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SUMMARY OF THE INVENTION
The present invention provides a novel approach for identification and
20 characterization of differentially represented (e.g., overrepresented or underrepresented) fetal
or maternal genomic regions in maternal circulation. Among other things, identification of
overrepresented fetal genomic regions in maternal circulation according to the present
invention may permit accurate analysis of fetal DNA without enrichment or purification,
resulting in simpler, more accurate and efficient pre-natal diagnostic assays. The present
25 invention is particularly useful for noninvasive pre-natal diagnosis during early pregnancy
(e.g., during the first trimester).

In some embodiments, the present invention provides a method of identifying
differentially represented fetal or maternal genomic regions in a maternal sample, comprising
steps of quantifying a fetal or maternal genomic region present in a maternal sample;

30 determining relative abundance of the fetal or maternal genomic region as compared to a
reference amount, thereby determining if the fetal or maternal genomic region is
differentially represented in the maternal sample; wherein the fetal or maternal genomic

region does not correspond to an aneuploidic region.
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I nvention anas%%%e]c eim Socﬁ‘ments, a method according to the present invention quantifies a fetal
20 genomic region. In some embodiments, the reference amount is indicative of an average
representation of fetal nucleic acid in the maternal sample. In some embodiments, an average
representation of fetal nucleic acid is 5%. In some embodiments, a fetal genomic region is
identified as overrepresented in the maternal sample if the amount quantified is above the
reference amount with statistical confidence.
25 In some embodiments, a method according to the present invention quantifies a
maternal genomic region. In some embodiments, the reference amount is indicative of an
average representation of maternal nucleic acid in the maternal sample. In some
embodiments, an average representation of maternal nucleic acid is 95%. In some
embodiments, a maternal genomic region is identified as underrepresented in the maternal
30 sample if the amount quantified is below the reference amount with statistical confidence.
In some embodiments, the quantifying step of a method according to the invention

comprises quantifying a fetal genomic region and the corresponding maternal genomic

region. In some embodiments, the relative abundance of the fetal genomic region is
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In some embodiments, a maternal sample suitable for the invention is obtained from
one individual. In some embodiments, a maternal sample suitable for the invention is
obtained from multiple individuals.

In some embodiments, the quantifying step of a method according to the invention

30 includes a DNA sequencing step. In some embodiments, the DNA sequencing step includes
a high-throughput single molecule sequencing step. In some embodiments, the DNA

sequencing step includes an unbiased DNA sequencing step. In some embodiments, the

DNA sequencing step cover greater than 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100

(08



one individual. In sone enbodinents, a maternal sanple suitable for the
invention is obtained frommultiple individuals. In sonme enbodi nents, the
guanti fyiwg2et2p2mB8 a nmet hod according to the inventi onP8diuscéndessa DNA
sequenci ng step. In sonme enbodi ments, the DNA sequencing step includes a
hi gh-t hroughput singl e nol ecul e sequenci ng step. In sone enbodi nents, the
DNA se%ﬁg'& BguiSdlefeel NCl udes an unbi ased DNA sequencing step. |In sone
enbodi rents, the DNA sequenci n?\T step cover greater than 1, 5, 10, 20, 30,
40, 50, 60, Im@meganbaimens, thoDNs@eNgnosior ohirs esp i lyghnmie dgabni ¢
equi val ence. n.s . | S, ngGi . Ll udes a
ctep ot Tasar pgereaRLr PRGN SRAL 15 e Pt SR Bl i R R RS
| n songl@mioilomeniosescéh andpt lvbdhesstgnignal. sinsehecheddimans, thafbuescent and/ or
| um nescent signal. In sonme_enbodinents, the fluorescent 5signal is

géner asieerl pyepEriehiar SYHHN-3 ANEYh Y HHEDS - In sone embodi nents, a

met hod of tfhesc;n{kvé?ﬂﬁcid?ﬂelfxty,rat 1@@?}03 B?{hléqgfenﬁoﬁ GPhePinchRRE YkieP B f B%t?hﬁlil acid

nol ecul es (e.g., nucleic aci ragnment containing the fetal mat er nal
genoni sudldghoid ndehgesqaanmiutlieachcahfragraegg)l dodtagning thedetpr dranatemat gamomic

sequenci ng step. In sonme emhodi nents,. a quantifying step according to the

i nvent TS8P tH@’SIq\‘}%%t%féd%‘E%f‘ gﬁaﬁgsqgﬁﬁ? W‘&ﬂfﬁﬁg‘ls%e&}i@#&:@g srt%%dpcount s at '? ri butabl e

to the fetaj, Qfmé@ﬁﬁfﬁﬁkn@,%ﬁhﬁfﬁﬁ?iﬁ@@aqcbfﬂiﬁg)fmth@Eﬂi@ﬂﬂim&&veﬁ quanti fyi ng
er

step according to the invention further involves conparing the individual
46quencitamerdndividiabseauendelyeddadsivatstatiribhiabledp ghe igtahoringterrag2ePmie t he

i ndi vi dual sequence.read counts tributable.t he _corre I- t I
R e e A o S A L A0 B9 I GO RR A B o e
I nvent {QRpd: e tHE BRI Ad Sl 88y RhcelRRE Ed @i tRbutibi toahe RER genomic region sothe

enbodi nents, ‘a quantifying step according to the invention includes a step
of per inghvidurd sexrtietesaremOppUNts attribufablesigribe epmRsEPHAERE Blatena gaMIICYEH st ep

r vy serieugarepCRo NS
et e ¢ aci i 0T THERHER 4 ERRRE: AefhBrRls RMELHALATARALY RpLr

38specprtsalihy digitaicP¢R. the fetal or maternal genomc region. Nanoreporters
according to enbodi nents of the present invention are descrbﬁed in UPi ted
St ates Pat eht S%Po?@%‘éjﬂméw&b&ﬁua?@%@%%?@ﬁg 1A O BR TEREOHRCHGPL 5P 8

i ncor poLal R NEE R PCR.
In some embodiments, a quantifying step according to the invention includes a step of
hybridizing individual nucleic acid molecules using probes labeled with nanoreporters that
20 specifically bind to the fetal or maternal genomic region. Nanoreporters according to
embodiments of the present invention are described in United States Patent Publication No.
20100047924, the contents of which are incorporated herein.
In some embodiments, a quantifying step according to the invention includes a step of
performing array-based comparative genomic hybridization (aCGH). In some embodiments,
25 the aCGH step uses probes that specifically bind to the fetal or maternal genomic region. In
some embodiments, the probes are labeled with optical signal. In some embodiments, the
optical signal is selected from fluorescent and/or luminescent signal. In some embodiments,
the aCGH step involves determining the level of signal attributable to the fetal or maternal
genomic region.
30 In some embodiments, the statistical confidence used in a method according to the
invention is determined by N-way ANOVA, Student t-test, Fisher’s exact test, or multiple
testing corrections.

In some embodiments, a method of the invention further includes a step of
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compared to the corresponding fetal genomic region; and identifying the maternal genomic

20 region as underrepresented in the maternal sample if the relative abundance determined is
below a predetermined threshold with statistical confidence, wherein the corresponding fetal
genomic region is not an aneuploidic region.

In certain embodiments, the present invention provides a method of identifying fetal

genomic regions normally overrepresented in a maternal sample, comprising steps of

25 characterizing a fetal genomic region in a maternal sample; determining relative abundance
of the fetal genomic region as compared to a reference; and identifying the fetal genomic
region as overrepresented in the maternal sample if the relative abundance determined is
above a pre-determined threshold with statistical confidence, wherein the fetal genomic
region is not an aneuploidic region. In particular embodiments, the reference suitable for the

30 present invention is indicative of an average representation of fetal nucleic acid in a maternal
sample.

In certain embodiments, the present invention provides a method of identifying

maternal genomic regions normally underrepresented in a maternal sample, comprising steps
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20 throughout the specification.

In this application, the use of “or” means “and/or” unless stated otherwise. As used in
this application, the term “comprise” and variations of the term, such as “comprising” and
“comprises,” are not intended to exclude other additives, components, integers or steps. As
used in this application, the terms “about™ and “approximately” are used as equivalents. Any

25 numerals used in this application with or without about/approximately are meant to cover any
normal fluctuations appreciated by one of ordinary skill in the relevant art. In certain
embodiments, the term “approximately” or “about” refers to a range of values that fall within
25%, 20%., 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, 1%, or less in either direction (greater than or less than) of the stated reference

30 value unless otherwise stated or otherwise evident from the context (except where such
number would exceed 100% of a possible value).

Allele: As used herein, the phrase “allele” is used interchangeably with “allelic

variant” and refers to a variant of a locus or gene. In some embodiments, different alleles or
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20 significant aneuploidies involve single chromosomes (strictly “aneusomy”) in which there are

either three (“trisomy”) or only one (“monosomy”) instead of the normal pair of
chromosomes.
Animal: As used herein, the term “animal” refers to any member of the animal
kingdom. In some embodiments, “animal” refers to humans, at any stage of development. In
25 some embodiments, “animal” refers to non-human animals, at any stage of development. In
certain embodiments, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a
rabbit, a monkey, a dog, a cat, a sheep, cattle, a primate, and/or a pig). In some
embodiments, animals include, but are not limited to, mammals, birds, reptiles, amphibians,
fish, insects, and/or worms. In some embodiments, an animal may be a transgenic animal,
30 genetically-engineered animal, and/or a clone.
Approximately: As used herein, the term “approximately” or “about,” as applied to
one or more values of interest, refers to a value that is similar to a stated reference value. In

certain embodiments, the term “approximately” or “about” refers to a range of values that fall
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taken as the “normal copy number” for calculation and/or comparison purposes.

30 Corresponding fetal or maternal genomic regions: As used herein, the term
“corresponding fetal or maternal genomic regions” refers to genomic regions from fetal or
maternal nucleic acids but mapped to the same-chromosomal location.
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Complement: As used herein, the terms “complement,” “complementary” and
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Differentially represented: As used herein, the term “differentially represented” refers
to a level of representation of a genomic region (e.g., fetal or maternal) that is deviate from
the baseline. Typically, the baseline is indicative of an average representation of fetal or

30 genomic nucleic acid in maternal circulation (e.g., maternal blood). A differentially
represented region can be an over represented or under represented region. As used herein,

the term “overrepresented” or “over representation” refers to a level of representation of a

genomic region that is substantially above the baseline with statistic confidence. As used
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30 examples of hybridization conditions and parameters, see, e.g., Sambrook, et al., 1989,
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor Press,
Plainview, N.Y.; Ausubel, F. M. et al. 1994, Current Protocols in Molecular Biology. John

Wiley & Sons, Secaucus, N.J.
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100% peneronhseniiseg], iner teitnubetorsehsioanegel, $n CALE B, brd trathse ﬂ‘aa&b%tﬁmé all'y
free of qther conponents. As used herein, the term"isolated cell™ refers

to a cAMUKEHUIRGNERNNED in a mul ti-cellular organism _ Label ed: The
orm 1 abelpthoandcloialed O3y 051 R0 AR B 08,

herein interchangeably to speci an en
poobe, celhtlaragynisiBGethcas)a marhieanvarsmal. i zed, for exanpl e foll owi ng bindi ng

to another entity (e.g., a nucleic acid, polypeptide, etc.). The detectable
agent or no?%%@é%ﬁyﬂﬁgéQ@ngggﬂfgﬁcﬁO?ﬁﬂtrﬂ%md@ﬁéﬁﬁﬂé§ean@bgﬁﬁﬁy%hich can
e ey tuadn anckephara fhdi 8itehk Yoie of e 2bBohdn{ &1 PRAL h:Req) O e

anmount of bound entity. A wide variet stens for laberin / or
det ect VgD pridalli medunsd (Winthatin 24010 70BRGR/WS Adrih @4438GinpE phides)ar e known

in the,ar L rteins .and i des ,can be epared by incorporation
of ., or Pacees 8RR, B R et R BEP s B GEhasr b EEnBeerdsanpie
Bhot ocheities alay teisopdianil Cidm ati 6B ARRAS0YC Mout SORChBduE 3bss. MRk 8894 o LE:I? m cal

abl e

or oth&% ngns.(ﬁ Iabel(pr | abel i ng noiety may be directly detect
(i.e. 9% GUEONE: ahouh (9 %eabony 89%r theat 99%ahaubASBr atsma s Pubtati 894 0 be

det ect amb@ntidly9t0098 ok UO%MMRY SinbrodfoREhd Y RE AR ARY Dernitidny, Y be
associated. In some embodiments, isolated agents are more than about 80%, about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about

25 97%, about 98%, about 99%, substantially 100%, or 100% pure. As used herein, a substance
is “pure” if it is substantially free of other components. As used herein, the term “isolated
cell” refers to a cell not contained in a multi-cellular organism.

Labeled: The terms “labeled” and “labeled with a detectable agent or moiety” are

used herein interchangeably to specify that an entity (e. g, a nucleic acid probe, antibody,

30 efc.) can be visualized, for example following binding to another entity (e.g., a nucleic acid,
polypeptide, etc.). The detectable agent or moiety may be selected such that it generates a
signal which can be measured and whose intensity is related to (e.g., proportional to) the

amount of bound entity. A wide variety of systems for labeling and/or detecting proteins and
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indirectly detectable (i.e., it is made detectable through reaction or

bi nding with another entity that is detectable, e.g., a hapten is

det ect ablwohyizammaost ai ni ng after reaction with an appiroprisatia/oa4ywé body
conprising a reporter such as a fluorophore). Suitable detectable agents

i nclude, but are not limted to, radionucleotides, fluorophores,

chem | ﬂ@i&%'}hoﬁﬂ%‘{;}é arthmbgfegp%t&hQ Eﬁ@pe;ﬁﬂﬂéé’%%e i@ REd et ric | abels,
magnet aptens, nol ecu beacons, aptamer beacons, and the i ke.
Locus: m.ésrpumdnrmé,roancnnjugate)mwracriabbldbatss detegtable bmpmﬁr@sweccpmt@cfle@@a@h on of

a part | ar. e nce on . a chro As us her ei n, rt| cuI ar DNA
sequen%‘@um "5 “ﬂ?@e@&ﬁgﬁﬁc réca[; ngﬁaﬁ’e el o %t?’%r meghgy A ﬁba% nor e
nucl eofb &) motely 1%9{{736 enbedi dventadle ¢ be it db@yﬁot]réd;ﬁre(ﬂny(fﬁﬂmrlrmoﬂ ogene or a
portion of a gene n some enbodi nents, the locus is or conprlses an exon

of a portipolatio tabe dotenialdé, cae. g%ﬂ@orophplgéﬁ@reéﬂbéﬁﬁeﬁéhlﬁ?sm lf ABYbscus is or
conpr | f?gﬁ?cgi} #ﬁ%negzliaﬁ%%ﬁ L& I1’( Bl %Qtegtf,abl%qmloﬂéﬂ Pe’AF&% (p t? anOthEr

enbodi S} COnpri ses or a portion of

a reguémirpthat & RIRAbIOE 04 agRPeen i detsaniie eyrmdmnemmmgtalﬁter teacticm wish an
associated with a di sease, disorder, and/or cond;:é g For ex%r{g
20nut atitrsoRyIake antibedy cRmBrifing 8 FERATHESdl 8 AilBIREOPIOFI e PHiRIHE deteqiphle pegits

mitat i %Qﬁlde e 4B4; g'} eﬁqg ra&%ﬁuc)ledl??%s %O%Hh()f'elsa&ﬁgnl‘(ﬂrﬁﬁ%s@erg he&fs e,

di sorder, or con otypi'ng: As used herein, the term
1kar yomy@bmmlemﬁmmmse@loamdetodahmlsqaruagmnncolfamln,élapwnmenolecfularrhe@morres in a
eukaryote cell. Maternal sanple: As used herein, the term"nmaternal sanple”
refersaﬂtﬁnéﬂkﬁaﬁ‘w@g?@atlhe%%anpl e obtained froma pregnant wonan. See the

defini tion Vﬁgczg" 85 g&'dgﬁkeéatﬂ@{e?m “locus” rdNQs Fhe sﬁ@mﬁ'cs%‘é'atﬁ't@{(ﬁ‘arbarﬁ&@art erm

"nor mal , en use nmodi fy the term"copy nunber” or "locus" or " gene”
or "al DNAeséqumﬁfeemsa thoomhsonoo pis mgdthereimra fagiaudar [épecqusncatdndicooftansit i s

unber BED4p Foicas WinothrBs it P maands TeREOHEhn B fiog g ERRIEE,

they rgfg rcoﬁ19r1§’é% d b vt dlattiodlof@rgend B0Mnel shsodiberas, $ha/\l@eus:1@ror y the copy
nunber or the locus, gene or allele that is present in the hjghest

perce nccagmlseﬁ araqumn mqrbﬂn Oéafgexonei)f\m gege-t I}‘p@mer‘r’dlilbﬂdﬁﬁ%ts dhe @G‘tﬁ 86F .

i I
d?’g egggo%}?rlsgg Al r%r{raon ora rP(?m n cﬁaan mf% o?ey én%c tI ? §mﬁg&gﬁﬁ%§e’ch@ l&%@tlé &Gul ar

1on a is al'so no arri er (0] I sease or condition.

The t egdmprives BReguldiSryadl&herdised pbﬂfoﬁldf atrogujatatyi lyment dct’\@gene In some
2012/ 012703PCT/ U82011/ 044990 b| ol, ogl cal spembcge g/r I e isolated froma
LERAH e

nor mal ebodiments; Yip doqup af asseRidpd Bithayijess disp Téon’ r?éf“mpl
Bj)o! Og}&%?alnoﬁ%glrhglocus mcludll}(grlrc)lEIePl)ﬁsx i3 g?ion Hsgg nﬁ@a&ﬁin@ pdiftenit&fidhs,

rrultl refer ication of two Or nore regions whi ch are
each pétk:r)mhyumqmgemtmﬂlwtth adiseqel dIecmslexpancd/or &Pditmey : As used herein, the

term"prime refers to a,short sin st randed o onucl eotide _ca | e of
hybri di zi ng}{f’@’ ORPUTHYS %ﬁ%f??’ g‘&ﬁﬂ%ﬁﬁ@r?’%y%nﬂ u%rfcgfr%a%ff ag%tg%]lnétlmpgfb

Typi cajpeYmunfbePbf SBEMSEIYESn @SuRdtybRickilat i on point for tenplate dependent
DNA synthesis. Deoxyribonucl eotides can be added to a primer }/ a DNA
pol yrer ase. Marersahsemple: As used herein, the term “maternal sample” refers to a biological

25 sample obtained from a pregnant woman. See the definition of Biological Sample.

Normal: As used herein, the term “normal,” when used to modify the term “copy
number” or “locus” or “gene” or “allele,” refers to the copy number or locus, gene, or allele
that is present in the highest percentage in a population, e.g., the wild-type number or allele.
When used to modify the term “individual” or “subject” they refer to an individual or group

30 of individuals who carry the copy number or the locus, gene or allele that is present in the
highest percentage in a population, e.g., a wild-type individual or subject. Typically, a

normal “individual” or “subject” does not have a particular disease or condition and is also

not a carrier of the disease or condition. The term “normal” is also used herein to qualify a
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enbodi nents, such deoxyri bonucl eotides addition to a prinmer is also known
as prinmer l1lOextension. The termpriner, as used herein, includes all forns
of prinmerwothetoizwy be synt hesi zed including peptide nuelCeius2aaiogtops i ners,

| ocked nucleic acid prinmers, phosphorothioate nodified priners, |abeled
priners, and the like. A "prinmer pair"” or "primer set" for a PCR reaction
typi cahloyodi@l §helirhéh & saﬁlklseqfsolafeu RS 2 hyPhaak hldipe diviguador §udjeugrier pri mer "
and a "reverse priner." used herein, a "forward priner" refers to a

pri mer exangtle, b5 aomealbsolpgicellrempiet’ - sense strand of dsDNA. A "reverse priner"

anneal s to .sensgesstrand ,of .d N I r_phi rein,
the term"” pé*"&ﬁpz?’bﬂﬁénés P é}egel?’(s)t%\lﬁegn cc%ugﬁlgl? )gkr;)ggg o ﬁggn@ﬁggagﬁe&?or m of
a genengy oabid egiohdiehRAfare Fchbeimefsisiigediifi@iceptimetstpairt er m " probe, " when
used in reference to a probe for a 20nucleic acid, refers to,a nucleic acid

mbl ecul e halrimgrsheesetiherehiy dheisim Jarimer ustvee® § WOy sntapiraiebng) t hat can
bi nd or,.hybridi.ze | €120 ' j | VicleRI-QRES

speci { PIRHSeBfEepdy P Eh TR AT T PombREROER segtiRiah bicleR ok

conpl egmmilaryypidalls Lbpiiasi dettds\as an ifitigtimenicantfoseqpbne defendoudgNAdne or nore
types of chem cal bonds, usuallg %@kgugh hﬁgrggegﬁﬁ&nd formation. I n some
enbodi mewesls: Prepebordsiedidiy canbnandediea BEMEE OB INAPIBREF c ShETH a

real -t Elﬁgoﬁﬁgn{ €ahid80xyribonuclefRRle@bdUBoRRINHANESSs 2B kMSRH 2BBfiflen, the term
"rel at Ve abundance’ r@?ers to an anount of a genom c region of interest as
aonpar estetisiora Tlefteme primenmousdd heteiy, iapludesnl] frms pbpuemendeatapaylit can be
used to determ ne fhe rel ative. abundance ,of enom ¢, region of interest.
See, t PRSIz i”f‘i?‘ﬁjﬁ\n%?eﬂﬁélf SPERCE KRS, l?ﬁlbe:aég'f{éilc ac_r‘%? at'*Ve abundance
306“C0HH&§§&%M@4@ B dFRIWRRIRErS, NSy Hherf antl MR BIRN ONTHBrifeghartsor (‘Brigher T et al
DNA vs. the corresponding maternal genomi c DNA), percentages (e.g., the
per censelgforafPGRteacti@NApatly edferstie asetafiprizmpsuiypicetly pydinghaifgEaEf f ol d,
nornal i zed ,anount, anong others. [The .te "relatives "o sed

ot or - BREHE AR ThiTH PHFattar oa i Tord i Hrink ARAIORERmC Bt 220 (o
her ei NgnidchR tb EiantitRher #1686 cAGTIINA" A efe@trSe pmaryanasaisitd the hatse-caandef used
as a coqgarison standard or control to calculate the relative abundance of
a genoffildNAegi on of interest. In general, a reference anpunt can be an
amount i ndi V. a " ATRYAL o AR BMEERERIGgSENt ed,
or underrep%gé%%ﬁ%@Lgﬁ%%ﬁ%ﬁ}Egﬁagﬂéﬁgﬁppg¥ﬁgﬁgg?erence %nn&nt can be an
anmount moagihaabhy oraf oftahgent ot portianvhem¢ofof nucleic acid in a rel evant

mat ernal sanple (e.g.,, maternal bload), the tqtal .anmpunt of fetal nucleic
acid, the totefle heggin Fé?‘rﬁ’alpr‘%i%l ‘éfb?:n ‘ést?gdl} T ENCE8 Gritro st ftoéacont r ol
H89i 0N WkkiE RcidS rf O WMa RQieit AcilenQ¥&Tle RivikEISREIfCERCROBAE Sdubiceale.@ayer age
amount of nultiple control regions, the anount of a known overrepresented

r egi ONRNA anDdVE ey cambimdror hybridias td mickioswdy efpnissesht Brbieadly piokes 10t he

anount of . n underr esent ed.reqi Qn or. . tiple
e T B e Bl el e P
or mat g5HalemeRRFY &IRONLIRGUER 0hd6r 1@ tOFesAf chéthREESInds Aisudfyethenee anount
can be an anount obtained froma quantifying reaction or assay that is

per f or hedtogémbinddaenaiiany Iniseme embodiatgnisn Pipbes srndrad to nusley rdorf IANA

mparator.. a.historic .ence (i.e., an anmount or result froman assay
?gperfSVIH@%OYBH%@ir%auélf@e?é%é?%ﬁ{lggmunt or result that is previously known); a
printed or @thgvywwbmdansedsneedheeingtheachr Getdtefibunidasct”trbfessshahd. I n sone
enbodi nents, a reference anpunt is indicative of the average representation
of fet amonpieifajgenamicdepion phieTsa]assppPared do g referspge @@eur&o% FBBAOPEC2004 .

In so rH&p, AR kiSe bRHHdGALd 8 RhokiteredioRIoRge
represrrgen rgp?egén 0 R%%@?%%Pqiggﬁgg?lc acl ailnematernal b|“%08 (e.g., 97% 95%
interest. See, the definition of Reference Amount. Typically, relative abundance

30 encompasses ratios between the amount of two genomic regions (e.g., fetal DNA vs. the
corresponding maternal genomic DNA), percentages (e.g., the percentage of fetal DNA out of
the total amount of DNA), change of fold, normalized amount, among others. The term

“relative abundance” is used inter-changeably with “relative amount.”
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2090% 85% or 809% . Sense strand vs. anti-sense strand: As used
herein, the term"sense strand” refers to the strand of doubl e-stranded DNA
(dsDNA) twetoizmabmwdes at | east a portion of a codi ng seRUEMISR010/ 044290
functional protein. As used herein, the term"anti-sense strand” refers to
the strand of dsDNA that is the reverse conplenent of the sense strand.

25Si gnal : r{%‘r%%ge BRb&HAs LR Helim he tgmakefefefbLimod®” AfdSteatyaheumnd/ or
measurabl e entity. In certain enbodi nents, the signal is detectable by the

hurman myleqanebeglsqrd N ascdjhmrlsmstaed@adrpr eqntrah o edlgratt theowlativpebundanesutict rel at e
to intensit wavel en C nt sible s

Non- | i #fi"CTH re@ RUSE Igl_%ﬂergf %tggem%@fnu% Cé%?’%?‘éam BFIgtCllg%lc %ﬁeeosf 4and

col or e@i:$ andbh© aP hRIMEL Snd@S, lahtdveﬁeﬁréwa&@l eh@icaaprebRaat irguns UELr as an
enzymatic reaction. In 30certain enbodinents, the signal is detectable

uSi ng eammiparefetence pmoyriren beb amesnt iadicative afjthmigtalpgogahRfmacisi 35dm a

quoro hor at_.em sflu res t is
det ect’ t?lrgf%mﬁ matel?lﬁltjsgr I%%glttneciﬂ%g&)’ qutgﬁéﬁgﬁﬁ% er{u%lew%é& stlggna is
or el @t#amband dfGhdternel Iglclel(vacﬁdi kheambgalttofardhs] ngfbn a\xm«ii ieknbwg Inbi) tot hat is

detect abl e by a spectrophotoneter. For exanP Ef ener at ed %qug
cheni | Rin@ee SE BRder FeaRsenSH OF 3l PYFTRES Yt 86 mylty @ﬁ%ﬂtr LN MOYRT Hent s,

the sigpaloi §Ve9{e e%}srﬁ&??‘e 5081 Sradli kL Qam%ulgt of n'itﬁf%l@to'g% Oﬁ@%‘eﬁe@@eéwns

r adi oi sot opes, rar ed ation, I'n certa dinents,” thé signal
18 a dﬂheamtoumrof aridmmalndenebresmnmd regloa opamp'mrage apfiowat physltipdd ent| ty. For
exanpl e, a si gn?A coul d be used as .an 5i ndi cat or, of .anpunt an

concen?YeFEPISReed reeims &ithe ARPNLoh the genamigiceian (& §mbtial A gra n a reaction

vessel correspond%%et%'tfléfe 1d%sofq§t%fkshe/§?éf@ﬁen€@§m5ﬁ{t%hn §@§&hﬁqbﬁnt obMIe fusgd i n
connection W th an ol igonucl eotide priner, refers to an oligonucleotide or

pri mera quamtiéying pracoqr dressayhibir i derfemicdrsionltaneehiln @Jlfdﬂdh@lrelgi@rﬁ mﬁe@%@pabl e

f hybrj di terest and not 10subst
nybr: oG e g el € B SRR AR Vover < of

$§que fdrﬁ@ /btetvyo@ryeopﬁxeir%ﬁrﬁd)r aaxdlt iting ipsteviatisiy Qﬁ&\t\/nﬁ@%m&ﬂ%x 70% 75%
80% q 90% 95% 98% 99% or 100% sequence I1dentity. In sagne

enmbodi ethervdse s@vgcbee@m er e picgdsieraliesst thepsheld. e sorae cmberiBien's. areforenest 4, e,
8, 10, arr%guntl ’ndljcgt’lve%gf thggver%%e reé‘r ri%ﬁlon%% %tglonuc%?e aé}&) n ﬁxﬁteﬁnr’a@ blood’ 60, 65,

70, or nDre ases o a portiron o e nucleic acid
to be (ayhriwdi Red 036, ]Jﬁe,rmlzlo%)ecﬂn mﬁﬂemhedmiengpmmfd:remm allmolmlnckmﬂneatnwcl eic

acid are_aligned. Subj ect : ed herein, ] refers
to a hﬁﬁhﬁawa%fﬁpﬁé‘?ﬁtﬁm BAFHA n%@l@w Hblre ma? §¥008T%5b§?$ gg@ cat,
Q@ttle%o/%vxggag,orsglae;ﬁp horse or primate). A human includes pre and post
natal foris y enbodi nents, a subject is a human being. A subject can

be a pati enSensabir-anl vsetei-sertso staah) reuspd bsremt, theqem“sﬁnmra@é rgbereve der for
20di ag OSI S t men @ &15 sed herein
interc aﬁﬁgﬁ?ﬁﬁwﬁf tmfla%“{) N%u Bﬁ?@e{hi}é’ﬁ %C§1 eﬁ\St %q Ot::aacnO & afflicted
W th Ofeqlisnc UF G ERIdRBIA Proted. A S@RA RN, dhét@frﬂeﬁntbb&nsﬂﬁt&‘ar@lf’ réfeys todiie di spl ay
synptons of the di sease or disorder.

strand of dsDNA that is the reverse complement of the sense strand.
25 Signal: As used herein, the term “signal” refers to a detectable and/or measurable

entity. In certain embodiments, the signal is detectable by the human eye, e.g., visible. For

example, the signal could be or could relate to intensity and/or wavelength of color in the

visible spectrum. Non-limiting examples of such signals include colored precipitates and

colored soluble products resulting from a chemical reaction such as an enzymatic reaction. In
30 certain embodiments, the signal is detectable using an apparatus. In some embodiments, the

signal is generated from a fluorophore that emits fluorescent light when excited, where the

light is detectable with a fluorescence detector. In some embodiments, the signal is or relates

to light (e.g., visible light and/or ultraviolet light) that is detectable by a spectrophotometer.
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Substantially: As used herein, the term"substantially" refers to the
qualitative condition of exhibiting total or near-total extent or degree of
a char actwoietzo2ms property of 25interest. One of ordi mamyusskitlok49pn t he

bi ol ogical arts will understand that biological and chem cal phenonena
rarely, if ever, go to conpletion and/or proceed to conpl eteness or achieve
or avoig: SRAnMRS Pt &nk@sll dy a ditehikugliRtsconbsdcabh cahlt e vk&d dshesigfaor b used
herein to capture the potential |ack of conpl eteness inherent in many

bi ol ogsaad crahetlivientyi tha signhldn orelaies BOSlipEem GG dRdiglRPItEdbHt ary: As used

herein, the term "suhstanti al conpl. ry" . ref t S that
can hyfﬁdfod?of%peﬁhlgglaregtr?ﬁﬂ%%te }Cym}%rc %lggﬁgé%n%égﬁsdl egﬁg thdéﬂgiﬁﬁﬁ(gg& grti san
Wil up@esatdrand pdprity v phantdl ahlity. ForpkanEataiyna equlebe @sedwean not

hybri dize along their entire length, In sone enbodi nents, "stringent

hybr i dingicetosef emabRtanges coreniptianyof agychad 894 1p7 bpmeiyalsyonls ADXADBR

hybr i d}eégtﬁ(gno\pesgeqndi tions at |least as stringent as the foll ow ng:

hybri dization in 50% folinam de, 5XSSC, 50 mM NaH2PO4, pH 6.8, 0.5% SDS,
0.1 nu/nlL sepiciat: ad wsed haeinsthenernDNAecifing vBXDenédint cosngoiloutwitnnat 42 C
overnight; washing with 2XSSC 0.1% SDS, at 45 C, and washing with 0. 2XSSC,
0. 1% SPieEoRuclestide Pipers giers &b Al SRINEISO1Id] o1 RIRH: Uasisy BPRIAPIAE | on condi ti ons

shoul dh\%ﬁdi%ﬂoﬁ\& fwfa&hiﬁ% REd At isf%gpme LR uMdEi gl © tﬁ@ia@%etwmrﬁé}eﬁiaha @bt over a

stretc contiguous nucl eotides by nore than two bases.
$abst i sutstaatiallsyusledngermicteic adids which jare i @b stteresit ithghier desfebsrad se@uenpe

repl aceent of one aqr r m no acids I [ h f N{ee@M NO
ol do. BPTRCHEBEraES i SapuE AR S0t Tt 4 b S0Tn el Bar 19 S¥Rur i ng
mol ecubeys,, dOMipbAlsdqyiBsce i&éﬁfﬂ%ﬁm foedeinbodimentt &f specivit b pbniReotinebepsme0 t he
typi cal or the nbst comon m exi sted in nature. DETAILED DESCRI PTI ON
The pr esgains atvashtt @8, pP.oNZ, désl6, A8ty 28t He 26138, ABS3 S, ARt 4o dle: % 0P dent i f yi ng
and characterizin i ff tially.

cnder r dbLat Bt pLrea St Mel B FAREN e bl s REHEAPRATIN &7 O

gkrcul @ﬁ’l%@ﬁ'@d Thén ihevepbineiotide anparsesicidwid #eafphdd on that certain genomic
regions fromthe fetus DNA nmay nornally be over represented in nmaternal
ci rcul at i onSehiect densadiherein the tesm “SWIRCtOTRIFS 1@ p HBRIEH CEAY BB &honi ¢

o0 OB LRSS Sug et aronis hesed T OBl
DNA. | incligles pretaadpostrachl févats. dv erang @népdisens, atsilgacto$ a hemah bgegori ¢ r egi ons
ey besxfb?euc% ggn lt))g/ a ggtjtgetnit,%hei\c}]; r%%etr(s) Eos a Hr%gn grses%g to a medical provider for
20 diagnosis or treatment of a disease. The term “subject” is used herein interchangeably with

“individual” or “patient.” A subject can be afflicted with or is susceptible to a disease or

disorder but may or may not display symptoms of the disease or disorder.

Substantially: As used herein, the term “substantially” refers to the qualitative

condition of exhibiting total or near-total extent or degree of a characteristic or property of
25 interest. One of ordinary skill in the biological arts will understand that biological and

chemical phenomena rarely, if ever, go to completion and/or proceed to completeness or

achieve or avoid an absolute result. The term “substantially” is therefore used herein to

capture the potential lack of completeness inherent in many biological and chemical

phenomena.
30 Substantially complementary: As used herein, the term “substantially complementary”

refers to two sequences that can hybridize under stringent hybridization conditions. The

skilled artisan will understand that substantially complementary sequences need not hybridize

along their entire length. In some embodiments, “stringent hybridization conditions” refer to
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structure, specifics of the cell, DNA break-up process during apoptosis,
and DNase accessibility in blood. Typically, a nethod according to the
present iwoentzaero3nvol ves quantifying one or nore fetalPCorusowt 14996
genom c regions of interest present in maternal circulation and
25determ ni ng rel ati ve abundance of individual fetal or maternal genomc

regi ong a8 CABRIGRAISR ATbaPRISBHH AL S (hefRIMNEE hPRaPAtonMarsoous ref erence
anount s’ can be used to determ ne rel ati ve abundance. |In sone enbodi nents, a

r ef er efocmamidey AXSBA IS¢ e WaHaPOa et a§e0.6¥p¥eSdht mg/mh seficated salmgp nat er nal

nucleic acid.in na n irgul.ation s used. to _determ tlo
abundathtE™ amﬁle%gheai“qrgé ?%‘Hg“?%ati 43e ﬁ:ts ?‘fefréléhtagag?l?g ‘év%%?(l gz’i%%% ? : lr)é§PeS sent ed

i f they3Breel. ahd %@s@ﬂ%mm 4 C 1B, FIRM 45 AL Jn@Bmi enofiintines)stringant t he
reference anount with statistical confidence. A reference_ anpunt |ndicative

of ovehyloidizatide condipenssbavldimioballavafor 4y digatinseldwoguglstercisieiel At ve
bund . TyDi di f f 1 2] | ted
oot oroveaasiEh ah2d Eon Rl MRS HebSu e BES1T) 044000 o't he pr esent

i nventi on do@siRRloncAE 1&IpRRHn the Rimasehsptuiod! eeferegd tre.replacement of one

Differentially represented regions, in particular, relatively.
over r epirBeEAEHO pEaPT Riskoides Pedilisrrat ampe 45ids (& aycleeliqfa s PRSI -8 at al

di agn_og(;r!ix a(g%fﬁ)ﬁxgn%{agg%%%ﬁggﬂdlg&léi gnificant fetal DNA enrichnment or

purifica n cer iments, a relatively 5 overrepresented fetal
genoni c r egiiola-nisefAslustdherpinethratal “wildgyyes irsfeisgo ildampicéli @dheaestid on at

| east the follown évvo qualities: (1) the overrepresentation of the

nor mal ?%%O%ﬁ?}ﬁh?m%f’ HE&Yet al genomic region in maternal circul ation as

conpared to other fetal regpgAssn@dpDUSERIPTIORNSPIiIt (i.e., the ratio)
between the fetal genom c region and the correspondi ng maternal region.

Wt h respecThe preséne ilvantier prguiles taynonigtothies tuings, erpicsls edlidentfyinganst i ve over

representation of..cert.ain 10fetal genom c regi.o i cyl ation
oy Do e R P R R REE S e TR AR B g
T8t er NRYatet R0 bOMsinic APy BRI YSdtenalf citcRSi6n ! Whe Giihiidr @RofPpysseeenst rate, for

exanple, that a particular fetal genon‘i C rg&i{on is relatively

over r efpcegiahion that eieir gaRomic eegrans k5w erigiup et HEY eEPRGNE B may be
relatiyvel nderreprese, . as eed- 1 0 ' jijons.
PR e C R e s R B R S
rel at i Mglons avsrdllepr Rsentease tampaiagibsitbasbdor sudhesporegiasgntaditegional regi on

Var i ous THeGe G ERE AU B TSH AN E Bt FOGY 1t VPR =i T &“Fol | owi ng
SGCLI ONSresINEHMSEF fRfal g@rﬁ)trﬁié’ RSibis AL bdBABL BPmbiltpid fabides drMasbnn. Each
section can apply to any aspect of ‘the invention. In this application, the
use of sttutire apacisics afiitlé oelt, DMNA dssksirapredess dhengpwiosis, and DNase

accessibility in blood.

Typically, a method according to the present invention involves quantifying one or

more fetal or maternal genomic regions of interest present in maternal circulation and
25 determining relative abundance of individual fetal or maternal genomic regions as compared

to an appropriate reference amount. Various reference amounts can be used to determine

relative abundance. In some embodiments, a reference amount indicative of average

representation of fetal or maternal nucleic acid in maternal circulation is used to determine

relative abundance and a genomic region is identified as differentially represented if the
30 relative abundance of the genomic region is different than the reference amount with

statistical confidence. A reference amount indicative of over or under representation may

also be used to determine relative abundance.

Typically, a differentially (e.g., under or over) represented region identified according
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20l dentification of Polynorphic Regions To facilitate accurate
determ nation of differentially represented fetal or maternal genom c

regi ons, worretdmerodf the invention typically utilizes aPrchasactioudoz@ti on
assay that can distinguish between a fetal genom c region and the
correspondi ng mat ernal genom c region. Accordingly, in sonme enbodinents,
e oy GRRD brob Gl BBRloY ESrBpSER RlnbhoiSiaid Agphl 1) ng, 25t hose fot a
genom C regions that are disti nCPI vely daet ectabl e fromtheir corresponding
mat er nal geDiffidrentizdlyireprssenteldirsgione n patiahlsn relatiely ekriepreaented &tadp of

identifyi N [ [ As h .n, the teiin "pol hi
i ondHogi rREcE oAt T eeiopegr BRal Gartealinfry cetfanhea D3 ac bns

(such as;FNBS)re@NEINELirRATN difburidietdrc ah cSRAHRALBaInRAts, @t ewipe
di stinctively detectable due to epigenetic nodification (such as

mét hy| atdrepyese3ed fatal gahomic regivalusefenfonpre-rasg)idiassnosip i identdiedibasedr atvel y

detectable fromtheir cor.r.es i ng _mat ernal. regi I t ally
cont ri bt SoRuemce SRHES L B Bear e A L FE R PRk el B T
sequentes oeASmictGbARt inaferte tirvastidneredtpardd s etheefaad regioke uad/of (2 efal
nucleic acids (or information derived therefron). For exanple, descriptions

WO 2018710 (27 0BPCHo)EeEEN rdendeeionie regsRsanddhp FPEFRONEBE PRI 0T
| ei ¢,.aci ds. Wt t | | ej ' i -
oboai SRS Resl {ahifle FREERIMy, S Bh e B ARAlDL S04 thrt anERERTPESRIn |

Bt er nadial pebBicGegiohdis. miterrendiadiaen nsaybeer @syladfa reddtivg uadert ri but ed nucl eic
acids are analyzed or used, paternally contributed nucleic acids are
i nt endepresentatidiopiias somepanding plaieal segiorts Al alyiCldhtss AV AdHRIEIES N9Yet al

genom ﬁerjégr%'trg{% for feg%ﬁn#)fe NGhi ¥ ?Arﬁmﬁﬁt %ﬁi\ gprld?mg ?é\g?%ﬁ? & rbihtitaPbdRprésesRguence

that is distinct the correspon mat ernal genom c” regi on (e.g., one
or nor eorppdrydrar @hiespandid gerottethabdegidnnbstoney eaebdivalyntnderrepréssnteld agenoni ¢
region is distingti veLé det.ect abl e (ge ausg it contains copy nurrber1

vari at F%Earfmﬁera@a W&F%&egf%fstﬁ Facerd %aﬂ@ﬁ‘&‘?rﬂlfj TREPRPIAI D ARYTER 1 n sone
ggbodi Hﬁgﬁ&ﬁc%J@R@km@&@%&%&%&w Orfeddstb !tﬁwédﬁe{gﬂ)ohdﬁigg 19ateahl Rghgcause

it contains a nethylation pattern or other epigenetic nodification that is
di st i natd felasivetyhevetopressyashasi coqpatadde ntier ful@enemicdggions: Met hods of
detecting hyl ation a kno in the art. ; : in
accor dance 'aflﬁust %?86‘3? 8@2‘% llmfe\ﬁ@%lh?rieg oo ﬁ%iﬁggﬁf@ ?H‘tpg ?%gcg:@gé g%ltlts)g%' nJg}t:§ee

met hyl aéd @Me@alns ¢ & meauctlodisit &l idsentoy. Bacl seedbecart appbyorvaay taspeet biy | at ed
and unmet hyl ated nucl eotides into distinct nucleofides. FOC{ éSexaan e, in
sonme D& inesntighall &is appliedtionothease al/or” meane a@dor] yaless s FEERESSM t h an

ent that. v guani ne bases but not nethyl ated guani ne
% ses, 3%@91(/1'5%[50@%120{11%@%%&2%?%, sodi um bi sul fite converts unnethyl at ed
guani nes t oTb Hydifitaesacbubtediresmiration ofiddferemitl ydpatseted dietali ovesaterfiaus,

met hyl ati on can be detected by treati Lei ids (e.q., i th such
2gent s CHIE FRAO R POFTRES (ol Bit oy Bt BEHA Gt 8 e b repLP gy i 1
Zosequﬁﬁ{%ﬁ%ﬁih bdiGedd ﬁgettﬁ%eﬁ%’rﬁﬂcerleé’x_oﬁ‘ﬁh@the%@%@ﬁ%ﬁﬁdﬁgt&i‘téﬂqé}l‘ feomhelebpn. one or

mor e guanosines in t cleic acid was nethyl ated. For exanple, sodium
bi sul f alceortlingéy, e sumaaybdbmentshihn ek swittiveatise iuehich agtepef hiod idetigying si ngl e

T oL SR s DL TR B} T el BeBbabgfy = e O
maternal genomic regions. This step is also referred to as a step of identifying polymorphic
regions. As used herein, the term “polymorphic regions” encompasses both those regions
containing sequence variations (such as SNPs) and regions with identical sequences but
otherwise distinctively detectable due to epigenetic modification (such as methylation).
30 Typically, fetal genomic regions that are distinctively detectable from their
corresponding maternal regions contain paternally contributed sequences. In some
embodiments, paternally contributed sequences (or information derived therefrom) serve as

markers of fetal nucleic acids (or information derived therefrom). For example, descriptions
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DNA net hyl ati on may be detected using anti bodies that distinguish between
net hyl ated and 25unnet hyl ated sites, e.g., a nethylation-specific anti CpG
ant i body.wo 2012/01¥®8i ous net hods nay be used to identi fyPpolusoenpikiogo
regions. In sone enbodi nents, polynorphic regions may be identified by
genotypi ng maternal nucleic acids. It is contenplated that genotype can be
det er mjN&gnals @MYprisitl dintadihg fQGURiclHRAdi QA9 it BRRINA nDEle RSB AK Srditdndedni ques
are available inthe art and can be adapted to practice the 30present

i nvent foomcoBrasssibodingatroinyydiislypatsmalys comtibugd nudeic agids aigsompargdited t o PCR,

DNA fra nt anal ysis,  allele speci.fic oligonucl ' : bes, DNA
sequen%@g§¥58H§€ﬁ&6Pé1klgéﬁﬁﬁﬁﬁﬁiWﬁF?&F@%H%§6&§Rﬁ§%$cﬁﬁgﬁgg%ggég beads. In
sone ephPdicawAlised, Féﬂaﬁn@ﬂ’ﬂf EordEh@tY RidIgc hewlb aieduradéd1olcudemp®s fetalatucleic
fragment 1ength pol ynorphism (RFLP), termnal = WO i

2612/ 0420 IpcTmespbedinppss o detplzanpinig fegipnrip diHasitvehedrgtatrbiobsrasicghi sm
(t-RFLP).... . (L I i F : : i pl ex
ligati %%qt dggg %14 furel C%ﬁil%tggggﬁ% tifﬁ?%g{éicg%%ﬁgﬁg.ﬁ%&é ée%%lln?ag%o%ggénot ypi ng
assay somdibrtrable@ofyaiorphie nptlestds). i Inwentiei catbodireerss faffetal gambhyic egrsiisi ve to
identify a substantial nunber of pol ynorphic region tween the t her and
5f et usdistipetivglyeletsetbls brsarss 1t TRENS FEN PO BYGTORS é@g S)Z%S(fﬁﬁl,parffl Bo,

6, 000, 48,8000 Hin%QnaQQrQQ RAY TR QI Cerh 68 RRSs PEfot BEQIIRE 98BoRIse 1 dentified
according to'the present invention. In sone enbodi nents, identified

pol ynodistinative ygletausable Becsesguermednamuhethyéatiop peit¢ner nticuepigotetiche

pol ynorphisns (e.g.,,.SNPs) are determned. . Pol. r.phi ¢ regions
D et hEROTARelt it AN e S fgiise g HEEBPLES G M Y ede o

10i nvepdit Qi otrReth e £ kdbivh &K #Rtak@lnli)ah @R LESRM RE uSSIRQABL & dARG VARSthe N
various maternal” sanpl es. Maternal Sanples and Preparation Thereof

Any of pasenaiiventiorof Tymcadlyntal detestrdistisctmesthyatienupatighisenycdsic agids piay §e et hods

di scl in . Ce I | Ny f I d
ot or nare b0 areers G e i TR £ MRk SRR R ARARL AL RICPRIR Ry o™ it

a5e NOgxdnpld,tig dorh® DNv& hleshyldtichsieectivh odseys] htutloiodcids hasrmfedseithuan agani ne,
stool, saliva, cord blood, chorionic villus sanples amiotic, fluid, and
t r anschetsurrts symeibylriedigganiae ppses bt apt &retlpylatgd gugnng bases P YiEe Y815 oned

mat er n e I Q i I i t hods, for
exanp! bor SATE SodIit, e Bop SEhRuRRAEY PRRERME Ipmly R LR P €
cul t ur esyvehnoohlylaed lguaihdsurTdss,(reethylatiby ogyhmodet e tasibyt ttragisg nudteic.ackBl n sone

enmbodi ment s syitaple maternal s lLe is obtained from a, pregnant woman
by a ntrsi Wﬁ@wﬁl TER AELS tﬂ%@(B?fg‘fqg‘,‘n%"%%‘i’rtrﬁ%rleée%ﬁiaél% de@%ﬁ%ﬁ‘%?‘&an be
gt er n?éq&@x'xc%‘?ﬁzthes@éa‘t@ﬂ A8 B8 d Qher@BPE&EISinfdoUi kiR bk Beghotd @hasikésagnant

worman. I'n particular enbodi ments, a suitable maternal sanple is naternal
bl ood (he.nycleiqreid whemathylatelo Ut skaople, sodium bisulfate treatment may be combined

with a sequencing method (e.g., single molecule sequencing), or primer extension method in

order to determine DNA methylation at one or more sites. Alternatively or additionally,
DNA methylation may be detected using antibodies that distinguish between methylated and
25 unmethylated sites, e.g., a methylation-specific anti CpG antibody.
Various methods may be used to identify polymorphic regions. In some
embodiments, polymorphic regions may be identified by genotyping maternal nucleic acids.
It is contemplated that genotype can be determined at any individual locus. Various
genotyping assays or techniques are available in the art and can be adapted to practice the
30 present invention. Exemplary genotyping assays include, but are not limited to PCR, DNA
fragment analysis, allele specific oligonucleotide (ASO) probes, DNA sequencing, and
nucleic acid hybridization to DNA microarrays or beads. In some embodiments, suitable

genotyping techniques include restriction fragment length polymorphism (RFLP), terminal
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Sui tabl e maternal sanples may be obtained fromindividuals at various
stages of 25pregnancy (e.g., during first, second or third trinester). In
sonme enboaDrerE270a suitable maternal sanpl e is obtai negcaarseong/oudyeo fi r st
trimester, for exanple, between 4-13 weeks (e.g., between 6-13 weeks,
between 8-13 weeks, between 9-13 weeks) of gestation. Typically, suitable

T e AR Rie ) DB RPLY e Reatuprng r eanancy. I+

i ndi vi gelgnorphisns OAELB)) endoditipdad Bgatmn-siﬂpérﬂibhtqorn’aet mnplaﬁcaﬁanrﬂt/léPiAé a pool ed
sanple fromnultiple individuals. | n sone enhodi rren% @t DNA is
pr epar ed frEmlaal%g@?%ﬂ?m%QWBY%SHI@WC%W\Q‘?@%%l‘ﬂ‘é‘?’i‘f‘gn AU DNA i s
prepar r TR MV hogsnandwkit e hihdag@ar i ng

t ot al %%ifné’rgmc ?‘e%% R ar lelﬁlg\e/%@ﬂggﬁgm?ﬁkt ﬁ% Ifilrt and tcgm be Ssed to
psact i foeus. V!Ds&ﬁ&ﬂﬁﬁb&&i&&ﬁﬁﬂot&@ﬂlb@@%ﬁoﬂmé H0e4.£A9, 6,000 810080t For

|l e d b t ted f al | i et
o 1 echilEecTie i Ras B s eurriet By el el Feordee R BRE
CLONI NivehidrABERORORY b ALs, ideatifle SpSIY RS RQons Bre%equddRed 280ha81 (1982) .

Exenplary commercial kits that can be used to prepare cell-free DNA from
mat er nsecEmmples of ﬂ]@lmlienorﬁbl@mséfré AdPs) arpridetermingd. Q Aanp DNA Bl ood M di

Ki t : '

aln d ﬁ/ggﬁl%\e %?1@ %) ﬁ)eéghogls B %ﬁ]gg]%ar%&?rlz@%%%gi%; @%&ﬁeﬁ ag%g%ﬂg é&h?%ﬁ%?ltét' CS)
38| emveRbINS i8Ry differ&RiaRy D@é&@hﬂéﬂ@bﬁomﬁ réglbhginlvariowd watealal sangbe
contains total or cell-free wth nore than 1 (e.g., nore than 2, 5, 10,

15, 20Ma&nabSampleoand Boepasgivn Thayetf, 5, 000, or 10, 000) genoni ¢

equi val ents r I gont ai ns
about 10, Ooénﬁeﬁgk&%gg’?\%@}ﬁ? ggpfepﬁ{agljbglsﬁg %I’I ng t?sf?éftl?(?r?g%?oér Thus,

i N SOoNBereiih @HnaRily Sanyamatdinabiinepl espdoaraisihg ﬁamfbml araymetortahinvcleibecitls 20 n 15
m, 10 mM, 5m, 4 nm, 3 m r 0.001
m of maydenssd bhssof Vlﬁt%af@%%aﬁChgﬁt@t am)@t Eérf%vﬁeﬂﬁélsﬁfee“’#‘aﬁdom y
fisagmepi,6q ;gﬁ’snﬁli QAYFE uhnd SRBTERALSa, Wb&ifbl&a tcﬁ&lx&né eﬂlg& barhiSlEs ARMoME 18id, The
nicl ei ¢ aci'ds td be characterl zed can vari ab | engt hs. For exarrpl e,

t hey camd toansa¢rviceblavagsdldsEelpanltges of ane’rijtﬂkﬁ afpre- @@mnéﬁmﬁéﬁm@ﬁ@@P ®hey can
be 150 to 400ba airs in lengt Var s.net hod e dto

gener al'@Y e §|”§e(§‘6’| %C?rflﬁ%‘?‘?{}% “g'ﬁlr&}hvea{ge@%% goite’lx%lﬁlplser ékgot 1ro?15:t\%f131§ enzyme

di gest p@firess i@ MuiEhRDEh anddibcyaé bEtises, BlRORER YIRS RadslymipRodescri bed in
U. S. patent application 202002/ 0190663 Al published Cct. 9, 2003, the

t eachi agtures), &b ch are i ncor porated herein in their entirety. In sone
odi ment s [ ragne t r qﬁ;nﬂ Rdsv&had he
gl fferent f Ihsé)ﬁ% mbo con %I%HI{ ntl]a%mgl S%%kﬁéjls??gﬁag‘ﬁtge t‘a?@sr%glnts V\A%h

uni ver ok ngRGSy6HB nﬁéﬁl@dﬂ Herar@hplel @ﬁhltableanstbmgl enipdacdn b):rmametﬂal hlosi.ngl e
pair of anplification grl nmers. Fr a%rrents 25wi th uniyersal ends may al so be
capt ur &duBnPlgsaa ebpnpiodn Syt ebtaped) PW&@S@“@%WPWMZ‘“ B?‘BB‘Q%‘

embodiments, a suitable maternal sample is maternal blood (e.g., peripheral venous blood).
Suitable maternal samples may be obtained from individuals at various stages of
25 pregnancy (e.g., during first, second or third trimester). In some embodiments, a suitable
maternal sample is obtained during the first trimester, for example, between 4-13 weeks (e.g.,
between 6-13 weeks, between 8-13 weeks, between 9-13 weeks) of gestation. Typically,
suitable maternal samples are obtained from individuals with normal pregnancy. In some
embodiments, a suitable maternal sample is obtained from one individual. In some
30 embodiments, a suitable maternal sample is a pooled sample from multiple individuals.
In some embodiments, total DNA is prepared from a maternal sample. In some
embodiments, cell-free DNA is prepared from a maternal sample. Various methods and kits

for preparing total DNA or cell-free DNA are available in the art and can be used to practice
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I n sone enbodi nents, to obtain unbiased quantification, no cloning or
anplification is perforned on nucleic acids in maternal sanples before they
are char asbaenizaeroby, e.g., sequencing, or hybridizati orCTIUS26thowodo be
noted that, while the present description refers throughout to DNA fetal

30RNA found in maternal bl ood may be analyzed as well. As described in Ng
et al gé?&lﬁ c [PEHIeYx HEHES trBR LmbRriiRiRiH1aby
ol asmah'ep i n%ﬁ ?g%%s égh%fﬁ%é: ATA8 4753 (2003)  hPL (Iﬂuman

pl acens adridtyof tagl&rnﬁuearsdch&h()éuﬂmmhrkid]yl Mamiiatig orald M@L@ﬁUhAR RFRBIINGE Anscri pt s

2012/ CaSFOYPERN DD U N -GAKSE BRI R A Jertbo B prLLORD: PN acent a and

pr esent, QfelNe kENHANDSEIEE td fepdretll-ERR IjN%A #ea0malefal Birs dpl@@ﬁl@ludRNaS e H
mnus (RNase H-) reverse transcriptases (RTs) can be used to prepare cDNA

fBr detwatd oot linGheartac@Eranz PY AaBtbodidisi Kit((hegeah rﬁiﬁh BuRdIRASIBIAG | ous
h t t |
Genon BEPUEOMET Do LEPaR A popAdy BT Furdte thhone DERRLIED 0 Tivel ve

enuner at i NgvhAclisvntiiats dTusdiernal @ﬁdqusrmh 86 ub@ls/lflrsalgérembsdlmtsaa siirplea f et al
or maternal genonmic region of interest or neasurln? si gnal a§15|ty
changewatesral punglasephing (pplohes!lfee PNA SR Baechay & epg oPeE th 61?1 ¢t oar r ay

(e 0. 14950055 3 fg Bag o BH@rsaddovge DT e R dcflARbESO e §20CH)

techno agy) - Irous net hods 0 enu rate I ndi vi dual nucl eic

agi d nedreanplesditne 1 0diongl, ofbmzttemalblbodmdreaini: shouDINAO8@ germmad qugivaengs of hi gh
t hroughput si ngl e nol ecul e seguenci ng), ital PCR&W@{iqg CR, .enul si on
PCR, n@td N4 dyripg S STBesier di ﬁd“é@ﬁ%F%‘ ary abiaiRi@scr i bed

in ”Dfr?mg@&ﬁhﬁl a%‘sh%rﬁg d@%ﬁ@%eﬂﬂeﬁ ﬁ@%pmm%ﬁl D568 b, e ment s

of the rnvention, met S conprise singl’e miecul e sequenci ng of nucl ei c
aci ds orm0.0temiraf matealal bkopl e, for exanple, in order to characterize and/or

quantify a etal d/ or rnal genomc re th ¢ rtain quence
conposi tion nﬁoﬁlepeé‘?q?qdérﬂflg? &é{’srpé?%l ?r}fmnéé{ﬁ g‘ié@&’\g efiet%ﬁ?ﬂdblges al | ow t he
gyal uafh OfeRf wit QiAo thUB! SidlysRC i TheMICREMARES tdibk mhmbtyﬂzgdm‘ahcbe of
nucl eot 1 des and obt ai ni ng sequence read counts attributable 20to distinct

pol ynovatibts leegihe nEor example, ﬂwaﬁﬁ@b%akkﬁﬁﬁ@bWﬁH@@ﬁWek§@éuéﬁéWﬁ© net hods have

mvont rofcaghs ey O & LDt i MBI Rl PAFRERb o,

100: 336Qrhdnudkieadidgaignehtsaluch af hiion, Sestﬁam en3§Be dBRitoraatigenet al .
(2008) Sci ence, 320:106-109; Ei d et al , SC|encg 323:133-138;
Pus hk amethogt angj otherg. 2619@1;191&112%@9%%8%%0@@%81 ‘ég% patght PRHCHBB. Fan et al .

OQUQUS%OC?Z?@I%%ﬁA?ﬁpubi\@{ed Od%‘C@%OOSSCche teagg % YorBRlith %:1n@d_li{§0r§t@8 hERiFRNt ent s

eac I'ncorporated by re nce herein pically in single
nol ecutheireadieeyici ng techni ques, nucleic acid fragnents whi ch serve as

tenpl ates during sequenci ng. reactions # suppor t
such that att Jo8HsEMEPIFGFRL %F?g&enfsﬁ@%hecﬁﬁ%@r t?gal?%d ff”lcﬁgl??ér%ﬁe eings P VI dual | y
opti Ca{i refn%%?g ¥ehk aH 3080 thd sEHPDNA SeqhbhdeaPr ok @its WhE uhiveealdnds cgan be
any so urface to which nucleic
then be amplified in a single reaction with a single pair of amplification primers. Fragments
25 with universal ends may also be captured onto a solid support by universal capturing probes.
In some embodiments, to obtain unbiased quantification, no cloning or amplification
is performed on nucleic acids in maternal samples before they are characterized by, e.g.,
sequencing, or hybridization.
It should be noted that, while the present description refers throughout to DNA, fetal
30 RNA found in maternal blood may be analyzed as well. As described in Ng et al., “mRNA of
placental origin is readily detectable in maternal plasma,” Proc. Nat. Acad. Sci., 100(8):

4748-4753, (2003), hPL (human placental lactogen) and hCG (human chorionic

gonadotropin) mRNA transcripts were detectable in maternal plasma. For example, mRNA
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acids can be covalently attached, such as, for exanple |atex beads, dextran
beads, polystyrene, pol ypropyl ene surface, polyacrylam de gel, gold

sur f aces,wglap®13wsf aces and silicon wafers. |In sone enpodiuseonti®4493@! i d
support is a glass surface. In some enbodinents, the solid support is a
slide, e.g., a glass slide. Means for attaching nucleic acids to a
sol i d sdtppding gagestsPrsialigitt flefeffantd Préd: SNEFERINoWmP B8P reeMGRbe
attachment nethod includi ng chem cally-nodifiable functi oneﬂ groups.

" ALt ac Hifefht In ts ogse KNase Huistis (RMasd Idn) teverse tiaescciptsesd RAls) sal becissdppor t s by
ei t her n ment or via irreversible passive adsorption or via
af fini t@e@a@?é\%@% %?éttggtfge}ls (for exanple, imuobilization on an avi di n-coated
sur f aceChyrableqtingYindiathntipliRg Glendhic Rydibasal |y, the attachment is of

suf ficient rength that 1t cannot be renoved by washing with water or
aqueous buf f R GEY DAY é@ﬁéftdt}ﬁ’ichya@éﬁm divrguanifydetaber hgtermatigdrioabit e
functi eacfS rei: . grpoup._such .as, far exanple, a
phosphar B apo i eres? SRR mRT BuheleShah S Ma b B e R o G2 mo

gr oup. nucleic deid moleeulesiraginamptentainirdal fethl SHpRAKTHal uhdriRleibObf fnk@edtByent i on
has a derivatised.surface one_enbodj nents, the derivatised surface of

I n | .
the solfHESWHRReTal friensiiy changsniqrypobserphisProfes fie.Bi. SNRCPRUHaPrabessd 4 nki ng
gr oups nhieroRFrRY (&g, &si - ' ; - abl v W ctiv
O oaal e L DAL A ORB CoaPaaiC AEPmiER ARG ST LEREI0EH,
sl f ac &/ arBunmehodamay densedbidi dhuedran ikdiviterodticycidensitéules igelodpg, biftor
s.. "Functionalized surface" as used

| ] i | I )
oacor o Eg 1o PA%A shuoBind I8 chith BB ihnut AP RR e DB oI R, Qi
speci f PCK, bridgé POR| erﬁﬁl@id)ﬁsﬂCI{,Qfan@s?ﬁﬁﬁ@!e@hﬁd?@gﬂ@lln%hg o@l'éTs.s %@g@ia y H‘éﬂf:otd's onal
[

noi eties. In_some enbodi nents, each nol ecul € of a nucleic ragnment

(whi chaifeesaiedripmosedetpil beowpart of a fetal or maternal genonic region) is
attached togthe. 58l e Li.at a distinct location. In some enbodi nents,
nucl ei ¢ aci e inmmobilized to a solid support are

détectably labetadeibodiments @i elcatdvatition, Mol eedniit € siliehyletat can
generate an .o t%ca .signal). For exanple, the nucleic acid fragnments nmay be
anneal SHUFRCBROoMYSIn BBt the Bafnatspmplsator example ciatoadiryo Fhdsedtenize Locat i ons

of eachnh$i ; I j g A read by an.instrument
that det eg{@atﬁ ﬁggp% %Edeil Iaﬁ%/gf]%{ag%daggglgdt@g Irgéi%g %tgjyc)g?xgﬁgq‘feﬁge ?%%%Otsﬂboﬁls %Bf each
mol ecub@tieden gl molcgeoreuentiog tavknitses dllvey the ttesgtatdne fliadieldusifndchige nucl ei ¢

acid fragnent is removed after locations are recorded. For exanple, in
enmbodi erlrcé%tms()l?cr‘iﬁwlﬁ‘rpcﬁ%@oﬁ’ tCeIEJ[CLGSF@e% a&ﬁé{bt%lalﬁﬁrs%@gceareﬁqi GOHESEEHUGE et y,

bbe defoatittaklt golymbdeihidRyidg. r enoved by phot obl eaching the fluorescent
noi ety. Alternatively or 30additionally, the detectable |abel may be

cl eaved of f V@oqq@gﬁgmo@ch]ewg@mmmmds have beerl deseriire ie atizauti aRidag,

capt 6k GADNEL O (AT LL2af 20,0 1E 30 oLl ¢

f ragmeatal. Gei..gl00: padOyed)chreatieaies yi., (2606)eS&EARET F: 801 Mgkl 8F &1 M2008)
Science, 320:106-109; Eid ef al., (2009), Science, 323:133-138; Pushkarev er al, (2009),

25 Nature Biotechnology, 27:847-850; Fan et al., (August 2008), Proc. Natl. Acad. Sci., Early
Edition; the entire contents of each of which are incorporated by reference herein. Typically
in single molecule sequencing techniques, nucleic acid fragments, which serve as templates
during sequencing reactions, are immobilized to a solid support such that at least a portion of
the nucleic acid fragment is individually optically-resolvable.

30 Solid supports suitable for the invention can be any solid surface to which nucleic
acids can be covalently attached, such as, for example latex beads, dextran beads,
polystyrene, polypropylene surface, polyacrylamide gel, gold surfaces, glass surfaces and

silicon wafers. In some embodiments, solid support is a glass surface. In some
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WO 2012/ 012703PCT/ US2011/ 044990 Sequenci ng reactions are perforned

using the immbilized nucleic acid fragnents as tenplates. Priners are

hybri di zewtot2o12he7osucl ei ¢ acid fragnents to form a pri mechtuseqphat®dupl ex.

In sonme enbodi ments, nucleic acid fragnents are nodified to include

adapters that are conplenentary to prinmers used. In sone enbodi nents,

pri rrerégg&gmleﬁq?ggé Eél?c?glgg&tt?s PRl HoSULiREEPdand nucleic acid fragments are
ol'l

attached to s surfaces via their hybridization with priners. In
some enbodi Meatsfor pyachsequeled mydy tio.asolid seppestasiused bsreimyraterscloiagy i s

erforned.. ecifically, 't | at e-dependent pri ner. ext L OR. i rformed
o ¢ he st R Bobt e APt b g esneae st Ba e arsfeRe. o
dNTPS) 5,306k, 0NEtRAmBR 8elRUS tLinematilightiohQ fRAL IR AB& SsolidRUSForSWytcathbiea
conditions to allow extension of the primer by at | east one base.

T§pi catdvplenhattdchimentdeyia ieyeisdrapasdive adsaiptieneeruan aifingy beteen srpdeqies
detectabi v |abeled (e, g.. |abeled w . i
cror o8 SR B ion PO SR o A BR b8, g

genera Si'g emana IS detected
and retcaiiee; the aiasih&it st siffiiadt sreeth thadisashatbedembidd tyheashthgnwiti y of a
particular nucleotide or nucleotide anal og, thus_ reveali ng,ttéaqji identity of
the cOWREEPOHAEAY bubtes Hpdes RN epatdiipg serdidenson Chawialkpadiidatiticl ei ¢ aci d
fragmegt.... » I TRE j I £ 4 S 3RA[L0%
deat 1 oybgi ) BRNE BTOREERAL Mot Rl PR R AT SRR A PTREAREREREE . ¢ hus
flaci | i ¢aabaxytic ovaldbleydeandietys a diolandardahewotdroup. of | abel ed nucl eoti des or

nucl eoti de anal ogs., Sequenci ng .can be optim zed.to achj eve, rapid .and
conpl ete addh Stofrtﬁ’r?nEﬁOdﬂIH@ﬁ%&rﬁogétsthé@Firpﬂret?"f’ PSRN aiq?nﬁ%lsr‘?gr/ t enpl at e

conpl e%?ﬁ'ﬁlce.v‘ﬂas!o d diBddiAhtt NBe BirSaBeS RPfdd bOMe Qblid AFPLAEIubBA LR | des.
For exanpl e, dNTP concentrations nmay be |lowered to réduce m sincorporation

of i ncopdifiet withchifutiiokes ciosslmkinpegrpnpsterpro¥de o fingggndliged syréaser meferabliTPs can

be as nuch as 1000-fold hi gher.t han.for correct cl eotide indi cating
PR 1 S R S AR o T S S PSR

M5 Si NCRRRAMAL b édiNeeE Wl lche@oal 1Y Ratsiivd BroapdIEor2xanipRimin] tiol bhe
concentration of dNTPs in the sequenci r:ighreactl ons are approximately 5-20

M acrylatergrewnsi {“Fonctionalizedisyehee” a5 ypad heseinrelsrs o jamss veimad patassadi¢ly
reduce,_t he pro i ]. f. .S ratien. .
i ncorp Part ornnorggf?eé1 Vgtﬁ%srp%%ﬁfiﬁ%&foﬁépéggéghgﬁheﬁ( a'?lgleg[?@gﬁkgct Olzl%gclﬁ{}cl eoti des

per sef@btbnadmogaet.i on time of approximately 25 milliseconds will be
30sufficient to ensure extension of 99.99% of pCF' mer strgngs.
Det ect abl e Woioste @abadapee cash wolacylest ahaleieRct bagrﬂ%r(w AU into

cl eotd ' ! PRNYRHCT BRI e acid BLHRELHITRLEHH 8% as
ggpropérdlngf}?as.e ag&?kgﬁfogggeetglggt@%%a%neti ese%i ntl):l udea,C anong ootlhgarE hi ngs,
f | uor edistmt lavatiet.i Bssoarcnhodimess entlermmcat fragmertnthal®e immobilized to a

2012/ 012703PCT/ US2011/ 0449 me ephodi ment | uor escent noi et

conpr | S04 AP be BCGRTY Taoged (o laPrIEd 3 Rl BRI B SRR BE of
sui t ablpoARLESEM). & TRk ShpRSthamAcldRS#RId ReEndiH A be BRI to an In sone
enbodi ments, single nol ecul e sequencing is perforned in a high-throughput

f ashi ovljgomugjeotida primerghat is eejecaldiy rapetedad iocaitensivé cad syegle srofasdleian har al | el .
59 ' exs%%ls%ppc?rt may be read by an instrument that detects the label (e.g., detectable moiety),

and the locations of each molecule recorded. In some embodiments, the detectable label of

the nucleic acid fragment is removed after locations are recorded. For example, in

embodiments in which the detectable label comprises a fluorescent moiety, the detectable

label may be removed by photobleaching the fluorescent moiety. Alternatively or
30 additionally, the detectable label may be cleaved off of the nucleic acid fragment.

In some embodiments, capturing oligonucleotides are immobilized on the solid or
semisolid support to facilitate capturing and immobilization of nucleic acid fragments (e.g.,

polynucleotides), as described further herein.
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5hi gh throughput single nolecule sequencing assay suitable for the

i nvention may characterize up to thousands, mllions, or billions of

nol ecul esweizmatiarngousl y. Paral | el sequenci ng reacti ons POEA20101044900
performed synchronously; asynchronous reactions can be performed and are
conpati ble wth nethods of the invention. In accordance with nethods of the
I nvention, &, 300F KRR sf@gpafoﬁ&qlu\éin%% irAsEHUaNER 1€ A d FRBMESs At e

obtai ned that "are %\ttrl utable to a fetal or maternal genom c region. In
sone ewhgditee Mrimeratterhybutlizad tathsequleivcaid fragmerduin fotro agprimeara¢mpletenat er nal
genom ¢ region i s agc | i shed based.on know ed of. pol rphis bet ween
Petal SHlchmiopms THOERBrLS dor B S tRee Bere e aac e R PR

associ gedmMdnRel ya*gﬁlﬂbﬂsqlséwCin%@we%bddnn&Qggmm@ﬁe RAiobilizad batoge
portion (e.g., nore than 10% 15% 20% 25% 30% 15 35% 40% 45% 50%
55% 68%d SbeszpenudisiyacBigees s arg@Ygcheg gy sgabgurigeesitg BeiHATIdgINoLf t he
genone_iL.s sequenced. |In sone enbodi nents, at | east one genom c region that
is squétﬁch&l 'S covered on average at |east 10 times (10x genone

equi val ent s)p, sdriBémbslimb e B rédequanimVee agudlkineby syroliesisp ispepforraedyi ven
genom c region. In sone enbodi nents, coverage is_at | east 20>f(, at | east
30x, abp¢ ly ggsplaig-depeadentpoiner gktendga s potermed i 1Bg Besesg of 9pC 90| east

80x, at | (eal i )
Ci mes - ok Rl 88 ol FRE oK 3 AR Moo SNSRI oot val ents)

QD nor olymerases, uhdersoiable odhwiiiioend sllowexiensivms Lihe puciceby ablehd osedaenci ng
nmethod is enployed. That is, the.representation of a partic r .sequence
among aypictlhe n§‘élﬁi2fé1ﬁé i“Fﬂj%fﬁS@ HP%?% %P%ncﬂwe?@&né@@n‘%eé‘?qt%’lly lJ?#’g]f’flu ze’_g"
corr es&g@l@ﬂ Q\?th@&ét&tﬁ)l@ﬁfoﬁgtﬁl fhat B, JRELENA! opiRAPi Enal). IBiSQITBmARAHGEIENT S,
unbi ased nucleic acid sequencing IS achieved at Teast In part by not
anpl i f herigbel heedeterngpl atleecmuddd iz padmiubls sigaflonay bhessedetaémaihribe ideabtyiaddn. | n

some enbodi nents, the tenplate nucleic acid is also n anplified during
t he seaﬂ@ﬁ%l?h’ﬂlﬁfeé’élé? Pf)ﬂ‘:‘cq%)%%&ﬂaogﬁglﬁfeﬁsﬂ{n@,tﬁ%#SP%%' eogtﬂﬁ\fz})rrseé%ouned e uses
hii ght od.hbieRRRRG Sfi@Mde LATRS tefplitd ALIED atia fAEHREL RYXbABRAIRITIE, event s
fromindividual 'DNA nol ecul es fixed to a surface, elimnating the 30need

for anpétedtildasigonls atayesoned anfoudasbaresl atigh Biremdd i nroraratigicied-<quenci ng i s
achieved a ast.in It RAY i for nci ng
react i §?1S§5IE‘?(L er?lgpiﬁﬁ“ésltofgmhhac%%?%%é i%{sffgig(r)lIg gyigﬁ%égg%g%begﬁs@rc %gﬁ(? ;b? al |
speci egudléotideenplopyl ati on nucleic acids are anplified equally. For WO

2012/ 012703PCT/ US2011/ 044990, exanpl e, enul sion P y.be used to anplify
nucl ei ¢ aci §89YCACIAA CihbF ARENIZAA Hhshicvadapid Ay &%@Iﬁgwr%ﬁél A SHFeROR

S0 it AT S SaseasSopros el ing o pelapine
met hodicofrecenuientddesairat ysinsplerdNKhoweentrations may be lowered to reduce
misincorporation of incorrect nucleotides into the primer. K, values for incorrect dNTPs can
be as much as 1000-fold higher than for correct nucleotides, indicating that a reduction in
dNTP concentrations can reduce the rate of misincorporation of nucleotides. Thus, in some
25 embodiments, the concentration of dNTPs in the sequencing reactions are approximately 5-20
uM.

In addition, relatively short reaction times can be used to reduce the probability of
misincorporation. For example, for an incorporation rate approaching the maximum rate of
about 400 nucleotides per second, a reaction time of approximately 25 milliseconds will be

30 sufficient to ensure extension of 99.99% of primer strands.
Detectable moieties may be directly or indirectly incorporated into nucleotides,

nucleotide analogs, polynucleotides, or other molecules as appropriate. Suitable detectable

moieties include, among other things, fluorescent moieties and luminescent moieties. In
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5and have been described in the art. See, e.g., U S. Pat. Nos. 7,169, 560;
7,220,549; 7,276,720; 7,279,563; 7,282,337; 7,397,546; 7,424,371,

7,476, 734v0201AA271H20; 7,491, 498; 7,501, 245; 7,593, 109; PCHAB2&HED14990
7,666,593; 7,678,894; and 7,753,095, the entire contents of each of which
are hereln incorporated by reference. Various comercially available kits

such ag, [ o‘ﬁuﬂgllug I\@%?&&:lﬁ ec%ﬁié)?@egé %Mﬁ)ﬂgrﬂy@ h@é %%ﬁne@é[nd?@r used to

practice t sernt I AVent | on. some enbodi ments,
di gi tadyaHKﬁB 5i. sEmmpdestaﬁ suMe&dett@utatﬂemmileqalaardescfr;beﬁdmyhmhpfﬂlm fetal or

mat er nal genom ¢ reg on t PCR
singl e DNA nesepeAmd I F‘Béfsﬁt?ns :‘?E‘PP{‘?X‘&F nggﬁﬁpﬁ’e@ Orr%%\éf%?lg ilré)e%el? ating

anpl i Cﬁg\ﬁ ob,hag @pﬁ‘ 6 ls &ﬂeﬁahg rdeR A6 Begich dllﬁdrﬂiﬂn@cﬂlﬁq beam aFer éachptan be

detected with different uorophores to scrimnate and count di fferent
pd! ynoitiphitcouggiuosisgle engjeculd enaenoing assant wiitable foede snentionmas charpgPiz] PCR

transforns. t he openti a I . d

o I righo hargn e Prgegnar SIS e S PR ah e AT EARERY bR

pr oducleactfdnginb& ndt®R p%ﬁ@ﬁﬁ&i Sayhrofo®y; lasgRBfInbbetkattivrskeen de perﬁSmB,d

Vogel stein B. and Kinzler 20W, (1999), Proc. Natl. Acad. Sci. USA, Vol.

96, ppasi2B6ceRpatiblPyith n@thcamf@m IRVENtio | (2004), Expert. Rev. Ml. Diagn.,
4(1), 4l- 47 the ﬁl%ngcaecv%k}g\gl%th%ﬁs% hm%lhﬁmb%ﬁ ?&Xe %{3%9&1% At gdihyuat ef erence.

In sone enb eare fFom a materna sanple’ is first diluted
o0t 0 MgghiénceRtdd dBnG-are B&al\n&ﬂ that 884+mielilaplenb atfets] arirdternnkganempd wg@mper two

well's on average (i.e., 250.5 tenpl at | | e |
V11l Saveragy s i SopE TR G o R S Bae G P

quant i lfe’gl%% i QTC%%XS}%C}}?%S%’J&%‘ E]Eﬂé;g G4t &?ﬁﬁ&?ﬁﬁlsﬁﬂ %M@eﬁ mét8] doid chétemar i gi nal

mat ern sfrom e anplification of single
t enpl aﬁ@lémhﬁdmhtﬁ’sthaﬂetesmmmfa;hmmt lapelosmipewith polynyephiensdsotiflevari ety of

t echni ques can be used to characterize 30 t [ 9) t each

wel | . Typi cHI Sope qopbasiaents A latge SOEIHS dt %F@&%ﬁ%%ﬁgt/ﬁ 2§/n 252 gg?’fl cularly

ysef ul ;5&040%@5@9%/0}%%%@% sk, f764al 52y 30mt 8392909901 YAmIPHice nicegi ons, a
pair primers and pair of ol [ecul e beacons are desi gned for each

SNP Tihpi 88%4d) pf therdeacuk & tsquowad [asems icppodinanisaAtleest ORF GUGEF ES#9Mes whi ch

contain a fluorescent d and a 044990
on t hellAl§SeqeRC IS«S%?X‘?%%%@%%&%%&F% lin%pi)l é%é%ﬁ%g@ﬁ?%@n“ (%glliLgslexcept
for thgenustepbivelgeecy fe@&@@ﬂdbﬂ&g)ﬂa(gﬁdmegeﬁbﬂxm@ohhén foruoembodintentsabel
(green or red). Typically, nolecul e beacons include a%(ﬂg aqggﬁ cture

whi ch erverags ne Heleast ¥, ahlsasia Okt Fderst $45¢. phisag Kt dgest
?h“or ege%&%%i t&% aPPéPgt 19b2.84 149 A 0RR IPJsP%t or HBFHqtnﬁé’sbth%ﬁl@t' on to

eir Sconp ary nucleotr de sequences, the quencher is distanced from
t he fl gabephens, coverage is 100 times (100x genome equivalents) or more.

In some embodiments, an unbiased nucleic acid sequencing method is employed.
That is, the representation of a particular sequence among all the sequencing reads reflects
the representation of the corresponding nucleic acid in the maternal sample. In some |
25 embodiments, unbiased nucleic acid sequencing is achieved at least in part by not amplifying
the template nucleic acids before the sequencing reaction. In some embodiments, the
template nucleic acid is also not amplified during the sequencing reaction. In some
embodiments, unbiased DNA sequence uses bright fluorophores and laser excitation to detect
pyrosequencing events from individual DNA molecules fixed to a surface, eliminating the
30 need for amplification.
In some embodiments, unbiased nucleic acid sequencing is achieved at least in part by
amplifying (during and/or before sequencing reactions) the template nucleic acids in a

manner that ensures that all species in the population nucleic acids are amplified equally. For
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resulting in increased fluorescence. Typically, the ratio of fluorescence
intensity of two allele-specific beacons with either green or red

fl uor escewoeaoi2zniemBcul ated to determ ne the allel e typePcm/usach/ou4vdo vi dual
well. Wth hundreds or thousands of wells counted, the rel ative abundance
of maternal and fetal (or paternal) alleles can be determ ned. 10Vari ous

di gi t alexk@BlareimbRes, PCR HeSised i il tgand can
be ada,tggl_to practilce%gﬁe presgﬁn%?gggl%%l?%r?gfaggg%ﬁ%?gd%p%a%% Nos.

6, 143,48@}15569111@@,%6,5106??3339,%@- and 7,704,687, the entire contents of each

f whi ch aerein j ted. f .. Bridge PCR 15
erboai mont & B slR B[R ek EREise SfoigBaReRT y o Tetal or

mat er nglolygesrases Cote. § @b oM sufBoid 3@ pReRsts aid §RIUHHIOWNsATer2alahsyah or
2_—5§ii mensi onal PCR. In en%r al ?@Bri dge I%CR t akes p?egceé oriil ayso%l%amsgt?rgf ace or
Wi

hi n 284 JaYe beerdeaBiped hde atti Hiep. & 2-d7-§ePaiultpe 7sl 691560pBRMF %7, 1601 2Prer ase

gener at hoRi . . l,oul 5Ly, e ) ridized with
pol ynor%gé%b) F Z%g%%%g?%?g%%é?gr%%gzpn%ﬁ%g%% ?i4§g§9§’£&§ﬂz\‘/§{ Jgéq&ﬁgver sal
anpl i fi7cEBI108; 7.6355621V,6660653¢ by 78, SDNANG a3 IS the @RGR oM chfsad ket &d, then
treated s(%h(::h thhat the ends of the different fragnents all contain the sane
DNA se e hpggin peorpprated pyNATTrensgnesiouE sompercialiy s adatlokitnivgbes al

adapt errSeGHeRoRBice e BAURALALMNISIMINHENER) RIS AN BEDLRATRIGL 1 0 11

single reactron with a sing pai r’ of anp ion priners. | 1y, DNA
fi0agnemvendee 25first individually resolved on a surface, or within a gel,
to the si ngﬁg@ﬁle | evel at each reaction site prior to anplification,
whi ch ensur he anplified nol ecul es formdiscrete col onies that can

then be fur ioitall ' | el
ur tesmeaaby@Rdnts, digital PCTE %r@e@fg)&ﬁﬂg%?%@ @?c{l %&%}?@F?&I% hic

anplification reactions occur on the surface sically a
vat er - fSt@lior Mrtgrestsopmicsterivny. WicHlypdigiieHRER anvavayengiliffiag e saptaDNor

30many . |l el. chem cal reactions. The flow cell surface is
coat ea gt 3Bl PAL BlLE SFREE RirelsEY Groe el onlnt: veTihes
déquendesvedfirdrh enanaplat and égaeedtidbwd Wih HiTR:GRMRLR pRELP A &b ARinafa0e.

Singl e-s randgg% adapter-ligated fragnents are bound to the surface of the

f1 ow cBMM CRRpBLEET BolyaogRtie el (pal. Jetel asmatsansd tecextsbnEhwn digitai PERg
occur syasfhg m R 4990 free/ di end of .a ligated
fragrrerf_t “bri cfges"l%?l %]%4 aaq)’(]:%%rg%g%ﬁg)% 32‘1’%4“%3%’38%“%1 logaﬁgk’.hr\?ﬁ?%&ﬁi?l ot her
sol i d signdlgedommg Weistisddnalysis efithe CR p@dhttow cel | surface. For exanpl e,
solid surfage.suitgble for the jnvention may include, but _are not limted
to, |atex b@éﬁﬂ@,&]b Iagif"&’é’ﬂ%ﬁééﬁ%’?h Bﬁ%&?@%@héﬁrtp%qeyﬁﬂéﬁ??@n% andritingler K.

ROl yacwy| @podhepar! Na@oAd dhdsykil 88as v o9leas L§5AS il fers.
Vari ous rr(gt h%)ds of aEl)ri dge ar%pl I fi’cgti ohﬁ%??%%’ﬁﬁglvﬁ' eﬁlﬁi S!thf?ligﬂar °. See, for
exanpl €000, Expt.&evs MohdPiagp phl 3, atl -45h tiSeteachingSof Whidhdm2 hOGRy ifcoteeated June
7, 20119}) WosecPatent No. 7,115,400, U.S. Publication No. 20090226975, and
Bi ng D. Kl ., "Bridge Anplification: A Solid Phase PCR Systemfor the

Ampli fi cat i arsoaRenDRUREEHQDNA pAPafld BorPafhREARCEMpIds 0K dgla Ql?cpy Genes,
Seventh | nternational Synposi um on Human ldentification (avallable at
multi-well (e.g., 96-well, 384-well) plates with one template per two wells on average (i.e.,
25 0.5 template molecules (genomic equivalent) per well on average). To determine optimal
dilution, DNA can be first quantified to determine the amount of genomic equivalents in the
original maternal sample.
As the PCR products from the amplification of single template molecules are
substantially homogeneous in sequence, a variety of techniques can be used to characterize
30 the sequence content in each well. Typically, fluorescent probe-based detection methods are
particularly useful. For example, to quantify fetal or maternal polymorphic regions, a pair of

PCR primers and a pair of molecule beacons are designed for each SNP. Typically, molecule

beacons are single-stranded oligonucleotides which contain a fluorescent dye and a quencher
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the Pronmega website), all of which are hereby incorporated by reference.
Various nethods can be used to characterize the sequence content of the
anpl i fi edwouoiziie7oaci ds generated by bridge PCR | n somecerdsodilvemves,

m | lions polonies containing anplified nucleic acids may be sequenced by

synthesis. For exanple, Illumna' s Sol exa 15Sequenci ng Technol ogy may be
adapt edytifeif BakACEH €LHZ S 208 i f | . . mat er egi on accordi ngly
to the Sr eeslent i nverrlltlg’ofr:léiEJ FE)V%%ZQ%%I%S%O&?%% 1|d§{uscg}ri Xacce:r}afjgf)ﬂilgg’luglleﬂ%‘fem | 1i ons

of cl uspeespordingtie teuBijiRend the fheeusent iabgl Wirddh RutdMAlypRany,chelsc@é ext ensi on

and i m%gi ng. .Thed first .Céd e of s.equnci ng i nvolves first of the

i ncor por &t 6?1“%? e latnpit r”lcflﬁfyr%@ﬁlé FngR fag QB?WOBB?TefC&SPH\W/éHe @enphegyhand

resol Utdoist bRGTUEEsGénck HheRb i fbrRifclas & PCROB LIRg8E heBhEPLESSR e, data
& backgrou [ P

collected for the first base. Any signal -abo entities the
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except réfgengehe nucl eoti de corresponding to the SNP and the fl uorescent

| abel (gree ar. b ). Typically, nolecule beacons include a hairpin

structure, ings the WO 2012/012703PCT/ US2011/ 044990 f | uor ophore

gboser to thesoaeshshRimeath ] I - g\h@{; ridized to
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type Offragarlnrg%lltsi aﬁ?gon?aelg %{ea;[aem% Iglilgrgegliie?l%é.elior example, DNA fragments can be ligated
to universal adapter sequences. Fragments with universal ends can then be amplified in a
single reaction with a single pair of amplification primers. Typically, DNA fragments are
25 first individually resolved on a surface, or within a gel, to the single molecule level at each
reaction site prior to amplification, which ensures that the amplified molecules form discrete
colonies that can then be further analyzed.
In some embodiments, these parallel amplification reactions occur on the surface of a
“flow cell” (basically a water-tight microscope slide) which provides a large surface area for
30 many thousands of parallel chemical reactions. The flow cell surface is coated with single
stranded oligonucleotides that correspond to the sequences of the adapters ligated during the
sample preparation stage. Single-stranded, adapter-ligated fragments are bound to the surface

of the flow cell exposed to reagents for polymerase-based extension. Priming occurs as the
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nol ecul e tenplate by PCR Exenplary enul sion PCR are described in Dressman
et al, Proc. Nail. Acad. Sci. USA., 100, 8817 (Jul. 22, 2003) and Dressnan
et al. PGVopobddiemsi on W2005010145, "METHOD AND COVPOSPTI@NS) 1FORIBETECTI ON
AND ENUMERATI ON OF GENETI C VARI ATI ONS, " publ i shed 2005, Jan. 3, and hereby
15i ncorporated by reference for its description of a bead-based process.
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2012/ 012703PCT/ US201.1/ 044990 In s enpodi nents, bea cont a ning clonall
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wi th 5e nmes needed, f or, sequenci n L n odh : enci ng
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Ci

be obt audientidesialowsd by Sihuerrtiting imeeenishasmire FISYA9S | abl e,

20c! PRI THLEDCERD (NN RRAUEAAMO R HckdBhadlRATTR dEul &
physical location of a cluster (or polony), and the fluorescent emission identifies which of the
four bases was incorporated at that position. This cycle is repeated, one base at a time,
generating a series of images each representing a single base extension at a specific cluster.
Base calls are derived with an algorithm that identifies the emission color over time. Thus,

25 individual sequence read counts attributable to a specific fetal or maternal genomic region
may be obtained.

In some embodiments, clusters containing amplified nucleic acids may be
characterized by hybridization using fluorescent probe. For example, to distinguish and
quantify fetal or maternal polymorphic regions, a pair of molecule beacons can be designed

30 for each SNP. Typically, molecule beacons are single-stranded oligonucleotides which
contain a fluorescent dye and a quencher on their 5° and 3” ends, respectively. Both beacons

are identical except for the nucleotide corresponding to the SNP and the fluorescent label

(green or red). Typically, molecule beacons include a hairpin structure, which brings the
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In sonme enbodi nents, technol ogy using single nolecule hybridization with
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"bar codes” and single nolecule inmaging to detect and count specific nucleic
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col or - cpde | iL.ngl -speci fi e .aro
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whi ch ' i ' d. PCR.priners 10having the
Dt e B BB o S B Py AR e i ng
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PCR."If a DNA template and a bead are present together in a single aqueous compartment,

25 the bead bound oligonucleotides act as primers for amplification.

Beads made of various materials and in various sizes can be used for the present
invention. For example, suitable beads can be magnetic beads, plastic beads, gold particles,
cellulose particles, polystyrene particles, to name but a few. Suitable beads can be
microparticles in the size range of a few, e.g. 1-2, to several hundred, e.g. 200-1000 um

30 diameter. In some embodiments, commercially available controlled-pore glass (CPG) or
polystyrene supports are employed as solid phase supports in the invention. Such supports
come available with base-labile linkers and initial nucleosides attached, e.g. Applied

Biosystems (Foster City, Calif.).
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believed.that in ﬁégg eh 88 840 0flr 200X
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confi d?éﬁé&al, §eh tdvhgblogp nfdsdesieailatebecbdesi aod singleanolecuiuimadiont ¢otesent at
vari abl e and typically | ow frequenci.es in heterogeneo sanples.. e.g.,

het er oghediis S%ﬁ@&ucéé%i‘ﬂl%?rg%ﬂ@eap%PQE Gwp%gltggmﬁﬁ“p?@c %?r}g-%ffiyi s

t @OUghEactg&opo?—croﬂ&ybérggde is attache MBS DGd8le t5:2808REFicPRébeaRPREFINMgaba further
déscri Bad I 'n i he sem nal  work of Pour mand and co-workers, e.g., US

7, 785, g@mmik nepopof iateeest hhfixidnobstheratigh eordeols, theytierme Amulaplgxesdodeset. a| |

pur poses. Detectable Entities 10Any o W de yarj.e -apl:e agents
can be?rh%‘l%e ‘?rﬂg?cﬁ@e’btrs’at&ol RS ATy Hsé”ﬁﬁ? gg@ﬁ 5 %a\%rl\ 4@%&%%%?%&@%@%@& abl e
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e T R B e e e B o B gl 4,
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maternal genomic region of interest). Suitable digital analyzers include nCounter® Analysis

System provided by Nanostring Technologies.
Methods, reagents including molecular “barcodes™ an apparatus suitable for
25 nanostring technology are further described in U.S. App. Pub. Nos. 20100112710,
20100047924, 20100015607, the entire contents of each of which are herein incorporated by
reference.

Semiconductor sequencing

In some embodiments, semiconductor sequencing methods are used to characterize
30 and quantify a fetal or maternal genomic region. The term “semiconductor sequencing,”
"semiconductor pH sensitive sequencing,” "replication detection sequencing," "direct
replication detection sequencing” and "semiconductor replication detection sequencing" as

used herein are synonymous and refer generally to the methods of Pourmand and co-workers.
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from only one end of the amplicon. Bidirectional sequencing can be conducted for optimal
results, producing high quality reads from both ends and across the full length of the

25 amplicons.

The length of the target regions can be optimized. For example, with a typical read
length of 100 nucleotides, the first 20-25 nucleotides of sequence correspond to the target
specific sequence of the PCR primers and will not produce informative data. Accordingly, in
some cases, a target region of about 75 bp is employed.

30 Depth of coverage requiremeﬁts depend on the expected frequency of mutation with a
sample and dictate the number of amplicons that are included given a fixed amount of

sequence throughput per massiVely parallel array. For example, for germ-line mutations that

follow standard Mendelian inheritance patterns, either 100% or 50% of the reads are expected
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al ., the entire;co e NesBbRtdd iR ey Mednbintigf atirnge.
Donor / %%glﬁfl%rag%g(?% 0 §§3%Iesw$?a7?5?§§ 1Eg&‘gsed inclludg, fo? e1>r<lairrpl efaﬂﬁ
f 1 uor eggefonall @lirpasat hyl r ohdam ne, | AEDANS/ f | uroescei n, EDANS/ DABCYL,
fluorescein/fluorescein, BOD PY FL/BODI PY WD 2012/012703PCT/ US2011/ 044990
FL, andBeferigbledsitities) QsY 7 dye. See, e.g., U.S. Pat. No. 5,945 526 to Lee

al.. Many f §e LR GibRlukdd AvBE bRl offthe piesstt ance,
ﬁpom Mol ecuﬁg& OEE%@@%@@ 61( Eu%enee, g@@asm tuab_l e doir310r f |l uor ophores
i ncl udmventiarhowyleldeecabeaigant Baljde, betaraodl lonisedstos ¥k Vigrifsr escei n

(TET), 2'-chl.oro-7'-phenyl-1,4-.dichloro-6- _5carb I cel.hy; ©, and
the |1 ReiorERMgreRiorelert dies Sgmimarms armn L B Hl SR B Bl s 7o
enzyneqq&x aiigsdfio:nkaking 1RNZeYES oluffihdsdent apetits;apectiadly rédolMabled to, those
used in an ELISA, e.g., horseradi sh peroxi dase, beta-gal actosidase,

| uci f eimmsganicallkarbsicnet Sohipkibetassaianeqrgstaloler TERARDS): PHEORRECIes; metal

bet agl ucuroni dase, bet.a-D- gl ucos; , X ' etc. An
Izy ey R SR En saltcuien Py RRRER, e iaRisy e Rl ea Rl 1 2
car bodigngi deymas;@oiRestanRbels (suchlas for ataetiy,diyes,antoitlhlegdld,laed tRaldiedact i ve
isotopes In certain enbodinents, a d tgct abl e noi et%{ ia? a,[.rgdi oactive
i sot opbiotimodioxieanipl kaptenss Fiopretedisdonyiichanfiscst ghnensq'ona AR @ e. | may
cont ai 0,8fE10r nmore atons t hat have been replaced by an atom havi ng an
atom c nmass or mass nunber different fromthe atom c nmass or mass nunber
usual | y fouhdsdnme erabedimpntoythadetiestablopaoistmys bietiat Bithewtntbs bored vedins e.

RV el T S R T B R
gal |'i um o Yah&keWeht hEehBSthdMre ddietaR themselves.
In addition to exemplary detectable entities described in connection with various
methods described herein, below are described some non-limiting examples of other
detectable moieties.

25 Fluorescent dves

In certain embodiments, a detectable moiety is a fluorescent dye. Numerous known
fluorescent dyes of a wide variety of chemical structures and physical characteristics are
suitable for use in the practice of the present invention. A fluorescent detectable moiety can
be stimulated by a laser with the emitted light captured by a detector. The detector can be a

30 charge-coupled device (CCD) or a confocal microscope, which records its intensity.

Suitable fluorescent dyes include, but are not limited to, fluorescein and fluorescein

dyes (e.g., fluorescein isothiocyanine or FITC, naphthofluorescein, 4'.5'-dichloro-2',7'-

dimethoxyfluorescein, 6-carboxyfluorescein or FAM, etc.), carbocyanine, merocyanine,
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20 iodine, rhenium thallium bisnmuth, astatine, samarium and |utetium
(i.e., 3H 13C, 14C, 18F, 19F, 32P, 35S, 64Cu, 67Cu, 67Ga, 90Y, 99nic,
111In, 1280,20A817031291, 1311, 1351, 186Re, 187Re, 201TPCTAK2HI1/043BBi ,
211At, 1535m 177Lu). In sonme enbodi ments, signal anplification is
achi eved using | abel ed dendriners as the detectable noiety (see, e.g.,

Physi ol nomcs, 3:93-99, 2000), the tir. whi ch are herein
i ncor po¥d @(Jesb?“)rr@? reé’régb?‘ﬂy&ﬁl)@i ¥ eﬁ?sﬁqu’eeto %/1% %I%Q%rrﬁ{é%?gg{ 151 abel ed
dendr i gEscxyRtAnRUFithaddr@int bPTAGERA sphies:§riiddantined @, catboky)X-ridiesdneray be

chem cal |l y conjugated to the oligonucleotide priners %ér%gh ds known in
the ar@®OXeliesaniing Hgdmaingtd, veodaptipgiaicgodamine Green, rhodggyn 'met hod may be

used t.0 determ ne. r i u al t Lon. As
used htSVaérfl%t?y]%%a%fn é&éﬁl\?{%ﬁgﬁs\’/g a %ﬁldé;{ﬁlc%p@g edry gg (te(')rg'i ’arﬁétgﬁ%yucﬁ? ﬁlgfﬁh’a genomi ¢
rgi ondigkylaffiesc@ainads, I3dracesnsrn, amisfreetbyiceunamiu@ M CR) et.).M&egbundance
can be determned as a ratio, a percenta change of__fold normal i zed
amount Cregblygs Gt HePELomBreast§sy p??%’_ndg'le@? 3991 ZDIF%‘?Da(tqfe\% > é{}nf:ﬁ‘d?iﬁ%é?s t he
amounty of 13kl xOSpFBTRUMREIFNOSPECTROM CRILINDT 96 43304 2, 044990

region of interest is first nmeasured or quantified by various nethags

i ncl udiTNgCihsRE (es s Y bed-hetbier. ) ALEXA ELHGQR rﬁ)’leéf,ﬁillg-e/\é@éf@eﬁbi}@& gloli gi tal

o heAS RTsR LI BB AR LRRORI M %o GEERCA RRUCRL AR B S Ao
i fdi caf yeROH skheatpxal Franorit sof . auskai kLBoRd! 6 heatBXal FIBaoRME60f f et al

or maternaF nucleic acid in a rel gvant mater nal %qr;pl e (e. g, maternal
bl 0od) ALEX At RLEORAYE &80 @t atBOBIEY undisa cegoBOPIPEt alt Lo BARIPEr ndioG-egi on i s

|1 sonsO BB EoF RSSO BRI aRERHEOHPE T P ERAmAy iRi s, ARApR e DT
cor r esposiongOmPeTHalcGenoBODIPEDY o81/59 € Bp@IMY T 630/650hBODEPHL I've

abundance of a fetal genom c region 10may he determ ned conparing the
anount 6¥¥6ahetchetRdPyegéneniRDARJREN A% IRRFK00ggtc Prpad ]rﬂéesg%)ﬁ(ﬁ‘?‘ﬁ mat er nal

-[rl ﬁg io ? gegﬁ,a-lr;&gesg)?lsgﬁib\fee ﬂ@&?%@ﬁg&}%g {gg%’ Rfh o0 Woﬁgljﬁg)ﬂﬁ’or&rc_@ﬁi@éy%g 9 sesk threshol d

etermne | genomc region is difféerentially
r epr esgiehfichl eliyiisaath ys proteidshing pepiides, sepfoe eshange filhedandbedhefl d i s

i ndi cati ve of an_average rati o bet et al. nuclei ¢ acid.and r nal
nucl ei Clugeeseent Rropes @Pdegeaﬁ‘?ﬁ‘rchlé)f%‘gﬁtaslwie%grﬁ&r’é\?(’lﬂc‘ii%rfIgrlf’g‘fs’ g‘iecrf ggnefgg%?on is
i denti ﬁé&%@ip@éﬁ%ﬁ%?@f feaalet: 15$e1fn@%lgéﬁls AdlMR HAEHIMARRAGBsOrSti R Eicderpy -

det erm ne d wth statisticall confidence. ' I'n sone
enbodi hightlsprestemce ghattimoicdind phewsebiliay. nitsemsamhpdioeits lakepdn may be

g t f Le Sg‘gp}?c}{”es? é’x'ﬁ%a}{ ébr% rpttirc])g a%gg%?gsio%fwgv%ﬁengﬁts & ﬂl%lvisqa@ ?m.,cbert\%gé-noéfbot o that

and 750 nm) rather than in the ultraviolet range of the spectrum (i.e., lower than 400 nm).

A detectable moiety may include more than one chemical entity such as in fluorescent
resonance energy transfer (FRET). Resonance transfer results an overall enhancement of the
emission intensity. For instance, see Ju et. al., (1995), Proc. Nat’l Acad. Sci. (USA),

25 92:4347, the entire contents of which are herein incorporated by reference. To achieve
resonance energy transfer, the first fluorescent molecule (the “donor” fluor) absorbs light and
transfers it through the resonance of excited electrons to the second fluorescent molecule (the
“acceptor” fluor). In one approach, both the donor and acceptor dyes can be linked together
and attached to the oligo primer. Methods to link donor and acceptor dyes to a nucleic acid

30 have been described previously, for example, in U.S. Pat. No. 5,945,526 to Lee et al., the
entire contents of which are herein incorporated by reference. Donor/acceptor pairs of dyes
that can be used include, for example, fluorescein/tetramethylrohdamine,

IAEDANS/fluroescein, EDANS/DABCYL, fluorescein/fluorescein, BODIPY FL/BODIPY
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correspondi ng fetal genom c region. The relative abundance may be conpared
to a 20predeterm ned threshold in order to determne if the maternal

genom c rwgi2ore/iis7odi fferentially represented. Typi cal | ypcirnusthiip4mdase, a
pre-determ ned threshold is indicative of an average rati o between naternal
nucleic acid and fetal nucleic acid in a relevant maternal sanple. A

mat er n m c regi Ls identifi I f | ative
abundaﬁﬁ?ﬁ%?%@%&ejﬁif%%ﬁeﬁ% ” %ﬁ??sﬁ%?? (gl%r\i\% Afsﬁsrz?ts[ g'?‘ |t€§tg ' %afm%%nif?dence.
251 n sgeR &barb ARNosaméelally iavaildhy fistdnasnoepitomeMdietwanirobes loy. conpari ng

t he quantified anount of a fetal or maternal gengm c regjo o a reference
amount (Bugdie 418 v Susablg deperdhior @ﬁ}oéf‘s‘éﬁ%la% @‘rfaét?oxf”g’tl%rles“(ﬂn %Mﬁ nal genomic

region _in rel ey | I c ivelyd; aver age

repr estg#{?%}ﬁ?rghé'gria@fgg%'effﬁggéet%éér}?ﬁq%g’ y%ﬁ%ﬁ?%ﬁﬂgﬁ% hglcgfrég(tt}gt of a control

r egi oncarbd:GiilubfeskdiWIIC)oind the bike.over or under represented in the nmaternal
sanpl e 30using the sane assay perforned sinultaneously with the region of
interest. |BIE@8 enbodi nents, multiple control regions may be quantified
and aver ageq), 1.0, 00h Aol S AL RNERIHBIAY islalEhephé VExAHplay ST ageble
representation. SUitabl e reference anount may al so be a hi stori cal

r ef er eaesmies irelydeabutanouottlingitedrtesthbse ¥sed in @mEhis/‘Ss’*aW-gae}W wreieh preNidessl y, or

an WO 2012/ 012703PCT/US2011/ Q44990 unt, or. yesu [ & previously
known) bet?-'rga{aﬁ'ioéld&%sg,glfFrfaS?’ ﬁ@aﬁﬂaﬂ?‘??ﬁ%@%%u rg)tth?rsexs'%‘gge?ﬁclmcdé%l ly different
(8- 9 b&ggﬁ&&f)niaésel B&8.D-bieskidde, uredser %ﬂﬁ@@e ARTIURY, ctct hen Eretyale naay teat er nal
region of"interest is idéntified as differentially represented (e.g

over r eprgegnddetd aonolaaide psing e diskenwayp SBhies §6ABOAHBilR FEHISY 20 3 | ve
abundance e deterpned by conparing the quantified amount of a fetal
or mat %Pﬁéméyﬁm tﬁ%m‘%n to a reference ampunt indicative of over
repr esent at Rafiodtivkeiddbpegr mat ernal genom c region in a rel evant naternal
sanpl e. Such a reference may be determ ned by iguanti.f(?/i nghl; he am)ﬁnt of a
control reglogeriahl @RbadmMRRBhdqiestahle BOELY SAFRdLasEdsTIAPSE HPT W8P Hat sanpl e
ing the s o %w}n 43l he LWk Datb R (hR Ghebh
iLiﬁteregfo?eCP%qg%ﬁ%élgé%)gg%%gaﬁgd% ti %?g&gverrgpresen?ed control regions may
be quapdpldckedy andtoayridgesh stomidbmassoranase hembercd farepuitomi theliteat¢ wasof over

representation. A suitable reference ampunt na sp be .a histori )

r ef er eREBAgS nugaber yspal El‘t‘i’_td 181‘“4%?7&@“1‘%’8‘?3%@%%%%/acg‘_ﬁé(ﬁoc}g%nﬁeﬁg{eevﬁ\glﬁlsI y, or
an anoypt oF - e slofi @ pel tha EAYbOMSbpolef@MiRlo mbRcllB BicR@s gsotdpes bhe
guantified anount is substantially the sane or greater 15than the reference

anount hydrbpers tatbos fluwaine crhwkpliwoese conree geBivar. YoFiuma R dadiBRm of

interest is identified as. overrepresented. - hWEends,
9 at i MI%H}?&&%=é£ﬂﬁk}‘nb s AR abnt;}arg“é“rfpaé“riil%tatl‘%rﬂéﬁééggﬁ’ﬂr%&?gg anount of
a f et ahgpr3 pat ey RACUISTONIETGRe VMo | [ Hhet Eick 3ane9nt]3i hd36BtiBoRe.of
under representation of fetal or nmaternal genomic region in a rel evant

mat er naB7RarPl Bl 28Wh 2B, 2 bk bhtndyLBe det erni ned by quantifying the
amount of a Contrgrlnbé’cﬁ?i;glg@ga a(fgrsngﬁﬁgﬂfz)\ms E&ia%d!ﬁ@ﬁ?rlaﬁe%rﬁgﬁﬁﬁ% dsh the

mat er nal sa%foemeum ng ay performed sinmultaneously with the

r egi on¢ef detddtBlesbicty ResUE, RiybndGerahis, T03-0Pp2GH0Ubeentepregens efl cont r ol
regions may be quantified and averaged to abt aiﬁlggref @r c?%%g anmount

i28di camhich a5¢ hersepcerppratesdiyt igtareee ISHi PHRE Eremls it nay al so be

SRLEL 85&&%er£ GGl G fljomeGeni%ere (Montvale, N.J.). These may be chemically

conjugated to the oligonucleotide primers by methods known in the art.

Determining Relative Abundance

Various method may be used to determine relative abundance of a fetal or maternal
30 region. As used herein, the term “relative abundance” refers to an amount of a genomic
region of interest as compared to a reference amount. Relative abundance can be determined
as a ratio, a percentage, a change of fold, a normalized amount, among others.

Typically, to determine relative abundance, the amount of a fetal or maternal genomic
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25anmount or result froman assay perforned previously, or an anount or
result that is previously known). In this case, if the quantified anmount is
subst ant ivabl2g12he7osane or | ess than the reference ambuntPcriuskoigaipst i cal
confidence, the fetal or maternal region of interest is identified as
underrepresented. In some enbodi ments, relative abundance for every

i ndi vi qughn BPJr}YMt%x%t 91%{1&91?3&:0%5&% \Qe{nolug(r\i‘! th%rd m&%cﬁ%‘g} ned and a

cont i nuum nodel | ne or curve my be hg%ntlnuunlnay
be conplasabed chexanb(ag,l Simgde mmd:hcu&tsemnofngamgrtalgmlk ekmdgs PaRatimaniaf PCRL al  or

mat er nal clejc a r ctjvely, and any genom c regions or |oci that
devi at éla??gr g ?fﬁ?ﬁ}# s gpow; I%Q‘Fnéﬁlﬁ?w&@%@rﬁyn@@fm%@htﬁl ed as

di f f er egfetenbd ¥mb&RIES BOLE ImbBntdndic %R of tR0EH %%9&@&%?1@? %]1/081 S980or

under represented). In sone enbodi nents, a reference anount icative of
t e avepmyat @fefpﬁaé@@nafamabnuaiélc feitldh amelevaait onaserhal shmpledt e, maiterﬁalrmwcat i on

(e g., t.er t 3% 5% 10% 15‘V 20% or 25% In sone
enbodi MEALS ?agrre& d%"g’ga%%%ﬁtafb ﬂﬂ‘i%‘ﬁtﬁ re@fontlﬁ sgETmEBA8sant ati on of
mat er nakreBitaged Cthaedlé anhtot@tagionad oahKaul ati on (e. g , Smaternal bl ood) may

be about 97% 95% 90% 85% 80% or 75% In sonme enbodi nents in

whi ch a gendhfeng @@b%ﬁmegtsl ‘de amopihieaf afstabgenronsp rese@nuedhe comesgendiepr esent ed

" andor F oty ed by Byl ERE AR ANEHEY Ll SE b FRGRETTY Celd Bt Btgioror

é¥anpl eyayitk detehmiret bgeﬂﬁfphﬁng 2@l @ibunSo @t €l RAEMIOBRNQY &lat §PMHEesent ed
(e.g., 10% Ig)cﬁng)fn ared to a reference 10amount i ndi cative of an aver age

f epr es 8‘?1“?%??? sraliregior| Eherekivagbyrdagee maype comparadites pat sanpl e, the
factor d&)frrﬂ‘fﬂb(‘?ﬁuééﬂ@ldqg%?&e\f%id&%% if%he fer{'%tge&?r%xﬁl reggn is gfgregg%lﬁfn exceeds

that of the reference anount 1s ca OVEr ation
fact or reprdsnntt:ctm Efyp:ladbf,, int thes mse,rar;&a—rde&&nhﬁﬂ itlrBsHodC 1sQhdit&ivé.of an average
Typi cal .tests i ed. as. described bel ow or

t at
accor d5h %eb \?\W 6(Eae‘r‘illata]n‘é"rc ASRAGAA %ggélufﬂﬁwtaﬁéj Bra re%%alﬁé{lféﬁlﬁ?ﬁkﬁénw}@ r4
disf f er el @enéthicStfioh & idbitifidd a%@b&@&;ﬁe%?edsﬁ e e Sibii neaz}ﬂu)ﬁd g iﬂonggéoa? ly

Statistical Analyses Typi cally, data are a statisti
deterr’riiﬁﬁémvm@iW&Sh@kﬁlovmmt@@%walr@nﬁﬂ@csane or dlfferent (e.g., whether an
amount of a aenol e or different as a 20r.eference
amount). A {/arletng ;l;g%ofdl F%lf |té?fetcl {Ved @g?dsan 8%?1@3?61? geRpMIE regipy pray e

si gni f daandeedbecaspablitthadoin of it Batrmangeddic ReidsednitRragcor dance with
the invention. Non-limting exagﬁl es of commonly used statistical tests for

anal yz?(ﬂ“@e%‘a{déﬂ& il canqmisvesipy dherdlativatbandane mey ds sompated ¢ be evenl y
t t h Student. t-t | udi
dpstri El&grn(lﬁe(gthresﬂé‘lrdem%}c{e'r ?0 8{1“.@1%12)31% qu}ge!n%gl{%r %elaanlégff‘?gl?n Is é@ﬁ%r)egtéaﬂ@ udi ng

one-sa
anal ysﬁepreeénted Typlcally, in thls case, a pre-determined threshold is indicative of an average

ratio between maternal nucleic acid and fetal nucleic acid in a relevant maternal sample. A
maternal genomic region is identified as underrepresented if the relative abundance is below
a predetermined threshold with statistical confidence.

25 In some embodiments, relative abundance may be determined by comparing the
quantified amount of a fetal or maternal genomic region to a reference amount indicative of
average representation of fetal or maternal genomic region in a relevant maternal sample,
respectively. Such average representation may be determined by quantifying the amount of a
control region which is known not to be over or under represented in the maternal sample

30 using the same assay performed simultaneously with the region of interest. In some
embodiments, multiple control regions may be quantified and averaged to obtain a reference
amount indicative of average representation. A suitable reference amount may also be a

historical reference (i.e., an amount or result from an assay performed previously, or an
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25vari ance (ANOVA;, one-way and two-way or repeated-neasures (e.g., Nway

ANOVA) ) . Non-limting exanples of commonly used statistical tests for
anal yzi ngvoave/tibms8 are not evenly distributed include trhe/sediaoxdn0
Rank- Sum test and the Mann Whitney U test. Stringency (e.g., through

cutoff val ues for p-values and/or g-values, as expl ained bel ow may be set

according to a standard and/o PliLd : i ven data set.
30 Themena 86 ot TR Rt P S o Y, TR g S e e B & e

fact or ﬁaﬁﬁ@%l@di&‘@renb#&g.ﬂgl‘gat(bf & (b0l tHad theliesdrendewhicont, olie fetwd odapena ype of
conparison being perforne e.g., experinental data to a reference val ue
ver susreginn of anteresifis &@p@ﬁ?%‘ﬂlﬁlgere@él@%}’ Ee@reé%ﬁ‘?@t%e?‘)e”&ﬁﬁs?rg? 5 onshi p

bet ween fa .g., matched pairs (such as an experinental sanple with a
mat ched” eﬁ%%g%%‘%@'u?owm US2011/ 044990 control) versus no rel ationship).

| B some enbbdioR@ dnshodimeémns, trblativomsteindaatindy ladetaregtedi by apsadringthe, | f or

confitmatign purposes. sonme epbodi nents, a statistica .egitC sui(;tfabl e for

. | \ |
smal | gusrpfied smpRnl afg fﬁfég%{ MRS B OBHD Bt e BT %]iogn{)lfl “& %t onshi ps
bet me{i}/\%\ﬂ}if&s}%h?ﬁ%ﬁ ogfe’cakl TP LEitdrRA RS re GOR UPS rdl Svab@diertdkarganBliéh a an

N- way tes al so known as repeated neasures ANOVA test) generalizes a
St udenteféreieshast e daerenindvbly quentiGringiihs anunagt 3OTAL regEmsw 15ggiofgled i n

accordance with nethods of the jinvention for nore ici ent . i SoN

bet weel? MRMEF Eﬂpées_a?%gﬁbt.he PSR eo‘%ﬁ”}?et%? SAMGTE fé%ﬂg&%ngeg ts}rﬁlgf%géésggti ons
3pe apRhh ek iR tsbreR VRLHAS eABEainicnad multR oubricppdsentsd adritsll tapadnst ests to
correct errors that may arise fromnultiple testing i ncreased

. , Ling (e.g.,
number mapbe Gaidiedosil tierageddp obiagmp refergaee graeut indicatiyg PgPYﬂr e testing

corrections typically,i | ved i d i Licti 3
st at i sfqueSFm?%‘grlt' C‘g ﬁ'é'%/ab:}\?g%s{e?‘?’rérgcée arngog’%rﬁﬁ% ?%IP g gta?l?réégﬁl&? héféﬂgﬁie @Eg%?rre nts, a

Bonf er 58BinteRiésaRk tiodan s pekforMediprplieusyg ot amgmoontreg etsutinharet hods ar e
known in the art. For a review of such nethods, see,. £.q., Nobl 2009),
brtghialiy s sgne

Nat ur ePrESRUBlydeRnB)-oythiszase ke guappiliet gRIoYRLIS PY \%gﬁeﬁ&ér o
![lgc orp raﬁttk?edreﬁi%r%e Qn@ﬁp{ &liB rsﬁpgt?(ﬁll conqdenéer,‘ HRAEB] SLEHFRRfon &F istkRkd sti cal

st tnat involves analysis o e relationship(s) between two categori cal
var i ablsgidertficdss dverfapreseni@dpl e, Fi sher's exact test may be used to

cal cul ate exactly the,signifjcance of 20devj ation .fromthe null ot hesi s;
Fi sher's exgb%om%%lb%‘?e’g‘é rgladye p ’P‘ifa‘f‘?}b{ﬁ%amlge e“SHpIE ﬂ%‘?)z/g is >

smal | . q i'ﬁ]e§ afhount 258 1€ bmafeta® gMomic Fégheto Srebtatde ahtsht indicate éft h
Worl d--"A Wl fram Wb Resource., available at the Wol fram com website, the

ent i r eusdmtremesenttionhl fital ar eatendigendmisoepion at @ &leyant BRRahsanple. Such

20 a reference may be determined by quantifying the amount of a control region which is known
to be under represented in the maternal sample using the same assay performed
simultaneously with the region of interest. In some embodiments, multiple underrepresented
control regions may be quantified and averaged to obtain a reference amount indicative of
under representation. A suitable reference amount may also be a historical reference (i.e., an

25 amount or result from an assay performed previously, or an amount or result that 1s
previously known). In this case, if the quantified amount is substantially the same or less
than the reference amount with statistical confidence, the fetal or maternal region of interest
is identified as underrepresented.

In some embodiments, relative abundance for every individual polymorphic genomic

30 regions or loci are determined and a continuum model (e.g., a line or curve) may be denoted.
The continuum may be compared to a baseline indicative of average representation of fetal or
maternal nucleic acid, respectively, and any genomic regions or loci that deviate from the

baseline with statistical confidence may be identified as differentially represented (e.g., over
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Two indicators of statistical significance are typically used to evaluate
data. P-values 25indicate the probability of obtaining the values that were
observed wO 20te012108] hypot hesi s were not true. For exanpce/ustoia/omsbé

hypot hesi s can be that a given fetal genom c region has an average

representation. Lower p-values indicate statistical significance; i.e.
i ncreased 4L i kel i Y PRIEDE SIS unD Rl dafi e o ARE asbiaud d be
rej ectBd'™ dES"\?BTea%n ef(ﬂdl cacg gﬁh&}lbefﬁ Q%tfés}cofery rna e1 |1. (.) a fareas%gre of the

pr opor{epRBertitidadfFetapasidit ¥&@d it hateret cireulwiven(ez. 30pantl Wod@rmayeka i s
consi dered_si gnl ficant. As wt h/p val ues i ndlrﬁat e greater
'S

si gni fabeHN3%: SYon | &GnE>%rtlai Srent’s na?OH‘e\Fé‘PngrE‘?ﬂt%Pfr aﬁlegenﬁ% &4 sone
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the data sets to be conpared: thlfj [ vvs d tBa on differ ntcsc Ito be
conpar ed, b?ywﬁﬁllv)’gﬁ‘i@r@“tq@}b‘i?ﬁtﬁéreaap@ F‘r&% <SPS Doy OB ARSI ANV uanF ified
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normal 1 ze e tot anount of the genomc DNA in the sanple to negate
t he ef §teddtically tibeif@angunt vari at i on in the starting material. 15Verification

and Cinical gggl 'lgatl' ons In sone enbodi nents, differentially

r epr esent ed> &¥%ernal genomic regions may be conpared across

di fferent birglegi (}9 Ahtalafdinal Hhed kitistRRgl engettidhe ahetheomsi wllestakey/thover or
under represented are identified and verified. Verificati oai@%@be done by

a repestmabr dlfferestam et g @ouahel HFeNSIRI GERGIAN 1 HIE SAE R aSgor
gﬁarrpl Il ngé}m%lgl ec%r?etzgﬁé{gps? chgt 2OLEPILS ds%réw sBEsty@l Elgﬁitf‘%gﬂceeaf& by

gi t al*'BEX sequ Rcing nuch er ¢ acl Re- ‘sequencing may be

acconplkitsi)RHedin thbert aadEagdl Im&dismamddrdandawldt the inveptibro dS pn-dingting Sanger
sequenci ng. Over or under_ represent §|on factors for each verifi

di ff er exampies §f qogﬁ?@&bﬁﬁ%‘oﬁt%ths@?%ﬁe r gal pAng (A thag are vy R désdr‘%‘é}gﬁg or under
represent ef as%‘%lgé toHe J@B ib@E ﬂg&% CpdiBALPR B IndededhE Saimendiiedd T or

clinical applications b on t chronmosomal’ | ocati ons, and associ at ed
genet i gnélugiegoes ,salﬁp]s:mrtdsesr $wmsampl@d+tmtmmsi mbicherbprir letwbiokindemekysisefer or

under presentation factors and/ or DNA sequence of the.diff I
28pr esgﬁ’é?’éﬁe (RO drava tWr"o‘(f?‘}ﬂ‘érdep‘fag nglﬁ%sué‘?%géi’#gm g'?“\?(ﬁ{“ gjr esent

i nvention prgy }é' 688in &{&Hﬁ@% Bf c IS8R e TRk siaAIreROFd @Balvkih g dhafigdt aEd i on
relating to chronos ocations, associ ated genetic di seases, disorders
or not evenly distributed include the Wilcoxon Rank-Sum test and the Mann Whitney U test.
Stringency (e.g., through cutoff values for p-values and/or g-values, as explained
below) may be set according to a standard and/or may be set empirically for a given data set.
30 The choice of a statistical test to use may depend on one or more factors including, but not
limited to, distribution of the data, type of comparison being performed (e.g., experimental

data to a reference value versus two sets of experimental data to each other) and relationship

between samples (e.g., matched pairs (such as an experimental sample with a matched
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30condi tions, over or under representation factors and/ or DNA sequences of
verified differentially represented fetal or maternal genom c regions.

Veri fi ed wof2beveaetodal | y represented fetal or maternal geowoniseomnagivons nay
be used to devel op or inprove non-invasive pre-natal diagnosis of any
genom c aberrations and WD 2012/012703PCT/ US2011/ 044990 associ ated genetic
di sease ' r d conditions associated with any of. th :

differ eczo{nlirgl)ﬁ/%fsﬁlgﬁéeg%mng p?‘eéﬂ oA © Od?fé‘%las’ﬁ’é‘?rgiﬂ?ﬁn ﬁ@t“?técaif?éﬂsé‘ﬁ?%ns may
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puri fi detwesn rofltipletgadbudSNA. | n some enbodi ments, characterization of

relativel verrepresented fetal genom c regions in maternal circulation
may be. used 6 HEBEETPISE matiRls el FaSCelO 15 BRIy SbgaRY o g.
brg wee meﬂvé@frw@%@ti%)l‘é's%ﬁéﬁ@if%estﬁb BBt WRBKStha mPeSE R hulddle &gfm%)enom c

enbodi nents, characterization of relatively overrepresented feta

r egi onde-8n inckvasebrwnkery 8f false pogisiyss orlsbgnifigint REuli2 Mltipleresting cooeadionat i on
t her eof,, i | circul ati : e used. .o detect chronosone. .
T L T e e F A
aneupl eintty. (€s@me ebdYiPleisdy Bohfelo0orredfich shBed. | KR)tipl RSB LSrrellib AL | ONS,
and assocj at ed genetjc di seases, disorders and conditions including, but

not | i Aetersis e Kmyymigrthe arsy e aiesievopimickpediogmesee1a-¢. sHalle 22009)Edmare’ s
dro I } } 2013 tri.so 4, trisony

R i Ry 2 L T e ekt B4 PEEY R tpa U B P ros o

abnor ma¢feteness i ncl udi ng but not limted to XO XXY, XYY, and XXX

EXEMPLI FI CATI ON Exaggche . Si ngl e ol ecul e sequencing to identify

over r epr esent 841 EYPEHEICHE: 4 HpRiticpNastthat fardyss analypis ghthegeliatenshi®ughput

si ngl eb%e@ﬁ%@c&@%ﬂ%@?%ﬁ‘&bi% iPgEfiormed on cell-free DNA from naternal
plasma frommultiple individuals wth an average of 100x or | arger genone

coverage. Forexammé.digeds et tasomayhe esatab cslanfaleascaattethe sagifmahedoind

%:623} gﬁ%ﬂ% L031} @O%é?%}“ﬁ%ﬁ}é{? negléi glégé)l‘? slr%(%\ctt t%étlme{ysbeatgsgg 9n éi&aggr?shw}rlgle ?h%m e
sample size is small. See, e.g., Weisstein, Eric W., “Fisher’s Exact Test.” From Math World-
-A Wolfram Web Resource., available at the Wolfram.com website, the entire contents of
which are herein incorporated by reference.

Two indicators of statistical significance are typically used to evaluate data. P-values

25 indicate the probability of obtaining the values that were observed if the null hypothesis were
not true. For example, the null hypothesis can be that a given fetal genomic region has an
average representation. Lower p-values indicate statistical significance; i.e., increased
likelihood that the null hypothesis is not true and should be rejected. Q-value indicates the
false discovery rate, i.e. a measure of the proportion of false positives that occur when a

30 particular test is considered significant. As with p-values, lower g-values indicate greater
significance. In some embodiments, a p-value cutoff is used. In some embodiments, a g-

value cutoff is used. In some embodiments, both a p-value and a q-value cutoff are used. In

some embodiments, a p-value cutoff of p<0.05 is used. In some embodiments, a more
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30captured on surfaces inside a flowcell, with each single nolecule being
captured at a distinct |ocation. A sequencing reaction is conducted
usi ng eacWwormi2aeioe as a tenplate without anplificati onPCT/US2011/044990

Fl uorescent|y-1abel ed nucl eotides (dCTP, dGIP, dATP, or dTTP) are added WO
2012/ 012703PCT/ US2011/ 044990 one at a time and incorporated into a grow ng

I - a ol se i ncorpor.ated nucl eot.i des are
nashed ¥ ThLERo Y e . B0 R RIS RS0 P B o e st B b oo | des
that wergvalneof pab.2isted Theson@sethbddi@ie @] 4 6 stiigfeal §vaRBduiohE. POkt i ons of

are detected and recorded in one or nore inmages. uor escent

t he signals, Or d; esce
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I e i t he i ncor por at.ed .nu otides, an en
gng?\éggﬁﬁﬁg e(%t'%sl’S gé}?tgogldﬂj\e{%%%%gggﬁfﬁugﬁowg C@%%I‘%.d %ﬁ}ﬁﬂge(% ide incorporation

i $ thus tradhednenmbéadimenisnglantifiod datdlaee fint daheiligtdgidhe sexahl apuuance of
each indi vi gual A nol ecule. Wth a fetal DNA fraction of 5% on average,

95% of 'S8R IALHLICR e PR itdatnoatistiethemer B isasaterlmpesueedadeiads and
5% of  seAUaNRESadRAd SoREEMEXNRES gﬁiagfbéygtet f q&gﬁtﬁlgtngl eﬂtﬁ%{l(% cforai%%tgtx%CG
a c%un S T?e al "6r ma

Statistical analysis of sequence r rom er n;ﬂs nucl ei c
aci ds insrmaioembabed onitltembgifignde égiantik) bhtie rm’aeux@s&efrrsl’omr?ifiﬂhﬁdﬁ&n )
cell-free fetal , .Far exanple, an er-represented | ocus may have
20 1 ot BPTRUGHENLEI e SaBn ShAL DN TS e eES PRRTOnaatas Mgt Bt al
r@ads mBgH Hat YQidbhad e Qe Us tife GRNWNsGIbRERS ﬁrﬁ@rlyﬂﬁg%h efi?ticg)&‘??ﬁe c%l@ast I'S
used to identify such regi ons based on the p-value of the observed counts
as conpp &dbe eonpseeds e elleds dxnnn ﬁlffémqtntaczglias/terbeammpagadh ,bﬁbﬂrhg;n_&g tetri tﬂ][]. -
Mul ti i cer ion_is a ied to. ipc se the specifjcity o IS
appr og% ﬁé&gg)t& Sg%lg' gf) f %%%“ﬁ e’lﬂﬁ&ugl\g@qd %%Dégg?‘nfe% i° H“aé%?ﬁtgﬁ@‘?fnhc&ﬁ%ﬁ?é‘ﬂ

acr ossadididrealentphi bt ceimalined 1 e edtsl aatfint HEhERSt o TR A LS Mel Ymple
overrepresented loci are selected for verification in a digital PCR assay
or by saisrthegtlprd of theamnuet yariatiogiin e seoing matehialk act eri ze and/ or quantify

et e b ohi  f et al or maternal genomi rogi ons.
Nucl ei ¢ aci Ussdnmeoemiidiinmmsis] diffdiehtislgdreprsanadfets amlaesnadiendhrgs@phed and
may be compared across different biological individuals. Regions that are consistently over
or under represented are identified and verified. Verification may be done by a repeat of the
same techniques, and/or by additional techniques. For example, single molecule sequencing
20 results may be validated, e.g., by digital PCR or by re-sequencing nucleic acids. Re-
sequencing may be accomplished by the same methods and/or by other methods, e.g., Sanger
sequencing. Over or under representation factors for each verified differentially represented
region may be calculated.
Verified over or under represented fetal or maternal genomic regions may be
25 identified for clinical applications based on their chromosomal locations, and associated
genetic diseases, disorders or conditions. In some embodiments, over or under presentation
factors and/or DNA sequence of the differentially represented regions are also provided. In
some embodiments, the present invention provides a computer readable medium recorded
with information relating to chromosomal locations, associated genetic diseases, disorders or
30 conditions, over or under representation factors and/or DNA sequences of verified
differentially represented fetal or maternal genomic regions.

Verified differentially represented fetal or maternal genomic regions may be used to

develop or improve non-invasive pre-natal diagnosis of any genomic aberrations and
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Nucleic acids from maternal samples are fragmented and denatured into single
strands. A polyA tail is added to each molecule. Single nucleic acid molecules are then
30 captured on surfaces inside a flow cell, with each single molecule being captured at a distinct
location.
A sequencing reaction is conducted using each molecule as a template without

amplification. Fluorescently-labeled nucleotides (dCTP, dGTP, dATP, or dTTP) are added
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genomic regions

Digital PCR is employed to characterize and quantify polymorphic fetal or maternal

genomic regions. Nucleic acids from minimally diluted maternal samples are fragmented and

25 denatured into single strands, which are then amplified to generate amplicons that are
exclusively derived from one template and can be detected with different fluorophores to
discriminate and count different polymorphic regions (e.g., fetal vs. maternal regions). In this
process, DNA prepared from a maternal sample is first diluted onto a 384-well multi-well
plate with concentration adjusted to obtain about one template per two wells on average.

30 A pair of PCR primers and a pair of molecule beacons are designed for each SNP, the
molecular beacons having a fluorescent dye and a quencher on their 5° and 3’ ends,
respectively. Both beacons are identical except for the nucleotide corresponding to an SNP

and the fluorescent label (e.g., green or red). Upon hybridization to their complimentary

40



Sem conduct or sequencing is used to characterize and quantify a fetal or
mat er nal 5genom ¢ region. Sanple DNA from nmaternal sanples is fragnented
and denatwoedizmtm3si ngl e strands havi ng about 100 bp. AcitiUse@n 44930
constructed incorporating bidirectional flanking adapters which are

i ncorporated by designed PCR priners having the adapter sequences. The

l'ib I | y. | i fi ' ' 2CR.
par 1 cheLBaRE Rt o st Bk v Epiifr PR BEMR ARuREH BB,

massi VehoteReh@. | Ble rdfkabf Ayortdteataiateatityngr whalllgR-spetisiobsadoas déthesther eal - ti me
rel ease of proton during DNA replication. The massi vel arallel array is

sequengteen pryred éhlp@@@@@e Vi qalrudsechtogtetermincdfe Rl¢le &nsde i?‘ﬁviﬁ%%ﬁﬁl&t es
( dNTBIS\ﬁ’iéhgluanrrths :L)g%l?ot}%é@%&s\%@l?seco%fmewe R& t)f\%b%ﬁﬁar{ég %? ﬁla?e%ﬁi lhd ?&%\ u(§ itable

for replrca I ncorporation o Into the grow ng pl ex DNA
r esul tgatéall) BRcleStMagaletfrminedr Staiticdl @aslytdsnge ¢candactet andesciibedcinar ge
det ect abl e by 15t he charge sensors. Correlation of the change in charge of

each wexdmplglt he nassively parallel array with the presence of a specific

dNTP g@g#g‘;"%d?s}?ﬁ%w ?(?] acleMe %/&?3&%&1@%:?‘?&51 A maalmANAhYRES are

condu : anple 1. ODI MENTS O her™ enbodi nent s of
t he i nkgiin on W || be apparent to those skilled in the art froma 20

consi der ati gon  of e s i ficati ti f .the inventi di scl d
horeine 1t BadgReRdes ToRe i neo Dt P LR e SHTEE N Bons: der ed as

enpl Lidbishe A Die i | fRAGRHN T i fadi cated by the
? gl I owﬁ%ﬁérr%:[]g?nr?s% F%&:%%EC[J{R’ATI W@%ﬁg&hﬁl&s Ah & I%Iw?d trSgllbl icati o%s

and patrewntrsa edapterseguarict e dhe Aowvied sadpde is apdtehwith singlosdiapdedat ed by

Tt vi PRI S 6P Booahe B CnenEr e U RZer por b BN REME Ry e

i's claifmdrd then dmplifi®] mQckivdle kehendn tithnGiktld par emdmpalficatioepriesentiea f et al

or maternal genomc regions in a maternal sanple, conprising steps of

quant i fiyglegtrandedt adapise-ligated fiagmegis horne tor by PR oé dientow RelhatgeiBrssd o

18 | ex;eagents for polymerase-based extension. Priming occurs as the free/distal end of a ligated
fragment “bridges” to a complementary oligo on the surface, resulting in many copies of the
DNA sample. Sequencing by synthesis is employed to sequence the DNA sample.
Specifically, a surface of a flow cell containing millions of clusters is subject to sequencing
with automated cycles of extension and imaging, using e.g., Illumina’s Solexa Sequencing

20 Technology. Each cycle of sequencing involves the steps of incorporating a single
fluorescent nucleotide followed by high resolution imaging of the entire surface. Any signal
above background identifies the physical location of a cluster (or polony), and the fluorescent
emission identifies which of the four bases was incorporated at that position. This cycle is
repeated, one base at a time, generating a series of images each representing a single base

25 extension at a specific cluster. Base calls are derived with an algorithm that identifies the
emission color over time. Thus, individual sequence read counts attributable to a specific
fetal or maternal genomic region are obtained. Statistical analyses are conducted as described
in Example 1.
Example 4. Emulsion PCR to characterize and/or quantify a fetal or maternal genomic

30 region

Emulsion PCR is used to characterize and quantify a fetal or maternal genomic

region. Small beads are generated with clonally amplified DNA, wherein each bead contains

one type of amplicon generated from single molecule template by PCR. Beads coated with
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S5determ ning rel ati ve abundance of the fetal or maternal genom c region as
conpared to a reference anount, thereby determning if the fetal or

mat er nal werrorm2regi on is differentially represented i RCThEs20mbesv@l

sanpl e; wherein the fetal or maternal genonic region does not correspond to
an aneupl oidic region. 102. The nethod of claim1, wherein the reference

anmount i s indicative of an_ aver i t er nal
nucl SPRITHE; 031%0}3\“?4@%%?1}‘?&?”‘8 a%@gl%d’eg%e%ﬁ%mn%ﬁ@gm glgtaigﬁéi? ht]og,Br erein the
st epsefietel eARIaghdtas bk @bhtuRirgbalntha ReceseanPompesencoiop BERGus prémemant i f i ed
anmount to the reference anmpbunt and further wherein the.fetal or maternal

genobeundrbeadsomd templatenp N &g stgediiogeibeiewith an P/ delspseat B LIP3 t he nat er nal

sanpl e if t h ifie i I t ’ nmount
52 SRS, P e P on e ien LA hECE 2o
51 ef exeBeRl. arfeUhicrdesnulsicthiscat tengpepdtuiatyoled s 8pa emprntidniabACBf If @DAA or

maternal nucleic acid in a maternal. sanple. 5. T had | ai m 4,
wher Epplathands Bppdgre H@P@}tﬁﬁ’%r%%ﬁé 1 %F@S@\%ua%ﬁﬁaﬁ’ﬁéfgf%é%ﬁb&‘ﬂ%%% ng the
quan lﬁdﬁ@ BRNRE: ADrihiGs FRTBIeaigount and further wherein the fetal or

20mat er genomc region is identified as overrepresented in the maternal
sanpl e i f Beds mpdentfivhrieds raaouas, 4.5, wapstigheids pipsthkeadageldrardsleyr eat er

t han t reference anount wi.th statistical,.conf.idence. . t hod of

cl ai ?ﬁlf%?osmé% o RAEStyERe pUHElEs 3?#@%%%35‘%%”1%8ivé%‘\?‘i‘svsézegfma‘%ed Fye method o
yundert eRIBIRIM akiieibiObealit Al behidi@itidled innbetie fange bla fow, 2. gratxrmal sanpl e.
257. %’Ihe r?et hod _ofl cl aier% 6, \Aher%adi?%strl]e sltnep olf_ dgtggrn‘?ni ng %Tglzgt' ve e
abgn?mzn?éhmmm Jiese 2000 AP pimdampist. qliaserierqrepdamenintcomenartially araiablice anount
an urt her, er.ei fetal or ] i 1S

i denf‘?’*“ioi&&d?gfﬁﬁ}%é?@g‘sgé EhB s spmperisaR ThEPY SRTPIUBREERARSD, (1 o
anmoUHe ihwenfbRS Bach dupbbifts &die sailablasviar bdsedabilehimketshed ifigdnmenlresidesount  wi t h
statisti cal confidence. 308. The nethod of claim1, wherein the nethod
quanégitiched ezg. Faplipd 8&1"65#?@%%1’“’&@@9??}&&- nmet hod of claim8, wherein the

! oo pB IRy fod OO OISR asenii on of feta
pyrosequencing as known in the art. Sequence read counts attributable to fetal or maternal
genomic regions are thus obtained. Suitable sequencing machines include the 454 Life
Sciences’s Genome Sequencer FLX.

Statistical analyses are conducted as described in Example 1.

0 Example 5. Single molecule hybridization with barcoded probes to characterize and/or

quantify a fetal or maternal genomic region

Single molecule hybridization with barcoded probes, as known in the art, is used to
characterize and quantify fetal or maternal genomic regions. Accordingly, molecular
barcodes and single molecule imaging are useful to detect and count specific nucleic acid

5 targets in a single reaction without amplification. Each color-coded barcode is attached to a
single target-specific probe corresponding to a genomic region of interest. Two probes (1.e.,
the so-called “Reporter” and “Capture” probes) are used to hybridize each individual target
nucleic acid. The Reporter Probe carries the signal, and the Capture Probe allows the
complex to be immobilized for data collection. After hybridization, excess probes are

0 removed and the immobilized probe/target complexes are analyzed by a nCounter® Analysis
System digital analyzer (Nanostring Technologies, Seattle WA) for data collection. Color

codes are counted and tabulated for each target molecule (e.g., a fetal or maternal genomic

region of interest).
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WO 2012/ 012703PCT/ US2011/ 044990 10. The nethod of claim9, wherein the
average representation of fetal nucleic acid is about 5% 11. The
met hod ofwol2aizmi8j03wherein the fetal genom c region is ipdeEntseéiledas
overrepresented in the maternal sanple if the anobunt quantified is above
the reference 5amount. 12. The nethod of claim11l, wherein the nethod

quantifies aSHﬁ%t%aﬁﬁlal}%@@&?cgnélﬁ%doﬂ'desé'fi%’edTrp Ex%%%ﬂggd of claim 12, wherein

the reference anpbunt I's i icat1ve of an aver ag fesentati on of maternal

nucl ei cEzanplleit Seinécomietorakqwaigeto chifactdiige AR/ BOGuAftitadetl 48, Wherein
t he average rle resentation of maternal nucleic acid 10is about 95% 15.
The netH8H B} &APQIMHS [€€10Rherein the maternal genonic region is identified

as underrepr i i antified is
Dol ow the F o el S ReneiRg & 1 Bl el ph AR e T e
quant i fgEnaRiGtegpne SapplesBY Agliemtmdtyinalsampl@tiafradhgesd mddéRgireningnd t he
corresp i er.nal 1c region.. 17. The nethod, of c¢laim 16, wherein
Cor PO N IR ATOTLE. HhO0 s e oo o ot
fetal gemeigadaf@isamiby aRaARApbMGdbYRISUARE PER SFinAN O, {he%ﬁg%%ﬁt al

genom c region to the %uanti f1ed ambunt "of the correspording er nal
genoni Seaegcem. ThellpraryHeagmentsoue olfonallyaamplifiedaseresinmisine POR tlfomenoni ¢

regi on j.s.6l.st YT abl.e 20f.rom the correspondi ng maternal
genomi af“e%élszctr?%‘%%&‘ é‘f‘ﬁlgga?réeﬁ ﬁ%)/}ibt © RArUglR; 4re dgpesyted ﬁn?ﬁlée‘s?‘é{%é(lpa@ilﬁ mic
reyi on apagpdosesatingeaiagienihdoys fatdtdo RiAl-BheSERERMTProtoR QuridBNEt hod  of
claim 18, wherein the fetal l:I::e(énom c region conprises a sequence distinct

f r om t RePlicaPR s Pynanssiy ehapanliiel larigi icierecntially opntagtsd withieechmetithed of cl ai m
20, whepgi hsu et L0l I; rises at t one pol rphic
nucl eot i de.ﬁ-lél1 Fstinet ﬁ)b ?%mgﬁﬁlé(ﬁ\gﬁsgsnggln ?I?\qg?le ﬁg?sgrrlcﬁaqf @gﬁ&ﬁfy@?g i%ﬁgr 22. The
met hod cohditibiad mitaBle fwhi@Nai eplitieioheEath @enQoitioh ®F UNTPGRIBRAE SRR
met hyl ?t i ]%n Dgﬁ&t er g t#ﬁt is distinct fromthe correspondi ng naternal
genonmi &UPEYION 1S g THIEASH G 2 BFOTeR-dP Tt Inirdpeginicharee detertablsrioni c
regi ON t1&OdHAf deS@RsoF P P oMAIRRGT o 3QY @i‘ie{n%E 'inghzﬁg%ea@}? wefl qpﬁ*{e%gastsgzefyhp%rallel
correspondi ng maternal genom c region.
array with the presence of a specific dNTP provides the sequence of the DNA sample.
Statistical analyses are conducted as described in Example 1.
OTHER EMBODIMENTS
Other embodiments of the invention will be apparent to those skilled in the art from a
20 consideration of the specification or practice of the invention disclosed herein. It is intended
that the specification and examples be considered as exemplary only, with the true scope of
the invention being indicated by the following claims.
INCORPORATION OF REFERENCES
All publications and patent documents cited in this application are incorporated by
25 reference in their entirety to the same extent as if the contents of each individual publication

or patent document were incorporated herein.
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24. The nethod of claim 1, wherein the nmethod quantifies nmultiple fetal or
mat ernal genom ¢ regions sinultaneously. WD 2012/012703PCT/ US2011/ 044990
25. The meohor/at708l ai m 1, wherein the nethod further ceopriss@l/oast ep of
first preparing total DNA fromthe nmaternal sanple. 26. The nethod of
claim1l, wherein the nmethod further conprises a step of first preparing

cel | fﬂﬁﬁa%i Qm.t he maternal sanple. 527. The nmethod of claim 1, wherein
the nethod farther conprises a step of first generating nucleic acid
fragmedt s caempreihed ofjidehafiiet diffeomtinthy sapraskbntge ali @ magnalngenomieregwant i fi ed.
28. The net hod  of Cll aim1l, wherei r} the maternal sanple is selected fromthe
group EbMHAAFNH FagplecedPRISIRG HERROL whol e bl ood, pl asma, serum uri ne,

stool, sali YgantFPihd aF@rsh m&t@ﬁﬂ?éé&ﬂii@régiér% }E&%se?@'ﬁf)é BrateERLAAREC Vil l us

sanple culture, amiiotic fluid, amiotic fluid culture, transcervical

| &vage fl ui detesmighingonebitiva abwrleneeaitbofetal 20 marealrgendmmit regioplaacomp@ed wher ei n
the maternal sanple is er,nal .bl oo 0, The nethod of clai.nl, wherein
the nate? FaPSdnr et S OBL SRS e i dhan orata) forogse i@ et hod o

cl ai m &iffarfia8ly RepgrbRnfiatig itahatsARPsLnle, obtained from multiple

15i ndi vi dual s. 2. The method of claim1, wherein the quantifying step

conpri ses awWbREiLdgUerbogatsmapgenogse repien s Moticwfespdnd thag 2neyifeidsi n t he
DNA se ue(glci ng step conprises a high-throughput single nol ecul e sequenci ng
st ep. A The nethod of claim 32, wherein the DNA sequenci ng step

qenpri ges amhy pidlasies RV 1S edieane tiedeRt@Re amdbnt i elidwiBodachwirdpe32,
wherein the DNA sequenci ng step covers greater than 100 genom c
equi vareniesentatign of kb ofrtakseRl alcigicaicid 32 mejgebsaRle DNA sequenci ng step

compr | §es argl %t}%cd of claim 2, wherein the step of determining relative abundance comprises
comparing the quantified amount to the reference amount and further wherein the fetal or
maternal genomic region is identified as differentially represented in the maternal sample if

15 the quantified amount is different than the reference amount with statistical confidence.
4. The method of claim 1, wherein the reference amount is indicative of an
overrepresentation of fetal or maternal nucleic acid in a maternal sample.
5. The method of claim 4, wherein the step of determining relative abundance comprises
comparing the quantified amount to the reference amount and further wherein the fetal or

20 maternal genomic region is identified as overrepresented in the maternal sample if the
quantified amount is substantially the same as or greater than the reference amount with
statistical confidence.
6. The method of claim 1, wherein the reference amount is indicative of an
underrepresentation of fetal or maternal nucleic acid in a maternal sample.

25 7. The method of claim 6, wherein the step of determining relative abundance comprises
comparing the quantified amount to the reference amount and further wherein the fetal or

maternal genomic region is identified as underrepresented in the maternal sample if

the quantified amount is substantially the same as or less than the reference amount with
statistical confidence.

30 8. The method of claim 1, wherein the method quantifies a fetal genomic region.
9. The method of claim 8, wherein the reference amount is indicative of an average

representation of fetal nucleic acid in the maternal sample.
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25| abeling the fetal or maternal genomic region with an optical signal.

37. The nethod of claim 36, wherein the optical signal is selected from

f | uor escew0 2aredyigr03| uni nescent signal. 38. The net hod eCTalsaéimoddo wher ei n
the fluorescent signal is generated by Cyanine-3 and/or Cyani ne-5. 3039. The
met hod of claim 32, wherein the nmethod further conprises a step of

captur g nyl fletho@GrdaRIL GRS #Q rﬁpéﬂaéé RPrdsBoafi® 8¢ fel ni@EGRBRAIIs genom ¢
region onto a solid surfacé prior to thé sequencing step. WO
2012/0&2%@3%CT/U82011/044990 40. The nethod of claim 32, wherein the

gquant i |ng t al. njng indivi dual . sequ ead counts

attri bhlabt 456 GHRG P Gl o PRI AR GO S SR SR ed 5 The ot hod of
claim é&ém\mgﬁwlﬂ A8 netaRAl shiHpRdi £ SHeBinduhk LS fe@ IP4H0YE SheGrefidick Ny t he

i ndi vi dual "sequence read counts attributable to the fetal genom c region to

t he i nahoidual 5sequence read counts attributable to the correspondlng

mat ern ge r The,, et hod, of aiml wherein.

quant i ?éfl ngIIl th@ﬁ%ﬁr‘:[éé%sl E’hglﬁeérbth(gfm%%}df %L}aﬁfhas ?:Ifnﬁ’ epug! epegge rﬁ%on The

net hod19f CirRé Method\WIRl@hN 2t BBe@HARE kéf¥ichet Sh&iht COMBICkSRSoRunSdvergdf
perform ng bridge PCR 1044. The nethod of claim 1, wherein the qguanti fying
step cmmgmm@e@mao%m@@nkﬁnm#@ca@ﬁznﬁgrnﬁﬁﬂmlﬁm&ﬂenucle|c acid nol ecul es

b
using gy ohesy L el et U QRSB Sl b PRIl A ote et

qgantlgx%agggmgp conprises a step of performng array-based conparative
genom ¢ _hybridization (aC&). 1546. The nmet hod of claim 45, wherein the aCGH
step usds plbbesthodaf C@p@dﬁf waelrythbirrw@m@ gehemicgegion by idgatifigdras genoni ¢

region, rreHre[sen?e(gglttﬁ a?ern OIEPO?F E evé,kﬁleorugb&ua&ﬂ%e(ﬁ) gs%?(ﬁ&é ‘a{e%e%e?%%leed Wi th

optlcaV St gha erei optical signal is
select@ﬁoﬁﬁonlfluorescent and/or | um nescent signal. 2049. The net hod of
claimd47, wherein the aCGH step conprises determ ning the | evel of

16.  The method of claim 1, wherein the quantifying step comprisés quantifying a fetal
15 genomic region and the corresponding maternal genomic region.

17.  The method of claim 16, wherein the determining step comprises determining the

relative abundance of the fetal genomic region by comparing the quantified amount of the

fetal genomic region to the quantified amount of the corresponding maternal genomic region.

18.  The method of claim 1, wherein the fetal genomic region is distinctively detectable
20 from the corresponding maternal genomic region.
19.  The method of claim 1, wherein the fetal genomic region comprises a paternally

contributed sequence.
20.  The method of claim 18, wherein the fetal genomic region comprises a sequence
distinct from the corresponding maternal genomic region.

25 21.  The method of claim 20, wherein the fetal genomic region comprises at least one
polymorphic nucleotide distinct from the corresponding maternal genomic region.
22.  The method of claim 18, wherein the fetal genomic region comprises a methylation

pattern that is distinct from the corresponding maternal genomic region.

23.  The method of claim 18, wherein the fetal genomic region comprises copy number
30 variation (CNV) as compared to the corresponding maternal genomic region.
24.  The method of claim 1, wherein the method quantifies multiple fetal or maternal

genomic regions simultaneously.
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signal attributable to the fetal or maternal genom c region. 50. The
nmet hod of claim 1, wherein the statistical confidence is determ ned by
N-way ANOWO20f7uemat t-test, or Fisher's exact test. 5PCT/Hiseoumwidvod of
claiml1, wherein nmultiple testing corrections are perforned on the
25statistical confidence. 52. The nmethod of claim1, wherein the nmethod
furthepsco i 71-ni 3 I K et al
genom &1 egl B o R B B ay et RS e 0! Ay bttt
conpr i ged [R¥ATerm tig thiternabeamplé.i ed di fferentially represented fetal or

mat ernal gepnom c region.across different 30individuals. 54..The nethod of
Clat m 25 WnAPEr R ABidd PerhiE Teapish ROBET SARATIA £ A5 ChE QERETRY ed
differ@a}ﬁggbxqugﬁﬁﬁgﬁﬁﬁghaggﬁgmpr mat ernal genomi c region by digital PCR
or re-sequencing. WO 2012/012703PCT/ US2011/ 044990 55. A nethod of

nén-i n2asi v&hdinmgndsifslaionpmibsienythe nstteql tithehemawises o slepngf &rst
overrepresent ed fetaL genonic region gﬁﬁntlfied usi ng the nethoq)clain11.
56. A BeteRitedrcledeatid HoeRgE seraPrigan tiv et ‘érgrfl?)tﬁgqak% It P Epr esent ed
in a naﬁﬁﬁ@@g‘sanple, conprising steps of 5characterizing a fetal genomc

regi on and correspondi ng maternal genomc region in a maternal sanple;
det er n28i ngThehathodefakimdamderenf themeatérapldampbnisselecteé fioonthagrawnpar ed to

t he correspondi.n t er nal om ¢ _region; and o ifying the
fotal  GURGHRE of Bglonut uruf PORTSefbeactiin BREe minobmir AR "Phe
30r el a&}ﬁdfﬁm@ebund@%@pl@,%@fimiaquds%ala?@@uarepmnmteﬂum, aga@idtirfasdol d wi th
statistical confidence, wherein the fetal genonic region is not an

aneupl oiltiire, trasgeasvical lavage Auithrndgowbinpdenstthergeing mat er nal genoni ¢ regi ons
nor mal .12¥ un%ﬁer: elloa® rcl:}a?rgl ZISPW%er%?r}t%E rr]nagter%glrggrln%le S AR LA S St eps of

30.  The method of claim 1, wherein the maternal sample is obtained from one individual.
31.  The method of claim 1, wherein the maternal sample is obtained from multiple

15 individuals.
32.  The method of claim 1, wherein the quantifying step comprises a DNA sequencing
step.

33.  The method of claim 32, wherein the DNA sequencing step comprises a high-
throughput single molecule sequencing step.

20 34.  The method of claim 32, wherein the DNA sequencing step comprises an unbiased
DNA sequencing step.
35.  The method claim 32, wherein the DNA sequencing step covers greater than 100
genomic equivalence.
36.  The method of claim 32, wherein the DNA sequencing step comprises a step of

25 labeling the fetal or maternal genomic region with an optical signal.
37.  The method of claim 36, wherein the optical signal is selected from fluorescent and/or
luminescent signal.
38.  The method of claim 37, wherein the fluorescent signal is generated by Cyanine-3
and/or Cyanine-5.

30 39.  The method of claim 32, wherein the method further comprises a step of capturing
nucleic acid molecules comprising the fetal or maternal genomic region onto a solid surface

prior to the sequencing step.
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characterizing a maternal genom c region and corresponding fetal genom c
region in a 15maternal sanpl e; determ ning rel ati ve abundance of the
mat er nal weromm2megi on as conpared to the correspondi ngciratsadi1gesvooi c
region; and identifying the maternal genom c region as underrepresented in
the maternal sanple if the relative abundance determ ned is bel ow a
pre-deygr m fad f QYRS ot AnsSlef ths gh&ﬁifyi%g%ﬂfcb RS& obMIRNE kit dgal
corresponding tetal genomc region Is not” an aneuploidic regron. 58.

met hodsafuenatantd fouinmptfriutablegerionfetl e giatmsal igeneraicirygioner r epresented in a
mat ernal sappl e, .comprising steps of characteri zi a fetal genomc region
in a nfitern e§§ﬂﬁﬁé§CEnn4%fw m%HHBEQP@Fﬁwﬁgﬁ@pﬁtgg?ﬁ9gmgﬁﬁﬁ%§ﬁ@8n%f t he
fetal gRNOM,GIULPIL B SRUINAL GHribRaRle 20 IRIBRLAGRMI@RGion to the indBAdA] Yi Ng
the fetal genomc region as overrepresented in the maternal sanmple if the
r él at i veualngrdahcenteiteibniabiedoitse edyegporaling magotad geronad regiereshol d with
statistical confidence, .wherein.the fetal.genomc region is.not an

aneupl 6tdi cTﬁ%&eg’ﬁ’% O%gbi.lm h& et Thod qB?ntg{JVH'%ﬁ]te@SQOHWﬁ]é%eﬁ %el? ﬂ@?iﬂ*@?%ce i's

i ndi cafijoug mfran average 30representation of fetal nucleic acid in a
mat er nal” sanple. 60. A nethod of identifying nmaternal genom c regions

nor mal #¥. undike meprodsdetai 1i, wharemrathe quatifsmgsiep, coowmsed sstegospafosmars
charaﬁberi 'ﬁg a maternal genomc region in a maternal sanple;

deter H?%%P | ati ve abundance of the nmaternal genom c region as conpared
t1g a refer engemetdd Jréemhilf Whegit ihe qUBk e el stepeidaiprided £ELOBS Rbridizing
underrepresented in the maternal sanple if the rel ati ve abundance
det er mindéddiad nbelkiswecid pelecues esing proties labelsthwith nanerapeteas that spegifically

5confi§e e wherein the maternal genom c regi on does not correspond
to an _ﬁ@ﬁ%ﬂg?ﬁP£°?@§$8ﬁ#g%fmwﬁg%ﬁ%fhod of claim60, wherein the reference
i's indysati VRe afetidd cA¢RIAIE wWheRieHhe HuaktiBihgtlep@ngiiRed a st bEpafoagiink i N a
mat er nal sanpl e. ) . o

array-based comparative genomic hybridization (aCGH).
15 46.  The method of claim 45, wherein the aCGH step uses probes that specifically bind to

the fetal or maternal genomic region.

47.  The method of claim 46, wherein the probes are labeled with optical signal.

48.  The method of claim 47, wherein the optical signal is selected from fluorescent and/or

luminescent signal.
20 49.  The method of claim 47, wherein the aCGH step comprises determining the level of

signal attributable to the fetal or maternal genomic region.

50.  The method of claim 1, wherein the statistical confidence is determined by N-way

ANOVA, Student t-test, or Fisher’s exact test.

51.  The method of claim 1, wherein multiple testing corrections are performed on the
25 statistical confidence.
52.  The method of claim 1, wherein the method further comprises determining an

overrepresentation factor of the fetal genomic region.
53.  The method of claim 1, wherein the method further comprises comparing the
identified differentially represented fetal or maternal genomic region across different

30 individuals.
54.  The method of claim 1, wherein the method further comprises validating the
identified differentially represented fetal or maternal genomic region by digital PCR or re-

sequencing.
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55. A method of non-invasive diagnosis comprising a step of characterizing an
overrepresented fetal genomic region identified using the method claim 1.
56. A method of identifying fetal genomic regions normally overrepresented in a maternal
sample, comprising steps of

characterizing a fetal genomic region and corresponding maternal genomic region in a
maternal sample;

determining relative abundance of the fetal genomic region as compared to the
corresponding maternal genomic region; and

identifying the fetal genomic region as overrepresented in the maternal sample if the
relative abundance determined is above a pre-determined threshold with statistical
confidence, wherein the fetal genomic region is not an aneuploidic region.
57. A method of identifying maternal genomic regions normally underrepresented in a
maternal sample, comprising steps of

characterizing a maternal genomic region and corresponding fetal genomic region in a
maternal sample;

determining relative abundance of the maternal genomic region as compared to the
corresponding fetal genomic region; and

identifying the maternal genomic region as underrepresented in the maternal sample if
the relative abundance determined is below a pre-determined threshold with statistical
confidence, wherein the corresponding fetal genomic region is not an aneuploidic region.
58. A method of identifying fetal genomic regions normally overrepresented in a maternal
sample, comprising steps of

characterizing a fetal genomic region in a maternal sample;

determining relative abundance of the fetal genomic region as compared to a
reference; and

identifying the fetal genomic region as overrepresented in the maternal sample if the
relative abundance determined is above a pre-determined threshold with statistical
confidence, wherein the fetal genomic region is not an aneuploidic region.
59.  The method of claim 58, wherein the reference is indicative of an average
representation of fetal nucleic acid in a maternal sample.
60. A method of identifying maternal genomic regions normally underrepresented in a
maternal sample, comprising steps of

characterizing a maternal genomic region in a maternal sample;
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determining relative abundance of the maternal genomic region as compared to a
reference; and

identifying the maternal genomic region as underrepresented in the maternal sample if
the relative abundance determined is below a pre-determined threshold with statistical
confidence,

wherein the maternal genomic region does not correspond to an aneuploidic region.
61.  The method of claim 60, wherein the reference is indicative of an average

representation of maternal nucleic acid in a maternal sample.
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