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FIELD OF THE INVENTION
[0003] This invention generally relates to the diagnostic testing of fetal chromosomal
15  aneuploidy by determining imbalances between different nucleic acid sequences, and more
particularly to the identification of trisomy 21 (Down syndrome) and other chromosomal

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

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

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

[06005] Conventional prenatal diagnostic methods of a fetal chromosomal aneuploidy, e.g.,
trisomy 21, involve the sampling of fetal materials by invasive procedures such as

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

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

influenced by gestational age.
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20 [0008] Dhallan et al (Dhallan, R, et al. 2007, supra Dhallan, R, ef al. 2007 Lancei 369,
474-481) described an alternative strategy of enriching the proportion of circulating fetal
DNA by adding formaldehyde to maternal plasma. The proportion of chromosome 21
sequences contributed by the fetus in maternal plasma was determined by assessing the ratio
of paternally-inherited fetal-specific alleles to non-fetal-specific alleles for single nucleotide

25  polymorphisms (SNPs) on chromosome 21, SNP ratios were similarly computed for a
referetice chromosome An imbalance of fetal chromosome 21 was then inferred by detecting
a sta‘ustzcally significant difference between the SNP ratios for chromosome 21 and those of
the reference chromosome, where significant is defined using a fixed p-value of < 0.05. To
ensure high population coverage, more than 500 SNPs were targeted per chromosome.

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

mother wouid be informative for a different number of SNPs for each chromosome, the
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[0011] Clinically, it has been shown to be useful for the detection of loss of heterozygosity
(LOH) in tumor DNA samples (Zhou, W. et al. 2002 Lancet 359, 219-225). For the analysis
of digital PCR results, sequential probability ratio testing (SPRT) has been adopted by

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

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

[0012] TIn methods used in the previous studies, the amount of data collected from the

digital PCR is quite low. Thus, the accuracy can be compromised due to the small number of
data points and typical statistical fluctuations.
30 [0013] itis therefore desirable that noninvasive tests have high sensitivity and specificity {o

minimize false negatives and false positives, respectively. However, fetal DNA is present in

low absolute concentration and represent a minor portion of all DNA sequences in maternal
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from sequénces identified as aligned Yo one’or more of the second chromosomes;
determining a parameter from the first amount and the second amount, wherein the

parameter represents a relative amount between the first and second amounts; comparing

the parameter to one or more cutoff values, wherein the one or more cutoff values are

derived from a normal value for the relative amount between the first and second

amounts; and based on the comparison, determining a classification of whether a fetal
chromosomal aneuploidy exists for the first chromosome.
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sequencing, a first anmpount of a first chronosone is determ ned from




PCT/C5 2C10 / 0 0 2 5 3 0 W 2009/ 013496PCT/ GB2008/ 002530 [0024] FIG 3B
shows a correl ati gn bet ween ter na}éﬁ{£| asma_ fracti,onal . fetal

concentlp%ﬂ onBCHEEEE 17 AR SHM A STURAAMER 3 bralpeisd SaBRLS 1565y
m cr of Iy ehags feﬁ!mge tiglanHGRIAGRL Qé@cbrﬁﬂ at@e@ﬂazemia@mstmaf aOfetal hﬁrdhﬁ(ﬁ;ﬁﬁial

t 02 4A of f
a1 gned S| L PIos Gh seREaRE ARt Bt gk AR b ot RENETGR Phe
pr esentfefan\DEA i mnthe[lﬁ%éica]:b&pléﬁs sidewsfied. pliohumberdNf 68 rsethBECe(s"té) bé n
Eupl of dOAEH BRGRAN PrcHS Raacy BOBA ATt S D eteebEr of S8 BEt ween
](ctlegr fae thé nalac acidpidsaiMsadontitnedrin ey woibgaksaibl s aquanioedy amphendvd. f r act i onal

eta entratlons i;n I ' fet
ccor di g io eI cib R e mor FrE e R iR, S Erob OB chove
tabl e afetamfroxdt from sﬁquhmmandgeﬁwdeast heiginatisg dmal yixe dirdcdoedpsegna o “an
embod! MEMnd kbl BF GRETE Al@ﬁée%brgc? chidhtos 8RO ig Od%efﬁg%geﬂgﬁt aaptel rom &

pregnancy 1 nvolving a a table of
a nunbedemnsified eyuetrtmging dopm rCelG afdhel |S¢<f0élﬂ et ¢ra@@1@a pl Aipgransiieroir rth% ony 21

fet usesﬁl@tc g@g%tn&dt feaRcSPLIRN @ty tcgﬁ"xﬁglreﬁst%rﬁne' SV EREL Qo B3R FIG 8A

shows top ten starting positio sequenced tags allgned to
chr onosﬁmzéd 21 %@@@Wﬂ@m ) @%S@%@@a 9 rthegrer tah‘@tqéﬂémﬂsom%éﬁﬂp&i [ 0031]

FI'G 8B, Shong e AR BrddloshBR it @BteihAfelll MheRSddm @ eRéing %ﬂ%@iﬂ@é@guélﬁgs

aligned to chronosone 22 accordi ng to an enbod of the ent

i nvent i BEIMEE0bs 2moppice! gerghigvigformpfipe kh Bélcé.’t} éﬁ ferypd &p ea Rittnput er

appar at 4gouss dp fgaMhiidieis u8ide M et Hog sisCipdiation tio acttblodicabainsplof the
present invention. FI NI TI 0033% The term "bi ol ogi cal sanple” as used
her ei n §OBtAHEE Pigt ‘H’ﬁi €1 &E1¢%hken from a subject (e.g., a human,

such asjpa1gr eg&watemmmﬂ&m@rmle ChRCRAN® eNgerts allBr @nnutdretadade tnedia

25l ecalélsc?cgatztd Wlthlnglc;[ﬂ?ord% described herein.
[0019a] According to a third aspect, there is provided a system for performing prenatal
diagnosis of a fetal chromosomal aneuploidy in a biological sample of a female subject
pregnant with a fetus, wherein the biological sample includes nucleic acid molecules
from the female subject and from the fetus, the system comprising: an input for receiving
data from a sequencing of a portion of the nucleic acid molecules contained in the
biological sample of the pregnant female subject, wherein the biological sample includes
nucleic acid molecules from the female subject and from the fetus; and a computer
system configured to perform any of the methods as defined above.
[0019b] According to a fourth aspect, there is provided a computer program product
comprising a computer readable medium encoded with a plurality of instructions for
controlling a computing system to perform an operation for performing prenatal
diagnosis of a fetal chromosomal aneuploidy in a biological sample of a female subject
pregnant with a fetus, wherein the biological sample includes nucleic acid molecules, the

operation comprising the steps of any of the methods as defined above.



[0034] The term "nucl eic acid" or "polynucleotide" refers to a

deoxyri bonucleic acid (DNA) or ribonucleic acid (RNA) and a polyner thereof
in ei t HEP2W; nd) eettep pndsipndiog of drdeiurcinmh adyaniass Qpibeirreseal ¢iyclPsWEt ed, the
term er}g%np@géaﬁéd RuE rSefendCiodfic EARLAH DA NQUBANR LAIhOhcBRpYHAAhg _
nucl eoti des that have simlar binding properties as the reference nucleic
WO 2009789 5®86 PCT/ GB2008/ 002530 acid and are metabolized in a manner

simlar to naturally BR¢EF DESTCRIPTI@OIESE MASISIGH herwi se i ndi cated, a
partic nu ic.acid sequence also jimplicitly.enconpasses consgrvatively
o £ 1 d0obr | Bl iheriurngh ob s mabgLAby RSt RSReT QERBiG) OF Al el oo,
ort IhO| ofgtul c&“dﬁsod soﬂ;ﬁg a@@@pﬁ@ylfﬁilh &:ic)lo@iegluﬁmp@@ oaﬁin\t\&g}onaa %h@@ewee )
explicit i ndi cated. 5Specifica ,._degener at e codon substitutions may be
achievéﬁ&§§{ﬁ@ﬂgﬁgiPﬁﬁ‘?ﬁﬁ@gﬂgggfh%fﬁﬁﬁ%ﬁny "®hird position of one or nore
sel ect g80f2r BIG.)?2 coddivs/chat stihshithod 00 dibt perfirmék: passtahidiorsidedxyi nosi ne

351 or o LhBn opbhLssrisbtie: Fibaftih SriFRsod dplithend 4 hingihagte, =t =

Probes tBe 9es@8 i§d@84).). The termnucleic acid is used interchangeably with

R R R S S

| ocus. ipo03&maTipdasmenyamplese meolvie fissortye b egraaptoid ffetmpga dagorsinget anm

produciggmﬁﬁQQ&ngﬁggggmgng& ionl t May include regions preceding and
followng the co ingbreglon ﬁweader and trailer) as well as intervening
sequences (introns) between individual coding segnents (exons). 15[0036]
The term "reaction” as used herein refers to any process involving a

chem cal, enzymatic, or physical action that is indicative of the presence
or absence of a particul ar polynucl eoti de sequence of interest. An exanple
of a "reaction” is an anplification reaction such as a polynerase chain
reaction (PCR). Another exanple of a "reaction"” is a sequencing reaction,
either by synthesis or by ligation. An "informative reaction” is one that

i ndi cates 20 the presence of one or nore particul ar pol ynucl eoti de sequence
of interest, and in one case where only one sequence of interest is

present. The term"well" as used herein refers to a reaction at a
predeterm ned |l ocation within a confined structure, e.g., a well-shaped
vial, cell, or chanmber in a PCR array. [0037] The term"clinically relevant

nucl ei ¢ acid sequence" as used herein can refer to a

Sa



25 pol ynucl eoti de sequence corresponding to aFsbgrientiiot Nk Ry Gel genomjc
sequence whose potential inbalance is being tested or to the | arger gengm c
sequence i V9PPO1Efe exanple is the sequence of chr oRbES6FRY840258y her
exanpl es i nclude chronosone 18, 13, X and Y. .Yet her, anpl es incl ude
nut at @24je G B shwys eneBdation bFERS ‘?1§SIB%IP€FI§B‘? [grﬁ'%gmrrsgtf%f% %%%y number
variatjons that.a felus fRyvdnhedie shiommgasl oidiotdrs digithlifERpar ent s. - Yet
ot her “eXanples 1 nclude 30 sequences which are nutated, deleted, or

anpl i hécedirgrio an eraliddimesh el theprpnt IBVgH%% equences in which | oss of

het er ozygosity or gene duplication occur. Ip.sone enbodinents, multiple
clini qubEy Fid. duahiwsnmotell pereruiage ERHHERLEY ?p%ﬂgn%iqsﬁ‘i’u\gg?egﬂﬁy mul tiple makFr S
of .the clinically. i2 3 .0b3Rds 220613496 PCT/ G B2008/ 002530 |
rePevzﬁ]f‘Ff’mﬁi?g}eea’lc%&é%% ?agleequerice, cag\%e used to provide data for detecting

t he ;3@2‘@”%1% égﬁﬁ%‘{éﬁi}ég@?ﬁﬁf&éﬂ&gggE@ﬁ@rcfleinﬁé@e RERsp@IsEsut i ve sequences on

chro In an itive fashion_for,the determ nation of
possi bh@moknartesweathe 2dsomyia cass ed cuplR®eas AN ué‘f“ng t he need of sanple
volunme to 1/5. 5[0038] The term "background nucl eic .acid se téence" as used
her ei Mogef eFEG. Sehawnuahelagombsitdees degiea i@V RO B HE el HEPPE ™o t he
clinically rel evant.n ' id 8id Satki@Wksmb Qivolvingt ance a 1-to-1
rati o.2lASAUGHFES wg“ﬁ%ﬁ‘%’%g%ﬁ?ﬁeq%?%g?%g%@%m ei c ac?ﬂéhssequence and the

cl jgni cakdmy Tattessanteonting tei cmidgnane i Feh RSB BV PWS - al | el es from the sane
chronosone that are distinct due to heterozygosity. Irglano.her exanpl e, the
backgr@esy 1G] @inewas tallea€ g nerticrof umup generg i es PRlFed AR EE P ozy gous to
another allele that is th i N elng i @siaifact i £pregiatktysequence.

Nor eov&rembe ﬁ’émd%%?é’&??e%f%eﬁée&ngg%ﬁ%b%ﬁ%d nucl ei ¢ acid I;equence and the

cli ni cakdying elrBwantl fitisl ei ¢ aci d sequence nmay conme fromdifferent

i ndi viduals. [0039] The term"reference nucleic acid _seggﬁniée" as used

her ei ngyefjergGt Psiawsd edbid «f aainter9€ spqeenses oS T ey @ cB®Ent r at i on per

reaction is kn or equi,val ent BASHPESR plaen@aemiad. [ 0040] The term
" o&%rr@ﬁ?@%@%%ﬂﬁ\%? ] %rdlangit%%ségabﬁencg" as ptjjsed herein refers to the

nucl ei ¢ aci d_sequence no. t ; Sl o olinically
rel evaﬂ}ﬁ?@eqﬂg}n% shOYE agargg%%qg W2 &gﬁ&s{gg&sﬁ&nQB’f deiMeBcB%dgs b16andd to

r oun uence) that is in nore abundance than
t he ot BgEmSeaKkeNaeotdingtoah ehbgirgelt ofhaplegent nvention.

[0031] FIG. 8B shows atable of top ten starting positions of sequenced tags aligned to

chromosome 22 according to an embodiment of the present invention.

20 [0032] FIG.9showsa block diagram of an exemplary computer apparatus usable with

system and methods according to embodiments of the present invention.

DEFINITIONS

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

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

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

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



20[0041] The term "based on" as used herein neahs *basdd At Peasts fin parg
on" and refers to one value (or result) being used in the determ nation pf
anot her vawW@etis®iids as occurs in the rel ationship of PARGEAWEPNZEL a net hod
and the output of that nethod. The term "derijve" 2s. us lerein also refprs
to t hecid eddaié mestilipeddh aannney perilao TAUFRYY REYTHRA LAY Ut PUT" of that met hol,
such as_occurs whe 10N DRqieBed A imdliaty afcbapasah a f or nul a.
25[ 004297 " 1@%%%%ntalgt At ve data as used herein "ﬁlafés data that are
obt ai pededatomiyomelifed vamnnes thaseat (4 HrSSeNRES 19461 HPTHPESIHESr more nuneri cpl
val ues., For | ks Meldiss iatgshewxgidilyiodiesdent marker for
a par toft%%?gﬁrﬁi%g}égﬁgrgb@\gﬁ@%?uaua%ti tative_ data. ,L0043 Tri]éa term

" par aispioiiichilp degenedie hedoaisnbsHBEAR raAY PG REHTELPY FETERE AL EHAT act eri zes a

uantitaliyve, dafa, i 68 colidls & dubsimhédowilahine®n quantitati Ve
q Ci]thﬁ:fglﬁf@%%lhgggi&%fgg{r Hore%e@é&@@g'r?(g@fcan s dow q

data St aratio function of rat.i tween a fifst
amounthaefand/of deostinasine residee BpiderLbefy Elé“’éﬁﬂ} %S'ggégﬁg(lg%uﬁ%ts%g a second

nucl ei gl | 509 AL ASTEIRIMR ossol MR 2009410084 BEIRGTYIGE2008/ 002530
[0044]6?‘1122 Igglrs%%%gt&g% “val ug'[ ia?; us%g her ei n NE)%Q? unerjcal val ue whose
val ue (1994)s @dle teon andbiit aeid 1§ VErEiHRERAERBIYOT RSP © e.g. diseased and
noy. di sease A58 IS a0t ONPikilint@addin® ROWI, 6@ sheaimpiptn RRS6r exanple, if a
pa ar’ré}og?()%lmg)%\%atﬁ%r thar(l thej%cut off value, a first classification of the
quant i sENA)endaledby sgemadelops: g. di seased state); or if the paraneter is

| ess 5than the cutoff value, a different cgagsi fi(ﬁlaii on Lofeﬁ%gle guantitative
dat a i [©03TdEhE erg gamehmeins dsegpast ot YA IPOTAS " PFREYRF YT

al ance" as used
her ei n neans .90 §.d ?égédi&e%h%ﬂgw{hgaﬁedﬂfﬂgm@otﬂ%a&&aﬂl@mlﬁ)one cut of f
val ue Glhﬁmaﬂq%%m{rih?dﬁg% tsﬁ)e clinically, r,e!,écfv nt. nucl ei ¢ acid sequence from a
r ef er encellgs antrydning sEoencs GRS, beprren ndivauahioding SERRPE“CBi1 d be a ratio of
3/'5, and thus an 10i nbal ance woul d occur if the nFasur%d r qti ois 1:1.

15 [0036] The term "reaction” as used herein refers to any process mvolving a CnemiCal,

enzymatic, or physical action that is indicative of the presence or absence of a particular
polynucleotide sequence of interest. An example of a "reaction” is an amplification reaction
such as a polymerase chain reaction (PCR). Another example of a "reaction" is a sequencing
reaction, either by synthesis or by ligation. An "informative reaction” is one that indicates
20  the presence of one or more particular polynucleatide sequence of Interest, and in one case
where only one sequence of interest is present. The term "well" as used herein refers to a
reaction at a predetermined location within a confined structure, .g., a well-shaped vial, cell,

or chamber in a PCR array.

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

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

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

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



[0046] The term "chronosonal aneuploi dy" as used-her.ein; peans’ g vayiatio
in the quantitative amount of a chronpsonme fromthaf of a diploid genone
The vari at wortoimaysése a gain or a loss. It may invol v@CTissB24pel2&300f one
chronosone or a region of a chronosone. [0047] The term "raidom sequenci pg"
as USedevagheblbic kel sfgerce, e briend forpgoidredaiyr derstinghe medre 485 d fragnent
sequenced have_not. been specifi b oantd dosd 20kantRRgRtiesh bef ore the
sequeHBSIERE- LYY V%?Oné%’ageé:(r&l%‘fee-sgcg%%%??c priners to tar %et. é?eci fic gene
| oci  aR@HRGhshicagetthedkieretipodipessife dhrmpaspralgd igealasg FEHEYH vary from
sample to s I nd even fr nalysis to analysis for the sane sanple.
The i d@h"?‘iﬂ@&‘ggeegfﬁfar?ﬁ%‘é%ﬁ%%%eméﬁnucl eic acids are only revealed fromthe
sequenci ng out put geperated., In so DAd BRtS: Rfrd B nRi@se | nventi of,
thg' 260‘}3§ﬁdghﬁ‘§%&é’ ?fﬁ*dﬁgf/”ﬁgc%?'%?gﬁgbd&% procedures to enrich a

bi ol ogigahceSAHIR Rrméltritiopa tie otitikally rployot wclenrnsidorausure ik ™EdPY ol ecul es

sharing certain cq n feature I LB eRaei®d the fragment$
in t hed¥ngs bhich aﬂ‘g'g%‘b%e %ﬁ\?@l“';ﬂﬁe %%E@?‘E‘S%ggg%ial i tfu?)f bei ng sequenced.
[ 0048] jifhgiytraEmnt fuchd dchhseqientdree tromiipleyors hesaine ChrpBPREHEHFE® t he human

genone” as 25 used herein refer 855, g]@&nag@c@@-@&ia&qﬁﬁb@beoti de
sequerB&Etde PHECHRTRER er]lﬁloarl%%ﬁ?/\r/rs?lx%ﬁpl%qrrp?i ses of some 3 bi l"il!i on basepai rs
of jNUCiRatdidstis haterbhygorsan tiaxiter elffclsbejiete Plinjcally rolyvaptapeleif 8¢ ess than 1-fol d
coverage of the nucl eotide .s uhl phdi8c M RYuGeNABRe The term may be
expr esSaYnes OIﬁogF%é?{?%%éaa%l}%g%?kﬁ% number of nucl eot i des/ basepairs. As
an exagmlcgioklicusenuddieadesequamaymipecansdeprt Gfeepidpdiyigidite actual anount of
sequenci ng performed. 30 Enbodi nents may determine the required m ninmal
val ue fopsejt hime segURBRte I det ngid sagbertcllcas hrsatehsr e B £ 8U9BE i an accurate
di agnosi s. As_anot her exanpl.e of : S TRy enily WR 12609/ 013496

PCT/ @%WF@W%%@VH%F%?C&%w%Beré%t%)ﬁerﬁlgo se(;ilrigtlénceBc]ii data used for derivi ng
a p&rapgeisareaor anount for disease classification. [0049] The term
"sequenced tag" as used herein refers to string of nucleotides sequenced
from apgsparthe@malbober@pr@emuthelet aaidiseumpleb ey iised hamip rekaitiie, a sequenced
tag may be a _short 5string of nuc I eqEReRGfl QMaaudbel eic acid

f r agne Recleigackhsiensd 790 t‘g? SHE ceegog?%éergﬁgefgs" Bfrelcl MR

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

sample.

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

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

25 [00642] The term "quantitative data" as used herein means data that are obtained from one
or more reactions and that provide one or more numerical values. For example, the number

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

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

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



both ends of a nucleic acid fragnent, or the seaﬁw g%sﬁa{f Ut%g eetfre

nucl eic acid fragnment that exists in the biological sanple. A nucleic acgd
fragment i WOo2MpOpEt of a | arger nucleic acid nol eculPETCGR2OPEGMENt (e. g.§a
gene) may exist separately (i.e. not connected) to@s%ge ot her parts of th

[ ar genooadr| Bhaeacicdofoliee dsased PORETAAPEIRCSER BT HPTF0050 1 odi nents bf
this invent] [ oyl tDOMSe o SWSd8I B nBAdisBRpDIAL IS floafondeter mi ni ng
whet héf & Waﬁe%gtyge t‘emgf?mggcsrtghgageeg(di;eased statez §f ac iQi cal l y-rel evan
chr onusasgidal saegleo Romxbspis, if o nparae iy greater -t t4fe. This

determ nation b US51dRG @ dRAAIRLS! oaf tha PuaimBerit lof a

clini %?‘%aP%c@én%ug%ﬁ%g%ﬁ%iﬁ _rgegi?on in 1_5?e| ation to other

NOrs- ¢ | thamitheadutofE vabie grdifierenttehosTibet oot thecpiive BaR KyPHSAYE T egi ons) wi t hi n f
bi ol o%i@cgl sa&qialltes. Nucl ei ¢ acid nol ecul es of the biological sanple are
sequenP&§® Ltic hat a fraction of the genone is sequenced, and the anmouft
may be determ ned.fromres i R s SEANENEERDdeviAtn & deMBddycut of f val ies
are chg’é’gﬂ f ?teH%tlgﬁPﬁlQﬁ?enay&vﬁ%g%ﬁ%?% ch%ggﬂconpar_ed to a_reference

quant i & Yea@shsdsof( ¥alie.in anuantityalf fecliyically selevaRiannsler 2ol SeHPEJEPHS to the 20
ratio of amount tywo ghr | B QU HeQlrathRIfS/Qnd G @NS) . [ 0051]
The ch‘&ﬁ&@cetféjf’“é%%gg rieﬁar?ﬁ%trggig%g%cqg q%‘anti ty may be any deviation (upwafds
or jglowmwakaks Jwosid cede ifited medsod ofioisiel.cl i ni cal | y-rel evant nucleic acid
sequence to the other nonclinically-rel evant sequences. Thus, the reference
stat e [peys]berramymatromonmabistraploidyiamvicd et pLanHt Fartehigey 1-1 |

correspondence), an meas Y i by ng T ohiadigemtEb be any 25
ratio 61fan6t@tﬁ6:ra;rﬁw§ﬁ? a ?hioxin so#{eglfé)fr?%&to?a QY dedbih mAPYe

a rs fromthe referen eng);sjantity as

det er M6k dlysst lamapineoloe theprbelewf brsfohromepERSOT a[f%@'?‘]’faﬂ%@ i-cally rel evant
chronmosomal region (also called a clinically relevant nuclejc acid
sequengm)7janthetihie ‘baekgrsepuacingics wicd heyein teferd (LASARBCIRA I froma first

e e G S B e R o P A ental. col 1§ are
Pr esentedushcig oot Sajuesarpbafic sk toargeh snsPiRg gesi logd ﬁﬁ,mmﬁ"ﬁ’ﬁd'c ontains a
288 S? B %ggg@?w@é% /Sg%’%%lé Qfal"fe’%logx s 9 GhEpILhl Htdmahafykiorm WO
gnalysis for the same sample. The identities of the sequenced nucleic acids are only revealed
from the sequencing output generated. In some embodiments of the present invention, the
20 random sequencing may be preceded by procedures to enrich a biological sample with
particular populations of nucleic acid molecules sharing certain common features. In one

embodiment, each of the fragments in the biological sample have an equal probability of

being sequenced.

[0048] The term “fraction of the human genome” or “portion of the human genome” as

25  used herein refers to less than 100% of the nucleotide sequences in the human genome which
comprises of some 3 billion basepairs of nucleotides. In the context of sequencing, it refers to
less than 1-fold coverage of the nucleotide sequences in the human genome. The term may be
expressed as a percentage or absolute number of nucleotides/basepairs. As an example of
use, the term may be used to refer to the actual amount of sequencing performed.

30  Embodiments may determine the required minimal value for the sequenced fraction of the

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



) g M2 53
maternal cells. In one enbodi ment, the cutoff va{\“dé"i"s" i erm nﬂd l?ased t
| east in part on a percentage of the first type of cells in a biological
sanpl e. NoWe 2Mé13%r cent age of fetal sequences in a TARHBEKEIHe
determ ned by any fetal-derived loci and not |imted to(g%asurl ng the
cl i ni gebdty the@mentant sequen e dotaawstdfos degiiyi 6 S3AmPHT AFSOHE OB nent, t he
cutof f 5vfal ue is determned at least in part on the percentage of tunor
sequeﬁl?esé 1210 pi ol ogl cal sanple, such as plasma, serum saliva or urine
whi ch contains a pa | CreR6d Gri agcggem@eﬁ@d fromthe
non- ndi"?“ahaﬁ%m&’éwgq‘(ﬁﬁ e tﬁgseg%feﬁr&? GENERAL METHOD E 053] FIG 1 {s
a flow?,%;yp@zftoﬁallrm’hln@dezd@ﬂd frmkecwerﬁslﬁmm?ée ﬁrs‘eﬁs‘tcé‘lﬁa&n}%ﬁﬁ ot a fetal
10chr onpsonal upl oi @-]gémél@rmh&tg{qﬁ imadediidesata pregnant
f ertal e"’“%@j‘f%‘t‘f’feoﬁ%éé?qﬁf dtrgmgiﬁlgggcgglﬂrrent of the prggi‘en% i nventi on. [0054]
In st %tlﬂéh@s ofay nlabiabeg& ﬁagmem.mpﬂe seqt@mntgﬁéﬂﬁreé’ijfﬁéﬁﬁlelﬁ EHAFBETY r ecei ved. The
bi ol ogi cal a bif Bagr Bl 4T @@yargetrlﬁeﬂmsw tabl e
sanpl ethat?ﬁ‘éts ”ﬁﬁl&“’%‘ ar‘%tsaér? § %uc ieellyc SChE ol ecul es r’SlL} ﬂg tus and t he
pr egnagtd haemlee A Famennagpd gne)hay kBt m@rfﬁé}wél %EPWOW@@ p
fragnents om chro fO55] In step 120, at least a portlon of a
pl uralli’ ’{)t;‘ {;}?5 Igoeaimg%%g? nmol ecul es contained in the biological sanple
are sequenced The portion sequenced re resents a fraction of the human
genpne. | n one enbodi nent DERELARAISE@IBECY nol ecul es are fragnments of
respective chronosonmes. One end (e.g. 35 base ai r% (papﬁ*)s both ends, or the
ent i re{ﬁhﬁ(ﬂgrmﬂiodmtméthiﬁonwaweﬁé@ée mﬂfﬂ‘l’dso’ﬁ’“? ol ¥ d nolecules in
the sanpl e.nay b £y dffead §rgea§edssbhltb§6faa&ycaber£®qmtenced Thi s subset
may be ?fﬁ’(% %"}hec eg%gﬁ&@%s f/vl ¢ beg descri bed Joor e ,g.et %Ia| hé ater. [0056]
In onecienﬂaﬁndmabnglpnwm@s @@Q’B@ﬁé‘i hEPIrsFA S h’tj FESEP8Y yhar al | el

sequen §ﬁﬂéﬂ§{lﬁm @levaliclroms omategmm evabl e on the
PFey %OE%S@%%{&%&M 5005 1

U

454 pl i Mar gul i es, t al ture 76- 380) ,
|1 g Matﬁenmrbsrmﬂm V(¥ f%’r“ﬁ{b g?@%’ggﬁﬁ“’wst ema?AppI i ed

Bi osyst e e Tl _&m@@ 1Mot sdntpte Dbeqsegeds mehiigt t echnol ogy
(Harri GEI% afam%;l@ %%h%@?glnce e320 1%2@109 theeéh&%re Jilragul e,

r eal - t iarfeciBMRIF gynomechirarses &1d paEpynems BEIBREES nanopor e

sequenc ngnc( %Or(‘jne MMn e dudBlhRes a%cl%@@ﬂfoﬁﬂefbrﬁ&ﬁf@vﬁﬁtheﬂzggﬁn%Ol) al l ow t he
sequencérng nucl ei ¢ acid, 30l e *’I? 65 i sol % %‘e e@@dé‘t oSReci men at
hi gh orcdmpzs'ed)tb amﬁ?@ﬁ%l‘i@%ﬁlﬁg@‘i‘%ﬁs (Ge-5a,mp ffgg rief Funct Genomic

Pr %eor%too?f%gunts]nft\ggzhrér;k@s)emaﬁ%gbnﬂﬁr ieﬁeﬁfbgmnﬂl)t for ms sequences clonally
e

expand or even non-anplified single nolecules of nucleic acid fragnents.
[0051] The change detected in the reference quantity may be any deviation {upwards or

downwards) in the relation of the clinically-relevant nucleic acid sequence to the other non-
clinically-relevant sequences. Thus, the reference state may be any ratio or other quantity
(e.g. other than a 1-1 correspondence), and a measured state signifying a change may be any

25  ratio or other quantity that differs from the reference quantity as determined by the one or
more cutoff values.

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

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

plasma, which contains a hackground of maternal nucleic acid sequences originating from
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WO 2009/ 013496 PCT/ GB2008/ 002530 [0057] As a hi §ii TaGRbers 4 deglienéi ng
reads, in the order of hundred thousands to mllions or even possibly

hundr eds oWO&E#YtlEks or billions, are generated fromPEIEBB/PFE | n each
run, the resultant sequenced reads forma representative profile of the fix
of nuahsérpalacisd s pecidsdinent e copifypinais depaensfdrascdpbleash P82 the
hapl (;%%égcea?tﬁ%ego crﬁrg}h £ 29 1 BLiBMLRM AP Qbik iR cReRbgeliRB qUENced T eads

r
rese 0 original spécinen (Brenner et a t Bi otech 2000;

18: 63063 iTaydnpie vty wlde@amiset byRay fpggiprveg foct guinpt BE¥0 pye to the | afge
sanpl i ng _of NSES GPaSPEHLIRE, 1t BRHRHORSI i idenioitc al
sequen%gel"g?rmgg%qgusc%@ﬁgie gg}g}]lggat %d %omthe sequencing. of a nucleic acid
pod ataliedyénahired hidsastin petve e gercoragsofRMOB RSN 2 biokekPso a good
quantitative representatl Qn;.af SRR Lon®finsd thddctdudbatucRUekid ¢ aci d
speci esé?mgk’ iuﬁﬁgégﬁ%&%hste (a’%C)hrvig(fj)lI nal ’sa_rrploél. rFOOSB]g In step 130, based on the
sequenehmgcdsalegveddatathé normelimay SelsaBYHEs oY% first anmount of a first
chronmosone (e.g. the clinically relevant chronosone) is determ ned. The
first pMEENMERAL MISTEND ned from sequences identified as originating from
the first chronosone. For exanple, a bioinformatics procedure may then be
used t mobycatie. eaciiokhithesendil 108 fepgqiemieremetat Hegoeinai? Fehome. 1t is|
possi bl e that r riiaqn of. 8OHENGES Wibdnahgediisaafded from
suﬂ)%eq%?ﬂ“’%ﬁ’éﬁ%}’g?pgg elgaauéoelo%lﬁasé%&&rlez pr esgi(ril\)t él%n étnhe ?epeatfregi ons of the
human geB@I,to B erhivdingnt ditse wedshigotaatot o i nter-indi vi dual variations, e.g.
copy nunber variations. An anount of the chronosone of interest and of one
or nor @osijhem sehnonRSiiRscaaynpidiien the pretat frimbsds eodvqlod59] I1n step 140,
based on the sequencing, a second QLRI ¢,S&aRRA chronosones
i s det 8IS %rﬁ‘%&agg%a’égn i'aén |T%|@é§§ %tg&osﬁl{%}ena?}?%g fr%?n@one of the
second cghsiaNmsRERSd ndecoke renbispdime atd, the treenseidende. cir sK¥MES are al |l of

t he_ot her, .chr.onosones besi.des _t [ (i.e. the one being tested). In
ané?hef]““é%?)‘ﬂ‘?f?@%fuf{&t%ag 33@5‘%8“%%%%@%%%%% just a single other

chronosone. 25 [0Q60]. There are.a .nupber . r 0i t he amounts
of thel®3rb g&%ﬁ&?ﬁ@f’%ﬁnﬁ{ﬁplﬁ% . Iof%g%‘éég@%/%ng%ﬁ%ﬁiﬁsg&?%&gunber of

sequengetle baggical ARpRurdequenteds Bhpmtatsequoted atiretedys ¢ Bagepalhe) or the
accunul ated | engths of seguenced | eot | LI S)s @b @hb-oati ng from
parti clPEpn WP‘B%DE‘CWE?@?O 0 6%’%?%%%% gcnagfa é%%‘?g%%?%ﬁgﬁér{tfoéﬁ] I n anot her
enbodi FRRinosdbse Sneayt (be. 35ripepeaigs (bp))tHoth enés ot theensite ENEEREECci ng to 30

gﬁtzﬁr msgcﬁlervl\gggj[ Ag%%%e Go4aL gch molte@B8n ARREfb1e 1&?13@@%%6&]@%1}@% obt ai ned based

subset may be sequenced. This subset may be randomly chosen, as will be described in more

detail later.

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

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

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

clonally expanded or even non-amplified single molecules of nucleic acid fragments.
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proportion of the sequenced output. For exanpl e, F'sequendinglicutputs
corresponding to PCT/GB 2906 / 0 0 2 5 3 0 WO 2009/ 013496 '

PCT/ GB2008WO02B8® 4+ nucl ei c acid fragments of a speci fCEGB3HEE2FHEnge coul
be selected after the bioinformatics anal ysis. Exanpl es_ of the si ze rangdqs
gr e abjoes7] <3GQ High nusPatflbpuercingremsip thep BQqhuﬂﬁe%tf@bsa&%"m& 15%8r anet er |
L SRR yﬁ%:%reds Lo AR BBAG nl e SRE O R URLpl Theciasanet er e
e, fo arpr the T TSt ampunt to the second anount,
50r t hige febul@ht saqueael r@emis foe asaromiatirpuRle ofithesmied npgleistcid Bt . 1 n one
aspect, iy ﬁ%abck%{lgpn Ul £ ol g, B ?i%ﬂw%&%ﬁt Eastcﬁpt@mta YRChEBNafh pBENar at e

functi AT AT 0 aken of these se te f
skij | ecﬁftiaerset;kaacedrreadwrde:mdpmpmfdte@ﬂigﬁél ﬁﬁ%ﬂ%@?(gé?mﬁi@ﬁﬁé}?%rﬁ% %hl ;J ggf IeOnS ©
par ane EA003 TLfl 0 aRRPALIROS s pAIATH
8 ; 67933 BTHL & Slardd shih@Glgi onal
repr es%(ﬁp’a]t { Chr onbsome pot enti al @? i F\lsg&t\}/ledargl%rf a@g{g\r onosonal
aneupl ﬁiséqaemes @om@hﬁmmti@llumbef@ﬁrd@mbﬁf?ﬁuefsf’soﬁmltﬁ‘*r%%%%m13 may t hdn
]E)e cal teesd uferraégrrln c%ﬂ%u&@%%ﬁ ﬁ%ﬁfat {08a10h104 B QUdrRtel £ BighheRdHEeis The
racti qp atiron m tal ned based on an anmount of all of tHe
sequeneiaSa goed guamaanee m@%ﬁéoro@fthq 40u@tf0ftﬂ RETEHMANPEEFEE SPITEF Bdi ng t he
cl g&l c%lmllsy F]h% %E'ltsa @%om)some) or a particular subset of chronosones (e.{g.
![ﬁe pa it her r ono Omé t han the one bei ng 15tested.) [0064] In step 150,
npare (3 of f val ueg
may be Oggﬁ eféhsjﬁgéig’@r or%dg%the i sul tﬁ:dbil{lfe%\f/sv‘?stq\agIL ugr;fﬂ\}/a%mgﬁftncl ude
(Bz;)lé eR_SI_ I) a;i’l}:ﬂhytpﬁl rdmdsahé wanthe mlm rel@&@qu@mnoaqvm@r%%mrﬁe@ yT*I‘E’affrFfo testing
al s S.C
char ac By {seaeg Tﬁﬁ §Jréxeq88{3£§ 1g§1?1%§d LRI e IS R IRYE ChiBR8doatel NY

appl 1 cations of 20 _these_ pethods and
sanpl eFspzaiplecn bmnfwnl@caprecm@a}’b@ﬂ bie psedldn iogate etk ofhese Y  appl i cat i on

" ERM NI NG A I "
016255 TSI IO TR RO 1 RAOr Bar S Dy T ol ot snee o ekt o
discarded from subsequent analysis because they are present in the repeat regions of the

human genome, or in regions subjected to inter-individual variations, e.g. copy number
variations. An amount of the chromosome of interest and of one or more other chromosomes

may thus be determined.

20 [0039] Instep 140, based on the sequencing, a second amount of one or more second
chromosomes is determined from sequences identified as originating from one of the second
chromosomes. In one embodiment, the second chromosomes are all of the other
chromosormes besides the first one (i.¢. the one being tested). In another embodiment, the

second chromosome is just a single other chromosome.

25  [0066] There are a number of ways of determining the amounts of the chromosomes,
including but not limited to counting the number of sequenced tags, the number of sequenced
nucleotides (basepairs) or the accumnulated lengths of sequenced nucleotides (basepairs)

originating from particular chromosome(s) or chromosomal regions.

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

proportion of the sequenced output. For example, sequencing output corresponding to
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[0065] In one embodi nent, the paraneter (e.g. the HT468i%80 G 8pt 5skat at ilon
of the clinically relevant chronpbsone) is then conpared to a reference
range est abioi28l@es4Pn pregnanci es 25i nvol vi ng nor nal (FCTEB2EFHB12810d) f et usgs.
It is possible that in some variants of the procedure, the reference range
(i.e. hbeicutdgthmvat bespesfitd stehmgadjuidbadlertnd alte dredérielernglith t he ’Tl
fractional concentratiqn of fet f) i heyl ar maternal plas
sanpl eanalypig Frappies ‘Ef?’#‘e VHTAHES ?f&%!éoru%%bp% F(ozrar? tgﬁgla’iﬂé)gﬁ nci ng dat aset, e.g.
usi ng sequences nappable to the Y ghronps if th e LS. el e. The
val ue 063 r{ﬁﬁt%llggaﬁéfa’&‘%t%lﬁ A7 FETR %0 r@%ﬁ‘og\?%?oemgﬂﬁgfhea %l{%ijgﬁ ®e.g. using
fetal epi GpRRtd GaliBE Ko akiBaniliGirtb ofthe 2806nd  tithemr82morR11-8) or from
t he anal ysis of single nugleotide pol.ynorphisis. 0 496

PCTF GBQUé@ﬁ’@U@B’B‘Ot to %@G‘S‘éﬂ“ﬁ pROYE B’b‘s%é st BIBE‘?& %ﬁ"n? ﬁség\écaoe%n%‘a%@%ﬁ, a

cl assi £ Ghld Aot eftich dratmlachnains ol aanpupdydiedyendskesels for die
first chronosone is determned. In o enbodi ent . sification isja
def i ni theseesegpaade BIRCHES: PR %ggl%t}le ﬁ%ﬁ%p SR e %“Flgglts%}?f%ge?l?on may be

uncl asg&i{ag@gg&n@ters'uncertai n. In yet another enbodi nent, the classificatian
may be a score that 5is to be interpreted at a |later date, for exanple, Ry
a doct Gfoe3]l | n oREQHENGhAE  phkak(ahik NG, 2 AR FERbeNLING) AMOUNTSS0pO067]  As
ment i oned above, only a fraction of. the none i s,.S one aspeqdt,
VG wiseeup BB BB E B AR Y B BT e X S ONCGESs 189 210056
genom GpeRYERAE, hAsheast @fcunted Senahalesdisbiide bioinfowetiageicedmd anong t he

proportion of captured nucleic acid 10 nol ecul es h nucleic acid
speci eshe §agrnal r@é"(ﬁﬁéﬁ@é‘d‘“@fﬁ& él?mﬂla‘glfﬁse%&saﬁgméﬂ Oﬁﬁﬁgﬁgﬁ%ée% uea’éé[:)sart i cul ar

chr onDSORR,QE mERLRHP S0 BBhe EiRghedmecmtiuliey th aliticdligtrelveiychdeespntined. | n

ot her words, the dosage inbal ance.of the chro omal regions
i's inf@Péﬂﬁ‘flﬁ%ﬁﬁﬂ%sﬁé’fg}é?@@ﬁfl%?%&gr é‘ﬁ{‘) & e%‘?llr%nﬁ@%}?lg?ﬁg%seg%g ocus anong

ot hgy nappabl e sequenced tags of the specinen. 15[0068] This is contrasted
from situations where the sane pool of nucleic acids is sequenced nmultiple

times tfyqafhieyg Bodhe pRsHaLanEymRTed S@MEIOAMofeudsT wfuee oltercapd wher eby each
nucl ei ¢ aci d species,is_sequenced

) ultiple ti oo situations, the
number efuet mppke detepaingd O 1Y HFICEP “’é@?edw % ‘eg‘i%zlsw aﬁéél\?gfﬂ%%en sequenced
rel ati vig, Lot 1iRfihanotdnpn, sagehedl prodebilty spatstisg CHRIBIfdtcatinptdy:t hei r
relative concentrations in the oriqginal l.e. Th 1G] cost
20i ncr exsidengg iplerh ECHYTRIBF AHE cg‘?ﬁa ok g‘\?@?@g}; ES%‘&‘B%"?%%%?‘%!’%@% {nge accurat e
r ep§Es eftsatde@BdOhd iep 1 BYsdBicenetiiiglars pesciited in concurrently filed application
“DETERMINING A NUCLEIC ACID SEQUENCE IMBALANCE,” (Attorney Docket No.

016285-005210U8), which is incorporated by reference.

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

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

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

from the analysis of single nucleotide polymorphisms.
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[0069] In one exanple, a proportion of such sequgglé%"\fgulé be from t he

chronosone involved in an aneupl oi dy such as chronpbsone 21 in this
il lustratiwezewamsbe. Yet ot her sequences from such RCTEHAOHE2F§ exerci s¢
woul d be derived fromthe other chronmpbsones. 25 By taking into account of
the r ejogddy v an Sk B500base oM smipRr i@, campifivation i thethdne fotlher chronmpsones, one

could obtain a normalized freque Wt hi .ef .en of
chr ono@ﬁﬁ%osﬂa@ﬁ"é@ﬁ‘ilycexggqgﬂ’étﬁ%gﬁpﬁd S%Iﬁ% Sragt%?{elg%i’e %%ﬁ%gen{ggglrﬂ%?t,se- If the

fet Us jRasadfricsmis 2dafinitive fed di@o nbranethirzetodimenuesiayiliotios meg#bs one

21-derived _sequences from such a seauenci ' hd 4 schRGease, thus
al | owi glassifarblecr SRR g‘f“‘? ?‘?Og}?ﬁ?fgl? fm%ﬁgﬂ%%éagﬁg(%ﬁg?ﬁ%# change “n the

nor el jszeek ihieRAIRINE i 1atdrldbte for demelagdentdognr.t he fractional concentration of
fetal nucleic acids in the anal yzed sanpl e. WO 2009/ 013496

PCT/ GBZ06840RRE3%:. AI0GRANG] ANDITEE FERORIINE HNMOURTsed t he | umi na Genome
Anal yzer 'Tor single-end sequenci ng of human genom ¢ DNA and human pl asnma
DNA s a[ﬂgkﬁs : Ai-rxﬁéatibhéd%ﬂ‘iré? BulFR Maf®n ANRL yaemeseguences Itbomralely - expanded

single nmol ecul es captured on . a solid surface.ter lLow cell. Each
f1 ow ceteh whesa Bool gfaslefccide H@?&%@h’é?%ﬁmﬁ?égﬁﬁ%%ﬂgﬁg 90%’&% )eci mens or

pool s %tegﬂﬁg{ JRYS! folaasieovang:, nfl aapahk eropbrtige nkraptiradguucleip@@db of sequence
which i's only a fraction of the 3 billion bagg Cgi rﬁsoociosgggquences in the
hurlin gelvores, mBEOR 5B ABHFE SHREPSHFS IS PHE FRUBR Thkpl EOWBS *Sequenced usi ng one

| ane ot @1 dboW aGtdenlad Rorsdient oSepenaeal radms generqustetiveve al i gned to the

human rel?aerence genonme_sequence, and the_ chronmosonal I Qi s noted. The
total detiredofn SN EF d%%ﬁ‘if@ﬁgléléfeto S Cfélrf’fna?loéng%trgﬁrf%lgéeoglg chr onosone

ver e t abul atagk-a00r&0 MReR e itpréshaatioalodthe ved biczeanghgetieh chr onosone as
expected fromthe ref ergnce human genone or non-di sease representative
speci maHepbERIrpEeREs §hiPA PG flosses were then identified. [0071] The

descri bed approach is only one exenplijfication of t.he .pr. descri bed
genié/ cﬁ@%ﬁbsg@élﬂﬁé‘éﬁj@dﬁoimagﬂtéﬂﬁ?.m %ﬁ@%ﬁl‘ﬁéﬁiﬁé’f’g‘?ﬁﬁgﬁ gaggeigga%géeda%denci ng coul d
be per {Oh#RIimdRo hikidve akholdubipadtisagrd fadslof ngtetrgo hertiey welyuekited fragnents
fromthat 'expected in the reference gengone as ' - bell et al
(Nat GapidEpeEeg:sequyncer saitiphgiimes; ﬁé’u?h%%%m%?h eanlqli%g)%regé Bgﬁga%)%aﬁ@glp tags were
count eqd,ARd .50 S8l G Bedl sBgich@d editivasbaral atodeaticiuc @ WsCi®r | osses of

chronosomal regions or whol e chromsones wer ] Qw conparing the
tag counTgaigig ﬂteﬁé‘alé%‘t?é’(??“é’ﬁ“%’r‘??%@?ooﬁigln'édl S?Eélslle'gﬁ{eﬁ%{ﬂree ggr ence genome or

t hagg Of i @edQNnif2Ae AiSRASEIRpI@seNt@ired e aspeTianpiate Bprepaftieriolditd sequenci ng
all ows one to deduce the size of the original nucleic acid fragnent, one
exanpl eWFSICEEAFREE on the counting of the number of paired sequenced tags

correspand ng Lo nucl oic_acld{£aQNENt s, o AuFBERbAUEL:MhigamsUch a5 < 300

involved in an ancuploidy such as chromosome 21 in this illustrative example. Yet other

sequences from such a sequencing exercise would be derived from the other chromosomes.
25 By taking into account of the relative size of chromosome 21 compared with the other
chromosomes, one could obtain a normalized frequency, within a reference range, of
chromosome 21-specific sequences from such a sequencing exercise. If the fetus has trisomy
21, then the normalized frequency of chromosome 21-derived sequences from such a
sequencing exercise will increase, thus allowing the detection of trisomy 21. The degree of

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

nucleic acids in the analyzed sample.
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[0072] In another enbodiment, the fraction of tthﬁ&EF””dggé%d‘de@ thatiis
sequenced in a 25 run is further sub-selected prior to sequencing. For
exanpl e, hwbridiowatsi on based t echni ques such as ol i gFaEEBEYEVEBE0array colil d
be used to first sub-select for nucleic acid sequences fromcertain

Chr OM§@IFES In ErePmbadipRAtewE ikl ke Thneinp Gaiotheokabmofongngarwidot her
chronosone(s) not involy i N e an BFr' .\ Lher exanple is
that aeeuspeing of hepgn 5%%%‘3@%?%%@%&% acl Fg&nggegﬁ%ﬁé@{smf romthe sanple
Pool | GerSHB 288 2S b@MerREs @ottllhadndedismeletidN 4 egleeviei agurefor astidexanpl e, as

di scussed above, _it een repor t | - Kl es in materngl
pl asmesuERE t@&%?ﬂ%‘éﬁgg%agh@w ‘ée‘lﬁ%?sr %g‘gr%snf{;%}l? %e%&tc 7 ma'gﬁgir nal background
M| ¢ WpeSmb R Podd ofabechéns. Kahie @B 041bE0f £ 88:ag0) ~ 20Ndisof seirenitay use one ¢r

more met hods known . to th of , skil| 4 cihopate the nuclefc
aci d sHiekiicaY & f??"*f%é’fél%?ﬁ‘zﬁ% 00 eegiEdT %gsg?‘%n&s%&%%‘é%{o%wes PCT/ C

B2008/ QA253DONATG! sieslacDIsh 2emplewes seipypngelusiog eat lewpiiefiesicsllofiesi ze excl usi ¢n
colums or by mcrofluidics-base RY Lethalcbedte i N the
exanpl SOBFCRRER AL BT I“—'efsraglgn?dg[? 21% %%ﬁer%g%é?%gl p ascma, the fetal
nucl ei gu@BbemPriinofeseotsh drhb eotdnninbéred individuaireauroerdites eLigapPr esses t he
mat er nal background, su S .b i 1] fi.d 908 devdanddohal | an et jal
J AR 2??62,"hf?ﬁ?@??”ef‘ﬂefa@;mecfaﬁldgﬁ%{)%%)%g%%?%ﬁ vg %oﬁei on_or subset of the
pr e- sek.grtedirfo ale reftrenttdiueiac gaomd o1 RE-EEFEEHERENPRFEBIHITYIS[ 00731 Ot her

singl e nol ecul e sequenci ng. st s such as that by the Roche 454
pl atfopﬁﬁomcoﬁ%ne%’lsgéﬁsséls g%??%egnieg%{@i Dplatform the the Helicos True

Si ngl e _Mol ecul e, DNA sequenci ng, tec . ' i eeul e, real-tine
(SNRTT{\@)‘WECWGWG%"Pp%ﬁ’é@f]fsiog]yfﬁeB%gl ?%%g%%%;ﬁgicﬁ%gtﬁyo ore sequencing coul d
siml ag&ﬁé}dﬁ@m&@ﬁb dodageRirsteappltbrosivilypaired ¢nd sBEFERNS MG AREINTS OF
CH OVES FROM SEQUENCI P wBsshvel y parall el
seddendiskgd OB BPHIGr ?%@gg%aﬁggedm%%%ge??géﬁﬁeﬁgﬁcI ocate the chronosonal
or i gi N @trefiddgemamuetaetbdlayCampbdlet alt NasCewebWo8A0 722 HYs HeddMPT™f i ed as
originatin rom:t otenti al i SRSRBal lbcaon. GRARONOSONE 21
in thi §f%1t886‘£/§eq‘éetn‘ée%1 S?&%%P%S&énﬁgsﬁﬁp‘%ﬁ@éwto al | of C’?hg s%%uenced t ags
or tag%r Rideg biatdngohilomioner wholadremehimenyes dasrmied iy 0BPARE YN t he

aneupl oi dy. The, r.el ati gnshi £ SERNEOGHRG: St d¥dhod-r om chr onbsone
21 and ¥ E?tSWBhghffx%eﬁtregrcr%glglﬁgg}e o?ﬁlgh?%st sggci men i s c&l@rrop,are with

cutzoof faissak weseseteative egkcinkenhA npithd el sdesesingalevis Aog REed5BE <ot i on to
determ ;V;g%f} D81 SPEH ARG WLANOR % [ ATBANPERARRNILeinNBIN 2 eupl of d
or tri S. =

paired sequenced tags corresponding to nucleic acid fragments of a specified size, such as <

300 bp, < 200bp or < 100 bp.

[6072] In another embodiment, the fraction of the nucleic acid pool that is sequenced in a

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

30  example, as discussed above, it has been reported that fetal DNA molecules in maternal
plasma are comprised of shorter fragments than the maternal background DNA molecules
(Chan et al Clin Chem 2004; 50: £8-92). Thus, one may use one or more methods known to

those of skill in the art to fractionate the mucleic acid sequences in the sample according to
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20 100751 A nunber of different anounts include Bt wot i &itt &d: fo the
follow ng could be derived fromthe sequenced tags. For exanple, the nunfjer
of sequencw® w@ys34964 . e. absol ute count, aligned to aPRSAGBR@EPEFOChr onpso
coul d be conpared to the absolute count of sequenced tags aligned to othgr
chr omgQERs. siAl 4.£hhatl dehyphotdsie of siaaitiosial coboumtor by midwefluiditsatedof sequended
tags from chronposonme 21 wi.th reference.to al : 25 sequenced
t ags cﬁﬁmoﬁhbgefﬁ@ﬁﬁgflééy’ﬁ%ﬂieﬁﬁ?ﬁp ?O%Pﬁé?n%%eﬁ:%@ﬁg%%l oi gingh%a%%r%sones. In the
DLESEF%S%P% fe@Bu%elei@;ag@pt&ams@umem}icmecsbxqmmnﬂm{ﬂthﬁilrsomr@a@ﬁheDNA frag rr:s gt :

t he nunber of nucl eotides se nce ro I one cou

easi | ymﬁ@nélé’la?k\%ﬂmi%‘fh @Z’y%ﬁ%flf”f %‘Ifﬁéﬂ& mﬁ@“@ﬁ@‘%@%ﬁﬁéﬁ%@%ﬂount . [00741
Fur § hesg1o1 8 4-98.9n 6ACdmivaLent alpopbasmabspeithapr-svegedanbiofsedeeré®d using orle
flow 30 cell i ch could only sequence a fraction of the human genone, by

whi
stati s’tSiS%%‘?ncﬁ%@Pg‘B‘FWt he maternal plasnma DNA fragnent species would only
each have been sequenced to generate on

e seguenced n ot her
wor ds, [00F rfbersinglegpqlerufe sy %?%S*rﬁ?e%‘g%%&"ﬁ Fsﬁtﬂ?t%é%hﬁa%%rg%%%f&#’es 2005 / {0
025 %eﬂ%l?e@%és@é{%ﬂ@@@f@ﬁ%%é%%&bs Tphecfingle MokculeBNAwer e sequenced |at
| ess than 1-fold coverage. Thus, the .total er ed nucl eoti dgs
f or an%qwiﬁlg(‘Fﬁ@éﬁlog@hﬁhﬁg@%{ﬁm@%\%ﬁlrﬁfﬁﬁ%{ yR?wg%%%%%ﬁ Q?g tﬁe anount ,
Pr QOT hi9erREs, hN@hdposd schid@cipgatdulddimiliny saisdl ioiompEotent hat has been
sequenced. Hence, the quantitative determ nation of the representation of

t he pogeMp@khiNgIe WNOUSITS (FNCIORDBIUSRMIEUFRIO WIS F{HE Lfraction of
t he nunbér or equivalent [ength of nucl eotides sequenced fromthat
chr OMOIRTR W fird} tﬁ@rﬁ@s@ﬁ&ﬁéaﬁa@ﬂ@ecﬁ%ﬁ&ﬂg@ﬁibﬁﬁﬁﬁﬁﬁdﬂ eshlypisantsiperjorfued oot her
chronmosones. V. ENRI CHVENT FOR POOLS OF NL{%LEI C ACI DS Et%%iﬁ%%%JENCI NG

[ 0077] ictste thermbiomeatingd bEgia chiE SOLFEBT P8H AT HSPRECSR AR 8786t fon bel ow,
only a ' f L BB AHERA 0id GROABsoRESHS chrombernsaue hetidy,are

di ffergﬁ%{l%%ng%ﬁ%%& 21 %‘nrgranimeupl oj d cases, .Thl%is fit vvé)gijrgorpe possi bl e and
coslt- effrepargdauantiatyalyite pll pHEe 359 “"‘?S{fmgﬁ%?agf rigpaugE P BedBGtenced prior to
r andom §8gHeRGS A& iRfolRdlif & bipiokly. THieelefunildpeetwpmche seRenciexanpl e, fet al

DNA nol ecul es i n mat ernal Itﬁ%ma 2{ co%ri S da fSts h&ﬁlg%%c&{l nts than
the natePRETobeERYIVER ! BRACHSIEY OPEREN® & 2ar E T n Chem 2004; 50:

88- 92) .ifhRUSofr MMIe:s UBYved S8thARehods described in the above section to determine if the

specimen was obtained from a pregnancy involving a euploid or trisomy 21 fetus.

20 [0075] A number of different amounts include but not limited to the following could be
derived from the sequenced tags. For example, the number of sequenced tags, i.e. absolute
count, aligned to a particular chromosome could be compared to the absolute count of
sequenced tags aligned to other chromosomes. Alternatively, the fractional count of the
amount of sequenced tags from chromosome 21 with reference to all or some other

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

multiplied by the sequenced tag count.

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

one sequenced tag count. In other words, the nucleic acid fragments present in the maternal
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15 or nore nethods known to those of skill in the?‘g;fg%@waé&?@nﬁt%ﬁt he
nucl ei ¢ acid sequences in the sanple according to nolecule size, e.g. by
gel el ectr ¥POPEEE or size exclusion colums or by ACECHFRIHIEI¥s- based
approach. [0078] Yet, alternatively, in the exarrpl e of analyzing cell-fr
fetal LA s@edﬁﬁéxﬁff@@-heqﬁérﬂM,lesﬁ then f-6tidtovanags. s, dwitdalpembirod coul d be
enriched by a nethod_ that su ses @ge ound, such as
t he adéﬁq’e‘ffné‘?fl%‘ﬂe‘?ttﬁeﬁ%‘lra@’iﬂ?& Blgfﬁﬁ?rfl%% e?""aﬁ%@%%"f%zgl 1114-9). The
Pr opor fh &k, %0561%@[3;: gt viade mﬁﬁfecsmﬂ civombsbnizehasies kehestapecsdne nucl eic a
pool conprise shorter, fra loighe nunber of
sequen@é‘@e{%@@@@ﬁ%‘ierdéﬁmf‘%?ﬁoa F&‘%Feé’nets .%gf@g %tgntéhfan%?t ri somy 21 case
woukd gigddeRmasotidBe diernasd frenalfratiobal thE)NAnbm ecevivekent ioveth icr eases. 25[ 007

Al ternatively, uence i nating We@REHRYL O d
chr omo 86RO de"é‘ﬁ‘g’ g 10 ag fl‘ﬂﬁn it som:glsre ng}tﬂ&ltﬁ%ﬁﬁ%ﬁ%%ﬁ%e angupl oi dy co

be enr igghed: dyodybmedi zati on tecl m ques for exanple onto oligonucelotide
m croarrays. The enriched pools of nucleic acids would then be subjected

r andompg eguEReVMIENT TR OGSl aF BUCORC A€l quenci ng costs.
FTTI GE WO 2009/ 013496PCT/ GB2008/ 002530 V. RANDOM SEQUENCI NG 1008

FIG 2 erp bl Quehacd ale ﬁld%lﬂ@ﬂedﬁﬁﬂlefeﬁefmmeﬁdcm%eﬁ@, prlgaavdbn di agnosi s o

a fetal” chronosonal aneupl oi d m se ding to an
enbiddi Meertumeh 2eREe BPEs Enite SEHTRHE 7 ﬁ&erls ge?igsoénsy%efn&# g'gﬁ&l%n%]%rrass| vel y
par al | efy,$ %%%w(?de@gssﬁﬂ&)e[naasé’d—,eff&tweweﬁﬁ&ﬂhapowefzdateag dcidomt®l | of the

chronpsones may be gener at ed t tiLne f particul ar
f ragneﬁ@qiiegceﬁé’t“‘fé%’faé@@éﬁeqé‘ﬁ@ﬁiﬁ 05‘? Pr"i“it ﬂﬁﬁemahed gﬁ%?éﬂg&hﬂplggﬁtg at random

and t haiy R Ratabas takeal sihsnibye @ﬁlpmasdfo@ shreidr fmgns:m‘e thendheemaierpair t i cul ar

fragment is comng from This i f a specif
1 aomerhechsra BRAGRDEOHS (G ahtl S SORBAOAE 0 T b e udiin & P
anpl4 figehorelAkOR8 ieﬁodqﬂo $ﬂo@@of2sﬂcﬂ£ in éhelitod Dapitioadte hampdldc fdbienednesspr egnant

female is receive 220, the .n Ls0e analyzed
is cal éb?%f”@lf apesFding t@é’%(i ‘?‘°§ S eLﬁ'é %elew Og)imj\glg% S?%%ﬁgsq&gmper cent age of
fetal DNAyidcrbingdibipkagippmhchisanpl e is first identified. This may be done

any suitable means as will be known to one skilled in the art. The
i dent i figemi on: ARnAIVEP) M R xaedbhgagzivatdieitetfenl Wi4 impaisurled by anot her
entity. pi!tsrr]nat t?n!: %eia?gt?c e(il: g:?{' portlonhcould be enriched by a method that suppresses the
20  maternal background, such as by the addition of formaldehyde (Dhallan et al JAMA 2004;
291: 1114-9). The proportion of fetal derived sequences would be enriched in the nucleic acid
pool comprised of shorter fragments. According to FIG. 7, the number of sequenced tags
required for differentiating euploid from trisomy 21 cases would reduce as the fractional fetal

DNA concentration increases.
25  [0079] Alternatively, sequences originating from a potentially aneuploid chromosome and
one or more chromosomes not involved in the aneuploidy could be enriched by hybridization

techniques for example onto oligonucelotide microarrays. The enriched pools of nucleic acids

would then be subjected to random sequencing. This would allow the reduction in sequencing

costs.
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15 cal cul ation of the number N of sequences to bbc Hifal 9[2@&{ 0L pasad on tlle
percentage. For exanple, the nunber of sequences needed to be anal yzed
woul d be i Wéregged®swhen the fetal DNA percentage drof§T/E3ds8BHd be

decreased when the fetal DNA rises. The nunmber N may be a fixed nunber of a

rel atiyeg ﬁ‘gg{sg BR3a percentage. In another enbodi nent, one could
sequencé a nu N that is known to be adequate for accurate di sease
di agnog,bﬁ?] @AT@{% aHNRRkt ¥ aGektod Zb@fdwdﬁ)r:slm‘gfprMWm@VBmof iarfetgr egnanci es

with f concentrations that are at t he nor nmal
r ange. cHrOOSRmal srewplaity W, rangem SEHCECg Qf?orgmﬁf%arnaﬁ Odlmegt "?trﬁhe nucl ei ¢ acid

mol ecuélgsse Pﬂ%ﬂbz{'eﬁ ohdashhre rhine! reghicay pﬁﬂﬁbkeﬂummgﬁmd@m y sequenced. A
f eat ur P descri bed approach is t q§ to be

s eqﬁlene‘ﬁ@m@ﬁaéﬂ’%é%m Sommeafl pf @%F}FS’/“‘?ﬁﬁ?@ﬁf PRy & Qoge(‘}?mtte%a&ﬁ? E‘%“E?%be ore sanple
25anal Xﬁ%m’? of 4 pBticuRE HHERGE RGot SSREAVEHREE SPBC, ﬂ”ha:sepmanmag sdowe dtar get specifid

gene | are not needed far cin The iy aci ds
sequeneeedoma?dfhm%ciﬁwé’éﬁ?ﬁ@é"ttrﬁae% 1[% ﬁa‘) eé”rill 3m 1g‘!;lllal yghgﬁt'?so anal ysi s flor

the sagg,5afRheThiflLbHREBDEEm shiftastwien laeﬂ)emvﬂccfmgmemt;ﬁtonmhw%@r@ 6), the
anount Sequenci ng out put reqwred!é qr case di agnosi s could vary between
t he teéi@@@ﬁ@éﬁ%ﬁgmm“‘ﬂ%@mr EFEPBREE “popul ati on. These aspects are in

mar ked contrast to nost 30 nol ecul ar, di agn o ti h as those
baséd ¢Ms1] uhk%@é%@é"ql?gi%ﬁlﬁ%‘%%‘wHieé’é"tgg “&lgeaﬁfee?w%fcclg%ﬁjor éscence PCR

quant i tal hM@e ot sehdclBes RER anﬂ!ygddhaehalda@&d foanpsiratiouesgefomec hybri di zat i on,

m croarray conpar atl ve enom.c zati on an }Mﬁi ene loci to
" VO 2600NETe e RS 6@8/%%’5 I"B!é)g‘c"%% HRPES df%rét 1%‘?11@516 s

pre-detg E&J@taw BhitablB Hﬁaﬂs%ﬁ Will beigotvheo mekﬁiéd inahmst %@@iﬁﬁﬁlﬁpam ners or
probe sets of panels of such. sequenci ng
i s per frAyEEEPlH Wﬂ‘%‘éﬁ&ﬁéﬁté”af %‘ﬁafsmﬁ‘l’lgy Bt eénl% 1t¥ llgg ogrsxﬁ%ggg a pregnant
WOrgnN, lﬁ{ﬁa%%f%tn%;ﬂé MNJ6NLificaees enbremalgsedifibasti anobd pbr@sntagﬁ dichal | y have cone

fromeither the fetus or the ndom n V, sanplin
( sequerrsHpRfy- tae FHRERhSFEFRICORE ?thf’&i%mf?% %W%ﬁggiéj% l%g%ggg& % i%{%gsentrrp in tg he

bi ol 0gigah pedEARIE droPs ahdeusEpRne s when thafodd PN Aarisd- f"f@rﬂéﬁbef bset

(fraction) of the nucleic acid | ecul es PaREY:, May be
sequenced e fi @‘5@:%‘“%1??5?%5@”@%‘3@07 RENts” élﬁlgd\%oh%%g{’/tgﬁ en this subset

varies oS aaidnte & SurStRA Tl tRat éldhotvn unheaidaquﬁslf@r acorgndissast §2g0995- whi ch nay

occur even using the s S c algs about 0. 1%
O 5B Tk e tugel Do oS00 oY T BB PRy e et e, the

fracti offadafe Athell®as bnddtithomemefratghese vaI ues

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

25  analysis, i.e. sequencing. Sequence-specific primers 10 target specific gene loci are not
needed for sequencing. The pools of nucleic acids sequenced vary from sample to sample and
even from analysis to analysis for the same sample. Furthermore, from the below descriptions
(FIG. 6), the amount of sequencing output required for case diagnosis could vary between the
tested specimens and the reference population. These aspects are in marked contrast to most

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

hybridization, microarray comparative genomic hybridization and so on, where gene loci to
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[0084] The rest of the steps 240-270 may proceed it “&Esiiis Vi Unaindr
T &oSHTY F ot - at iy as

nmethod 100. VI. POST- SEQUENCI NG SELECTI ON OF POOLS OF SEQUENCED TAGS

15100851 Awodewatisyed in exanples |1 and 111 bel ow, X{IEBSHB0BFI0t he

sequenced data is sufficient to distinguish trisony 21 fromeu i
e L ) ! pl oi d caseq.
The suhaeteted regeifueive pd-ddatmaingion) thusrequiding thy wpof erwrireicgEfEed tags t Hat

passed certain quali.ty, paraneters. For exanple, i
t ags tma?eﬁﬁﬁép%ﬁﬁ&ag%}. mple, in exanple Il, sequenced

SONES

P:]{ vveezgyfgtai @ t}{eqﬂﬁbma Bt 2 %@gﬁah&quﬁmemdi cauk bitaiangawpingi sdqushreo wbisbmeuldnd dat a
evant to nunber, of .non- upl oi h t

al ter nSgRAdy ?Veacog"lﬁé@@teﬂg‘fr%er%gg‘% grqtgée%’&&lﬁ%q{)gﬁpu téeﬁ%% %g%sﬂsvgsﬁg sequenced

t ags g_g,agmg geqienang) Rugldeigoaioh df the agrienics] woleeuds prneit Wght¢ 0 a specified

si ze w ndo) the 2 i qi . . - . i
post - \é\ﬁ@g@g}r&v@: spﬁlaplaﬁéF O{sl q%lengr! i3 %%8(% ?ili?e?c%ﬂt gub?ﬁ éﬁ#ﬁf@%&%%@gagur ing the

: exanpl'e, "usin I'l'im na Genone anal yzer},
one comigdmukeulpabidtnehdzmenteny lngeaiah it atierslysis. Babedmeritiylt he two ends

ne_couliginsee _
2l 1 gneotErebeb B EC T e bl AL AR e € nper ¢

nan
NUGh e Othi8 Snas PadUR g ukieg the sand hieptewExamples Ao frrcidnenc Hevdetced. The whol

I th 0qar.j gi i i
AFP gr n Q%E’%iP;?%S@{a)&gh%aﬁg 3%%'10 cg X eg%’eﬁcgﬂlg IM)% odﬁ%ﬂlsgth@fr%ogﬁ «fleduced.

sonme sidaglaey o dehesevaheguenci ng techni ques are able to sequence the full
| engt h of short nucleic acid fragnents, for exanple 200 bp. In this PCT/
BE/ 30 }iuR00RY R:3406 s IBB2008/:0PRESM in a similar manner as method 100.

V1. POST-SEQUENCING SELECTION OF POOLS OF SEQUENCED TAGS

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

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

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

chromosomes.

[0086] Yet alternatively, 2 subset of the sequencing output encompassing sequenced tags
generated from nucieic acid fragments cotresponding to a specified size window in the

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

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

to sequence the full length of short nucleic acid fragments, for example 200 bp. In this
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' B ' nn £y "o
manner, the actual |ength of the nucleic acid fragpnCeTr{tGB\A%ﬂﬁsM %é’i‘r‘?n‘étﬂ at 4
known fromthe sequenced data. 100871 Such paired-end analysis is also

possi bl e ugioregretdsr sequenci ng platfornms, e.g. the ARSPIGBEWSBI2HFEyst ens
SOLi D system For the Roche 454 platform because of its increased 5read
| engt hneeEp deaeuwi ikiytod iemuses 26l dhymparalildét maeliger kngvsyut 8as, it is
al so possible to determne the length of a fragnent fromits conplete
sequenEEUETpP The advant age of focusing the data anal ysis on the subsdt

of sequenced tags corresponding to.short cleic aci in the

ori gi nB08Hat BichBpregread V§‘6égcz}ls%’€ﬁssbtg‘éBﬁfr‘égeoq%ﬁéeq&%?cgl%@ t&%"ﬁﬁg gg'g%fsecti vely He
enri Ch%ﬁﬁy@dtﬂ%s%§mm9@@ndefihaadcﬁermptatfenﬂ,@edaesaﬁits inbiessed s because tHe
fetal nol ecul es, i, ternal . pla are .co i sed of fragment 9
thah ¢ ed PG ABP BB ER THOT BER S0 G B B B em 2004, 50
88- 92) 41 AGLR tH RBkth 6f dkdome: frdnfies caupbess segdensequenced tags required for
differentiating euploid fromtrisony 21 cases would reduce as the

fracti mg};] f el Aldvidide 6 PREQ MR da@MinbIRss aarhe subsdbf 8083bedlthes post - sequenci ng
sel ection of subsets of .nucleic aci.d, poal.s .is difffsrené é'&@ﬁ” ot her nucl eijc
A S (;)e 1

3 ' P
aci d_enerespavding lashpRpBgtieacidirereni p s QP e B A PEFT T°LHEEi men anal ysi o,
such ag.L,he M08 woaldeekd ek 0k esictedwits DXA sexqehesidenved Gburties f or t he
sel ection of nucleic_acids of @acFu:li cul i zes V\Ihcl Ch'&ﬁ(&i"%t{oﬁert he physi cal
ool o

[ r sizes,
sepér afiten T istreavgiips BireHNA GBS eﬁr’ﬁ’f‘lﬁgmﬁlé’é%gmragﬁnam 0 nucl ei ¢ aci dsj.
The physixaatks REOHS Seiefsl Mokl N0 thoeulen(Coadd abRipeChamsii0a] S0st eps and naly
be prone to problens_such as cont.am nation. The St %Epi ng in silico
sel ect igéﬁzbf’*‘%‘ﬁ%@%f"smgf7=5§d‘l‘f@ﬁ%ﬁ°&§“&ﬁ?‘"ﬁ% ag?\’/\%ﬁ'luffdg%s%ﬂ% ow-one to vary the
sel ect iR odeReNEhdiey Druatdevosnsiute as thyfrationa frsat DNAceonyentreléi red for di sease

determ nation. [0090] The bioinformatics, conputational and statistical
appr oadHé¥5¢sed to determine if a maternal plasma specinmen is obtained from

t ived with ' 21 2 o ' t Id b
Conist | GO0 I G P PSHBHCERS PR B LSBT B S Rehe by amet er's 1 om

the sequRPEhdG: R4 RHthmdhbareRRE Shichareqirfoied poopusgcinpnegrsss wol d i nvol ve
Chr oo HEerT BRI T B PR RE 5T Hhsreish o fakleldl B o omes.
A par angahiRilanesk diieh el i phedcah g xedorpetiscbovicicd paproopht at e cut - of f

el oS LS NE, Lo LAl EIEQTRSONRl A0ARGHRLRdreXI St Tor the

20 experimental steps and may be prone to problems such as contamination. The post-

<

sequencing in silico selection of subsets of sequencing output would also allow one to vary

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

[0090] The bioinformatics, computational and statistical approaches used to determine if a
maternal plasma specimen is obtained from a pregnant womarn concetved with a trisomy 21

25  or-euploid fetus could be compiled into a computer program product used to determine
parameters from the sequencing output. The operation of the computer program would
involve the determining of a quantitative amount from the potentially aneuploid chromosome
as well as amount(s) from one or more of the other chromosomes. A parameter would be

determined and compared with appropriate cut-off values to determine if a fetal chromosomal

30  apeuploidy exists for the potentially aneuploid chromosorne,

20



PCT/ GB 20080 2 53 0 WD 2009/ 013496PCT/ GB2008/ 00253¢ LEXBRAILEES/ thé 3 613 &wi dg
exanples are offered to illustrate, but not tolimt the clained inventidn.
| . PRENATAWWODMAGNGSI S OF FETAL TRI SOW 21 [0091] Ei glef/gseegnastd wonen re
recruited for the study Al of the pregnant wonmen 5were in the 1 or 2"d
trimester of gestation and hadEa(As\ingEton pregnancy. Four of them were

each carrying a fet Jousyere each carryifng
a eupl Blileoty’ii‘é’t"ﬁ%exawg %ﬁglleig 0I ﬁlsgr‘étg (])Uft%&ce!? }E%ﬁera %\}ﬁenlouéu 'ood was

col | eCI.GId{HI\rmEBDKGNOMS@HFEW@RIWMjéphsrm was harvested after
centrifugation at 1600 x g for 10 m nutes and further centrifuged at 1600

x gfo 00@ NEipu e na@%m%ﬁze&h@ﬁnﬁ&fdr&&ts&ﬂyfmlbnﬁ the fOgnatt vfmesach pl asma
sanpl e. The, matngrnal

used_f or par al I el
seqéem"l‘fif’li‘i@“‘1591 Pre? IWWFFF‘EPJg@éaﬁ’B%n &#gl&ﬁ?g@pcné’éggﬁ’ g ° o ngﬁlﬁ\%%%tur er's
I NSt Ugich @ASyingl Bt Q4R RisGRNS apithé ohen fog Welmaeaslecﬁme*mglawgplmérf@ﬂﬂal inded fro

the fetal diagnoses du |n the equenci anal ysi s.
[0092] TB’FW&W"&“@‘& %) g@’aﬁ?cﬁp&?g?%gl%gﬁlggg&? %%s used for
l'i brar }Slam%ﬁﬁf@ﬁh@iﬁw J:etmrlfagamsau 160X g@rgﬂannutwanﬁnﬁiﬂémmnﬁlﬁﬁh nts such ds

15 ng or_ 10 n of mat er gnents wer ¢
bl unt - éhﬁ@%ﬂ 4P gﬂnl{tﬁn@gﬁe%%gaaﬁ S g I‘}%n pflgg ﬁéﬁ@gﬁom%ﬁgoo bp were
selgct age Bytegel pl@ﬁfalmﬁ ahd then usdll foe rmstivelrglayallebiegrbeinnbieile Biypnina

adaptor-1lig mat e Je, Q!het hr ough

col um& B{“én‘b"g‘“ g?w&c’r ’Réé‘ﬁ@% Buretrgll}ségn%{\;/gggtlﬁfl glg!tleﬂgg apt olr%s wi t hout

si ze- S@é@@ﬂdr@ﬁv&%@mﬂ&i b sedetal A pgenedain dre seqisecigragtoene dadted DNA was
hybridi zed.to the surface of flow cells, and DNA clusters were generated
usi ng Y% | uni na cl uster station, followed by 36 cycles of sequencing op
theIIIumnaGeorre Ana m ea eci men was
sequend®ti2by By FH’%%“@@%‘IZY%O%%%@% prlaesa Igp Nm%%vggl%g&n%?ljg%n%&égg Sol exa
Anadsy SipgepRia@l. itiEposdblk to Batisitinesser dnrents atidhge ébing or t0hug of mpemel masked
reference hu enomic 2 ence, N % LiFRDRapksaccessi on
number $1 aS’N@D%@y%i W%‘B@g mmgtss‘ivﬁr%%l“ﬁggﬂg gﬁ‘i@&{) icati 0?1ﬂsrs [ 0093] In
this Stabl@ﬁagrﬁ&tsrc@dﬁmmaﬁpev@@mﬂce&by gei@f}rxﬁctaemddﬂfamaﬁn‘a vyblust-endel y sequences

t hat hav een. .na u e human

genome @gﬁ%@hgﬁat‘%fr@g?rﬁatp%é?] P%{fr%%?cﬁglg ﬁ%(}&&l %Eggg%%gl%ﬁ%? the entire skt

of the sguuencedcdal @ raﬂwedmbgateelradamrvMtbrotbw%@)ﬂ%@dbeforﬁ@%t%ﬁ al nunber of:

uni quel PRey nunber of
c%g ﬂﬁgaﬂg g&q% %@%H&éé&% HIRGB 81 SOHBLIE Gnd

Seq nosone was ex ressed as a proportl on
to the dhgtead w@@gmteramﬂ ugihg @a@mw@me‘@h@m@lba@%b& ket As mat er nal

pl asma s%gurclz%g{';gn Sa tfhe iﬁlmma](}enome Analyzer. DNA from each maternal plasma specimen

was sequenced by one flow cell. Sequenced reads were compiled using Solexa Analysis
Pipeline. All reads were then aligned to the repeat-masked reference human genomic

25  sequence, NCBI 36 assembly (GenBank accession numbers: NC_000001 to NC_000024),

using the Eland application.

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

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

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

21



WO 2009/ 013496 PCT/ GB2008/ 002530 DNA ampng a backgFblfiéd of“ONA of: frat ér rfal

origin, the trisony 21 fetus would contribute extra sequenced tags

ori gi nat i ngvdf mermeoibs onosone 21 due to the presence ofrcarcmsmoa@sgopy of
chronmosone 21 in the fetal genome. Hence, the percentage of chronosone 2
SeqUENERS, infhndBteskaAund@bASINA of fieinal drizRghantymyal farisngoul donitdutey 21 fetu

woul d be higher than that from 5a pregnanc ith a euplaoid f . The
anal ys iexirafeasnesd fags agginstwe dng @%&TW% %‘F)&f @%gﬁe?e 5%%? 1ie}étgascé)§%§ﬁces. | t

al so dQESHRRne® GYiLE Eetdl BEnoRel Héncpsicedhtagefah@tioamed] stegteades fr om nat er n?
nucleic acids. It also does not, require need. .t q.di sti ngui or identi
fetal frebHehRlEBITEIN & PEERRDRITIPE & 18Ry &i Eeg‘ilsnvéo.“?d[ lﬂ?%@%fr té?‘rdg&ff% shows t he
per gent,age, Hky SAHYNNAS (ABPPRAbOsiC o nmsane i t{rpeing eNfcabepetifc

representation of chronosone 21) for.each of t mat er n ma DNA
sanpl e$eauTiEs. Healse SATSAGEAERT RS E}E‘Xsk?ﬁl SSI?amgWPBE’% ag%mﬂate\ﬁ%gn@%ﬁi ficantly]
hi gher .ifs. W88 1dP&! noPlcgsifBhOheed td dgifyuidilor pleadgiyderel fesn titamali n t hat of eupl of
pregnanci es. These data suggest that noni nvasive prenatal diagnhosis of
fetal &PBGHEOHH)SOBMPEbe achi eved by determining the percentage

representation of the aneuploid chronbsone conpared to.that of a reference
15popu|{@ﬁ%bnFICAI3MP‘P1‘&%‘P?/B?r%ntaﬁﬁ%fSEWB?FB%%G%QBB%?SPWS8§ ((épseg:ﬁlt%%%ﬁ on could b

detget %gm&xm%maﬂr&gogoh@m &1tk 308e B afcasbplhdia [HNA efmgdéy Biwnsone 21
obt ai ned experi nent al | i

y with the percentage representation of ghronosonme P
sequenREsCBIES BT BEIRE of HORPIS Zﬁ ﬁ’ﬁﬁﬁg’ﬁg‘%’&ﬂ% E‘gﬁfﬁ L maEp plsEe g ]g ne by
maski nfgrigbany@tpréﬁﬁéiéieﬁﬂlaﬁHﬁhﬁt@paﬁﬂoid @g'gmﬁ;g. ”u‘ihdshéatmmggﬂt‘@letnorre. 20 [g095]
Five of the eight pregnant n re e carryi . tus. The
SequenceshrppeEIY CHECP SOrBEb RSB d- b el R 4 T,
per cent,aaenaf. SRRSO FIRRRAGM]J Ockditos¥me brmosigmthawels: refseaeet 0 cal cul at e
the fractional fetal E'NA cgrrécent raztli on in tht%ﬁ&{gogfd%%ld JaLeinal plasm
spebi matPuipEne digPatiye e the SRR - O PP BIRA ¢S h et rat T on was al so
det er md&ﬁ%ﬂ% {hSheR@niabEhepcbentat ot cihiogiob@he NCRtdimd oknerimgniaiewith e fi nger

- 25

protein, l'i nked (ZFX) and zj.nc finger pr i i nked (ZFY)
par al o@?ﬁf@“@@ﬂé@?’se{‘ﬁw’ﬁ%c Oﬁosﬁgﬁzﬂslt‘?%%mteg%mgo?(?% %’?lllp(l)%a 16* 'F]he fracti onal

fetal DNAGONERRbEIAbE i bsnaslnfgormetinisking e rperCegivmgethedpnasent at i on of Y

chronosone by sequencing and that determ ned by ZFYlI ZFX m crofl uidics
di gi t al 8PER- There was a positive correl ation between the fractional fetal
DNA concentrations in maternal plasma dgterm %edaiéj iutshﬁl%%e Wo. et hods. The
SOC%ffi“@?%ntF“f‘PfOf@Erf’f*g@F@F?@ﬁt‘("?‘genv%%e?f.c 7 4Ahe” Pearson torrel ation

anal ysi Sapped to the Y chromosome would be fetal-specific. The percentage of sequences mapped

to the Y-chromosome was used to calculate the fractional fetal DNA. concentration in the
original maternal plasma specimen. Moreover, the fractional fetal DNA concentration was
also determined by using microfluidics digital PCR involving the zinc finger protein, X-

25  linked (ZFX) and zinc finger protein, Y-linked (ZF7Y) paralogous genes.

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

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

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

chromosomes (22 autosomes and X and Y chromosomes) for two representative cases are

22

y

d



. T Fioballs bt g o rn 2m Gt
[ 0097] The percentages of maternal plasnma DNA sequences aligned to each of
the 24 chronosones (22 autosones and X and Y chronosones) for two
repr esent awiovenoassEs ar e WO 2009/ 013496 PCT/ 6B2008/r0GZB3@sHgHidwn i n Fl G
4A. One pregnant wonman was carrying a trisony 21 fetus and the other was

car ryi ngown WG 0id Ohe bitgnan hempeweenirdges repne 3 efitatzhdhe ofieseyuences mapped
to chronosone 21 . |s higher in the pregnhant_woman carryi isony 21
fetus VHHEHRE ?)?ﬁ?i%“t!‘e%t% 'ﬁ}? ng&ﬁeéalﬁ%ﬁﬁ%\%ﬁg A u%lnrcr@%/?l%{é) e%{orr}grr{)ﬂng%&#eet us.

5[ 0098] 21 Thggkh: {f B¢ pBGRS: WSMarakirtihga prowedt fge whepresmntatindre per chr onpsomne
bet ween t he mat ernal ér%‘llasrra I?I\{ﬁsespeci mens of the above two cases is shown
in Fl G Progaant-pomap s i S Yi % r ence for a particul ar chronpsone is

cal cul ated using the for bel ow. Percent.age di fference, (9 .= (P21- PE)
R 52 1CHOEE] e @ erinccs pa] SLih B R = E LS ERA SB RIS RET al | gned (b,
the par&&t&ﬁh%[asﬁ!ﬂbmeﬂﬁeﬁsmftﬂaab&@ t{96 egesinthowriaBIG& aBr Yieng a trisony 21
fetus and; P

= percentage. of plasma DNA sequences, aligne . t he
parti cubaPRE GIBERErE %'f“ﬁlél“p UE e%%ﬁﬁgtg‘g‘rmﬁn ﬂﬁ%%ogg%qﬁgﬁ%‘?'d f et us.
[0099] As shown in FIG 4B, there igqgn ver-representati on of chronosone
21 sequisiessBenifasoei(r) THE2p1 e g *dio héﬁ’ﬁ?ﬁ"egnant wonan carrying a trisony

21 fetus when conpared 15with the pregnant woman carrying. a euploid fetus.
For t hePxs&geresiiags obpipgivdel & SCPERFET altgﬁ?dotﬁg?d:i‘?ﬁ@ a ‘ﬁ’é{’r&%’f”i“g}neath%es bet ween t he
le&asﬁé MBS W Lhin P20 B8m DEfeRERERNT age representation for chronosone 21

is increased in the trisony 21 conpared with the euploid maternal plasma

sanpl esp_1 cegfa%éf STRRRS ThYA skQitkdt gkt @E patibMal yrobRbakd iatheas the degree
of over-tepresentation in chronosome 21 sequences. |n addition to

di f f er epregeniWymansekrEoe apydidfedsdi f f er ences between the chronpsome 21
percentage representation, ratios of the counts fromtest and reference
sanpl es[0882 d\ssbewn nFiGatRuhat an avrrroRreniatios of AYPEeemye ! sFduences

by 11% in the plasma of the pregnant woman cartying a trisomy 21 fetus when compared

15  with the pregnant woman carrying a euploid fetus. For the sequences aligned to other
chromosomes, the differences between the two cases were within 5%. As the percentage
representation for chromosome 21 is increased in the {risomy 21 compared with the euploid
maternal plasma samples, the difference (%) could be alternatively referred as the degree of
over-representation in chromosome 21 sequences. In addition to differences (%) and

20  absolute differences between the chromosome 21 percentage representation, ratios of the
counts from test and reference samples could also be calculated and would be indicative of
the degree of chromosome 21 over-representation in frisomy 21 compared with euploid

samples.

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

carrying a euploid fetus was used as the reference in this calculation. The fractional fetal

23



the degree of chronpsome 21 over-representation in itri§omy 24 ‘Eompéred wig h
eupl oi d sanples. [0100] For the four pregnant wonen each carrying a eupl oy d
fetus, a nmaarpeefo19345% of 25 their plasma DNA sequerrcassaaene2sdti gned to
chronmosone 21. In the four pregnant wonen carrying a trisony 21 fetus,

three piahgldfiRhiiseheWahe MRleassomkl?e ches centisfyeed fept ésers@tien of
chronpbsonme 21 was cal culated for each of these three cases. The difference

E(r%i)Siog@gﬂf@ﬁﬁ?ﬁﬁ?ﬁnﬂ@b%ﬁéé?FPQ@%’TéB?“S’écéﬁt ation for each of these three
cases fromthe nean chrono 21 t [
der | velifHor vapugstafbepTren 5 FEret 1o OT e AR T S HREE P ned a5

332 f(r): gé‘qge&l@@éﬁ@ the'fﬁcﬁ%ﬂa}?ﬂ‘etammsmnéeka@atﬁm@ sifwrt iREIE GUTheases carrying a

| Tetus was used as the reference i ' | atiqn. '
oLkl SmNBnOBOO ISR SEHODBITOPBSE: BEOREBHT CAFTORE Wor t hese |
three gal gsdd ih $RMPLuddn GRASREoNBER sik Mhedradlt heiut fat the iespecbiere percent age

representation of Y chronpsone sequences 0101] ,The c¢orrel atj on between
the degRpeEssenifiongEFIoraqsP®E & h FAEFISES P B1CEHH E}%Wo‘ﬁ%ﬂ% kS gﬁ&%‘ﬁ%"é‘? and the

g;fﬂgtn: ??&%gﬁ{aﬁ%ﬁf_ fQMPDt _ Nﬁm&&@}u[afeyﬁaﬂ)ﬁlﬁmﬁ@a&blemujs,rbuﬁbﬂﬁvalﬁes iThedesrewas a
i itive correlation between the two rs. The

coef f i of ewemespme 8} FEPECF Ber?WesﬁﬁgtiO@.r%‘@iﬁ ki ra}erf[éaciﬁg%f%%@fégr rel ation
anglyy SicSncePBSS HES Bk UstednitidaaiRntif diegtdicicdiagsieing efsomy et fetusepr esent at i on pf
chronmosone 21 sequences in maternal plasma is related to the fractional

concentg fi‘)tzi ﬁ@héé&eéérﬁkﬁﬁo%ﬁ factifiB] FREERRRN J7EAas TN & Brpdtenal Phaisg  cut - of f

val ues ‘i n e degree of chronobsone 21 sequenc ver-repr tation rel evant
to the ok glet heghang scpepigio @NA‘_’QPB‘E?W%‘}\F LIRS tg‘?)glc 0%5(%%@?‘% ned to
|O ]gle PL L f ?%%@gﬁgcﬁﬂcﬁ& ﬂr@ﬂ?clax\ﬁltliﬂal st @manckghu&emm PORLrThaes det er mi nati on
concentr '
spectrometry. For example, we I?'avle: %egm?nstrateecf ig IFI% tixag t}ETéBr'é i% rng coglelgf?orﬁa

15  between the fetal DNA concentrations estimated based on the Y -chromosome count

generated during the sequencing run and the ZFY/ZFX ratio generated external to the
sequencing run. In fact, fetal DNA concentration could be determined using loci other than
the Y chromosome and applicable to female fetuses. For example, Chan et al showed that
fetal-derived methylated R4SSFIA sequences would be detected in the plasma of pregnant

20 women in the background of maternaily derived unmethylated RASSF14 sequences (Chan et
al, Clin Chem 2006;52:2211-8). The fractional fetal DNA concentration can thus be
determined by dividing the amount of methylated RASSF14 sequences by the amount of total
RASSFI4 (methylated and unmethylated) sequences.

[0103] It is expected that maternal plasma would be preferred over maternal serum for

25  practicing our invention because DNA is released from the maternal blood cells during blood
clotting. Thus, if serum is used, it is expected that the fractional concentration of fetal DNA
will be lower in maternal plasma than maternal serum. In other words, if maternal serum is
used, it is expected that more sequences would need to be generated for fetal chromosomal
aneuploidy to be diagnosed, when compared with a plasma sample obtained from the same

30  pregnant woman at the same time.

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

DNA would be through the quantification of polymorphic differences between the pregnant
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' BT S i 125 %
can al so be done separate to the sequencing run. F T’“‘I‘ég%r%?ﬂe{ GtHezYM G

chronosone DNA concentration could be pre-determ ned using real-tinme PCR
m cr of | ui dwWos0POR4Br mass spectronetry. For exanpl e, PE/GBaMeo@&fonst r at ed
in FIG 3B that there is good correlation 15 between the fetal DNA
concentyakh HaShERt:k (THagsh Ras eld20m uher, Y64 ATHA%IS ofee:zapittof géner at ed duri ng
the sequencing run and the ZFY/ ZFX rat| ener at ed ext.er o the
sequen&iehgd Wﬂ%d be fp tRIgeHPOLYIFRC thg}fhgﬁgjfeﬁlft@ﬁmggﬁIISJK)g@%(%g{lser m ned usi rig
loci  obfipihe fchank ﬁe&@ozy%]&zbmﬁaﬁ@am ofifechl-ayepilfic akdié eantbe chepatdwilebases. For |
exanpl e, Chan et al showed that fetal -derived. nmethyl.at SSF1A sequencdgs
woul d Beows pEEt etpmen allkls t?)fiﬁweé% %@Bﬁﬁg??fm%a W r%rt{&laﬁﬂ\{ ie background of
mat er nal | \éhderi ved unnet hg{l at ed, RASSF14 sechlﬁnces éltd%an &l al, din Chem
2006; 530195h 1 Ingputraptia teregistinoReti et 51 oS CORERRE A AT C%h t hus be

det er mynediRVodpahidl E&x&dﬁ@h@ﬁ@ﬁ&ion@ﬁqia@&@deﬁp&ﬂﬁwm sequences by the
amount of total RASSF1A (nethyl ated and unmneth l&édgg) sgaga%l es. [0103] I}t
i s expdreritzatioi AuarhiEBYSTAR - IROBE SR P& H P b SVF IREEEY nal  serum flo

;
25 praghi &i dde QIkifib B4Q8IcE@N rhasRSRrDNAqusndig] ieasepénianot e mat er nal bl god
cells during blood cl ot%{tn%., ghus, (%f_ ser uf{rﬁdlj?AUSEd it rEﬁu%m{enxpect ed thatl
the fr AcEFioRAT analyie SRRTPIATRINCH P 3 HEUPFTINAS A BEUT S K Rat er nal pl as

t hap MRLeLBhive Blabtitn of DNOL AEEcH s, thé fpedimbepavdls ss@reucadi Theusabsr it is
expected that nore sequence r fetal

_ woul d need to,be. generated,f
chr omo$6 AdliereRETHS PSH BES fﬂbgnﬁitod‘{aggﬁ‘;ggg ,OSW?éﬁegb"gﬁSé’P BHIGS }t)%w%enpl asnma sanplle
obt ai negscth Q8 tdeni BN 0BERIAEGNAE DNADTBEs o intdiest Chnendsbme. [ 0104]  Yet
anot her” al ternative way et er mi ni the fracti ration of
fetal DBRETAHEM W“ﬂﬁebetrﬁ‘fﬁé‘iﬁggy Sﬁ%m&ﬁémtsg?‘g&ef {g’ﬁ Yot mpa%% %f%fg{%&?%g di f f er ences
bet weeny; t@&[?%ﬁk&ﬂbhroﬁbéoﬁﬁB&@{'oﬁ(ﬁﬁhéspﬁﬁm‘dﬁ. 2009/ 013496 PCT/ GB2008/ 002530
wonmen an he fetus (Dhallan R et al. 2007 Lancet, 369, 474-481). An
exappl qoffs) t ailoﬂﬁ{] Hagipakd @qﬁafgh@tem;cgebn pl@dmyﬂ@nmﬁe@m e baﬂrl]sed/mi ch t hef
pregnant woman js honobzygous and_ the i er.ozygous.. The anount of!
f et al - Spaeipt the CB@P@F%‘%%@?”B@‘EW&&@W%#% f?rﬁ e%&%&?\ go Sp%%ﬁec common al l el e
to det eLficn®itrien biret honral secamgivat dhadnaomafabéretiabs. M¥angeS[ 0105] I n contrast
to the existing techniques for. detecting chronosons i.ons, including
conpar dePpEicgERs ﬁ?dcdef-?yg?%? Gt RIS T O%O?P’ggre PRy’ %ﬁg?rbbeadrs% : P@lrélg’eglﬁeéﬁé; nic
hybr i di gafid ®bn isHAaBdd dredokied of eajuetckamigpdlty the rapbficireginnyedet i on, whi ch
detect and quantify one or nore ecific.seque ssively parall el
seq%l%nc‘feﬁ@aﬁegp‘i‘?ﬁ‘fﬂ%‘b‘b%ﬁ%ﬁ?es 811’1@]?%5) %cer e }ie%{r%nsd;]ﬁ% g%c%tlg% of predeternined
or a pregeihnesh methrohcdohia cewdbenmgsred AvithsirdomidCariepresendiag i ve fraction

of DNA nol ecules fromthe specinmen . pool i : of
differe 0‘%@&‘3%%81%?5@63@8?’8%?@56 5% aggc?r?egu%g(gf%ég%ﬁolgg%%grﬁaé%ﬂgﬁgyi s conpar ed
bet weengispeaniomaandciansionitn the svholr@enaenDaon porgparibes DhEompEeing ® 2of i nt er est .
Chr onosopal at%lerrati ons V\pu{jeduslgg reveal ed by differences in the nunber (or
per cent’ﬁ%gﬁm%‘f TURGBREES & FyRed to any given chronpsomal region in the

speci nens, 6 < ] i ng techni que on plasma
cel B2 f rgé%ﬁfﬁ%%ﬁsﬁfﬁgﬁ%t}@wmmﬁw GERD aberrations in the

pl asma DNA for the detection of a specific cancer. Di rent ncers have a
Dot or MIBTICan e BRO e Py ST B Seborh e plasent PRAUER B8 "o
del et i opadidull spatirbdnitR sedueQRBasBbneIBY cold snESheembsed seqiitngsd tagher e woul d

be an increased praoportion of sequences aligned to . | i f4,ed regions
and a 2@enﬁ’@@ldéfag‘é‘éohp?félﬁéﬁt?dosﬁe%’f‘a?z’a%?ﬁﬁ%@n%?‘%rﬁﬂéscf h%‘gﬁa«gﬁgﬁe%ggg r egi ons.
The per g§Rt-ad8mpie PS@EeNrah h @fegheky DioloADSs aimmeallfgude conmpared with the
size for each correspondi ng chronosone in a reference genone expressed as

per ggnt ﬁHGS]OfAW&e £ RBSEREAEARRT BE saatinced Memmelplamaddie in relation to
t he whol e genome. "Direct conpari sons or coppari sans to a r%f erence
chr onos 8ﬁﬁnq¥§ythapl§'@b%ef ppelegtides/basepairs sequenced rom each specimen cou b

determined by 36 bp multiplied by the sequenced tag count and are also shown in FIG. 6. As
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25 11. SEQUENCI NG JUST A FRACTI ON OF THE HUMAN GENKONEGS[ G710 Bn? the i
experinent described in exanple | above, maternal plasma DNA from each

i ndi vi dual wepewioma® was sequenced using one fl ow cel IPCHGBYBTRBOINUNbDer of
sequenced tags generated fromeach of the tested specinens by the
sequengieRd é:ﬁi!lrdxﬁnaﬁélﬁ%ﬂiﬁdih Hééaﬁaziiﬁ? thEMm&g%ﬂhbge,gh@@mheomeuaﬁmd froma /
pregnancy involving a triso et us. _ -\Jer e sequence
from efehewrraigddro A %S&]Pﬁaff%ﬁné%e%ﬁé‘”}ﬂ Eéggncet%? S ;Q&tm%(ea nunber of
nucl eokhplesikhbasepaies sequenced from each speci men coul d be determ ned by
36 bp multiplied by the sequenced tag count and are also shown in FIG 6.

As  PCH1Gop #MRerford idthd Wy 20096043426 MEHAK: B068LDOA5BMeder e ar e
approximately 3 billion basepairs in the hum tggﬁgneémégfew@munt of
seqdendt mgaebredemeing £&gd f ee’é\"&‘f’?“rsrﬁlttgfiﬁ%‘i’mg? "EPECPER r epr esent ed
only a fhacithRR in 8 RALRE of dHefMEeRE 2 1 SYudntes i3 e nfabhil® plasiur phamensre, in thiis
study, only the uniquely m abl.%é?[e uence tags . teerrrr.?adI ng)veSAgn
nomenc FEUFesneRcsneeMea Y inh e e PrRdremy ol 8 GEEE°T 8 SFEMnsTrat 2  t he presence
of overs%ovyrlgall;@@_%]U@Eé@&a&@?zﬂiﬂ&pﬁwmm@e_ﬁ oﬁﬁfmﬂﬁQMemgmq@?ﬂrbes in th he
mat er na asma speci nens from pregnanci.es each carr Wi t

T SomytomiEada e EE FuHAT FEPBRENET o S B oraioL o o g
SeqUYeNGeSN et 8K RERAE (1At S B&atnchly odbily b hetisedlieniedintzagsrigener at ed from

each specinen and further represent..an even. snall.er ‘tion, sone 2% lof
the hurfedieasss gerahe hotrides? %f”isﬁ‘éfﬁﬁlﬁ?tgo% %Fg@ é“m%“e"g{&%ﬁ%?a?\g of only a

porti onn@fpididke human genom ¢ sequences present in the tested specimen is
sufficient to achieve the diagnosis of fetal aneuploidy. I11. DETERM NATION
: [ ggiRaici ng result of the plasm

DNA froma pregnant woman carryin euploid male fe |s used for this
anal ysiEﬁ’fmi'hérhﬁEﬁ%@}c‘%@s’s‘%a%ﬁé@ﬂgg{ %‘é Oﬁgﬁ PIEEIR™ “éomn%ﬁ%tg?n%\ngt hout

M S{RAt Chgsid Qait heushialed pee MupEn Tye noner segyence wgshal 096, 000. Subsets of
sequences were randon1§ chﬁ%e frorpﬁt hese 1%1&9399 n%?gvggg #@pgd the percentage
of sequeHpesVERUGRETACE SR EENE DPaRELORE FEIIEE &8 Wit i n each subset .
The nNUNRBEeIr SRAMRNGES rindoilyehsith Setmshwas,99500seskndte OO0 £ 540, 000

seque ncsggden!::eg raligenaég ?0 cillrjo?nso%gmesz h £ Sas calculated within each subset. The number of

sequences in the subsets was varied from 60,000 to 540,000 sequences. For each subset size,
20  multiple subsets of the same number of sequenced tags were compiled by random selection of
the sequenced tags from the total pool until no other combination was possible. The mean
percentage of sequences aligned to chromosome 21 and its standard deviation (SD) were then
calculated from the multiple subsets within each subset size. These data were compared
across different subset sizes to determine the effect of subset size on the distribution of the
25  percentage of sequences aligned to the chromosome 21. The 5% and 95% percentiies of the

percentages were then caleulated according to the mean and SD.

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

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

Perro; = Pergy x (1 +172)

where
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20 nultiple subsets of the same nunber of sequence®ifa@s Mgl & lconpiled by
random sel ection of the sequenced tags fromthe total pool until no other
conbi nat i oWOVES/[I8&| bl e. The nean percentage of seqUEAEERVEINGHed to
chronosone 21 and its standard deviation (SD) were then calculated fromtf
nul ti plRersuomretestsictfeioentageeti sesutrset aligheddo clrpmewomeai an pepBacBipar ed acr oss
differ Shzes to determne the effect of subset size on the
distrigﬂ%ﬁ%ﬁﬂﬁgk%E%&ZSpercentage of sequences aligned to the chronosone 2!
The 511Permmpr@&tththp peromitaek binsqushees Rléenge FodrmRjese Weine woeH Y6R2cul at ed
accordiﬁg | Oetbe gean and SD. [0111] Wien a pregnant wonen is carrying a
Msony 2 ?etusf the sequenced tags aligned to chronosone 21 shoul d be
over5 r efpermesnts du el DINA ppraereden il mppaalpsaa®No an extra dose of chronpsom
21 fromthe fetus. The degree of over-representation is dependent on the
fetal 301DNA fpeheenindde. T,mhetSibfonthe pementagpd eiseerepiialigandioe fol | owi ng the
equatio el = PerE d : 2 09/ 013496
PCT/ 613%6%% sﬁ%’iggg& e rr“? trl’hg% ?egégéﬁuénqeﬁéﬁsﬁ r géeeﬁtma%g}k%ufbéeégr(ilﬁ&%%% al i gned te¢
chr onpsehm Rdninmbenofseqrancenintdactesubset mousgseR thefinieyysl betiypgn hepetnd $epr esent s t
percent a f | gneeh, t I : (W i a eupl oi ¢
Fet o, B B B B o s B e s DNA
[011®2] osrighthwn tenliffdr@tiation tetveeishe oy erpiRs o erseevitidesrosfible wihahces al i gned
to chro&gﬁggggggy%ecreases wi th increasing nunber of sequences in each
ere

3174

ne

subset. ore, when the nunber of sequences in each subset increases,

Lhe intgiygl Dehigem ke Sdhafit AR HEKE S ALSHIRE RaRGRy 2Vhen the

r
5% 95% rva € €up trisony 21 cases do no .
cases from euploid cases is dependent on the fetal DNA percentage. The minimal subset sizes

for differentiating trisomy 21 from euploid cases were 120,000, 180,000 aﬁd 540,000

15  sequences for fetal DNA percentages of 20%, 10% and 5%, respectively. In other words, the
number of sequences needed to be analyzed would be 120,000 for determining whether a
fetus has trisomy 21 when a maternal plasma DNA sample contains 20% fetal DNA. The
number of sequences needed to be analyzed would be increased to 540,000 when the fetal
DNA percentage drops to 5%.

20 [0114] As the data were generated using 36 basepair sequencing, 120,000, 180,000 and
540,000 sequences correspond to 0.14%, 0.22% and 0.65% of the human genome,
respectively. As the lower range of fetal DNA concentrations in maternal plasma obtained
from early pregnancies were reported to be some 5% (Lo, YMD et al. 1998 4m J Hum Genet
62, 768-775), the sequencing of about 0.6% of the human genome may represent the minimal

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

chromosomal aneuploidy Tor any pregnancy.
IV. RANDOM SEQUENCING

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

30  samples analyzed in example 1. For each maternal plasma specimen, we determined the
starting positions in relation to the reference human genome sequence, NCBI assembly 36, of

each of the 36 bp sequenced tags that were aligned uniquely to chromosome 21 without
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10 overlap, then the differentiation between the t wligitBuds o6t dad §s3 oul
be possible with an accuracy of >95% [0113] As shown in FIG 7, the
m ni mal sub$eP0EiLFAEs for the differentiation of trisofFTHB2BEESE rom

eupl oid cases is dependent on the fetal DNA p ercent%ge_. The m nj mal subse
si zes froipmaiphes.diVeties andpradthe spgipapostionmupherdaping pepleelebignefeiacnteh, 000,

180, 00Q, And P40, Q@Qm%&nsa%&ﬂ@nge%e; Ve detbled NALRRLGBREIGges of 20% 10% an
5% respectlvelée n ot her words, the number of sequences needed to be
anal yz eHromssire Be Faritushoayonyrposre the iqp 1o g tinmeaskions Rr ppiesomas! t ri sony 21
when a JRtGEARomR2 38R N 1R aHA Ra1 SRh LIRS RAYAE Slodhn iPNS. Fhendunber  of

sequences needed to be anal yzed woul d be increased to 540,000 when the
fetdl CRBaresRsct bt ég@alabwgreﬁ%teeﬁwmﬂesi Brbles) thageqpensediprol AONe gener at ed
usi ng 36,:PRSERAkmoS RAHERACEATsen 340100, 180, 000 and 540, 000 sequences

correspond to 0.14% 0.22% and 0.65% of the human genone, respectively. A
the o a fhe b &t LNEANGE Rlrkdds Q8% 1ibdl H@&@a{ BlatiBh, 2398e Obt ai ned
from e;@{lﬁip% r?gnlcezlges vr\eere roeported toS be gone1 ) p? alYl\/D gtgeal 1998 An
J Hum Gonlmenad aspeRwaT 5yde to hrerseeddiic mgroepr Wyeule%eéﬁmeﬁe human genore
hmay r e%@%&‘é@tsuéh@% 13} BlafBle, Bva m%pperpﬁsuﬁeﬂiﬂ@%ﬂ'@ chSattohadr 5ig8ct-di agnosi s

eas

wth at Yoaccuracy in detecting fetal chromosomal anéupl oidy for
anylthr exyiseiad pehniqyes. RARBDOVSECIEREY n@stpwi 359 seTigs P IRYRIEHORE-OTt hat t he

sequenced INA Jo-A9HBRESeNRbE aRE0D] Xorsg! el Gatiiidkhg, hfid@isaauenci ng run,
we obtai ned the sequenced tags generated fromthe ei ht mat er nal pl asnma 3)

sanpl esinelyilrgaden %C??S%%%?ﬂyé rrgeadenbrmemers (RAMH %% Hedpditithen,  we

det er m g, dtN@rdSdfe b Bl %uskl&aﬁo% al Bbdirh Qithled o bhiSpakefi@rENFE human genome
sequence, NCBI assenbly of each of the 36 bp sequenged tags that were

al i gned’VRi(§ael yerﬁ%ﬂf‘cch%l@rf&élb%mei R trdike: ThoRRYGT rider 582008/ 002530

M SpAt ChBShe M cdiiiktioh de5E sthig: GhdhduliB®nRRSctd. on nunber for the pool s of
al i gned sequenced tags from each specinmen in ascending order. W perforned

a si m | @f1analysirse Qs m@iﬁe@a@&e@e@%@ tEREmitel USES @l SichiN 29563 the top té
startlgﬁ% p05|t|ons 1or chronmosone 21 and chronmpsone 22 for each of the

mat er naler HEEITEOS e HieS PR ticah and HotFPIGSh NGt eRks cupOTRg B 28BIt ¥spect i vel y.  As

can be ApPELCHRI AR, iHAMile S8 stabh Bsmpuidl -9 2K1LRBERH BRRlis: 19hn DNA fragnment s
were non-identical between sanmples. [0116] Any of the softwar conponent s

or f uncirrherigncgied dhe miesanti I%VCP‘I*ﬂnsm"é’d’ﬁ [Cregist pgpg a ﬂ’ﬁ% sighel PHATETERCER as sof t war e

codey t OpREBRX QM REr R¥dDIDHORLSSQled With G ﬁb@faﬁ@bé&ﬂi@e@@é@%&ﬁml anguage
such as or _exanple, Java, C++ or Per%ﬁg%legegéﬂfor ventional or

obj ect - # EWRiRInEevEpe B RIgHided seBaraigly fromuyt & Hia t §?‘W%’§ ‘as a series

of i nst ApCdubiOfpulk réa@mmaﬁmg&a@m@@mbxamﬁeadagkeorﬂ@mrtpmgfa@f st orage
and/ or transm ssjon, suitable nedia incluyde rang m access m%{ingry (RAM), a

read onPucEiTEr §RERENYC O30 AHEH AL ET & PEESHE PH Y or a floppy
di sk, odiffabniephb@al pro@sh ProISUERIAS a 8yseanfastwol. SK céhfdera@ystem may

25  include a monitor, printer, or other suitable display for providing any of the results mentioned

2z

S

n

herein to a user.

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

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

such as serial port 977. For example, serial port 977 or external interface 981 can be used to
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¥ ) LR 7
DVD (digital versatile disk), flash menory, and t heot B P0He " cofpurer
readabl e medi um 15 nmay be any conbi nati on of such storage or transm ssionj
devi ces. [WORIPOEI¥h programs may al so be encoded andFFRAYMEERA usi ng
carrier signals adapted for transmi ssion via wired, optical, and/or
Wi r el esemndthespigutenborit g wide geaaprvek yuches fiedeeesh sTOPREPHdI ng t he
| nter naty A5 StGHer. Aue HIRMIAREHR FHIRhEn FRAULM AE cokidi Pketser &1 tembodi nent
t he present invention nay be created using a data signal encoded with suc
20 pr ogeamsnicaGomutach sybsysiRabing torpangl tEhexsHERMWE EricHENS R YR code may be

packaged wWi.Id,a, 6RERAL kil §7908MId%s Be RERVIIIShisaRABAERNY.nT r Om ot her devi cps
(e.g., via’'lnternet downl oa readabl e nmedi um may resige

dé. Any such Qonguter

on &r wilishtemsa Toe sgiean wempriPé? agefos diedrrp gttt mpenpodna (B i ve or an
entire compuier.system, and may be present on or within different conput
program products within a systemor network. A conmputer system may

251 nc| lf&'ﬁgﬁl ?Réﬁib's%tdes&{eaga{l]Sfexefaata@te%adiﬁlu&g @Pﬂim@ir@iezﬁi%h%’s @ providing any

of the'res s mentioned herein a user. [0118] An_exanple of a conputef
syst emprssersdidanhé purfises ofiliusthdongint §gpariniion. ERowp iitende igbe grxhgpsbive

i ntercoppact: ' - BRIk RS oVt SIiESMeRs as a
printePl8@%%?%%%ﬁ%gga%%%%?g%?gggggggﬁ&g79, nn%itor 976 mhlch_iz coupl ed
di§@Iawﬁawaﬂﬂemlgﬁzﬁﬂﬁﬁéméw%@b%@rgh%@@xﬁﬁ@Wﬁﬁwp%ﬁpﬁﬁé@éﬁ?mgﬁﬁ“input/outpu
(170 qdey| 695 kit MeGRUBLES bORd QB hufdQlslpicri Sl gt}?]pliﬁé&fbnm tegppect ed to th
conput er system by any nunber of neans known in the art, zgih,as seri al
por t 9kﬂabl¢@?xerseskéi;élnet,he §8{q ogst wibire tho nyerdion gy YBPRRTMHOAKAE 22EVHB1 can be
used t Q. RET i 2REROR0 MR 2009 QA GRCDHSBAARE/ 002530 connect the

conput er apparatus to a w de area network such as the Internet, a nouse

i nput Int €, i q L } yistem bus all ows the
cent raﬂﬁip?ra cé‘é@éﬂrﬁcg%%&;ﬁ %lésm%%a%gﬁagw\fm&?%@gg%ﬁ&ﬁ%%g en31’s and to control the
exeut iiowriatddiytrefasneedn shefreapiedyfet BpumeiSry 972 or the fixed disk 979, a
wel | as the exchange of information between 5 subsystens. The system nenof
972 and/or the fixed disk 979 may enbody a conputer readable nmedi um
[0119] The above description of exenplary enbodi nents of the invention has
been presented for the purposes of illustration and description. It is nof
intended to be exhaustive or to limt the invention to the precise form
descri bed, and many nodifications and variations 10 are possible in |ight
of the teaching above. The enbodi nents were chosen and described in order
to best explain the principles of the invention and its practi cal
applications to thereby enable others skilled in the art to best utilize ‘
the invention in various enbodi nents and with various nodifications as ar¢
suited to the particular use contenpl at ed. i

- O
iy

(D

D

)

29



[01201 Al publications, patents, and patent applications cited herein are
her eby 15i ncorporated by reference in their entirety for all purposes.

VWHAT IS CLAIMED | S 1. A nethod for perform ng prenatal
di agnosi f ronosonal aneuploidy in a biological sanple of a
femal e Mb&gﬁgﬁc Wi th a fetus, wherein the biological sanple

i ncl udes nucleic acid nolecules fromthe female subject and fromthe fetus,
5 the nmethod conprr.i Si Bgmethod for performii@qetnatah diagegisere detdabhmnabiaiined from a

sequenci ng of at | east por.ti of. a plurality of the nucleic acid
ol ecul SRR AL ToReel MRS SdgPes e dehpregrant with a fets, Vaiefaghe ng' each
sequenc idikical HEHPRingeMRMRelc el eldlechfee fisRGHEREAE NBEti00 FHBARER/LL S a

fraction of the human genone; 10based on the sequencing: a
conpdt eftheshEbAATEFEPEH ning a first amount of a first chronmosone from
sequences i denti fiegiasscqldridP88a btahberbh hSbquehdi 185t a3dlion of a

t he conputer s%tstem determ ning a second anpunt of one or nore second
chr onps GHEYItY plohs Beslietredrioleadpit qopjaiygd isthg biofsid! 99 Péae or nore of the

15second chronos ﬁfng each sequence tOQ%hﬁ'é .é'H.OHQ, @h&@iﬁ%@@fenééd%ioﬁe fi I‘Sf[
anount and the second anount, wherein the paraneter represents a relative

anount betreveen a fiagiohiof gt hamdn genvosd anount s; conparing the

par gpgeter to one rscf@qrtﬁegeﬁﬁégci val ues, wherein the one or nore cutoff

val ués are derived froma rormat value for the relative anount between the
first 20 and second armunipster suigm determining a firstrmedinosf atfheg chomparison,

det er m ni ng cl assificatj.pn, of -whether fetal chrompsonmal aneupl oi dy
exi sts for tﬁgn]TSF(Fus?P'ceéh eg{rlr%és‘aodref@?gneg to'te fifs Cﬁmg{osofaﬁeé arrlrr?ét hod of claim1,
further conprising: the computer system dqpenioingn sigoddwen@agefeneongoef t he at

| east a portion of the plurality of the.25nucl.ei g acid npl ecyl es contained
in the biol offi® %ff"hé:‘?i?r‘bgf’gi.es frdm seduerices IJ‘]’?,?‘& éah@eﬁéﬁo%orﬂoé‘? > wherein the

sequgnci Ng i sech®l dreshi@dmeandom y on a portion of the nucleic acid nol ecul es
contained in the biol ogical sanpl he nmethod of claim

e. 4.
2, wherein the setflfemeiRy PRI HadEHEF (Y 2Rnent sod g’édif@ﬁ%?‘ﬁ@ffm’and wher ei n
al i gni ng,1RAGNNS BAHBRELrchRENUAESIaBYd HRduRTbRRtdnaR: fRELIREIHBNERSuNtS;

comparing the parameter to one or more cutoff values, wherem the one or
more catoff values are derived from a normal value for the relative amount between the first

20  and second amounts; and
based on the comparison, determining a classification of whether a fetal

chromosomal aneuploidy exists for the first chromosome.

2. The method of claim 1, further comprising:
performing the sequencing of the at least a portion of the plurality of the

25  nucleic acid molecules contained in the biological sample.

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

on a portion of the nucleic acid molecules contained in the biological sample.

4. The method of claim 2, wherein the sequencing includes paired-end

30  sequencing, and wherein aligning each sequence includes aligning paired-end sequences.
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5. The method of claim1l, further conprising: identifying an amount of
fetal DNA in the biological sanple; and cal culating a nunber N of sequences
to be anal yzed based on a desired accuracy. 6. A nmethod for performng

prenat al di agnosis of fetal chrompsomal Saneupl oidy in a biological
sanpl e of a femal® sulﬂié&eﬂ‘ﬁfié’gﬁ]ﬁﬁnﬁmlﬁr&mﬁ@ﬁ]&; wherei n the bi ol ogi cal

sanpl e iRaliNaRsANELRIE FARINAR 86 vloesihr @mpldhend enal e subj ect and fromthe
fetus, the nmethod conprising: calculati ng a nunmber N of sequences to be

anal yze@elpdaiing aonmde of pesycnseribs@palyzed Passd Spf Yed@g aeMiHy at | east N of
the nucleic acid nolecules contained in the biol ogical sanple;

al i gning each sequence\ 0thad fi FedfordBROTEnataMIRERIST of BEetsiQBRREQalpOr ti ONn
represents a fraction of the human genaone; based on the random sequenci ng:

15a &onmpoeueloidyia e biplepiqab pamm plp faroplesaliech prsapant §th g fths StheeiyBhosone from

sequenc %ﬁ)k%ﬁ%p :Ea_inféjileei%lﬁées%luhl% 289 rhedul2® ibinlt8Y f6RIQUDSAMRY fofdhe fetus, t he
COITpUt er system determ ni ng a second anobunt of one or nore second

chr onos diresethedorvmpesiugnces identified as aligning to one or nore of the
second ChrOmsom@%ieu&%?hﬁﬁrﬂté}'w&s@(ﬂ&%e@m@gnaf QBAieorf d dedfepmoUNt and the

seconpl anount, wherein e paraneter represents a relative anount between
the firstcuasmg; second anmount s;

10 randomly sequencing at least N of the nucleic acid molecules contained in the
biological sample;
aligning each sequence to a human genome, wherein the sequenced portion
represents a fraction of the human genome;
based on the random sequencing:
15 a computer system determining a first amount of a first chromosome
from sequences identified as aligning to the first chromosome; and
the computer system determining a second amount of one or more
second chromosomes from sequences identified as aligning to one or more of the
second chromosomes;
20 determining a parameter from the first amount and the second amount,
wherein the parameter represents a relative amount between the first and second amounts;
comparing the parameter to one or more cutoff values, wherein the one or
more cutoff values are derived from a normal value for the relative amount between the first
and second amounts; and
25 based on the comparison, determining a classification of whether a fetal

chromosomal aneuploidy exists for the first chromosome.

7. The method of any one of claims 1 to 6, wherein the biological sample

is maternal blood, plasma, serum, urine or saliva,

8. The method of any one of claims 1 to 6, wherein the biological sample

30  is transcervical lavage fluid.
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conparing the paranmeter to one or nore cutoff values, wherein the one or
nore cutoff values are derived froma normal value for the relative anpunt
between the first and second anounts; and 25based on the conpari son,

determning a classifi atigngﬁgm%ﬂ%&QEgh%mug%%[Wg%é&ggiﬁgﬁ%g%&%gggoidy

exists for the fifst any one of

cl ai ns Js ¢@oBosomiden aihforidiembil §lcagneabms edyph@nicsorn@X eérvatonklsaady. pl asma,
serum urine or saliva. 8. The nmethod of any one of clains 1 to

6, wherein the big|ogical sanple 30is_.transcervical.|lavage fl uid.
9. The nethod of &nhy 3%@‘ ﬁmgBSWﬁﬁnTc%SmgﬁﬁﬁﬁgrggﬁmPQ}?##%%mﬁ%ronDsone is
chr onbs QaRuZikd fichr0aRsBGAENdScs Ghrfonmamoe. 13, chronpbsone X, or chronosone Y.

10. The method of any one of clains 1 to 9, wherein the paraneter is
calcdlated froma ratio that includes the first amount. 5 11

The nmet hod of cl ajim 1G;he WagtcRioN clfde 10, 3l Ridihe Witid @Sovadep @ e bliage
representation of the first chronosone anong the sequences.

12. The reBesspidiaroldhedfing chpmagpras anpng hess94$9°6> i s obt ai ned from any one or
nore of a fractional count of the nunmber of sequenced tags, a fractional

nunber of sequenced 10mdGhegRidicteRim a0 tviRrdd @6 tdtionabbthigalidin ehy @eaumul at ed
sequences. _ 13, The nmethod of claim_10, mtgrein the first anount
i s det aimorpebe fracinna Geyme priha algberof soursed Prap Sartonaprwehentf 6" Bed ess t han

a speci fﬂu@l@otﬁé%ﬁ&aﬁ‘ﬁcti%ﬁﬁ@&‘:gth of accumulated sedfencdshe nmet hod of clai m 13,
wherein the specified nunber of bases is 300 bases, 200 bases, or 100

bases. 1515. The net hod of any one of clains 1 to 14, wq%rein t?e nucl ei ¢
aci d nol ecul es of 13 he Biegredyided rlaim My vdersa ke Fad amapt icdrigminst f8®quences

or i gi nat,Agift AMAcul S 85t a0 BReARN th b6 Wsdhait NERITRA ABmbek G Tdres. met hod of any
one of clains 1 to 14, wherein the nucleic acid

14.  The method of claim 13, wherein the specified number of bases is 300

bases, 200 bases, or 100 bases.

15 15.  The method of any one of claims 1 to 14, wherein the nucleic acid
molecules of the biological sample have been enriched for sequences originating from at least

one particular chromosome.

16.  The method of any one of claims 1 to 14, wherein the nucleic acid

molecules of the biological sample have been enriched for sequences less than 300 bases.

20 17.  The method of any one of claims I to 14, wherein the nucleic acid

molecules of the biological sample have been enriched for sequences less than 200 bases.

18.  The method of any one of claims 1 to 17, wherein the nucleic acid

molecules of the biological sample have been amplified using a polymerase chain reaction.

19.  The method of any one of claims 1 to 18, wherein the sequenced

25  portion represents at least a pre-determined fraction of the human genome.
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nol ecul es of the biological sanple have been enriched for sequences |ess
than 300 bases. 2017. The nethod of any one of clains 1 to 14, wherein the
nucleic acid nolecules of the biological sanple have been enriched for
sequences less th f any one of
claims 1 to 17, ere| efﬁélﬁﬁ%ﬁ@“%mcgf%u%ﬁﬁ%éﬁ1£§ﬂ%?hquwglologlcal sanpl e
have beegraapb bf leR60.USidfchechupah yommase chain reaction. 19.
The net hod of any one of clainms 1 to 18, wherein the sequenced 25 portion

represents at t a t.el.m ned f.r action f_the hu enone.

20. The et hod of3anyT%ﬁglgpd§F§?ﬁgwfffgm?éwnmﬁéV%?%npgga r%%tlon

I epr eserésesdtts helagt 0.8%I¥aef e ghwurn genone. 21. The net hod
of any one of clains 1 to 18 wherein the fraction represents at |east 0.5%
of the human gen thod of, n cIa| wherein
at |8ast one of t%zg cu an}et I u%%y e Ofcﬁau%le@tot%é ]ﬁerm?r act Si%gllélea(if%

concent rcafoffonhef isfretiad to@#\ﬁhdhohﬁ&oﬁieﬁtlriﬁ@n@ﬁfetﬁ AN &. the biological sample. 23. The
met hod of claim 22, wherein the fractional concentration of fetal DNA in

t he biol ogical s |l e ar an n o1 rtion of Y
chr onosone sequeﬁggs rg?f%ﬁ c%%g e%%%ﬁgnﬁﬁgﬁ%agwngqmgx%&mgmﬁg‘%ﬁnucleotlde
pol yrmor mn.s i hoanalgial smple is determined by ad¢t onéldrencre v hogtopdrtiamyt Yne of clains 1
to 23, erein a cutoff value is a reference val.ue es bli,shed,in a nornal
bi ol ogi CATCTIOSRIPF Eequences, a fetal cpigencsig oG SRR T PEYBPPEISE |y ¢ her
conppi SiaR@ysis.dentifying a percentage of fetal DNA in the biological sanple;
wherein 15 calculatlng a nunber N of sequences to be anal yzed based on a

desi red accuracy n t erc The net hod of
claim1 or 6, whe#‘ii n @%@&@Eﬁ@@gﬂf‘f,f’gghﬁ% @(:?361\31’%?1?6&1?‘?82 NS first
chr onDs gBeredsd e eftaBlishgnintatobh@ bidisEeal edmigdgrosome. 20

25, The method of claims 5 or 6, further comprising:
identifying a percentage of fetal DNA in the biological sample; wherein
15  calculating a number N of sequences to be analyzed based on a desired accuracy is based on

the percentage.

26.  The method of claim 1 or 6, wherein the sequences identified as
aligning to the first chromosome uniquely align to the first chromosome.

20

27.  The method of claim 1 or 6, wherein the sequences i1dentified as
aligning to one or more of the second chromosomes uniquely align to only one of the second

chromosomes.

28. A system for performing prenatal diagnosis of a fetal chromosomal
25  aneuploidy in a biological sample of a female subject pregnant with a fetus, wherein the
biological sample includes nucleic acid molecules from the female subject and from the fetus,
the system comprising;
an input for receiving data from a sequencing of a portion of the nucleic acid

molecules contained in the biological sample of the pregnant female subject, wherein the
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27. The nethod of claim1l or 6, wherein the sequences identified as
aligning to one or nore of the second chronosones uniquely align to only

one of the second chronobsones. 28. A systen1for performng
prenat a'b 4 @cg;i'g)a%;lp%e at uﬁes ALl 2ERLRIRSR bmafe AARIA e%a frofh tmb gi cal
npl e oI & Fermle Su jEé% pregnant wt et us, ereln the bi ol ogi cal

sanple iant| udes nucl ei ¢ acid nol ecul es fronlthe fenale subj ect and fromthe
fetus, the system conmpri sin n ! data from
a sequencing of a %Ierﬁyﬂ%?%gg%rﬁ% 65503% &15}{% eme‘ﬁé%s 0?%% %% g%d in the

bi ol ogi eal sanpl e of the pregnant femal e subject, wherein the biological
sanpl e includes nucleic acid nolecules fromthe femal e subject and fromthe
fetus; and a conpyter sten1conf| ods of
claits 1 to 27 b A SEICREr Braoraar s SaR LA Kok e gERhACT

r eadabl en¢greldd wnhelpumﬁeﬂoﬂmdmcaoqs [fasrcahirtlingd canmsting ststeon® pedbmcant r oI ling a

e e N T e R R D

Subjl ect sﬁl’ﬁp}g Iaaallfemﬂlelt sﬂlbj&ctf;ﬁégésm wither feful, \:tzﬂwanbm_elbﬁmgmn sa‘ﬁﬁﬂminelfudﬂd udfes ]
nucleic acld no ecu es, the operation c risi.ng the st any of the
et hods TBFetRgRmleLulaithe bpratys coppramedte teps of ary e el ol k@t hod of
claijg 1y, wherein the first anount of the first chronosone is determ ned
froma first pool of sequences that align to a plurality of positions on
the first chronosone, and wherein the second anount of the one or nore
second 5 chronosones is determ ned froma second pool of sequences that
align to a plurality of positions on the one or nore second chronosones.

31. The nethod of claim1 or 30, wherein the one or nore second chronosones
are a plurality of second chronosones. 10
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30. The method of claim 1, wherein the first amount of the first
chromosome is determined from a first pool of sequences that align to a plurality of positions
on the first chromosome, and wherein the second amount of the one or more second
chromosomes is determined from a second pool of sequences that align to a plurality of

positions on the one or more second chromosomes.

31. The method of claim. 1 or 30, wherein the one or more second

chromosomes are a plurality of second chromosomes.
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