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particularly to the identification of trisomy 21 (Down syndrome) and other chromosomal

aneuploidies via testing a maternal sample (e.g. blood).

BACKGROUND
[0004) Fetal chromosomal aneuploidy results from the presence of abnormal dose(s) of a
20  chromosome or chromosomal region. The abnormal dose(s) can be abnormally high, e.g. the
presence of an extra chromosome 21 or chromosomal region in trisomy 21; or abnormally

low, e.g. the absence of a copy of chromosome X in Turner syndrome.

[0005] Conventional prenatal diagnostic methods of a fetal chromosomal aneuploidy, e.g.,
trisomy 21, involve the sampling of fetal materials by invasive procedures such as

25  amniocentesis or chorionic villus sampling, which pose a finite risk of fetal loss. Non-
invasive procedures, such as screening by ultrasonography and biochemical markers, have
been used to risk-stratify pregnant women prior to definitive invasive diagnostic procedures.
However, these screening methods typically measure epiphenomena that are associated with
the chromosomal aneuploidy, e.g., trisomy 21, instead of the core chromosomal abnormality,

30  and thus have suboptimal diagnostic accuracy and other disadvantages, such as being highly

influenced by gestational age.
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25  polymorphisms (SNPs) on chromosome 21. SNP ratios were similarly computed for a

reference chromosome. An imbalance of fetal chromosome 21 was then inferred by detecting
a statisticélly significant difference between the SNP ratios for chromosome 21 and those of
the reference chromosome, where significant is defined using a fixed p-value of £0.05. To
ensure high population coverage, more than 500 SNPs were targeted per chromosome.

30  However, there have been controversies regarding the effectiveness of formaldehyde to
enrich fetal DNA to a high proportion (Chung, GTY, et al. 2005 Clin Chem 51, 655-658), and
thus the reproducibility of the method needs to be further evaluated. Also, as each fetus and

mother would be informative for a different number of SNPs for each chromosome, the



power of the statistical test for SNP ratio conpari son would be variable
fromcase to case (Lo YMD & Chiu, RW. 2007 Lancet 369, 1997).
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[0011] Clinically, it has been shown to be useful for the detection of loss of heterozygosity
(LOH) in tumor DNA samples (Zhou, W. et al. 2002 Lancet 359, 219-225). For the analysis
of digital PCR results, sequential probability ratio testing (SPRT) has been adopted by

25  previous studies to classify the experimental results as being suggestive of the presence of

LOH in a sample or not (El Karoui at al. 2006 Stat Med 25, 3124-3133).

[0012] In methods used in the previous studies, the amount of data collected from the
digital PCR is quite low. Thus, the accuracy can be compromised due to the small number of

data points and typical statistical fluctuations.

30 [0013] Itis therefore desirable that noninvasive tests have high sensitivity and specificity to
minimize false negatives and false positives, respectively. However, fetal DNA is present in

low absolute concentration and represent a minor portion of all DNA sequences in maternal
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[0016] Based on the sequencing, a first amount of a first chromosome is determined from
sequences identified as originating from the first chromosome. A second amount of one or

25  more second chromosomes is determined from sequences identified as originating from one
of the second chromosomes. A parameter from the first amount and the second amount is
then cempareci to one or more cutoff values. Based on the comparison, a classification of
whether a fetal chromosomal aneuploidy exists for the first chromosome is determined. The
sequencing advantageously maximizes the amount of genetic information that could be

30  inferred from the limited amount of fetal nucleic acids which exist as a minor population in a

biological sample containing maternal background nucleic acids.
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20 BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 isa flowchart ofa method 100 for performing prenatal diagnosis of a fetal
chromosomal aneuploidy in a biological sample obtained from a pregnant female subject

according to an embodiment of the present invention.

[0022] FIG.2isa flowchartof a method 200 for performing prenatal diagnosis of a fetal

25 chromosomal aneuploidy using random sequencing according to an embodiment of the
present inventior.
[0023] FIG. 3A shows a plot of percentage representation of chromosome 21 sequences in
maternal plasma samples involving trisomy 21 or euploid fetuses according to an

embodiment of the present invention.



[0026] FIG 413 shows a plot of difference (% in percentage representation
per chronosone between the trisony 21 case and euploid case shown in FIG
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degener ak@%ﬁg%ﬁ'%@@?’??ﬁﬁ%ﬁ%ﬁ%ﬁg| éég, orthgl 0ogs,. SNPs, and
conpl eMERbaryisaegEftess asowEld toas ephedigwgidiberaEssst T i ndi cat ed.
SSpecifically, degenerate codon substitutions may be achieved bé generati ng
S eguencezodsnljvwmm gtwsmr:;ame pb®ptitosartfy ?msézcms ofenquensed Eep é@gr{; o al( 1)
codons is substituted with m xed-hase or i.nosi ne residues (Batzer
et al., Noobwsemag @F%@g@@?@@g@g@fﬁb‘%},3?5%’?%‘3%&3{2’9‘@ ., J. Riot Chem
260: 2605- 2608 (1985); and Rossolini et al., . Mt ?el | . Pé?abesr&egjcé 98

[6031] FIG. 8B shows a table of top ten starting positions of sequenced Tags allgh

chromosome 22 according to an embodiment of the present invention.

20 [0632] FIG.9showsa block diagram of an exemplary computer apparatus usable with

system and methods according to embodiments of the present invention.

DEFINITIONS

[0033] The term "biological sample” as used herein refers to any sample that is taken from

a subject (e.g., & human, such as a pregnant woman) and contains one or more nucleic acid
25  molecule(s) of interest.

[0034]) The term “nucleic acid” or “polynucleotide” refers to a deoxyribonucleic acid

(DNA) or ribonucleic acid (RNA) and a polymer thereof in either single- or double-stranded

form. Unless specifically limited, the term encompasses nucleic acids containing known

analogs of natural nucleotides that have similar binding properties as the reference nucleic



(1994)). The termnucleic acid is used interchangeably with gene, CcDNA,
MRNA, small 10 noncoding RNA, micro RNA (m RNA), Piwi-interacting RNA and
short hai rpin RNA (shRNA) encoded by a gene or |ocus. [0035] The term

"gene" neans the segnment of DNA involved i roduci n . pol i de chai n.
|t may dcidcinddes metgbtgﬁed m%@h&%’ﬁﬂt%‘“&iﬂw& ‘Eﬁjwfr% nb‘glﬁf?[?f% gf%gstn (1 eader
and traij as I it 5@)) gdseeen i ndi vi dual

élégwn%s dlé(/ggédmg@h%%\éew 25 REGHROERS ibpIi1PATHR

codi ng RtS 036] The term "reaction” as used herein refers
to any q@hm@eﬁehynmdzﬁed@rmtsﬁ@m@éﬁg @gzlsﬂ’fﬁ?lcedowbﬁﬁ‘}%q”éhlal Erion that is

i ndi cative, of resence of @ t-Hde

sequenéé'thB ng,rél‘gh qu < %&%Y ?qulg&%s gg;‘ggi}:%?%& &ths an gﬂr%ﬂflr'ﬁdgcgtl on

reagf i Ogbeéfﬁemﬁae@enaeteydma@ms@daam m@emacmvememmeg mue@;cam e of a .
dl gation. An

'reaction" 1S a sequencing reactio i.th b

"i nf or meleicl therthisd pessipn qf@”@ﬂ%mf"l‘i’a*iei’tﬁ‘g %&ﬁig"%ﬁ Eﬁ?%%t%dn‘é’& of “one or nore
particular a:Pcf?J)ry({éUQ 19&%3%&&?@@%@&19& oPh. lmtceereg&zd FRRA9i 30309t pHisnher e onl y
one sequence of }feres present. The term "wel | " ﬁql used Bs%ec'g{gn refers
0

t o a react.i Hrbialt cae@rzéaeﬁei ﬁﬁ@ﬁe@%ﬁcﬁﬁ %‘?f‘s%ftl 161 #- MU gl heepes ure,
C| o CQ‘Q‘% ZF%{%%;IPX(H%'C aciAgd ﬁsad%ﬁ:er%ﬁ@z iy Mh%ex?ec&ﬁw ARNAORGT] The term

ucleic acrd sequ nce as “uséd herein can refer to a
25 pol ymb@ggmslemm& @mRb@SphnmlmtgacwlgaREégw@rﬁﬂw@ﬁlméPmMr genoni ¢
sequence_ whose p t| al ngal ance is being tested or to the |arger genomc
sequencé RN@@IWCO Y@%ﬁ‘?ﬁﬂ °9% t he sequence of chronpsome 21 C her
exanpl es i nclude chronosone 18, 13, X and t her examl es " | ude
nut at ed [0§éfket Tbe toon(aened sesns @eﬁ@m@f ﬁdﬂéﬁ %dﬁle SHIEBE Pﬁf}’r?ﬁ%l ©

variations t ataly ﬁlg%t}g%gﬁ%prg&ti Blbishd ff&ﬂ?mu@@@leebdlhgkéglm(maae pameldsy. Yet
nc e

ot her e E"r‘r‘f‘.’)l es guenc s whi ch are mut at del eted, or anplified
in a nakdgeEand intanvaning seng:ncese{qmen@é@tﬁf@ﬁnml‘élﬁuﬂl@@%m%fmgﬁ‘é’%lg’r(ﬁ’ﬁ’@bs| ty or
gene duplication occur. In some enbodinents, nultiple clinically rel evant

huchei ciagkl TREUSRCESCHON" Lasddakentdiys mcuduty g&b@smﬁeﬁvmg@fch@m@a l'i nically
rel evant nucl ei ¢ aci d sequence,. ¢can, be used to Oa:ﬁ)l de d ax{n% detecting

the i mbahzymesic. Fabysien peirmaghatdhipgt ﬁ“f?rﬂf ‘i/@e’?%‘ﬁ geél(?uf’l ve'seqlences on

chronos e iBre@tn sadstdbMarfhasdicosn fiotn kinplifiletion raactatni on of
possi bl g@ﬁ%ﬁ%@%%‘gﬁ%&% I rrbaeance Fectl vel y reduci n% the need of sanple

vol une twchlasa, poﬁ{n@@%]chaiheeap‘ewnﬁ?@@éc %@Pﬁﬁﬁ@‘%? &id TR SBGTEHEB M s used

herein refers t nuc u I sor s ikt Gr@lidabie
clini caF‘faﬁu‘?réleggeéf?ty gégi %1% 1% %gq%gﬁlgjgwgﬁ%n’ggﬁ%f orinstance a 1-to-1

rathg. As @eRnexsigpker niohﬁpdmacmkay polynucleniislestqucacs of isletpe AREINHHE C¥Ke

clinically relevant nucle.c acid se & e sane
chr onps GETe FRAY OB BAYHTEE Phigier t@ ptrﬁgg"ﬁc %gg%g%ewg&%eﬁhgﬁétzﬁ%?g tr((a)%arrpl e, the

backgr oyngdaysd Lirededshtheaeausene &ithi a confined structure, e.g., a well-shaped vial, cell,

or chamber in a PCR. array. ,

[0037] The term "clinically relevant nucleic acid sequence” as used herein can refer to a

25  polynucleotide sequence corresponding to a segment of a larger genomic sequence whose
potential imbalance is being tested or to the larger genomic sequence itself. One example is
the sequence of chromosome 21. Other examples include chromosome 18, 13, X and Y. Yet
other examples include mutated genetic sequences or genetic polymorphisms or copy number
variations that a fetus may inherit from one or both of its parents. Yet other examples include

30 sequences which are mutated, deleted, or amplified in a malignant tumeor, e.g. sequences In
which loss of heterozygosity or gene duplication occur. In some embodiments, multiple

clinically relevant nucleic acid sequences, or equivalently multiple makers of the clinically



10one allele that is heterozygous to another allele that is the clinically
rel evant nucl eic acid sequence. Moreover, sone of each of the background
nucl eic acid sequence and the clinically relevant nucleic acid sequence nay

come fromdifferent individuals. [0039] The term"'referen | ei,c acid
sequenceltvasnusec adié sEluangee FEY & ‘%S%‘?E? Iﬁ%%lg% ﬁ%tai%rirgfteg g&%{é“% é%gﬁ%g'e aver age
concentration [ [NoJaps QWL @ice8 @H icHAnaRbiny 2hasn beend Ifammeasur ed.
[ 0040] lﬁfﬁm?’éjtﬂ%eé%g&?é%?ggg%%%ﬁ \r%%hcl_e?c acid se ueﬁrﬁllge" as f?s§d her ei n
ref ers dagitivb ashiog i the aabmismaﬁ@essmﬁgowr%%%&é dancsr e HRE st (e. g,
aclinically relevant seguepce a background sequence) that is in nore
abundarf@@lcﬂ%afhefl??éogtsﬂgﬁg er@g%l‘n a biol ogi cal sanple. 20[0041] The term

"based on" as used herein neans "based at | east .i.n ! Jefers to
one al 9838 or Theaemm thacheriontd weddc Fﬁ‘sif‘f'ﬁé’e’&‘%?t &F 1 clreglﬁget(g?rggbn%@%%rl %al ue,

such as_occurs,in the relati @psiibaRireRtar AUbicatidaeqrnbod kamnthie out put
of thatseﬁﬁ?ﬁ%g?b%hngp@%lr%lﬁ e@i ver agrﬁsed herein al 50 refers.to the
rel at i opsthde adf-toalnraitiopdts cnk ezample.ibeibask roUAS DBUEH Gf* SPERE O hod, such as

occurs when_the derivation,i 1Rlds b9 fhe@athe CRdimdsor25ha42] The
term" qﬁ&ﬁ‘iaﬂlféffei?‘(?&{ e agd S%%u%%&haggm&dnﬁ means data that are obtained from

one olr H@tﬁlﬁt aﬁﬁ%ﬂe@ﬁ%y@ﬁﬁtlyl{ hﬁﬁ@?@mkd&pbﬁfﬁ bﬁchmﬁ@drﬁﬂ?@ﬁifﬁiélj’q}’&??f&. For
exanpl e, the number of wells show. a, £ l.uo SlcldOfcid@

par 19 cubrzeralisksghaitetionyapuply ‘?j’ﬁ%’r‘?f ?l?ei? ?h\%t elsé%lhl %ﬁ%@%ﬁlgﬁéﬁe term " par anet er "
as used Fgg]gg LN MRaRS:, 0MH WR Edch S theadatiegrbinat metae awd enduoress abd teant i t ati ve

- data se or a nunerical relationship Eetv% n guanttative data sets.
For 30exnampdly relavandtiigeit 6pidfsaieRF oMb FOEe FaE %ﬂrﬁlé Ween a first anount of a

first nucleic acid sequence and a second amount of ,a%gcond ngecl ei&c acid
sequenceyiss] a TparsmEYebrencd GO} aciil eequenan B BT SFAIRRE® s TEE S Her ei n
means a nunerical val ue whos

val ue | s.. RL&vALAIIREBERN two or
more st AEBENESVRPSe FY LRHLFC rgt%%%%%gg@%ﬂ@g? cl l(glssi fication for a
bi ol;qgi ¢al.qgaq1pl e. For exanple, if a parameter is greater than the cutoff
val ue, a fiTst classification of the quantitative data is nmade (e.g.

di sease t &k 1 Qln ooty Rlc dcSd $088ncBt Rawred hercinus®isito e ue, a
ﬂ?é@?a?shi’e ftéf'[:n dvert E}%'fe,%Fe@lr%E ¢ de®d de8 e

differe I cat'ion the quantitative data.js d e.
nucleic acid sequence among two Seq"t?ences of interest (e.g., & chmcaﬁ?re?ev(am s%f;uence

and a background sequence) that is in more abundance than the other sequence in a biological
sample.

20 [6041] The term "based on™ as used herein means "based at least in port on" and refers to
one value (or result) being used in the determination of another value, such as occurs in the
relationship of an input of a method and the output of that method. The term "derive" as used
herein also refers to the relationship of an input of a method and the output of that method,

such as occurs when the derivation is the calculation of a formula.

25 [0042] The term "quantitative data” as used herein means data that are obtained from one
or more reactions and that provide ope or more numerical values. For example, the number

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

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

and a second amount of a second nucleic acid sequence Is a parameter.



non-di seased state). [0045] The term "inbal ance" as used herein nmeans any
significant deviation as defined by at |east one cutoff value in a quantity
of the clinically relevant nucleic acid sequence froma reference quantity.

101 noa) AMLED WA GOl e sdtteatrar eg P ey atinsy v ey, °

" chr onosi ARYitrAOBRERI [l 'or@Sort SReks (&g Qligdadreans nen-dREisad) (Iidsslfitdten for a
guantitative anount of a chronpsonme fromthat of a diploid genone. The
vari at i dHolpgigal semele g Bpnersrmple. plosiaramsten iy greatsy Hiay dha REOHKERS 2dFStone

chromos %si@iﬁaﬂ%nro? HeQRatra v ERLOIRSRB e o [cfg&/age}]i SE?]_% ; bEF e ol Sgguenci ng”

as used herein refers to sequenci ng whereby the nucl ei'c acid fragnents
sequénc alahthy eutnfvalpeendiioent ¢lessiidayon ofshe qfangithtive detangmadalelgef ore t he
sequenchﬁﬁ{@£Q%.dg%§. Sequence-specific prinmers to target specific gene

| oci are ™ ho ?eé&. d. The pool s of nucleic acids sequenced vary from
sanple to sanple and even fromanalysis to analysis for the s npl e.
The i dentiUplesthsrtethdme@diien @8 GSTHURTSR BeaRs 4y SEOIGRY eviatioR af @fglfnﬁi §¥n t he

Sequenci f Qe 0Pl FSARE 3 8 Quadilly SPHE cBRPARI BROAS nfklelchRidRegsaRt frbAent i on,
the 20 random sequenci ng may be preceded by procedures to enrich a

bi ol ogi cafersasmpiaatii ther pearepledharcipepgloaaitty sodd bpactt of Abiaad s eul es
sharkpgi%%gﬁﬂgugﬁgggwﬁﬁﬁgH&gﬁﬁé&ﬁ@%lgpbpdinent, each of the fragnents in

t he bi ol 0gi cal” sanpl e have an equal probability of being sequenced. [0048]
The term "fraction of .the human genopne” or "portion of the human genot ne”
as 25 ugﬁga‘“{ler eﬁ‘affrbfcéif%m?s(?’ﬁgzgg&f’%éﬁ’ PHE% FrEh Bt @6’?&&%1 Yuences in
t he hunegg@RRRBMMILEE LAFPRhbSRS Pbm SIANEF SdiPidid EHdINRATBOMTSi00hmay be a

nucl eotides. In the context of sequencing, it refers to less than 1-fold

cover agegaf oraassnligagdeydee thegthokcdlonp FUPROSHuHEN2 HEHBHRE 2 CRFEoseRf may be
expressed as a percentage or absol ute nunber of nucl eoti des/basepairs. As

an exanpltédtf Teaemt Trenten megraycing’ asgeet hapein effers to sequhecispwhakbyatiount  of

seq cin erfol med. 30 Enbodj nents, may det er.m.ne .t.he required.m ninma

e oo s o Begr . rE Sre Y uRGna of SRR B ot
di agnosi &quehSind PRicb@ire 65t RN ce-spécifis friméd 6o fatebpaRific deaé Bici &6 nbheqgaradunt  of
sequenced data used for, derivin va aranet%r or gggunt for. di sease

cl assi f i EBtRo8H of perivio poifh geduen R sapple fyvamle pdyep &oB WaEE & s to

string Oetnaggﬁg ksahd 488 Seguenae thehiifn AMe Radnc! nidlidic MidParb gl 8beaei d
nol ecul e. For exanple, a sequenced tag nay be a short 5string of

nucl eot i Hes thesguusnelag oripoheenerirs Bl wrecnePotmagyveei the aresdd pxvesiay, fg of

nuclgpt i t i Lok f enci ng of
he 2ht 1A tse R BRE p b Bl B e A AR Botogly e R D 0 A
nucl ei ¢ mtickid pagieivhs vEnandsic pad madcukes Skargpercertgiolcommoadedumpleomd e. A

fragnent (.e..Q. ne exi st separate i,. €. not caonnec o the

o ot peirt Dot st St RbefErS i BEBRIHE Sote SrORenif RO B P O

[ 0050] GErepodicnmats&. of this invention provide nethods, systens, and
apparatus for determ ning whether an increase or decrease (di seased state)

of a cli f@h@g’j}l ! 'Miertngn?‘vj%ion of the human genome” or “portion of the human genome™ as
25  used herein refers to less than 100% of the nucleotide sequences in the human genome which
comprises of some 3 billion basepairs of nucleotides. In the context of sequencing, it refers to
less than 1-fold coverage of the nucleotide sequences in the human genome. The term may be
expressed as a percentage or absolute number of nucleotides/basepairs. As an example of
use, the term may be used to refer to the actual amount of sequencing performed.
30  Embodiments may determine the required minimal value for the sequenced fraction of the

human genome to obtain an accurate diagnosis. As another example of use, the term may



chronmosomal region exists conpared to a non-di seased state. This

determ nation may be done by using a paraneter of an anmount of a
clinically-relevant chronosomal region in 15relation to other
non-clinically-relevant chronosonal regions (background regigns) within a
bi ol ogirefat toshenphemt Mrshednsehditd upasl fordarivingdf Paravectes G laBgLBEPr d8i#pt e are
sequenced,..such that a fraction of the genone is sequenced, and the anount
may be %’é?@?#i“ﬁed fromresults of the sequencing. One or nore cutoff val ues
are chosen for determ ning

t her change conpared to reference
cuant | AP0RN] Slhs TEm GeTHECHBAT SICES RerF B e AT BE O PRSP ¢ he
20rat | agw heRmsiesmd. Feek (Odeqesicsd @f ni8Ge@3Byrt [ 0051]
The chgﬁ%{é e ectredl%{fﬁh}t&%g&r ef erence quant?{ﬁi}ena;qbe anykdea?i gt(i?on (upwar ds

or dowshamaia)nuplaotidse sequbrpet! Siotot nedeic atid frgapntya Horiala ofmyerices aci d
sequence_t o t he ot he i.nj.C 2 : reference
tare iy s Sfp RARE g RApRC B el (RS Tie 1l Brad O

cor r es pamdgnesh theatidogicalBaspiee dh. sicktieasd agoient frpna petiax gdargeryrupléicany

25rati o or of her antity that differs. fromthe.refer ' as

det er m %’é‘{jmﬁi?c ﬁﬁeﬁg;?gmgyy(ﬁ& & g‘é‘tfb Gty <P %?Easf?tepfo(b%ﬂd?‘f‘ﬁgl%gﬁe?ﬁ?%&a% Y rel evant
chromwlofﬂﬁg&r@&nﬁl@b@qcmhbgdﬂa clinically relevant nucleic acid
sequence) and t he background nucl eic acid sequence nmay come froma first

type of cells and fromone or _nore second types of cells. For exanple,

fetid nucleic acid sequencesPBOOHG PESCRE B f et aUpl acental cells are
present in a biological sanple, such as maternal plasma, which contains a
backgr ol#fi§0]of Embodimerts ofili iaventien ipth s equehrissSySemgi HEtaPRy e &h  nat er nal
cells. one_e i . j : 1] d at least in
par t onéegerﬁié‘i’l%%%?gtgeerrgg? ﬁ%rﬁéesgﬁ) i ?é%;@{s%&é&%%éﬁéigﬁ) g?%ﬁfugb%%egg?{%al sanpl e.

Not e t hehrpbend aganakistsebalpasdduencediseasedststanphis deteyminatiolemey k¢ ned by any

fetal -derived Joci and not |limted,.to.nmeasuring.the_clini Ly-rel evant
e e B A
det gr m pedicato b@@StonidinRall¥-rddévahhehrpaswan! rgonofbitmrondegives)catiia a
bi ol ogi cal sanple, such as plasm s?ru sala'#va qr urine, ﬁ%{lﬂ CH contains a
backgr obikbeisel smplceiNuckds arid mplrsnles 8T Be Plolagrat FOMR'E RS SRBHDARE PYi cells
wi thin %ggct?ﬁq})ﬁhel enéﬁﬁé\'é'%é%ué}{gérdj% the al@0BIhayHeQetelmirfed 3o RWERAT Ol a

or

met hod pertormng prenatal diagnosis of a fetal 10chronosonal
aneup! osafyenanga (rieok owreeito ypvbeatsshesen &y dptegpinigoviedhfa dchit®al e subj ect

accor di Qoqnéageaatg a%@%%%%ﬁ&f exrié?se(i.@.r stlﬁl@glah&y,ef&t é}@ﬂxpie, with regards to the

20  ratio of amounts of two chromosomal regions (or sets of regions).

[0051] The change detected in the reference quantity may be any deviation (upwards or
downwards) in the relation of the clinically-relevant nucleic acid sequence to the other non-
clinically-relevant sequences. Thus, the reference state may be any ratic or other quantity
(e.g. other than a 1-1 correspondence), and a measured state signifying a change may be any
25 ratio or other quantity that differs from the reference quantity as determined by the one or

more cutoff values.

[0052] The clinically relevant chromosomal region (also called a clinically relevant nucleic
acid sequence) and the background nucleic acid sequence may come from a first type of cells
and from one or more second types of cells. For exampie, fetal nucleic acid sequences

30  originating from fetal/placental cells are present in a biological sample, such as maternal

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

10



[0054] In step 110, a biological sanple fromthe pregnant female is

recei ved. The biol ogical sanple may be plasma, urine, serum or any other
sui tabl e sanple. The sanple contains nucleic acid nolecules fromthe fetus
and the pregnant fenale. For exanple, the 15 nucleic acid nol ecul es may be
f r agnentsattmaheedlar bam@né:sdlrrfemfﬂsﬁ] cuteft slepis dp@rmined basgd vt laaﬁb@rllail‘fcﬁﬁl af a

pIurallt of t he.nu LC a RS cal sanple
are seq ge?ﬁ@‘ 36‘5%%8 %gggggﬁ%eﬁbglg%%%%@ﬁt S a tF‘Q%&F %e%k t 1e hunan
genone. de@u&iﬁ@s 1@m@l@lpm&betd&ammﬂmy@gﬁﬁagai-dmmbzuheﬁxdam’eln’gmi;nent s of )
respective chronosgnes e e .g., 35 basepairs g o]o) or the
entire fPERFHENE thﬁﬁl)ms@lyz@?éa&éwe%& a%ﬂ qe%@c?shg e(é' EZb)Qé’i“i‘anrgf gﬁ%s

the %aWpéa@uéme@ﬁmﬁ&ﬂm%ﬁﬁ,paﬁromh@f,er@en%g@%@ﬁ;_n{me@@n&@qw%%caﬂ hi s subs et
may be randomy chosen, as will be described in nore detail |ater. [0056]

| n one esaywi, mecitas ptaammmmemehwgoruLgmao\ﬁ@clu@qnﬁgnm@@kgr@md plarugleiceeid
sequenci Lve 2 t hat achi evabl e on the
454 pl atsfg“em? o "e‘lil %ﬁqui%%nuwégﬂ%%%%gg%@sNature 437, 376-380),

[11umn E (or Solexa platfoin or SO.lDSystem(Applled

Bi osyst Ms True Single Mlecule DNA sequencing technol ogy
(Harris TD et al. 2008 Science, 320, 106-109), the single mpl ecul e

real -ti nﬁl{)@QI\/Rﬁﬁﬁl ig @ Swehastyt aonetpad 9§ for B‘i’f8§€¥%§%ata neshe ol

sequgnci || | I ow t he
sequ@m %}g I(%l? Qﬁal%é @B?d ic aggélaég%}%ogﬂqé%abteagle?g@ at grg %%g%ngﬁg%])gcicﬁen at

hi gh ordmt:swrigmhtembbﬁmengoﬁthepcfepmtaivmtﬁonf ashion (Dear Brief Funct Genomc
Proteom c 2003; 1: 397-416). Each of these platfornms sequences clonally

ex panded{UDS4§VﬁﬂsiélﬁﬂﬂaﬂBiollcfgh@ﬁszﬁhﬁlg Femnbt pebhes fefalaisetelvedalhd fragnents.

[ 0057] As qﬁ?h nunber_ of sequenci ng reads, (ggeg the order o hund{ ed
t housandgiotagion sampdm@anpe BoBRS FEES; BT KT At sg¥talls s 5rSemPE i ons,

are genegalad fI QR &@&&o&%ﬂ@é ﬁomnh@ﬁaﬁn bl he hi)BhGSHhleanty SeapRNER ©eads
forma representative profile of the m x of 'nucleic acid species in the

ori glhal meypec keiémoldeoies e irp fragmele fivaptonypremesr ascri pt one and met hyl ati on
profiles 5of the sequenced reads resenble those of the original specinen
(Br enner[ﬂ@SS]al Iﬂ\laép Biookdedst 206ion bBa p&sﬂﬁﬁamthe andnomnétncéécu@anmﬁainﬂbs 2007;

67. 8511- 8 18) to the |ar S | i ny ences fr ach. speci nen,
Che nunbEHbo pliQsd FEme S8 RS, Toner e SenEt R aRErRrSd TP T
sequenci Rgnaf ooRCehe ARodirRan) th@hucﬁﬁb! edi@molebds a&ffrégﬁiéﬁfsw&s@dctzm gh
redundancy, |s al so a good %uantltatlve {)Bd?resent ation %é the couynt of a

parti cul giromgedreisc Oé’élﬁadé@f% P dgseppiry (e bl prfst prethe PP HAEDSEMAYEE [ 0058]
N S3EP LifRendlis el el Rl RAANPAGIBdC! ik soll iAnky By AELSETAREL ND) . 2

first ano first ronosone (e.g clinical r el 'evant

chr onos osubetirsaychet sequennet . ThHlhebbétmeny berrendetoly shagen. @ Pﬁiﬁn/ beldgsenbpdseguwences
i denti f|§% 1ﬁagorl ginating fromthe first chronosone. For exanple, a

bi oi nf or H&tY rprocedure may then be used to |ocate each of these DNA

[0056] In one embodiment, the sequencing is done using massively parallel sequencing.
Massively parallel sequencing, such as that achievable on the 454 platform (Roche)

25  (Margulies, M. er al. 2005 Nature 437, 376-380), Illumina Genome Analyzer (or Solexa
platform) or SOLiD System (Applied Biosystems) or the Helicos True Single Molecule DNA
sequencing technology (Harris TD et al. 2008 Science, 320, 106-109), the single molecule,
real-time (SMRT™) technology of Pacific Biosciences, and nanopore sequencing (Soni GV
and Meller A. 2007 Clin Chem 53: 1996-2001), allow the sequencing of many nucleic acid

30 molecules isolated from a specimen at high orders of multiplexing in a parallel fashion (Dear
Brief Funct Genomic Proteomic 2003; 1: 397-416). Each of these platforms sequences

clonally expanded or even non-amplified single molecules of nucleic acid f}agments.
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15sequences to the human genone. It is possible that a proportion of such
sequences Wi Il be discarded from subsequent anal ysis because they are
present in the repeat regions of the human genone, or in regions subjected
to inter-individual variations, e.g. copy nunber variations. An anount of

t he chrorfféiie 4fa highepebtr divdgeiciogeads, imthe erdst h&hurdhsdohosandsso maljiothus be

determ ned. 20 [Q lLh.step.,140, ed on the seguenci.ng, secagnd anount
of one. oo EEEPERERERAS VoS o BREE PR etk T BF Sel Smabe P agn | o0
as ori gi nas ieagtdnt SRueted edadé RmSEEEBEEnelivO PRFRIE he ffk ONEicRADM éf']?_EﬂEs t he
second chrqonosones are all_of the other chronosonmes besides the first one
(i.e. the®BiFTiEdahgPacEatte dr SFanmh Skl byRso BrsrE R metaRe medBaR YL PFB#os one

IS just arehd\@hSerRiREICREDINS RS ofihe Ll@@@aﬁ]s?&- LR RelYTBeR;Ricpvays of

determ ning the amounts of the chronosones, fnc udg g but not limted to
count i ng A0RE; ¥ufbe3 tfTaglon g Cadcar £gs 200he7mMtHe518f Beduénciedenasplagt i des
(basepair o%)secﬁ{enéeg %'o%f Qa‘éH‘ége%%% lth%l }%ﬂ b2 Q{idgn%ﬂa esrécge%cgsug lc%%g Itlga Sen(epa%e%epal rs)
originating from particular ¢ ronnsonefs or Chi onosonal régi ons.

[ 00611 | rfrcanGtetsequeaning dif sendlcic neill @solmyevam! foldogedvangd fichigiesdtidanof, ist he
sequencing to 3Q determ ne what .gets counted. In qne aspect, an anount may
be bt ai e TECAAFHIE SrOREREIHE Bf o AL Lt BREEHR U R 1B Epl e,
sequenci NegcRGh Metorigalal espndi ng to nucleic acid fragments of a specified
size range could be selected after the bioinformatics anal ysis. Exanpl es of
t he size e §§&£ <10, 006 p 150,
a paraneég?ﬂ?s%QS% ﬁ%?ﬂ%%m?ron$?ﬁgm?lr @Eg%%éﬁ?&ggaggﬁgm%%%b%gmg%%ﬁﬁg. The
par anet erof peystlrgroniepme X@gpheslincatly mpbent drboowindg) ikeddidrmsdedarfhefitstt o t he

second ampunt,. 5 or the.first amunt to.the.second anpu plus the first
aount . TR Ao B SRR R A AeRE e PRiEEFon. o
separ at e Hou Bedrhf18S, bivheBatcsipaddeOuidiyayiiBerd iaRed akiotatObachRE SR sSBPRAY at e
functjons. One skilled in the art will appreciate the nunber of different
sui t abl e SFEFAMERIAS PBESIONS TohBosHioUrRPPoTHOp aF i sefucpees grillge
fracti onadisch@Ra 638N uBldqas: afflyds ERLNTISQEBe JQ:hPlent &%Jek%e%i@ﬂ@éf‘%ﬁ@' Ina
chronosonal aneupl oi dy, e.g. chronosone 21 or chronosone 18 or chronobsone
13, may thvenngeneay. oo eceignt subjncteddo iberdpdisidusl wahietiasisot-afcopyratmbe

Procedur g.yidligs! naGklARAlr FEBLERENAl IANRYCRGe 0! A1 Cd Aas el A amount
of all of the sequences (e.g. sone neasure of ~al o e chr onosones

i ncl udi ngnayhibucha dutgedined- r el evant chronobsone) or a particul ar subset of
chronosones (e.g. just one other chronosone than the one being 15tested.)

[ 0064} | noedogp 1ASRp 1ubHapRY @NBE Squbfcin) AR08 akhBw@E o of bR sesinaf T val ues.
The cutoff values rmay be determ ned fnon1ané nunber of suitable ways. Such
ways i nclHHEBapesisaRtryHed FPRSFAHo6 iAeTined o vdgueinefem protfdhe ey rati o
testing (SREDsom ﬁ%ngtxegﬁg?&%x@, gRQBLASAGEIBLEl #8Ln of BEChNET OPerating

al
characteristic (ROC) es o plications o ese net hods and

sanpl e-s Wémdsemn%b%ijiﬁs therfastdas Gra. Bedne heipp tested). elntanyther ¢relbbdpgiti hat i on

e AL RS TR, (A Torney Dacket o

016285-0 NCor por a nce,

23 [0660] There are a number of ways of determining the amounts of the chromosomes,
including but not limited to counting the number of sequenced tags, the number of sequenced
nucleotides (basepairs) or the accumulated lengths of sequenced nucleotides (basepairs)

originating from particular chromosome(s) or chromosomal regions.

[6061] In another embodiment, rules may be imposed on the resulis of the sequencing to
30  determine what gets counted. In one aspect, an amount may be obtained based on a

proportion of the sequenced output. For example, sequencing output corresponding to

12



[ 0065] In one enbodi nent, the paraneter (e.g. the fractional representation
of the clinically relevant chronosone) is then conpared to a reference
range established in pregnancies 25involving nornal (i.e. euploid) fetuses.
It is possible that in some variants of the procedure, the reference range
(i.e. t m&:lemqﬂouf fragadntres)a spetifiel! Hige mdpuenididvg selestedpfignihe dicipiormatise

fractiona cen rat.i.on.of fetal t mat ernal pl asma
sanpl e. *f} éls Ef§f etz ebrgn%féeeera%e%&%or%ﬁg%éedé%hgpgg dat aset , P e.g.
usi ng sequences abetotheYchr SO if the f és | e. The
val ue off63Hnyl néf@dSBea PRERIBPIST 15 SET A E@E&H%ﬁ@t FHHIHL T L*?S@%O PR G f et al
SPI 9eNelh LB Fa( (AR ilhriela. @mp%qe@o & thé 5ER RS, to 22 ksbed 2@foufit; oM t he

e

anal ysis of single nucleotide p hi sms. [0066] In step 160, based on
t he Tonpahé §ohamaunt koatbs Béqoeéﬁmeﬁntd)ﬂu fitsepmaurtte fmpnapesnrgehanoEheu pl oi dy

exists for,the first he

cl assi ché&}i’ ot E}rgm%enai ﬁlntcl ve rysggargtrgtf%%%hqgﬁ% ﬂagm%g%gﬁﬁégﬁ&en of

cl assi f iHeat separatid@iynchiens MBhcaskilictiiiaeertorillupperiagi the nimberelf difentoher

enbodi ment, the classification may be a score that 5is to be interpreted at
a |atersla‘§¥ﬂepalrd8%“é%<arrple by a doctor. |1. SEQUENCI NG ALIGNING AND
DETERM NI NG AMOUNTS %067 As nmentioned above, only a fraction of the
genone [#63leqlreeembpaingsib aepreesier (éﬁeﬁﬂﬁ%"i@ﬁﬁé@ﬁé PR SFUNBEPEs in a

Speggvep%ﬂe@mﬁgﬂg%ﬂfé&% e e =l &d QUEERGRLASE 8RE; QfoRbsosgvaral fol ds

anon e proporti captured nucleic acid 10nol ecul es,
nmost of cl&ambsdmmlserrmy ateandaesqabcia@é fr&m thqlrysubteqﬁ@n bedniormaics prasedurglosage

i mbal t h

pooat o T Bhrbol bt Sital o S CEPREIR Shesd WA IRl or A AMSAANDE ||

chr onos e sehe GREANDSTNBIS hegiremssontes mﬁmmgemefcﬁmnwyhmmnmmageme) .
.tags of the

representation of the said | ocus amn t her abl e ence
speC|neﬁram%?@@%8Tbﬁ%?%ﬂ¥@n@8ﬁFFé%%éﬂgP Wﬁ@r&@@g?%ﬁ§”ﬁﬁg¢809% %% e poo
of nycl el gC|ds is sequenced multiple times to achi eve hi gh redundancy or
sever al s of coverage mhereby each nucleic acid species is sequenced

mul ti pl ?90254?&%%& ES?)“&%‘ \}% [ HBL1 008, agé?ietg%'}{gP?{nofg c&éi‘?@% .7 LLLE

nucl ei c Peen Seq nce tot anot
nucl ei ¢ vﬂqeﬁn@pmewmmﬂrfﬂjnam minhHer bheuitable svayt. echcwncentindt | ons i n t he
origl nalBajszeasgB!tgpe 11keﬁh cﬂneet?lcclsl sgquen’ual probability ratio testing (SPRT), false discovery,
confidence interval, receiver operating characteristic (ROC). Examples of applications of
20  these methods and sample-specific methods are described in concurrently filed application
“DETERMINING A NUCLEIC ACID SEQUENCE IMBALANCE,” (Attorney Docket No.

016285-005210U8S), which is incorporated by reference.

[0065] In one embodiment, the parameter (e.g. the fractional representation of the clinically
relevant chromosome) is then compared to a reference range established in pregnancies

25  involving normal (i.e. euploid) fetuses. It is possible that in some variants of the procedure,
the reference range (i.e. the cutoff values) would be adjusted in accordance with the fractional
concentration of fetal DNA (£} in a particular maternal plasma sample. The value of { can be
determined from the sequencing dataset, e.g. using sequences mappable to the Y
chromosome if the fetus is male. The value of f may also be determined in a separate

30  analysis, e.g. using fetal epigenetic markers (Chan KCA et al 2006 Clin Chem 52, 2211-8) or

from the analysis of single nucleotide polymorphisms.
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20i ncreases with the nunber of fold coverage required to achi eve accurate
representation of the nucleic acid species. [0069] In one exanple, a
proportion of such sequences would be fromthe chronosone involved in an
aneupl oi dy such as chronosone 21 in this illustrative exanple. Yet other
sequencesg@mﬁp1$MﬁhpaﬁaéﬂmﬁnmnhgcwumnbmseC%@ﬂﬁ@ﬁ@@Q@éﬁ?@@ﬁaﬁﬁ%n1the ot her

chronosones. 25By taki into account of the relative siz one 21
conpar ed ﬁq@m%%ﬁ&&lﬁ%ﬂg@ﬁ PEIFS 3%’}1@% ,?HSB %30}(1:18%“&5 o @%ﬂgﬁmﬁd. n(ﬁ;lr(ﬁ% Ie@gﬁfﬂaﬁp

;r equencK,thé/\glgsgjﬁ@a@or{igfa%ﬁﬂiﬁee y@sﬂg;ho. ﬁfar?ﬁre@mbmﬁmemasb@siﬁﬁti@n gegbences
rom such a sequencing exercjse. If the tus has,tr.i.s 21,.. 1
nor mal i zedmflassirbircy ugEeTER- oD SH AP SHEPTPERD g@&éﬁéﬂ@@%{%r%ﬁ bseu%ﬁgrgttm

sequenci ggﬁfo)%%rl %ﬁ%ﬁ%%aﬂa@?ﬁ%@,sﬁr eﬁaﬂlﬁe, gl hawitbg the detection of trisony

21. Th ee o ange in the normalized frequency will be dependent on
the fractional L rati ' d&unrd he anal yzed sanpl e.
[0070] In —Iép%ﬁgﬁggg t Tn?&fuv £ i one Anal yzer for

si ngl e-end sequenci ng of human genqm ¢ and human pl a | es.
The | | | uni 18867 nbaeringeg 2B9Ves ﬁé%@é@%%ﬁ“ﬁ?’&%%%g%@gmn% A

ol ecul es CAPLHELH0Y #nSOkicdoRYd 26 R0krbRRgacbou Cebls pdtanis ddhonsee! |

has 8 | aneS for g sequenci ng of 8 i ndivi dual SSpecigens or. @ﬁols. f

speci mens. inkeaahoflaasmeeias fdpelsioscrage. gachupans the PropoBis T GIPMWEH B8PS 2RRi ch i s
only a fractjon of the 3.billi.on. b UEREES Albo.ldhsngBuman
genonel® Ea’@ﬂfeﬂg?ﬁomoét c%?&%%lggc&g%%%@gsa%ﬁeeqagg ggquenced .us,igng one | ane
of a flow g@alancddre: shgsdarshgusncme bagsogesena retonisee baHEHEE ES t he human

ref erence genonme seguence d.the chr SQ rigi t ot al
nunber of fsermReduar Og‘éﬁﬂé%eﬁt}e p%sﬁ§e 31%?%5‘8%3{ & g f%gg{gé%ﬁg R?‘gﬁrrgg %Sr?em&er e
tabul at ed ?eg%ngﬁqﬂﬁh%@ﬁﬂﬁﬂﬂe ﬁ&@eﬂt@é@&&ﬁ}fé&n&ﬁﬁﬁ obfhe eaid ok powng ofrer as
expected fromthe reference human genone or non-di sease representative
speci nens. m@hpebleosarrncerhiags olghe FRFSER were then identified. [0071] The
descri bed approach is only one exenplification of the presently descriged
gene/ chis onpRGSE Uhsdgeomiastad &gy sithhtians RRETORS SRR BRUSHIC LRGURFIMHRF Eoul d
be perforned, . 15l nstead, of co I asedcH nagnent s
53?'}} oS 19 a[cplxgv? @gg}?e%{uhg&cg Gxesekfgr'ﬁgfogisq;f cé@ag%‘iﬁ&@by

fromthat enceé genome as descri be Canpbel | et al
(Nat Genet ,20Q8cied sefdaroé Bultiflhéman iiberch oftuaiony Hethuselrn ehvaes 2 BRIECWHET e

counted and sorted according to chronps | I.pcat.l on. I s of
chr onos omabugleig PEA SPIFACSFHE ge@ﬁF%?B%%@H?%ﬁpetg%g% 31?02”136% gﬂ hl%% ag{)d g?%ﬁg t he

correlate with their relative concentrations in the original sample. The sequencing cost

20  increases with the number of fold coverage required to achieve accurate representation of the

nucleic acid species.

[0069] In one example, a proportion of such sequences would be from the chiromosome
involved in an aneuploidy such as chromosome 21 in this illustrative example. Yet other
sequences from such a sequencing exercise would be derived from the other chromosomes.
25 By taking into account of the relative size of chromosome 21 compared with the other
chromosomes, one could obtain a normalized frequency, within a reference range, of
chromosome 21-specific sequences from such a sequencing exercise. If the fetus has trisomy
21, then the normalized frequency of chromosome 21-derived sequences from such a
sequencing exercise will increase, thus allowing the detection of trisomy 21. The degree of

30  change in the normalized frequency will be dependent on the fractional concentration of fetal

mucleic acids in the analyzed sample.
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tag counts with the expected chronosone size in the reference genone or
that of a non- 20 di sease representative specinen. As paired end sequencing
all ows one to deduce the size of the original nucleic acid fragnent, one
exanple is to focus on the counting of the nunber of paired sequenced tags
corresptﬂ@dﬂhgln mamdd@merﬁcW@uﬁedé@ﬂﬂﬁmﬁmﬁenaH@p%@lﬁe@% gpgle-endych as < 300

bp, < 200bp, Of. 100, 0. LAUT2 o8y ARAL Dol eRRALIBAL, TEBuEAACt i on of the

P seguence run i1's er sub-sel ected
prior tCes@atRASARY serehcedxiumplleexpaybed siigiaDiNgnmbhselds tapohied eewliduch as

ol i gonucl eotide array c d, be us to.fir ub-sel ect Ielc acid

sequencé‘éf? FW@@F@&W&%&%&@%%%“%%M? ST ‘ﬁé’ﬁ%l" A chr onosone

and ot h%?ecﬁﬁ'ér@ TP SUTBSopeBintient. TP4Bh 1486lis ApdDieo BRabRLios dp0tsbetquanet her

exanple 1s that a certain sub-popul ation _of nuclei¢ acid sequen eog fromthe
0

sanpl e paigh is enly aftastoeet the 3 dilliam basepring op FiEERIes I BE HRHEYT BRome exanpl e,
as di Sciéé&edc%t?\%%%plg%n%%rﬁﬁéﬂg%ﬁ%flé GROChEL ok Rind GAbnd WA P4 eGUITGS [

mat er na asma ‘ar orter fragnents than the naternal
backgr ouhdlt ENAere s lgbmat(:mre aigned toc:iha hlm@aemfem@ﬂ gergme BQuen) andthtis, one
may use

f
fracti oﬁg"togmtg‘?f@ r’gfﬁﬁs‘é ?%@8363%1 S° | i %ldglj‘élcsleb‘%aeng&c%% & %ﬁéd i5° nol ecul e

Si 29 €efoh dYorB®onRIvRet tdpaGIIesH Somparsd with ﬂi&d@hﬂt/@mz&:ml elaah]shromoiwyne as
m crof |l ui di cs- based approach. Yet, alternati veﬁ%)resﬂ% the exa

of
anal yzi sgpesEd frgm ghe ¢ {eéFe PR gPnREe OF Pl-diSrase BIYCSPET CI ei ¢ acid

portion (ﬁ]g&ln Qﬁg%{y Liof ReksByeranBBiradnddat suppresses the maternal
backgrou such ‘as by the addition of formaldehyde (Dhallan et al JAVA

2004 53@@7&11 4| %cixibl r}gac%qp xgg %‘E@éxen%hﬁgéﬁ o 1Y pr n%éﬁﬁf&es@ﬁbetdhe

pre-sel e| C acl IS se uence rando O her
singl e fgﬁh@@ﬂ:bﬁommsgengmﬁgyaAb@msferupﬁlr%’lSnﬂ Reuehging hell on8el.

| atform the lie SC]_D at f or the s True
gl ngPe NBit %@é&@%ﬂﬁl%ﬁ%&%ﬁhﬁ%&@ﬂ‘h%% agnfeﬁ%sn%?lﬁ % e7ﬁl%)elc &8 real -tine
( SMRTTM e fReDOREY QlcRashd be CAABbIISE me(meeenmdommom @29.3 etnuembemg coul d
simlarly be used in this appllcatlon I DETE NINGA%?J Ct]é:"]
CHROMOS QBB TRROM ISERIJERE N CRFPYTE %iacﬁ?lidél%gtf? TORRASAIPY PSR A S |
sequenci ?9(35 & FlRiRo hi%éi@ﬂ@é%ﬁﬁ&e M@&n@&ﬁe@%@d&&ﬂ%ﬁyﬁ:oﬁq@@ﬂ@%@ nosonal

origin o e sequence After this procedure, tags i dentl fied as
or| gi nattamgmmtsomlt the eppﬂcmdtqhmrﬂlq,w@neﬂpmﬁh@lrﬂfﬁrﬁmﬁﬁe of thet of@HoBnpsome 21

Or {2@ ﬁgrﬁ%r%eﬁl kg Gar gnd 6&? antd én%tsk%lf‘e!aé(m%rgﬂ%é ol totdQ?u gflus%%@d tags

foFe ChF OMDSOes. Not i NVo in the
aneup | OiHy origihg nlheﬂeﬁ;taacm&ignﬁmﬂqemmmmpldm ts fguene ivgooutinuaf tierembeheforos ome

21 and ot her non-21 chronpsones for es eci onpar e th
cut - of f Reaed, equpreet (A8d CRITFw© P%B’c@m f‘qt %%%“:fnﬁsnef%és pe%glgcggéeés dclh\(l)grsl to

determ nﬁ)gl% theosnec Mervpras obt ai ned froma pregnancy involving a euploid
or trisony 21 fetdus.

10072] In another embodiment, the fraction of the nucleic acid pool that is sequenced in a

25  run is further sub-selected prior to sequencing. For example, hybridization based techniques
such as oligonucieotide array could be used to first sub-select for nucleic acid sequences from
certain chromosomes, e.g. a potentially aneuploid chromosome.and other chromosome(s) not
involved in the aneuploidy tested. Another example is that a certain sub-population of nucleic
acid sequences from the sample pool is sub-selected or enriched prior to sequencing. For

30  example, as discussed above, it has been reported that fetal DNA molecules in maternal
plasma are comprised of shorter fragments than the maternal background DNA molecules
(Chan et al Clin Chem 2004; 50: 88-92). Thus, one may use one or more methods known to

those of skill in the art to fractionate the nucleic acid sequences in the sample according to
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20[ 0075] A nunber of different anmpunts include but not limted to the
follow ng could be derived fromthe sequenced tags. For exanple, the nunber
of sequenced tags, i.e. absolute count, aligned to a particular chronosone
coul d be conpared to the absolute count of sequenced tags aligned to other
chr onogaN@sie shlel €5I@t de¥ eleytrophaeesisioneié ouddsicoddiimes ortblyemazrdjﬂmldtcsébésﬁeq uenced

tags from chronosone 21 with referen e to, all Y0 at her quenced
tags cEBPaatde YEbAIREE b 1t HaCxXERPlEP aehiisg. C&Hé&ﬁl%%@ﬁr%ﬁﬁ?&??z In the

present, &xp! P&: ?@ﬂtnud@r%%@ia rtah RRIVEY Sris RAUSNEREMbE AR RpRsdoblthef ragnment
t he nunber of nucl eoti des seque nced froma particul ar chronmosone coul d

easi | y nergd rbﬂ&l@bmdoch 8s bp ditiph peipripgidelnale {Phullanced adA 80t . [ 0076]
Fur he , e i ng one
Yo oo SR AL TRUERR, « LRSI SRSE LR JESBILY e RSl 10 o1
statlsh3£ﬁumna$ﬂmd&nmhe naternal pl asma DNA fragnment species would only
each have been sequenced to generate one sequenced tag count. In other

wor ds, [§dve] nush& sﬁlg‘?&lhglef:m@gé@l@ﬁcﬁ d@ﬁ&w& shich 4 BatRRE Rédhe 4B4 BEBABrE PECI MEN
wer e sequenced at less coverage. Thus, the total nunber of

sequendédApliet Sdedvaiems fs&hﬁri}}ﬁtﬁ’émt ihe Elflerﬁel@ﬁ?r Brissurae WelacglerN¥4 1 y cor respond
to the ftﬂﬂ(‘ ™af onosone t hat
has beén sggh %egﬁjgﬁgglr—iél[h%%n%%}eﬁ%g%lﬁtr%g tiv 3 Fge r‘ﬁ: %lgﬁogﬁb%‘a%{fﬁe

r efbes &ivsatencss, afd tahepposentichd youkhsuwphdy te Bsedhn dnogpireatooul d be deri ved
froma fraction of the nunber or equivalent |ength of nucleotides sequenced

from t hgt DEMERMIBIONE AWADNNES OFeTICROMD SDMERARANM\S BterENENG oarmpxy f or
ot her chronpsonmes. V. ENRI CHVENT FOR POOLS OF NUCLEI C ACI DS FOR SEQUENCI NG

[0077] 1fipr4 f)&ﬁe?pqua,@% ﬁ?%m@%qaaic& heguff&rﬁaﬁes SRR @as%%x%ﬁ&'a el ow,

only a por on 0 t he genome needs to be sedquenced to differentiate
tri sompo@tk the dme:ugﬂrml dﬁgals@@he STEHU@CC& tegswddied thepoerbird [tags dvdiified as

cost - effect ve nri,c I prior to
- andomSEatRNETRG SIS ErBR e ChrBEAR. S aatloper] 1S BHAIRERPL 2
DNA3 o |ceﬁ1q;ih168 quamtmaivellyrta lat] rmlf arraqenedasrr e driginathpfrivaront bAgoent s t han

the maternal back | ecul 2 et al din Chem 2004; 50:
B5- 92) CREOTBTE R NICeD e TRUP ShoPE TATHONE JEREH RO HBEE20 okill in

the ar toutpt fr&ﬁccm&mb@;etzfn enfl Bﬁeﬁhﬁuﬁpéﬂoﬁ%@g G815 ekt shbigmspiiRb@pasEor di ng
to nol ecul e size gfbfa el ectrophoresi s  or size exclusion coI ums or

by ni crgth qw-gﬁd@i@ag@“@yegw gijods described in the above section to determine if the
specimen was obtained from a pregnancy involving a euploid or trisomy 21 fetus.

20 16075] A number of different amounts include but not limited to the following could be
derived from the sequenced tags. For example, the number of sequenced tags, i.e. absolute
count, aligned to a particular chromosome could be compared to the absolute count of
sequenced tags aligned to other chromosomes. Alternatively, the fractional count of the
amount of sequenced tags from chromosome 21 with reference to all or some other

25  sequenced tags could be compared to that of other non-aneupioid chromosomes. In the
present experiment, because 36 bp were sequenced from each DNA fragment, the number of
nucleotides sequenced from a particular chromosome could easily be derived from 36 bp

multiplied by the sequenced tag count.

[6076] Furthermore, as each maternal plasma specimen was only sequenced using one flow
30  cell which could only sequence a fraction of the human genome, by statistics, most of the
maternal plasma DNA fragment species would only each have been sequenced to generate

one sequenced tag count. In other words, the nucleic acid fragments present in the maternal
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[0078] Yet, alternatively, in the exanple of analyzing cell-free fetal DNA
in maternal plasma, the fetal nucleic acid portion could be enriched by a
nmet hod that suppresses the 20 mat ernal background, such as by the addition
of formal dehyde (Dhallan et al JAVA 2004; 291: 1114-9). The proportion of
fetal dogiadpsaueacRScdRibeh ReeMhONGH (oRelDE THiE! il rathinaag!
conprised of shorter fragments. According to FIFG 7/, the nunber of
sequence§iteagy rustpatidesdorf asy raiticiler emoingsimgweuidingstly feowespbnd ®ahy 21 cases
woul d r fr o) DNA, goncentratian increases., 25 0079]
Al ternatTve %,%% égﬁ)gr%%gltg%lr%e %%&h %aédn‘f%éor%?ogh‘? i Sﬁe\ilbﬁ?{’éﬁﬁﬁleﬂf%?'

chr onps difencarible qendtatve daerenindion wd seregenatatibnydlhe @dtehBallyh@eanlsidp! oi dy

coul d be,enriched hybri di zatign tec ques for exanple onto
olig nuc"é‘F%’P‘i’SHEleﬁPgﬁSS?F%Vg.f%GP%?@ﬁ?% &% BHReE obsaVAlsH i2ialids woul d t hen

be subj eficRdtida sEQRAGN FRALRNSHAGosoliY withRM:thalh Q‘Qirﬁiﬁ’bﬁlyra%ﬁk'é‘dt% ity N
sequenci ng costs. V. RANDOM SEQUENCI NG [0080] FIG 2 1s a flo art of a
net hod 20D0H&rchyurgsemas.ng prenatal di agnosis of a fetal chronosonal
aneupl oi dy usi ng random sequenci ng according to an enbodi nent of the
pr esent IVpEaiRICHMENTFORE’QQDEEF NECLENS AGHDS iR $EQAMNCEIRIG sequenci ng
approach, 5representative data fromall of the chronosones nay be generated
at the s@OE7|t | ABmedhac®shde An@tstebIRA ineht anmbl-A@PRM bdisw. Wy Sei86t &d ahead
of time. The sequencing is done at random and then a database search nmay be
per fi0r melBe PgrEgenime recds s $aduencsd i diEgmatnte FEoryA LT eepivid TAles. i s
cont rast f; i ; I L f oA 18 sone 21 and
ot hor o B i e PR D e B0,
bi ol ogi catuesesddir o BHlath eequeagrmela fientigh of ibs engdeidyped]. Fonesstrpie, 220, t he
nunber ® d i.s calcul ated for sired accuracy.
I n one g) nlg%(ﬁ ﬁegéré?e?%g%f%%?ng gﬁl[agigg!a%?c %Pé’flgﬁid TR fﬁaﬁ@eﬁﬁséﬁ%gﬁ%gﬁm?ﬁ le is
first i dectdrbirgdNAhdemy (OrarcareCly Caay 2604;t5abBS ODEaMNEs, a8e Wal bsdiieknown
to ane skilled jn.the art. The_.identificatjon may sinply be reading a val ue
t haﬂgwasOr MEAs Wt’ﬁdW"ﬁW&? fhgse 8%?}‘5%&71. tth ﬁﬁf%%r%"t’é?ﬁ%&}i‘%%ﬂ‘?c PHESCHBRBECH at i on
of the NHEIpINREISRAY RS DeDE g ALY 8 dphoRAR R sBR LS RELSRAIa0e. For
exanpl e, the nunber of sequences needed to bée anal yzed woul d be I ncreased
when t hét PEEHFroBNAIcHDA%E FPBI§ESdr ops, and coul d be decreased when the fetal
DNA rises. The nunber N nmay be a fixed nunber or a relative nunber, such as
a percerf@t$e. Yai, dtnoktiedy, enbedixample, of enadyzbaidedl-Begived CaN A immadenl N t hat is
known t te for accurate djsease di.agnosis. .20 The nunber N could
be nade%%%%fa?@ﬁggeﬁ‘iﬁ ngggs o pﬁpé(ij]ncé)ﬁg‘% e glf‘fi% #Yg? RPthpR et SHPESTIF ARS ons t hat
ar e 28t  toheerhgwack genchdofuch Beby thiemalitibABYRmbIAGSRE (DRalfneR aRROVIA04.east N of
a pluralj Ly gf g%nucl eic %ci d pol ecul es contaj ned in the biological
sanpl e are radd PERpIAT R detallerivad srauenses RIS beesichsldn thegpelsctiid s t hat
t he nUCg)@bl(‘co%@ki@&i $fGh&Eer FREHBAE SAe REBNIRIFIBP S Ghe hEAbdorsdaREddigH O
targeted before sanple

required for differentiating euploid from trisomy 21 cases would reduce as the fractional fetal

DNA conceniration increases.

25 [0079] Alternatively, sequences originating from a potentially aneuploid chromosome and
one or more chromosormes not involved in the aneuploidy could be enriched by hybridization
techniques for example onto oligonucelotide microarrays. The enriched pools of nucleic acids
would then be subjected to random sequencing. This would allow the reduction in sequencing

costs.
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25anal ysis, i.e. sequencing. Sequence-specific priners to target specific
gene |l oci are not needed for sequencing. The pools of nucleic acids
sequenced vary from sanple to sanple and even from analysis to analysis for
t he sane sanple. Furthernore, fromthe bel ow descriptions (FIG 6), the
anount of i ] equired for case diagnosis could vary between
t he testeéiggégﬁﬁéﬁgggégggﬁgi#eference popul ati on. These aspects are in

mar ked contrast to nost _30nol ecul ar diagnostic approaches, such as those

based on flPYRM e SEENne s 5 Fpveghary ohy Brefhar 280 @ werfgiane preaapiel dlagrsiseda &ile PCR)
gquantitati =1 AL gl : | ash Ldi zation
nicroarrafﬁggﬁggéﬁﬁ%%gﬂggﬁgﬁg%gﬁgﬁkﬁgggg?ﬁ %Rgﬁgﬁ%%ﬁgh, mhéﬁ%ﬁégﬁg l oci to
be t ar get guesestguyansopr iname prrecdiot temassivélp paratltlissqueagquigebpyatthe use of

| ocus-gpecific prinmers.or probe sets or panels of such..[008 | n,one
enbod denteFSRIGY Bt e te R deR e S fler RS drint v rat iR
present i rorightoffd mstitmi tragmpitegnantievedairad antdmeEheabdnbthg gedugiat

sequences whjch | d Soriginal|ly have cone fromejther the fetus or the
mot her . RAARR m@?{ﬁ% %ﬁ)ﬂ?ﬁ&ﬁ%@%ﬂ@mﬁ%ﬁ(@ém@hﬁ RGP R PG OB ¢ i on
of the nuchgiity R&hITHIPIsQeHkR8dRFES §Rlatibiy Wike Lip0tif0ireaheDarih ShroMdsdfre
sequencing is random a different subset (fracglon) of the nucleic acid

mol ecul es {laand angther onp &ogerermysomeyl Beamplifiashced in each anal ysi s.
Enbodi ments will work even when this subset varies fromsanple to sanple
and friom gaeslysila step 2a0ad bislogical Famhiedtonrthy porpnent fevels iusiceged hin S0,

sanpl e. EXx | e he fraction are . about. 0. 19 .5%. 1% 5% 10% 20% or
300 0f 1 hathBHEREN e o b iR S ke P et o)) 1ndfe mny e
of these vahysagnernt 0B Aknikbeor ot DA fhke SibRPRALAGE/Q fHRYddRKIBeEETthit MaR
simlar manner as nethod 100. VI. POST- SEQUENC| NG SELECTI

. ! ; ON OF POOLS OF
SEQUENCED bralase by smotygshic meapseasayiilhe dnpwn ugpkaisd i thy gy (lihe gsaiification
subset of : i fi.Ci " L StLagui 1L 3 rom
cupl o 4 canae e e oy o B ey Ll e
sequerided whgktiohaf thpaswbe N of segiancepialbe tyalperddnbased on tRareresrtagp| & in
examl e | |, SeAuancad L ags. fale ReLR UM ANE Y. 2LbgRsd ih 8.4 08 Whabgataiasked
ref erence EW‘Bn genone were usea. ernati \yer, one nmay sequence a
r epr esent diiNueepenlagofrony ahdéqiidbs decRAsddreligmehé fetdl DA aists. Afhetonmber N

chronmosones but focus on the canparison between data rel evant to.the

ot ont | al AT RETOr DS Gy AR Aaal 1ot BSoE o L TR Sepfiment

non- aneupl e oSN kaNREGERmHPRER iveioval th @k Baddue! s acRuStEflascodiadndsls.
sequenC|ngH§utput enconpassi ng sequenced tags generated fromnucleic acid

fragmeft s dmuebgo ¢Pwg be snade SRt e &1 eSnanFgowith fetelH@NA concentrations

that are at the lower end of the normal range.

[0082] In step 230, af least N of a plurality of the nucleic acid molecules contained in the
biological sample are randomly sequenced. A feature of this described approach is that the
nucleic acids to be sequenced are not specifically identified or targeted before sample

25  analysis, i.e. sequencing. Sequence-specific primers to target specific gene loci are not
needed for sequencing. The pools of nucleic acids sequenced vary from sample to sample and
even from analysis to analysis for the same sample. Furthermore, from the below descriptions
(FIG. 6), the amount of sequencing output required for case diagnosis could vary between the
tested specimens and the reference population. These aspects are in marked contrast to most

30  molecular diagnostic approaches, such as those based on fluorescence in sitn hybridization,
quantitative florescence PCR, quantitative real-time PCR, digital PCR, comparative genomic

hybridization, microarray comparative genomic hybridization and so on, where gene loci to
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250riginal specinen could be sub-selected during the post-sequencing
anal ysis. For exanple, using the Illumna Genone anal yzer, one could use
pai red- end sequenci ng which refers to sequencing the two ends of nucleic

acid fragnments. The seguenc data from each ired-end are. : Lgned to
the refe f’e‘ﬁ%ﬁ@ﬁ@dﬁ%%’éﬁéﬁ’ﬁ"fﬁgﬁ an: t%?geﬁilg?gﬁlg éIS%Pﬁﬂﬁur‘?% Fgmltc-l)‘;]g %ﬁ%% glgt i des
spannlngwggé§§§&7aﬂgﬁbpgngnds coul d then be deduced. The whol e | ength of

t he 300r gln?I ? cleic aﬁld fragment could al so be deduced. Alternatively,
sequenci at forns ,suc : i Bl agl e
nDIeculeﬂ@ﬁgﬁeh%?ﬁﬁmgggiﬁﬁgﬁgéﬂgﬁ%%gﬁﬁg@%égéggﬁggggqﬁﬁé@?%P%gﬁgﬁg?ﬂgof

sh ?r t I nijpllegénﬁ 1@%& glﬁfémagﬂﬁ ptegnarf eomex sl cae 2BRirygendmictskiusncasamirrvonte
actual length of the nucleic acid fragpent would be i j at nown from
t he s%qu@ﬂ@éﬁb@&WﬁPmP6%§?]m%ﬁ%ﬁmggy?@%ﬂiﬁﬁﬂgﬁgkygﬁgl$@u%#%%%§@éggble usi ng
other s eg&%ﬂfﬂgqgeqakﬁ@ lfBndo@ fhriibher tApphdled aBi osystukepreSaltithsyst em  For
the Roche 454 platfoim because of its inc,&ased re l.e tq conpared with
gt her nabsilesda)saepial pefhesedirBREs hva%%@»@ré, crept ugs ﬁi%jﬁdﬂb@g@i*bﬂ “é‘gfe%

et er m ne ey LG b Ant FAAIR bnad LT ddefoQTRAAI £SEQUBREEITEAREE] The
advantagempgugééuskng Pﬁg;dgta a af@sis %n %he subse?§og sequéﬁ%ed tggs
cFrrespomﬂMQQMh@gﬁMQh$sMch@ﬂmsﬁ@h@mﬂPQQQéﬁE@ﬁﬁﬂdﬁﬁ@f@ﬂyéﬁﬁh¥mhﬁﬁernaI

pl as speci nen because the datase Ul f j : j wi t h DNA
jsequgﬁ c eg" TP SRR TREE 1578 Es? ]_élmi?% gﬂ @ngggfaﬂt% ?a%(th@%f%?%{uﬂ%m’ nol ecul es
i n nat er pajy, PbASIR 180 2097Pr (86 df bk gsirand. eln direagmbndisenisathe fhdioras &r nal
background DNA noleculesl(Chan et al din Chem 2004; 50: 88-92). According
to FIG Feast 4y Oﬁﬁl‘?ﬁ@ﬁs%‘fﬁ Wéquenced tags required for differentiating
euploid fromtrisony 21 cases would reduce as the fractional fetal DNA
c]?ncenlt r 4608dh TEW%Q@&@ step§ BHBDT0 mperised.in egiiai PR s aethodd 0@1‘ subset s
of nucleic acid pools is different from

V1. POST-SEQUENCING SELECTION OF POOLS OF SEQUENCED TAGS

15  [0085] As described in examples Il and III below, a subset of the sequenced data 1s
sufficient to distinguish trisomy 21 from euploid cases. The subset of sequenced data could
be the proportion of sequenced tags that passed certain quality parameters. For example, in
exarple 11, sequenced tags that were uniquely aligned to the repeat-masked reference human
genome were used. Alternatively, one may sequence a representative pool of nucleic acid

20  fragments from all of the chromosomes but focus on the comparison between data relevant to

the potentially aneuploid chromosome and data relevant to a number of non-aneuploid

chromosomes.

[0086] Yet alternatively, a subset of the sequencing output encompassing sequenced tags
generated from nucleic acid fragments corresponding to a specified size window in the

25  original specimen could be sub-selected during the post-sequencing analysis. For example,
using the [llumina Genome analyzer, one could use paired-end sequencing which refers to
sequencing the two ends of nucleic acid fragments. The sequenced data from each paired-end
are then aligned to the reference human genome sequence. The distance or number of
nucleotides spanuing between the two ends could then be deduced. The whole length of the

30  original nucleic acid fragment could also be deduced. Alternatively, sequencing platforms
such as the 454 platform and possibly some single molecule sequencing techniques are able

fo sequence the full length of short nucleic acid fragments, for example 200 bp. In this
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ot her nucleic acid enrichnent strategies which are perfornmed prior to
speci nen anal ysi s, such as the use gel electrophoresis or size exclusion
colums for the selection of nucleic acids of particular sizes, which
requi re the physical separation of the enriched pool fromthe background
pool of maneahe acoil dengiiToithphyddic adid frpoerwvadd hoituediztely sdote faprtee 20
experinental steps and may be prone to problens such as contam nation. The
post-seﬁﬁ@ﬁﬁ?igmgn silico selection of subsets of sequencing output woul d
al so all ow one to vary the selection dependi ng on the,sens%tiv%%g and

/ 21 gep
speci fi KO8V r Sueh padigdfess applvanis alsa @pBits Hutg Bfg‘?r o Ine PAOBRS e Bhnat i cs,

conput ahg@%' BAMIGIAIOS SanAPAREREER 443G PmOIBLEARIOR 8 irkrefbdgBt er nal

pl asma speci men ‘i's obtained froma pregnant "'woman conceived with a trisony
21 2% oreaéigeth chnfpetadswitioothe: hassivolypiatadld] senuencingcostpus.atis pise geslpvoduct

used to.deternn r ers from. u ' out put. The operation of

t he conﬂ%f’rg?m%%g?%ﬂ? %ﬁﬁ@@%%ﬁl&ﬁ?ﬁ&@%&%ﬁ%@?hg of a quantitative anount

fromthe potentially aneu Ioi,dg&?ronos S Welajb as am)untag]% from one or
I

ng a
more of (408 oftherdeRtagRos ng Re GARAREYEF Ot HEOLRSARSIAT and conpar ed
Wi th ap%r?éggbrﬁﬁxfg foUho@hliclvRl e SrabRe M8 e h@loRginal matehRl AlasitdéRomeaneal
30aneupl ordy exists for the potentially aneu%l oi d chronosone. EXAVPLES The
f ol | owi heparsedhp Helgsehmouldfatiseit by gnrichest Witk PNApsrauprses €eivef fiop thee cl ai ned

i nvepntign, . P (ﬁ% ] | pr egnant
Wo ﬁ \Ageglés' b‘}é%rlg:g%\clg%%# %%eﬁe s% %&%‘ BF F%a%ﬁqe r e%%%ﬁtcgl\%gﬁege]rc\l Og\la;\}/g?%ri n the
| st or Zagmedth thes tier mekrrgesdchioond Bhd hadcdes(Ggh et iCiim@mmadtdy; SFour of

t hem wer ach cafrryi fetus With triso 21 and.the.other .f our were
each catgg‘s?s}lgmﬁo tB{%gG?@ttﬁ%l?“%ﬁ vqﬁ?rfcfaﬂaig? Ksamired %Oﬁg%i?eﬁ%glﬁ $ 3 Venous
bl ood wagplsil s e BasaciusdiRl las tidbt-exipadl fpkEBNA wasnhatoest ed af ter
centrifugation at 1600 x g for 10 m nutes and further centrifuged at 16000
x g for "PH§Shut es. DNA was then extracted from5-10 nL of each plasm
sanple. 10 The maternal plasma DNA was then used for nmassively parallel
sequBnci[¢i§oby Thheositsequrnning Gelnative olmaisyis of nadeio refidpgols o drEpignbEdar er ' s

i nst t] . .. The .techni ci an: form ¢l : I; f
the. f ot Sltetnisisis Sl STt Creliliea it B8 A AR R BB g eed Trom
[0092] Bk itefuky gelapriropicrai edrysiZa@xigsiaf cohames fualtheplerstion Obclhasicidset for DNA

502"y . ik rhgite SRR S icH Fehe dhrlflod SRPRLaAHPUN S such as

background pool of nucleic acids. The physical procedures would introduce more

20 experimental steps and may be prone to problems such as contamination. The post-
sequencing in silico selection of subsets of sequencing output would also allow one to vary

the selection depending on the sensitivity and specificity required for disease determination.

[0090] The bioinformatics, computational and statistical approaches used to determine if a
maternal plasma specimen is obtained from a pregnant woman conceived with a frisomy 21
25  or.euploid fetus could be compiled into a computer program product used to determine
parameters from the sequencing output. The operation of the computer program would
involve the determining of a quantitative amount from the potentially aneuploid chromosome
as well as amount(s) from one or more of the other chromosomes. A parameter would be
determined and compared with appropriate Cuﬂoff values to determine if a fetal chromosomal

30  aneuploidy exists for the potentially aneuploid chromosome.



pl asma DNA. Maternal plasma DNA fragnments were blunt-ended, ligated to
Sol exa adaptors and fragnents of 150-300 bp were sel ected by gel
purification. Alternatively, blunt-ended and adaptor-I|igated maternal
pl asma DNA fragments coul d be passed_t hrough colums (e.g. AMure,
Agencourt) to renove unligated adaPadBLES t hout size-sel ection before

cl ust er 120; AC0SL L] Bfec TS RAARY Afikiic 441 861 (EViVGS cliybid ididiadnt o the
surf ace" 0t oW e , an clusters were generated using the Illum na
cl ust er I SRREN ATAL THAIGN@SISHYF BT OMY 2édquenci ng on the Il unina Genone

Anal yzer. DNA from each maternal plasma speci mnen was sequenced by one flow
cel | . Sampygncednf VBH B cE ORI Teetditetsion theSoldyx AllAf dheysemaf wahime. Al |
reads were then aligned to the repeat-n&sked reference %uma% 8en9;g}ec 25
sequencuereNTle 3or 35 dumsstyr Pesnmitnadded & SIS FRABEIRCY REYDYJOTE 'to
NC_000024) ... 45 PR dn Atd Aer folr0RQ8 kadhtating ashipldid fetus. r educe
t he coé@x#@hggf%@%?%ggﬁal ysi s, onlryosequences tEat, hg\\z/[e belen mapped
to a unilgeetylnttditironf pariphtral yepwsablophereepIeaisa Aogesshev Y e @RE8 are
further considered, er thinGtes 6hd Rkhbn@neggrenced
dat a coé?faﬁm?étlvvta%ﬁ%?slj‘"e\geﬁ%r %%@%%@3% 16%10@2 ?g%rgll@ nunber of - uni qﬁeﬁ/ﬁérrappabl e
sequences §oop xeaeh! (spamiedNdasachent:acted fiombrberl of casbpuane &sinihi quel y

aligned to chronopsome was expressed as I rt{j : : count
of 07 rbarase REas: Pov Bac fesns e Rel BE RIS Gkt deiand BOUY
DNA  anD R, b AGKGHS UBch: @ BNAasifadiies Batruatdngi The tbdimidians perfymig thet us

woul d contribute extra sequenced tags originatin from%Erorms%rE%mM due to
the presevercieg weng birdedairens phe il é‘largl%ﬂ%%@ﬂ%’é‘gf © $[UEHLEBE IFIGRHoIE.  Hence,
t he per %gélgsaige of chronmpbsone 21 sequences in maternal plasma froma
pregnancy carrying a trisomy 21 fetus would be higher than that from 5a

pr egnanc ith a.euploid fe . ) j vohe et argeting

of fetall SO does not require the prior physical

sepgkat gﬂéba%ftieﬁﬁ{ Blpofsmand@aie wiallesstaireints aciios. 15ig @lldogdbestawdt require

the need to distinguish or identjfy fetal om mater.nal . s n ter

sequencinsmalHdadylaimel plasng PTO‘{@S%Y?%’&E’%‘F’%%??E%"SQ&A?&% TER ﬁg&%ég%ggg to

chronos oa?;g f&?&ﬁ?{,ﬁ%ﬁﬁﬂ%ﬁﬂ@e& SRERSER! 8 bofifiedioahanemsbrly, Bllnt-fgied each  of
€ p

the 8 matern asma DNA“sanpl es. The percent age regresent a{i on of

chr onps ome a@ptanelipatsil graterne arasmp I §HEEeRES SRS R DESSEE HEPREDSPIIFE GRy 21
ies than i i L 6Se t that
pregnan muﬁr gg%n'tcg?rbggtrerﬂévaetﬂﬁg?&? ag glﬁﬂﬁ@ﬁﬁbtﬁ%w TR s e SHEELES a

noni nva a I'agnosi s | aneupl oidy coul d be achi eved by

det eomi niengratidte Theatent dgeted EPV.6 san habridiredse therrarfaprelficat eliernd %o
conpared to that of a ref.eren 15po I eV, he chronosone
21 over -PRSHFRYEREAITHRT BYHE ﬁleﬁgma ézgilg{é%gg @5% g@p‘éﬁd@ %ﬁhcgk%%?if:ent age

r epr esentalidiemg o tieNommEGoaE Ablwen &N £ Xper ¢avkniasirhal plsth spdvengger cent age

representation of chronpso 21 sequences expect. for eunl oi.g_human
genone. i sequsaeRddysEe dismecably SFTERTAGEHF Witk Cfﬁ%l%gr’iﬁmtgl‘?gleﬁ%%g%?g?egi ons in

the humeg, 9enOAR .d0%2Q9R1n fighed &f tht RpeRiBlkePifgoaRhumpARENMECe each
carrying B Hsl e fetus. The sequences |
25  sequence, NCBI 36 assembly (GenBank accession numbers: NC_000001 to NC_000024),

using the Eland application.

[0093] In this study, to reduce the complexity of the data analysis, only sequences that have
been mapped to a unique location in the repeat-masked human genome reference are further
considered, Other subsets of or the entire set of the sequenced data could alternatively be

30 used. The total number of uniquely mappable sequences for each specimen was counted. The
number of sequences uniquely aligned to chromosome 21 was expressed as a proportion to

the total count of aligned sequences for each specimen. As maternal plasma contains fetal

21



mapped to the Y chronosone woul d be fetal -specific. The percentage of
sequences nmapped to the Y-chronosone was used to cal culate the fractional
fetal DNA concentration in the original maternal plasma speci nen. Mreover,
the fractional fetal ,DNA ¢ tration : : bRed, AYa Msdniite

mi crof | ui |%éma%ii?%%&E@Pﬂ@%?ﬁﬁa@ﬁ%ﬂ@%h@ ?‘ﬁg"g‘?}?%?’& ein. X 251 i nked
(ZFX) anGy#h BGuéd-B0eks pi@heting frof khiokesbrieZAYjuenartial mgons: ofemesira cfl00I6]

FIG 3B shows the correl ation of g_éq%e fracti opal ﬁ tal DNA.concentrafions as

i nf err ed dhyomasempd Behe iR eapPe SERraiiedGREE ?Eiqd%g%?%e %yse gquenci ng and

that det 6p1lnachnafiol] Zpetetihiel Qhlihglh Gfsogth oiltiabus RERA bEerier as tar posi i ve
e e

correl ation ween t ractional” fetal concentrations _in mat el nal -
pl asné det pegianedwittya eipdsd fews Tie pradis doppaoteawtsrthe Erasine of fedePeEt ™ i on
(r) was 0.917 in_the .Pearson LQn: J: : NenRsk:slent ages
of mater rfﬁﬂueﬁfeﬁgﬁﬁﬂws é’éﬂegﬁ%gg{eﬁrggh%wt% 25% Eﬁh&oﬁ‘){%ﬁgggﬁ nEl:-hr onosones (22
aut 0soMesycaRdt Nsaasks Yorlhgormte nea) tofdbxingwish erdpeie ftatfiovemesyds are  shown
in FIG 4A. One pregnant. woman was carrying a trisony 21 fetus and the

ot her wasSeBURLFSFi g STBW5I8i d fetus. The percentage representation of
sequences mapped to chronosone 21 is higher in the pregnant man carrying
a tri sony[0094]f eFIGs 3 Msbevebaparcantagi AsequUeacss reApREhI %Ogﬁlﬁ&’eﬁ ngagﬁor mal
fetus,, 5[0098] . Th i 9 2,2 180X eSeRtatihen per
chr or?ooson’éep]be%%n\%%gﬁOfa%grﬁést%gl%%ll)(foﬁegg{n%ﬁ%ﬁ%ggg&e%?tﬁgﬁs of the D bove tuo cases
i s shown pdicentage rebRserFmnpdchamaagee ai fhesiendiearthyrhighes i mpigrbPla¥H Yrosone

is calculated i ng the fornul.a bel ow: : j ffe = (P21 -
PE)/ PE Xtr’f%ﬁ/?fﬁﬁ Zeies hm’“lfﬁ'ilemt:(ﬂS@eulp iclzgédné:; g%ﬁe;‘l%g]% Qg‘ﬁgg&n{%&'g{lﬁgﬁgﬁgﬁmes al i gned
to the papddisibias pehaanRaaoss ohfdtd endPpidgrant bawshiemed by depérrgniag thei sony 21
fetus and; PE = percentage 0 | as sequences aligned- t

parti cul aPGTWQSWEmFWP“t‘PféL%E‘?&H]gﬁ[C ﬂg’fﬁPW?rﬁgt% 5@%36‘&&&?%? us.

[ 00995 As %Jﬁ@ab%n.i REh&ivefBind H86Bodofned oM Sepiebfit@banbaldivenicrtted by omosone
21 sequen% S by 11% 1 n the plasnma_of the pregnant. woman carryi ? a tﬂ%l sony
21 fetus wivepriop tpesdnizSnicpteseiatiqn g gharoseiBrah OE%WF@FWHHK%WB S et us.
For the sequences_al.l f : H Lengeneesabet ween the
t wo casesp%é@éa%r?%%sﬁﬁg&% ‘%gd #e}g%ren(ré?é%t gfe?&r%\e%ﬁéecgbgnf?gt_i%rl] for chronosone
21 i s i ncpersedThincdilebd doredymekinzonrparedkisictthe tepeatsegionsiia hedi@®Ral pl asma
sanples, the difference (% could be alternatively referred as the degree
of over-ré&pF8¥entation in chronbsome 21 sequences. In addition to

differences (%9 and _ . '
20  [8095] ~ Five of the eight pregnant women were each carrying a male fetus. The sequences

mapped to the Y chromosome would be fetal-specific. The percentage of sequences mapped
to the Y-chromosome was used to calculate the fractional fetal DNA. concentration in the
original maternal plasma specimen. Moreover, the fractional fetal DNA conceniration was
also determined by using microfluidics digital PCR involving the zinc finger protein, X-

25 linked (ZFX) and zinc finger protein, Y-linked (ZFY) paraiogous genes.

[0096] FIG. 3B shows the correlation of the fractional feta] DNA concentrations as inferred
by the percentage representation of Y chromosome by sequencing and that determined by
ZFYIZFX microfluidics digital PCR. There was a positive correlation between the fractional
feta] DNA concentrations in maternal plasma determined by these two methods. The

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

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

chromosomes (22 autosomes and X and Y chromosomes) for two representative cases are
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20absol ute differences between the chronbsone 21 percentage representation,
rati os of the counts fromtest and reference sanples could al so be
cal cul ated and woul d be indicative of the degree of chronobsone 21
over-representation in trisonmy 21 conpared with euploid sanples. [0100] For
t he four speregndil6. b mpaghmtwrmgk mgs eereing oirdohe i sstunandetanotber Was345% of

25 their plasna DNA uences e align r our
or egnant WBAER: SEPPS g a1t Pren g/t fhoh B F2LoTRs Pty bk e
mal es. TI¢ iPepe i g @rdeafieaemnadatging afiriehiyodbiarevizh compaeditiltiat ed for
each of these three cases. The 3ifference (%9 in chronobsonme 21 percentage
r epr esentHEHH WHRNSAERIG £ PHRYS W hr ee trisony 21 cases from the nean
chronmosone 21 percentage representation derived from val ues of the four
eupl ofd 30098 e SThadifterabetef®m afdle prcatéase rinmsantatioveer chypmsseae bepedste t he

mean of LiigLOU, Ca3Re, CALINLIG G CHBIOMD hEKUS % 390 A8 e ref er ence

in this Cated ron. ractiona concentrations for these
t hr ee malpercesitagodiffer2dcecfase parvieuler ¢dndressoed if camlisthbusing és fectdatelger cent age
representation of Y chronmosone sequences. [0101] The correl ati on between

the degr egrQfitaQV@rRlaR @Henipl, Lan) oK wirpmMesere 21 sequences and the
fractional fetal DNA concentrations is shown in FIG 5. There was a

5si gni figant et i : :

coet i ci ot - BREShletF pFRE EhK LG N3 e DAL BB R

anal \W8i s.préchesevinesulatrging adiisane2l feats antke degree of overrepresentati on of
chronpbsone 21 sequences in maternal plasnma is related to the fracti onal

concent r at;i-OR:@htab &b P ladANVDNRA. deferidBd Siphad toRh@frBcEamk@nosbil$n theut - of f
val ues in the degree of chronosone 21 sequence over-representation rel evant

to the fPREPYHTAMBSEHYIPRAMOELER SNt rati ons coul d be deternined to
identify pregnancies involving trisony 21 fetuses. [0102] The determ nation
of the f 8@ orfed shownaenltG. 4B tereof afi evatredbianiatiomat drpmbsopheadingqeapesal so be

done separate to the se ncing run. For exanple. t Y _chromsone, DNA
concent r 4% 50 o HewE ShiEE P ePhiHu" SETALL F BLr o] Ha bR ehy STOFTL di cs
PCR a5 magith %P pebhiaibhyn ciidying X aufiba, fetve Foate sdqmaostdighetoiotheFl G 3B t hat
there is good correlatjon 15 betvveﬁg the fetal Dl\trtléﬁgpn entrations estimated
based on OPOIBFRY Hierdidrenced riveg e We SFUTF e R 87 é&&léerﬁ?r??ﬁtaﬁ%n and the

ZFYI ZFX gl RnB8ReIRALRARXSBE PBls ihQedBe irSBOHRRAK T dotiparciRvifaRd eupi@l al DNA
concentration could be determ ned using |oci other than the Y chronosone

and appl irezigrng plasmpspmples. fea dislerenceSe) byl aiernafivgly exferagd asrbsmagracivat
f et al - derj . - , in:the pl
etal -de r&vgxe—%Bfggén%oﬁﬁf &rﬁ?t?‘%ﬁx%% frs %gﬁ%ﬁgsfe S WRHEn kagillﬁ‘é;eﬁgés?%) bilg t he plasma

of pregnant wonmen int mat er na erived unnet hyl at ed
RASSEDA skspienddirdnChalrtetendhs cidbmoChnend 2806062 2idseBiption hadios pathei onal

fetal DNA trati th b t i ned di vi di t t of
rora ok Saleen s on San, s be Gt oet B S T g
and unmetthyfiatRd¥ cBRHIEREES] over-representation in trisomy 21 compared with euploid

samples.

[0100] For the four pregnant women each carrying a euploid fetus, a mean of 1.345% of
25  their plasma DNA sequences were aligned to chromosome 21. In the four pregnant women
carrying a trisomy 21 fetus, three of their fetuses were males. The percentage representation
of chromosome 21 was calculated for each of these three cases. The difference (%) in
chromosome 21 percentage representation for each of these three trisomy 21 cases from the
mean chromosome 21 percentage representation derived from values of the four euploid
30 cases were determined as described above. In other words, the mean of the four cases

carrying a euploid fetus was used as the reference in this calculation. The fractional fetal
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[0103] It is expected that maternal plasma woul d be preferred over naternal
serum for 25 practicing our invention because DNA is released fromthe

mat ernal bl ood cells during blood clotting. Thus, if serumis used, it is
expected that the fractional concentration of fetal DNA wi |l be Iower in
mat er nBIN/ptersaetratioanfortitess thate melp tsomy lorprs e Hderred; Fom e FFRRFCWYEr um i s
used, it i ex ecte uld need to be generated for
fetal &HF rIes ﬁ%%%?% gg&(ﬁn&gﬂllég&gﬁﬁ%e\ggd when conpared with a plasma
sanpl e obtai ned from same t| [0104]

Yet andtfd} die é?lﬁ“ﬁ?WQFgD%?Fn&?e geé‘:éer%:%ﬁ F%rﬁp’ieﬁeéﬁ?hro&é{“i %ﬁ%{POSé’glﬁ: Centration of

fetal MU L B bRl TN A vardehfratal iseRo@h iPPICY TOTRdE evagli f f er ences
bet ween the pregnant wonen and the fetus (Dhallan R et al 'rrﬁéom Lancet

3695 A4TignifBayt poﬂﬁvewt@n&etwwéhwwaa b.dl Bseopidicieat GfOBRGHG} phi ¢
sites af onan ; B0 Ge HishbSofi er-
heterozyag)y{uys9§ Bl't] %eﬁjé&g o?at e{!ﬁ%ly%%é&%%@%éﬁ@@@xe ctan b% g%rrp%r egr with the
anmount r@j‘res‘ehteumomfmhmmd)doaie@1tseqmc@rmnmeema&elaﬁma(l;St iebtel to gleenfeastionddt i on of

fetal . t t .t t t
chr omoSBREPTRBE A ORSA AT OP G RO O bR € i R TR,

M cr oamnk giofRbRAE 21 tevBer@e r@@ﬂﬂ-@pf&y@ﬁmdmz;alwmm thyel At tidnal femeDﬁ@al -time

pol ymerase chain reaction, which detect and. uan{l %% one %tlf%me specific
sedliencenesniratipns Pyl by dpRFRIneTo 4R RERERYCIS IOtV e PERTE T BT he
detection or analysis of predeterm ned or a predefined set of DNA
sequend@di2] A 'Iﬁfarddtmnm@twre@ﬁ'tés &nactiomeleonteniationel fotal BNA Honeenpadasiom t he
speci nen i,S_se RARC ags aligned
to varlcﬁlﬁlgloﬁh?g?ﬂ)e \¢ fmr egfeosn‘i\%naﬁg?‘ﬁ{ FSI%\%JSE ﬁ%ﬁg%gg}%ﬁ{gﬁgﬁg%nt ai ni ng or
not conbadentragord dvaldiNredectemed fisingteal-tmt PCmamﬁmda:IS PelBerrmeast ons woul d

be reveal ed by differe ces e nu ta e ces
al i gnedPEBORIFFY o Qf@ﬁal}? g‘%‘f?ﬁ[émroe‘ﬁr%#?lﬁ?{}hgg ci nenéoocg%m%%%g I'n
anqtsherbee%&M@feiahemm&ﬁtmng @@ﬂmtdduﬁs@lrbnﬁhaﬁ’mﬂxr@zﬁbdmﬁer@enm rray be
used to detect the chronosonal aberrations in the \a%terrgmi)NAthf or the

det ect igsnersifed éue:m@pﬁ@:@ee%em angythg GF At satitcaspers Bf typi cal
chronosg %#m%g%{ GO ’fa%@?et gﬁce&%ﬁ@éd uscPbd W@ﬁﬂg%dz Qns) th mul tiple

chr omos6 NS nay e use there woul d be an i ncreased
pr opor tthol orhformsqnne noé spraickign duifetmale ﬁqelswrﬁﬂm @ﬁﬂ@i@ier Efroeiel shnted ) decr eased

t dt
Peor os R GUHITORAsy T oty fRbaRE LGl BYhe s BEAERONADC |
corypes paiflédvg @E&H@@&@?ﬂ atBroaktf éemmdmngeﬁglv&de&ﬁ?%sedqmcqs@ﬁ@m\mgle of
nom c representation ve tian to the whol e
ggngmecﬁ1 [ﬁ?%éﬁ‘%&%ﬁ&éa& %ﬁﬂs %he(:% nF‘?ag%tﬁgBﬁg Cé’n?%\ﬁ ﬁ%‘h%aél @'ﬁ it Onosone may
al so bejUsethed 39 dﬁ\}zdm§m{\ﬁ rﬂ&ﬁﬁa@d FRACTF) M fdbn cBElby HdAMMutEdN@bE [ 0107]

In the experineht described in exanple | above, nmaternal plasna DNA from
each i nHSAFdddmetybitidrsd unmsthylaad seBEnessi ng one flow cell only. The nunber
of sequenced tags generated fromeach of the tested specinmens by the

s eq uendiongsjr umis epsdiainhat matbinl pi@smél' ®uld bn otadersedsaepinategist sﬁrﬁedmf roma

nancy jnvolving a triso 010 uenced
03% eai?f%‘/F UGFRE PE 10 9986‘13% ﬁs'ali'e eﬁfegs%é“ %?l@%rlré%tégﬁsp%ﬁ er of

n ucl eotdiglasi PEHE N RIS SEMHIENE BexHE Baahe ﬁmmmnmﬂomef felet Q‘Nm ned by

36 bp nulti Iled by the sequenced t ag, count ﬁ{j are a o.shawn in FIG 6.
As will be lower i matemal plasma than maternal serum. In other words, i Iatma) Serutn s

used, it is expected that more sequences would need to be generated for fetal chromosomal
aneuploidy to be diagnosed, when compared with a plasma sample obtained from the same

30  pregnant woman at the same time.

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

DNA would be through the quantification of polymorphic differences between the pregnant
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there are approximately 3 billion basepairs in the human genone, the anount
of sequencing data generated fromeach maternal plasnma speci nen represented
only a fraction, ranging fromsone 10%to 13% [0109] Furthernore, in this
study, only the uniquely nmappabl e sequenced tags, termed UO5 in
nomencwatuen end the fth@iellank, aaf ROAT Eancwe B9, UFLASE N AderpRslbaties t he presence
of overrepresentation in {he nount of chronobsonme 21 sequences in the

mat er nW%ﬁii é{‘?H@ e g R LYRasp 1y A wBich dhegapgnartaF oathig hampPEKEgys wi t h

tri somnddhe fonss i6l 8BS RAMs I TheRXAMR! & f&a?ﬁ%&ﬁc afSte SROMNC At aFddGyittBine YO

sequences onl%1 represent a subset of all the sequenced t'ags generated from
each speeynehthasemmentaiiele to dgeenienthe fnciiorehconnettagon pf BpODNLON, sone 2% of
t he human 10 genone. These data indicate that the sequencing of only a

pord i of9165] t mecontramin e rriting selgtiguree 6% defcehgNthroodonel higstagehsspeci men is
sufficie L. 1o achi eve the. '}%Blosi.s of, fetal aneuploidy. 111. DETERM NATI ON
OF NUMB ’ﬁgcg‘@&ﬁfﬁ@”ﬁ@éﬁl 2340 PHYOHHY OBHIENYE B 19988 Ul t of the pl asma

DNA f 1 ipybridizRfi6g QRsiitORRE Gakd polAferdse bhaiRWilcabdl WL &L Usa hismiged for this
anal ysis. The nunber of se uenpceed tags that can be napped v&%ﬁgtﬁf

i smat €KEE RGe trsiicapeicar®, marmivelypoin seuenrneis nabdepen®B00009. Subsets of
SCAUENERRANE bPadARAAT e ENARRAY bf DILAGRE o I A00, LAGS RRGgLHe Per centage

of sequences aligned to chronosone 21 was ca hi n"each subset.
ThE0 nuishepensftivs dgadecePINA mdlecudasfivat thewpsinar pad i seqmn66]. ABO atebd40, 000

sequen r h set size, .20 | tiple subsets of t sane nunber of
seque n%‘;(%ff?rglgss eﬁ%ﬁgecﬁt%%p%gg%& %}yvaflgﬁsdcg’% %%ﬁ%alé{ iesiPiats %H&’@Bé’ﬁ%&’éd tags from
t he t adpatinpaotontriting ontot@bh@iniokb DN ietieneSinRoss ir@nosbig] Mean per cent age
of sequences al iu? ed to c(ﬂ?rﬂo1 sone 21 and its standard_ deviation (SD) were

then cHFERIHESE eV Fale fpierces b L umRp (BT Peredages absavenssze. These

dat a Welg@e LR 8kn3EFRRSobhl L8681 th8 YRR Ghens] Zz€S to determne the effect of
subset size on the distribution of the 25percentage of sequences aligned to

the ¢ S at N, per i les of,the centages, were
thon” Cor ot G B A R e B S R A S R Rt voman
i s cartoyletegt the chirosomm4 Bhéredtioss intthe plaequbiieefbr tiegkicatibgodspedfichr onbsone 21
shoul d_be - resented in e. mat.er nal sma .due to an extra dose of
chr omears T pE RS Tt nad o e BRuruBo R, JRm ey Senear | on ©s
dependeniplifeativheaddedetdtions) iDNAIREE 610G Reoidi@ nfa?zuﬁr@@&. PhasHs.ONA sanpl e
foIIovm'ﬁr)}ﬁ E)he equation below Perr2i = PerEL, x (1 f/2) where Perni

repr es¥ § £ AR UoET e aREtien olssaiireResediontd t Heecpmrlifisd regipsomd 221 in a woman
W Ath adebreb &AM opdhidredfUSquedBa aligned to decreased regions. The percentage

representation per chromosome could be compared with the size for each corresponding
chromosome in a reference genome expressed as percentage of genomic representation of any
given chromosome in relation to the whole genome. Direct comparisons or comparisons to a

reference chromosome may also be used.

25 1L SEQUENCING JUST A FRACTION OF THE HUMAN GENOME

[0107] Inthe experiment described in example I above, maternal plasma DNA from each
individual specimen was sequenced using one flow cell only. The number of sequenced tags
generated from each of the tested specimens by the sequencing run is shown in FIG. 6. T21

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

30 [0108] As 36 bp were sequenced from each of the sequenced maternal plasma DNA
fragments, the number of nucleotides/basepairs sequenced from each specimen could be

determined by 36 bp multiplied by the sequenced tag count and are also shown in FIG. 6. As
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PerE, represents the percentage of sequences aligned to chronosone 21 in a
wonen with a euploid fetus; and 5 f represents the fetal DNA percentage in
mat ernal plasna DNA [0112] As shown in FIG 7, the SD for the percentages
of sequ nces al i gned to chronmosone 21 decreases Wi th increasing nunber of
sequencad® Iy RROKIEIRlE 8t biilpR dpespyrel tgmantasnerupishe arofuns efjisegneeingi n each
subset dapCdeg ercentiles
decreases(\gv%g%a fm&erhgdﬁgl rill%521%/{(5{1\{%}]Iea#rgﬁl%\éﬁ rhﬁ l%é%é é}ggﬁgct?% %aélﬁfll 21 cases do
not 10&%%(&1@ 1@%é&nii®he differentiati on bet ween the two groups of cases
woul d be possible with an accuracy of >95% [0113] As shown in FIG 7, the

M ni mal{089s dturthemeré, an tHinaudd, bhgrentdiglid PRapfable dg@Me2hoC as88q Hoom
eupl.oid cases.is DNA per cent age. %e m ni mal subset

%i% pend on_the fetal

si z8s FRPOBFALE %gm\drspgf?fﬁ’i‘i "Z&l‘eﬂlﬁ?ﬁﬁpéﬁmoeﬂtﬁt@:@sesesvm:pefgm 000,

160, 00Qciandnfdith A4 AR56HPDGSRolRH: 1 PldloAR AENLAIERNAL (R0, 106 and
5% respectively. In other word n%er of sequenc S ne P% be
anal yz@ﬂ’%ﬁ@%ﬁ%‘és 93D couping erfettewish somyYg Iwkreddsenibed if emms;ﬂdﬂasbotve isony 21

when a Jyalerl) I n et al The nunber of

sequences n{egggd@trgé; e anaﬂﬁ@ggép\%%sﬁ%ﬁgﬂ 53““%5?@1?&8%@8%%%%@% n the

fet al Mmh smtmfgeamﬂrfuphertrepr&%ﬂ 20{v0d dmdilAprdphei hat@ndBY. CofdBBed Usi ng
g %E)%“E) 3«5 %I 316 %8}{(20 180, Oog@ﬂnd 540, 000 sequences correspond

R RETUSEHER CHRHS ABOTHoB S et hupar Eenosaict he | ower

r ange ofqubetea probbiA i€ 0RCET PEAIRBS id RN tNAhidRb mgﬂa&@ggg& fromearly

pr egnanci e Xvere reported to be sonme 5% (Lo, YMD et a m J Hum CGenet

62, 76@“67’?23)‘ Y-t he sequenci ng of about 0.6% of the human genone nmay

represent the m ni rral 25armunt of sequencing required for diagnosis with at
AL Y Ne(2ff NEMBGR fOdt SEQURNORSSRibGUTRIFIRUP| oi dy for any

pregna I oillustrate that the sequenced
[{}ﬁﬁ% \fh’geéleﬂ %%ig ?Ecggﬁﬁﬁﬁ gﬂ’& % HESTEBLYETER FEDIER  we obt ai ned

t héS sequ[émdenhl¢ &tyss 1gemlrfaitm afnﬁl@ms TR @bt ofMRgembal tapd AsBn30 sanpl es

anal yzed i exl}gl‘g ‘(?x mat ernal plasnma speci nen, we determ ned the

starti RGPHESTE Enslnr‘f“?}@ ?ISnﬁeH%‘méfgéF@ﬁ%@QHmnV@éﬁ@ﬁ@%equence NCBI

assenbBybs3h,of edqueanh vefe @30 e ﬁ%ﬁ?ﬂﬂ@&q SRmothat uni quel y
to chronosone 2q1 V\nthouet ms?fgtcﬁes Ve thén or et?% 4"t he s?%%@g%gf posi tion

nunber STYFIEHEIHED F%Gféf)mawn@?éawwquewﬂag sadbysohsee dlitie nepded afen i n
ascendidyge R the msa@waeem fi’on%b@bb@{ 5%%'08%‘ SueLEer fhrogoﬁpggggééée g‘iran q

illustrative purpose, the top ten st POST 1 on
chPonoBghiplembsasy ofghe Banmef mttlhi@r nhtegnerzkd mlgam @pailedbsandb® ssl@wn drn Fl GS.
8A and

the sequenced tags from the total pool until no other combination was possible. The mean
percentage of sequences aligned to chromosome 21 and its standard deviation (SD) were then
calculated from the multiple subsets within each subset size. These data were compared
across different subset sizes to determine the effect of subset size on the distribution of the

25 percentage of sequences aligned to the chromosome 21. The 5% and 95t percentiles of the

percentages were then calculated according to the mean and SD.

[0111] When a pregnant woman is carrying a trisomy 21 fetus, the sequenced tags aligned
to chromosome 21 should be over-represented in the maternal plasma due to an extra dose of
chromosome 21 from the fetus. The degree of over-representation is dependent on the fetal

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

Perp; = Pergy x (1 + £/2)

where



58B, respectively. As can be appreciated fromthese Tables, the sequenced
pools of DNA fragnents were non-identical between sanples. [0116] Any of
t he software conponents or functions described in this application, my be

i mpl enentied, A%, SedkVAE Geefi@od F sBRiefos8 GHLRE tO¥hBRERRESE R & HEMAIwWARY _
sui tabl e c,orrpu?er | anguage such as, for éxanple, Java, CGH or Pen | using,

for exanmgh&miecdhniegnt ishal or obj ect- 10oriented techni ques. The software
code may he §%p%§s?9ts@f§e€er gl'éef_-{g‘éﬁf éuén@éstaﬁ%ﬁéd %%or%sofnt%a | Q%Vog\{ﬁn%viﬁﬂ{mm er

r eadabl e nedi or stora and/ or transm ssi on, sul e nedi a 1'nclude
random acupest fivewpayl (RAM), a read only nmenory (ROM), a magnetic nedi um

such as har d-drji v flo di sk, o n optical nmediumsuch as a
conpact %fiﬁzeieaﬁ)th%&t%@B?%BFfa?’%ﬁe l@glra?ﬁaﬁ F@SI&? A flash menory, and the

| i ke. The conputer readabl e medium 15may be any conbi nation of such storage
or transni's&il orruwpreds F1G- 0 eAD Bud nsresaiearsdifaguearesslisecddicoded and
transm t t @eh b 26 Aehrefles %iﬁ@ﬂt@ascgﬁ%g& Jf%clléeh@é%%ﬁ%a?cﬁ' sQseY e,

optical, and/or w reless networks ormng to a variety of protocols,
i ncl udi ngwhendhd minelyen of seqiencss oheacasubestputrenses, drdulshal hedeemthaéendpiy to an

embodi nrent _of ..t h rese inyventi . reated,usjng a ta si,gnal
onooded wierREbl feBlERe Mnd MO oRT, HBNvar B b A B AR A AT ARG o
progridm codgapytienhie: giffeleagatbniictWeea tleampatédps ef tevs eeuldhe poatieetth an
separately from other devices (e.g., via Internet downl oad). Any such

conput er FELEIALE REYi um may reside on or within a single conputer program

product (e.](%‘.i a hard drive or an entire conputer $%§t em, and may be
present dAld wiethiowndp £16r b e mpipl sesepiiwgionihe piidueiagonpf Wisenz 285y st em or

t wor k. : i ' ' \
o 1l & G R Bl 8 ERiE D e il i DTR b BliecDrh b Blimallp B b0k,
user. [OYiBJiffarntxanpticonf 2 hfrommppibarcasassteeen 26000 aMM00Nark 330,000 The

bsyst h inF 9 i nt t i t 975.
Sos bR ool Bl b RS bR L Rl AT B Rt 7o
moni tor SyEhbedb BhudnSeLtidibEd bl andiAa vay AISERIHB000982det@RthidP ahbBES: are

shown. Peripheral s and i nput/out put ('/%%deVi ces, Wwhi coh couple to 1/0O
cont r ol | SFUeRas trisoRy B whish A st pestne WRI%F°%§¥WWaI§%§An%er of

means KnoympePofl RGudbls ncdl&tode adBdeB ol fe Rdbasei % sQX@MPFon tBEFKAI  POTt
977 or external interface 981 can be used to connect the conputer

appar at usP 6 parogiidege dopatondemor k such as the Internet, a nouse input
device, or a scanner. The interconnection via systembus allows the central
procedsor[0RAp tAs thodnuweapaemwiddhismach bastpsly sépndng 100,000MR0AD0 ik

CreouL Lo g Bt e LA S SDIRIBLY 12 B A8, O sk 079,
respectively. As the lower range of fetal DNA concentrations in maternal plasma obtained
from early pregnancies were reported to be some 5% (Lo, YMD et al. 1998 4m J Hum Gener
62, 768-775), the sequencing of about 0.6% of the human genome may represent the minimal
25  amount of sequencing required for diagnosis with at least 95% accuracy in detecting fetal

chromosomal aneuploidy for any pregnancy.

IV. RANDOM SEQUENCING

[0115] To iliustrate that the sequenced DNA fragments were randomly selected during the
sequencing run, we obtained the sequenced tags generated from the eight maternal plasma

30 samples analyzed in example I. For each maternal plasma specimen, we determined the
starting positions in relation to the reference human genorﬁe sequence, NCBI assembly 36, of

each of the 36 bp sequenced tags that were aligned uniquely to chromosome 21 without
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5subsystens. The system nenory 972 and/or the fixed disk 979 may enbody a
conput er readable nedium [0119] The above description of exenplary
enbodi ments of the invention has been presented for the purposes of

illustration and_descriptign, It is not intended to be exhaustive or, to
it t AR Mo es orRE b Hpiae ?%?tﬁﬂﬂo‘é’éfg%ff b R S oA FPESt i ons
and vari ghi 859 <13 FE&RAFShRb&IANMEIMe REfokN& £ §aGRL RbigRa¥e. The

enmbodi nrent's were chosen and described in order to best explain the

pri nci pl elgowpsontes’2i Rordfusteativa nurppies the fercien slartingmepitiont fob akromesantfetleby
enable o [ 1] | r Lk t | ' | arious
enbodi rrer%@:hgor@% \?\Alnfa gg\%ﬁagggf% |a%??%%? ?A(E)lﬁgggésc hggnes a?‘ﬁ?ﬂtﬂ%ﬁ?gk?ﬂg A[)laélrﬁt I cul ar
use chnt @Rpkaieetiiely. As cafi 04 20jrecddtbd Publiicalibng thotentcsd pendoiddNAnt
applicati.ons cited herein are hereby . 15i ncorporated by reference in their
entiretyﬁ?%?aﬁiWmﬁ&P$3§@§9ﬁ%W@MﬁnF%%%fﬁjNED |'S: 11. A nethod for perforning
prenatal diagnosis of a fetal chronbsomal, 2aneupl oi dy .in a bjol ogical

sanpl e ofldfhedny pbibe sofsvaigRamponcatreal AmetionseescriRaddr BiharrHeal 9B B0 cal
sanpl e i W T 4 8ol kB GmpCei Vi ng
t he bi ol ggﬁhcé:&g%ﬁ%d;%%:ogwﬁfgcgqgtedr% e%gwéi&ls?yea tca S}C}%g}g%%grg?l %ﬁe{)]c%tiﬁpgfe?ty of the
nucl ei ¢ &mpuhgrohahcwy) fos ex6oane.dnvee it or Pérbudbing forgealpls aapicationaharasjent-t he

sequenced .portiqn.represen a fraction t he 7 .hu ... 8based on
t he i@qu@ﬁ%ﬁﬁ%@ aﬁlﬂjeutegrﬁﬁenslotrﬁéw e 0¥ &aygﬁﬁ{é%etd agfa nggﬁ @{}St%%{r}%{rrgg%rone from
sequencesomhbiithiafdoeguas radiige natiungof stonpt hed/61 taimidioa mesie media

lldeterm. ning a second amount 0O ne of nore sec .

mcludg random access memory (RJI-M ,2a readl.’ only memory 8?81\/13?5{ rgggonsegcrzrgl%dmm
such as a hard-drive or a floppy disk, or an optical medium such as a compact disk (CD) or
DVD (digital versatile disk), flash memory, and the like. The computer readable medium

15 may be any combination of such storage or transmission devices.

{6117} Such programs may also be encoded and transmitted using carrier signals adapted
for transmission via wired, optical, and/or wireless networks conforming to a variety of
protocols, including the Internet. As such, a computer readable medium according to an
embodiment of the present invention may be created using a data signal encoded with such
20  programs. Computer readable media encoded with the program code may be packagéd with
a compatible device or provided separately from other devices (e.g., via Internet download).
Any such computer readable medium may reside on or within a single computer program
product {e.g. a hard drive or an entire computer system), and may be present on or within
different computer program products within a system or network. A computer system may
25  include a monitor, printer, or other suitable display for providing any of the results mentioned

herein 10 g user.

[0118] An example of a computer system is shown in FIG. 9. The subsystems shown in
FIG. 9 are interconnected via a system bus 975. Additional subsystems such as a printer 974,
keyboard 978, fixed disk 979, monttor 976, which is coupled to display' adapter 982, and

30  others are shown. Peripherals and input/output (I/0) devices, which couple to I/O controller
971, can be connected to the computer system by any number of means known in the art,

such as serial port 977. For example, serial port 977 or external interface 981 can be used to
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12f rom sequences identified as originating fromone of the second
chronosones; 13determ ning a paraneter fromthe first amount and the second
amount; l14conparing the parameter to one or nore cutoff val ues; and 15based
on the conparison, determning a classificatio eth%r a fetal

of
16chr onoewnedt therempris ayPasinsiPe Wige 3%*??.@%’@%%“0 N EHs 2BOBREPHEt hod of
cl aim 1,  4her & Aokl SPRHARGLAGedRRT §/HEARHs hABHO ek popasidmno of |t he

nucl ei ¢ aci d’ nol ecul es contal ned in thé biological sanple. 13.The nmet hod of
cl ai m 1, conremeiate ik esholubsyistea arsbimebrirdl shepreeitionl of MFTEEPDS FLBSTH ™ ser um

urine or salivag,14. T th 0 I Ik I L.cal sanple is
t r anscer YFEAFY PéWg&Q%FHE%%SH?§%¥%%?%£%%%%H%§&S¥§F%1 mﬂﬁﬁ%ﬁ@%ﬁ t he PPrst

Chr s 0gibsierkd) MIRBRSAHNE nZenddy 90D rntrastherBxdBdisic Homes emkody3; cogipuishosome X,
or chronosone Y. 16. The nethod of claim 1, wherein the paraneter is a ratio
of sequeF@sblomRgitMor i gi nate fromthe first chronpsome. 17.The nethod of
claim6, wherein the ratio is obtained fromany one or nore of a 2
P?Hﬁgthunber of

fracti onf18pufhe afove descriptipep! eemplagy enbetmenty f thg Ipyeas
sequenc e%resented for the purposes of illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise form described, and many modifications and variations
10 are possible in light of the teaching above. The embodiments were chosen and described in
order to best explain the principles of the invention and its practical applications to thereby
enable others skilled in the art to best utilize the invention in various embodiments and with

various modifications as are suited to the particular use contemplated.

[0120] All publications, patents, and patent applications cited herein are hereby

15  incorporated by reference in their entirety for all purposes.
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3nucl eotides, and a fractional |length of accunul ated sequences. 18. The

nmet hod of claim6, wherein the sequences that originate fromthe 2first
chronosone are selected to be |l ess than a specified nunber of base pairs.
19. The nethod of claim8, wherein the specified nunber of base pairs is
2300bp, ZO%PATﬁcg:gmgg %10. The method of claim 1, wherein the nucleic
acid nol ec ol ogi cal sanple have been enriched for sequences
originating fromat |east one particular 3 chronpsone. 111.The method of

gl aimll, v\ﬂe(rjeic n t hel.nucléemsthadifer prsfosmingesenstal dl3gnosh; 1adgirbdr R Pe have
een eryiche 0. .sequeng ; ; im
wher ei th%”eﬁﬁlefdé’il a%gﬁ%gm%gls%gﬁ gsg%diﬁ?%?ggig%%%f%gﬁn%lg%ﬁéﬁg\%h@%éﬁ%@enr ilé:hed
for seqiensefhdi@ssnipainci2o hpleidddd Hukecniet. iodmethoé Fenpnising: wher ei n t he

nucl eic acid nol ecul es of the . 2 biaological sanple have been anplified usin
a pol yrferase chain rrg%wpgﬁ}eebﬁlgglfﬁleﬁﬁﬂ@fehod of claim1, wher eirrﬁ t he ’

sequencgd portion reppeseMeSit Mastd pRasd offa Pietigeifeianurtit dddobleodenf the
human genome. 115. The nethod of claim 1, wherei n the fraction represents at
| east 0% 19softaiped méhmmﬁﬁ)glcg}ewm, wherein the sequenced portion represents L fhachon of the

7  human genome;

8 based on the sequencing:

G determining a first amount of a first chromosome from sequences
10 -~ identified as originating from the first chromosome;
11 determining a second amount of one or more second chromosomes
12 from sequences identified as originating from one of the second chromosomes;
13 determining a parameter from the first amount and the second amount;
14 comparing the parameter to one or more cutoff values; and
15 based on the comparison, determining a classification of whether a fetal

16  chromosomal aneuploidy exists for the first chromosome.

1 2. The method of claim 1, wherein the sequencing is performed randomly

2 ona portion of the nucleic acid molecules contained in the biological sample.

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

2 blood, plasma, serum, urine or saliva

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

2 lavage fluid.

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

2 21, chromosome 18, chromosome 13, chromosome X, or chromosome Y.

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

2 that originate from the first chromosome.
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116. The nmethod of claim1l, wherein the fraction represents at |east -0.5% of
2 the human genone. 117. The nethod of claim1, wherein at | east one of the
cutoff values is 2related to the fractional concentration of fetal DNA in

t he bi ol ogi cal sanple. 118. The nethod of claim 17, wherein the fractional
concentration of fetal 2 DNA in the biological sanple is determ ned by any
one or hor& of ahpmefodbf dainos, WheraanﬁmsmMiM(fmmsoneaorMabf a

epi genet i tke i ng single nucleotid his 4anal ysi s.
TR0 The? efairoh cubetiia s P e e b Gaiafont SR SRR var ue
ZestablBshﬁdclecm@s,rﬁgamac&arﬁi RELE A aScuiitl Bed sbdGntlte Met hod of claim1,
further conprising: 2identifying an anDunt of fetal DNA in the blologlcal

sanpl e; _and Scalculatlng a nu uences to be | yzed based on a
desired! 4accuracy. 191. A B %géé g& ﬁ@ﬁe%@ﬁﬁﬁ%gﬁﬁﬁgﬁm@éﬁﬁh &r
readabl e el UMALRGANSY WediBa & B 1dsahad a's;fe&ﬁwﬁaﬁlb&tdf%% das. controlling a
conputing systemto performan 3operation for perfornming prenatal diagnosis
of a fetal chronosomal aneuploidy in a biol ogical

i 9, The method of claim 8, wherein the specified number of base pairs is

2 300bp, 200bp, or 100bp.

1 10. The method of claim 1, wherein the nucleic acid molecules of the
2 biological sample have been enriched for sequences originating from at least one particular

chromosome.

I 11.  The method of claim 1, wherein the nucleic acid molecuies of the

2 biological sample have been enriched for sequences less than 300 bp.

1 12. The method of claim 1, wherein the nucleic acid molecules of the

2 biological sample have been enriched for sequences less than 200 bp.

13. The method of claim 1, wherein the nucleic acid molecules of the

2 biological sample have been amplified using a polymerase chain reaction.

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

2 least a pre-determined fraction of the human genorme.

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

2 the human genome.

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

2 the human genome.

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

2 related to the fractional concentration of fetal DNA in the biological sampie.

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

2 DNA in the biological sample is determined by any one or more of a proportion of ¥
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' ' wherein the biol ogical

d froma pregnant femal e subject, : bi
gzanPLeiggfﬁhgg 5nuc|eicpacid nol ecul es, Fhe operatlon.conp;lfhngnbzfefzeps
ofhpGreceiving data froma randonkseﬁuen0|Pgsgap?epggtgﬁgeg froﬁla r egnant

i lecul es contained in the i ol ogi ca 1 _ _

aci d 7myl FBromOseRA rcsE et fefet] aliggetaiataph a?l?gg?lgugglagg&gﬁgomw%mm_

iein the portion represents 9 a _ 1 . ;
gnggggﬁiha?%elﬁata fromthe randon1sequen0|Qgidéﬁ??;?;g1ggngr?grhgf?ng
anount of a first chronmosome from sequences ed as originating
fromt hg first chront%oneThdﬁdhm@déf;nl?ggﬁtvﬁe%gggggogg%Frllsa et 0R e ShEne of

second ehr oimsolibs,, 141 rom seduences | fromthe first anount and
t he second chronosones: ?@6@?@?% ARG a paranet er more cutoff val ues:

. : er to one or
t he second ampunt; 16conparing the paranet ification of whether a

and 17based on the ciimarTigonstiesfRs Bg%lﬁlégdfﬂ?&rigsfngchromsone. 22. A net hod

| .aneupl oi dy exists for tf ' . :
igﬁaLeﬁggrgfzgsgrznégaFl PR EhBPEof el 8T Aln thebariogamsimgleangupl oi dy in a

: i in th
bi ol ogikal sanple Obiaﬁzhﬁﬁﬂgfih%&_}@BF&aga}ﬁB% %g%:aggl?gb egé%@qm]ggsglggpri gi ng:

i i | sampl e includes nucl eic aci
3bi ol 0g caaccuraggp

1 21. A computer program product comprising a computer readable medium

2 encoded with a plurality of instructions for controlling a computing system to perform an
3 operation for performing prenatal diagnosis of a fetal chromosomal aneuploidy in a biological
4  sample obtained from a pregnant female subject, wherein the biological sample includes
5 nucleic acid molecules, the operation comprising the steps of?
6 receiving data from a random sequencing of a portion of the nucleic acid
7 molecules contained in the biological sample obtained from a pregnant female subject,
§  wherein the biological sample includes nuclejc acid molecules, wherein the portion represents
9 =& fractiqn of the human genome;

10 ‘ based on the data from the random sequencing:

11 determining a first amount of a first chromosome from sequences

12 identified as originating from the first chromosome;

13 determining a second amount of one or mwore second chromosomes

14 from sequences identified as originating from one of the second chromosomes;

15 determining a parameter from the first amount and the second amount;

16 comparing the parameter to one or more cutoff values; and

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

. 18 chromosomal aneuploidy exists for the first chromosome.

I 22. A method for performing prenatal diagnosis of a fetal chromosomal
2 aneuploidy in a biclo gical sample obtained from a pregnant female subject, wherein the

3 biological sample includes nucleic acid molecules, the method comprising:

4 receiving the biological sample;
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4recei ving the biol ogical sanple; 5calculating a nunber N of sequences to
be anal yzed based on a desired 6 accuracy; 7randonly sequencing at |east N
of the nucleic acid nol ecul es contained in the 8biol ogical sanple, wherein
the portgon represent fraction of the human genone; 9based on the random
sequenci ng: 10det er mi %llcﬁléahélgiainﬁ@ge’érﬂﬁﬁﬁﬁqu@fceatdberemhly@én’mgg@@@g akEam
sequence@ lagcdeny.i fied as originating fromthe first chronosone;
12determ ning a second anpunt of one or nore second chronosonmes 13from
sequences identified? Oé?ilVé?%awmggatﬂq:asrm@ﬁ&eﬁuelel‘t%c%ﬁ%fégul‘é?%%%ﬁEfﬁfe

a ,

14det er M ni biglogicpiadaRiFRl et Pk first anmoynt and the secon
15corrpa;d' ng the par a% er 1o oné&gpnﬁfeée@ﬁ? fucpgfieshusandgehbimased on t he
0

conpari son, determ nihﬁ@da)ndhamﬁtﬁﬂl@ame@cﬂngf whet her a fetal 17chronosonal
aneupl oipdy exi sts for thedftier st. chronosonme. 2identifying a percentage of
fetal DNA in the biol ogi cal Sanpeé IiierenoZolisouahosgedm BR@End of
sequendéds to be i¢amtifiye edoisens GnAnhdesh bl AGGYL.acy i s based on 4the

per centlgge. det o
etermimng a second amount of one or more second chromosomes

13 Sy C
from sequences identified as origmating from one of the second chromosomes:
14 ini |
determining a parameter from the first amount and the second amount;
15 i |
comparing the parameter o one or more cutoff values; and
16 :

based on the comparison, determining a classification of whether a fetal
17 chromosomal aneuploidy exists for the first chromosome.

23. The method of claim 22, further comprising:
identifving a percentage of fetal DNA in the biological sample, wherein

I
2
3 . A
caleulating a number N of Sequences to be analyzed based on a desired accuracy is based
4 the percentage. "
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