbotias ofvetad aad eiragiesbmd Wewpecitis fiagments

statisti ca%quiy Si [%ni ficant correl ation between the average fetal DNA
fracti oPtHpE G dat servenciagel patesnaobma DiNe fipas A 8gma merls BiseByEyt §he he

si npl e ;i ionrig%ﬁﬁaiize@td %dﬁ?tobﬁtﬂﬁ%ﬂnﬁgﬁ A& AYEdS BlabadMNd @& iheRy-and

gestational age. The R2 value represents the square of the rrelation
codff i athemhosoRiegue é449931gd 438 sespeaitvetyhénspr: €mentativetfetodD Neyfripgiogermphoyed at a

ly. st f . dat bt ai ned f t he 10- k
Ctage” dhertioid S RhaRERIRNT Ve Tk Prit Sofe SRLFL GE il <BRoP BT vi |1
sanpl i Ngactisn dQRated NIBINREARE l@ﬁinsoﬂ' the EQREs &fas%@ﬁe)nced:fr%ﬂl&??lfclllg)\éxei’oi@ont he

confidence interval, one would expect to obtain neaningfu ata as early as
4 weekstajeiesat i onal age, or possibly earlier. Figure 3 is a histogram
showi ng size distribution of maternal and fetal DNA in nmaternal plasma. It

shows the siggusl $isral it dfdihe @faph@tRdwidB diseuRion TP RBu¥n&Pasd {ibend ragnent s

20  transcription start sites (TSS) of ReSeq genes on all autosomes and chromosome X from
plasma DNA sample of a normal male pregnancy (top, Fig. 4A) and randomly sheared
genomic DNA control (bottom, Fig. 4B). The number of tags within each Sbp window was
counted within +1000bp region around each TSS, taking into account the strand each
sequence tag mapped to. The counts from all transcription start sites for each Sbp window

25  were summed and normalized to the median count among the 400 windows. A moving
average was used to smooth the data. A peak in the sense strand represents the beginning of a
nucleosome, while a peak in the anti-sense strand represents the end of a nucleosome. In the
plasma DNA sample shown here, five well-positioned nucleosomes are observed downstream
of transcription start sites and are represented as grey ovals. The number below within each

30  oval represents the distance in base pairs between adjacent peaks in the sense and anti-sense
strands, corresponding to the size of the inferred nucleosome. No obvious pattern is observed

for the genomic DNA control.
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obt ai ned from 454 sequencing of maternal plasnma DNA froma normal nale
pregnancy. The distribution is normalized to sumto 1. The nunbers of total
reads anowoeadw3ssipped to the Ychronosonme are 144992 an®@CINB20009pHGE | vel y.

| nset: Cunul@t) j f i agnent
size. The erlﬁgirnvegsé gst%c():ra %ﬁ%%%ﬂo%@%@grﬁérﬁééﬂ% ggr tag? gﬁ@%?&%@ ion

est i matcacbmasssurd afglitshi@pkes riacluding tchid-froo piasmaddN Adiepne peedaritvagnandrsl rhak | ow
Poi sson statistjcs. Figure 4 is air of line graphs show ng .di stribution
of sequieHEk 3t ¥G4 23 RERATICE §e?tir<§tff)%rf§feafﬂqn0§ﬂf QM%%@V%%‘X%%@@&S Yenes on

al | aut@soRBSnRARY3CIY ARIDBIOMRerS dlIGRADRAMEMNA A RofeRlcafyieiBlp 18! e
pregnancy (top, Fig. 4A) and randomly sheared genom c DNA tontrol (bottom

Fi g5 4B¥tuschhee enmphinded. Blie ¢ragydawi iepiepens aghd&H pewinnaoWhaabrapaasnmesiangi t hi n

t ag gt By MR G O PPt BB S arlte SbEBMoBRNiBR "sop
Wi ndow vaRfeq 4 $%NTeAs ARd: aD Fi@ire 580is ta@cdthe proR AF ARak SddubnRIRNGerdst f&QAch

wi ndows. A noving average was used to snooth the data. A peak In the sense
st r and ShepResoRIe IR &/beghisni ofighethrameseine ddsreerrelafipn eoeffipiertkis P2t hand

ant | 'Sﬁﬂﬁ&ﬁé@%’ﬁ%E@H&Fciﬁ”%%n}fﬂ%n&i’[}g1@*.a nucl eosone. In the plasma DNA
sanpl e shown here, rve V\K\é ]I-p05|t oned’ nucl eosonmes are observed downstream

of transcription start sites and are represented as grey ovals. The nunber
bell@w wi t hi rFigagenS @il scabgrrdateittiae %tméiaﬁf devartoa qf sepigaee faaidersityet \wadh

adj ace i [ r . . I to the

o e ol R B i S S A e o R RS Tk R PSRBT ©, e
genom Gtdaérdatentatioh of beafudi®fel tagid@nshifahd the absaltitealeviation ofjclapmosdiomi@g t he
mean sequence tag density for each chrompsone of all sanples, including

cel | - f reoBtepf Hemehorgnomenivids//Greantenivsiietd 3aArd thicarralation s sidisfigally as genomi c
DNA corgri%ngﬁcafn[ %}mlzg donor, is plotted above. Exceptions are chronosones
13, 18 a 21, ere'cell-free DNA sanpl es fromwonen carryi ng aneupl oi d

fetuses are excluded. The ?rror bars. represent standard devi ation. The
chridnosones HpRredt terssaisplatpeinh sapeingoirrent difigrence ghelpmogtmeZch

chr omSeRRntelRldetSinyt &fatllrk‘% ?éé%g‘éb?{’dé%d Y End By b o @nROX @&ﬁ)ﬁ:ﬁ@éﬂtaﬁgi gure

5B is a scatter plot of nmean sequence tag density for each chronopso
ver sus deh@itycarllgamalefpregrancihs. gxtbselemre Fhecieoshrost miideomepresehfationent i s 0. 927,

and
chromosome X.

Figure 7 is a scatter plot graph showing a comparison of the estimation of fetal DNA
20  fraction for cell-free DNA samples from 12 male pregnancies using sequencing data from
chromosomes X and Y. The dashed line represents a simple linear regression line, with a
slope of 0.85. The R2 value represents the square of the correlation coefficient. There is a
statistically significant correlation between fetal DNA fraction estimated from chromosomes

X and Y (p=0.0015).

25 Figure 8 is a line graph showing length distribution of sequenced fragments from
maternal cell-free plasma DNA sample of a normal male pregnancy at 1bp resolution.
Sequencing was done on the 454/Roche platform. Reads that have at least 90% mapping to
the human genome with greater than or equal to 90% accuracy are retained, totaling 144992
reads. Y-axis represents the number of reads obtained. The median length is 177bp while the

30  mean length is 180bp.
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the correlation is statistically significant (p<10 9 ) . Figure 5Cis a
scatter plot of the standard devi ation of sequence tag density of each
chr onosorwowverwn3ss7’& C cont ent of the chronopsonme. The coPCEIUSRI09057136
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(p<10-12 rcent difference of

scat t raph show n e
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pregnanC| es Show under-representation of chronosone X. Figure 7 is a
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si mpl e Havagsdut RO €6ShP Mt Woille haW thik Rursbe@RISyi@dd B fikb wWiR@o ke Thabdiealues
represents the square of the correlation coefficient. There is a

statis tair%ﬂpl%rteéu(@qﬂehu B and D¢ &y themath gistierine oh ﬂfeexumbemfa@eﬂu@@mtm/%b i mat ed
f h . 5
Lo eAERD IRl 206 L (PTMA Pd wildolF o S af LU0 8O LAPR SN £

ence ment's I’OI'TI I'TB. ree pI asnma

DNA0s an¢diarDiiurabet @f el Mafce epetegiramoeyonad, whigh, lf@qurpﬁsbmf ilIGaeutienCinagbsvas
done on the 454/ Roche platform Reads that have at |east 90% maéf)i ng to the

human ¢®%Y ?rliofl&ﬂﬁ‘r"efﬁ‘tl%‘f‘t therapproFi MLty 6F Yoot dekuoacpdanay et R
totali d Th
otal | %I?]egflﬁﬁl . ﬂ;gg%re swﬂétfﬂc@t &ﬁﬁ&@lltﬂé t h‘ﬁt &HHR%E R Hopefidnfikbat ne e

medi an mean [ength I's 180 p.Figure 9 1s a
schematillgstratdduis tpaadls Aganldd?vy_ oaequmsea rhedjard VBt Blybﬁklng)ﬁleerCdJIPHEM ¢falld®t ect t he

over and under-rep[)esentatlo. of an ch NDSO0 g over

ept eodHAPE g PGS NP FELUE N (9prEaieSir et 0T SretBtone,

si nge %%&dagc@%%&mﬁ dﬁf&eﬁ%ﬂ al kan heeloBRID Taths 1 ShRWNME rﬁohﬁiﬁze@anel s A
and C, one first plots the nunber of reads obtained versus a w ndow that is

mapped sequeace twgoimsm@r chmrr@swac é wdwdd be Miﬂ@s@mphromomogﬂuu wouldbet he read
al ong

Sbout MR ITRESIR nabi8h btk SoF P RRIRAE weal PIRG: alioBRusg e FTF R B "2 e

These MB¢ B@8mosome, this procedure obtained about 175 reads per 50kb window. In the middle,
near the centromere, there were no reads, because this portion of the chromosome is ill

20  defined in the human genome library.

That is, in the left panels (A and C), one plots the distribution of reads per
chromosome coordinate, i.e., chromosomal position in terms of number of reads within each
50kb non-overlapping sliding window. Then, one determines the distribution of the number
of sequence tags for each 50 kb window, and obtains a median number of sequence tags per

25  chromosome for all autosomes and chromosome X (Examples of chr 1 [top] and chr 22
[bottom] are illustrated here). These results are referred to as M. The median of the 22 values
of M (from all autosomes, chromosomes 1 through 22) is used as the normalization constant
N. The normalized sequence tag density of each chromosome is M/N (e.g., chr 1: M1/N; chr
22: M22/N). Such normalization is necessary to compare different patient samples since the

30  total number of sequence tags (thus, the sequence tag density) for each patient sample is
different (the total number of sequence tags fluctuates between ~8 to ~12 million). The
analysis thus flows from frequency of reads per coordinate (A and C) to # reads per window

(B and D) to a combination of all chromosomes.
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are replotted (panels B and D) to show the distribution of the nunber of
sequence tags/50kb wi ndow. The term "bin" is equivalent to a wi ndow. From
t hi s analweiz2g10/s8can determ ne a nedi an nunber of rea®sTNSE@V/08HEH
chronosone, Qe BRR SRuollsnb A8 B Qg RRSRT: ng the
X axis at thﬂei@glgér?roolxr MRt 6 ngerp gP \%]klg%lfastrr?batr on San W%%reg to be
hi gher eaxteyit hieat ®iaarfer Gl eengeémgdine bednadisniasted.i but abl e to that chrom)sorre. For
chronmosone 1, illustrated in panel s A and B, one obtains a nedian M. By
taking the ghﬁé‘u'\{'s‘afsc@c § hQROWER: thOW 1g?P%‘%ﬂ‘§) PRI L&RE! on
constant N that can be used orrect for rences in se&uences

obt ai nesdmiptesdcddréimgm pemﬂsageasf (@@arconens eveth lowell avbight g_weﬂ' tmsam;ﬂetsevim)a mal i zed

seqguence ensi t r chronDso 1 wou ronosone 22 it
B ) ST S e et el I B St e
t owar ds, b, sefduefd of the chronobsone, this pr ocedure obt ai ned about 175
reads per 50kb window. In the mddle, near the centronere, there were no

reads, becayse t portion. o efined in the human
Genone | br dngurer i RRgate? fie gutoiar el SHEF S Ko AR e CEHATH S ¢ he

di stri hH4icRBd 6 tHeSa4kSs, RAH, PHERNDRANR, £8RIHuNGA 8f cHroosorfdePPRSANRIN RPSI tion
in terms of nunber of reads within each 50kb non-overlappi ng sliding

wi ndow.thdWeaxis, anéevdaingrimmeseprbsentiiise ¢ stoisticomdoshtedhe zagnber of sequence
tags for each 50 kb wi ndow, and obtains a nedi an nunber of sequence tags

perjpchr onos Bufelr3 i@lalscateh PRAIRHhARGw R RTRIAMRMEAINR begepthehr 1 [top]
and chr 22 [botton] are illustrated here). These results are referred to as

M The widh averofr wiisler-xpresgnigaen @ﬁ a Mrompmmfamul@h@ deforied Wil ones 1

t hrough_ 2 t he nar mal i zed
sequenccémggienc é"’nvé“’ff%“ =P (o1 LR r sorre&?g ?5!5 aval\{ue}-oral O_CLhrl 'M/IN chr 22:

M22/ N) .ch&sibkonekmal i zati on i s necessary to corrpare d| fferent pati ent
sanpl es since the total nunber of sequence tags (thus, the sequence tag

density) fOrmgaal RY Elles BATRLGy o f [LLANRRL AR RLAL Y TRSD off seduence

tags fluctua et ween e anal ysi's ows from
fr QQUenﬁmirﬁﬁmrfetaHBNpepereaMg@tmtlenc(eeecan@lrs@ log 00 &f theadsbpest raadidequifeB. and D)
to a combination of all chronpsones. Figure 10 is a scatter plot graph
showi ng data fromdifferent sanples, as in Figure 1, except that bias for
J C sanpl i ng PEFAJEED BESHGRIRTEON OFgTHE HKEFERQE},EMBOWMEN@ aph showi ng
the weight given to different sequence

Overview

Definitions
Unless defined otherwise, all technical and scientific terms used herein have the same
20  meaning as commonly understood by those of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention, the preferred methods and
materials are described. Generally, nomenclatures utilized in connection with, and techniques
of, cell and molecular biology and chemistry are those well known and commonly used in the
25  art. Certain experimental techniques, not specifically defined, are generally performed
according to conventional methods well known in the art and as described in various general
and more specific references that are cited and discussed throughout the present specification.

For purposes of the clarity, following terms are defined below.

“Sequence tag density” means the normalized value of sequence tags for a defined

30  window of a sequence on a chromosome (in a preferred embodiment the window is about
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sanpl es according to percentage of GC content, with | ower weight given to
sanples with a higher G C content. G C content ranges from about 30%to
about 70%W0wnﬂgh35man range over a factor of about 3. FPGUMAS2M02/05H36

scatt ers B?"wh% &{(Heﬁ& ﬂa%ggﬁs tg% BSd 65 S &dﬁ?%&&tsﬁ fé@tah&‘%rs as

i ndi cat e each patient Istribution of
chronnsmbﬁnnepmeﬂgmeaargﬂ encetthe’ iYadXVA se@endevi afficientfiergth that @ pragsent at i ve

t statistic, indi.cated as zero. u 3.is scatter plot graph show ng
the m MSHEMCREGic t%’é‘?@éﬁ]ﬂf&a@s%fg %Nﬁrzv% S5 I aﬁtdereﬁseﬁwegerﬂtoa% on of
a chr orpsaE® LEQkh QC[Q%UQQ W?ﬂ;ﬁﬂags Wg(t: Qhﬁ)n%%oglé) RQ@lftblgeﬂﬁﬁl Jle%h@el offtRimatch

chronbsonmes™ 21 a val ue chr onbsones.
Fi gare (Qd)rmyéesadlamsérco pdcotlntgfpammqlpownngplasms ﬂeamayemt baywséri thebet ween | og

0,2, AL O D Ll O AR LT o

Over vi e thedelqlérce %ngéd@ﬂtfﬁssqo@lﬁﬁhi&e%qhﬂersmlse, THik kart B@M}ieQﬂJ coalingeent i fic
ternms used herein have the same neani ng as conmonly understood by those of

or di naripngier pf tagﬁfaﬂlrrg witthinteachnwingdawt ¢4 schirpipesane wbiséning g snedmntwdigg any
met hOdghé‘{%‘? e%éal{ céulﬂ‘foféac %h%%X@ﬁe%talhl éﬁr Q88 5e ﬁé bPﬁP%ﬂﬁée' n can

be use ractrce or res |nven I on e preferred

netll@odSaumdmaBm]ﬁésahI&i Wi Kﬂﬁss\(aﬂumdl,no@ﬁ&ia@bh)ﬁonsﬁiﬁﬂﬁ@ﬁdc@ﬁﬁﬂf@ﬁthutI lized in
connection wth, and technjques of, cell and nul ecul ar biol ogy and

cheni stqlf;ferara@tl% i npeIber RintsARENSR dRes oRFbRAdy o diBigrang sarpRles y Squ‘%‘“rcteé%
exper i ngntial astc%ﬁ:lﬁmtéwﬁﬁhlls Rk%gt\ﬁcnlggré\%ﬁft)ixb&%ﬁ'faﬁg is@hi @esRsRhley ARer f or med

accordlng t’o conventi o nown in t e art and as described in
var i ousughkereleadribad delvor, sepea the dens@tisrcencay dcbatlinarte sequeednandifgitscussed

t hroughout th ent eci fication. For rposes. aof the clarity,

£ o | owi AR PRRRE G as R Straier 56, dessiileh adis Mehad ARs s APY ouiiRdnd s of
norjgal i ged sl Yan@drd SRALRNRE ﬁr&géesféﬁrmer&mf&eﬂc%a@@a fAdm @] s@felence on a
chronosome (in a preferred enbodi ment the w ndow'is about 50kb), where the

sequencequcage thgn égemyrmcsseagetter)owhmmar b @orcthalﬁlekeemsngrthr@Bowm drar

fubseﬂ%gEgkggf%%%ié%géugiﬁg&%gge tag" is a DNA sequence of sufficient
eng

“T21” means trisomy 21.
“T18” means trisomy 18.
20 “T13” means trisomy 13.

“Aneuploidy” is used in a general sense to mean the presence or absence of an entire
chromosome, as well as the presence of partial chromosomal duplications or deletions or
kilobase or greater size, as opposed to genetic mutations or polymorphisms where sequence

differences exist.

25 “Massively parallel sequencing” means techniques for sequencing millions of

fragments of nucleic acids, e.g., using attachment of randomly fragmented genomic DNA to a
planar, optically transparent surface and solid phase amplification to create a high density
sequencing flow cell with millions of clusters, each containing ~1,000 copies of template per
sq. cm. These templates are sequenced using four-color DNA sequencing-by-synthesis

30  technology. See, products offered by Illumina, Inc., San Diego, California. In the present

work, sequences were obtained, as described below, with an Illumina/Solexa 1G Genome
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assigned specifically to one of chronosones 1-22, X or Y. It does not
necessarily need to be, but may be non-repetitive within a single
chr onosore0 21008383781 n, smal | degree of msmatch (0-1) nmegThsS2@blosmed t o

accou ”%ﬁaﬁ%eﬂ}iﬁ%ﬁ&é}éa}’ﬂﬂ?ﬁlﬂﬂi méfod E:g%rr ané b?f&%é{e}i@%&ﬂ‘ﬁl%%tt%}ﬁn%ﬁfoﬁr ence genome

and th genones (mater eta el ng mapped. The val ue of
t he sequedwcdytfmagndetedigeyomes DNAMalaiptadr, wiptitally teansparphtesurfads. $n thamprdsentdone by

counting the nunber_of tags falli within eac i_ndow on a chronpsone;
obt ai nicgﬁe,gwr@m%ﬁ% tRes opt posd te bt é@ea@qg\é%@@@%f* Eemenfiore exered

chrono %H%iridg?mbﬂﬁ&gtoacré“ﬁ%@'%@Hltr‘éé}h%}?déhfsitg‘kéq{u@ﬁcih%ﬁo@%ﬁ%@%k 5‘()%%31? , and
using this value as a normali zation constant to account for the differences

i n ot ausiatieach edntSaGIdeNUB0tdgRs obthaisnad tdnasladi Tﬁfﬁé%ﬂﬁplé‘c@ﬂ@ﬂe%&?ueﬁc&ﬁquenCe
tag density as calculated in this way would ideally be about 1 for a
di soni SERrOITBYY Aeur-catortldN Arfequegediariybuathsels deghnalegy iae employs Fassitle es can

vary a ol 4 i i t §4.: i.as; LSqhS
cor  cor St i REMERE AL LR, T TSh A tniirt BRERH S B
st andartthe Hasd-by-batehwetuenpingy elil@madng saafueticeadontest gpeeifverradesaidvedblimgom al  of
t he sequence, taﬁ;s égﬁnom'c sequences).,. which may be, for exanple, a single
chr onosEMENGineMoYeR hemere]ypar i8d feRstifiye FeUdEiSSomes. " T21" neans trisony
21. "T18".neans trisony 18. "T13" neans trisony 13. "Aneuploidy " is used
i n 18 gener alHigknsesitivatynfhanmedchiecepleesane & awhicabd esicglasér eanitaivniand tathr onosone,

as well, as Eh pr.esenceeéﬂ‘ artial chronosoma| du Iicaftions or del etions or
ki | obadBegIR b"%@&?‘é’ro@rcﬁ' >NOYSSCHIPINE Ot 8RBT TR AL B8 Co¥CTgt r phi sns

wher e %%H%ﬁe@nﬁés%@_@ﬁfeﬁ R ?sbeciélll\@ée%ie}b%l:d/ d&@raﬁélbﬁé pﬁ)‘éﬁhkeib?!:\x%é. means
t echni ques for sequencing m | |gl ons of fragments of "nucleic acids, e.g.,

using attac nt of rando fragmented genonmic DNA to a planar, optically
t r anspar ent W?Ségéheal?fﬂt%a %&W&ﬁ S@Hgﬁlﬁﬁ?ﬁqﬁgg{lg&ﬁmgéo ]txéé{‘)%n ORY Bﬁgtt?ﬁnsi ty

sequenghiieh £ MYTEShlquat® Profdcdbl G 2007 PLbishel Dec&rld? 2006t el ng - 1, 000
copies of tenplate per sq. cm These tenplates are sequenced using

f oub- covow. bNechheqneenemfidgtdwt.-aspht hesi s t echnol ogy. See, products offered by
T um np%gezlpr}gfoml%casﬂbs[f):ictelgl[?:’artlccé}flz_icfis%liargfi&%d:1 &31:7Q.eS&éx%sseoq}gonucleotide adapters
are ligated onto the fragments, yielding a fully-representative genomic library of DNA
templates without cloning. Single molecule clonal amplification involves six steps: Template
hybridization, template amplification, linearization, blocking 3' ends, denaturation and primer
20  hybridization. Solexa's Sequencing-by-Synthesis utilizes four proprietary nucleotides
possessing reversible fluorophore and termination properties. Each sequencing cycle occurs

in the presence of all four nucleotides.

The presently used sequencing is preferably carried out without a preamplification or
cloning step, but may be combined with amplification-based methods in a microfluidic chip
25  having reaction chambers for both PCR and microscopic template-based sequencing. Only
about 30 bp of random sequence information are needed to identify a sequence as belonging
to a specific human chromosome. Longer sequences can uniquely identify more particular
targets. In the present case, a large number of 25bp reads were obtained, and due to the large

number of reads obtained, the 50% specificity enabled sufficient sequence tag representation.

30 Further description of a massively parallel sequencing method, which employed the

below referenced 454 method is found in Rogers and Ventner, “Genomics: Massively parallel
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wor k, sequences were obtained, as described below, with an Illum na/ Sol exa
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devel ople@milion piaekifeysized prastars e &dfcowastde. Sappleriepfrationestpitovikol for whol e
genone egﬁje%g&oggg%%%ég@gﬁﬂ)m&% %ﬁlb%%ﬁeog@/chgggg QUELRF (LTS pfngues (1)

Pr ot oco

WWIObI Ginge biihe DRSA pisrtddhauliptas pHow the DNA fragments to bind to tiny beads
page=pr ot ocol &ubsection=articl e _displ ay& d=I 12378. Sol exa's
ol i gondéllOéB@ Poe BEHHETS Tat%lwdlog%lw&rsﬂ@cbﬂ@rﬁé #radlg ey OneyPI@Fed?fr%N ato

fully-ng F}éﬂé dV‘i”h BORTR ddcRLANY af) lég%\'@f Sit Rt é’én‘?aﬁn‘éﬂ%?ﬁfétrré‘c'téh@é ng.

Si ngle no ecu ona anplification | ves si x steps
hybr i direadddomn antpéuﬁpﬂmt]bNArqsingfa smaatdlami'tpo] aaﬂiedithezmﬂymﬂasdadmmmemcgloa Thads,

denatur ri mer hybr dlzat S nci.ng-b nthesis

D vt drane P ahprLEh s Rl st b e Sy S B it b Rbr ophor & and
termi naetn'sﬁ}'ihgpthQQﬁrphfl@cﬁton@ﬁﬁbo%%ﬂﬁﬂ% HhcR BEAFerS GH Wi tH ﬂaung 1epence of all
four nucl eot1 des. The presently used sequencing is preferably carried out

wi t houtcogiep péamﬂlfuaﬂ il ifagment. dogeifagn ;éheewquetmtngrmgctll@e, tho WY Adempliaten

anplificatio sed 8% a.mcrofl ui {C chi react. on chanbers
For bo TR bad 1 LPReLopr demudpibretiusidl coateher Ry e rERES IR G0 b of
r andom&@%&ﬂ%elté&lﬁfqﬂi@hb@m @Q@eﬂaﬁ@d@dsﬁﬁldsmﬂém&yd@em@epmﬂll@ﬁarﬁeI ongi ng

to a specific human ronosone. Longer sequences can uniquely identify nore

par t i cuicdgaguss.detvhich INArcomplemmeiary dasech tgmplafegdrand apemthspizeb dker eads” wer e
ob %I nqlqlblegﬁﬁle ﬁjzﬁgs ﬁs%dtfg'leseqﬁ&g:‘ﬁlg release a chemical group as the base forms a bond with

the growing DNA chain, and this group drives a light-emitting reaction in the presence of
specific enzymes and luciferin. Sequential washes of each of the four possible nucleotides are
run over the plate, and a detector senses which of the wells emit light with each wash to
determine the sequence of the growing strand. This method has been adopted commercially

25 by 454 Life Sciences.

Further examples of massively parallel sequencing are given in US 20070224613 by
Strathmann, published September 27, 2007, entitled “Massively Multiplexed Sequencing.”
Also, for a further description of massively parallel sequencing, see US 2003/0022207 to
Balasubramanian, et al., published January 30, 2003, entitled “Arrayed polynucleotides and

30  their use in genome analysis.”
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nunber of reads obtained, the 50% specificity enabled sufficient sequence
tag representation. Further description of a massively parallel sequencing
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and Ve ] ] 'mghﬁﬂ' | el sequenci ng,"” Nature, 437, 326-327
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initia a ment . ormt e sequenci ng reactio
DI\lA—tenn»ItaareedifcrryWangfr&mm pareaahayadels: naxt @3-8B. pi col i ter react or wells -
each wel |l having space for just one bead. The technique uses a

sequenci ng- ys syHRes iaﬁel.ﬁ?&gfng?lggdl G§ ARG A‘E¥d HQIIIS? aﬁaﬁls eﬁ@' _?I_tﬁagﬂﬁ licakiBn WhI Ch
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t he sequesible inprindipledrpwiapidpe mqranhhllemgmg, freeehibderieads by onlyaeioeed
commer cji al | g €f4 :ﬂ Sciepce Fur r a ssively parall el
sequen CCIOHEJC rra le ( gﬁalr r{\? %ﬂé?%&]ﬁ ? s §H2 rgf):gree o?%etzga mosalclsnY

20  Further studies are required to determine the effectlveness of shotgun sequencing in detecting

these rare forms of aneuploidy.

The present method is applicable to large chromosomal deletions, such as Sp-
Syndrome (five p minus), also known as Cat Cry Syndrome or Cri du Chat Syndrome. 5p-
Syndrome is characterized at birth by a high-pitched cry, low birth weight, poor muscle tone,
25  microcephaly, and potential medical complications. Similarly amenable disorders addressed
by the present methods are p-, monosomy 9P, otherwise known as Alfi's Syndrome or 9P-,
22q11.2 deletion syndrome, Emanuel Syndrome, also known in the medical literature as the
Supernumerary Der(22) Syndrome, trisomy 22, Unbalanced 11/22 Translocation or partial
trisomy 11/22, Microdeletion and Microduplication at 16p11.2, which is associated with

30  autism, and other deletions or imbalances, including those that are presently unknown.

An advantage of using direct sequencing to measure aneuploidy non-invasively is that

it is able to make full use of the sample, while PCR based methods analyze only a few
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m ght hﬁy@s@ol oni zed the nother; these cells occur at such | ow nunbers that
their contribution to t he ceI Ifree DNA is negligible (33, 34). Furthernore,
there is ev:ﬁence t cell-fre

d
et eot an) efgygs MGy RRberer Bohtite GF worFiElyontm i BrdREedt not

carri edyRde paydcdl eiBie opikied Rakiown) Ednebertdnt il 8huBdier offeaye, WRiERS Of
aneupl oi dy caused by unbal anced transl ocati ons and partial duplication of a

chri@nosBrlvapleennenypf the joptainedseausngd eth gymatping pesiugBesHn Gfrefsrcg ganome.
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res fironos tecting
i nconplqiaktyaaeepl @&mecmsedobxsugnsa[ﬁpusmheﬁ dlpgiat]possi bl e in principle but
may be nore challenging, since it depends not only on the concentration of

fetal DNA i ryiBferal il BSIR i 8losR b RG"ERAREFUA cJiRRaci Sm

Further studies are require etermne t ectiveness of shotgun
sequenceq@niced flegreaits (feprh hanpletaseanploramd tidt titin degends styonglhen thiedy€nt net hod

LSRRG e I AT e e e R
Syndr ongg ﬁ&cﬁ%ﬁ%ﬁ’&%ﬂéﬁ%oﬂh QIuEtreP Qﬁéraﬁloﬂ' TR %ﬁ&ﬁg Ipi?cfc)éss itew &'Jzﬁé’t‘hé@’e' ght,

poor Ie ocephal y, potenil dic conpl i cati ons.
Siml arlt s agmertablogicdli ef tactetaingdal p]az@madn structure We strongly suspect that it is an

artifact since we also observe G/C bias on genomic DNA control, and such bias on the Solexa
sequencing platform has recently been reported (38, 39). It has a practical consequence since
20  the sensitivity to aneuploidy detection will vary from chromosome to chromosome;
fortunately the most common human aneuploidies (such as 13, 18, and 21) have low variation
and therefore high detection sensitivity. Both this problem and the sample volume limitations
may possibly be resolved by the use of single molecule sequencing technologies, which do

not require the use of PCR for library preparation (40).

25 Plasma DNA samples used in this study were obtained about 15 to 30 minutes after
amniocentesis or chorionic villus sampling. Since these invasive procedures disrupt the
interface between the placenta and maternal circulation, there have been discussions whether
the amount of fetal DNA in maternal blood might increase following invasive procedures.

Neither of the studies to date have observed a significant effect (41, 42).

30 Our results support this conclusion, since using the digital PCR assay we estimated

that fetal DNA constituted less than or equal to 10% of total cell-free DNA in the majority of
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sequenci ng process itse ether 1t is a true ogi cal effect

r ellat i e PORohexsnehientssire biesadr sence\tbeysdre onlyl spmplispe einy titaation of the feal arti f act
since we al so observe G C bias on genom c DNA control, and such bias on the
Sol exa &BYUEnci ng platformhas recently been reported (38, 39). It has a
practical consequence since the sensitivity to aneuploidy detection wll
vary from cHowregumeingalatinugpess drak thefnoajoriryatt ek N-fitch @lavms tD A nvroinafop fréie

AL E MR RENEL AW AT G R i
eukaryotic genome is not necessarily uniform and depends on factors such as function,
20  expression, or sequence of the region (30, 43), the representation of sequences from different
loci in cell-free maternal plasma may not be equal, as one usually expects in genomic DNA
extracted from intact cells. Thus, the quantity of a particular locus may not be representative
of the quantity of the entire chromosome and care must be taken when one designs assays for

measuring gene dosage in cell-free maternal plasma DNA that target only a few loci.

25 Historically, due to risks associated with chorionic villus sampling and amniocentesis,
invasive diagnosis of fetal aneuploidy was primarily offered to women who were considered
at risk of carrying an aneuploid fetus based on evaluation of risk factors such as maternal age,
levels of serum markers, and ultrasonographic findings. Recently, an American College of
Obstetricians and Gynecologists (ACOG) Practice Bulletin recommended that “invasive

30  diagnostic testing for aneuploidy should be available to all women, regardless of maternal
age” and that “pretest counseling should include a discussion of the risks and benefits of

invasive testing compared with screening tests”(2).
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addressing this point ina future study. Thé average féetal DNA fraction
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rej ect SequentcinghMsthodé nt. 1t shoul d al so be pointed out that using the
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hal f ofwillte apeagenioshesagkilledin the attibataumverbeg ehdifiisranit s¢guon@ngmethodeonand ess.

Finally, it is also ible that the PCR neasurepents are .biased since
thas ararigfiply e BERrRE TR driy bRl H TREEHAEER N Indhe RefiFFEadlenci ng
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factor %V%éﬁ?elﬁpae% aff E&%{/' Bendit %E;Sﬁpggg%sﬁ;@@gﬁ@@ﬁ&%& & f1885PRetF?: 43)

t he representati o sequences
examples of this technique have demonstrated multiplex co-sequencing using the four-color

20  dye terminator reaction chemistry pioneered by Prober et al. (Science 238: 336 [1987]).
Solexa/Illumina offers a “Paired End Module” to its Genome Analyzer. Using this module,
after the Genome Analyzer has completed the first sequencing read, the Paired-End Module
directs the resynthesis of the original templates and the second round of cluster generation.
The Paired-End Module is connected to the Genome Analyzer through a single fluidic

25  connection. In addition, 454 has developed a protocol to generate a library of Paired End
reads. These Paired End reads are approximately 84-nucleotide DNA fragments that have a
44-mer adaptor sequence in the middle flanked by a 20-mer sequence on each side. The two
flanking 20-mers are segments of DNA that were originally located approximately 2.5 kb

apart in the genome of interest.

30 By using paired end reads in the present method, one may obtain more sequence
information from a given plasma DNA fragment, and, significantly, one may also obtain

sequence information from both ends of the fragment. The fragment is mapped to the human
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loci in cell-free maternal plasma may not be equal, as one usually expects
in genom c DNA extracted fromintact cells. Thus, the quantity of a
particul awol2omus33Tay not be representative of the quantiPCy/ustowios7ientire
chr OmoSAEBALe AL RedhiTE REWhak R UNAR AN ARShENSnATRTUS A RASH'

gene d?%age ine)g%lﬁ? reeerrag‘tver nal pl a%r?aﬁ%{ﬁ hat {larg onl y a ?%MOFOCI.
H st or ithabthytingdiagnteat. Sirsk SetasBNeN atkadwnitd be stvoter manmamrhhlusNAafrqgmemgs and

ammi ocent esi.s vasi ve di ag f fetal aneupl oi dy s primarily offered
to woneHeh anw@a%wpag}a@dmsﬁn% @Wweabw l%rglea%f &ﬁﬁ?fp@ﬁﬁo@m “Yhased
on evaldati @y fcrdaks e WAGERSvenYs '@ecﬁ&né@to%faﬂ?éd fRIR shdrRY LS., %o&@b(‘}'ﬂb

mar kers, and ul trasonographic findi hgs. Recently, an Anerican Coll ege of
Obstet rqrdﬂ:sahBNa\nﬁlagBymscM@go@tfsr VACDE) e Rreaivdandel®ul | eti n recommended t hat
"invasive diagnostic testing for aneupl oi dy should be available to all
wonen, regargl®is mdthdpioeitadashgte s@t@&itﬁt@%tafﬁl\@t R34 f&RAYBR ebitdI8 reil d
|nclude a discussion of the risks and benefits of invasive testing conpared
wi t h sovidenitheghunast gehoin2) Ore mepivsy segiersingemethpds whish stlastexdbromi tekpences ul t s

describ eread'nfuture ar ges aI udi es ul.d I rgy the
bost - of it o ik Rimafoftist of PLEET SR et BRI P SHHATG: EhE Bonet s c
i nfor rminuqr) Oﬁ@ﬁm@@%&h@&se&h@o@%S@Yngathﬁ Béth6adw op’aacul kehroh@sombinel&rRakenci ng
cost per rrfl e as of this witing is about $700 and the cost of sequenci ng
i s 18x pé@@lé %118 gatetipn syndgorme - dpthar mieaededeiiony apdhmigiadypligptigngtagg et faghoingun
sequen features of
ol - fr L% EMBDETOAEI Y pRIERY RC SRR RGO MuBsaoIR PR o

epi geneipparafead fior e&laflng)bl&sﬂEn@HAetmhgmlle\lA met hyl ati on and hi st one

nodi fication, in fields including perinatol ogy, oncol ogy and

t ranspl ant at; u i E i I Ql ogy
of pr egnancyhg@%ﬁ@*’lﬁﬁ%ﬁ%b&?%%ﬁ%%f R A A DR
Commer ciual hyseguericirgh earsyg vecupiturg beglsivitespecifie genaaid sequenbes qsedz aent

il ust rati ve exanmpl es, nanely the Sol exal | unina sequenm ng (ﬁ}tlf orm and

t he 45 4ARGENOBFa B IR Of & SCHHTNCIGSIERY SAR BRIMPISTERSE &S dRycripen Qhtyistna ¢

that a Qybes; Eu@lbétfcfcra% s: HeAMEIES lﬁﬂgaﬂ@ﬁﬁg’i@ﬁltﬁ@d B{&E&%EL@%N%MM used.

One sequenci ng net hod that can be to advantage I n the present mnethods

i nvol veasoyp&i(l &dl@E¥eP, segwns RoghbeFd, Ly ZXRAKIRY30 abeheded@detbodphg pri ners

;guhg Sgeqﬁ%g:%égt %Nﬁél%lgc%g,eggg k%eéeeeqléﬁ,n‘%%qggr}c?ngsb dr?dlgatlon ’dﬁ§ tenpl ate,
6,399,364. In these methods, the target nucleic acid to be sequenced may be genomic DNA,

20  cDNA or RNA. The sample is rendered single stranded and captured under hybridizing
conditions with a number of single stranded probes which are catalogued by bar coding or by
physical separation in an array. Emulsion PCR, as used in the 454 system, the SOLiD system,
and Polonator (Dover Systems) and others may also be used, where capture is directed to
specific target sequences, €.g., genome sequences mapping uniquely to chromosome 21 or

25  other chromosome of interest, or to a chromosome region such as 15q11 (Prader-Willi

syndrome), or excessive CGG repeats in the FMR1 gene (fragile X syndrome).

The subsequencing method is in one aspect contrary to conventional massively
parallel sequencing methodologies, which seek to obtain all of the sequence information in a
sample. This alternative method selectively ignores certain sequence information by using a
30  sequencing method which selectively captures sample molecules containing certain
predefined sequences. One may also use the sequencing steps exactly as exemplified, but in

mapping the sequence fragments obtained, give greater weight to sequences which map to

19 of 49



Wemann et al. (Anal. Biochem 224: 117 [1995]; Anal. Biochem 234: 166
[ 1996] . Recent exanples of this technique have denonstrated nulti pl ex
co- sequerOnrglassiTg t he four-col or dye term nator reactiPOm/USh@9iostisy
pi oneer.ed by Rr ObEL et Alioyf SFhRIES238:. 3aPad AIBTI0mergale R hdihar na
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af t er tpreceGdnondeséitaidyietw, vderconpdbedieda tange fiumistr of eguena regdsrfead on¢ he

Pai red- End Modul e directs the resynthesis of the original t | ates and the
second qra%mar%ﬂee%é}r%mowrér\g feBire q%mf%ﬂo W@dﬂ@%@uw_%aw e?@@%ﬁﬂ_ ted to
the Genpyik . ARAIYAShe RERMIR, the?'a@&lu%tifﬂg Pdrqlaﬁaﬁ&}{%rb%ﬁl[g%bm ERvoftddbrhiion, 454
has devel oped a protocol to generate a |library of Paired End reads. These
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side. The twgyd ﬁl@\ﬁgl's@%c%gbﬁ'%éﬁaiﬁ'f@gi&ﬁ%ﬁﬁﬁ %eq{ung}l'“%ehbﬁé W& &inQtd genal I'y

| ocated approxinately 2.5 kb apart  in the genone of interest. By using

pai r ed peergnt medieds n aré tpidewéfit partaloehosomes ang paitivhiriommseAs depgahak

i nf [ ' I f nd ignifi I
al'so. ontiih WA B R PRaNTOR PP Bat il Mot oPnBRhGRRn rho” ™

f ragmendiding ‘warped” tsﬁbhtataezoh@gmﬂg,mert%erm@pﬁpgwoadbnegoh@g;ﬁe@i feykare. After
mappi ng both ends, one may deduce the Iength of the starting fragment.

Si ffe fabramosORI&. PatiRhigiipmics obé3eHor@eid. Dham ditldmmar. TNAaRT Ayrents
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wei ghting are given bel ow. Another nethod for increasing sensitivity to
fetal DXAdPEBER ther@ys olohdwrlicpdemot By b <ateh ©rs-Mewy Hahaltfédad one may

use se i I 6hsel O A Q1 i map to the
i ompa e R Bt R P g P T P ™18, 21, 13,
andy5Y) .ch@meosvene 18, s4mohdws érener. i ¥ELBec; HZONG26R7S). met hod, on parti al
chronosonal del etions, such as 22ql 1 deletion syndrone. O her

Jhetgunrixeqnenting eirlcalirired RlasmabNAare set forth in Table 1 of US
2005/ 0181410, published Aug. 18 2005 under the title "Methods and
appar at uses Gakfrecplagua PN pfrevi B prggangbirendndgmude dofor) ay veadhasenindlag

Seauend g BFodts B Pk Pt FHEAREo L CH: SOGETEn oot LEHUERcos used

as platform. We obtained on average ~10 million 25bp sequence tags per sample. About 50%

20  (i.e., ~5 million) of the reads mapped uniquely to the human genome with at most 1
mismatch against the human genome, covering ~4% of the entire genome. An average of
~154,000, ~135,000, ~66,000 sequence tags mapped to chromosomes 13, 18, and 21,
respectively. The number of sequence tags for each sample is detailed in the following Table

1 and Table 2.
25
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For exanple, partial duplications of the | ong armof chronpbsonme 18 can
result in Edwards syndrone in the case of a duplication of 18g2l. 1-qgter
(See, Mewao 2et0/@B378 " Clinical and nol ecul ar eval uati on ®CTfusaso9patiBent s
with partial duplications of the |ong arm of chronosone 18," AmJ Hum
Genet. 1993 Dec;53(6): 1269-78). Tabt Zun Sequencing of Cell-free Plasma DNA
Cel | -firee pl asma [DiAnder 6M 18, pgonant wonen mal e donor, [as wel || as
whol e |bl ood genoni gqR¥: T r amp ke sglnt@ roml e dqg%%?fi wereldddiWhded on the
Sol exd/ | unina pl af&{ orm Ve obt ai nedhoR aver%‘é - 10 | istipateshby2 5 6yesBquience
tags per sanple. AtqgwedSOO/ SN oridalell QS UBRCE he AElia8 ohmpseéd uni quel y
to thg human genonenyidioat| Byodeitd njsemich tagai nst t/HeoiGnan | gemonte,
cover i [ng"PK% of t|nge Ak © |FeROmE:  [Akq@MeE dgBepiion 154 00N 35,000,
- 66, 000 sequence {t@gsnBppedry0 chrioppsones al8hrX.8, §ﬁ‘d1162‘3? r espaehdvel y.

The nynber of sequepns widds Asedy eachnpnpl § Jeguaded ai 1P i n the ol I Wi ng
Tabl e |1 and Tabl € R Makhe J(;ﬁalgl e 2. (Fhgsyol |urms afialpl 4¥F8PI9d e used
f or Sequenci ng Li puiahickr eatrbodsy m ). The drfewss) of |BNEHs in PI asma |(cel |
equi vat IIII ptasme)*—Theapproximate anmgunt—of —Tnput—DNA—Ts that—use for
Sequerclag:’Mbrarly @assTugtion (ng). *As duantified by3siogital 4BGR with

El F2C1 rmn Asslay converting fromcopied to ng assumng 6 6pg/cell

equi valReritlasuBor 454 ngi ngg 4t his er| represents g nunbey, of | eads
wi th gtDN&ast 90% aéiﬁ?gﬁy and®$0% co(/igggge V\hfe)lh@rrapped g hgl 8.e48'79
o nsuf(fpeghfpl, matlerial s werle avai | albl e for |quantifying fet al DNA %wth
di gi talpkR for thed®¥3&hplles (weither no sgnples remai ndd%f or |arfdiAPsi's or

t here vvaa asuf-fetrent aai"l"}fi i ng) Secuenceg—on Sotexal—tumna pI atform

' Sequd{deB™Bn 454/ Rombes pllat form "[Samle R13 s the fpgst to bg.canal yzed
by sha ing. It was a norimal fetus and the chromsome val uel was
cl ear ||yldiPbsmh c. [Ho tthere werle sone ijrregularitie ith tq6%8sarrple

and it| W&s°® not i nicl uded 7|n further [analysig. This sanpl & was sequénced on a
di ff erlgng ppRl,gxa [ nstrunentl than the rest df the sanples of this study, and
it was §I@guenced n5?q$83%)resence of| a nunbgr of- sanpl es ©f unknc¥®9or| gi n.

The Jc—content—of—thts—sarmpte—wastower—than—the—GHCbias—ofrthe—human

genom,gﬁqus"é‘at hel resdosof tlhe<sanplles qre dbovels |t |had - 50.09
A 6032684 10.0 15.7 113 115 44.02
Do Easma 6642795 5.3 12.2 9.6 - 43.80
Psz? Ailasma 3851477 103 18.2 142 - 42.51
PD?\} Ailasma 4683777 hﬁ;i’;‘g 13.2 17.0 - 48.27
PDL;\(I) Ailasma 4187561 8.6 20.0 17.1 - 42.65
PD‘I‘\? Ailasma 4315527 <44} 9.7 7.9 ; 44.14
D2 o 5126837 6.3 25.0 26.3 26.4 44.34
PDSlg;lasma 5434222 ] i i 25.8 44.18
Eﬁ;lasma 7470487 ; i i 23.0 42.89
A 6684871 26.4 44.0 39.8 45.1 43.64
P64 Plasma 6701148 <4.4* 14.0 8.9 16.7 44.21

22 of 49



t he | owest nunber of reads, and also the snmallest nunber of reads mapped
successfully to the human genone. This sanple appeared to be outlier in
sequence wagote33i?By for nost chronobsones and the fetal PORASROROSTI060

cal culgtggs fromghronosomey X~was Nt wel T defimed. TFor these reasons| we
suspegt—that—the—rregutarities—are—dve—totechncal—problensrwth—the
sequenéﬂﬂ@EBWHcess.g&u$§ple 1 and Table 2, |each_sanple representg 3

di ff erlemdsnpaiNgnt|, e.g., Pll in the [first rgw. The total nunben of “sequence
tags VoL €P.RYT Was frequently was fn the 10 mITiom range, using the
Solexa«@,&ghg)ggy. The 454 |t echnol ogy used [for P25 and P13 gave a | ower
nunber(gnoéﬁggs. Ve SeideF ved a -non-juni f-orm|di stributli on of sequekcé tags
acrosg gagh chronpsone. Thijs patterin of intra-chrompsomal varijation was
c ommo n—arenRg—aH—sanptes—imetuding—randory—sheared—genrom—ec—DNA;
indicaﬁ?ﬁé}?ﬁ% obsenyedovarli ation was nost |probably|due to sequencigng
artifgdtidd we aoqjied an arlbitrary |sliding |wi ndow of 50kb acrgss each
chr onggua®laing counég% gge nunper of tggs flal 1ing within each m%§g§ML The
wi ndov imas® be var|i ed>R-Si 2e t6oacclunt for| | aMder mumbers of |r (in

whi ch cases a smal'er W ndow, e.g., 10 Kb, gives a nore detailed picture of
a chr ordorpiymeef plaspmis|tee volump apedsfor Sequpgcing dibaiychreatee(ml) | Bregaroupt ndow

(e, A0 oo K B anauhl, 0 Sl G535 FIGBIPRRIT, SR o1
22

om ssions or duplica rea
chr onoshimiswas Seqha@eimd.ibhng Cordirtonfng)he aut osonmal val ues (i.e.
chronpbsones) was used as a nornalization constant to account for the
di fferenees-in total nunber of sequence tags obtained for different

condi st Ao iR LSRR T R At 2 ERA ST B

sequencrsirige despsiceN eglivelasth chrompsonme correlates with the G C content of
t he chronnsonee?%<10 9 ) (Figure 5A, 5B). The standard devi ation of

sequence t%%bdensity for each chronbsome al so correlates with the absol ute
degree 6P HEVICHESIGHIS HitRrBhpderiatentythe Bembemf reads withd Igendive agiureya C

cont ent 0 £ E1QHLS, t The G C content of sequenced tags of al
sarrplesa'n ?E% %ﬁ%ﬁé ELe geﬁ%ﬁ?é) "control) was on average 10% hi gher than

t he val ue of the sequenced human genone (41% (21)(Table 2), suggesting
that t Hérsefficterna nsttarisgw € Gv il zbde for gnaritiiging feinh DNA % evjtiedigitnPGR 6odbse W

p! %t edsa}n?)lelgl(gﬂlre(ra nlo 'S\antlp G5 remhined for gr?é?ysis or there was insufficient sampling).
SSequenced on Solexa/Illumina platform; 'Sequenced on 454/Roche platform

"Sample P13 was the first to be analyzed by shotgun sequencing. It was a normal fetus and
the chromosome value was clearly disomic. However, there were some irregularities with this
sample and it was not included in further analysis. This sample was sequenced on a different

15  Solexa instrument than the rest of the samples of this study, and it was sequenced in the
presence of a number of samples of unknown origin. The G/C content of this sample was
lower than the G/C bias of the human genome, while the rest of the samples are above. It had
the lowest number of reads, and also the smallest number of reads mapped successfully to the
human genome. This sample appeared to be outlier in sequence tag density for most

20  chromosomes and the fetal DNA fraction calculated from chromosomes X was not well
defined. For these reasons we suspect that the irregularities are due to technical problems

with the sequencing process.
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density for each chronosone (ordered by increasing G C content) relative to
the correspondi ng val ue of the genomic DNA control to renove such bi as.

Det ect i orwof20fet3a378 Aneupl oi dy The di stri buti on of chrompsorsS2090588¢gueNnce
tag density |4 r i i : t I of
pregnanci es Ihg%}ﬂl%nlga |g%#yﬂze%%p?£ﬂd§ge? %ﬁgigq@ f%&?&ggﬁg%h?géfptl? Igwg%e)nﬁ%tﬁ gure

I A and rbB) Thdteeal counbeagfeseqiienchtapnuasnaktbidt wasfforquditlly wasiashd 0 alblhioh - 4- 18%

hi gher (average -11% than that_of fhe disomy 2 es. cause, t he
sequencrén&eaasl %H@i]ﬁl%fg%fte@wpms%‘l tiC#n&fogme%éogi’i @H%EE gpe F1o¥eE/ 2) of
that of, @diisPB¥reddsl Pregnancies, where e isthe fraction of total plasnma DNA
originating fromthe fetus, such increase in chronbsone 2 1 coverage in T21
cases corre onstoafetak .féiéactio of -8% - SS%éavea -23%
(TaBle 1, FiYy6PBseEYed ROTsYHER HFtEU RO UTICR Hieh AEOPHTASR GRS OPRe

di stri brfid pAiepd oﬁﬂfr@féﬁﬁﬂl%o%aﬂ-\(aﬁgaﬁ#_g i"\f%l@ cBQ&OQ%WnIg}éHQfamgieﬁ,Oinuain%

pregnanci es. The val ues for al cases lie outside the upper boundary

of t he readvinilgieheraed ganemia DNendndibging thoebsiedyadiganyaPmostpashdly due thel ow

t he boundary. (Figure IB). Lf we used the u r b of the confidence

|t ervapanetidnar R oV epri e TaR: L BBy e Bt T act  on of

fetal [RNAhb@dmewddlcduied dRtReiRE of Ggs PiYtindRl AR aEMNM b w TEE Raitio w\eriee

carrying T18 fetuses (2 cases) and a T13 fet us‘g1 1 case) were also directly
Ic

sedfenceéded overe oasFRE Mrdigehn wakeropisispdseldn MhichcarRoswier wedande- 2.
chromosong, 3R el B pld8a a0 it AASEP SRS EL Y LA fock B reallli Gnfdier e
wer e not engugh positive sanples to neasure a representative di'stribution,
it i s ensouhagirmgnddvate. @l 100kb) tagsall bhuesl gpdsiillideest gioes citbinbesnse f rom t he
di stribution of disony values. The Tl 8 are Iarge outliers and are clearly
st at i stdetedions, ospigiensi dHpliqageny The ymedign qoant pes SBkby windopcter eaghgni f i cance of
t he si i i : t %f i o]
cal cul ;b? Eﬁ“‘gﬁﬁ t gse%estgﬁ%p@g%%ﬁ? g%e%ﬁ%rgg%rgglo‘ﬁa%u as 'd’e%%?# @gsag@%@ag Figure
2, 1Pablwed s a katmalizBMA donstant tonc¢qunMatr ehendiffeRnessma taggl mynletr gf tegued@qman PCR

for a single.logcus chronoso 1, we estimated the average cell-free DNA
concentPETTHITTHOF AL se GERBE rstbiRaroRose e a8 Bl B Supefe aiaf

equi val gt doikis@ht BB LhdMEincRibitLech®mi€ BINA ESHYRINBEWeTh sRfudsdBhg (Tabl e
1), in rough accordance to previously reported values (13). The c_ghort

i ncl udeigndity efedach pliremeseroe egrrglges with the G/C content of the chromosome (p<10™)

(Figure 5A, 5B). The standard deviation of sequence tag density for each chromosome also
20  correlates with the absolute degree of deviation in chromosomal G/C content from the
genome-wide G/C content (p<10™?) (Figure 5A, 5C). The G/C content of sequenced tags of
all samples (including the genomic DNA control) was on average 10% higher than the value
of the sequenced human genome (41%) (21)(Table 2), suggesting that there is a strong G/C
bias stemming from the sequencing process. We plotted in Figure 1A the sequence tag
25  density for each chromosome (ordered by increasing G/C content) relative to the

corresponding value of the genomic DNA control to remove such bias.

Detection of Fetal Aneuploidy

The distribution of chromosome 21 sequence tag density for all 9 T21 pregnancies is
clearly separated from that of pregnancies bearing disomy 21 fetuses (p<10'5), Student’s t-
30 test) (Figure 1A and 1B). The coverage of chromosome 21 for T21 cases is about ~4-18%
higher (average ~11%) than that of the disomy 21 cases. Because the sequence tag density of

chromosome 21 for T21 cases should be (1+¢€/2) of that of disomy 21 pregnancies, where € is
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adult male plasma DNA, we estinmated fetal DNA percentage to be on average ~

199 r a8 - weae dlaoglireisly sspvenged. Oysrsepiassaiagen wrasbiered fapgvemommele 2) .

Becaus r . L he
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8- 409 or a ep nanci e Tabl'e 2, above, Figure 2

fetlal DhAsipeleddtcageis estrgimalt (e005 b ieth DO Socis wassh odldubrtedtiom thel e
regnancy sanple correlated w,th .ea ot her = 1 Fi re 7). W
D o St e ShbRoRoEe at Gestibat thobt Dientd Zorabel 1+ ot he

chronmosone i n aneupl oi d pregnanci es, and
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on e P SOREER RO T BT B e hale A4
average cell-free DNA concentration in the sequenced maternal plasma samples to be ~360

20  cell equivalent/ml of plasma (range: 57 to 761 cell equivalent/ml plasma) (Table 1), in rough
accordance to previously reported values (13). The cohort included 12 male pregnancies (6
normal cases, 4 T21 cases, 1 T18 case and 1 T13 case) and 6 female pregnancies (5 T21 cases
and 1 T18 case). DYS14, a multi-copy locus on chromosome Y, was detectable in maternal
plasma by real-time PCR in all these pregnancies but not in any of the female pregnancies

25  (data not shown). The fraction of fetal DNA in maternal cell-free plasma DNA is usually
determined by comparing the amount of fetal specific locus (such as the SRY locus on
chromosome Y in male pregnancies) to that of a locus on any autosome that is common to
both the mother and the fetus using quantitative real-time PCR (13, 22, 23). We applied a
similar duplex assay on a digital PCR platform (see Methods) to compare the counts of the

30  SRY locus and a locus on chromosome 1 in male pregnancies. SRY locus was not detectable

in any plasma DNA samples from female pregnancies. We found with digital PCR that for
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age. The average fetal DNA fraction for each sample correlates with gestational age

20  (p=0.0051), a trend that is also previously reported (13).

Size Distribution of Cell-Free Plasma DNA

We analyzed the sequencing libraries with a commercial lab-on-a-chip capillary
electrophoresis system. There is a striking consistency in the peak fragment size, as well as
the distribution around the peak, for all plasma DNA samples, including those from pregnant

25  women and male donor. The peak fragment size was on average 261bp (range: 256-264bp).
Subtracting the total length of the Solexa adaptors (92bp) from 260bp gives 169bp as the
actual peak fragment size. This size corresponds to the length of DNA wrapped in a
chromatosome, which is a nucleosome bound to a H1 histone (24). Because the library
preparation includes an 18-cycle PCR, there are concerns that the distribution might be

30  biased. To verify that the size distribution observed in the electropherograms is not an artifact
of PCR, we also sequenced cell-free plasma DNA from a pregnant woman carrying a male

fetus using the 454 platform. The sample preparation for this system uses emulsion PCR,
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20  permits one to measure the distribution in length enrichments across many individual patients

rather than measuring the average length enrichment of pooled patient samples.

Cell-Free Plasma DNA Shares Features of Nucleosomal DNA

Since our observations of the size distribution of cell-free plasma DNA suggested that

plasma DNA is mainly apoptotic of origin, we investigated whether features of nucleosomal

25  DNA and positioning are found in plasma DNA. One such feature is nucleosome positioning
around transcription start sites. Experimental data from yeast and human have suggested that
nucleosomes are depleted in promoters upstream of transcription start sites and nucleosomes
are well-positioned near transcription start sites (27-30). We applied a Sbp window spanning
+/- 1000bp of transcription start sites of all RefSeq genes and counted the number of tags

30  mapping to the sense and antisense strands within each window. A peak in the sense strand
represents the beginning of a nucleosome while a peak in the antisense strand represents the

end. After smoothing, we saw that for most plasma DNA samples, at least 3 well-positioned
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may be on the order of 10kb-30kb in length, for example. One then calculates the relationship

20  between sequence coverage and G/C content of each window by determining a number of
reads per a given window and a G/C content of that window. The G/C content of each
window is known from the human genome reference sequence. Certain windows will be
ignored, i.e., with no reads or no G/C content. One then assigns a weight to the number of
reads per a given window (i.e., the number of sequence tags assigned to that window) based

25  on G/C content, where the weight has a relationship to G/C content such that increasing
numbers of reads with increasing G/C content results in decreasing weight per increasing G/C

content.

EXAMPLES

The examples below describe the direct sequencing of cell-free DNA from plasma of
30  pregnant women with high throughput shotgun sequencing technology, obtaining on average
5 million sequence tags per patient sample. The sequences obtained were mapped to specific

chromosomal locations. This enabled us to measure the over- and under-representation of
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from 10 to 35 weeks (Table 1). Blood sample from a male donor was obtained from the

Stanford Blood Center.

20 EXAMPLE 2: Sample Processing and DNA Quantification

7 to 15ml of peripheral blood drawn from each subject and donor was collected in

EDTA tubes. Blood was centrifuged at 1600g for 10 minutes. Plasma was transferred to
microcentrifuge tubes and centrifuged at 16000g for 10 minutes to remove residual cells. The
two centrifugation steps were performed within 24 hours after blood collection. Cell-free

25  plasma was stored at -80C until further processing and was frozen and thawed only once
before DNA extraction. DNA was extracted from cell-free plasma using QIAamp DNA
Micro Kit (Qiagen) or NucleoSpin Plasma Kit (Macherey-Nagel) according to
manufacturers’ instructions. Genomic DNA was extracted from 200ul whole blood of the
donors using QIAamp DNA Blood Mini Kit (Qiagen). Microfluidic digital PCR (Fluidigm)

30  was used to quantify the amount of total and fetal DNA using Tagman assays targeting at the
EIF2C1 locus on chromosome 1 (Forward: 5° GTTCGGCTTTCACCAGTCT 3’ (SEQ ID
NO: 1) ; Reverse: 5° CTCCATAGCTCTCCCCACTC 3’ (SEQ ID NO: 2); Probe: 5 HEX-
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| G Genone Anal yzer according to manufacturer's instructions.Cell-free

pl dsSma EXNAMPIOE3aSpqegwearg worman carrying a normal nale fetus was al so

sequenced on the 454/ Rocheé)ﬁl atform Fragnents of DNA extracted from 5. 6mn
of cel | - free) Htalstd O celuieg plasma N A-samples. igelupine)l Sigare prrsgantvorm&ediidenci ng

|1 brary, peanarakibtng dH6: SRALSRFlEBNA BIARK AR RERRASRELARE Al e ©

manuf acturer's protocol, "except
donor, were sequenced on the Solexa/Illumina platform. ~1 to 8ng of DNA fragments

extracted from 1.3 to 5.6ml cell-free plasma was used for sequencing library preparation
20  (Table 1). Library preparation was carried out according to manufacturer’s protocol with
slight modifications. Because cell-free plasma DNA was fragmented in nature, no further

fragmentation by nebulization or sonication was done on plasma DNA samples.

Genomic DNA from male donor’s whole blood was sonicated (Misonix XL-2020) (24

cycles of 30s sonication and 90s pause), yielding fragments with size between 50 and 400bp,

25  with a peak at 150bp. ~2ng of the sonicated genomic DNA was used for library preparation.
Briefly, DNA samples were blunt ended and ligated to universal adaptors. The amount of
adaptors used for ligation was 500 times less than written on the manufacturer’s protocol. 18
cycles of PCR were performed to enrich for fragments with adaptors using primers
complementary to the adaptors. The size distributions of the sequencing libraries were

30  analyzed with DNA 1000 Kit on the 2100 Bioanalyzer (Agilent) and quantified with
microfluidic digital PCR (Fluidigm). The libraries were then sequenced using the Solexa 1G

Genome Analyzer according to manufacturer’s instructions.
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nebul i zati on was perfornmed on the sanple and quantification was done with
mcrofluidic digital PCR instead of capillary electrophoresis. The library
was t hen wequevisaifson t he 454 Genome Sequencer FLX Syst ecrase@wodsngét o

manuf act ur eréal_frggé)%gg% bﬁ)% frofd fﬁg%@ Woﬁ‘gﬁl?r:gﬁg%% a?@hﬁéﬂn%l@?&ﬁpwigglso

|ibraries were pre m ce ree plas tal ne rom pr egnant
wonen akquehcedbdethddiidR ochbe plaxfarh i Bragnmgntp pEPaileektfacteothson b Gatled celhfilee bl ood

genonmi ¢ DNA fromthe le d was al sp_exam ned. For libraries_ prepared
from caldsna (gguippiant ta{lﬁ'%w?@i\i%‘v%ua ﬁoéé%qu%“ilﬁ%)hF’faéﬁf@@Pa@B%@;%}&bp). The

act ual Jeakciodbrl, wANSdPARAMRAL S oo PAASIRAVA hotocdBBRRpf Bht &5 rermoval of
Sol exa uni ver Ssal adaptor (92bp)). ‘?hl S corresponds to the size of a

c hr dnmatrebulng tioEXANPEEon edDart the fmaply shd 8t igatmonSeaudme ovidnalysilgdi8ol exa
sequencj.n duced,. 36 tQq, 50 reads.. T Jrst 25 of each read S
rmnped To PERHSER EsnbeToaRr TR R ingt B Py P ARG PR R A Exa dat a
anal ysiGendhReddqiénce REXIBatdsn ddeatdiNeioanatiifstiaaty s iBpR&tbnko t he human genone
having at nost 1 msmatch were retained for analysis. To conpare the

coverage of the different QNDSONES. sl iding window.of 50kb was applied
ot ose each TTERbE RSP R A E s b st AR PGRE e e

M cr osgfl@ntd DR, obddlfled REMNISHEEN 0T wEREH BAE € Madd8orfor! $J16G IWridyiplepR@ah W ndow
was counted and the nedi an val ue was chosen to be the representative of the

chrl@nodsrre sompeated wholehdoadageapmisuRéy from themglerfionor wasalfoexaayped. §$8hpl e was

differ - o) i X | of each
chr omanrsicc SRR AR ToN Sree SN QMR /RS, IR REEUE RS IR0 2RI, rong
aut osorE®. aclabperiirsivel df ZE0A Falghhestswe pRising @IN A o ~ a8ibp diftes oemavab g Ssierpl es i n
subsequent analysis, W estimted fetal DNA fraction from chronosone 2 1
for T2MnEvwesws adaptrdRelgind hisgeorieapAnts tathe sve OF a CATOGIASAOME- 13 from T13 case,
and chronosones X and Y for mal e pregnancies. For chronosone 21, 18, and 13,

fetal IMMAMEREKEdoDatmanalsismated as 2*(x-1), where x was the ratio of the
ovglrs- represent ed chroonpbsone sequence tag density of each trisony case to
the-ne Y 4 ence tag density of the all disony cases. For
chronosone éoléﬁts@ﬂu%g R84 BER S6hpadtadk; The Hdst 231’2}%feeaéh Wag Qe ratio of
chronmosone X sequence t densityof each male pregnancy to the median
chr onosoapeX ts thghenee ceagme buisd 3¢/ (hefl 8 plidind ERAND from the Solexa data analysis
pipeline. The reads that were uniquely mapped to the human genome having at most 1
mismatch were retained for analysis. To compare the coverage of the different chromosomes,
20  asliding window of 50kb was applied across each chromosome, except in regions of
assembly gaps and microsatellites, and the number of sequence tags falling within each
window was counted and the median value was chosen to be the representative of the
chromosome. Because the total number of sequence tags for each sample was different, for
each sample, we normalized the sequence tag density of each chromosome (except
25  chromosome Y) to the median sequence tag density among autosomes. The normalized
values were used for comparison among samples in subsequent analysis. We estimated fetal
DNA fraction from chromosome 21 for T21 cases, chromosome 18 from T18 cases,
chromosome 13 from T13 case, and chromosomes X and Y for male pregnancies. For
chromosome 21,18, and 13, fetal DNA fraction was estimated as 2*(x-1), where x was the
30  ratio of the over-represented chromosome sequence tag density of each trisomy case to the

median chromosome sequence tag density of the all disomy cases. For chromosome X, fetal

DNA was estimated as 2*(1-x), where x was the ratio of chromosome X sequence tag density
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pregnanci es. For chronosone Y, fetal DNA fraction was estimted as the
rati o of chronosone Y sequence tag density of each nale pregnancy to that
of nmal e dwoapiopi3azea DNA. Because a smal |l nunber of chr ecoasawINsHeguences

were deotf%ﬁ&ﬁﬁilafe{brré%?scr | th%@ﬂf%@ﬂﬁ'cﬁﬁ)md’é’S QR YeqGORS!¢ %&ﬁgltg%ﬁﬂ?% tags

falling wt regions on c F ONDSONE btracte t he
medi an mregmaecieofFot algemororhe iYafealgp4risaedpe svab eaimaéd asthoapdtesef t hi s anount ed

to a correction of a few ercent dth of 99% confi ence i pterval s was
cal cul £#EYngsgme aﬁ?ﬁe%eg%tﬁ §el¥lt5@é§%§1rrevfs§r%§a%@ysw t cedqgor gﬂlﬁlﬁé number

of di sqh¥A2BdcRELYNARE h8Sberl ofl BrddtRohieSY &ldushdeS vkoE H&@&&{‘ﬁ’l‘ Bfhafe0 2=0. 005
with degree of freedomequals NI, and s is the standard deviation. A

conbi dgmegnaneits meadnlgroegican equincata fallingwitin valsoelswd ragioghon s | i kely to

L o B PSR R S raEet A PR RisRher s Mes SR R Psah RS (RED B, vt eri o

J . Eashepleandiskahsunkdd tVa@alrkctfonSral fedtjet@nfIThE 88t ofl99h) cohidedreest i gat e
the distribution of sequence tags around transcription start sites, a

sl i di ngnWWéﬁoWSd?ﬂCE‘ﬂ)’f’ée@@é all gisioms If pregnancienmb i stvaY, whemoB ps e numkaselt i pt i on
Y. Th
nunber Diileg] et PRy a0 e e N B R R B RO i

eadb V\/qud@lWNAla,Sandleﬂfed;tanW\dl d&glaawﬁ ragenfidenbe mtem s1dvesah eddmekal aangeiont s was
used to snooth the_ dat al yses were done with Matl ab. W sel ected
the sediibiseevhighyi 1ilﬁ%>t t%aﬁs%arumlala@ww@aﬂ%mamwr JeneTmagd #ngs nost 1

m Smat G {0 AYRE PG o> U%d det BAdanf é’gé d&Qa(béﬁhﬁloﬁTﬁlﬁzp‘Ho?ﬁ Va%te'Joﬁ?sQ reads

across each chromsone was exam n Because t stribution of sequence
t ags acnddshreHcNcClhtlsrivaones Gassarpniuni f orm (possi bly technical artifacts),
we divided the I ength of each chronosone into non- overlapping sliding

Wi ndow W th g, fil, X&d el & &{bﬂu&ﬁ‘bissegﬁéﬂc'e‘% s%o&'&%aé%ﬂgmoﬂ Va‘ ndow was

used), skipping regions o genonme a gaps an gi ons W|t known
m dbo sditlplglwindow ep by was Ippdiedifinh- IO00bh® -wi0dbmof Sarshioptich dbet $1airsg>é aknough

such t there are a sufficient nu ence tags in each w ndow,
ond shogiTaebErEndl £l SRS mOSEE e R BT al S AL SREHEMBIRZ 0T w ndovs
to formagpdisd fHeQb'ﬁs'e%ﬂd afidelsd RRhEATHAG RBRIWERWIGadeRhd( McRing dvBFdg8asSi Ng
total nunber of sequence tags), the w ndow

with a window of 10 data points was used to smooth the data. All analyses were done with

Matlab.

20 We selected the sequence tags that mapped uniquely to the human genome with at
most 1 mismatch (on average ~5 million) for analysis. The distribution of reads across each
chromosome was examined. Because the distribution of sequence tags across each
chromosome was non-uniform (possibly technical artifacts), we divided the length of each
chromosome into non-overlapping sliding window with a fixed width (in this particular

25  analysis, a SOkbp window was used), skipping regions of genome assembly gaps and regions
with known microsatellite repeats. The width of the window is should be large enough such
that there are a sufficient number of sequence tags in each window, and should be small
enough such that there are sufficient number of windows to form a distribution. With
increasing sequencing depth (i.e., increasing total number of sequence tags), the window

30  width can be reduced. The number of sequence tags in each window was counted. The
distribution of the number of sequence tags per 50kb for each chromosome was examined.

The median value of the number of sequence tags per S0kb (or ‘sequence tag density’) for
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wi dt h can be reduced. The nunber of sequence tags in each w ndow was
counted. The distribution of the nunber of sequence tags per 50kb for each
chr onosoreOowan)/B3x®i ned. The nedi an val ue of the nunber Pofi/GsegasTIgs t ags

per 5S0kh f %roﬁé?@??%?cﬁcﬁgn AEOREL & shpfi QL&A BerC Q@Q%e NS oGdjosen in or der

to suppress t ects of any under-"or overrepr nted regions within the
chr onosopresenBeloagioes titkint the ahromontiee. Rdcaseghencd nuadsr oflxdequened tfeor each
sanple was djfferent, in or to.conpare anong sanples, we normalized each
chr ormsoc?utﬁéﬁledls%a %ﬁé@@k@%ﬁéﬂﬁ?@t VhPIIE! OS08uBte TR T X§ HBQHH%E}W@é medi an
Sequencacit AthoRBESthike QBRI 3! dendHt Rodph embﬁl%gorﬁélw%gswﬁéaian For the

454/ Roche data, reads were alignéed to the hunman genone build 36 (hgl8, see

hypér tsesuence tagsieesityprmaengcal autésonsy (grememehumsesosws). cgi - bi n/ hgGat eway)
usi ng the 454 Reference Mapper. Reads having accuracy of greater than or

equal to 90%Rmt HOYRE@ERlalal redds wEfeaa@i%h&f‘to%e hE&RGh ga%ﬁ_d)uifara%%gr g,kban or
I To study e

equal to 90% were retained for analysis. size distribution of

t ot al angerf texatranBigApratoes] thitr) @enarfie.nest gidwedi-biedgEafealay) ngnguheHiSA each | Cop

wi ndow bet wee Ob 0 330bp was counted, The nunber reads fallj.ng

w ¢ i n RFETOMAPaR. At AaBe -8 Riefie i, 3008 e SR Gur et o o0
bp, 60-f7Ltibi of dd BhppEd) geéer thatPort Qualkd YWD Ere ISQinkP fovdhaBRisi Fo afu@y i t he
maxi mum read | ength obtai ned. EXAMPLE 5. Genone Data Retrieval |nfornmation

r eddr disifg dtabeem drietal ansifatal BN Apfthe renbesaf pithiged sagy falléng withigreagiet Mg

genes, . i LG i re . | fromthe
Jesc carBaEh P h OO it B o BNEL T rRBR P b e EEra e S BER Bl o1 Gy
sequencgzetragges aayrctidiad) $.e1, rqads onbavaed 5660 bp, AOTBS)p, T0-RebSew..gpnes wer e
anal yzed (data not shown). The plots were simlar to Figure 4. Each pl ot

r epr eseRPBP NS Uhps thighut prsng gre BREMUP) isatee Bl ORRINgbNA sanpl e. Data are
obtained fromthree different sequencing runs (P, P6, P52, P53, P26, P40,
P42 werEEXAMPRIEK Se GenometDwn Reteibealgenom ¢ DNA, nmal e pl asma DNA, P2, P7,
P14, P19, P31 were sequenced together; P17, P20, P23, P57, P59, P64 were
seddenced t dgkrmetion regpidingdofnepirit.dacasfonod tigheesipgon plartsitey dfdtaedbedy C bi as
as observed.frominter-..and intra-chr soma| r.iatd on.. Thei

G str st oA bhh S ML A F R RED FR AT hE e UBSE Gonomss
Such trmodsérs not as prom nent as

EXAMPLE 6 Nucleosome Enrichment

The distribution of sequence tags around transcription start sites (TSS) of RefSeq

20  genes were analyzed (data not shown). The plots were similar to Figure 4. Each plot
represented the distribution for each plasma DNA or gDNA sample. Data are obtained from
three different sequencing runs (P1, P6, P52, P53, P26, P40, P42 were sequenced together;
male genomic DNA, male plasma DNA, P2, P7, P14, P19, P31 were sequenced together;
P17, P20, P23, P57, P59, P64 were sequenced together). The second batch of samples suffers

25  greater G/C bias as observed from inter- and intra-chromosomal variation. Their distributions
around TSS have similar trends with more tags at the TSS. Such trend is not as prominent as
in the distributions of samples sequenced in other runs. Nonetheless, at least 3 well-
positioned nucleosomes were detectable downstream of transcription start sites for most
plasma DNA samples, suggesting that cell-free plasma DNA shares features of nucleosomal

30  DNA, a piece of evidence that this DNA is of apoptotic origin.
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in the distributions of sanples sequenced in other runs. Nonethel ess, at
| east 3 wel |l positioned nucl eosones were detectabl e downstream of
transcri pwbammm sites for nost plasnma DNA sanpl es, ®Oggsstng7iBhat

Il -free : . .
g\en den::e t th thi @J&ﬂz&nﬁ{f@ lapopt 0 |@%ﬁ%ﬁ%ﬂ@%m&%gﬁ?§ﬁaﬁa fetal

; g 3 pAasays of mal e pregnanC| es: i . Wth Digital PCR
Taqman Assays e a on of s nol ecul DNA
sanple is d.%t@g@@ﬁwﬁ fﬁsﬁt@ao mpefeeéﬂ%ﬁwmgﬂweﬁn& hat on

aver ageyiliNBhed hol Gt gﬁad%ngpaﬁﬁﬁﬁts%hcm B v ERALE TERLs thah §RBPRLE Ment

di splaying fluorescence at the end of a PCR represents the presence of at
| east dPNADNAcombaoudre. ALempyrtient displatinONidorefeicRCH ti«Cndorfodie 1) Assay

for Fetal DNA: . SRY 0 e count of positive conmpartnents from
the m JPRFIRHRE PLRS ?ﬁ%@ﬂ%@@i@ﬁﬂassay is converted to the nost
probabl e count according to the nethod described in the supporting

i nformati on Afsay fre Toodl TOWANGIH2€T 6 Cbropeosoerlien L, Bryder D, Wei ssman | L,
Quake SR (2006) Transcription factor profiling in individual hematopoietic

progenitors Apgga Fead DRIARRY (EhRmd¥eheAcad Sci, 103: 17807-12. Fetal DNA
Fraction e = ( Y count) / (EI |22C1 count / 2) ii. Wth Sequence Tags From

Chr X: Let f DNA fraction be e e |es
Gonai ty (1 ot b o ShpeSis fImbsfent bSelhg MASHLEE: ERIHERRE s cnr
Squencﬁsatéﬁlgc&%ﬁb& ¥o the et p@B%lQ@@ﬁ{t@&&dln?%{h'e §thdd é’es@nbedanlﬂ‘?é X be the

rati o of r X sequence tag density of nmale to female pregnancies. In this
st udy, supeortiesovpimzation obthetfhllewingtrefsrdnse:t Wheen LoBhyeler ReWretdiman IbcQuakdce t ag
x) From

ey 1 LoD R e B ISR B tang e ARt R or bl

pl asma/BRPERN Peoc Nat Acad Sci, 103: 17807-12.

Fetal DNA Fraction € = (SRY count) / (EIF2C1 count / 2)

15  ii. With Sequence Tags

From ChrX:

Let fetal DNA fraction be ¢

Maternal Contribution | Male Fetus Contribution | Female Fetus Contribution
ChrX 2(1-¢) € 2e

Male pregnancies ChrX sequence tag density (fetal and maternal) =2(1-g) +e=2-¢

20 Female pregnancies ChrX sequence tag density (fetal and maternal) =2(1-¢g) +2 ¢ =

Let x be the ratio of ChrX sequence tag density of male to female pregnancies. In this
study, the denominator of this ratio is taken to be the median sequence tag density of all

female pregnancies.

25 Thus, fetal DNA fraction € = 2(1-x)
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tag density of ChrY in male plasnma) Note that in these derivations, we
assune that the total nunber of sequence tags obtained is the sane for all
sanpl es. WO 20838379, the total nunber of sequence tags @braiSe@d/osuBe
differgnt S3m.e is different, and we have taken into account such
differences Tn our estimation of fetal DNA fraction by nornmalizing the
sequence t agFeie MN A Yraofioreaehschemrnsoaesitg of @arytnarf plaheasefesaal
sequence tag. densities for each sanple. Calculating fetal DNA fraction in
mat er ndfe BraEal G aHEBBlCRIY¥ ™M@ ri sony) pregnancies: Let fetal DNA fraction
be e Trisom c pregnancies trisom c chronosone sequence counts (fetal and
mat er nal ) = Ntk thae)n the@edeFivationsewbias@eCh iR vadl eiudHei 6f eqilEnce ¢dgs oNDSoNe
sequence counts (fetal and naterna + 2 e =2 Let x be the ratio

= 2(1- e) )
of ©ri sq?ﬁ%l%edclﬁ thsrgEsrier Yetimtiee Iwaix% thedptab iyl 08 seRIgNefctAST 28f3ined
trisom : of th| S
a0 G B R A R, o
preg narushmstloﬁl' biUfstal DA kraDid by motiabring the R(werlcy tagkdAMBL & &ch Cor recti on of
sequenc ag density bi.as glsul ting from G C or ALT content anong different
chr omos H‘Eg TR0 F aHrH eé}%t&ﬁ%fﬁ%l SHGRSC LeEMHENOR LT SOl t
i ndi cati ng sequences mappl ng to d| fferent chrom)somes and perm tt| ng the
det er nmi‘peulansdetal DNA Haetiongn nagterna cHrABERY Qe EISOMY) BEGOBANCIGSher eof |

Thalb is, thiet?e%’l'ﬁﬁA%‘?acﬁQQ%@s' n Fi gure IA may be corrected to elimnate
the "variations in Sequence tag density shown for chronosones higher in GC

cont entl; shown towar ds tne nnglta or jrhe i TS ST %gmtlaTF&al ues
results from sequencing hias in rreth wher e |a hunber of
reads tend to be aobtaine née Iétl?']“llonThe r(g)élﬁatl loﬂf t he

met hod dﬁisbﬂnicsCBmampdnaeare shov@(ug) F| gure 10. Bé¢égure 10 is zn ovenl aywhich

shows the Tesutts froma nunber of different sanptes, as indicated in the

| egend. The Teguanpregnangicdénsiniy chrpmessme seqicgee dovatsd ferd and menterorlal i zed to
those of a male genomic DNA control, since the density values are not

al ways 1 for_gile)the chromosones (even after GC correction) but are

consi stent anong a sanple. For exanple, after GC correction, values

Disomic pregnancies trisomic chromosome sequence counts (fetal and maternal)
=2(1-e)+2¢e=2

15 Let x be the ratio of trisomic chromosome sequence counts (or sequence tag density)
of trisomic to disomic pregnancies. In this study, the denominator of this ratio is taken to be

the median sequence tag density of all disomic pregnancies.
Thus, fetal DNA fraction € = 2(x-1).

EXAMPLE 8: Correction of sequence tag density bias resulting from G/C or A/T
20  content among different chromosomes in a sample

This example shows a refinement of results indicating sequences mapping to different
chromosomes and permitting the determination of the count of different chromosomes or
regions thereof. That is, the results as shown in Figure 1A may be corrected to eliminate the
variations in sequence tag density shown for chromosomes higher in G/C content, shown

25  towards the right of the Figure. This spread of values results from sequencing bias in the
method used, where a greater number of reads tend to be obtained depending on G/C content.

The results of the method of this example are shown in Figure 10. Figure 10 is an overlay
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fromall sanples for chrl9 cluster around 0.8 (not shown). Adjusting the
data to a nom nal value of 1 can be done by plotting the value relative to
t he mal e WONA0oBs37801 . This nakes the val ues for all chromasermessTBaSt er
around JyiQuilor e FRGATRSAME SARNERGRTFAR ARRSL bl GRIGHA REhSREDAThe
significantly above a nedi an sequence tag si'ty; disomc chronbsones are
cl ust erseqlualbatntg dansitynenluagrin Figy ladndnkf) werd @anshilized &b thesodf aaﬂnaletgeﬂlomihs can be

seen t the results from hrom)so 19 (far,right, est in. GdC
cont ent N fooPtral sinpt te depsity valuss 49 %&t%%yaé {%@h h&.@mﬂl%gogge iweeraftali somi ¢
chro ms(@@%@rre(;[ﬁ‘ﬁ) ¥@'dratd RGP %1\%? s&rﬁﬁl@ npc?r%%pl@' 5ﬂﬂer'(§@’c§1‘i‘&u‘8h gvrhhgs
content are elimnated fromthe data to be exam ned. Sanples (such as P13

in Hhe fmsﬁﬁamgltwﬂy)chm adistageudundiby (leeowéeﬁdmmamg)ihg@ausby nontied pr et ed
t.h t f. Al t th t
ot hod HLFio! oA GE oGPy BISTH' B ¢ Wbk e 4t BrieAPN SRAAT i dghP: °Fr om

dlfferaﬁévaa@ma@maﬁoﬁﬁtsmékscluﬁ@[rar@mnpl e, it has been reported by others
that the Solexa method results in a higher nunber of reads from sequences

wh the @ t hi t bi
e e e £ O hme Rt Mlusik ol e tsen T Rt ARM AP RECS A as
Res. 36hddidn sequélee t80denty; QB @hfoﬁi@@élﬁés ar€RRIsREQCAbUr £1i8¢ rinhen gl @sent

exanple follows the foll ow ng steps: . Calculate G C content of the hunman

gen8ne.a @E@U}/%ﬂ%oﬁ FHeud @a:wﬂ@rﬁ?erbﬁle@v@wem ronbehrepesrap py (gr Wekdow of
eaCh ¢ SR ontdd fb‘f%? ”&'ES% 4&;9@ vAE B eﬁ %‘%‘ﬂ%&%?ﬁ&gﬁ?@@e&c“ pt of

none br OWs sourc ree, cont al ns rent

ut| | t }chporogroales., Tl&\lxailnlaﬁbrhﬂ)dt\%dnharcﬂﬂ@dolr&s N\ﬁﬂﬂbw| andéigeG/Tbententtaput file
contains the coordinate of each 20kb bin and the_ corresponding G C content.

It was FigRYed Ham the fafp G bheriped Sapeligdsurdre Pé%ﬂlaihﬁ@aesr%mg%%) &héshy anges
(about c%ﬁfd7rg)&ameﬁ%5¥mf)§w?ﬁs@fgﬁe ﬁ@&@ow agaog%é @hed )@% J@Iﬁilm@t ent

percentages, Wwth essenti y hone t 30% ata not shown).
Bedaus e)pphstemftA!&"lcohEngtlte oEseat sethed vaBd oA for agimBiither 6/@biaslondifi b{ase onl y

sequenced th f|r p of ane end of _a piece cell),
ond P PR povaf et iR ReBendRE mEMo0R e SWBRE R budenatraieyiTieg ¢ o
sequencthmhé)saéxa ﬁ‘l@th%ﬂ Bédultda MicREAWnHer KNRWEs HYRBBERBAW FerPR Gfguence is
chosen for determining G C content of different rea?:l W chose a 20kb

wi ndow ootenbiskhight Sehdahen eft 4l o nSuHisgnb el ieses inuwtbrershort rfraéaia@ wsdr@Cheghnt ent .
The w r{ﬁlroug Sl ﬂi?A rggcfurf]:ncsl%,l”ll\?urc. Keids Res:!'ggaé),relég ;bdoi:tiH.t 1083/nar/ gkn425. The

20  procedure of the present example follows the following steps:

a. Calculate G/C content of the human genome. Calculate the G/C content of

every 20kb non-overlapping window of each chromosome of the human genome (HG18)
using the hgG/CPercent script of the UCSC Genome Browser’s “kent source tree,” which
contains different utility programs, available to the public under license. The output file

25  contains the coordinate of each 20kb bin and the corresponding G/C content. It was found
that a large number of reads were obtained higher G/C ranges (about 55-70%) and very few
reads were obtained at lower G/C content percentages, with essentially none below about
30% G/C (data not shown). Because the actual length of a sequenced DNA fragment is not
known (we only sequenced the first 25bp of one end of a piece of DNA on the flow cell), and

30 it’s the G/C content of the entire piece of DNA that contributed to sequencing bias, an
arbitrary window of known human genomic DNA sequence is chosen for determining G/C

content of different reads. We chose a 20kb window to look at the relationship between
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size of 20kb nmakes conputation easier. b. Calculate the relationship

bet ween sequence coverage and G C content . Assign weight to each read
accor di ngvoao@33rent ent . For each sanpl e, the nunber ofPCrasdoogas7i20@kb bin
is cou LS i C T ver age
namber s Sead IRRICRONERR It Sl L bR A0k B B e e
no r eadsze dii2Okb wakes cent{Hod qaeiecent, and bins wi th over-abundant reads.
The reciprocal of the average nunber of reads for a particular G C percent
relative toyhe ghohale iRdlARAUIPELWRE: RS otahEHLA G Bsuddle Wei ght.
Each read is the dependl ng on tf percent of the
20kb wi Adow weiglitab lesch rebdaccording V@41 cqgadtne. Kdreach simpldube mumicdr of esds acr oss
each auto and chro ome X. In this step, .th unmber reads, both
vl GHEB AOHRE Do GHH<ga 1o RBEIP ot o9 B CHBRB I hdoRes oS cor ded.

For coupihidegof ¥ad AR Ae PR Qvé’vz ROEWd/Q BhEST, ién‘%riﬁglbﬁis Rvith AERAG)aRIse nunber
of reads per w ndow and reasonabl e nunber of w ndows per chronosone to | ook

at t he witlszarp BU€Ciperesnt, Wihbioswathzerraljunidentgeddsc Tealregipsew! ohthe heemgmber of
reads obtained in iven ex i_ment nd vary, over a w de range. For
excanp durdiskoba B pEEREEETC S BT Eo e ERALS i BREbEr PERS: ea " A
graph shpwaid 4shee fvesut. FacPfeaghs theRbssibheld s v&éiglvﬂlie%éhdlﬁigw e L/C paldeaih
illustrates the weight distribution of this step (c) fromsanple P7, where
t hd OweiQjlie H3biwindew tigfalls ff@rent G/ C contents i s shown; Reads with higher
G C content are overly represented than average and thus are given | ess

wei ght. d. ldvestngatieatt e disibhiidiié readsqlerdseasth Ads0E® adlionfabeubat e t he
nunber of chrY reads 1 n transcribed regions after appl zi ng wei ght to reads
on chr Y tigp sighobe rember of readsghdl upweighicd wad weighirda inseachmopverpingand has
many r F ] i part to
chr oros g v et R, R ERNTRs ELRRES R Aoy, i B oBAIE PO iy
reads irpasbnaris aninbacfrregispaswalidoerandppdsphatde wanbditof twind @ediser ehronisdymes used
to calcul ate percentage of fetal DNA in the npl e. EXAMPLE 9: Conpari ng

di flPer dRtOPatt lstééﬁﬁ%s?’va%q?% sigg aiavé)ﬁsela?teiﬁ%ﬂegi@agh@( 1?‘“%‘?%@? &) This
exanpl %b%&}%n%@&éheéx Eﬁﬁﬂeﬂt‘?ﬁﬁ%ﬂ&a@va{y‘%ﬁr\éf i %zid?esraf?gé. %P@;@an&b‘i&,%l@-ﬂﬁ)l@r evi ous
exanples. In this casg, mul tiple patient sanples are analyzed in a single
pr ocesgnayhagured. K@own microsatellite regions are ignored. A graph showing the results of chrl

of P7 is shown in Figure 11, which illustrates the weight distribution of this step (c) from
sample P7, where the weight assigned to different G/C contents is shown; Reads with higher

20  G/C content are overly represented than average and thus are given less weight.

d. Investigate the distribution of reads across chrY. Calculate the number of chrY

reads in transcribed regions after applying weight to reads on chrY. Chromosome Y is treated
individually because it is short and has many repeats. Even female genome sequence data
will map in some part to chromosome Y, due to sequencing and alignment errors. The

25  number of chrY reads in transcribed regions after applying weight to reads on chrY is used to

calculate percentage of fetal DNA in the sample.

EXAMPLE 9: Comparing different patient samples using statistical analyses (t statistic)

This example shows another refinement of results as obtained using the previous
examples. In this case, multiple patient samples are analyzed in a single process. Figure 12
30  illustrates the results of an analysis of patients P13, P19, P31, P23, P26, P40, P42, P1, P2, P6,
P7, P14, P17, P20, P52, P53, P57, P59 and P64, with their respective karyotypes indicated, as
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illustrates the results of an analysis of patients P13, P19, P31, P23, P26,
P40, P42, PI, P2, P6, P7, P14, P17, P20, P52, P53, P57, P59 and P64, wth
their resweaﬂimsﬁoaryot ypes i ndi cated, asin Table 1, ab@ce/Uuste/osnssed |ine
shows t; % ]%{@i) €,k tified.
It may Ega&geﬁﬁ%@m% Elg(roaltéé %ﬁv%%vrs\t 9?% %Ct?elil?r% gelt%s o %a%g{ ?&Z%s

chr ormscpmrfklyﬁdeﬁmﬂmdj Iﬁmhﬁhfgiees):)y ldkrku@(bamlthﬁﬂlmesthmale\ﬂﬁexee hiate fess bel i eved
that th re wer e t enqug otal reads. for this. an si It may be seen by
| ooki ng RipRR G ‘%hﬁé“%l}%éffs M SN i Bt WaredL 1p Eeﬁ %t@}eé%yvel&rr@tp 1,

2, 6, Tono élto%‘ﬂ’rea%g’foﬁﬁls%ﬂgy§§ It Eé? b@@é’enﬁ% 1BaV ta’f)bv%ocﬁyhﬁ@tl{apﬁﬁﬂmg'ﬂmnds)
and P64 has trisony 13 (star). % presented by t

f ol Bowimgenthisbdsirelssroes8; 6 S’t,éﬁ 17, 2Q:aﬂcandai3ePé7 anctﬁ%lhawttrlsorny)ﬂS each

chr onosone ela at her ro one i.h.a s | e. h statistic
Col o RS A nBhy Sud Bt iy BhaBh s el SR Pt b ¥ SienbA itberaonss.
t aki ng fbn@@mgcm@g@ﬁeptphﬁegwnber of reads mapped to each chronbsone (since
the variation of the nedian scales with the nunber of reads) As descri bed

ALt hough oneS iy obt anr G e SO SR baE R BESuPE Er

reads, dhyqh&hleyin @QRhiipRDBEGh 2A8xtkEO tdIR thesI@NEE Al ciadisdbhy nedlay relegwuenced,
for exanple about 300 mllion of the 3 billion bp in the hunman genone.

Thd, deathes ehreglosormeth ddngint asseentprepumbas of Feads grapped to caghpiremapring he
st andar glggg%f%hgt?oni tﬂ@ﬁleg(ﬁgg!‘:f& With h% IRIIII{C}J BF'rea sr) ﬁ dé’gc%llb%cpz{bofvg the

chr onos I'S unknown an I's desire o es romthe sanpl e
nunber méseﬁeadsysemylerdd@ abdwd Sdeillesmicnds fidn @arﬁpl@ﬂATth@%thﬁe @fiaya)tmiﬂerllOc al
variation. One way to do this is by calculating Student's t-distribution,

whi ch ! lwea%w FRMpIPalbescore sharbicaes D st yionht 1Mt ekpeebRdormgii Iarger
sanpl e.,c H@%@gﬁéﬁc & fbﬁe:%hﬁ)lér/e?do‘d%&p 119 dr WRSMififAR thif kRtfdnfit F On 1S

cal cul ate a use this c atlonls gi ven bel ow. Using the
tlﬁodgepomseThlmdsthtmtleal m¢theds are tlmslt\shemanndolmswmdﬂl Strppe &hd tBaktaodad e t he

aver a tatjstic trix h er al ues fr al |l sanmpl

T cond kiRt Hsor Rban ity o ZomDfah B it g clg kS E T RaT sy
wher e tgiréON ds8méfril fréQ tﬁé‘§a%%)le andbd e réfls WBrd'eﬁtoad&&nﬁﬁUtlhe %fgnffm&?e Each
cell represents the t val ue when conparing the chronosones inthe

correspd ﬁdlungrlucdvvaalnuom éIngrivpy( o de. this pbby caI@ﬂat(r% S:_t)ldfrm SttWestlﬁ’mtrqnxwmht he

t -val ue_of, whe tin chr2 n.crl% i ago oft is. 0 and
the matP be %seg i1 ﬁ[%f iga L TOEia 81& r%)él?lon xpeste ((ilq”rong r11arﬁer stamp C € I’ST%%S(I%}TCE 1S .
corppar afle value obtained when the t-distribution is calculated. The formula used for this calculation

is given below. Using the methods presented here, other t-tests can be used.

Step 2: Calculate the average t statistic matrix by averaging the values from all

samples with disomic chromosomes. Each patient sample data is placed in a t matrix, where
the row is chrl to chr22, and the column is also chrl to chr22. Each cell represents the t value

25  when comparing the chromosomes in the corresponding row and column (i.e., position (2,1)
in the matrix is the t-value of when testing chr2 and chrl) the diagonal of the matrix is 0 and
the matrix is symmetric. The number of reads mapping to a chromosome is compared

individually to each of chrl-22.

Step 3: Subtract the average t statistic matrix from the t statistic matrix of each

30  patient sample. For each chromosome, the median of the difference in t statistic is selected as

the representative value.
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individually to each of chrl -22. Step 3: Subtract the average t statistic
matrix fromthe t statistic matrix of each patient sanple. For each

chr onosorw 20to3sedi an of the difference in t statisticPC3/tseteosads as t he
[ epr esent ati e (ke MRSk, ShAkbREiG: e AAKLOPLASOCE T ahgrge number of
sanples is 3. ny chronosone wt epresentative t statistic outside
- 3. 09 tahr@n@9nieswitled expnesamdtiast Naivtc soride.-3 BXAVPIOR id Getet@ahedidsatanon of

requi red nunber of sequence reads after G C bias correction In this

exanpl €5 fret hod is presented that was used to cal cul ate the mini num
concentration of fetal DNA in a sanple that woul d be needed to detect an
aneupl AX¥)MPIEE d@: Galcalatiomt afinaquived anmber pEscd@endd i@adedftéio6G/€ bits chr onosone
(exseptcoeructcionsone Y). Figure 13 and Figure 14 show results obtained from
19 patient plasnma DNA sanples, 1 donor plasnma DNA sanpl e, and duplicate
runs of a ddn@lnis gmlsaamb@odﬁ&prb@neesitthmaédlwdnwﬁia@waéeﬂ@mimmumhe m ni mum

f et al whj - t|o of ¢ 1 det at, t he
best sanpriigiphee Pt SR TLEGLTRE BT BB BaSHe bR AT i RORELE B, oo i o
l'ines idgh Hegtainlidmbel BErdatinEBiainee felBMRhRBEIBER (@hept clﬁ)oﬂio@en@Yy qagﬁreand 6%
fetal DNA concentration. It can be expected that higher nunbers of reads

(not bex]ér?élﬂ iHigere Ieshey r?ﬁétsr?é@@’é‘é freop 4P pepignt plsea Ny samples. ldawr probabl y
| ogDr T ool DA G Snd duptcafe A & L SOHRY EDRUK Curdle 3 £ RGRER% Efldlte®

concent]:Sathatahe at@ihesn feitad eEaNA;% of Which h)@emumméntaﬁorr &falhs? li cancbesigteated at 00t
rel ati onshl p (slope of - These cal cul ati ons were carried out. as

f ol | ondhe pesf syplye rﬁte(<ﬁl%5ead% mappgd;te chig Iy 15=-6%.(Hidicategdy solid liges fekig.
di f fer epag erﬂemﬂz@af&sdrsgaﬁ b@%@ﬂ%b&{ft 0OVRi0° 1‘8£ds%!ﬁg%r0/‘ f&amg%ﬁéénaaum 1@

particul ar chronoso be neasured; s Is the standard deviation of the
nunber caf be eapbytqdahaﬁﬁgrb:r nnmaen af téadsl Krmt enmﬁﬁmsidwe:) tie neededheetal Mbsr of
of 50k 4% ndows per chronosone). Since the nunber

sanmpl es egﬁi.e., the nu
of B0k ipebieniate e RDRISSRaPTE Fiwed. =i 2 . 17 e astums hat St . 82
y2-y~tl|
In Figure 14, the data from Figure 13 are presented in a logarithmic scale. This
shows that the minimum required fetal DNA concentration scales linearly with the number of

reads in a square root relationship (slope of -.5). These calculations were carried out as

follows:
20 For large n (n>30), t statistic = YT Hh , where y_2 —y_1 is the difference in
5,0 s’
—_— + _—
n, 1

means (or amount of over- or under-representation of a particular chromosome) to be
measured; s is the standard deviation of the number of reads per 50kb in a particular
chromosome; 7 is the number of samples (i.e., the number of 50kb windows per
chromosome). Since the number of 50kb windows per chromosome is fixed, n, =n, . If we

2

= sqrt(2)*half width of the confidence interval at

2
_ t‘/zsl
RN PO WL

confidence level governed by the value of 7. Thus, =
Y1 Y

25 assume that s, = s, , y_2 —y_1 =1
n

. For every chromosome
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- s -=sqrt(2)*half wdth of the confidence interval at confidence |evel
governed by the value of t . Thus, . For every chronosonein every sanpl e,
we can cawoubuwms3i’ee value - n - i , which correspondsPCo/USh@9N5TIB6rLM
over- or under-representation (=--1) can be resolved with confidence
| evel governed by the value of t . Notessthat 2*( = - | ) *100% corresponds
to the mninmumfetal DNA % of which any,over- or under-representation of
chr onosonesry samje, wietactabulatdheexpe , mhidharorre$pondathsthermppedint o each
chronosone to play a role in determi ning standard deviation si, since
according to Poisson distribution, the standard deviation equals to the

square t %}t op ncfeE? Jﬁ%&%ﬂtatl@{ Jy—Otl }ﬁgcﬁl*l:(e solvé& w1tﬂ991ﬁ&éﬁ € ﬁ'x’gﬁbgt%[\{erqlf dr eads

mapped {0 eac sone | e sa we'Can eval uat e The M ni mum
fetal DNA % of which any over- or under-represent ation of chronosones can
be detected given the current, I|n rate. After correction of G C bias,

t he nunbgih eo\l‘ahrree%fdsN@@rthe@ﬁb ' aj eﬁoréwpowt@ﬁ%@ﬁe@u%ﬁ@eém fr dmosome

Y) is normally di stributed. Powever, we observed outliers in sone

chronos QHkch ? -Her- of uﬁ&l‘é} Ijé}g’%ée(?l@atfoﬂr g%ﬁl%%%Qgg 9an%sde@£%d w&ﬁgct th%as

representatio a sub-regqi In c NDSONE near the centro
unusual hymheght reepmegpend at ¢aoh chtonatsomb ft(eplaytaheleam detatraimir@rstafdast andar d
devi ati on .and t he mean. qJerefore haose %ga@ar | at.e. confi den e i nterval

of 't he. HEHRI 1mSpEHCHIEHS TReah VoUgpe VIO &Y 81 n t he
cal cul ation of confidence interval "W do not expect the confidence

i nt er vakquaie tdoeomnmbdingan AR ploen BAAZLd ) 00% . firfb@neriads nappel Sreath
nunmber of outliers has been renmoved: The 99. 9% confidence interval of the

medi an for each chr sone . is estimated from boot n 0 sanpl es
from t h&h @m%omeaaalﬁf@t%ms{%%%Cea«iva}% e nilwg% JoNAGY ﬁgwﬁ\&f& A¥he hal f

wi dt h Ofov&hﬁr R 'rﬂﬁ&%ﬁtahﬂﬁ Bf Mﬁvbm‘o§orﬁe°stdaﬁ%%Qte@t%n%é’ﬁ%’@édr%[‘ *;Slﬁlger val .

W plot 2*(half wdth of confidence interval di an )/ medi an 0% vs.
nurtber ofte.r eads

After correction of GG/C bias, the number of reads per S0kb window for all
chromosomes (except chromosome Y) is normally distributed. However, we observed
outliers in some chromosomes (e.g., a sub-region in chromosome 9 has near zero
representation; a sub-region in chromosome 20 near the centromere has unusually high

15  representation) that affect the calculation of standard deviation and the mean. We therefore
chose to calculate confidence interval of the median instead of the mean to avoid the effect of
outliers in the calculation of confidence interval. We do not expect the confidence interval of
the median and the mean to be very different if the small number of outliers has been
removed. The 99.9% confidence interval of the median for each chromosome is estimated

20 from bootstrapping 5000 samples from the 50kb read distribution data using the percentile
method. The half width of the confidence interval is estimated as 0.5*confidence interval. We
plot 2*(half width of confidence interval of median)/median*100% vs. number of reads

mapped to each chromosome for all samples.

Bootstrap resampling and other computer-implemented calculations described here

25  were carried out in MATLAB®, available from The Mathworks, Natick, MA.
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mapped to each chronosone for all sanples. Bootstrap resanpling and ot her
conput er-i npl enent ed cal cul ati ons descri bed here were carried out in
MATLAB(r )woavawd3aiyBe from The Mat hwor ks, Natick, MA. CONECOSISGN9DFBE3@bOVeE
specific description is meant to@Qphidipngnd illustrate the invention and
shoul d not be seen as limting the scope of the invention, which is defined
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val ue therefrom and (d) using the values fromstep (c) to determne a
differential, between the first value and the second value, which is

det er m nawoDwel0ai33wBet her or not the abnornmal distributi eoTasR@w®5713¢ The
met hod of claim1 wherein to determne a differential includes the step of
conparing a normalized sequence tadCHARMEISty of the specified DNA chronmpsone
portion to a nornaelized sequence tag density of another DNA chronpbsone
porti OPWhFL ﬂnéﬁféed sanpl e, wherein all autosonmes are used to calculate

t he nornma sequence tag density. 3. The nethod of claim 1l wherein the
m xed sarrple is a mxture of maternal and fetal DNA. 4. The nethod of claim
1 wher ei-n 4 methaded desiiamperen; abnarmal distrilution ohgspediliehrirgaatamerrtion #12 er ed
DNA from t [ S

massi vel y VAR are oL A e Rlon S o RRE b Roldl FERURNA AR

abnér mal di@h nisbbje¢tpcomgrisamg: aneupl oi dy of at |east one of chronmpbsone 13, 18
and 21.7. The nethod of claim1l wherein the step of assigning sequence tags
to correspondi@g «bionpsaERn@sfidn Rl owsmosenapsitehe bf th8 miXksamgiihod of
claiml1l wherein the sequence tags are about 25-100 bp_.in length. 9. The

met hod of cl ai nﬁoebméﬁa}nﬁlberwﬂ seguancg pgs of Wiheiens lepets @&G@%@n%%wu%%

obt ai ned. 10. Tﬂ%%e'ﬁ?& 8fa il Fhdothel1HE Rlﬁﬁ%l&mgé@rﬁ@ the steps of

calculating a norma sequence tag densit e specified DNA

chr onosome po(b?' QdsibRin t}{hosre%éﬂcé%ggs%@%ﬁélﬁgn&l clq%ﬁ‘l%'s&r}{e g@()rtlaﬂé)fnbﬁlrdl
chronmosone portion in said ed sanpl e e nmethod of claim 10 wherein

thdOstep of calad¢at thagpeifdid dhepmntanzd by crohpadieg theqstrep toh rdereper i ng a
normal i zed sequence.tag density of the specified DNA chronpsone portion to
a normalized se%fﬂi‘%]écesegl&ﬁ“c&enm ty of another DNA chronmpsome portion in said
m xed sanpl e, gln 2?ut o%érres are.u used tq cal cul. at e &}he nor nal i zed
sequence tag déns ‘i}ml%g Hes TORPWBBCTE P! RBP4 NP R OBRPY S t he
step of measurimgtiewesy usaitth mnﬂwfro@mﬂaﬁm@tdeﬁﬂecmfengthaﬁmmmytamd

determ ning a sequence tag density for each chronosone in the sanp

nanel y chr onosotigrmalbpdistiibaigd CBIospseme PREEWHE $otpin a first value and a second

15 value therefrom; and
(d) using the values from step (c) to determine a differential, between the first
value and the second value, which is determinative of whether or not the

abnormal distribution exists.

2. The method of claim 1 wherein to determine a differential includes the step of comparing
20 a normalized sequence tag density of the specified DNA chromosome portion to a
normalized sequence tag density of another DNA chromosome portion in said mixed

sample, wherein all autosomes are used to calculate the normalized sequence tag density.

3. 'The method of claim 1 wherein the mixed sample is a mixture of maternal and fetal

DNA.

25 4. 'The method of claim 1 wherein the mixed sample is a mixture of normal and genetically

altered DNA from a tumor.
5. The method of claim 1 wherein the sequencing is massively parallel sequencing.

6. 'The method of claim 1 wherein the abnormal distribution is an aneuploidy of at least one

of chromosome 13, 18 and 21.
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present. 13. A nmethod for neasuring a fetal DNA fraction in a sanple of
m xed maternal and fetal DNA, wherein a chronosone having trisony is
measur ed W9 2bwia3gs78 1 + e/ 2) of that of a correspondi ngPdiraseno/ostas e e

represent }fei}ﬁeéﬁ@& ot %Q%‘ﬁl Wnakhd ﬁ@ ggﬂa‘b—f a&%ﬁ@%@s‘(ﬁ%e‘ée{a ; BQBHE%%Bd@QWEV ating

an abnorma I stributed speci chro or portion thereof~in a
m xed sanpheomdésobipoiti@mallbes phasianath.a pregnant subject, conprising: (a)
sequencing multiple portions of the m xed sanple of DNA to obtain at |east

one m I4.i orhesgéiieNGEclhiags wotresiifhbisediRAte lagnglchibodt Thet®@r iy inaehgequence to be
assigned to a chronosone |ocation within a genone; (b) determ ning a nunber

represent i ActRodbeaif 8 SAARENSGcdsBsifout] Il IbraschuHRE fag@hircdivifn&t.€ W ndows
each of which is a subsequence of a chronpbsone and is between about 10Kb

ands10 i : -at |l i 1 er on
2 ndr i ohamang Gl & rusber Bhphe ettt RS rREREE R S core
whi ch i s deg demvitpat ieepedifihBiNaechromosmte pédréionlbnanombdliyed sspendeused

chronosone, i s present not. 15. The nmethod.of .claim 14 wherein the
chr ompsomdienSubelyngiher BN Achipmdieme partion 1 gid mXedgmphe et hod of cl ai m 14
wherein said calculating a differential conprises obtajnij n&ﬁa seqguence

delnsi t ylflofTheHéeta%aﬁ Graint {0 wheiey e een of rilewadhedisiseentishimsiidpythe ptep of S
val ue o ac&ﬁlg:gﬁg% & nSRhAIRS WRrende %Ea%ug%gp&gsrp%ﬁs& BINR éﬁmm?&ﬁa Bortidh!

nunber of e W ndows are conprise I 'ng non overl appi ng w ndows
of 100- 100 tkh nexhanetd nggehongg slabrstyartanathbyDAA @mdvmpenexhp@tios onwid hdkedThe

nmet hod of cl aim 4 furiher conpri si Bq t%e st ep of asyri n‘gﬁa nu#rbe.r of
sequence t3G8 ORI YU AHSIIRG A OIH 1Q FafrtalgitherormpgzCdSeliees fa gfensity.

determ ni ng an abnor nal lY di stributed chronosqgonme portion of interest in a
ni xed sampite Bethebehepiny 1 hHuthsherIRRRRINg theisep of BispBdinBNACHrongd dfes

conpri si N 6@k #HAYEIChRI RN CIH SakdiSAPLE, Bc/BS 8lxal YoRata! | el
sequenci ngelg o?%ibt alﬂn a number of ril/sequehclzgr%)a‘glg celtAz abik Sr ©
chromosome in the sample, namely chromosomes 1-22, X and also chromosome Y if

15 present.

13. A method for measuring a fetal DNA fraction in a sample of mixed maternal and fetal
DNA, wherein a chromosome having trisomy is measured by being (1 + €/2) of that of a

corresponding disomy, where ¢ represents the fetal DNA fraction.

14. A noninvasive method for enumerating an abnormally distributed specified chromosome
20 or portion thereof in a mixed sample of DNA from the plasma of a pregnant subject,

comprising:

(a) sequencing multiple portions of the mixed sample of DNA to obtain at least
one million sequence tags of sufficient length of determined sequence to be

assigned to a chromosome location within a genome;

25 (b) determining a number representing a number of sequence tags within a
number of discrete windows each of which is a subsequence of a chromosome

and is between about 10Kb and 100Kb in length; and

(c) calculating a differential between a number on a normal chromosome and a
number on the abnormally distributed chromosome which is determinative of

30 whether or not the abnormally distributed chromosome is present or not.
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(b) mappi ng said sequence tags to specific chronosone portions, each
chronosonmal portion being conprised in a sliding window of a predeterm ned
| engt h; (wWpaetoa3si7ai ng nunbers of sequence tags napped POTABCIIDETIAé Ng

W ndow an g, &&ﬁ%& of@Gith ?ﬁ%ﬁg@nﬁ@g CRLARKSRIEMURGR JFSaR 9k Saiid Jpygbers for

each autosone and a secon rat least al'l autosores’; (e)calcul ating

a_nor el 24 yalue.f 1o ol LnaukoseEs. il naRakgsasans qean a0d (1)
conmpari ng normall zed Val ues anong autosones 1o determne any dbn rmally

di stri but edqauteaensal of Heamasem@lyRRsttib@sd elirohids&he shd ccaﬂﬁaari-ﬁlgﬂtmm% of

claim19 further conprising the step of calculating a relationship between
nunbers ofof deliipsiie ehtompsoRAd GC content associated with sequence tags in a
gi ven sliding window and correcting for a higher nunber of reads resulting
from a ldhakigen¢thod daimt hwhezmn saicheumbsdr lod disofetevmidaws grefapmpised ebonpri si ng

the step af..calculating.a t.statisti @) each chronosone relative to other
chr omsomabio EHe GBI REPE TALTOR P SRR E BTN Bt s’ 2 Varve
of a chrorenssm®&one] ati ve to other chronbsones in a sanple, said val ue being

i ndi cative of disony.22. The nethod of claim19 further conprising the step

of cal cigl attjenfletBod 6 (Bl ZEELriRl MSiniRinLME AP MR astrARh nurkb P bE§RfAbnceY- 23.
The nmet hod of claim 19 wherein sai'd mappi ng i ncl udes nmappi ng sequences with

one mi snattags. widkin transpstphodalfseut saigs.-r ecti ng for GC bi as of sequence reads
from massively parallel sequencing of a genone, conprising the steps of:
(a)ldi vildi ny nichtedgd nioweminmt armatmenbaty diftributed @hsomwsbherpogashofahiemyomane and

cal cul ating. t he content of each w ndow.. (b culating the relationship
ot ween saiiGhSuTRG GOPAGE bRt BB aH A i l ER ARG D BB SR i ng- a
nunber of rea er a given window and a GC cont of that wi ndow, and
(c¢) assi gni ng é%f{g?edﬁ{ngﬁél\]g&fldalﬂﬁﬁ%@ fm?séﬁ’ﬁg)’ Iiféﬁ?e;siﬂ”\?‘éﬂnwon%%nﬁased on
ce number of sequence tags

(b)mapping said sequence tags to specific chromosome portions, each chromosomal

15 portion being comprised in a sliding window of a predetermined length;

(c)determining numbers of sequence tags mapped to each sliding window on at least

each autosome;

(d)determining a mean of said numbers for each autosome and a second mean for at

least all autosomes;
20 (e)calculating a normalized value from all autosomes, using said second mean; and

(f) comparing normalized values among autosomes to determine any abnormally

distributed autosomal chromosome portion of interest.

20. The method of claim 19 further comprising the step of calculating a relationship between
numbers of sequence tags and GC content associated with sequence tags in a given
25 sliding window and correcting for a higher number of reads resulting from a change in

GC content.

21. The method of claim 19 further comprising the step of calculating a t statistic for each
chromosome relative to other chromosomes in the mixed sample, whereby each t statistic
indicates a value of a chromosome relative to other chromosomes in a sample, said value

30 being indicative of disomy.
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content, where the weight has a relationship to GC content such that
I ncreasing nunbers of reads with increasing GC content results in
decr easi nyoweioglsssiger i ncreasi ng GC content. PCT/US2009/057136

22. The method of claim 19 further comprising the step of calculating a normalized value for

chromosome X and, if present, Y.

23. The method of claim 19 wherein said mapping includes mapping sequences with one

mismatch.

5 24. A method for correcting for GC bias of sequence reads from massively parallel

sequencing of a genome, comprising the steps of:

(a)dividing the genome into a number of windows within each chromosome and

calculating the GC content of each window;

(b)calculating the relationship between sequence coverage and GC content of each
10 window by determining a number of reads per a given window and a GC content

of that window; and

(c)assigning a weight to said number of reads per a given window based on GC
content, where the weight has a relationship to GC content such that increasing
numbers of reads with increasing GC content results in decreasing weight per

15 increasing GC content.
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