COPY NUMBER ANALYSI'S OF GENETI C LOCUS RELATED APPLI CATI ON [ 0001] The present
application clains the benefit of and priority to U S. Provi sional

Appl i cat iwo 2bl0/066240 260, 804, filed on Novenber 12, 2009, pPCmassesmwios@y€ont ent s
of which are incorporated by reference herein. SEQUENCE LI STI NG [ 0002] The

present specificati K refere n Listing (submtted

el ectronically as deawg?Niﬁﬂgﬁﬁdbggisgégﬂsgiﬁﬂgﬁ?ﬁé'(b§b§ovenber 12, 2010).
The .txt file was generated on Novenber 12, 2010 and is 6 kb in size. The
entire contents of the Sequence Listing are herein incorporated by
reference. BACKGROUND [ 0003] The nunber of gene copies present in each cel
of an individual can have i nBELAKED ARRLIEATIONI i cati ons. For exanple, an
i ndi vi dual having | ess than two normal copies of an autosomal gene may be
at incrl@a@dd r iI's&kpaserd epgicaponglaanglihs dasitaiididpriiétydo &a$.rHrevisiboal t he

di sease, Thus, gen n er estimat ave.life-changin
conseqdsetonSs Sy S0 MG SOt R 0. B coNeEbaLiRIR e di sease
carri erip&d IQQngqe@R%@ghm@hgouple's decision to have a child. SUMVARY OF
THE |1 NVENTI ON [ 0004] The present invention enconpasses the recognition that
di agnostic tools for determ ning copy nunbers of a genetic |ocus can be

i nproved by conbi ni ng biol ogi cal assays with conprehensi ve assessnent of

the quality of the biologicalEﬁ@@@ﬁa§§€?#§%§§ ts and/or statistical

confidence of copy number call’s. sent invention provides,
anong t hi ngs, re curate and_.reliabl e di agnostic t hods for

i sous d0E; <o rBiEBies R BB e Nt aedn oD b B hurber s of
genet i Gld@ehically aS@ltkt 6 HahBeFSQfListiicttRt SN JehibRP1 2, Y01 gﬁ ugRdixt file was

fal se-positive rate. WO 2011/06'2405CT[U82010/056494 [ 0005] Thus, in one
aspect ,gengretedroasegmcnibay ht2000 apd v\ e sszarekhecativsf coatralsyofithgSemepcaunber  of
a targﬁhﬁhpgﬁg &%ﬁp5&§ig }zq%%,§§g%gding a plurality of biologica

speci nens, “each i'ndi Vi uafdbloFoglca1 speci nen conprising a target |ocus
and one or nore reference loci with known copy nunbers; (b) performng a
plurality of biological assays, wherein each individual biological assay
anal yzes the target |locus and the one or nore reference loci in the each

i ndi vi dual bi ol ogi cal speci nen aﬁﬁ(a@ﬁgﬁgpgg det ect abl e signals such that
the | evel of detectable signals for the target |ocus and the one or nore

r ef er ed8803]oci Thonwmberradgens eapiesHupsent wsysele e¢llef anopdivitluabeandrave c)

determ.pi 1 | wrali f. _bj I . ity of
copy. nunbarenudfRRg) bR, EoP St asth @ A OB ISR G RERL Yo

r ef er ernpick 0€ hn a@bshnidl pcrsHmas bt Aginttadddirisk @f devdoinpy divikandesbe aat es

and/ or statistical confidence of the copy. nunber call, thereby determ ning
if a copyigidpusbe dissase. ThHS BEnGeqny usber peimaiesan heve lifs-chapging] | n sone

enbodi Bht ueﬁcjég. Far &%ﬁlg?é& gté%?%gd@r ﬂu?rﬁ)%r EstBE€ 1P det@nitd &igé)d@e Eéﬂ‘ﬁ:éleazlt%l% In

sone enbodinents, the t conprises an exon of survival notor

neur on chn @8k®B) conpleds grorsianon hiahea elold.| N sone enbodi nents, the exon of SWMNL
is exon 7. In sone enbodi nents, the one or nore reference |loci are selected
fromthe group consisting of SMARCC1L and SUPT5H.

SUMMARY OF THE INVENTION

[0004] The present invention encompasses the recognition that diagnostic tools for
determining copy numbers of a genetic locus can be improved by combining biological
assays with comprehensive assessment of the quality of the biological assay measurements
and/or statistical confidence of copy number calls. Thus, the present invention provides,
among other things, more accurate and reliable diagnostic methods for diseases, disorders or
conditions associated with abnormal copy numbers of genetic loci, or carriers thereof, with

significantly reduced false-positive rate.



[ 0007] I n sone enbodi nents, the biological assays at step (b) described
above are real- tinme PCR (RT-PCR) assays that anplify the target |ocus and
t he one owororigenmher ence | oci. I n sone enbodi nents, thecuatSecwabdses si gnal s
are fluorescent signals, and the |level of the fluorescent signals for the

target | s or, the one or re reference loci, is defected at.each
anpl i f |[9§?C§L1 @9&% & 1C SRECLERS PECNIBEHEPT HTO%PFé aé%é‘b‘f Wg%‘@ IS EpY (c)
descri hgehRbgy @ta??ém{dﬁ BSmPLi&RS: Qf 11316{71)(111’%% fﬂﬁfﬂh@ 6'9015%%1&31 Jﬂe&"nﬁ‘e,‘ﬂg &abip cycle
nunbers (ACt1) ween t he target ocus and t one or nore reference | oci
tor eaahdlalq@alebld@gevlahsmemelnwaipr@mgtaﬁ@rgm lspomsemdeme 0% ngmateferlemceelaclhmth
i ndi vi b|oIo ‘@ﬁeC|nen a calibrator

gre

reflectnﬁ gt RBY B 86@&?&2%%? rﬂ' w‘&?%%?“ﬁ%%&’eﬁﬂ%e% e one or nore

refer enﬁavidaﬁl bioRBRal dssay arfh®i8% fHchriget [BcsQM tRUSIRESr RSk irdRi@cs Rki ihBe t ar get
| ocus in each individual biological specinen b{ normal i zi ng the difference
9

| n the qayle Individiead Srodo Al isperemen pichganceptesgictgstablo) signals sveh &bt therlayadef ( A- Ct

: ers
Loty g RL T R obl B P R bl h ol AR R LR B P <) 3
reach trbgeptie @l enmbosd(d) avehnmﬁngt besclilonaheploeiity sf fomlgial d48ay30ae
enbodlnents the calibrator (M) is defined by trimed nean (e.g., 80%
tri medwelfyofeppy wembericsiimgtys Suphafarsss docys eemaé@e@ fethaeng op@digeen t he
t ar get of
by of ogi'car 1Es M A3 ARG Bl R Gy ol U GRERUBEL s aBaB MBI 01 e
for theohfidget of deuspy nuabdetcallnthicxabg daterhindddiacapy speabemmet cas bdetade m ned
on a Iup r scaHe In some enbodi ments, the copy nunber estinmate for the
t ar get Largel 1adh i ndi vi dual bi ol ogi cal specimen is deternined on a

Iogarlthmc scale. [0010] I n some enmbodi nents, the quality of the copy
number [88964]nat Bxsomgg crp 1@5@%@6 fapeqidoqus ca@%&ess@cgeaa%ap@ﬁlOtlﬂweﬂfaMty of

data g nts,
R R B e i
confi demca@oaimﬂ thereaf. clal sbme@trdbodmmﬁs tt[d)@zbﬁ]otfﬂl\/ﬁ‘@hs eanhddﬂmmasrhs t he

bi ol ogi erforned | ste bove_are replicated. sone
enbodi r%ﬁ%oélm?lﬁ% WPGa S reCEars Behek sorc Borofg & Shgting o <

det er mgd R 1t hy @ st ati on of a measurenent confidence for replicate

bi ol ogi cal assays and a call confidence based on the plurality of copy
nunber mat riges

ot or i a0 "e SFsorp A AR R, BERARLTERL Sy S ERe L M SRR AOEOMRIIES mde

i f the toad PCRC(Rﬂ'i-EKé]Rl):ﬁsaﬁ th&samﬁhlﬁﬁﬂleaaqgeelodlﬁt@ﬂrthmemb drmeshofectned REL3] I n
anot her as he se prOV|des a nethod of d t tlng a

di seasénég é’ﬂn % ﬁ‘ é%?ﬁ?ﬁ]?gq TR {wBEsCBt Slglqel%rra& thegleke ofdhe a carri er
ther eo“ﬂu&r&‘é‘eﬂf%ig‘ﬁ@ﬂ 6P "tdréétﬁ&cu(s%)r (R W Al inie efBleHEAbELY thfectQEi Qﬂ &ghcal

speci nens conprising at |east one biological specinmen obtained froman

i ndi vi dugllifehtiomeystesfithe RBYPQRr f or mi ng nul tiple replicate biol ogical assays
on each of the plurality of biological specinens to analyze the target gene
and one[0008] nor & soefiesrebuimgetesepicy teskribsthaboop yompiitessteps vh@y éitameainh of

t he mul replicate biolo I assay enerates tectabl e si naIs such
that t HE 5@@@ fobfn Exi et gﬁiff@ tat@?f‘a Figet{grs @a? §@t0n§ SR B one. or
nor e r gh&MnEeRGReh dREacERhihed %E@lsof%é ﬁu&r@?deﬁt §1§1§a@seiﬁte'aé’l?1n‘aﬁﬁa’ua'1‘ﬁ i&l (C)

determ ni ng copy nunber estimates for the target gene nornalized to the one
Oor NDr pe&hRh &My QeleNaf; a @Nbrdeh) /S esRchgg elealifftinf betnk}eenca)wﬂmumb%t
estimates and/or statistical confidence of a copy nunber call for
i ndi vi doets aofl thawnerasspore refercaps/logie pad ﬁilhd@tgﬂmfnmgwezoewymhmémateaﬁor theor t he
t ar get ca e n tive

9 Q%F{eltoHus 1&1}%3011 ﬁ’lt‘& Jiud«llljg{olo(%q@afl u}?c[ch%gl lf(% %%ge[‘ﬁg)? gfep% 5§fetther@%gﬁ9

met hods presen aven rn'ses ning if

the i ”q{u‘{ﬂﬂ&%chﬂéte%m'e& aflted (1516 thOEalliol £EAS Gn sGhe bﬁleﬁiﬁleh&dét% gyal is a

carrier of
comprises first measuring cycle numbers (Cti) for each of the target locus and the one or

more reference loci to reach the pre-determined level of the fluorescent signals. In some

embodiments, the calibrator (ACt) is defined by trimmed mean (e.g., 80% trimmed mean) of



WO 2011/ 060240PCT/ US2010/ 056494 t he di sease. In sone enbodi nents, the

di sease is Spinal Miuscul ar Atrophy (SMA). In sone enbodi nents, the target
gene i s swowbuAleoz¥wt or neuron 1 (SWN1). [0014]In sone embodiSaE0insSe494 he

bi ol ogi cal assays performed at step (b) above are real- tine PCR assays. In
sone enpodinents, step (b) above conprises rformng real -time PCR assays
t hat aFFE? gﬁﬁ&f‘we@éﬁ? Paag%iwﬁa 1 OBK GRMPF R IRAGE 4oL BRBIHESAF ment <, ¢ he
det ect all 18 Rhigpatimeggner at ed by biol ogi cal assays are fluorescent signals,
and the |l evel of the fluorescent signals for the target gene or the one or
nore r nce ' t 1.fi I . he RT- PCR.
[0015] 1088 e LEERGRerhSo bR Aoy R ABhAC K33he BRI ilych

det er mindinglubhigobigfchbspenioeniin dttheniayd be a huadrerse.( BCtan)e dstiode@onts itke t ar get
gene and the one aor nore reference genes. to.reach a.pre-determned | evel of
the f I GBPEILaRET stgnia for fhy gehlorhd Wﬁh@ﬁlﬁ%ﬁfﬁl@&%@%ﬁewi) gener at i ng
a cal i ifcatRindiAa 10p&itheed iag. t he background difference between a normal
target gene and the one or nore reference genes; and (iii) generating a
copy n es DASE [ r

nor mal ﬂg? ﬁg thieﬂ%&?[%1 er enclge]?[ﬁ’ tﬁ %g@ggﬁgﬁﬁgg er's R%eﬁﬁﬁg%egr%?{nﬁ%ee%}l%ﬁt step (i)
t o t he loalsiibastoed bavet pn thO@bbl of daoargene rdbatifomert e o nere eybyremessibei.
estimate for the target gene .based_on each indjvidual .replicate assay is
det er nilReamg fmbof; thesigtistical gorfifRace rrsstRdySICIqrAnipg A MAsHERFest | nat e

for the haiget .080L. PASES RIR&ACH i ndividual replicate assay is determ ned
on a logarithmc scale. [0017]1n sone enbodi nents, assessing the quality of

based gavLHcr o b AR ERmERTIAL PR RERELEN RardRl I Har BbRhe IF 1.
t her eofreplénaerdatie dothormbbdinens, the stabiktcal ebridenceofthaespy dumisokell anbodi ment s,
R L e e i T e
oM URALe. BRSSO RS A Gy saRfgdence of the copy
nunber 10571 ; SRR SRREHERS, Gop (e 2k e RS heopt HmEREY
for t heathfbit thpkagstapduscat aotheahady i€ de call vaySdenne isdewahdn €prfdodeniedoased on
measur diEolgont | dence i s deter m ned as the | argest normal confi dence

interval around the copy nunber estinmates defined by the nmean of the copy
nunber [8813]mat Esangthcs gspoch shanescnpingctegsl prewides aBsHipd of deteeting sdiserdar d

error of tk j it Nl 1 L hpnts. In
cone. st PR abilal b il e LR LR TOP E P REARE et O Cer
cal | dCéU@npritsin%E{a)m?eiéﬁﬂg atlblezaﬂma@' hﬂtriglnsg?hl gpec]:ﬁiﬂede B@ﬁpﬂﬁﬁt;gi aéltﬂezist ene eeﬁ a .
pre-determ ned confidence threshold. [0019]In sonme enbodi nents, the ca
conf | debr\‘él@g’&%ltS@PW@§%Eaﬂte€sff°%%é}dﬁﬂéguafl@if tereste Gpperiompas mudiplgagndicatepei ng

from adj; ' | ' i | d)
conpr | BEET SORX AUIIPES it BhEARY bF Rty M IR RRTE AUTRTNE torghBng 1L o)
conf i demdent sr hessrefdrenceaepesewidle keswn oqy monfardeheeit bachstidhedmult®G:20] | n

Compr | SEQ Bl S PR A eGSR P R E B L e N

pr e- det@inal T8 the AR BeRb 8h® tiRfonk BE ndoRd B8LreARNRnes correlates with their
respective copy numbers; (¢) determining copy number estimates for the target gene
normalized to the one or more reference genes; and (d) assessing quality of the copy number
estimates and/or statistical confidence of a copy number call for the individual of interest,
thereby determining if the copy number call for the target gene in the individual can be made.

In some embodiments, inventive methods of the present invention further comprises a step of

determining if the individual has or is at risk for the disease, or if the individual is a carrier of



[0021] I n sone enbodi nents, biol ogical assays on the plurality of biol ogical
speci nens and the one or nore control sanples are conducted on a nulti-well
pl ate (e.Wy0,200@60:0| or 384-well plate). In sonme enbodi FEMITS201005@NL | Ve

met hods of the present invention further conprises determ ning plate

quality ntrol _netrics based op the ontrol an i cal

anal ysit8 8‘156%5% I 3Gy MPRFRCIS AT discas ﬁ%)%S aal Hs%kﬁét@rﬁ’gﬁzﬁﬁé%ti”‘{% pl ate
is failgghddfmany, tl?éta%é& &%s@ﬁwf@[&oﬁﬁ%ﬁr@h 15(@&79&93 fails one of the
quality control or statlstlcal confidence assessnent or |f an estimate for
any in ual ,0py
nunber%fq}‘gﬂ] If\%ernéa}h % 0 |tr%e}ﬁ9§ﬁ)l ﬁo?sgg% %&fb@ggé‘ﬁ h‘lﬁéégb;{{lgﬁ%agr t he

pr esenttimaPERtasays.c bnjpmes@sbatimbiets (st@o(bﬁi abave rmn@hls@s pdrﬁoaamg realktohePGRood,
stool, saliva, chorionic villus sanple,

pl asma, ser e,
chori orfiStayyi L*?ait @pbﬁ/n%ﬂ@%mtap@ of G¥i 6 f @W%Q{ Lyilp sompamgedimenisythg culture, or
tr ansce({eyéc%!e digv@9& nklai by ﬂlaloﬁf%qpasgm%gé Hﬁ&%&en@m%ﬂa@ﬁ QFd Gl 1D BEIHREN

suitable for the invention’is a prenatal sanple I'n yet anot her
aspect ,fluonescentsgmnals fonthe teresrgepe ovihdese slymtomfdr@rce@naﬁtsyz detgctedptycanlinber  of
atarg S descri rein. In some enbodi nents, a system according
to the‘?W@gﬁ?f%hq@‘Hﬂ%ﬁgpﬁgxag) means to receive a plurality of biologica
speci wherein each ndi vi dua) _bi ol ogi cal speci conpris a target
‘ocus dABIBne bt s ek @P@M@n Q? W@ﬁmpﬁwt%ﬁg? Edﬁs@?@mg °neans to

carry OQffre@nd red LYo AfmbrO QG ORkwASSBY Barg é‘é’%@ﬁeeéﬂ?l Ba6h bbb diAdnce

bi ol ogi cal assay aral yzes the target |ocus and the one or nore reference

| oci i rgeeescto reandi airchdatertingt] dgyict of the plecicnemt sigoalgenechirekvidedleclabice
signals such that the | evel of detectable signals for the target |ocus and
t he onesgy: forasnerafies eadirator( AcoreBreingshabackgronad diffeseise detwasndopy

nunber s i Q I e l e WO
2011/ odbo i 36 T Sl TR e A S TR Raha BB o Fbdf
speci meRtimartab@l sledeh mdieiduilecplael as@tfy Byheroetigat al dffsicgainghe thcla
storage device configured to store signal information fromthe

det er mmatticonAGodofeanined abstepfiptotthagalibdot @ @dapt ed to (i) cal cul ate copy
nunber estinmates for the target |ocus normalized to the one or nore

refer er[oeld]oci Iibasederabodifents, the abpy mindioraitiiate $srahe thr@ gtiebastdoagachdevi ce
and (ii,) determne the quality of the copy nunber estimates and/or

st at i stindigjdualyispiiciénessap d@wwnﬁdr?@érrscelﬂ In s emjvocé}n@pgsmhﬁyomdm e for
di P! ayiithoP GRS e RASAR: oA ANedRenEORBM LA ANT LAk AcRAFNE bR
result for t e user, erel i the content conprises a cop er call for

t he tangbgmhhnmsaahﬂ/or a signal indicating if any of the quallty contro

or statistical confidence analysis is failed. In sone enbodi nents, the
target [DOLYS COMPMEERbATIMEXS,Msedssia thd (alitydittos cépBundibet c{tbhidy or a
portion thereof [0024]1n sone enbodi nents, the bio]ogical assays are

real - tiGPEIPPER SRESEHIBS ap#ity opmired PedEerRasedon eyrde prnberinsranemsnirsadthe i s
cont i guinifl B dPLEVIUIBE: R0k BRYal] (i ARIRH AR GrRhaNalRs Bt GALY
anmplification cycle an tecta e S|gna s are Tl uorescent signal s.

[ 0025] lemimdirecresraeassipgtis, qublig anmwpyngnﬂdeeﬁtlmdta; cadppisedddt@ndahgul at e
copy nunb est . mat es or t he tar Iocus according to the follow ng
steps: Pyt 8# YATHTAY ?%ea.ﬂ%errev epl.lpafﬁhlat)@ﬁaala Hikbdp $OMACLi ) bet ween
the targadodiRGHS a@é‘é@sﬁ?ﬁw%&%s@éal EOHRIchEd & B0 @@p}J RAhbdrQall 8&6Prids

pre-determ ned level the fluorescent signal's in each individual

speci nelfsferiniyg a n@@m&m@mtmgnﬁdwb iahd/at mcalt @dfidgngee flh seme agpbodiench e Kgr ound
di fference b a normal ta and t ne or re ref erence
oot + SRSGr e i e agra iy Al il S8l 15 BEFyRU R §54 get ocus i n
each i ndéa¢iifturht Qinldeddccal the R@diipR RefitaRWidBhicdl Rshyk Aed dichll e6EMeacd N t he
cycle nunbers ACti determned at step (i) to the calibrator (AC ).

[ 0026] Ihesebrrea By aeepy, nunthst eviRies ng nodul e i s adapted to determine the
gquality of the copy nunmber estimates by at |east generating quality control
met ri c400E{ed bnsaycémebotimbets, the asasueereertt sonfdench & cmhqmiilfeidcaattlila)lnrgwr ve

sl ope ther eof nerated for t one or re.refere e

crbodi SRS cofe dhErhg o e SOy Rt Sails S HERGR BrBE Fisal BEERT Ty of
the copppPuiReer @ﬁhiaf@ta@%s@bheaﬁulhﬁl $éplRetetlssiyd hbAthS AU S dCPRE bF Se@idanOf
variation. In some enbodi nents e conmputing nodule is adapted to
determ ne statistical confidence of the copy nunber call by at | east
determ ni ng a neasurenent confidence and conpare the determ ned neasurenent
confidence to a pre-deternmined threshold limt. In some enbodi nents, the

conputing nodule is adapted to determine statistical confidence of the copy
nunber caII by at |east determ ning a call confldenca and conpare the

I T VAADN N A A D NNy ATV T ] 1 1SS A D /A= 20N A - . o



[0027] I n still another aspect, the present invention provides conputer
readabl e nedi a havi ng conputer readable instructions recorded thereon to
defi ne sovowari@enmdul es i ncl uding a conputi ng nodul e an@&Ca/useaploassonodul e
for inplenmenting a nethod on a conputer as described herein. In sone
enbodi nents, said thod conprising: .a) calculating, with the conputing
modul eﬁ%tiffts 8’&391 RiESAERed GOp R bkm&&tﬁw)&e SRR AP BLEPTE one- or
mor e 1 e{apRELIdAfliniRB aRE 1R oh§ Rlimbbi®IRGRndeb émadOfresk ABasar iRt age devi ce
and (ii) the quality of the copy number estimates and/or statistical

conf i dexobdofcetdhes wadgycasd riyee-detairhinedinehfislenc $pishglidng a content based in
part on the conputing and data analysis result for the user, wherein the
cont ent[0épr i fesonax @olpydimamnb.ehe cal torffolenddetdranigstt-tdéso pualuan ddrahe eopsi gnal
indicating if any of th ual.ity control or . statistical confidence analysis
i's fai ITEOCT AStERAES QRS TR AdIAcent FRPY IMinRRer d}SHMOE%nI&rSP%seH&@gHH@%f SMNL
or a pPagdy ANcdisieetetcERARR] thit HELRANAMRE chWLar &)t BL GhdR@$PBE Lall t he present
i nvention provides diagnostic kits for detecting di seases, disorders or
condi t icongdess oclcst han wiptdhdadmongredonfidpyceribmeblard.or al l el ic variants of a
genetic locus, or carriers thereof, using conpositions and nethods as
descri Héokjer eimsonianerslonmenti.adventivt sethag @fithcyeedknt mvaamarfditihg t o t he

i nvention are su'itabl e for _ diagnosis of Sﬁ)i nal I\/Usiiul ar Atrophy (SMA) or a
car ri er"PREPEuMalyZH s BhRaraiRbaiicne mase coptigl samaples M mEe-eeMacd RNt i on
cont ai N{{R)s §Mke AF eqr%gﬁe_reagents for anplifying exon 7 of SWNL or a
portion thereof; (b ne or nore reagents for anplifying one or nore

refere ocCi W ] . rS. r.r medi um
descri Hggﬁrler ellﬁrll\got‘{bo I :1 ngﬁﬁ’ybéagg%% %5?@%%}%%% 6@2%5$§}Qaﬁ%%g%e%and/ or"
unl ess aiaheschcdrimesraicsstrol Asmyke drd gontitkited app hiut@twetimplatt fegt 86-mellconpri se”

and varjations of the term such as "conprising” and "conprises," are not
i nt endedirbeleRlgickat Wmsesmbasimentydaveniixppisthods 8f thepressaiiavetiondumher aAs ysed

herein 1coh@§g%@de@§mﬁﬁ9§§%&i ity aRRIP KR Bhyed G R ﬁﬁ%ﬂ{’ )”;‘o}p}ﬁﬁ Yhyal ents. Any

nuner al s Inthis pl rcation with or wthout proxi mately are
meant tseatsbva rnapsis nbthawmine bt motaamirohsngpes: doisame énmbydiomatsofheqrde mary ski | |

in the |l evant art. In certain enbodi ts, t term "approxi nptely" or
 Abous Aafeef KRR B ope Re GSH Al FRRRTRITR Ghe SUlRe AT sORRISH S MRuGaY 160;
17% 16@¥nfidaie add%Pmhdde if:hg%Stirilul-t%/‘?forlé?l%in(ﬁ%dugl%onﬁ% sa@r%le 8d6s Iﬂ%/%qlﬁ%o 2% 1%
or less in either direction (greater than or |less than) of the stated

r ef er ertbepi@Ic2OMINQEEREOPOPLIIS2010/ 056494 val ue unl ess ot herwi se stated or

ot herwi se evident fromthe context (except where such nunber woul d exceed
100% of[0822]os s Ith$cmo/ahbreimept®,030iplogidakbspetimamusuashle ¢dojtbe prsseramtcatorant ages

of the present invent.iaqn arilﬁa[gipare t i@ tge detai |l ed descri gtl qn, dr aw ngs
and cl &PMPTERARUCIST 1IhToM ClRgiPee BEolber S b a HoWR RIS RAE STRE: det ai | ed
descri Rlok®Blood MRoHbHWWVIER saRPR, ERRicRiAiEs saptpild SulturdiagabdtRagaResigRNt s of

the present invention, are gi venml:;é way of illustration only, not
|i m t atfluwéd cultzae. aignsteaviesd davagel flnsldi[h st covbedmients a bidhegied sperimén t he

inventio il.l becone.apparent to those skilled in the art. BRI EF

DESCRI ﬂﬂ%&tmlﬁglgaﬁéﬁ‘ﬂa@ %nqﬁs are for illustration purposes only,
and not limtations. [0032] Fiqure 1 depicts,the genpm c sequence of a
por t 1 orf BT he B BEitoiLF BI<EH QxBTS PAS St BT aREBan G Bon 7 1 s
bol ded.nEMRAB Afa¥o R 1dTEES dGRHLRS RRER. TNHmEOUbEHiRGnIYSLE st A I

anal ysis are shown (shaded). Exenplary sequencing primers (SWNFUP1 and

SWNRI P1the awentinsepnefeping: edmeaisdd ectrivelaghenlityafdidlegicadrspedimgng atheraen ngl e

nucl eot i de. pol. hi sms. [ 0033] Fi gure depicts an _exenpl ar | ate .f or mat,
o e CRRG R R AP e TBER bR ¢ sSSP RRI R F ot o
and bufvigh kndilaedpy rnehesa BPhRsns t6 caﬁpbhc@plarahgy 6f sibRMal {0834 vhbein e 3A and
3B are block diagrans that illustrate an enbodi nent of a conputing device

t hat cachidividyal idogienl apsaxnnplyzisdhetpeges acup by png aF more feécrgndsiled k

di agr arﬂl%@&lt 1nhiv|1d‘f1$c11 51‘310%%0a?gbe%{m&dinqeg%hm%es %Qte@ﬂ@ile%ﬁnﬁlsss}/l% B the level of
detectable signals for the target locus and the one or more reference loci correlates with their

respective copy numbers; ¢) a determination module configured to detect the detectable



[0036] Figure 5A is a flow diagramthat illustrates an overview of certain
enbodi nents of nethods for obtaining copy nunber estimtes for a set of
speci nenswbromvogb24dat a from a TAQVANTm real -ti me PCR expemriuseom/opaps or med
on replicates (4 replicates each for 96 specinens) on a 384-well plate

[0037]F|gu e.5Big a.fl ramthat ill st ates a nbodj t of a
met hod SR spf&%ﬁ ingdivisuat ‘gl Qa%éﬂaﬂw%% P f{ q:ﬁﬂa&V@P%%ﬂegetactﬂlPlsw

di agr aragda?st d)ALtHISa EakeiSe 8h gﬁalqn Fehiash £oh tReddiQnhi@nspeci men
qual ity confrol 2011/ 060240 CT/USZ 10/ 056494 [ 0039] Figures 6A-B are

screen sobils edleppmputrm@ mndldnbd@ptmmt(l)aialealdtewmnuhdmr aitgmiten/fonthegprgei men

and pl ate statlstl S and the results and spe n uallt control .
O Rk R P o e I P L K A Gt R R S T
under sttp® @tora«ge rdteﬁb@ anBfilRleRiBinkithSfuatief bnad cHs) mhbei\@@ﬁﬁmtem{d/&ef initions
for the followng terns and other ternms are set forth throughout the

speci f istaistiend confolrngg akthg sepy h@ﬁb@rr@allim fbhﬂ&@@y raddudg r displayges

| nter CQ%H%ﬁ?‘QJOst il e}%%t d?ihe%ghl%ut‘{x?%ér?c{‘ ata ‘i’ysﬁ S{l?fotf &e%s?élawh%&ﬁn ffc a locus

or gene i cu ocus or gene is

ass oc i adoattnnedriprisepacopculraber bl lf@tty@e;rgét tdcue mdrpli £sigadltigdiedingiisknyodf

devel opi ng a di sease or condition, |ikelihood of progressing to a

par t i cdh@Auadits erdeo!l oF sté%mﬁlt qoeﬁ%&cageaWamf&ﬁﬂ i Itnysoee ehhodiragnty the

t her ap [ 0042] As
used hgr ﬁ@cwi gﬁﬁgi%{é f%g?%Q$ﬁ§%ggﬁﬁgﬁ‘ S us |ﬁ$g?%ﬁk%§£ably wth
bi ol o sa The
phraseqb@?glogﬁgg?m%§£%¥ﬁ%%mgqh5§%§{lﬁga&g %e %ﬁggéo anagég??@nggfIU|d

(or corsabddinhans, tiedeaiingpiphelwbisaonfgurbd amlet@nﬁﬁeeﬂledeseyofmhe deetabled by
any living cell or organism In certain embodi ments, biol ogi cal specinmens
conpr i SNt s HpplHtcatigyavale ?ﬁld('ihﬁ&eféﬁtahlﬁ|Seélak§farqoﬂmre§aeeta$greé%ci mens
i ncl ude bl ood, plasma, serum urine, stool, saliva, cord blood, chorionic
villus [Q&lﬁil esn mmﬁ onbagimeni.dhe ampwtrm@@ﬂmsmaptbéw@éwlmp@lpy @ehber

cul tureqof te%‘?é’r tﬁ’e fired h&Rb a?c%%ﬁ ”&ae?&ﬁ‘ovrnggtegg rgsd%%n%ls | B %%'feré‘nctel .

speci nefis, §FUres> 8 Fionrcow &S And or Cam no
fluid du Iﬂtewyeﬁe Iﬁmﬂﬁrs’v\@(&m’beﬁﬁ%heh@wfgw [R8s arftl thic oho ot ﬁlate RReGicesciean al so
be, e.g., a sanple obtained fromany organ or tissue (including a biopsy or
aut ops ;Fe%cée?cﬁ’rﬁéimem@ﬁﬁ I@shpk the dlugeeseant pighas Hegacp indiaidyalspeqigeny (g ul t ur ed
cells), nedi.umc y tls e or organ, tissue culture I n
Come esDatne bt {RCE LHafHEES bankarau T rincR ey Fhion BBy ik

"repli qgtiRsind el O or 043t RALIREH ahe (1?1% H.'eteﬁﬁlﬁm@%k%?? nufBEF ds@imatd 1%? ﬁ{es to
an individual that harbors a genetic nutation of allelic variant but

di spl aytaregt leoussiprepttoimdivoduat bivieeend epagsathanedalving thhdifigamet incthenayeei on or
allelic variant. A carrier, however, is typically able to pass the genetic
mut at i ghmherphCe dpigrpmed ahtteron} 1 theealibraef @¢ing, who may then express t he
nmut ated gene or allelic variant. Typically, this phenonenon is a result of

t he red882blve M$m®m$0dmwsgbﬁe@nputmgde®dd¢ s adnpfod iodaiersing the qualitat i on or
allelic rlant that the c

2 par IR OTS B syl il S e P BRSSP o R R T Sense
or number measurements and the amplification curve slope thereof generated for the one or
more reference genes. In some embodiments, the computing module is adapted to determine
the quality of the copy number estimates by at least determining sample coefficient of
variation. In some embodiments, the computing module is adapted to determine statistical
confidence of the copy number call by at least determining a measurement confidence and
compare the determined measurement confidence to a pre-determined threshold limit. In

some embodiments, the computing module is adapted to determine statistical confidence of

the copy number call by at least determining a call confidence and compare the determined



WO 2011/ 060240PCT/ US2010/ 056494 condition, |ikelihood of progressing to a
particul ar di sease or condition stage, anenability to particul ar

t her apeutwogpliggsmept i bility to infection, imune functiPOmUSe410/0564p4 hout
limtation, a carrier may have reduced or increased copy nunbers of a gene

or a portion f a gene. A carrjer als har bor tatio poi nt
Tt at | Gl OB i}]ﬁﬁtop?tp@rfketerﬁ‘é@eéittﬁ’t?ﬁg&g Hiie i S SBIPOR ALY @eaf%freﬂe Metc.)
Wi thi n BoGROR: fukherGah dﬁtb@to dét@matéﬁ aﬁ?t&{tf&gaﬁlﬁle%gfaﬁed genetic carrier”
herein. [0044] As used herein, the phrase "copy nunber"” when used |n
refere 40 a

presenﬂﬁg%J geﬁgﬁgH%Pﬂggh ngtquhg&?gﬁggﬁkm&%gﬁgg &ﬁgﬁ%mﬁﬁ%g/ en used
in ref dreimgeotpueer radulsle insefuetianstrocdréel thopyn nuddfar softwarcnmoodmés iacludingd- t ype

allele present in a nornal. indivi .In certain e di ments, the copy

nurber & SORYRRINE madulsdng &g %mpﬁﬁﬁﬁet emwteg@tra?tﬂb@%aa?rﬁettﬁgas the copy

nunmber {30428 hkfM BeLRc@nldalB&ts, 38 MdtRod Qthpriskl): Q) EflcBhttng, 48hAnd O seven,

or zero to nore than seven copies, 1 nclusive. 1n enbodi nents in which the

copy nuebeutiog medilsc(scopgrivesegesmndtys fac n tagetilodiswiodoaizsd itmore gopordeat i on,

an estinpted di an .cop u could b tak n as the "n unber"

For “cal EOTET OR KRA6h rioey o oo pocas d et s s el ehe tor m
"gene" th&t&fySnunthed cstirtRELIRl/ dHued:Blical 6 fHcHEdsBRE SopesRARgichlltantidyy a

discrete cellular (e.g., intracellular or extracellular) product and/ or

f unct i chsplayrgea sprientibage inpartiondhe eqrmuﬂ@e ad dptgfagplysis eesaltpeicthepgcraci d t hat

i ncl ude n n S regul atory

sequenc§§§m§3% &g&ﬂﬁ &ﬁ@t&%a%og% d%%%?%ﬂ @@%ﬁ%g@&é%w%ﬂgﬁgﬁﬁgﬁglke whi ch

are i nvpdigtthg if a1t1§h@f thequdlay icomrddfor @mﬁﬁtﬁﬁsd:dhlﬁd@ﬁcetdﬂ@lypfs @4 Riilad ehcded by the

gene of interest. As used herein, the term "gene" can al so _include nucleic

aci ds tomhodigseivitheiaesocys errapiines sxan f af RTG\RBOR B8Y0ht es f or

transcrlgtlon of functional RNA nol ecul es such as tRNAs, rRNAs, etc.

Al t er nd®028| y, Imyqjenethpmlgut delated especy drapresnt malttl@rprﬂﬁde%dlpmtl@ kitsafor

event/ o] ot n |nd|

[0046] 'IL%?GCEIH Qiseadd Eilso§d onﬁ 10.115l %oaa‘%ea \Xgrheabﬁlg al co? Ilurl]ml = erali:l lécngeabl v,

As usedahientgiona gbﬂ&eiyc ldicifsedir daﬁfle’l’cs tnefﬁuﬁ WingaddatpositionBuieethedQas, ded@riled, rat,

rabbit, dog, cat, cattle, swine, sheep, horse or primte) that can be

af f | i ctheeeid fnsoge fir@b@ueeébtmtﬁnm@ bitaageoEding o e iNYeBHHEE spigble forspi nal

nmuscul o) se or

i sor oy pS R BENbindt aublar HoudY, SREA el AR TR e LB fliRiRns

enbodi dmnwordtﬂ@toshﬂoyneerttlunscoatapl&t(a)eorte orhmremagemb dondngdifgingterdn 7ofie terns

"indivi and ' do not denote a(gartl ul ar and_t hus

enconp A&aﬁtpgmoeﬁ ra?éﬁbkoee@r MAre RGeS f B& A4S S LA nf ants.
VO 20136 Q3RAARRH URUMARASAR ctg% A%r HBSLIBSIAIAN dERBLAERRIR] ocus”
refers the specific location of i cul ar DNA sequence on a chronpsone.
As used herein, a particul ar DNA sequence can be of any length (e.g., one,
two, three, ten, fifty, or nore nucleotides) I n sonme enbodi nents, the

| ocus i co L Ses eng or 90£t|on o enbogdi nent s,

| ocus e COMPRLS SR B8R Shs i 29 BT ShaReSREs ROl IEogL ot
sonme enedin@itapplitdidn] Bt ‘Toflprie®@aId \3EistiGid dfmltdteﬂno@rucﬁapwotmpml@’ an
intron of a gene. 1n sone enbodinents, the |locus is or conprises a

r egul at¥ely cempivsst’ 4t 1ot 1nsrdgddn caelude ptbgindditsiey, OMERBARTS.GRICECT§ERECPY n sone
enbodi c a er nd/ or

condi tlr%gr}& Ehrelt%?n i ﬂéﬁnA rﬁ?t%g?%%%s @% W %lgc%%% %E\a%l %VE%B elpe i ons,
|nsertnmm&xMSﬁkaansamﬂaﬁn@m@nhpommmomumaanﬂmqmemeh%nﬂmymbenanwmemgted

mnth a di sease, djsorder, and/or condition. ] As used_ herein, the term
" nor na|n0”na\hqfiw 408 RRPTRNFS DY PRROE eﬁmawcgw mqt%ﬁﬁ%lﬁvanaﬁ 'IHeqEen or " gene”
or "allehRdim&y, %@tef’rﬁ “§ oﬁﬁﬁ}(elf' U&be&'ﬁ)oﬁr’ réf@ﬁlﬂé a rﬂfga%ﬂf VQl'ue?‘!hla@faﬁ V&lnﬂﬁ i's

present in the Kighest percentage in a population,
nunber er%,aiZIOI‘Vellé%,\l\B%nlil%ed:l6%ol.‘r%dl4°/§l I3H/e, 12846,rh1%, rld%ll%fu@%, 7&/6, 6‘Vatﬂ% ect

e o e kR LSt st B R ey e T e 4P e Sl e e

percentage in a population, e.g., a wild-type individual or subject.

Typically, a normal "individual" or "subject" does not have a particul ar
di sease or condition and is also not a carrier of the disease or condition.
The term"normal " is also used herein to qualify a biological specinen or

sanple isolated froma normal or wild7type individual or subject, for

exanple, a "normal biol ogical sanple." [0049] As used herein, the term
"probe,” when used in reference to a probe for a nucleic acid, refers to a
nucl ei c aC|d nDIecuIe haV|ng speC|f|c nucleotlde sequences (e. g., RNA or

™A LA\ 2 1. o v oy



In certain enbodi nents, the signal is detectable by the human eye, e.g.
vi sible. For exanple, the signal could be or could relate to intensity
and/ or wawel2ength4of col or in the visible spectrum NonPCirriseémgsazanpl es
of such signals include col ored precipitates and col ored sol ubl e products

resulting froma.chem cal .reaction su S an enz ic reaction. In
certai 4 ssatheevise platedjog qtheryise g ﬁeeff ﬂ)%@f@%@t K BACHWED | n some

e”bOd'WﬁBﬂ%rw&Hﬁié&g@ﬁhxh§oﬁ§ﬁﬁﬁﬁﬂ@ﬁﬂué0”‘a fluorophore that emts
fluorescent |ight when excited, where the light is detectable with a

fluore s to

[ ght (o OB REMRL o Rert A pERAHTE P prcs O B 1B sk Corlrch b2 & by
a specuhﬂphdﬁemmmeoncEﬁmngxampﬂmnmhhghbﬂgenﬁnabemtbymdmshmdﬂkmﬂwmeQQEnt
reactio oul d be used as a signal. In sone lnents e signal is or

F ol at edng gt cgfﬁ?r&ﬁwne% dravingy. apd g s whil t%HP%F@B?‘SB’@EtS o i ar ed
radi at '&Eben?ltn@entlolnnat%%‘i\;e%'ﬂ} \@Mllﬂﬁﬁ'ftﬁn ohﬂlenét' lﬁﬂﬁa{tlo'ns Vairfdb§ 8%k adgndi 1 ect
i ndi cator of a property of "a physical entity. For exanple, a signal could
be usednedifigationsdiithat the safpcadvhminventiwhorillbeoaeatpmrénd o thbsaskalled wite aci d in
a biologjcal sanple and/or in a reaction vessel. DETAILED DESCRI PTI ON

[ 0052] present invention provides nore accurate and reliable nmethods for
anal yzing genetic loci. Anong other things, the present invention provides
met hods for anal yzing copy nunbers of a genetic locus (in particular, a
normal genetic | ocus) by conbining biolo |caI assays W th conprehensive
qual ity control and sta EW@@ESQgﬂPTH@ §¥ﬂﬁb§ As described in the
Exanpl es section, the inventors of the present appl i cation have
succesdfOilly dBvaviopearcdysillostsatonduneserondy taadebf wedinviabipnand ef ficiently
conbi ne bi ol ogical and statistical analysis. In sone enbodi nents, the

i nvent i[ﬂmut i | Figpsre dndepicpahe gétmmiexapmnesbcbfel ytien cfothp SMEX 1 gyret comprisinat
assesses t uality of c py nu tes by determnin or exanpl e,
measur é‘ﬁfﬁﬂt P %f‘eeItCB MEREOHY & %ﬁﬁ@a@ é%{é Pélﬁt?r%fﬁ‘éips‘ft"gets tgftt ey té
Conf'dQRﬁﬁeéﬁ{TAbﬁm&NﬁVaﬂM&B@%ﬁﬁﬁbkm(Mﬁd&ﬂ”ﬁk%ﬁﬁﬂgy§&ﬁk§mngﬁﬂﬁ@ﬁ'Ve met hods
di scl osed herein analyze a"target | ocus together with one or nore reference
| oci  wi(EMNIAGMhambPYINRIRbRars alseidepictdrehad@l)2 d o1 cd 6024 CHRET indB26:101 €15 6494
bIO|OgIC&% ngqﬁs ge. ... real-tinme PCR) to facilitate quality control
and/ or BFSP 5?18%ﬂ¥?dence assessnent. [0053] A nunber of genetic | oci
are i ml ted in netj c di seases, and. such. | oci be anal yzed using

et hodslﬂ@f cl og&lrggrd@mts RSP RBHSORMEcinoskigh Nells FoRTERMEEEFINY at o

det ect i QR«6f a%éél&él?(esg o@'k&%&% hid %ff&%!aﬁl@ta%d s%ﬁl%@hﬁxle Héa%%'&?ééh%wna”d/ or
genotypi ng of embryos for inplantation, etc. As appreciated by those of

ordi nar il gggﬁ get locus is
a3300|4pe%hcanF¥ Fgaﬁ§%§”%%Qgﬂnu L$ﬁn$t gﬁ?&%ﬁ@é”@h??@%%éﬁélncludlng,
for exammtmnngde@e@ﬂmiamdmeﬁdu&mﬂnaumnﬂgmnhwdnnlnant sex-|inked dom nant,
and sex-linked recessive. [0054] I n sonme enbodi nents, copy nunber analysis

i s perfl0o3®d OFigureadsis bfoek dvdath titellristraes &f cBsdiment ¢flan a@hlybiBgydt@aus i s
inplicated in a disease. Deletions at target |oci include, but are not

l'imi tedobsy) derlureBa i9h RWGag@h theSAuithad AQvBASRy BREd il BRdodiRehieen 20
bp and 100 bp inclusive, between 100 bp and 200 bp inclusive, between 200
bp and Qf@metlmt;i&fmhj@mme copenweber SOMatsp fenrrdset okgperimedng Siope trsa fowra 1 kb

et usi VAN B e BB RATE Rt el et e BB B R S 7

i ncl usigpecimang) darLe3sdevell pake 30 kb. [0055] I n sonme enbodi nents, copy nunber
analysis is performed on a target |ocus for which one or nore point

mut at | q0§3'ﬁnd/ Ff%dr@%ﬁrlﬁ h%wrmtg?ﬁafnqaa il1§stiafRlah GAlRdirhdht 8f dhRAR™Gr | N these
cases, biological assays nay be designed to detect the copy nunber of the
nornalIgébuem@eﬂ%¢qaﬂﬁeb@mpﬂesent at the target |ocus. For exanple, nethods
such as real tine PCR can be adapted using priners that discrimnate

bet weer[0638]at | bignran@ ivarflost diagttahetbati iestsegyarceodindnt bhamesmpl fof | cat i on
only occurs when the nor mal quence is present. [0056] Various aspects of
the i n& FBWgéP@“HQQSPﬂﬁeﬁo %Pldetail in the fol l owing sections. The use of
sections is not neant to limt the invention. Each section can apply to any
aspect of the invention. In this application, the use of "or" neans
"and/or" unless stated otherwise. |I. Target loci and associated genetic

di seases, disorders and conditions [0057] Inventive nethods according to
the present invention are suitable fo8 anal yzing copy nunber of any target

| ocus. In certain enbodinents, a target locus is associated with a disease,
di sorder or condition. For exanple, a nutation or allelic variation at or
within a W 2011/ 060240PCT/ US2010/ 056494



target | ocus may be correlated wwth an altered (e.g., increased or
decreased) risk of devel oping a disease, disorder or condition and/or
status aswa20aradEn t hereof I n sone enbodi ments, there PSTAISC@OOSI494
relati onship between the nutation or allelic variation at or within the
target |l ocus and the disease, disorder or condition or carrier status. In
sone. erdBHlnent ureHEATRZAFISHD SOt IFTETITG ApcbodiTar AF  GIvout o6 i Baing: ar get
| ocus RY.iARN ARYPREALSiNS hd M6 rdLRESSHatedhd SpdShePfuRNEbdiipn but not
directly contribute to the devel opnent of the di sease, disorder or
condition [0058] 1 n some enbodi nents, a target |ocus that can be anal yzed
according to the present invention conprises a gene or portion thereof
(e.g., exon, intron, pronoter or DERENITHONS atory region). Table 1 lists
non-limting exanples of such genes and associ ated genetic di seases,

di sor dgog409r conehidtt Rshe ASscHARERIAAH bE YR8 cabfly QhdHr§tdsd, cSkhihlterbh®d skhe art,
a gene nmay be known by nore than one nane. The Ilstlng in Table 1 does not
a

excl uddirstriefiagd belewe A dshitiopabiiefintiens fgethe oliavang raipsigad adsotarms ey sei th a
part|cq%ﬁfHﬂ?ﬁgﬁ%ﬁﬂmgpgﬁg%ﬁ@gnt i nventi on enconpasses those additional

genes inc ose w1l be discovered in the future associated with

each p I cul ar, di seases. ,Table 1: enpl ar nes socj ated. wi t.h genetic
i seandt s SR EFRTER iRl S Sansr Ry ERRRR A Vb e St

Pr ot ei ninBrrefdtiab aAchemdrapbasior gbtdRa sbmbreadoamhenty, @phAichiRe hiddle bES RRUST 3
Adr enol eukodyst rophy ABCD1 ATP-bi ndi ng cassette (ABC) transporters Al pha-1

- ant i t rofESRissTacEtehitijh SpRoNal Penohde. for sxaarle. dligridpiskat developing a
Al pha- tJ}?elageséreé&laitiﬁﬁﬁiﬂeﬁﬁogfgpﬁhg@kﬂnﬁopmr&cé‘gr disease or condition stage,

amenability to particular therapeutics, susceptibility to infection, immune function, etc.

[0042] As used herein, the phrase “biological specimen” is used interchangeably with
“biological sample” and may be referred to as “specimen” or “sample”. The phrase
“biological specimen” as used herein refers to any solid or fluid (or combination thereof)
sample obtained from, excreted by or secreted by any living cell or organism. In certain
embodiments, biological specimens comprise nucleic acids. Non-limiting examples of
biological specimens include blood, plasma, serum, urine, stool, saliva, cord blood, chorionic
villus samples, amniotic fluid, and transcervical lavage fluid. Cell cultures of any biological
specimens can also be used as biological specimens, ¢.g., cultures of chorionic villus samples
and/or aminoitic fluid cultures such as amniocyte cultures. A biological specimen can also
be, ¢.g., a sample obtained from any organ or tissue (including a biopsy or autopsy
specimen), can comprise cells (whether primary cells or cultured cells), medium conditioned
by any cell, tissue or organ, tissue culture. In some embodiments, replicates of the same

specimen may be assayed. (See “replicates” below.)

[0043] As used herein, the phrase “carrier” refers to an individual that harbors a genetic
mutation or allelic variant but displaying no symptoms of a disease associated with the
genetic mutation or allelic variant. A carrier, however, is typically able to pass the genetic
mutation or allelic variant onto their offspring, who may then express the mutated gene or
allelic variant. Typically, this phenomenon is a result of the recessive nature of many genes.
In certain embodiments, the mutation or allelic variant that the carrier harbors predisposes or

is associated with a particular phenotype, for example, altered risk of developing a disease or



Al port syndronme COL4A5 coll agen, type 1V, alpha 5 Anyotrophic |ateral

scl erosis SOD1 superoxide di snutase 1 Angel man syndrone UBE3A ubiquitin
protei n IWQasa/MaBX0At axi a tel engi ectasi a ATM at axi a t el aogitseria®sa9sut at ed
Aut oi mmune poI ygl andul ar syndronme Al RE aut oi m‘rune regul at or Bl oom syndr omne

BLM RECQ(T tion el?k%hgoe(l 0 p%ggrelsslnil(geto%upralf’tllct:u arl (%[ sease or condltlon stage, amenability to
particular therapeutics, susceptibility to infection, immune function, etc. Without limitation,
a carrier may have reduced or increased copy numbers of a gene or a portion of a gene. A
carrier may also harbor mutations (e.g., point mutations, polymorphisms, deletions, insertions
or translocations, etc.) within a gene. A “carrier” is also referred to as a “genetic carrier”

herein.

[0044] As used herein, the phrase “copy number” when used in reference to a locus,
refers to the number of copies of such a locus present per genome or genome equivalent. A
“normal copy number” when used in reference to a locus, refers to the copy number of a
normal or wild-type allele present in a normal individual. In certain embodiments, the copy
number ranges from zero to two inclusive. In certain embodiments, the copy number ranges
from zero to three, zero to four, zero to six, zero to seven, or zero to more than seven copies,
inclusive. In embodiments in which the copy number of a locus varies greatly across
individuals in a population, an estimated median copy number could be taken as the “normal

copy number” for calculation and/or comparison purposes.

[0045] As used herein, the term “gene” refers to a discrete nucleic acid sequence
responsible for a discrete cellular (e.g., intracellular or extracellular) product and/or function.
More specifically, the term “gene” refers to a nucleic acid that includes a portion encoding a
protein and optionally encompasses regulatory sequences, such as promoters, enhancers,
terminators, and the like, which are involved in the regulation of expression of the protein
encoded by the gene of interest. As used herein, the term “gene” can also include nucleic
acids that do not encode proteins but rather provide templates for transcription of functional
RNA molecules such as tRNAs, rRNAs, etc. Alternatively, a gene may define a genomic

location for a particular event/function, such as a protein and/or nucleic acid binding site.

[0046] The terms “individual” and “subject” are used herein interchangeably. As used
herein, they refer to a human or another mammal (e.g., mouse, rat, rabbit, dog, cat, cattle,
swine, sheep, horse or primate) that can be afflicted with or is susceptible to a disease or
disorder (e.g., spinal muscular atrophy) but may or may not display symptoms of the discase
or disorder. In many embodiments, the subject is a human being. In many embodiments, the
subject is a patient. Unless otherwise stated, the terms “individual” and “subject” do not
denote a particular age, and thus encompass adults, children (e.g., toddlers or newborns) and

unborn infants.
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sequence on a chromosome. As used herein, a particular DNA sequence can be of any length

(e.g., one, two, three, ten, fifty, or more nucleotides). In some embodiments, the locus is or
comprises a gene or a portion of a gene. In some embodiments, the locus is or comprises an

exon or a portion of an exon of a gene. In some embodiments, the locus is or comprises an

intron or a portion of an intron of a gene. In some embodiments, the locus is or comprises a
regulatory element or a portion of a regulatory element of a gene. In some embodiments, the

locus is associated with a disease, disorder, and/or condition. For example, mutations at the

locus (including deletions, insertions, splicing mutations, point mutations, efc.) may be

correlated with a disease, disorder, and/or condition.

[0048] As used herein, the term “normal,” when used to modify the term “copy number”
or “locus” or “gene” or “allele,” refers to the copy number or locus, gene, or allele that is
present in the highest percentage in a population, e.g., the wild-type number or allele. When
used to modify the term “individual” or “subject” they refer to an individual or group of
individuals who carry the copy number or the locus, gene or allele that is present in the
highest percentage in a population, e.g., a wild-type individual or subject. Typically, a
normal “individual” or “subject” does not have a particular disease or condition and is also
not a carrier of the disease or condition. The term “normal” is also used herein to qualify a
biological specimen or sample isolated from a normal or wild-type individual or subject, for

example, a “normal biological sample.”

[0049] As used herein, the term “probe,” when used in reference to a probe for a nucleic
acid, refers to a nucleic acid molecule having specific nucleotide sequences (e.g., RNA or
DNA) that can bind or hybridize to nucleic acids of interest. Typically, probes specifically
bind (or specifically hybridize) to nucleic acid of complementary or substantially
complementary sequence through one or more types of chemical bonds, usually through
hydrogen bond formation. In some embodiments, probes can bind to nucleic acids of DNA

amplicons in a real-time PCR reaction.

[0050] As used herein, the term “replicate” when used in reference to a biological assay
refers to a duplicate assay or repeat assay conducted to improve reliability, fault-tolerance or
to facilitate statistic analysis. In some embodiments, the term “replicate” is used
interchangeably with the phrase “replicate assay” or “replicate biological assay”. Typically,
replicate assays are done using materials from the same or similar biological specimen taken

from the same individual. That is, multiple specimens may be obtained from a particular
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number of replicate assays used is chosen depending on pre-determined statistical thresholds
or empirically. In some embodiments, duplicates, triplicates, quadruplicates, pentuplicates,
sextuplicates, septuplicates, octuplicates, nonuplicates, decuplicates, or more than 10

replicates are used. In some embodiments, quadruplicates are used.

[0051] As used herein, the term “signal” refers to a detectable and/or measurable entity.
In certain embodiments, the signal is detectable by the human eye, e.g., visible. For example,
the signal could be or could relate to intensity and/or wavelength of color in the visible
spectrum. Non-limiting examples of such signals include colored precipitates and colored
soluble products resulting from a chemical reaction such as an enzymatic reaction. In certain
embodiments, the signal is detectable using an apparatus. In some embodiments, the signal is
generated from a fluorophore that emits fluorescent light when excited, where the light is
detectable with a fluorescence detector. In some embodiments, the signal is or relates to light
(e.g., visible light and/or ultraviolet light) that is detectable by a spectrophotometer. For
example, light generated by a chemiluminescent reaction could be used as a signal. In some
embodiments, the signal is or relates to radiation, e.g., radiation emitted by radioisotopes,
infrared radiation, efc.. In certain embodiments, the signal is a direct or indirect indicator of a
property of a physical entity. For example, a signal could be used as an indicator of amount

and/or concentration of a nucleic acid in a biological sample and/or in a reaction vessel.

DETAILED DESCRIPTION

[0052] The present invention provides more accurate and reliable methods for analyzing
genetic loci. Among other things, the present invention provides methods for analyzing copy
numbers of a genetic locus (in particular, a normal genetic locus) by combining biological
assays with comprehensive quality control and statistical confidence assessment. As
described in the Examples section, the inventors of the present application have successfully
developed systems and methods to effectively and efficiently combine biological and
statistical analysis. In some embodiments, the invention utilizes an algorithm, executable by
a computer system, that assesses the quality of copy number estimates by determining, for
example, measurement confidence for the biological assays and the statistical confidence for
the copy number call. In some embodiments, inventive methods disclosed herein analyze a

target locus together with one or more reference loci with known copy numbers using same
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confidence assessment.

[0053] A number of genetic loci are implicated in genetic diseases, and such loci may be
analyzed using methods disclosed herein. Thus, methods disclosed herein can facilitate
detection of carriers, diagnosis of patients, prenatal diagnosis, and/or genotyping of embryos
for implantation, efc. As appreciated by those of ordinary skill in the art, the genetic disease
with which a target locus is associated can follow any of a number of inheritance patterns,
including, for example, autosomal recessive, autosomal dominant, sex-linked dominant, and

sex-linked recessive.

[0054] In some embodiments, copy number analysis is performed on a locus for which
deletion of part or all of the locus is implicated in a disease. Deletions at target loci include,
but are not limited to, deletions of sizes of less than 20 base pairs (bp), between 20 bp and
100 bp inclusive, between 100 bp and 200 bp inclusive, between 200 bp and 500 bp
inclusive, between 500 bp and 1 kb inclusive, between 1 kb and 2 kb inclusive, between 2 kb
and 5 kb inclusive, between 5 kb and 10 kb inclusive, between 10 kb and 20 kb inclusive,
between 20 kb and 30 kb inclusive, and greater than 30 kb.

[0055] In some embodiments, copy number analysis is performed on a target locus for
which one or more point mutations and/or insertion mutations is implicated in a disease. In
these cases, biological assays may be designed to detect the copy number of the normal
sequence or allele present at the target locus. For example, methods such as real time PCR
can be adapted using primers that discriminate between mutations and normal nucleotide

sequence such that amplification only occurs when the normal sequence is present.

[0056] Various aspects of the invention are described in detail in the following sections.
The use of sections is not meant to limit the invention. Each section can apply to any aspect

of the invention. In this application, the use of “or”” means “and/or” unless stated otherwise.

I. Target loci and associated genetic diseases, disorders and conditions

[0057] Inventive methods according to the present invention are suitable for analyzing copy
number of any target locus. In certain embodiments, a target locus is associated with a

disease, disorder or condition. For example, a mutation or allelic variation at or within a
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developing a disease, disorder or condition and/or status as a carrier thereof. In some
embodiments, there is a causal relationship between the mutation or allelic variation at or
within the target locus and the disease, disorder or condition or carrier status. In some
embodiments, the mutation or allelic variation at or within the target locus may co-segregate
with the disease, disorder or condition but not directly contribute to the development of the

disease, disorder or condition

[0058] In some embodiments, a target locus that can be analyzed according to the present
invention comprises a gene or portion thereof (e.g., exon, intron, promoter or other regulatory
region). Table 1 lists non-limiting examples of such genes and associated genetic diseases,
disorders or conditions. As understood by one of ordinary skill in the art, a gene may be
known by more than one name. The listing in Table 1 does not exclude the existence of
additional genes that may be associated with a particular disease. The present invention
encompasses those additional genes including those that will be discovered in the future

associated with each particular diseases.

Table 1: Exemplary genes associated with genetic diseases, disorders or conditions

Achondroplasia FGFR3 fibroblast growth factor receptor 3
Adrenoleukodystrophy ABCD1 ATP-binding cassette (ABC)
transporters
Alpha-1-antitrypsin deficiency SERPINAI serine protease inhibitor
Alpha-thalassemia HBA 1&2 hemoglobin alpha 1 &2
Alport syndrome COLA4A5S collagen, type IV, alpha 5
Amyotrophic lateral sclerosis SOD1 superoxide dismutase 1
Angelman syndrome UBE3A ubiquitin protein ligase E3A
Ataxia telengiectasia ATM ataxia telangiectasia mutated
Autoimmune polyglandular AIRE autoimmune regulator
syndrome
Bloom syndrome BLM, RECQL3 | recQ3 helicase-like
Burkitt lymphoma MYC v-myc myelocytomatosis viral
oncogene homolog

14



FBN1 Fibrillin Megal encephalic | eukoencephal opathy M.Cl (putative

t ransnenbrane protein) Menkes syndronme ATP7A ATPase Cu++ transporting
Met achr orwiDi2e11/ms0deody st r ophy (M.D) ARSA aryl sul f at ase Apbmaskéios@ss s |V
(M. 1V) MCOLNL Mucolipin-1 Myotonic dystrophy DWMPK nyotoni c dystrophy

prote
Canavan disease ASPA partoacylase
Congenital adrenal hyperplasia CYP21 cytochrome P450, family 21
Cystic fibrosis CFTR cystic fibrosis transmembrane
conductance regulator
Diastrophic dysplasia SLC26A2 sulfate transporter
Duchenne muscular dystrophy DMD Dystrophin
Familial dysautonomia IKBKAP IKK complex-associated protein
(IKAP)
Familial Mediterranean fever MEFV Mediterranean fever protein
Fanconi anemia FANCA, (proteins involved in DNA repair)
FANCB
(FAAP95),
FANCC,
FANCDI
(BRCA2),
FANCD2,
FANCE,
FANCEF,
FANCG,
FANCI, FANCJ
(BRIP1),
FANCL (PHF9
and POQG),
FANCM
(FAAP250)
Fragile X syndrome FMR1 fragile X mental retardation 1
Friedrich’s ataxia FRDA Frataxin
Gaucher disease GBA glucosidase
Glucose galactose malabsorption | SGLT1 sodium-dependent glucose
cotransporter
Glycogen disease type I (GSD1) | G6PC (GSDIa) | glucose-6-phosphatase
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type
SLC37A4 glucose-5-phosphate transporter 3,
(GSDIb) solute carrier family 37 member 4
Gyrate atrophy OAT crnithine aminotransferase
Hemophilia A F8 hoagulation factor VIII
Hereditary hemocrhomatosis HFE hemochromatosis protein
Huntington disease HD Tuntingtin
Immunodeficiency with hyper- TNFSF5 humor necrosis factor member 5
IgM
Lesch-Nyhan syndrome HPRTI1 hypoxanthine phosphoribotransferase
Maple syrup urine disease BCKDHA branched chain keto acid
(MSUD) dehydrogenase
Marfan syndrome FBN1 Fibrillin
Megalencephalic MLCI (putative transmembrane protein)
leukoencephalopathy
Menkes syndrome ATP7A ATPase Cut+ transporting
Metachromatic leukodystrophy ARSA arylsulfatase A
(MLD)
Mucolipidosis IV (ML IV) MCOLNI1 Mucolipin-1
Myotonic dystrophy DMPK myotonic dystrophy protein kinase
Nemaline myopathy
Neurofibromatosis NF1, NF2 neurofibromin
Niemann Pick disease (types A SMPD1 sphingomyelin phosphodiesterase 1,
and B type) acid lysosomal (acid
sphingomyelinase)
Niemann Pick disease (type C) NPC1, NPC2 Niemann-Pick disease, type C1 (an
integral membrane protein) and
Niemann-Pick disease, type C2
Paroxysmal nocturnal PIGA phosphatidylinositol glycan
hemoglobinuria
Pendred syndrome PDS Pendrin
Phenylketonuria PAH phenylalanine hydroxylase
Refsum disease PHYH Phytanoyl-CoA hydroxylase
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Retinoblastoma RB retinoblastoma 1
Rett syndrome MECP2 methyl CpG binding protein
SCID-ADA ADA adenosine deaminase

(Severe combined
immunodeficiency-ADA)

SCID-X-linked IL2RG Interleukin-2-receptor, gamma

(Sever combined

immunodeficiency —X-linked)

Sickle cell anemia (also known as | HBB hemoglobin, beta

beta-thalassemia)

Spinal muscular atrophy (SMA) SMNI, survival of motor neuron 1,
SMN2 Survival of motor neuron 2
Tangier disease ABCA1 ATP-binding cassette Al
Tay-Sachs disease HEXA hexosaminidase
Usher syndrome MYO7A myosin VIIA
(Also known as Hallgren USHIC Harmonin
syndrome, Usher-Hallgren CDH23 cadherin 23
syndrome, rp-dysacusis syndrome | PCDH15 protocadherin 15
and dystrophia retinae dysacusis | USH1G SANS
syndrome.) USH2A Usherin
GPROS§ VLGRI1b
DFNB31 Whirlin
CLRNI1 clarin-1
Von Hippel-Lindau syndrome VHL elongin binding protein
Werner syndrome WRN Werner syndrome protein
Wilson’s disease ATP7B ATPase, Cut+ transporting
Zellweger syndrome PXR1 peroxisome receptor 1

[0059] Thus, target loci that can be analyzed using inventive methods of the present
invention include, but are not limited to, genes identified in Table 1, or a portion thereof (e.g.,

exon, intron, or regulatory region). The sequences of the genes identified in Table 1 are
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[0060] Although most genes are normally present in two copies per genome equivalent, a
large number of genes have been found for which copy number variations exist between
individuals. Copy number differences can arise from a number of mechanisms, including,
but not limited to, gene duplication events, gene deletion events, gene conversion events,
gene rearrangements, chromosome transpositions, efc.. Differences in copy numbers of
certain genes may have implications including, but not limited to, risk of developing a discase
or condition, likelihood of progressing to a particular disease or condition stage, amenability
to particular therapeutics, susceptibility to infection, immune function, efc. In addition to the
genes listed in Table 1, methods disclosed herein are suitable for analyzing copy numbers at
loci with such copy number variants. The Database of Genomic Variants, which is
maintained at the website whose address is “http://” followed immediately by
“projects.tcag.ca/variation” (the entire contents of which are herein incorporated by reference
in their entirety), lists more than at least 38,406 copy number variants (as of March 11, 2009).
(See, e.g., lafrate et al. (2004) “Detection of large-scale variation in the human genome”
Nature Genetics. 36(9):949-51; Zhang et al. (2006) “Development of bioinformatics
resources for display and analysis of copy number and other structural variants in the human
genome.” 115(3-4):205-14; Zhang et al. (2009) “Copy Number Variation in Human Health,
Disease and Evolution,” Annual Review of Genomics and Human Genetics. 10:451-481; and
Wain et al. (2009) “Genomic copy number variation, human health, and disease.” Lancet.

374:340-350, the entire contents of each which are herein incorporated by reference).

SMNI1, SMN2 and Spinal muscular atrophy (SMA)

[0061] In some embodiments, a target locus is the gene Survivor of Motor Neuron 1
(SMN1), or a portion (e.g., an exon) of SMNI1. A partial human genomic sequence of SMN1
is depicted in Figure 1(For information about human SMNI1, see, e.g., GenelD #6606 in the
EntrezGene database at the National Center for Biotechnology Information (NCBI), at the
website whose address is “http” followed immediately by

www.nchi.nlm.nih. gov/ouccore’Db=gene&Cmd=retrieve&dopt=ull report&list uids=6606

&logl=databascad&logdbfrom=nuccore, the entire contents of which are herein incorporated

by reference. Exemplary partial or whole genomic sequences for human SMNI1 can be found
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in the NCBI nucleotide database under accession numbers NG _008691.1, NC_000005.9,
NT _006713.15, AC_000048.1, NW_922707.1, AC_000137.1, NW_001838946.1, and
NW _001841229.1.)

[0062] SMN1 is part of a duplicated region on chromosome 5q13, and mutations in
SMNI1 are associated with spinal muscular atrophy (SMA), which is an untreatable autosomal
recessive disorder that affects motor neurons in the anterior horn of the spinal cord. With a
carrier frequency between 1:50 and 1:30, SMA is the second most common lethal autosomal

recessive disease in the Western hemisphere after cystic fibrosis.

[0063] About ninety-four percent of all SMA patients lack exon 7 of the SMN1 gene in
both alleles. It was thought that both gene deletion and gene conversion events may have
attributed to the lack of exon 7 in SMN1 in SMA patients. In some embodiments, inventive
methods of the present invention analyze copy number of part or all of exon 7 of SMN1. See

Figure 1 for a genomic sequence of exon 7 of SMNI.

[0064] A related gene, Survivor of Motor Neuron 2 (SMN2) is located near SMN1 on
chromosome 5q13 and encodes a homolog of SMN1. Although the coding sequence of
SMN?2 differs by a single nucleotide (840 C>T) in exon 7, SMN2 gene product cannot
compensate fully for loss of SMN1. Without being held to theory, the translationally silent
C-> T transition at position 840 in SMN2 is thought to decrease the activity of an exonic
splicing enhancer such that a truncated transcript is generated. The truncated transcript is
thought to be unstable and rapidly degraded in the cell. Although SMN2 gene product cannot
compensate fully for loss of SMNI1, some recent research suggests that SMN2 could be a
modifier of SMNI. In some embodiments, the present invention can be used to analyze gene

SMN2, or a portion (e.g., exon) of SMIN2.

Tumor suppressor genes and/or oncogenes

[0065] In some embodiments, the target locus is a gene, or portion of a gene (e.g., exon)
implicated in cancer, such as a tumor suppressor gene and/or oncogene. For example,
epidermal growth factor 1( EGFR) is an oncogene whose copy number varies between
individuals. EGFR copy number can be higher than normal in cancers such as non-small cell
lung cancer and may have implications for amenability to cancer therapies. In addition to
copy number variation, there are a number of mutational variants of EGFR, such as deletions

of exons 2-7 of EGFR. Examples of other or additional oncogenes whose copy numbers may
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be estimated using methods of the present invention include, but are not limited to, B-raf
oncogene (BRAF); K-ras oncogone (KRAS); and Phosphatidylinositol 3-kinase, catalytic,
alpha (PIK3CA). Examples of tumor suppressor genes whose numbers may be estimated
using methods of the present invention include, but are not limited to, phosphatase and tensin
homolog (PTEN). (See, e.g., Moroni et al. (2005), “Gene copy number for epidermal
growth factor receptor (EGFR) and clinical response to antiEGFR treatment in colorectal
cancer: a cohort study.” Lancet Oncol. 6(5):279-86.); and Soh ef al. (2009) “Oncogene
mutations, copy number gains and mutant allele specific imbalance (MASI) frequently occur
together in tumor cells.” 4(10):¢7464., the entire contents of each of which are herein

incorporated by reference.)

Genes involved in susceptibility to infection

[0066] In some embodiments, the target locus is a gene, or portion of a gene (e.g., exon)
involved in susceptibility to infection. In some embodiments, the target locus is the gene, or
a gene portion (e.g., exon) of CCL3L1. CCL3L1 is located on the g-arm of chromosome 17
and its copy number varies among individuals. Most individuals have one to six copies per
diploid genome, and some individuals have no copies or more than six copies. Increased
CCL31 copy number has been associated with lower susceptibility to human HIV infection.
CCL31 encodes a cytokine that binds to several chemokine receptors including chemokine
binding protein 2 and chemokine (C-C motif) receptor 5 (CCR5). CCRS5 is a co-receptor for
HIV, and binding of CCL3L1 to CCRS5 inhibits HIV entry.

Genes involved in regulating immune function

[0067] In some embodiments, the target locus is a gene, or portion of a gene (e.g., exon)
involved in regulating immune function. In some embodiments, the target locus is FCGR3B,
which encodes a CD16 surface immunoglobulin receptor. Low copy number of FCGR3B is
correlated with increased susceptibility to systemic lupus erythematosus and similar
inflammatory autoimmune disorders. Variation in copy number of FCGR3B has also been

found to be associated with autism, schizophrenia, and idiopathic learning disability.

11. Reference loci
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Genel D ﬁ@ I to@r?e Eny ZGene %61% beaselo%{ls anal zv\%tona&l Oeﬂltlgtar g

Bi ot ecH vt n%f{lu i ERCE RPN b Seah gt alerkd g p"
foll OVVEIGCUSmTE@d)rﬁé emyodiyhents, two reference loci are analyzed together with a target locus. In
ww. nchi . nl mi_h. gov/ nuccor e' ?Db=gene&Cnd=retri eve&dopt =ftil |l

r epor t PMSEeodEaees enorgfhagwaatiarrase gkats gay uesucise douk Ricewtior e

cont ent r I r e. Exenplary partia

o o RSO RES RN LIROLORLERS R i LEIBRS | 5
2011/060240PCT/U82010/056494 in the NCBI nucl eotide database under
accessi on nunbers NG 008691. 1, NC 000005.9, NT 006713.15, AC 000048.1, NW
922707]}5 é(:OOO a, hNV001838946 1, and NW 001841229.1.) [0062]SNN1 is
part of OBY NP dptebmYR9R chr onosome 5q13, and mutations in SWNL are
associ ated with spinal, nuscular atro (SMA), which .is an untreatable

aut osort 73 ec e DsicE I ighP HEAPYINAIDCE PF %éﬁ&etmm%%mo lyss ReHermaweer i or

horn of; r r 1: 50 and 1: 30,
SMA i s tﬁg %é%ﬂﬂﬂb%ggfgﬁlX%LQlﬁmgﬁgfkgﬁx%%gﬁgﬁQ%éggggﬁggﬂh|sease in the
West ern hem sphere after cystic fibrosis. [0063] About ninety-four percent
of all SMA patients |ack exon 7 of the SMNL gene in both alleles. It was
t hought t hat b?tg‘ﬁene del eti on and gene conversion events may have
attributed to thPPIGERAISPeEMENs7 iy S\N1L in SMA patients. In some

enbodi i nventive et of the present invention analyze cqpy numnber
of par 0815 1 A Oéﬁaﬁﬂqtya?%@iwca | speeirpeRyuPYy be gfabls | fRems e Betg gﬁce of

exon 7 dcﬁiclo%%‘lﬂere Ip%ezﬂeﬁﬂ @; ﬁgloggc'%?spe%éﬂ C%ﬂ{altgfl%wﬁ 18 al:\{%k’ géjg Sﬁc)l{ll(f’SNNZ) I's

| ocat ed near on ch r encodes onol og
Al t houghsudietcootaynlge ssedudnoetaof embodiments, biological specimens contain at least one
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SMN2 differs by a single nucleotide (840 CT) in exon 7, SM\2 gene product
cannot conpensate fully for | oss of SMN1. Wthout being held to theory, the
transl atiwoabiwyoesidbent C T transition at position 840 i RCEVMN201085d¢4b0ught to
decrease the activity of an exonic splicing enhancer such that a truncated
transcript is generated. The trupcated transcript is thought to be unstable
and raﬁ?‘%FE/loﬂ‘ésgar b P PCHEISET 100Ky ¢ mf@w?ﬁmk%lfféﬁ%ecgpa&de@u GhHbire
Conpen%ﬁ&ﬁnﬁ&hk&;£9£t%ﬁ%swﬁ$b%MN%gpﬁgﬂﬁskﬁﬁﬁﬂﬁméﬁﬁ&ﬁ!&manQﬁF@b§¢tha? S1VN2
coul d be a nodifier of SWNI. In some enmbodi ments, the present invention can
be usecdhpoorinailissagplee a2, flusd, aad prensceoncal éavggs fledon)issfc bBNMNR:s of unor
suppressor._genes and/ or .0 enes 065 spne _enpodi nent.s, the target
oens 1D e o5 B Blect SrTarTgy i e e SRETaRIR i PesPeat My eBhcer
such aspeaustdiPdcc WEE HveSBNemamed foraRaAGRN Ehorfonic AHANRIRirese PARETR
grom h factor 1( EG-R) is an oncogene whose copy nunber varies between
i ndi vi dlad end/eGrrieeyiy cwltirbe blasdech suliingheag.t ivawhaeteranltures) cafacbrwmauch as
non- sma| ng.c . ve | {cations for anenability to
nBeano(c\iﬁllénté %mﬁﬁ@%&ﬁ%m&@g é(;@%por%% cglbdﬁggéﬂs.

cancer therapies. ion I "variation, there are a nunber
of nutatjonal yariants of E . such as .del eti ons of exons 2-7 of EGFR.
canpl b0 Bl o; FEorB < eimmio B Sydne s an ss oy STinGer Eonragme:

esti matgslopRhNgecitcio iy @bmbHS: REASEN orl M FHeimBlcidHeiddden shé are not
limted to, B-raf oncogene (BRAF); K-ras oncoaone (KRAS) ; and

Phos phampgdinmenss biokigi@l kagisens negat eomirise bot qsHATqeHrBom)cic pxidsrptrdecllof t unor
SUppr essor . er St e i 0 0 he
presenﬁiﬁﬁegﬁ$§§%ﬂﬁﬁggﬂg%gb'u m%%érﬁg?aP%%gféaﬁ%%@{%g%g%hafﬂ%@g%ﬁ% tensin
honol ogvdPdEN)or ck&BPple, € s@nple Muhadiangiiotdd flui 2005} matcGeii®ldodryin burdken f or

epi dermal growm h factor receptor (EGER) and clinical response to anti EGFR
t r eat nEFRM ARTeLHRR wemy) andheradie: asspyed Fycepy puaperof|adpiget loeye dfopy number

6(5): 279 y ) e : . i gai ns
and e froflShelin s oy ph AR crRERF AR g B3me GRRK STUTAE T

t unor oelitls is"usdful mamgdBiekr thihxe ireprichatel dagrostit sppdicatbash of whi ch are herein
i ncorporated by reference.) Genes involved in susceptibility to infection

[ 0066] I[p0BRMe BiklegtiamptEmetddirdcllly Geken If@enSn Inglivadge BEpatiRht @@rtd @sd @fr a gene
(e.g., exon) involved 1 n susceptibility to infection. In sonme enbodi ments,

t he t artielpgicalcassayiss In spmeyeases. 0Be obmgenEopRsiuEgssAn pe pefformed o biglpgicel 31 1.
CCL3L1 |.S.; - g-ar, : : i n er varies
arong. 1 ha o Yl S e R A D i o, B SR o1
genone,bialngdicsloapecinmeds vordaialasohdwed/oosctopold nass oftissud, hianbislogicabpi es.

I ncreased .CCL31 ¢ nunber has bheen sociated with | ower susceptibility
to humeRCHMEN e bnprogssp m@rﬁe%%ﬁasea@ﬂ@p%meﬁ PRAFC B RIETEES By er al
Che”DkHﬂ8b§§9%$E8ﬁ§néHﬁh%%%qﬁm@Qﬁﬁ&ﬁkﬂ%ﬂ?b&gﬁﬂgbQEQ%ﬁh&i@mﬁQﬁn&hﬁﬂthn?
(CGCnotif) receptor 5 ( 5). CCR5 is a co-receptor for H'V, and binding
of CCL3ibodon@@R5f binlvighviat spekinéne womyriscGdmdsthe fval meylbé fractegatedt Fog i mune
function [0067]1n sone enbodi.nents, the target |ocus is a gene, ,or rtion
of " ganampL: flood sFBRTEs FRY SF R gt UELE RS (¢ BPEA and Séry

enbodi MRRiohe of ARrd @ﬂ'tﬁ@%oﬂlﬁ&wﬁtsirﬁafmﬁled\/\hi ch encodes a CD16 surface

i mrunogl obul in receptor. Low copy number of FCGR3B is correlated wth

i ncr eaggg¢yus CaPldnl drhbotimenEWSIBRICE! JBHRnE LM RECRIRAUS AR Db b Bfne

i nfl ammat ory aut ol nmune di sorders. Variation in copy nunber of FCGR3B has
al so bemder putabletsrige @edivionat Bpkcwndrs najt hestipred ehd woyperatwic ar watheh 4 di opat hi ¢

| ear ni disability. . ference | ocj. 2011/ 060240PCI/ US2010/ 056494

[ 0068] ATBEF ARy TansY Silebls R BieerT ey T B PN Y Do SPeEees T ORR ar o
t ypi calrhyocd MddyYid 86ma e ditdnty ®pbad &i€thelspEdimeh! Sjpad I détEe BnBbAFlaRI assays.
Copy nunbers of reference |oci are known or pre-determ ned using the sane

bi ol ogistdibles®mmes comgiprsetdryprisg (¢mpdsttures singirhbdWraribohy e s taghoat 3fy
nunber s, -and, are ynlikel y.to change hetween different.bi ol.0gi ci.mens.
The dat S U E. 488 rbOrERE Shuds SRRl A Bk e SR B3 S ooy
nunber -¢gtCmtadsutf-00 °Chat abaiitge °C oS abid/-80 °¢C Ol @ehd drhigfdemass samprRt  of

the quality of the copy nunber estimtes and/or statistical confidence with
r espectarg goraddonmers thawpalayt Bxevey-fourhovw) mersthak vehddydi wern Ban thiee daypy

nunber i . yhe t he
B L L T
greater than the normal copy nunber of the target |ocus. In sone

enbodi nents, the copy nunber of a ref®rence locus is |less than the nornal
copy nunber of the target locus. In sone enbodi nents, a reference | ocus and
a target locus are on the sanme chronosone. In sonme enbodi nents, a reference
| ocus and a target |ocus are on different chronosones. [0070] Any of a

R -



| ocus. In sone enbodi nents, one reference | ocus can be SMARCCL ( SW/ SNF
related, matrix associ ated, actin dependent regul ator of chromatin,

subf am | ywo,2ormshz=n 1), or suppressor of Ty 5 honol og ( BOPISE)10/066490
portion thereof. [0071]In sone enbodi nents, one reference |ocus is anal yzed
together with a ta | ocus, In sone enbodlnents two reference | oci are
anal yz dOrGEE R tnﬁhaetwb%tmqrsafg oYV Sk AR PREHPRIL RS TROERR £ o
ref erengg thQfths. ag&n@@aé )’a%eﬂl (1§t 9r all bhE El%leu%rstorEél Bf%lo%?éa% spiméPingy bban

six) reference |loci are anal yzed together with a target locus. 11 Copy
nunber wed dumigrabiotngidad@ss2y.Det er mi nati on of copy nunber of a target |ocus
typically involves performng a plurality of biological assays on a

pl ural i[0974f spewinnedasbasmdes,amiclethdre meldrulat bioBbg)&ab giamqiulestmas g s

[ 0073] Any,. of var i of biol.o |c3£ peC| ns may itahl e for use with
met hod<HPERS %alq@lépaca lsaridmant % tlttﬂjtséa’il ga%f TS bEBRE ai ni ng
nucl ei Guah dfel Sorthg arkiGhéifde, St Got @ﬁtﬁea toTRYsul %oﬁﬁggttlzdt{bncﬁﬁctlﬁb Beid

embodi ments, biol ogi cal specinens contain at |east one
2011/Oﬁﬁzaﬁﬁmiptﬁa@t@%@ﬁﬁnsmmmmmgémnﬂmu&sﬂmmddamabebétgonsngBﬂé%enbe | ocus.

T f.piolo | | t | |
Y Seve Megfb VBl Rye SB Ab M doPaotims ot S oleengirincsiep Sftal

chor i onjefl nYdrhbrigesYa IR Ivﬁﬁl R &td)Cisblatlbsl of Andeit hA0S CRY Wi BImdngMAd RNk bt d.

Ti ssue biopsies of any type nmay al so be used. Cell cultures of any of the

af or e- feRwingn & apash arfedsscnthw ators@iab@lq;ste&ambroab eorldi(HE O Meldenlaent i ve

met hod r n I id.ard/or

ami ocS(ElOIlﬁél %E?aeslla%oryo 't cfé)I ?&dcﬂit g?@sscpwntg%a%?uri@ﬁ&%t Prés?tlﬁervég% Tk, et c.

I n son&h@amﬁélcaiﬁaﬁts of Whivhegt batinspegporard byasRrdnge€ cancer cells. [0074]In

some enbodi ments, biol ogical specinmens are prenatal sanples. For exanpl e,

bi ol 0gi[9@y8]SPefi FRMNScHBIIMORB) de8E if BbRgi@ePesin®hs GR douhfe@ i NUG] &kitagCi ds.

In some enbodi ments blologlcal speci mens may conprise both cel|-free fetal

nucl ei ofdlkd @&l anaberdficefls vea smande matbtmﬂsil)epell a@mtmlg maaygfaciligge.dphal bl ood,
serum qr. ken fro woman | e Ie such as

i ot e Ppl BB BAGR el e AGRISH R dor R Erp R R o nan and

can be caaBapac 1ﬁ@ﬁ1tectﬂmylomgmaespe@fm@ foRngesid. q@ts;Sme@ﬁwdmmit)@Ea@st i mat es

from such sanples may provide information relating to the di sease status of

a f et usPINRBIEA! Spscigarcaptaing wyplgicocksranhraigsly thasgRemenber oiicelinost i ¢

applications. [0075]Bi ol ogi cal specinmens directly taken from an indivi dual

or pat |[@ﬂ’t’9]canIrb@nnps@rnbdd@meltisdh@)gqt@atnoa@@a)fsmclm asgtyen bpdeical émnotmrmr e

brocedyr s, & BFu RS RTEd, BBl O0 Rl 3PCR! IENS.ARLAN &L . SREGH TenS

are subjegtlt thé 31 agga pSssa = y% ﬁ e, qg |caT %pe0|nens

cont ai rpfa sabict dfattmlélaamaeﬂrabmd)gl@hl @paﬁmat (. gsmmddmeobfewlagu@alacmna@ mens

can first be processed into single cell suspensions. In sone enbodi nents,

i f bi ol SEPEAOYBBRILAREtEE 95 fetaland maternalnncleg 2cid) 15 gpangitatedhbefpresthe pe

separ at i I nprise

o RgeRiing ey Ly SHRPEh IRl ns, b Sl ARNES, o AREETRACERTE

fracti cicalsed biohdgicdd bmdnmrmn@qmmsatécbbejone bpxblaglnml spadnees ams)asmdd olme or nore

of the conponents e .assay 0076] I n so enbodi ments, bjol ogi ca
speci mefig§® gtfﬁ*?qé%t f“g'rblalsoégﬁf%teﬁl G0 anb%fmm%ae agtﬂufla‘b‘% 8tagt or age
condi t1,0RRic aRECIBAR efﬂi?abdﬁﬁerﬁé QL&fbidloghal Wﬁﬁ&tdéhﬁalﬁrroﬁ\gﬁliﬂ HE Bme

tenperature range suitable for preserV|ng quality of nucleit acids within
t he spenmnmnefmﬁmdhnnamgemﬂmaymdnhsanm:enbmﬂnmnmt@wapémycdmpﬂmemspeC|nen

type. i ments, Ssuit e stora condi.ti

t orper aﬁoafa&* tpSHI0Y s Bt e et AR g Rnf 3t firteh B Tesi AR B8 dn & n some
enbodi g seaiPdRsz8d4.e stored at about 4 C, at about 0C, at about -10 C
at about 43 C, at about -70 C, or at about -80 C. In sone enbodi nents,

sanpl es are stor @sih&calREf st han about twenty-four hours, nore than two
days, nore than thre@ %ayggmnnre than four days, nore than five days, nore

2011/ 080 ¥iBbc7 (RE D10 BB aGEG < FECHsRE S hAREr Rumedip welvasbecontyr o nan

f our W&Ellﬂﬂger obthe t&rgaﬂo@memd'@ﬂbﬁnc@rocﬁﬂl’oel inhvach thDgﬁmdh ts]thﬁlrnﬁo NBerceally, , an

al i quot). or aII of a |ously stored bi ol ogi cal speci n%y be used
duri ng biol Bg]@p PAY][SUL %)[)rt 1S purpose involve assays that generate a etectab ¢ signal
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[0077] 1 n sonme enbodi nents, one or nore nol ecul ar bi ol ogi cal mani pul ati ons
may be perfornmed on such biol ogical specinens. Such manipul ati ons can be
per f or redwbebavwsomnd/ or after storing and include, but &ca/useaolosemsed to,
ti ssue honogeni zati on, nucleic acid extraction, protein extraction,

t r eat ment tg}rgnnv ri onurIeLc.acids (e.%., siq%tRNAses), treatnment to
r emove WP e b Pl G MR HIESCE, (g coPY BT BSsdE R gt REROT o

di st uptrefe@lice MRADY i8R 0108icH spedthdeh o SligpIgent s) . isol ation of nucleic acids,
etc. Such mani pulations areE?nomn in the art and are described, for

exanpl 1] Sa ( oo 0 i.ng. r
Nhnualﬁpogﬂd EZB§8%%?§&§E%P#6%E§§ SE%Q%gggégg%é%aﬁfggg?éﬁéaﬁgggﬁﬁﬁ¥he
ent i r e wotenitshloflumdpbdrea rrazyredtel produntoispdr &t ferccipiyatesed koseno®un{s@ad 8¢ | n
sonme enbodi nents, cells in biological specinens are counted (i.e., an
estinaﬂ%aﬁwggW@ngéP%WDHBWBQP“%9’€6IIs in a sanple i s obtained). Cel
counting may facilitate, for exanple, determ ning anount of a sanple to

obt ai n (084 t alhcastsn erabedimanisiibe loyel fedstnstabiaiignph cermelates with gmoypt o
oo, ‘ . ; ; gy . ol
opect pRso RIELIP AL, 8 AShoin bEnRBE ATRPHCTEARR s FAGR B Bl B0 2

[ 0079] Imunshenef € dood({agentigcet tokes drotfdrerardamtss Iafsomdehhodinaamity deteatablicol ogi ca

speci nens are quant.itated before bhiol ogjcal specinens are assayed. | n sone
enbodi e, SPAEIAB it DiBlogicakiinyde) Weh&cwgh EcRFGONYFIEC BFIET B waIl

Speci Mef} HifloGcal shOGmRAOH ontd erﬁl%d?therﬂk‘,cdeféc%bfé:éi%na'l AeRAMh e COBRGIGI Ng @
m xture of fetal and nmaternal nucleic acid) Is gquantitated beforethe

bi ol ogiassdy(®peutlatrwitls thesismyetiof nuslcsomed énpodioxrgnbeuctdieadidtiala tastogingls of

deoxyri bonucl ei ¢ acids in biological specinmens are guantitated fore

bi ol g1 BSER 2% P 08 b R LSRR e SSrEe e Hb U R PEY e HoB 0 cal

speci MiurafiedbtediR UdYiYlobitel £30Rs)ATRYRke Vfth HRtAhountel Ridecidgdibd (c.bn some
enbodi nent s, each bi ol ogi cal specinmen contains roughly the sane anount of
total disoxyihdsoelgisiasid) ime biplodienl speremenpiowinpinesan appeexipiatily pigerthmipeci men
cont ai ns_.oyghl h nunber, , of. none ival ents. ot h bi ol.ogi cal
spec, monder iPnks i Eodt R g o BT Sl R PRl AT e Qo oottt

[ 0080] Txpbiatiblly withen®unhef eickioddd (Lol dasgaysnrtcde padfianmetptcoranal yze t he
copy nunber of the target |ocus and reference_ | ocus/loci in each biological
speci menologisplepasimpen. B spryerahodinestsy e safuieef the egFclthicsetiendde i nvol ve
assays I i | 1/ 060240PCT/ US2010/ 056494
mhoseIQ§%ﬁm%§€§%?%?%§?gﬁgﬁggﬁpﬂggﬁhgﬁgfglc#%ﬁ,'to copy nunber of a |ocus
(e.0., rget_ locus or reference. locus) in bi ol ogi cal specinen or

sampi e 00885 ) el e BtodieREFGRGoREH Bt Baf? sPusdR e SREFS ot ety of
ways, frogoréxinatal tinkks s eha€ X6 &allpte, fifl iH o QIO tESeneRfZY bl t 6f dstadallé s (such
as precipitates whose anpunts can be neasured using spectrophotoneters),
etc. [O08R| oy aduelpgicsl serYBEN Rk MNBDIC ik PEEl todinGet ect abl e si gnall
correlates with anount of nucleic acid in a sanple, and the anount of

nucl ei d08%41d i Hot ¢rampdgpt someembodimentts: pbiolngicabpipansiritable fof the inemtien (<. g. ,

target | ocus or reference | ocus SQ di nent s t ect abl e ;si gnal s
goner ac'eiga ng etV BeBRE SFdnr Sk g 38 Faf TREPRA GuaffiTRb AN aRuft ac as
in a saplsendquitRitag cfamosRest fiRRkic 4did 8OIEs SAFICEHITE a3 tindet/aaplaiadosi gnal s
generated in the biological assay(s) correlate with the anopunt of nucleic

aci d (fg partiragaeyaregiondefrnec loepgigan ke faciagtdogingaappsgraiaiarligospclediifgsl e on an
. ¢ bt ‘ ; ‘ e
ggﬁ;?gheg %%X?ﬁgggﬁéngléa<m§§§§§(sffg%ﬁgg%g?éaﬁfg%ﬁﬁﬁéagkgﬁﬁg o% iucleic

aci d ( ecfprencdémxxymi dooruahigidimeads,dhe biolagidal adsaginchlde apepi dfeisteotingsippdle on an
approxi mately | ogarithm '

thlc scale. In sone enbodfnents, det ect abl e signal s
gener at3¥PAcd WEN gmplieRnsdiam 3 dargst(agus Qb refeicaselosypd rarh mpiifeaipe fydiount of
nucleic acid (e.g., deoxyribonucleic acid) in

, a sanpl e or biologica
speci mdA083In sBaecxaridihe ArQMARe " Hatiademgk of ReckyModicalar pestemplacplonshi p
bet ween. t ' ' LRl caldy, -
cor t ai nBnpOHE: 20 optER Ry Rl ELr SRR LE MR RIERRE ) o
r ecor dad réah tial(Séd, 0%, Haid bhat (1991 ‘®eahgdhe quaritititscREIS T 0legoh0 Rgeaed/at e a
curve of detectable signal for a biological specinen or sanple with respect
to ti nér9%%%%44§®o$%é%ﬁ;ﬁe,(l%9ﬁ) %%V%ﬁ%m%ﬁf@? tigreuantyaiiaR T Koy
suitable for the invention is a real tinme polynerase chain reaction (rtPCR)
met hod that involves anplification of nucleic acids and quantitation of
anmount of nucleic acid as it is anplified in real tinme. Anplification of a
particular target or reference | ocus can be facilitated using appropriate
ol i gonucl eoti de priners designed to hybridize to nucleic acid sequences
fl anking and/or within target or reference loci. In sone enbodi nents, the

o o o o, N - S - .



[ 0085] For exanple, in a TAQVANTM (a trademark of Roche Ml ecul ar Systens)
real - tinme PCR assay, a quenched fluorescent probe allows quantitation of
anpl i fi edwoueligics24aci ds in real tine. (See, e.g., Heid eCTalS201009268) " Rea
time quantitative PCR " Genone Research. 6:986-994 and G bson et al. (1996)

"A nove d for real ti gquantitativ -PCR,." WO .

2011/ o&w g‘%ﬁf@é&éﬁ@é 98) tbe e C%&%Péﬁh@%hl%e’feret%la%ﬁ?liareéi

cont enttﬁr QferiRth e qﬁéhé}ﬁd%‘[&ré?@&ﬁ;p%ﬂe%ﬂwgf ﬁﬁﬁﬁis@é’aﬂ &ﬁ&n‘ﬁ@l@@ﬁde The
guenche fluorescent probe typi cal rises an oligonucl eoti de designed
t o hybrdedigned todyaridize lter oudeicdgcid gyppmaliy Ia;PCaR |gR ifagndion piradhici @ﬁm@rasduct of

i nt erest (e I con oma targe ocus.or , reference

con; ugat&a gy PR GRE: hE D oL anuS b AT R RO e P s cen
quenchefyor&scalgushdhyr. i m@ﬂwfbmﬁwqub@cﬁem ddr@nP RNKHRINGAL, @ tBd Hesop§YANTM
therefore, no 5| gznal gn be detected fromthe f|uorophore. \Wen a TAQVANTmM

probe sl &gttt TAQMSDY | dﬁhz@ﬁ)r@mOaSlgmé Fat e daicded fiem thesflpepplpranpitichiaed, t he
pol yrrer e HEe BOpR L EERE AR BT Ri i CHAP RHBR AR oo

r el easefthorsphord fud Herrolesedrftbn} tHeysoy@y edonoieiseactvienciae ))olymefdsu dugphor e
can be detected. Wen excited_ by the ap&roprlate wavel engt h, the

f 1 uor oph®f %tewcm Pt of aydpplaicaop sy els-cines relgave Eory e ETBE% gd ¢hus away

char act f Lgc i@, gp@l of l uorophore
can thé?g ore GR&K%E?E%%% ﬂbggﬁgb%dﬁgﬁcgtlon %?é th aﬁﬁ;hggéscent si gnal
inas amqyleh:ngﬁl Hiedlogodale wﬂban@ghmfra pmetlcrmae&swvehtngnh specafurm chmactém@tm_l\ﬂ'm
o o DIPRS00 Sl ek sl bR LT BERRE nlefisaf™ | "
anpl i f 'a%?}}lifﬁﬂtl&yﬁtloﬁuct[ QQ%}]OM}éetﬁfmgﬂaMﬁra' s%ﬁﬁéleocfr ‘tfl(l)ngl ﬂ%@@élﬁr%n 'Eﬁﬁ/b@e used, as
are nethods for conjugating themto probes. or exanple, R

Haug! armdsastivgliecaal time PFTARMANRA rdbtimk PSR ﬂlqm@@nemlo@oﬁamghmuomes earch
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phy cobidnpifRb€b&ycleyani ne, counarin, pyrene, green fluorescent protein,
BODI PY , and their derivatives. Both naturally occurring and synthetic

derivat W@(ﬁ of ABW%%H&SI%%%@R) R&rcl Y befsaims %rﬁéthéds%f jafing
derlvatlves i ncl ude fluofescein |soth|ocyanate (FITC, Oregon een, Tokyo

G een, th@nﬁmambhsaf(lslgrfes@@mple( SNAFHpyglamd) ° d@imkyd%rpmsh@falndmaéfw’m n
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sul f or hadanNBg-1iklfing ahilésSofSulthslnYuofopherel dRIfdefiol@¥as, Iﬁs@b)mmand
Rhodam ne Red. Phycobiliproteins include phycoerythrin, 6)Fﬁ:lco%yanln

al | ophM@@kahprﬁtelfpfh93(?@@?6;'?Wf@@y\amﬁne,ﬁ@mp@ﬂf@ﬁcﬁmmf@qﬁmo PiYI™, prdobheir n
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and Yphycoerythrin. cyani yes an erlva ives 1 ncl ude
Cy2 ( cy@aintpdds, of(ﬂuare(sceiﬂ de@m@eymﬂluﬂe}luo@,g&u‘élsothy&:y(anmd (dircardegy@ni ne)

Cy5.5, Cy7, BCy DBCy7. Exanpl es reen fl uorescent protein
deri vat#ives W&P Ea@ene ﬁ%lﬁe@aofaw@wem @N@%ae%ﬁd rranphthediuerescgnye

fluore P | ow WO
2011/ 0a00aBeeT T RSB TFodh eV o SRRl ISt G a0 7 s
(1 nvi t rtegengthplrrbodramed deiitatiees TRITE hed TAMRA, s‘ullﬁodrotdpimmeel()ﬂc(and/\hs ch they can
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are al so”sui bl or ‘use in accordance with sorfe enbodi nents of

i nvent ipoeteinA(Rex@PF| Toare o) pliycosrydransnngteds Rehyedesytbrin sdipbycasaxtbilin ragti IYs~ and

i ncl ude Al exa.FEl u ex.F Al exa.FE r 488,
Aoy ErE S BinARka RS b iy SR e B s HRuG R QRIS ena
Fl uor SaRlochb ey @y 3508y 5 Al dichiby CA.&x3,7FBugr, HHDHB 7exa Fl uor
633, AﬁexaCFlﬁ??n64g ’ exg>giuorCGGOQﬁmﬁ%2a§§Iu§?’68%9 Al exa Fl uor 700,

and Al danmleser erso. luonest orinerderzatvgs aehideaphenced geca plercsecns pedicias
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is used as a quencher for a FAM fl uorophore. [0090]In sonme enbodi nents, two
di fferent probes are used, one for the target |ocus and another for the one
or nore reference |ocus/loci. For exasple, a probe wth one type of

fl uorophore may be used for the target |ocus, and a probe with another type
of fluorophore whose em ssion spectrumis distinguishable fromthe other
probe is used for the reference Iocus In sone enbodlnents a probe mnth a
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at least into the plateau phase. For exanple, typically at |east 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, or 42
anpl i fi cavpantigpeises are performed. [0092] Curves of det (Pctralslzmws@nzal over
time can be used to estimte copy nunber as descri bed herein.

predeterm ned 't hresh i s _chosen, and the nunper of PCR
anpl i f.filmsaﬁl MF@&F@@%P@H% dyesdRVIHORHD dEHned Githar (ot e FmBeh gi cal

speci ME1096p h%?é%lr S/Hich tﬁé’;L ERGubRRuRNE 6 th@& @§§&%t%n§éﬁ§1)&sﬂ@lv‘d@eleﬁr ﬁ‘s a val ue
for a target | ocus in a given biological specinen of interest (also

r ef er r BOPPRS dyeseseludaRPDPY FaBMelPyohfar BADAREI YR, BODIPY effer ence val ue

rof or crtPTEY 381 BOP GAbIn. B af FBIENEORS once T ocus Fﬁ”taf nown
e sarlVBHlol ogie tuaingbis UBERE AGH0 TOANS HEvSHRRY BB ERd AT Gas

obt ai neghfoAm&RAEH AL S eRIBR! RExRORINS Hy&ACHNShOLfor AR HGIG6A %G‘el@@éﬂ%"’

[0093] I n certain enbodi ments, the predeterm ned threshold of signal is
chosen addhclodratlcat Fluor 3 siles &hok 485 wadakzdFltuer X hedead o 4&8adhext FHaor

cor t ai BB FORT ST ATet R AEP-CaRy” MBS ALY raTe Comrhduer 366, O 1

det er m AieRYFRio¥ 894 A 186 Fluoterfo, Aeckadudr®s 3difdke rans e4heA wrerubhesEycl e
t hreshol d val ues bet ween t he tarq?et gene and that of the one or nore

r ef er entlexyEhies 6% Adpxsiriuoy Ffuand diexaFAr @SR Ct, [0094] wherein Ct, is the

Gt value for the target locus in a given test sarl\raLpIe %ind &, isthe ¢
r ef er erl0888jal u€pnmrserdel$3cavdmleuleathmwhot®@951 él'w\él(“ca IQE %@mdlfL*EXel\T(aa@tbﬂ o the

t f..th th t th bi ol |
e, o oS BY R BBE Abedlec FoE b Br BT b dshe (fhecony nunber of

whi ch i s _known For e nal r nt| ng anplicon for_a target

| ocus tIR989]; s iﬂ%&%@mﬁqﬁéﬁ@% ff@)@ s Wigd asjagreBel fief HeMeycl e of
anpl i figpy tré)lﬂf&reas si gnal representl ng anplicon for a reference locus that is
present 1n two copies. Accordingly, the relationship between ACt and the

ratio ]?[B §(ﬂ é’on?e“éﬂ?@ddb&lﬁ %votopﬁ*ex% §Bes a?%ﬂsseda&ge ftotheCth%Xt B, ild (2) of

the refeere cus can &fined acce Ing to the fo 0 equa on:

( Equat iamoth2y for tMne%rlnﬁxge 2eferendTlopud/Noc2 CEoi:/eQﬁrﬁﬁléQPﬁfﬁbUSIZﬁhlﬁh/e GpAsT4

[ 0096] wher ei n ACt are defined as abov wherein T is t he nunber of
copi es Horenherg %@@g? uﬁe@cfegtheﬁargﬁfeloww ¥t pigbe ﬁ@ﬁ T yer R§upePYoed. Thus,

T can tl@hdlg%ﬁlﬁr@:orﬁ%‘ﬂeétflﬂzf%%dlé{h%uﬁ%blé%ﬁt‘ﬂ% B¢hct BrotbQ‘?s el 5&”&1@%@%@&' on.

(Equat i on or exanpl e = -1, then, T
= 1, wibah. ils s«)mm sinbodintentsi 4 hrobhevithredieA St ﬁmjoptg)rt Esaiseé wgthal proepwesent i ng
arrpl i Cmﬁ target |ocus with one copy per genome wll |ag behind one
cycle Lot %d to the signal representl ng anplicon for a reference
| ocus wit h two co S r genone,. [0098] anot her exanple, when Z =4 and
ACt = -1999H henI“l'BB— .aff[p%%gg}% amgHECHIRP G FohngTeates Arag 5o vRiY #BaY be an
I nt egertylyi@élﬁpfollowing a pattern of an exponential phase, followed by a linear phase and then a
plateau phase. During the exponential phase, product (e.g., amplicon from a target locus or
reference locus) typically doubles during every cycle of PCR because reagents are fresh and
available. As reagents are consumed and depleted, reactions begin to slow down during the
“linear phase” and the amount of amplicon no longer doubles with each cycle. Finally, as
reactions slow even more and stop all together, a “plateau” is reached. Thus, a curve of
detectable signal (e.g., fluorescent signal) from a specimen or sample plotted against time
will typically show an exponential phase, linear phase, and plateau phase, in that order. In
certain embodiments, the number of PCR amplification cycles performed is chosen such that

reactions proceed at least through the exponential phase, at least into the linear phase, and/or
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[00100] In sone enbodinents, T is estimted to be a non-integer value. It
may be possible to obtain a non-integer estimation for T, for exanple, from
het er ogerwousiinicod40gi cal sanpl es. Exanpl es of het er ogen@cuwashiiolosgvea
specinens that may give rise to non-integer T estimates include, but are

R R R e e R T ST N R
fetal mucheip 3513537 [R1991A, 41D hfifichiJEcRIR PRI IRASHave been used
for illustrative purposes, other biological methods that are used to

quant | H\i/l&@z].(d' bﬁ%h%f@étﬁét%lb rs&ﬁ%l&(l)er E&Q%aﬁﬁgﬁse’a%g'ggﬁm%gt@o rmﬂ{?@e‘?ta d for use

with i enti ve nethods herein” Such nethods 1 ncl e not Timted
t 0, PCRickir{DSA heRGR- &pzydreermintkdebleshidldjofapted ik clmsagysd thel mentenoflPCRS

"PCR-ELI SA"), .array-based conparatijv nom . c hybridi zati on (aC&), .and
i gh- t FFBUEKANRN SELFIGRRIT 't 06 & aaING ek piven Hele! : ﬁﬁ&’ﬁﬁ?‘f“o‘?{ 8@glfdhci ng
met hodsjied heRGEe Elh%i%l@&?ﬁyﬁue.p% eF PHHC R a"%ér%ethgpﬁs' ig %%%&l%olﬁ@ical

i obi | 1 zed capture probe as anplification procCeeds. ' IS sonetines
used asspasimahiémietityelse cefereal totas (iesPERIplE N caO@tdrapased kgaowha &% mat ri x

A LN 1 LAy in which each spot on the arr t ai
genon doRarGere o AT tebTEpUE « ShTEaRg B 4F Fun Saffpighe ™ ™°
react i QiySeftddndd vt id tnéEHPhRlRin@d eferehdd IBb® Wit ARASwRb I EuniRRI d

sequenci ng ofi%enones or large portions of genones. [01011|U sone
enbodi rfdenoded i4n); amsimg sishiembpdmentsri gfersine wghehl the sayag Biojagicsbsasmply ae copy

nunber, er.,as r A Vi it I

i or b g KRR St B BEE A TR b (BB K BRaRE e B G | oo
in a bidkathicdaklospeci men may be sequenced to determine if there are any
mutations that contributed to | ower copy nunbers of a target |ocus. 3.

Assay floo9mts anebr@aNéhdEmEMIABE prrdeRihmbd t1REMOH SRR isdhBicursath that Of
bi ol ogi cal assays are conducted in parallel to facilitate nore reliable and

accur atadl arapgst pampley wesldibewrpecterhie reachtthe threshipldadvaing shasexpppentiahpary of

mul tipl gl ogi.cal ..s Iens _or s . obt ai fromnultiple i.ndividuals
re aodlly BGR AR SERATR" 3 S R TB PR ERPLT ORIy bl By sl BRY Cai
assays dowprishs ddterfiifiihgia vaRFDOCS R fihed HARPHiffescade@meEsn @it SRRGhAERSf rom
different individuals) also include replicate assays conducted for a

part i cuiabies baigvoon disrrest s aad phat of Bigloae opmerogifaancessaes #eshowR: sanpl e.  For
exanpl e, nultiple specinens nmay be obtained froma particul ar individual,
and/ or a single specinen f(lamatopd)tichlarGrpdiCri dual may be divided into
sub-units (each sub-unit being used as a replicate or stored for |ater use)

for rephh6at e T j : dependi n
Robs4t & ARSR¥S Cr, ﬂ%@gﬁbiﬁ&? gd;r ﬁlgf%@e?ﬁic%m%?%l | té&ﬁlﬁ@@ﬁﬁfi@% fsP g9

on pre-determned statistic s or enpirtcally. sone

enbodi OB reféldidd wRicess ddsttipdd &bates, quadruplicates, pentuplicates,
sextuplicates, septuplicates, octuplicates, nonuplicates, decuplicates, or

more t haposi0 r ephicEiRf e§CAL clHRA thetaBOFRhS FERHh IR IT) SURE k4Pt 16ALeS are
used. [0103]Using replicates facilitates making certain statistical

det er mthagivembiolesca xpicanereehd eopy mamboe(Hwf thorcfesmmpdas (fha cepyreumber

enbodi nent.s,, the statistical, confi.dence of the.copy nunber call is

det er m At SIREvRE  ETIAPmBlE. SR04 RS PRpAmD SPT ABRRT 9P BT cat e

bi ol ogigradenfinom¥ 2o ge‘%eﬁéﬂnb wal Mg stanoRaserd oPBmpitcaldaraslighyl of copy
nunber estimates. [0104] 1 n some enbodi nents, control sanples are anal yzed

i n par depiskenfing pmpiiedoiyr e aefeepee logantiabls baisaeidn fve sepipy %wﬁnglyowhepat ients
(test s n es,: i n I m.t 0, ho
tenplafgﬂgé%%%%?éaf%%gkééggg#gﬁngﬁygﬁgﬁkf?@%P&ﬂﬁ)§g§368%g¥8§%§§gt%ﬁoIogica
sanpl escopavium@ek(Z) N tHeGefrencpIRUS LA K8 deihed aoRydinp b ek Foltdwinpeqlaloget

| ocus, other reference sanples used to calibrate detectable signals, and
any conbi nation thereof Control sanples having known copy nunbers can be
obt ai ned from a nunber of séﬁ@@@gnggck@dﬁﬁdpghi) not limted to, verified
cell lines and/or biological specinens fromnormal individuals or patients
confirmed to have di seases associated with abnormal copy nunbers of a
target locus (e.g., SMA patients confirned to have m ssing exon 7 of SWM\1).
Typically, replicate assays are conducted on the controls, as described
above for test sanples. In sone enbodi nents, duplicates of controls are
used. WD 2011/ 060240PCT/ US2010/ 056494 [ 0105] I n sone enbodi nents, the
plurality of biological assays (e.g., fromdifferent individuals) can be
conducted in an array format. A varietty of array formats can be used to
facilitate assaying rmultiple biological specinens. In sonme enbodi nents, the
plurality of biological assays can be conducted on a nmulti-well plate.
Exemplary multi-well plates suitable for the invention include, but are not
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[0107] Additionally or alternatively, a suitable assay format facilitate

conducting at |east 50, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280,
300, 320,w64011/@600 380, 400, 420, 440, 460, 480, 500, PRO/USE0/05&60, 580,
600, 620, 640, 660, 680, 700, 720, 740, 760, 780, 800, 820, 840, 860, 880,

900, 9 40, 960, or, 100 I ol ogj cal assa |.mul t aneousl.y. .
2[8096% W%erem %%9 and Zl arc geflﬁ{ed as %lbove an vvhe%g‘m%J 1S the num elfl oID goples of
the target locus in the biological specimen being analyzed. Thus, 7" can be determined from Z

and ACt according to the following equation:
(Equation 3) T =Z-2°“

[0097] For example, when Z =2 and ACt =—1, then, T = 1, which is consistent with the
understanding that signal representing amplicon for a target locus with one copy per genome
will lag behind one cycle when compared to the signal representing amplicon for a reference

locus with two copies per genome.
[0098] As another example, when Z =4 and ACt = -1, then T=2.
[0099] In some embodiments, 7 is estimated to be an integer value.

[00100] In some embodiments, 7 is estimated to be a non-integer value. It may be
possible to obtain a non-integer estimation for 7, for example, from heterogeneous biological
samples. Examples of heterogencous biological specimens that may give rise to non-integer
T estimates include, but are not limited to, populations of polyclonal cancer cells having
heterogencous copy numbers of a target locus and samples containing both maternal and fetal

nucleic acids.

[0100] Although real-time PCR methods have been used for illustrative purposes, other
biological methods that are used to quantitate (directly or indirectly) gene copy number can
be adapted for use with inventive methods herein. Such methods include, but are not limited
to, PCR-ELOSA (PCR-enzyme-linked oligosorbent assays; also known as “PCR-ELISA”),
array-based comparative genomic hybridization (aCGH), and high-throughput sequencing
(e.g., quantitative next generation sequencing methods). In PCR-ELOSA assays, PCR
products are hybridized to an immobilized capture probe as amplification proceeds. PCR-
ELOSA is sometimes used as an alternative to real-time PCR. In aCGH (also known as
matrix CGH), a cDNA microarray is used in which each spot on the array contains a genomic
target. In high-throughput sequencing, parallel sequencing reactions using multiple templates

and multiple primers allows rapid sequencing of genomes or large portions of genomes.

[0101] In some embodiments, in addition to performing biological assays to determine

copy number, other assays are performed that may provide additional useful information. For
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[0108] Typically, a majority of the plurality of biological specinens
present on a nulti- well plate (or other fornms of array) contain normal
copy nunbEoo0ofoeee4var get | ocus. In some enbodi ments, noPETIUS2010/D560494 80%
85% 90% 91% 92% 93% 94% 95% 96% 97% 98% or 99% of the sanpl es
present on I ti- pl ate contai n nornal of a _target
Poous FAmEGrhediAsER ﬁ%@e SAFITG 125 bGSAIRFOD S5y SIS 04
99. 5% B9 YatisiR tﬂa(%o@t%bﬁtédt&[ow%? %%@fﬂimﬁé?ﬁoﬁ@%e%%o%esem on a multi-well
pl ate contain normal copy nunbers of" a target locus. IV. Assessing quality
of copy nunber estinmates and statistical confidence [0109]1nventive nethods
according to the |nve tion in e .a step of assessing quality of copy
nunber esti mat ’SAQW rmays 4y ‘fﬂ"ggﬂl confidence of copy nunber caIIs

t her eby ter n| n op er. call. can be nmade for, a Iocus in
a bi ol dﬂf iemporh Sbite BRBBlPHRRigloek SYSAEE PAPFIE ! T argligly

number g *ﬁdll‘f‘@fe%or% RPN SldalcthicC@by RORbLARRARREMd statistical analysis.

2011/ 060240PCT/ US2010/ 056494 1s carried out on a conputing nodul e executing
an al gobyipidahly, msltipbswpiogidl pecintras bSyan@asobisiect from melﬁlplenndlpaillab]arm sone

enbodi nents ,invo reco wells in
whion CBRUET i Brabdle s e srobSioe s dbe Py B ARlgai e e B Rai oo
I'n Sonfénﬁjmﬁﬂétﬁ?mrﬁpns%ﬁ' ah @06 §PROINARS Brofs difRedik hﬁhxflﬂﬂiﬁ)sa%%tlhélhdé: al tests
and/or status of a sanple wWth respect to that test (e.g., passing or
fai | i ngeplécatr ashag coadysiesdier e paitiseldr indhadurd puen @pam@h@ébploglcal recimeraered
COPY PUATRBIe, SR8 SRRLS, SO RIERO R eb R MRl R R B il
bi ol ogi'cal’ ‘assays a € con d ona Iura it BiP6I 6 gica eci nens
(e.g., dnd@madidgledproimanfebiny b ghegtica)ar mahqziauiaalnha@zlbe d@«ﬁtied/ﬁlhmaﬂ) ﬁraae(eﬁmuatl on 1)
can be calculated for each specinen. For illustration purposes only,
mul ti - wpfungibsing ysed e.%wpagataﬁr @Q@ﬁﬁpﬂat%@\f@wrep%ﬁﬁ%%&wé%h@ﬂus@sr %r ei n
can be [§ “cal i brator™
val ue (rB@ %JS%? or %??gﬁ%gﬁgéaﬁgﬂpmg Q]}]P]rgjd}?ﬂgng&lggsca gi?% 81td(s) determ ne the
backgr cuqurimkbzl dn ﬂombembddmfeatsednqﬂlcbes vtﬁplncaaaest @naglemplicama$em11phcmeﬁ mal copy

nunmber and Ehe one or. nore reﬁerence I &%Q\aﬁ , the cali rator is
cal cul atEUPHcAes sPunlicpies. nrplifigHh NgRUR ’I‘Eéteh 106@ qr RRFE Han |
bi ol ogig

Eﬁhca@e%%?é’ése@”lﬁ Mn@&ﬁﬁ@dlmkﬁssﬁ{iﬁn@ﬁ% ABNL&. an 80% tri mTEd nean is
used: uation = trinmean 80% [0113] Based on the

AC
cal i b r %9634 COpXiy! %%E@%ate?ﬁdﬂﬂ?fe@n{aﬁfnga({%ﬁ%ﬁlas'fag call (a(e\féﬁnﬁng‘)lo&ags lﬁl%(f ved

for nple o ate rate normal i zed copy nunber

esti rratfebtherlbelmnﬁormxbm@lermrﬁme anasadirne e dhd statnmlrcalb@nﬁbéra:emﬁdlmpa | i near
I he f n E n Li near le)To = Z
;?20‘? %ﬁgn%er cﬂglstd%tetrmgled% lgev%algulatgonqo%%trhgasur%)me t éo encseC or 1? phgate

biological assays and a call confidence based on the plurality of copy number estimates.

[0104] In some embodiments, control samples are analyzed in parallel with biological
specimens obtained from individuals or patients (test samples). Control samples may
include, but are not limited to, no template controls (for example, in amplification-based
methods), biological samples having known (e.g., predetermined) copy numbers of the target
locus, other reference samples used to calibrate detectable signals, and any combination
thereof. Control samples having known copy numbers can be obtained from a number of
sources including, but not limited to, verified cell lines and/or biological specimens from
normal individuals or patients confirmed to have diseases associated with abnormal copy
numbers of a target locus (e.g., SMA patients confirmed to have missing exon 7 of SMN1).
Typically, replicate assays are conducted on the controls, as described above for test samples.

In some embodiments, duplicates of controls are used.
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WD 2011/ 060240PCT/ US2010/ 056494 [0114] I n sone enbodi nents, nornalized Tc,
can be obtained on a | og-scale according to the foll ow ng: (Equation 6)
(Log scalwp20tyjoet248 + ACt - ACt , [0115] Copy nunber est ipcattsgoloasads on t he
replicate assays for a sane individual or for sane biological speci men can
be aver . I'n some enbodi nent s p cal | de by

r oundi Hg?@if t S%@%@@l@&%%ﬁ@&ll%gﬁ géf@ Wayscﬁﬁaﬂ’ gﬁfm metrics

[0116] |1ﬁd&f€fu5@) Ehn%%%ﬂ&éﬁ v anaar§4'§' fBﬁnan AR e’t315 of a&&@%ﬁﬁatﬁ@énrl&e%?se&i o
performed in order to eval uate whéther a copy ‘nunber call can be nmade for

t he tarfgetltaltmsa@mgmmhmhe biobigogl mlcmqmcﬂmmme ¢mb@cbmnt@nﬂbo@lmdrty9f qual ity

of cop unb estinmates for the tar S sessed bas at least in
par ¢ o PRERE kb FIEPS Bt aB AaPul ol PG BB BBFE PR hce oot
as_di sauagse f&l&ﬁ@in‘%n@ﬁclh@luﬂél e hre@lbehikitb@ ol 21 aRBy ENDES dMEML S84t he
suite of quallté control metrics includes a cycle number check. If the Ct

val ue fwell plass.opechoplatep may bemneade e epticatly clagr matagialsesnitihle fergise alithspeci nen i s
out si d%&g@&ﬁﬁ%ﬂ{&b@&ﬁeéﬁg@% als h?\/hﬁ?ﬁfék gthcL 'laltés éaﬁ%e%&i ereﬂaquf eacﬂeck

In sone erm ned rang

upper |b1®1bglcﬁltsam®|ld,l@a}iditlétﬂﬁﬂktﬁﬁh@tdhﬁféﬁf@,placﬁ:d hhzfn 1@ﬂlwaiau®etlafswh@ or mor e
of the reference loci for _ a particul ar bio]ogical specinen_ exceeds the
pr edet SH4Pridd aupemayi soptaincena ey re cpmbnelieoroy clirddiodrahenithpaliufien t he cycl e

e
number (9% ﬁffielh Ire 3 g‘rﬁp&ﬂhﬁ‘ﬁﬂt I’crfgha?ef RiedlRl 2L AL PR lt#eE' Jr @ value

is Specl a con |gurat|on n sone e OdlﬁEn S

pr edet emomirolsgasuppkiinadiabbte. Gorveahmplel ngteegtlae comarl a80 coﬁh’tqls 82h k88wn34, 35,
36, 37, 38, 3 40, 41, 43, 44, 45, 46, 8, 49, or 50 cyc]es. Slope
of si grfQPY MBPRETS QFNkS %ﬁ%ﬂ] %e%r%at%n%a.nﬁ%i%tm% ﬁ’éa@ﬂ?’taégéfwﬁ%ﬁ fafe y

cont ro'mé’ﬁ%d’ﬂt&ﬁ qh%h#%&s%f 85k gﬁ?er@rﬁ%%‘lo ic# sp&limthEH doBRolshat the sl ope of
signal |éevel (e.g | uor escence | evel %rom a curve of an anplification

0 20130120 e T3 Th BB SRh LS AR Pl PafRfite L ABL A6 SRR I70 o

for a padtsampleatplimatdsogi cal speci nen does not fall wthin the pr edet erm ned
range, the specinen fails the slope check. In sone enbodi nents, a slope S

i s cal goletyed fA@Ehtioh@ll}'i Maﬂ&n(ayi@bl@ maﬁeabre@rmwsmﬁms@ﬁtatd e@ntibigtirgtat least
nmeasur enent . be taken as th (g transf ormed signal

| Y2
e et P Sek Bob SR A Bu S, 25,2 S0, S80I s88a60; B0 e acovidiue, v
and 5 {hobih s Mooy Rsg 306APTB!detefld Buparoraying), e shaken as
signal’ Tevels for t

the | og-ttansforne he Cyc ust 'bef’ore’and Just after,
r espectd20e840, 860,880y 200 920.0810s96(, 980 be1@0 bAalIoge;al dseayssireuleambodtiyrent s, t he

fluorescent value is based on a log 10 scale. Thus, in sone enbodinents,
the sl qpeos]s cakpighiaf, adndetqrofitgplti@lityYof oloEudpecitheR) pRscid oh a multi-

well plate (or other forms of array) contain normal copy numbers of a target locus. In some
embodiments, more than 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% of the samples present on a multi-well plate contain normal copy numbers of a
target locus. In some embodiments, more than 99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%,
99.6%, 99.7%, 99.8%, or 99.9% of the samples present on a multi-well plate contain normal

copy numbers of a target locus.

IV. Assessing quality of copy number estimates and statistical confidence

[0109] Inventive methods according to the invention include a step of assessing quality of
copy number estimates and/or statistical confidence of copy number calls, thereby
determining if a copy number call can be made for a target locus in a biological specimen. In

some embodiments, assessing quality of copy number estimates and/or statistical confidence
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2 [0119] I n some enbodi ments, the predeterm ned range of acceptabl e val ues
for Sis specified in a configuration file. In sone enbodi nents, an

accept ablwonangsof4sor S i s bet ween about 0.15 and 0.55. Bampiseoiooedsds ci ent
of variation [0120]1n sonme enbodi nents in which specinmen replicates are
used (as discussed above.in "assay formats"), the sanp] e coefficient of

vari at i'd ﬁarflgiﬁbﬁ @ %ﬁgmwn\&é%ﬁ@f‘eﬁ?%%%@ Aadithing it GoBR0T RS I T or a
bi ol ogi gahorSReGHMEN nust be | ower than a predeterm ned threshold, for the
CV check to pass for that specinen. The sanple CV is calculated on a |inear
scal e hs t ' - : r I at i 1l e mean
betmeeaﬂgyp thg?$%%%%@%%%géggHgéﬁﬁgfgépggﬁﬁgggcf%%%&b@gﬁgﬂgo%gg%%?%g zero
copy nunitel careaip fpeality caatod ulcati@daihsant vehiclatncwicohad fegledt ngbaicd devi ati on and
t he mean plus one. |f the sanple exceeds_t@g Ere eterningd threshgld,
then a TR &P atgorithm £eGopts s fram steksticabieyt aRt eiattatupats taple Miths one
embodi eéPest tolthe &% ?é?gtﬁisﬁﬁhg%gféilﬁﬁ&%w}dﬁlg @rprédb@erﬁﬁ@altﬁreg%lﬂ§oﬁ’8§§ésﬁ.' ed in
a configuration file.”i'n sorre enbodi nents, the predetermned threshold for
the sanple CV is 0.15. WD 2011/ 060240PCT/ US2010/ 056494 3. Stati sti cal

anal yses [0121]In certain enbodi nents, one or nore statistical analyses are

performed to hel termne if co nunber call can be made for a

bi ol ogi cal speiig@ﬁ%”ﬂﬁgkgﬂ%ngﬂﬁﬁﬁFﬁéﬂ?@? a statistical confidence is
assess deternm nj.ng a.neasurenent. conf.idence and/or a .call confidence,
i 11T PSS B M e et S R e e A

whi ch : LG : [ I '

ot or g By e A B R T K T T AEIKE 2 et B

t hr eshdqhatival ues Heealpulatahfoy cavhrspecimest Fomillajtratohgpurnsded anlya mpkiewolen f ai |

t he neasurenent confidence check an opy, nunmber call c ot be made.
Measur éhEhts ‘&,SBYEW a‘éﬁ’@é‘lﬁq% HA™eYdi @S*tdhﬂas g?scgﬁh?‘f‘é?f%‘aﬁﬁ ewﬁ?fﬁw}sﬁ $yY¥and

exam nggrhdie nean and the variability around the nmean. Measurenent
confidence is calculated as the | argest normal confidence interval around

the ne nber ti.mate for.. eci.nme aml.e (averaged across
ropt 1 cDLEPY R B4 PR A R B RRC R ACl R RY e HFTAE B or .
parti cWafl£QPw d3tiRaTe-thd Pack@rRing ¥HEE nIBBESIiffeRnasS bRl Htir@d |RQAE Wadhi ty of
the average across all replicates of a sanple is made. For a nornma

di st ri Bermalcopy mambennd the paeormercagierdispjochuhpricalbs thogalibrageiripss al |
replicates,on the |linear scale d the standar evyi.gti.on is the standard
e Por - oPRERE AR od P ERhmRG Bedo o BIR ACTDISEERLY (RN b BR g The
nunber fte BPIIEABEIdimbits SR E FRAGLABRLS is W@y nunber limits are
specified in a configuration file. Exanples of copy nunber call limts are

shown in Table 2. Table 2: exenplary copy nunber limts Copy nunber Lower
limts Upper limts O

(Equation 4) ACt =trimmean (ACt, 80%)

[0113] Based on the calibrator, copy number estimate for the target locus (7¢;) can be
derived for each sample on the plate (e.g., calibrated or normalized copy number estimate).
In some embodiments, normalized 7¢; can be obtained on a linear scale according to the

following:

(Equation 5)  (Linear scale) 1,,=Z2- (aCt-aT)
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Negative of upper limt 0.01, 0.1 1 0.5, 0.6 1.4, 1.45 2 1.6, 1.65 2. 35,
2.4 3 2.4, 2.5 3.4, 3.5 WD 2011/ 060240PCT/ US2010/ 056494 Cal |l confi dence
[0123] | n worze1lensi2adi nents, a call confidence is cal cul aPeu/udSor1ossebd

speci nmen. In sone enbodinents, if the call confidence for a given specinen

is |ess n a. predeterm.ned threshol a determnationp is de that the
copy ndﬂi)ﬂ cal S ey lmamaétomla@%f&d%ra%"ﬂﬁoe%%nwz 2 logrscals AECuRBSdP ment s,

the pregdetafoNifed threshold is specified in a configuration file.
Background variability [0124]1n order to calculate call confidence,
background variability is first calculated as the variance of cal

estimates for sanples having Z copies of the target | ocus (wherein Z is the

known nornmal nunber of copies of_ the ference | ocus)~ A predeterm ned
critical nunber of sd&@?ﬁ@ﬂbg%a&¥ﬁﬁ“?k§op'@§“%ﬁAKﬁé*%%&get | ocus (Z-copy
speci nens) are required for calculating this background variability; the
predet erm ned nunber may be specified in a configuration file. In sone

enbodi ments, the predeterm ned critical nunber is 20.
[0115] Copy number estimates based on the replicate assays for a same individual or for

same biological specimen can be averaged. In some embodiments, a copy number call can be

made by rounding off the average copy number estimates.

2. Quality control metrics

[0116] In certain embodiments, a suite of quality control metrics is performed in order to
evaluate whether a copy number call can be made for the target locus in each biological
specimen. In some embodiments, quality of copy number estimates for the target locus is
assessed based at least in part on the quality of data generated for the one or more reference

loci, as discussed herein.
Cycle number check

[0117] In some embodiments, the suite of quality control metrics includes a cycle number
check. If the Ct value for the one or more reference loci for a given biological specimen is
outside a predetermined range, the specimen fails the cycle number check . In some
embodiments, the predetermined range comprises a predetermined upper limit Ct value. In
such embodiments, if the Ct value for one or more of the reference loci for a particular
biological specimen exceeds the predetermined upper limit Ct value, then the Ct
measurement fails the cycle number check. In some embodiments, the predetermined upper
limit Ct value is specified in a configuration file. In some embodiments, the predetermined
upper limit Ct value is greater than 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45,46, 47, 48, 49, or 50 cycles.

Slope of signal level curve

[0118] In some embodiments, the suite of quality control metrics includes a slope check -
a verification that the slope of signal level (e.g., fluorescence level from a curve of an

amplification reaction) for the one or more reference loci in each biological specimen is
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[0125] I n certain enbodi nents, specinens nust pass certain requirenents in
order to be included in the background variability calculation. [0126]In
sonme enbosDrent®p240he requi renents include at | east onePON/Us2y100664 nat i on
of : a) passing quality control metrics (& value for reference |locus within

o pretstem el onge, siope ot pianel Lovel for 1ol erence focue i o
i eshal hin Ak SaTinQMahQURe Fhach BIAAELREELRRE WNLGRDGhoii, §) not

being a control specinmen; ¢) estimated to have roughly Z copies of the
t ar get slapeusis caledlattyl foethnghreé cyclpacaducarhents gosdetoghainadasaemdnd. Fgpe (e. g.,

bl ood). In so e i ment the requi renent d t he.requi r enent bei ng
of o pisreel Sre it Brm gl inyRand SET IS ciReta b foroanpl es
of the th¢ et BlobdsnRANS @MPhige t YPehdf Bl (bsthRewaieH die aRb@daharAtiaed criti cal
nunber of Z-copy specinmens. [0127]1n sone enbodi nents, the requirenents

i ncl udeapkgraupsan e takaaps thy legHensdermpddigiablovels iferdhe exy¢ jugebriercrigtlr i cs as
outl i ned_i [ e i - l,.to Z for the
Far get et B EE IR e Al ST nns Rl ISRl © e

backgr dingeseaitivaluielis based on adpai s echid. oragciaudincfcatbodinhdny, @it slofrrikabi | i ti es
associated with sanple type. Typically, no sanple adjustnent is nade if
requi r sitsptated aceardingngyed. An adj ust ment can be nmade for each sanple type;
i.e., an adjustnment value can be subtracted or added. In some enbodi nents,
no sanple adjustnment is W) 2011/ 060240PCT/ US2010/ 056494 made for nost
sanples. I n sone enbodi nents, background vg;igpility for amiotic fluid
and/or amiotic cell cultures sanples, arg_adjusted by 0.03 units. In sone
enbodi nents, background variaggpgﬁgn?%r gﬁorgonic villus sanples are
adjusted by 0.03 units. Call confidence [0129] Havi ng obtai ned a background
variability that nay or may not be adjusted for sanple type, a cal
confidence val ue can be determ ned. The call confidence can be based on a
plural igY19i! CRPY HGRGAdiRSAL TR Bitderrihed B ngg&@ GhictafiRl FshyTRer of
speci nens having Z copies of the target locu Z-coBy speci nens) are

requi r egleditied oad culfigiratign ddd. | Inconfei cdérndencrttd) en pecegebér rrhgetbr Susrbawcomy be
specifi%d i %ﬂ@f%guration file. In some enbodi nents, the predeterm ned
criticdl®n fn4Q520. [0130]1n some enbodinents, al gorithns used to
determ ne call confidence assune that copy nunber estimtes are normally
di stributed anébMQMéU@ﬁeﬁV“Véﬂﬂdﬂ@@s across copy hunbers. Any statistical
test that assumes normal distribution can be used. In sone enbodi nents, a
St udent[082@]- t edt same ¢sleatiimontd &t whishpeqimen raplisatpire aiaech(as gicissedhabqg131] I n
some enhadj nents, . hypot hesi.s .t hat- 1 s ed i e statjistical test is
Chat cn0 SieERyech T HMCSREL N Rl S IEAT B sl

obt ai nedidutads. adjcaaiple CUFYr NbiIdRE catlbsdemduhuans lowsiahan 8 pradttctrhi@ed opy
nunber estinmate is two, the algorithmdeterm nes the probabilities that the

sanpl e theeshlfi for heL\bgleck to prysder hatipesimeny d'hg pgspicthnissiatalatekoha val ues
f : : ; _ : .
rom ee}ﬁl{%ﬁrogcaferh%dtlé’\ﬁe &&ﬁ]éf f és %&% E&aﬁ%ﬁgﬂbﬁatl&f){lq% tﬁ? 3%@@ GRRY bEMRRL RS S

and the ree-copy hypot hes ence I's ca by subtracting the
sum of théiephieaed efesbiblogivallspecimen. Sample CV for a zero copy number sample is

calculated as the ratio of the standard deviation and the mean plus one. If the sample CV
exceeds the predetermined threshold, then a copy number call is not made for that biological
specimen. In some embodiments, the predetermined threshold for the sample CV is specified
in a configuration file. In some embodiments, the predetermined threshold for the sample CV

is 0.15.
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[0132]1f the copy nunber estimate is zero (or at the maxi num possi bl e copy
nunber, if there is one), there is only one adjacent copy nunber

di st ri butwornittdea24di stri buti on for one copy (or the naxiPemmsadmnOs640ne). |n
such a case, the algorithmuses the single p-value obtained fromtesting

t he hypot hesis that the copy nunber estimate is obtained fromthe adjacent
copy nunber di 8f Stdtistic@nnaaks confidence is cal culated by subtracting that
p-value from 1. [0133]1n sone enbodi nents, call confidence statistic is

cal cul gpeghjon 1h&raflembiReE, dnd@r GRRY sHIRAT arRiBsb Rt §Srforh& 6ARY NuNber
t-distribution means are determ ned by averaging all of the copy nunber
est i matdstergre if hgopanuniearcal cambajmﬁdmymra.bwlbgmﬁespeclmee- hosaed i mates for a

> ses. eS0T GaRa IR R s Raen porE ANy E tirafucoptipdy, TS

per f or mad/dr alcal achridad®lae dedctibtdbelew! | confidence is | ess than the
threshol d specified in the configuration file, the sanple fails the call

confidence QC WRLSkCmedrcoffiddequal ity control netrics [0135]In certain
enbodi nents in which a pludrality of biological specinens in a plate is

anal yz pl i: g i | Jt metrics
fron1tﬁgl%ﬁateﬂ¥§} .&é%¥h€§%ﬁgfgﬁkﬁgmggﬁg%gk%ggﬁﬁé%%gfyg%§$§&%%ﬁtroI sanpl e
in a planhBderxeeplucfiodetéinamndd. dé Htermdasuiesncahenmiiddndedillgbdbw taypredetdrmpdedret r i cs
and/ or ﬁre %Qal zed statistically.as described above Sgﬂgh, Ct val ue check,
sl ope dREERRI RIS (@ e AOPYCUIR U SR LR RINGh I R gBFRIRS hs SHBPECEAL | f
any of dRfg&ca¥addiandedhy AlmBBt dallC@nAbtdelldee A1daQtiremchOMnTi@bnRaiRL € on a
plate, a plate alert is generated with a list of failed wells within the

pl at e andicatheof iatrh-samplstviaiiglslitySmdpixeminse thd mepraandgbavaroibdity erovadple nunber s

are al so checked for. correspondence, w t xpected co unber.s. For

el dedtn R AR e e SRR Rl o oS o SRR AR Al 0r or e
cont r ol ars@iith€ feh@bdisy MiMcbRestihfte Gorad dpedinfed v kahple r(a@@%teh%kﬁ@fepﬁ@mg) dence
assessnments or if an estimate for any individual control sanple does not

equal tthe yrudd &t withinmwedasermingsecops auabpylimiinfunartiqla sapy swbbeli dents, a
plate i i | r - I i of copies
R L R L L e

pr edet eaniphead nidde.e560d torarad ABtribusion e hfeh e isaht a¥@igeasply matnbenestimate
oft-distribution paranters for the call confidence statistjc., In sone
enbodi rsFss all senbicateeon therligepisgaler andyf@c si3dard dadatiomisdhs drnderdemmer affiee

aver agenQh (fidfa AERNIGAIRIRE bl I OMutdBoll (R oFkiatel)Mih Soms N SONME
enbodi nment s(, a p?ate t'ils a#OI%eBS’i? #lhe est(f;mcfard eveiefé)?qir%ﬁ %fe )t he c():rg[)lpy nunber
est i mateaghbadonerids, copy nsmbgl lasity &e ghovecdan proedfgennombid. thxaephslod copy0136] I n
sone enbodi ne ,..a _copputi.n ule finds controls by well |ocation based
on a pﬁ%@gFéFﬂiﬁ@&sﬁﬁégnggyg@Hggv. Systems or conputer readabl e nedi unms
[0137] 1 n sonme enbodi ments, inventive nethods described herein can be

i npl enented on systens or conputer readable nmediuns such as those systens
and nedi uns described herein. Execution of inventive nethods by the systens
and medfablej@sexenydaryeopy mingher liwiter mi ne copy nunber estimates for a target
| ocus GRU asSESSIM gttty of thecopy nunber—estinates and/or—statisti cal
confi dgénocpé' olfmpﬁre g‘é’g‘ile?rlllﬁﬁn%ser call, and alerting tcpp;érﬁls%l?s whet her a clopy
WO 2011y 060240PCT/ bl sfafppddiimidnber call can be.gmdg for the target
| ocus. 1l n sone enfiadinents, the systens and nmedia described herein canl al so
i ndi cdtle whet her a®.3.8di vi dual has a disease, disdrtérd5 or condition
associ cﬂ‘.cd Wit db'iué lirg's copy nunber—of —a target i2U§'5u§ or a cart er—thier eof

3 24,25 34,35
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[ 0138] Systens provided herein can, in sone enbodi nents, be described as
functional nodules, clients, agents, prograns, executable instructions or

i nstruct iwo0imesbasded on a conputer readabl e nedi um suckrCThEsR018/0pFIOLESSOr
can execute the instructions to performa nmethod or process (e.g.,

cal cul ation of copy nunber estimates and/or statistical analysis). The
functional nodau#sosesare bed herein need not correspond to discreet blocks
of code. Rather, functional portions of the functional nodules can be
carri eqop) by 11 S BEAHiMORs, of ca¥laioh AlShce 9881 AAthd RIFTadt GIcBFn@N 1N 36hOUS
medi a and executed at various tines. Furthernore, it should be appreciated
that t Fenbedinénds ihthy cpléedrfidenet feee eiuencpeamsn it lnusthmhepwd@lt@tre@e@r e not

limte an artic I functlons t t|ons sone
eroa Aouoley SRR e R Sebe ind ol B Resrb e Bohnnttig

devi ce.mddee 1huoat bmcadiinfm@yﬂegar&mrﬁmeattme%bmn; dpbeified m&dﬂf@uﬁimh (fﬂc or in
sone enbodi nents can be stored on an external storage repository or renpte
conput i ng machBREorbhH3Rkhbiliwst rated in Figure 3A is one enbodi ment of a
conmputing device 400 that can store and/or execute the above-described
functi O[ﬁlﬂgdu' fPordd1® cﬁﬁm‘tg éMOﬂﬁMét&% bic &ﬂﬁEvﬁF% g@ﬁﬁ? cal GfifteBgs @
conput er onputing machine or any other device havi a processor and a
menor y.th¢ narsoe o cdblodbiimatets Sor stahwlasdmplmglﬂ@pnie\af tlee tempet lveusa(whierdinlis ﬂEC hi ne

managed by a hypervi.sor .i nsta c ut i nachln cl uded
T RO G AR oS s oBs oot OUR) R r R P er ol i
t he foI @Mhﬁﬁsﬁﬁnﬁfﬂ%Bﬁﬁsoﬁhgﬁﬂ &Q$Q£K9%§@§Mﬁﬁnﬁﬂk}m%¥ Lm%dmﬁhﬁkﬂﬁﬂﬂgy 422;

st orage nenor ;an input/output (I1/0O “controller 423; Iﬁp ay devices
424A- 4zhm baelfgﬂomdm@trmbﬂﬂw,uﬂm eneﬂeterenchgnumbﬁr@wef erdpocifind it 4 carigusAtionage

e 0 Rk AR AR BRSHELAR BT pBRLRSE 20 c® Do o e

enbodl further, connected to board.426,. a pointi devi ce 427
and anﬁsﬁfﬁer flh IR PQdumery W@PCIB}’?B%HW%W%CW ’ieﬁEllr?IBg“t%W ‘?rﬁ% e fitroller
423 Coﬂﬁﬁﬁ&&ﬂmkﬂa&ngmhthmﬁﬂﬁm&QﬁthﬂHﬁpUt devi ce 430A-430N. [0140] Fi gure
3B illustrates another enbodi nent of a conputing device 400 that can store

and/ or ut ept

enbodl 6fﬁg eggg%%ﬁ%%%g eJﬁ%gﬂkg%nlncﬁkgggqgﬂgégkgﬁ¥% S éﬁg§na(g% can
comruni ofazt)qyawmg\qmdh@ talttob wiengesg Onpadne fursefesenbe lodgewd i, a @adeternfinedst 1/ O
devi ce 430A.., I n anot ment, the. e 470 further conmuni cates
with t Hangraplape ehtigsal %@E%é&?ﬁ@%%@s it} mtaﬁg?deé?fm%}ﬁﬁii TRB%% QIGRFYTRMCRAD
2011/ 0GGRANRICTHISEALORATOARMR4 ECOM W DTN E A30B A SRLIRIRLY 422
and a cache nenor I'n some enbodi'ments, the central processi ng unit
421 i s threshdlé f0r¢dJ) pnloeblemg)a kpr@rq specsmemct) astmatgdt fo Ipore trougDBy Z copies of the

e e TR e & il o S B U RS R Do e et P B, BB nent

conf i gumaddan&its, tRdicguitdh&iidy &thé Ffuirt@SRATMeing AAGaRIRGL piedeRtBhinedt | ons
fetched fromthe main menory unit 422. The central processing unit 421, in

sone erfBBitiotype)ss farapnd ihdicywanbsr pareplepeiobe sedeteunined sanplh teps: falheslew
manuf a%bé‘@%ﬂet‘%ﬁm‘n@& ‘&lmu%? @Bé}td -COp%zkﬁggcel %ﬁé‘“f actured by Mtorola

Cor pora man ure nsneta Corporation of Santa C ara,

Califor - the RS/ 6000 [0CESSOr SUC nufactured b

ot er ndDiEHlal "BLETHRISadRT et r%@ugﬁeeéégbc? i ol BN PR gLt ePer e by
Advanc eghtiied] @okRINEE Mictrts ad BMtiAEN BN 2)GBHRI LR HaQThgQin dogg nGm®bf &Hhiage |1 N

still other enbodiments, the central processing unit 1 includes any
conblnéﬂpénoéﬂbfﬁ@tmﬁpﬂgwwng a nicroprocessor, a mcrocontroller, a
central processing un|t mnth a single processing core, a central processing
unit with two £ @I BPAY e, or a central processing unit with nore than
one processing core. [0142]In one enbodi nent, the central processing unit
421 cornou28]cat &ssomhd éinbxaﬁﬂnentmhebyckgﬁﬁmmvan@bm@d@ldjastyd busccaligdoknown as a
backsi de_bus, ble in anotger enbodi ment the rocessor 21 communi cat es

with cabfiercrevbRliicnasagated itk e, Txineal o8 rarapls A Bt wg8adCan, i n
some enpaghirEALRd) A RMdIEd AR dafm AP AP fdle RF SASSSIE HBEL A2 1O
comuni cate wth nore than one type o / O devi ce 430A-43 [0143] The
conputHﬁgmdﬂmﬁ@@hé@@;bcHMEmned@nbmﬁﬂnémB@necmbbmdesmanmaanQBQDMymunmt 422
and cache nenory 440. The cache nenory 440 and the main nenory unit 422, in
some enbodi nents, can be any one of the follow ng types of nenory: Static
random access nenory (SRAM, Burst SRA&M or SynchBurst SRAM (BSRAM ; Dynam c
random access nenory (DRAM; Fast Page Mode DRAM ( FPM DRAM ; Enhanced DRAM
(EDRAM), Extended Data Qutput RAM (EDO RAM ; Extended Data CQutput DRAM ( EDO
DRAI\/9 Bur st Extended Data Qutput DRAM ( BEDO DRAM ; Enhanced DRAM ( EDRAM ;

S NI AR A 7 &<\ AR A -peemp—SNr—sN NI AR A NN A NN O OSTSI™ AR A o ~ 2 ~~ 2 NI A R A




executed by the processor 421. This conputer readable nedia can, in sone
enbodi nents, include software prograns and any ot her executable set of
i nstruct iwoxtihmbz4owhen executed, instruct the conputer PCO/Uysesoosewone or
nore functions. This conputer readable media can include instructions

itt | d , . Ln. f
m | osunrﬂéf{% f?ﬁé@ an%p?%e%?or}a#r?lbﬁ? ﬁ]apt%@«f?%mu V%#Abqég%f %ﬁﬁ?ﬁ%ﬂmﬁpascm
Eiffel, B8 Iaﬁmla%@%% cuﬁlﬂ@s @éﬁ;ﬁ@@w HROGHBY®. 03[1911&5111 DrsofRL&IRestsent s, the

conput er readabl e nedia can include instructions for carrying out basic
conput dtackgraindvaslabgity hetchodenik mdim stopleharwerdpfstedrbyi h@d ynisski |1 in the art.
In particular, the conputer readable nedia can include instructions for
carryi ng out afyllwetfidmse descri bed in the follow ng resources: Setubal and
Meidanis et al., Introduction to Conputational Biology Methods (PW5

Publ i sHonzp|Conpraning odBasicdn, batRSé)iad Sadabhiay that BR&Jr @y féasé hdjuftéd for,

Conmput ati onal Methods in Ml ecul ar Bi ol ogy, (Elsevier, Amsterdam 1998);
Rashi disaEnlf 1Bpe i et comfidange @alﬁﬁ@%‘g@ dieraed. A Gall sontidenicn el bt based an

Sci enc gg(% I vani s
Bi oi nf gdr@raﬂlﬁlhgp& C%bgﬁgglt I caSF | deL@% %ﬁ%ﬁg(g%tlcgf{%&ne%gn%é %n%&g}agél (Wl ey
& Sons,Z tapies, onhcdta@t JocROropy] Pidifichs) o neuead tdicakenlasng tdlbcandidpude; ng

devi ce 400 |nclude t or age deV|c 428 that can.be one or nore hard di sk

dri ves, NoAEIBFTRBFGNERITEANEe HIFEGE bk CoRURBERUHE. N SIS CBOURRt or nal
st or agqh%reggtgﬁgmg@gllnq&lhﬁﬁgelqugocommm cate with the conputing device 400

via a USB or serial port. In still other enbodi nent, the storage device
428 th
TR T L T R R S T e

Bl uet oatoby n\¥hber, esﬁngtbeare Wrnelle estrilbied dridEav80gual SaridRs28ZrofRSofB4; | EEE
802.3; and | EEE 802.11. [0147] The corrputl s% devi ce 400 rra;i further include
a net wolRIOcRy ehatiaistied tesh that arsumee goxmpal disirdhufionicas fie Hsesls TR SPBEal  Ar ea

Net wor Ky {dediiherfé, a\gtg@enﬁg?@es’t\lﬁtdé@{ K c(e%hginél@ @al%@sy fo?feacth eélﬁlehow' ng

connections: standard tel ephone |1 nes g., 802 11, Ti,

ol ay, RIS erpedindle. & Eié"ﬁ@%%%?ﬁ‘%ﬁfﬁ&??ﬁw%@ SR O,

or any c!b@ﬂ’bbdl@dpyamnﬁﬁer thEnaborahd etmetncionoraily ebtsineCahvmenti@nscopgn al so be
est abl i shed u5| ng a variety.of conmmuni catl on protocols (e.g., TCP/IP, |PX

SPX,  NEWBIhesdistitmippst Thahepthe capmnmbespjtimate b%etwooﬂ@ta.lg%aﬁl%r@ detogpues

I nterf | 11b,
| B aBSniobR i itics BRARE sartat Aduah ks difr o Lifts, PR ot Shtns 8- 1

sone ervabds fiwnt e:a,chtotﬁ cheapmpedts (g tlde vxanepld,d0r tho mneHtoabg®thasishind dddthtdeonal

i a1 né R RS he ERRALERS T5ca iRl nESHRFEs PoRUEIR A EBR: Pomtoai ot .

be establ i shed via any type and/or form of gateway or tunneling rot ocol
such adO8¥Jur elfdbe kY nuglsy eyt lquﬁﬁgw@@awy}@m%@gkﬁ@wnwgg)1 Renot e
Deskt o

i or f abac R EREnbE e b ont Aul SR RERy diNRERLRTRe B QR TbARCS,

net wor Icopyn(cmthanmxmrml mlaumb!;[:l I sueb werde, taraligorahmanses thel smgbtpf\mlke adapter;

avmrel wor k .ad USB etworka dem pl e

et wor KOG ey T i T Mo B0F GO PRerRg T Mebrut i ng
devi ce ﬂ?&eﬁ&o y RGBS &istrib@IdB] JNecdnfdestMt €88uI438 Dy @{%&thlhg ttﬁl@gﬁvalue

enbodi nents, can be any of the follow ng devices: a keyboard 42

poi nt i rfg)mléw ce 427; a nouse; a trackpad; an optical pen; trackballs;

m crophones; drawi ng tablets; video displays; speakers; inkjet printers;

| aser fdfi3t]er sin somek elyleedsmbihts naatliconfidkmicas@tistic ia cilSidated amhhdlogseale of thany

ot her in ut / out put. devi able to performthe nethods and systens descri bed
her ei n.CORA TR LSHETGM dhc 498 PSR RGBT AR A SO L6 | pl o
1/0 delelQﬁSthél&%rﬁ%%E&n@a%‘s{ﬂbP{het SRTenL L c@?y ARhSer! /IQh@h?eVdr@ﬁé estiflat&f T
enbodi nent s, |/ O device 430A-430N can store results, display results or
act as 8apdm1¢1d|fggeb@t:®mmtetg¢ey,Wsmearnstm@asw@e@mbc}ﬂ &x, enhal58&onmuni cat i on
bus, such as: a USB bus; an Apple Desktop Bus; an RS-232 serial connection;
a SCSI bus; a FireWre bus; a FireWre 800 bus; an Ethernet bus; an

Appl eTal k bus; a G gabit Ethernet bus; an Asynchronous Transfer Mde bus; a
H PPl bus; a Super H PPl bus; a Serial Plus bus; a SC/LAMP bus; a

Fi breChannel bus; or a Serial Attached small conputer systeminterface bus.
[0149] I n sonme enbodi nents, the conputisng machi ne 400 can connect to

mul tipl e display devices 424A-424N, in other enbodi nents the conputing

devi ce 400 can connect to a single display device 424, while in still other
enbodl ment s t he corrputl ng deV| ce 400 connects to d| spl ay deV| ces 424A— 424N

o " o o o "




conputing devices: a conputing workstation; a desktop conputer; a |aptop or
not ebook conputer; a server; a handheld conputer; a nobile tel ephone; a
port abl e welzetiorem4ni cati on device; a media playi ng devi e€T/B2@ansags syst em
a nobile conmputing device; a notebook; a device of the IPOD famly of

devi ces uf act yr ed. by e Co ter; or y ot he pe. and/or form of
conput ;[Hg?‘ﬁt el el st {§tdt Py 1 Geiseg amae Tt Bakemgidgpoe S _
comuniie@tthnthafedHdRt spaedicd W fHe CoRREURIALERSAE sRAPR A RRIMPSMiRARACI Y
to performthe nethods and systens described herein [0152] The functi onal

modul eQdestné.bed herein need not correspond to discreet blocks of code.

Rat her, functional portions of the functional nodules can be carried out by
t he execution of various code portions stored on various nedia and executed
at various tinmes. Furthernore, it should be appreciated that the nodul es
may perform ot hePlfte qaalign@ntiodufettibe nodul es are not limted to having any
particul ar functions or set of functions. [0153]Illustrated in Figure 4 is
one enmfjggisent PferRirSHAbSIMAN it Ralchiataftyddtiolopk Al spedmbhom HH19lq@i cal
assays, one or nore configuration files, and/or stored reference data
(e.g., Ppebzabralatt aled is penostiel d chitan quality sontreimetrics remdheplets fedplonunber s,
etc) and anal yzes, VO 2044/ 000240PCTLR040/ 056404 L e :daha ustng, any
funct i SARINP o JUICE R B EYS T P GNP B & A raRe "Un |np6P‘ &Vl ce 550
can corngRyslicdabequalitncdni®l aralc ahdob ¥istadily 2ddstataiidal DIslcs @ fabodd (eyg. Wi th a
conputing nodul e 540 executing on a processor within the analysis sgsten1

510. THe ebipsilieskhglone gheck. Baasusmeny spifitancausyll somfidencofand saple 4n8)- d

met hod ' e r i.0 ' ' t data
obt ai eyt Sl AP LR HME dEhRRr CaREREIR S Mol B AEAL

nodul e dedbrardiwvidt olie ofénikxlatredd withfio thegtlateo andthedbil @i metdias. aSahgleeskriing a
storage repository 530 included within the analysis system510. In sone
enbodi rEFPRTOlE ff COBRPUTPHY 2HoHH _é‘q@sQ%P (ORROTHPRRGHACT BHBIKPHALORd ot her

val ues i oniRrdiggplR) %ie,diwssm SO ER, hhE @R NS # 2By 5F BEORLBr mbf Ot her
enbodi ments, the display nodule 560 can'retrieve report data content from

t he st aoagel saewdsifaidy gnexB0he Jinditydemplohyr statditica 6 0dommassesatngésonid 8th  an

out put devi ce. 555 .and. i spl devi.ce 570 th of whi.ch can display the
Feport ataSdReed: ey el bl Vel dos vl e NSty dodoresErdy

[ 0154] Riydeey. ThebRE chdedin®nld, 8Pl A faidddds i MRRr e 3bpy (WIkr8RE i§RR0di nent
the anal ysis system 510 can conprise functional nodul es such as a conputing
modul e Badcanticapiatiof phergfareigllecus50g., P in sarheemeotimditybsamplestihbelawal ysi s
system 510 can_ingl modul es_t hat. ry..out. basic. ut at i onal ~bi ol ogy
et odd X P i it JRF R S AT S PR EOTR P i nent o6
on a sithgtal enfiduidengatiley. Besoh¥smbdliraédgra b adfaitedifshe édifidandl il Syst em
510 can include one or nore conputing devices 100. Each conputing device
100 i nArQuddhonydings afifec Ziapy sprapley it @sida of pradetesehiials-elnioms t he ot her
conput i I i derl Wit Q. Sy > I t he
conput ie%googoﬁ%%ﬁg%ﬁggéga%ﬁ%% exe%%dea%d]%%ﬁ%m? |0§t§1?618(:0§#313%1§§¥ e%@% f?ﬁ% st or age
r eposi toopy sdpleaizsdibbhea dicdpleayinoddutshok60 can be i npl enented by a second
conputer. In another exanple, the storage repository 530 can reside on a
first qongg]t er In Ymhd EmbatRcHt, 4 denfuting mcndd fitildehesls baRvdldottRabasd by a
second conputer. [0155] Conmuni cati on between nultiple conputers 100

i ncl udet® 4 pred¢ernyjed platedapuéan, in sone embodi nents, be facilitated by a
network or a direct connection. In other enbodi nents, the direct connection
can include an Ethernet connection, a serial connection or a parallel
connection. The network can include any nunber of sub-networks, and can be
a | ocal V.aSgstems onoomptefpadadde mediwes ar ea network (WAN). Further, the
network can include any conbi nati on of private and public networks. In one
enbodi MeNd7|t he Im&imoEkb@iicits, iamnhtiot niditdd @tywribks heleicdan b dmbrRiheinfedamd t he
nodul es and conputers included wthin the analysis system 510 _as well as
the deysEds OhseMPYRNGATADMR By steleasthaiopyptems pad aiediveprlesgriipthbsidtt e vi a
any of : p i i J € f « protocols
descri By B IS B o S AR e kB
conmmunicoay aumbtihestimateaad /@arget et end Hissingruelityent tiendapginmetbesedtinetésnput
device 5 can co jcate djrectl ith C uting nodul 40 or ot her
modul eSMMY ﬁﬁaﬂstgqqu%ﬂjgipggq %fqé%/%qpéf “@%? Ci}ﬁ ian g‘gﬁ&l%tg ASPY ‘Wﬁ%tg?re?tcé’é’yan i nput
devi ce 550 | ocated outside of the analysis system 510, in sone enbodi nents
the anal ysis system 510 can include t3te i nput device 550. [0157] The i nput
devi ce 550 can, in sone enbodi nents, be any device, machine or conputer
able to output data obtained froma pol ynmerase chain reaction (PCR) assay
(in particular, real-time PCR). In other enbodinments, the input device 550

o, o, . I



[0158] I n one enbodi nent, the input device 550 can output a file, array or
string of data values that represent the output froman assay. This out put
file can wocbhudsomne or nore characters, nunbers or | et PeTaSRéa05E&aN
represent any of the follow ng: |level of fluorescence signals; an
identifier th identifies a well on plate; an identifier that identifies
a sanpl®THET gﬁtanﬂﬁ{nﬁ? iaF pegiet 180%3%%? e@h@fhﬁoeepwo@_ewstem? e {nﬁglasanm e
or SpeCiciBhWdsredPlal N&FindRBL VYK QLR S diliH8AHal b Alsefe, 4iR6RLTBE EQMition
associated with the output. In one enbodi nent, the input device 550 outputs
a flat assdomtethertk abimemial capyesidee of siaggeallocana taricethereofanpl e or speci nen
is reflected in a group of data conprising a nunerical representation of

t he si dad38] anSiydens pfavetedihdei cdny imgnichemipati memts,, betdescritet e funesienhlt o

obt ai n t&f sanple, the well within ich the sanPIe or specipen was pl aced,
and anym@tHey Clint, PETIL RF T ISSACU ke SERGLNES OF mreions AYcd %Bipodi nent ,
can be SepArAteMaRK nfoddeh kiih @ht SHERsaS @nRRERH @b ihdiiBidnsto herfétm YO

2011/ 060240PCT/ US2010/ 056494 conma, a space or any other character. Each
char actreethaédi proted (sectdladatafn eflvepy nhmberastimatss adé/ot Hetifticalomesshce

measur s for s imens .included on the plat n s nmbodi pents, each
char act UF uas it SRR e AR e RePrPifie dbeReodastefont  r o
at | eagtathMOfGBRSHAE hSrtibRs bftBe MHctibn@hdduRls@h® bé Barficd 0384, thEkkedatiah 87 at
each cycle. [0159]In sone enbodi ments, the anal ysis system 510 can i ncl ude
a dri verarigps eadeaortimes gioaed ¢Nearioh avadia andapxceuiedativations neh Kuitheimergt itdevi ce
550 to t.al . fr the i evi . e di iver
or pr ognaneR el Bel Saf AP o iR PG el RIE R Ak TR Th St e e
conver tlnitddetomawndaha phicolapfinofiomtorabl & futctias. pirowessatbddymédis, thesegr ans
and nodul es executing within the analysis system 510. Formatting the

i nf or metPGiPnabmadHeucahsaxesiicd hipyeompytingedxg. dap fusdipilanedvisgrh§et he
data ty, Vi : i hs, or
ot hor - vrEeapF IR oy BAIES P o RRAAGh Ridmaflt cHPREHBE salri shAR:

devi ce rbpditofy0drGOinbte congpuenpadichwat , t he conputi ng nodul e 540 can

comuni cate directly with the input device 550 to receive output data from
the i ngoi13%evi tisbd@d infBgueo3 i drie@nibadithént 948 coimputndvestboditha ks, can
communi cate with any of the nodul es, machines or devices included in the

anal ysisorg yad/enesenic theabovpelesaived finetiae g1odples. TheapRmpHELHSHIFCeN52MCCc an
byt ho s cbl B BEBRBAEL RARAS e 0! iy B cL L REARE | Mo oE, 0

comuniandtaansmory. tlineorat omagdinreeptic ttcomputhid)ddvacesdaarbe aivifteal medchme gener at ed
by the conput] ng, nodul e 540 n stjll other enbodinents, the conputing
modul e %%@ge%hygémfgw linﬁ.tPB?ﬂLmabm AP P B s 13t uibngaD such as
Ca"br%%hﬁﬂﬁh?ﬁ@ﬁ@@&mpﬁas&ﬁ&%&ﬁthoHﬂﬁ&&H&hh&@m@ﬂﬁmﬁ&@ﬁﬂﬁkmﬁ?”p|e

information, That can be Used by the conputing nodule 540 to generate
chart s,cogmapérgs:erceotrhlgrosdssingunit Pt esmainandnoery 482, sthregé mcooma#2&rRnout put t ed

by the .i nput  device 550 61] 1 n one. e i , the conputi ul e 540
oan oxdBUREHT L GEerERUE £ Bl PR iRy P L AT O ‘RTTEGA BT ons
and/ or [toat kmbb&iddenOthdddlabt hehiony 428 indRALY S Spaify dyhiesh HharseftvarcThese
statistical and/or estimation calcul ations can include any of the

f ol | owiragtineg bty efrwhiplh eanobe executed by dieaneecseifadl o fap & Cheaviietler 423, in

det er msgﬁ{[el e%o(a[ménr‘ese iR rllt*ﬂglr c_o%];leét toc 01&%9 bso%ﬁp%é%s a%&n}d{ﬂg dB\lq%% 32? anf:%ycu! ation
of a measurenent confi dence o aceal cut ati on of “a*dee cl'ent of Vvarration
bet weenth& phput Ateics a0Hce smbodiFRAGI M@ Nacludk em 1/Or omrbhe 423r@npatddedmora

cal cul ation of the standard devi ati on between replicate sanples or

speci mehd engiputiquinHt drace A3AF4Nent ; a cal cul ation of a call confidence;

a calculation of a reference gene sl ope; copy nunber estimates for each
sanpl e [814UpecFievre 3B ilkusiretgs angther cotbodingt o§a egmpetingdayere 408thatisan pl at e; a

cal i bration | ue;. an ny,.ot her .cal cul ati ons or .detern nat.i.on \\D

s011/ oot 0 suRef ARG Boaim B RbiENTeR) 18 SHRE CRRBURABN ¢ e
conput i gagnpiEidg devisHociabludéwd §stdiebgs £ thatl cah icomsuandtcdeitie thy foréwmas i n t he
storage repository 530. In other enbodinents, the conputing npdul e 540 can

f or war Gore3eNE A sty Bregdarfersdép dericn 489 dndn wpther gmberimeniner Prdgseo.
These C@b%ﬁ&%ﬁnﬁﬁﬁi&%‘%@@u@%%ﬂ@ i ﬁl%@eﬁﬁlg'dﬁ?t'M%ﬂa&'cﬂmﬁlﬁl‘iﬂa&% ath

quality control netrics. each val te can™be stored In an array, a

dat abase, a list or other data storage structure. [0162]Wiile in one

enbodi nent the conputing nodul e 540 c&®n be a single nodule, in other

enbodi ments the conputing nodul e 540 can include one or nore sub-nodul es,
subroutines or prograns. In one enbodi nent, the conputing nodul e 540 can be
a script executing on a conputer. The script can, in some enbodi nents,

e T o o o



to determ ne whether a plate and/or a speci nen passes a quality control
check. [0164] 1 n one enbodi nent, the conputing nodul e 540, subsequent to
carryi ng wotoarsomn nore of the cal cul ati ons and/ or det @CRIUS2010.066G194
descri bed herein, can conpare the resulting W)

2011/ 060240PCT/ US2010/ 056494, val ues tq one or nore reference val ues. These
referer?osgcv}ﬁ/fééi,e%?‘% DRBORTRN BNR BEhE MEEORST0-vIGEE or

pr edet iRt MESentrhprBB&sH adiarent furth@re&ﬁpfeﬁ & §/@)ﬂd}tsVa%H WeRerRbry
predeterm ned ranges can stored in the storage repository 530. The“val ues,

i n sompoeidBdi nents, can be stored in any one of the following: a flat
file; a database; a list; an array; a string including a concatenation of
sub- st riDil |val Bedbpdmmenanyf the benpuwtalgansthinectO0roan iddudzta deintreltt precesainpadit ment s,
t he val yes.can be stored in t orary nenory element uptil they are
requ_est‘@ﬁ Birar iRz o R M YidtoloRing OEIH)PGSl}tICHnlB%‘éfa%%I}SE [oei %wugim e, a
config Ut &oh 8o fid ProE&N insREtHIR AN Ofrorh M8 flinl rﬁé’i‘n&% Unir@shald cvaldges: Type
of Threshol d/ Range/ Adj ust nent Val ue Control Locus Threshold CT Val ue 30
Cont r olprocessisg Bhibp2l,Rangec 6mbsdinenG, &6 iFdnde Copgropiobser @at, kudReasgthos®. 01 t o

0.01 an?an%?ep ur'élhl g%l)?Igte1%(')1"1)o%gg;%hgs'eesmetm%fa%duﬁe(-{ ‘69 N?oc%g%la'\%gr%%{atig%;l tlhosRea nge
manufactured by Transmeta Corporation of Santa Clara, California; the RS/6000 processor
such as those manufactured by International Business Machines; a processor such as those
manufactured by Advanced Micro Devices; or any other combination of logic circuits. In
still other embodiments, the central processing unit 421 includes any combination of the
following: a microprocessor, a microcontroller, a central processing unit with a single
processing core, a central processing unit with two processing cores, or a central processing

unit with more than one processing core.

[0142] In one embodiment, the central processing unit 421 communicates with cache
memory 440 via a secondary bus also known as a backside bus, while in another embodiment
the processor 421 communicates with cache memory via the system bus 450. The local
system bus 450 can, in some embodiments, also be used by the central processing unit 421 to

communicate with more than one type of I/0 device 430A-430N.

[0143] The computing device 400, in some embodiments, includes a main memory unit
422 and cache memory 440. The cache memory 440 and the main memory unit 422, in some
embodiments, can be any one of the following types of memory: Static random access
memory (SRAM), Burst SRAM or SynchBurst SRAM (BSRAM); Dynamic random access
memory (DRAM); Fast Page Mode DRAM (FPM DRAM); Enhanced DRAM (EDRAM),
Extended Data Output RAM (EDO RAM); Extended Data Output DRAM (EDO DRAM);
Burst Extended Data Output DRAM (BEDO DRAM); Enhanced DRAM (EDRAM);
synchronous DRAM (SDRAM); JEDEC SRAM; PC100 SDRAM; Double Data Rate
SDRAM (DDR SDRAM); Enhanced SDRAM (ESDRAM); SyncLink DRAM (SLDRAM);
Direct Rambus DRAM (DRDRAM); Ferroelectric RAM (FRAM); or any other type of
memory. Further embodiments include a central processing unit 421 that can access the main
memory 422 via: a system bus 450; a memory port 403; or any other connection, bus or port

that allows the processor 421 to access memory 422.
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1.6 to 2.4 Three Copy Nunber Call Range 2.435 Two Copy Nunber Enpiri cal
Controls 20 Two Copy Number Standard Deviation Threshold 0.1 Sanple CV
Thr eshol dwO.2a6 /0688 ur enent Confi dence Threshol d 0. 99 CalPCTTsafiodesee
Threshol d 0.9999 Standard Devi ation Adjustnent for Bl oodspot O Standard
Devi ati on Adj ustment for uth. Swah O St(f\nd rd Deviation Adjustnment for
Ammi ot i 1441 i gCempater readable media can be stored n the main memory unit 422 and
executed by the processor 421. This computer readable media can, in some embodiments,
include software programs and any other executable set of instructions that, when executed,
instruct the computer to perform one or more functions. This computer readable media can
include instructions written in any language, and in some embodiments, in any one of the
following languages: Java, J#; Visual Basic; C; C#; C++; Fortran; Pascal; Eiffel, Basic;

COBOL; and assembly language.

[0145] In some embodiments, the computer readable media can include instructions for
carrying out basic computational biology methods known to those of ordinary skill in the art.
In particular, the computer readable media can include instructions for carrying out any
methods described in the following resources: Setubal and Meidanis et al., Introduction to
Computational Biology Methods (PWS Publishing Company, Boston, 1997); Salzberg,
Searles, Kasif, (Ed.), Computational Methods in Molecular Biology, (Elsevier, Amsterdam,
1998); Rashidi and Buehler, Bioinformatics Basics: Application in Biological Science and
Medicine (CRC Press, London, 2000); and Ouclette and Bzevanis Bioinformatics: A
Practical Guide for Analysis of Gene and Proteins (Wiley & Sons, Inc., 2" ed., 2001).

[0146] In some embodiments, the computing device 400 includes a storage device 428
that can be one or more hard disk drives, one or more redundant arrays of independent disks,
or an external storage or media device that can communicate with the computing device 400
via a USB, or serial port. In still other embodiment, the storage device 428 can be a remote
storage device that can be accessed using any of the following connections and/or protocols:
USB; serial; parallel; Ethernet; Bluetooth; WiFi; Zigbee; Wireless USB; IEEE 802.15; RS-
232; RS-484; IEEE 802.3; and IEEE 802.11.

[0147] The computing device 400 may further include a network interface 418 to
interface to a network such as a Local Area Network (LAN) or Wide Area Network (WAN)
via any of the following connections: standard telephone lines, LAN or WAN links (e.g.,
802.11, T1, T3, 56kb, X.25, SNA, DECNET), broadband connections (e.g., ISDN, Frame
Relay, ATM, Gigabit Ethernet, Ethernet-over-SONET), wireless connections, or any
combination of the above-listed connections. Connections can also be established using a
variety of communication protocols (e.g., TCP/IP, IPX, SPX, NetBIOS, Ethernet, ARCNET,
SONET, SDH, Fiber Distributed Data Interface (FDDI), RS232, RS485, IEEE 802.11, IEEE
802.11a, IEEE 802.11b, IEEE 802.11g, CDMA, GSM, WiMax and direct asynchronous

connections.) In some embodiments, the computing device 400 communicates with
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St andard Devi ati on Adjustnent for Amiotic Fluid Culture O Standard

Devi ati on Adjustnment for Chorionic Villus Sanple 0.03 Standard Devi ation
Adj ust mnerwof2or1/06bzni oni ¢ Villus Sanple Culture 0 StandarPdTDSeé1atsans

Adj ustnent for Cord Blood O [0166]In the above exanple, the threshold

val ues, val ue ranges and adj ustnent. val ues can be used to obt.ain .one or
more quddiopaleomiGne YIP?Se%PpifPH%%elnaH’a‘rﬁiVﬁ?s’éé‘ﬁf‘%eo CVHSE T BECRIAT i fsed t o
det er mpg, dheneiald Algl calis SAhLASRER dafl, ANBmATenIPBHAnGSS, bERLEEishePYianunber
val ues. [0167] The conputing nodul e 540, in sone enbodi nents, can apply
qual i t yang dyperaid/quddine pegatewayorrgunrelimg peoteed] sudhatséitcare Shekerlryae@Skabues to

det er m.ne whether |.at | d s, .a_ predet 1.ned Lity control check
o or T RE e SR AL L KR ISk B PR SR B D S ol ¢ o
cont r ol v&hieaKef the nsRk eNheLc MR Len _cdrﬂ&i&faﬁp Whé B8 anR@wien&dBrk AEter; a _

2011/ 060240PCT/ US2010/ 056494 det er mi nes whet her a plate and/or a speci nen

shoul d nstserkanterfaereqasd: i e Chdyarctwark ehrdle ik ciyyl bis ppfaivorka gdakes; ¢ aiitelebat ed and
det er ni | : ) n t . |
Fanges MoK o Sl e BlonTREBIR SAGR T DERIe PSSR, B Ind? e each

of the dehiceshimdide fondntwidhdieg thangaputsydderetiisofaaktvorR) ate or a specinen, in
ot her enbodi nents, each quality control policy can include a particular

threshqogyg)r Vahe@O &NARs U SOAIAZONERM sonfemIDYARRILE caR bEUR) bft the ESIMYWiRE POl i CY
can require that the coefficient of variation between four replicate

speci nmedegicesila keyboayd/430;pr padeting ¢avirsdt 2 he Bxhss; @ tiagkpae; ampptécat pereshol d val ue,
in so i e 0. In, ot odi nent s. . | contr ol
ool ; oy RO, AR oRSE MeRGndid oy et I BBk TR bR B i e
falls ghovesangdgdstisimatimchrinadrite; USB Hahdaivt; deaiyadtha@rinpetongrin dévad
replicate specinens that falls bel ow a_predeterm ned val ue; a nean call

€

conf i detbésetownsrigen theamethadssaighstsis dgiraibed Berging i EPORTARY 47aIMay; inand  t hat
each .C%Bh{e%krébéafﬂ?&ﬁs 8ifed ,%ﬁ%%{”}}@g R d&PRY 4@6'&%61@%8%&&%%@@&%%&%” age

repository In sone e nts, can be any nenory device, conputing
devi ce 100 dednputle bthee aabdiemcnedaral/Oldeven d 3 @ABBON@Ntsfort hsulss, dispbyg

repository 530 can _be a menqry repqsitaory, .conputi devi.ce.or, conputer
r eadabl® 8 1R PBE BRI Y5 _i43§@%ﬁn_ m@%@mmgft :
reposi tQry .2 3V AP Gu gy ACkalet B@sk%iﬂl%s‘?_%n iRRCI QB a1 Bnhb&iANRKY S us )0 system

can occur over a network, communication bus or wire connection. In sone
enbodi reretire bine a$ieMhreS Hdpssirt Bihgrns8buss am Appked abriyusi aGogabitthtoemebt ai ned,

cal cul gt ed or determ ned onpyt i noduyl e jnto nory. .This data
can’ be WScu eiehGPunbeansfe B B uleR? pi S SuBae (e Bui AR s O ha e <
syst emBYOLARCULRS a WitlrOC RanhBIEnRNG &/ Sdrial SR EIRTN sk, cotpudf ks pétéra linteEadea

devi ces communi cating with nodul es or conputers within the analysis system

510. [H89] 1 n one enbodi ment, the conputing nodul e 540 can comunicate with

t he storage
[0149] In some embodiments, the computing machine 400 can connect to multiple

display devices 424A-424N, in other embodiments the computing device 400 can connect to
a single display device 424, while in still other embodiments the computing device 400
connects to display devices 424A-424N that are the same type or form of display, or to
display devices that are different types or forms. Embodiments of the display devices 424 A-
424N can be supported and enabled by the following: one or multiple I/O devices 430A-
430N; the 1/O controller 423; a combination of I/O device(s) 430A-430N and the 1/0
controller 423; any combination of hardware and software able to support a display device
424A-424N; any type and/or form of video adapter, video card, driver, and/or library to
interface, communicate, connect or otherwise use the display devices 424A-424N. The
computing device 400 may in some embodiments be configured to use one or multiple

display devices 424A-424N, these configurations can include: having multiple connectors to
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repository 530 to access reference data, calibration data, report tenplates
and other information. The conputing nodul e 540 can use the retrieved

i nf or mat iwo 2b/deoa4bher carry out the methods and syst empCaaseotioosadher ei n
and/or to generate display output that presents any of the information

bt ai ned, det er ni | ated by th i ng mod 540.. Th
comput G HaaITEBAS CaHSGaa & A Ao MR BH N OF AL HES SHE ren s,
store thalo dBPRF &orﬁfa&%@moﬁerbrtrﬂ@re%tfﬁ{eﬁcggpwﬁ@a@eeggwAﬁ@QN; h%dQhh n some

enbodi ments, an encoder executing within the analysis system 510 can
encr yptopesting dgsten coningured o suppeit wadtinlafloplaps 4 2N\ -A248r using gtaurts agd t hat

i nfornmati,on in the, storage repaqsitor . In still other enbodi nents,
eyel e ansarehiS RS pdrmBi st Rthe 20 o adhaBi wan B u EEREONIR apase,
or | i stdeQfeet he4 AUONRIEH I SROFINRORwWaRN th¥Ba20ddhMRREARPET40B2Rd Fu@ifid 94
[0171] A di splay nodul e 560 executing within the analysis system 510 can
obt ai n seegslery epammtise devipesrtosnefethedaia compriinheécvdecrtlfde upepersondary 530
and/ or ¢t | I I n i i : ul e 560
con geronDuBRTRRHLL SaRAY L€ 3y (RO AERDBNTBE e hdIF SRRIRY IR
di spl ayoohstitistiadr ratot @pmdird ofdhé soramedingulcpict 40ahay itdlh@uinubpladisplay Some
enbodi nents, can include any information obtained fromthe input device

¥

- [ [ [ p
550, arf§ViERYy 43 H-GEMlronRdehdcripkascepndast erpp g dsyicehandompetiehiy thedul e
540. T%aigic§ﬁkw16%@%e40@6\qaah&% e enbodi ments, can include a browser, a
, ot

form generato er programable to obtain and format data for display

to au [01 I . { . 1 I d 60 n. i nterface
W th as[gligéodl ayﬁg‘l‘eo\}][iI11 %%RWI%%% %&%ﬁﬁ%thné%%cﬁ%e%%g%égéug%%.y Qﬂ%e tl(%Iligspl ay
modul e $H6Eme ahilé af sitr dnstsriimertts frRpoitpudng naukipu400ladrmedeoiitcdhgpl e on t he

di spl ay_ device 570. In one enbodinent, the display nodule 560 can format

t he outfBliewigroncraing pessant: vastansohths MIGROREIE Tt WANDOW S apgyatingisipiess: 555 can
use to b ¥ i.snpl ' ' one
embodt repi Rt AR LbAHE LAERR! ol Dodelb iR leBR, B R B AR AL ST ay
devi ce rbathfaauret by dpplcdCappatyr; ded acecrdbsitled bpdratier istem. Forstiaaothee, t he

di spl ayng%eovi ce 5%0 can be a rrgni r, a hand- hFl conputer, or any other
machi néOIYBACEC RAVPHY Emi Tﬂ%@“é‘@ﬁé%@%ﬂ’&t § DEHFIEHNHENSt he” di spl ay
generated by the display nodul e 560 and present the rendered inmage to a
user. WAITH Fi dhe eompytingachircet)0Lagibg smbpdigdn ey ereoefithe fobleming cation with

the an i : i Iﬁ?ﬂ i I 570 can be
i ncl udgcJ mt éé&éﬁ{é} gé&gp%tglg\ggn@%%g&pgur éﬁ C%%E%ﬁﬂﬁgﬁétgypﬂ@%%%ka di spl ay
nodul e doGputdnat sarva] aibasihtleodipsiprzaymdbié iephdtk; a[poitddll tdlcmmaureodi@di nent s,
the out put devi ce 555 cg\n.be used to out put g]g audi o, visual or other
user - pétpt  BREANIHHRY I37cca gaBne RS- fIRPBIGIEATIP AR I dcB8801BRY e dat a
from t hgy g SpLRVPORH A1y Uevichs SO QIRADY RIS CollpRtcPWrRHY odRY ype 555 can
sound an alarmor |ight ‘one or nore light émtting diodes or other |ights

t 0 i ndiandtos fevneohemiuhieg pkrtenandicetiornsve ngpdecdaviae thatss eapableati of t he
quality control. metri.c For.. ex le, if an output value.tqg indicate that
the pl SPETRUicaign SR G boy i CIER RO o PP R HELPrRerY SRy o pEOdE e 555
coul d ithétusasnaeyaemk ERcribed B@tinng the failure. I n another enbodi nent, the
out put device 55% could output a digital nessage or sound an al arm when the
plate figidf onenotudchEndwddulc¥ dEQRHEQher@BE Hded S0t dfépddd th st Bk bl gure
5B is one enbodi nent of a nmethod 630 for applying plate quality control

pol i ci emd¢.oRather, dunctrond pgrtainis oy thednoetwinalhmodulescanibe csomd embpthenents, a WO

2011/ 06024(%PCT/ US2010/ Q56494 co éti ng .nmodul g glﬁg or g%{ag anal ytsi s nodul e
(Not  SHEWHIICEEL YEHP RS OdF PRItIMS Farespy Yrgicls Bgdiadnd sXepu AL Ut e of
qual i t Yrg@Bih&t, NBtdulEBe 4ppredlatbBthat Mo hdtRl &My \RefoneIe fuddiiens URRahe Of
Z-copy sanples (where Z is the nunber of copies of the reference |ocus,

whi ch imodidereare ppidiniteshiodiay mgtapy pagisutan &ingtienseorisst ¢fdbasiioas pr edet er mi ned
threshold value (Step 636). If the nunber of Z-copy (e.g., two-copy)

sanpl ed0133]bel Hiustrhted ithFiegsteol &, ont kenbotimeent ofpsitsiamy S hbthat mpb¥@awr any ot her
nodul e t.pu a.flag i.ndicating that t late. failed (St 44) . 1f the
number Grbet S biolRdruES SR ooy s poria BiiRp uC o S RN ol d
val ue, (thenprd-Bechmded ﬁné%ﬁbl%ﬁ!ﬂﬁ@@%oﬂtﬁﬁtaﬁgEef‘éﬂéﬁce%c?@%hﬂ)eﬁ%‘ﬂc idddhafyoks t he
Z-copy sanples is above a predeternmined threshold (Step 638). If the
standard deviation is greater than the threshold, then the nodul e outputs a
flag indicating the plate failed (Step 644). If the standard devi ati on does
not exceed the threshold, then the nogul e determ nes whether the nean call
for the Z-copy sanples exceeds a predeternmi ned threshold (Step 640). If the
mean call exceeds a predeterm ned threshold, then the nodule outputs a flag
indicating the plate failed (Step 644). If the nmean call does not exceed

I N T N .



[0176] Further referring to Figure 5B, and in nore detail, in one enbodi nent
the method 630 can be carried out by the conmputing nodule 540. In other
enbodi mrerwe,20tieo2¥et hod 630 can be carried out by any cecbiusaiioosc4ef t he
foll owi ng nodul es: the conputing nodul e 540 executing within the analysis

system 510Q; a data anal.ysis npdul e ((Not Sho exequt.ing within he

anal ys!tge g@}%ﬂl@ﬁg 3&13?unarlg%yl@vf?#swﬁmh@fﬁ‘é&‘é@ﬁﬂé&ﬂﬁvda{nw@e&% WiFhin the
anal ysi s305%8 t&Mhmrhtatd Wil hefah@IYEiS spforh Ish 9Siiabse sparen&Mh e inPasmStinghe
process 630 where each step is consecutive such that each subsequent step

r equi r esodiie S4) exesuting gras procersowahintthe amhysisotysteest 1 lof Thelronmpugng owdukst ep.

In oth enbodi.nents, each ep..can be |ndependent such that execution of
that ey P DR LARLHERNT o RHE e Br PR In NP P8 ced "t he
qual i t YaseMtEPvith et outputldir dbiSNdOfsm ShERput dbvideissh. Tusdhesmpodipdhient s, a
group of steps within the nethod 630 can Be dependent on each other, while

a secortbe gempipingfmedudp a4 temn stere ghdratpd indeapionax obkircdata piatediipgistoreseecut i on
i s not ndent, . ] . 0 t inel 1.t process.
[0178] 110 e i By B R g Nl PR b B B P eVt e
510 r etdohgnesg tvdukud0ean fortiaad ichyrt datatandlothie viluesto(aStigapddiulc The nodul e,
in some enbodi nents, WO 2011/060240PCT/ US2010/ 056494 can_be the conputing
nmodul e %N thganplysissysieme [@nto athsesmbodimgas nhe diselay apeduilg 309 @ndetigEe qual ity
control LS i fﬁgg te@ ity
controfeﬁgﬁé?ggmrbgn1t §k§%%%%555§g%%%§?§ry 5 5@WfﬁBS§%é%QEB%’.ﬁ§%?§, t he
nodul e wignarcaltputl detvecaSpand adspbly dehiee Gl iotly oCwhich ohn dBpliay tise, reportl datan
obtain a portion of.the qual.it ont r ol trics fromthe storage repository
530, | GL9efiskBammtinndcrled e drBiediornd s mde as to whether {he

pl ate passed a particular quality control test, can include oqutputting a
flag orl0&¥er Fadheaefsrringtediguedpangtia maogp detad, ig one crbpdimegt dicianglysisnt r ol
test ( ) vy | analelel fl i e
entry,%?ﬁégéﬂgfgﬂg ,ﬁgon |gura%?%ﬁﬁgzﬁ%gﬁgaéggl?ﬂ@%hggéggﬁpgngﬁggggﬁing t he
t est fahoédde 5hi s dthagmbodinsate tlerdnaisisspitsm 5dratb exchigledndainldshtratewanput i ng

nodul e 540 to determ ne whet her t ntinue testi t.he additional quality
cont r ol “Yretis E@P‘}tﬁ“ﬁ]@ﬁ@\fgﬁ@fﬁ%b‘wgn@? aPiﬂ@“é SR Bg% Hofaf 8"“%2‘8‘“%?%" _
represesh pk *i‘[\?}\ﬂlfehﬁﬁf%d'oﬂ_ A 1€ BRRPiEAcRi £ Q0D N olENGH G CcRY, thhEndbIPUL i Ng

nodul e 540. en the display nodul € 560 generates an output display
i ndi catsystgmvii@tdar indirks quicatr exopasseputingaleyicas 190 Kavhtoouiputiegteviedihi st er ed

by the .analysis, system 510, the.f| b t t :
Lber - papUBtd BRERETEHIA e B 10 G SR T s S S BT dyices
adm ni stoerigglud@syithinehdie@dni Hd o agsaple athe domphiitymold 890 Laf wd | ed pl ate,

in sone enbodinents, is a plate having quality control netrics that

i ndi cateepedt by arst compeisy whilebe sterep feosisory PRO end gherdasnlasgmpdde §6@ an

i ndi cat h Lcul o u tl Saf e 'n§ﬂ§ on the
pl ate acglé%g %liél\ll)vltg %gfr;?g bg' %esr%é(fngircg éé}'c g%%"r%ﬁ%ﬁé ?i%é%t }hrergﬁoé sgr%crgﬁcgsgtﬁ h’be made.

[ 0181] Tdae rexidaait 4 figst o@mdpikter, SAlle ch¢h Sahenarho mduks cadbe eelcatcdibpa whet her

t he nunber of sanples on the plate that have two copies, is below a

pr edet eEFANEPMPHTe (Step 636). In some enbodi ments, the computing modul e

540 can obtain a copy nunber estimate for each sanple on the plate. Using
thi s |il8155]t he Camainecagian betetcen mulieplh eompetatp Danntledediavle syseapyl hiaber of
two. If. t n r Vi t i fall el o pr edet er mi ned
thr esndf o0 REEBFRsR B ERIERCIRL: AghldR o P8I bR iafliath® PhSone
enbodi neio’liméMs teediesont dradetion caadecliye AMEthe@PEdnnBgioip e uirtal Ddfhecadn be any

determ nation described herein, that determ nes the nunber of two copy
sanpl e<Lr@rraggilsteenpagtion nlhshetverrs sam Hshtde apy supbgiitsebrichetks. Rpa s#bPY2 can be
an enpiyfi.Ga riaREd. V. : = ynt ¥ till
e e R S T A A

det er mangdombinadoi af pdvanakd mtbbicinetdorklat ka. one\dmbdAhidnd 6RAGOREK/ISBO 1y 056494
[0182] I n. one enhodi nent, . the conputi nodul e 540 can ohtai.n the standard
devi at i%}ﬁher%qi?vgﬁié%swbaﬁéﬂam #dhe mﬁﬁaﬁﬁnﬁmﬁw inghulcdraHum MY @bt i on,

i N some,@ERoAICNE Ml asIBOdREcR MWat SHARARIE ARV BlclaaRlyGeSfdéhadnher ei n. Wen
the nodul e determ nes that the standard deviation is above a predeterm ned
threshold value (Step 638), the nodule 540 can fail the plate (Step 644).
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[0183] I n anot her enbodi nent, the conputing nodul e 540 can determ ne whet her
t he nmeasurenent confidence for the average copy estimate for the two-copy
sanpl es iwohkeliowomopr edet ermi ned threshol d val ue. \When rhe/use@asosa@nent
confidence is below a predeterm ned threshold val ue, the nodul e 540 can

fail the plate (Step 6 . [0184]1n stjll another enbodinment, the conputing
nmodul e & w&wtwaégwﬁ@?embw ? ?Sﬁggi‘lolilﬁr%lan dipe &gy 8&1@6‘8@? ns have the
right GREN%-AYABRLLERhLSin( Step 634). This determ nation can be made using
any of the calculations or determ nations described herein. In one

Thodi g S ‘ ‘ ‘ Lo
nunber 105qls ok LB e bR SORESR APHBh S CAL Srltfe bfies P3PV
bel ow aypremddilenmothedembodiskolsdhe Mpetddvive 55alchn tahhsinizefealiretthewithraeshol d,
the nodul e 540 can fail the plate (Step,644). [0185]Ln s nbodi ment s,
the corfSUUHEE oMtIes 848 oer g&?@?ﬁé%ﬁ?ﬂﬁ@?én St Sltge T Wihls Tr #at i ng

t hat Fhﬁuﬁ%a@és%n?ﬁ@%?@vi%@@ﬁb RlcatfBuQHRIIr e aﬁl‘aﬂﬁsfs%%tkﬁ%tlé, nSeR 642). Upon

appl yi ng each o quality control policies, and upon determ ning that

t he pl amodehcreathie apilysikeysteyil @ esh sichidd dradsputtdemicadddl e can out put a fl ag,
signal or other indicator indicating that the plate passed. Wile Figure 5B
il lustrlal®y a irat hpdt 680cd Stdtcaolinpuins cenbplatetp s any Hadee, nackiamer

enbodi nents the nmet hod 630 pnay nqt include a step where the nodul e outputs
a pl at SOPHYET £plgdo OpOYREH phigied sy PIYRCESF shaserqagtio @’ Hfdht of a
met hod A6 AT reBEfihHEPERYI 1S BRE! SRBoIMEhG He G AQlice 450 SATHE AyREdEENt S, a
conputing nodul e 540 can carry out any of the described steps. The nodul e
carryi ngadhirte drivempeteh able 66 0utpst dpgnelrtaiinky froef @ryrddhe wsas drsabddlherein.n sone
enbodi ngnt.s, .the. l.e gbtains,a suite.of qualit ont rql rics (Step
62 anieiaew iR aotE ot Shd By Rt i & FERELEET line of 1 obus
exceedﬁpe@foﬁﬁﬁ\%%hﬁém BRIbdidH 8RR Maf 2aBRc @4bet IGOS ML Br MdRNrcf@bREM Nes
whet her the slope for the reference gene or locus is outside of a

pr edet peliipede pamge Yigogisaledsyimens.dbt sm erahddoncits, thhiapundatéceas Otreadshet her

t he cal cul Feent..of variatiqn i. ar ger n. or equal 5

pr edet esrgﬁaggggtﬁggﬁ}é% p(r @?ee%VS]%B?&BW%gplrlﬁg)dﬁ}oé ?er%here %B?te(&%%ﬁesg%ﬁet her a
cal cul aba@ enWodfdntd, deRARAOPEE/AWDA01EY hdénrRAG tIEERENorophdrt defiee fal | s

bel ow a predeterm ned threshold (Step 672) and whether a cal cul ated call

conf i delsgdation of HEAGPrabgr Brpelluarpicaess anHrasHnde ustdie dstgminaeamaung

nodul e 1 - i1 |

speci ne(ﬁqﬁ?‘%gh ﬁoﬁg% e %:%?16%%1? {ljtlsj Ecgtgdép%ﬁle ﬁ%ﬁgﬁqeﬁgﬁ% ﬁzestsr%&e{‘gﬁe&g‘% r%agiﬁlaed (Step
676), qtahéurdevel beflmmdicerccoUuh poins cabbdiagnisnthedextdl nffludrescepecombdalgpalssed

(Step 674). [0187]Further referring to Figure 5C and.in re detail, in
bne. antibdliRERTeh iehelp Hdhe BGeL 4Rd BCTEarT ko8 g deiree et %nﬁﬁﬂlﬂ?‘%@atfﬁi]dul e
540. 1 NyBfenehe GRRULBOL S cn@nGRINAM BT8R ARE b L RNy

conbi nation of the foll ow ng nodul es:” t he conmputi ng nodul e 540 executing

wi t hi n signelssgrabpsidsind ysalgmdsdi@mgdhdassay. anal ysi s nodul e (Not Shown)
executing within the analysis system 510; or any ot her nodul e executed by a
procesq01581i t himondhenlardahyg] the sysit devibd 050 ¢DiBBjUtiadile, ar@dCor kiringtof dates one

enbodi msm of the pr ogess 668 wher e eac;rh,stelgu ifﬁ con.secati ve such that each
subseqUEHSs ST PG P SUIPHETABER AT G RIERIT e CHURFIUAG ORONPBIC test of
the preyhoug:s hﬁl}@beljﬁ Br RLRRTh&TRR I JFEhSan R RlBRiIfATVRELf MdRREAGRNT such

that execution of that step Is not dependent on the determ nation that the
speci nmengrpés se dlchhbergbal id¢ntifice atwedl ont eepslate; an tdeetifperdbdtodmtisicep sarhplesti | |
further enbodi ments, a group of steps within the method 660 can .be
dependeREo BN SRSt Horeh igng ol BE s e efie 8T s et BetHOr -y

i ndepengg@nhy SHehidchatict dtehforBXRhtskSatb S witB thJQRFRI eNbnOEmbEmert aRmMe of

ot her steps included in the process. [0189]In sonme enbodi nents, a nodul e
execut ilApptwicvier ASO metpaiial s ifide where dl Bugescenge segnab dath gorsagich sarpifle qual ity
cont r ol BLEL 65 6Bk ER: OBy TRE,TRGME uinl. 7 - SOMRSTRAMIAERLS o Y B L e
conputiRg nodadl € EJS_IV%g el Pn Ea e nbodi Ments. St He - odul’e °can "Ertcul at ed
t he quadniitightidienidealifyift th @aticrt,the hdeHodairbd & shalh $hd aenpi® ehd welC aithbt ai n t he
quality control netrics fromthe storage repository 530. In_sone

embodi el thespaplegtspecimgn waaplgedrad anypeiher gmilar informagion Fach rewr b
metric 3 iy oLt T t.rql i cSfkom t he

ot or agat ERE IR ML e Bl S By Rl SORE G BRI AES TR, mde as
to whet her the specinen passed a particular quality control test, can

i nclude outputting a flag or other indicator when the specinen fails a
particular quality control test (Step 676). In sone enbodinents, the flag
can include a database entry, flag, signal, configuration setting or other
variable indicating the test failed. This flag, in sonme enbodi nents, can be

o - AN 2 N T N o o - - M



WO 2011/ 060240PCT/ US2010/ 056494 enbodi nents, the conputing nodul e 540 can
represent the flags in the report data content generated by the conputing
nodul e 50 20fiensozdne di spl ay nodul e 560 generates an ouPputUSdI19pF&y4

i ndi cati ng whet her the speci nen passed the quality control tests

adm ni stered by the analysis syst 510, the flags can be used to generate
a user -8R FPHICE dY Br%wli%ﬁyt%fat il CW%%tﬁe%ellpﬁgﬁésﬁanéﬁhepﬁ%éa each
adm ni sha[edihk §RbrestAL HeAsfrahbfd fRBEd AR inbmdg&%t&fmé}@.' Yo 'S a

speci men having quality control netrics that indicate a poor quality copy
nunber esgtodmacrds, cxttucharartdraiclimged peastiomsan wahide th idtedresctineetmedsarcowhtsul at ed

copy n er, estimgte for that specimen. is we therefore a copy
nunber Ba oS R Rt it P R ARR e PO i SR RIS a rent ¢ he
nodul e n . obtain the cycle nupber values f each reference ne or |ocus
and detlilMine HHOPHETmRHEmEYe: tggmﬂ_%ab%%%m gf%%ndwla&p% dautrer %‘ﬁﬁéd_

t hresho)gora sl @Rt SBGWn) thENRPELLsBvitH fhe SR dETROSS (BN bRain A2H FARKBClRbR
determnation by applying a policy whereby the nodul e determ nes et her

t he contevok. [msarse aybddmantyirbe diigeryepovgrampeaests exwridate dranh pe gipot dgviend/ or

i t hi determ ned f | nb lues. W h trol |
Cycl e HOAMSPICS Bt opHa AF ESnOTE e AdRGUAPE (@ B PEE S PR e P
speci madimddued kSRR Oifhin theinglykik lsyRéM8n 0 e roRekitiBNihs infoRfatiRBHLEn&RN

determ ne that the specinen failéd upon determ ning that the cycle nunber
val ue fieem ghedpputrdsivice 80 sareiuebidd shangheile daterypre srradiiegs erdragcewsi | i ng val ue

or edot &7 BenisE P FolBHBRG op B EPphPlac SoIbRrep BB s ERENBERion, oo

can deteitputiee bytied ent devicefssoence gene slope is within a predeterm ned
range (Step 668). The reference gene slope can be any slope described

her ei n.[0160]S 0N SIFRQAHIMRRES, the cORDEIRNHBIEH8 B0 ShPRSHARICHE dhdbiGiwaAh @b

and/ or determ ned using any of the fornulas or nethods described herein.
Upon cahpuwldgvicagS@iurcesvopetaiidatyromahe mbut daviee IJpdndhsicopputingyeodwldul e can
determ whet her .the slope falls bel ow.a pr rmmned threshold.fl oor
val ve orOuaerry el ufis Gty L Sbude REted R B RS DG BEN S Ve we.
When t higclu@ddein@he shalyBisesysteop®l Of ah lothed binbbditheafs, theRb/Paties Modeld snange, the
nodul e can output _a flag indicati ng t he specinen failed (Step 676).
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than angd)QfitoRM85 subR a@cdbBARh G BNESL, M:EHIR] G rhAHaHEn afd& iR Sy16an out put
a flag indicating the specinen failed (Step 676). [0195] The nodule, in
still anformetiors thixo dimentsed barthobinaputingmeodsidd 544 tatgederatanbarts meaphs oonf i dence
and det erm ne et her, t he | cu) at ed neagsur confi,dencg.val ue i s bel ow
" or cacti nalrepi gLty of BedpBnsior Sera IS lhe Rt S fbnce can be any
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any of Whellnet fbere GpRpdigrHuihs sogauting Be ulﬁ'é?@ﬁ%ﬂ CXRAMES ONjaFOgYper to
enbodi NRMoSm ahPEr IRAiISESE &l RRRs Eﬂc@oﬁﬁ%ﬁkﬁrﬂ%%aﬁ@%ﬁfﬂﬁ%ﬁlyﬁ?: ue falls

bel ow a predeterm ned threshold val ue, the nodul e cah output a flag

i ndi catdengiticd e cTinsn statisticgHar(dBorepti®a6on cdlQd@ains way erclwkenhef thenbodi nent ,
the no be can ﬁbt ain ac cutﬁat ed call ﬁ;onfi de‘ncg val.ue.tofg term ne

whet her OtfX %A ARSI Y 1515 LT SR Rt hIESRY P P Ee B78YT 1 n
Some ergreah ¥BpY SamplBLortk pl£QAfdadaneion bk URaGABmMBR RANI&RE] a EaflAttnge

val ue described herein, and can be cal cul ated using any of the nethods and
f or mul escagéiedert pé darasionibatwapnaeplicete ssmptes erbragimensttakentfiam thedame det er ni nes
Lhe oo daBRTE FAZRE RN AL UF s aPEhAY RuREERhEGM SR S50k ag by, modut &
can outppuf: a FTag indicati ngat e specl ren T4l Peci“(?t epp 6°f§f Pﬁ% 'h sone
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slope; copy number estimates for each sample or specimen; a calculation of a delta cycle

number for the plate; a calibration value; and any other calculations or determinations
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flag indicating that the speci nen passed each of the quality control tests
(Step 674). Upon applying each of the quality control policies, and upon
det er m niwgQ 20hiat6024he speci men net each of the required sCansarid®s64vhe
nodul e can output a flag, signal or other indicator indicating that the

speci nme ssed. . Whjle Figyre. 5Cillustrates a nethod 660 that outputs a
speci né{%s‘gﬁ’é‘a?lﬂeé}bmni K OEHQB%EI?’ ﬁ%ﬁ@ﬁ%g@%?%nme _H’t??e i ncl ude a
step Wng[&1kibes MO EnRRHE f e ﬁgﬁger 2 sR8855 30 ag otﬂe%gﬁil)mms@ﬁﬁed in

0
Figures 7A-7B are screen shots | ing-a display of the quality
cont r ol computing modnlt Hhean (orpenkthese dahailadiops hohddtenmindtionkéo papkeyand

speci nen n | .policies, to e quality control. ri.cs and ot her

b or nabp Gt opTar e @R A dfe B Red iR aPadip TR 3 bt PR ibeu e sa0.
I N someoairbioditm@at Shust BRhAiafiR! @Y e lslokdibinraata®dy] Nddritge, asist br dtBerCdifa be

di splayed in a browser or application w ndow. O her enbodi nents include a
di spl ayteragrigyuethirg.o fit on the screen of a portable conputing device such
as a smart phone, PDA or other hand-held device. [0199] Figure 6A

il lustrl@led a WNlelsliapns cmbedintchathe domphaysmode dd kit he ¢ eingleahoduld, or mat i on
reviewed to determ ne whether th l.ate passed the quality control test. In
core VB SGPdELRe s oseh o EHEBERAE PSS, FHE whimERg vl tes can
be di spbawed o Prddiins CIeRB enfbBBintdhe | tBe F3HRR el RSdllds40 ehejcangeipgene;

whet her the cycle nunber for the reference gene passed the above-descri bed
qual i t yexearmgen & w@sputerhd he s¢rartspe.dn geme capodimenighetdseic wiHen pafasiceate gene
sl ope p t above- cry be al i oNfAr ; : 9@9 | .sanpl es
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st andarsdripiesdcadtingnvitian MAPLABe . In ks sodreple e dompiting, mbdige 844G pdreacceldn be
used to effectively informa user of the outconme of the plate quality
control st%tégﬁ%l}brﬁwzgmlmlg@m@ns Br MmorgRierdefiagd Arogragg Qfyoutines &or QRINERE pl ay's

t he quach%]gt){tiﬁf%?fa{n%lysw&é%i dR;anal yzed to determ ne whether a plate
passed the quality ‘control test. 1n sone enbodi nents, the follow ng val ues
can be displ ay n e screen., the c [.estinmate; ¢ al |
cont 1 adfLE o Ef bt SoRil aad P SR B BSh s APil S e

measur efakilatioonNdi diedatndtevelisinpb etlitgtitor beotheaskiuseientvaienflhdgns eomassed or
failed; the sanple coefficient of variation |evel and whether the

coef f i cnghedinggnts, & ealihratinh Qradistmet valye caybe added or veltipsted fegm Bie vakwed by a
user t 1 - han, t . St l ipdi.cate that a
{ar get CoaEr R by R R R R 2 A BRI Ot e
appl i canvoosm§@20bhsrne emntiationsecdndtdignfiesrh she methbd dseddo abtaiisthd shedimemonr e

used in diagnpstic_ applications. [0202]1n so enbodi nent s, net hods and/ or
syst ensgaBlP?eg REMS ?HVE%‘EFSP it %‘E%PTG%%‘& [”El _8818}3?%%0@28 i%’&hg%‘il%e  PIRSEPREL t o

st at us \asiaRosifelBilg Bk cBcliR888fhe Mia305lR ny AherCADHbihRal HRYItBY AWR! €

i ndi vidual s may be screened as carriérs for genetic diseases. |In sone

enbodi memt affechthermaiegiitydif viathgehesratvd\ae atrogiltod phesssaf. la sbmcgetbodmeants, al n sone
such enbodj nents, . i i vidual s, hayi nly one ¢o f a,target |ocus are

i agnosaiF RS Tiderd Eviqtign oar P adisgd SerBivme of Slothodinchio hiti 81X syet ens of
the i nk@B¢iin@A oRkAnME EHol dkalphd) t thb seth e NOSHthiac@PP! dcgditin® BDlodddpoeiamnl e, a

speci men containing prenatal nucleic acids (e.g., amiotic fluid, amiotic
f 1 ui d/ aretireyvebbeng the patienysesoutisibtdiong nebilidal eeyd bloadl eltaingteot chewioaiovi | | us
cul tures, I ) » Y- S d.for nunbher  of t ar get
R T e o e T A T
tar get Haoeusbe aljedgy @sthermali@ hahd,48he shapleds shpemcdtion@ynibéc AgRicbras an

indication that the fetus has or is likely to develop a particul ar di sease,
di sor dehorigpic vghisemples. acsisrlemtardass drdiangnayét MBS CBPOdimEnSnRAYRE? on may
be alt eJe%%jJs%datﬁlqpy.nﬁ"hésgradﬁ@t?ﬁén@{fﬁugk‘?‘it?&(ﬁgeeé}ﬁw&fmkﬁ'ts,sc%mle?ﬁcluded ina

configuration file stored in a storage repository 530 and used by the computing module 540

to determine whether a plate and/or a specimen passes a quality control check.

[0164] In one embodiment, the computing module 540, subsequent to carrying out one or

more of the calculations and/or determinations described herein, can compare the resulting
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WO 2011/ 060240PCT/ US2010/ 056494 For exanple, maternal blood nmay be expected
to contain a mxture of fetal and maternal nucleic acids; thus the apparent
copy nunbeoO 2esfdenmbe of a target allele or target chronmpsoms261008640@t er nal

bl ood may be an internedi ate between the copy nunber of the nother and that

of the fetus. [0204]I n sone egbodl nts, %(p ﬁ{? er esti maées are obtai ned
for i ndiAHeH AP APYCLPITEIED VR eé%@éﬁ? CVRHES IBéB@ﬁGFWQ G, 88 ene
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status are but a few exanples. As explai ned above, gene copy hunber
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partic dIS ase or cndltlo St a bilit I C
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ot her diagnostic nmethods and/or systens in order to obtain a diagnosis, or
ot her nmethods may be used to confirma diagnosis based on copy nunber

esti mat es. |Fiypeadditpleshold/Ramge/dphustomeneér esti nat eg Wewe be conbi ned with one
or nore tedhromtedsosusCihrasokeqUantieng (e.g., to det3®rm ne nutations such as
poi nt mnut at{i Cdislol LalsyQbydPRAMpe and/ or detection and)oytoquesnti tatijon of
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ray A At oA AN o
oo o | 0208 ¥ABORY NSt CHARIEES ok ¢ o WL awon 13 4 cid ar o tend f or | PCR
ampl i fi caU&bﬁ%C_ﬁPY)NBHRb%C@IL\Rﬁ]&Rﬁ zes an SMN1 sequ % het ween the two
primers is |iBweelCopy Nember Empiab@ontod®240PCT/ US20130056494 anpliclon from
exon 7 of SMNyo Chpy pluatber Bandab &eedhtionh fThraholBAM f || Wor ophore and clontains a
TAMRA quendh®impld OvsTIEMMbigpeci fi c FAM TAMRA probe 0.5 rel eased fromthe

SWMN1 probe [d4EdsREmidRe CEXEGRRE TRrRRSIH! ON OF each rayh of PCR anpl|ification
by the exo L@dlpé&ﬁ-&ﬁééry Iremlo%'_ the DNA p0| yTTET aSe. Jegration of the FAM

0
f I uor ophor T iRe o) TAVRA encher—attows{asers—within—t he
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certain way HarghDevigtion, Adivs j S o the
sane reaction is a

b —t=

0
amount  of F(Sﬁaa fehiDey iation Adjugwpen freAmiotio BoY 1 hild.
VI G- TAMRA (relanhBesiptioropdjuatneenp farnemsiotic Fluid 0

Culture

Standard Deviation Adjustment for Chorionic Villus 0.03
Sample

Standard Deviation Adjustment for Chorionic Villus 0
Sample Culture

Standard Deviation Adjustment for Cord Blood 0

[0166] In the above example, the threshold values, value ranges and adjustment values
can be used to obtain one or more quality control metrics. These quality control metrics can

be used to determine the statistical confidence in one or more estimated copy number values.

[0167] The computing module 540, in some embodiments, can apply quality control
policies to one or more calculated or determined values to determine whether a plate should
pass a predetermined quality control check and/or whether a specimen or sample should pass

a predetermined quality control check. In some embodiments, the computing module 540
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specific for a reference gene known to be al ways present in two copies per
genone. The VI C fl uorophore undergoes the sane exonucleic release and | aser
excit ati omoastideexiot he FAM fl uorophore, but its em ssi ORCITASCI0ONGIDE

di stingui shable fromthat of FAM [0210] Software paired with the therna

cycling, instrunment can be used to nmake reagl-tine plots of the accupul ating
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o’ noonBs HRehBld A AR R TRt alife i sieg 5 B B S SR e s
each cygti @ﬂm?@ﬁnﬁm@?ﬁ&@&ﬁﬁn&h&aé9@ﬂb@bﬁmﬁﬁNﬁd%@Wﬂh@$mﬁk&&p@%ﬁwﬁ@HMKOf
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. : £ i ndivi he, . f all
sanpl o Uniageo P AR Fhoy BRI Rl RS ol P ERABUERL ven) 61 o

sanpl es or carriers o rols

[ 0211] Aohle chebedinadrs, Cambe 0115 amdlothetismibetiinthtoaduabiss exntodpdlicyl cn asgingsed on
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2+1 normal). [0212] The No Tenpl ate, Control/cocktail blank is 10 mM Tris pH
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530 can be any memory repository, computing device or computer readable media described
herein. Communication between the storage repository 530 and any of the modules included
in the analysis 510 system can occur over a network, communication bus or wire connection.

In some embodiments, the storage repository 530 can read any information obtained,
calculated or determined by the computing module 540 into memory. This data can be
accessed by remote computing machines, computers within the analysis system 510, modules

within the analysis system 510, or external media devices communicating with modules or

computers within the analysis system 510.

[0169] In one embodiment, the computing module 540 can communicate with the storage
repository 530 to access reference data, calibration data, report templates and other
information. The computing module 540 can use the retrieved information to further carry
out the methods and systems described herein and/or to generate display output that presents
any of the information obtained, determined or calculated by the computing module 540. The
computing module 540 can generate report content and in some embodiments, store that

report content in the storage repository 530.

[0170] In some embodiments, an encoder executing within the analysis system 510 can
encrypt, encode or compress received information prior to storing that information in the
storage repository 530. In still other embodiments, cycle numbers and related information

can be stored in a table, database, or list on the storage repository 530.
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SIMNRP SWN1DLpr obe CTTACTCCTTAATTTAAGGAATGTGAGCA (SEQ ID NO. 2) FAM
AGGGTTTcAGACAAAATCAAAAAGAAGGAAG - TAMRA (SEQ I D NO. 3) SWN1/2 reverse

pri mer fowvotagkam4anpli con SMN1 specific TagMan probe SPNZ seabasEvar cc1lFP
PTO AGGGITTt AGACAAAATCAAAAAGAAGGAAGG -PO4, (SEQ ID NO. 4)

AS?!CS? gﬁm ﬁESpéé%eNcﬁan%%m% GraReet S gﬂﬁ?%ﬁ#%%lw
CATATATILA S SHE Bl AAMF e SR e Bhd¥Rory33 03It SRR A JTRS 540.
In one embodiment, the display module 560 can generate reports, user interfaces and other
display templates to display the obtained report data and output data. Output data, in some
embodiments, can include any information obtained from the input device 550, and any
information calculated or determined by the computing module 540. The display module
560, in some embodiments, can include a browser, a form generator, or other program able to

obtain and format data for display to a user.

[0172] In some embodiments, the display module 560 can interface with a display device
570 and/or another output device 555. The display module 560 can format received report
and output data for display on the display device 570. In one embodiment, the display
module 560 can format the output data and report data into a format that an output device 555

can use to generate an output signal.

[0173] The display device 570, in some embodiments, can be any display device. In
other embodiments, the display device 570 can be any display device described herein. For
example, the display device 570 can be a monitor, a hand-held computer, or any other
machine or device having a display screen and able to render the display generated by the
display module 560 and present the rendered image to a user. While Figure 4 illustrates a
display device 570 in communication with the analysis system 510, in some embodiments,
the display device 570 can be included in the analysis system 510. Further embodiments
include a display module 560 that includes the display device 570.

[0174] In some embodiments, the output device 555 can be used to output an audio,
visual or other user-perceptible signal to a user. When the output device 555 receives data
from the display module 560, in some embodiments, the output device 555 can sound an
alarm or light one or more light emitting diodes or other lights to indicate whether the plate
and/or the specimen passed each of the quality control metrics. For example, if an output
value to indicate that the plate failed one of the quality control metrics, the output device 555
could illuminate an LED indicating the failure. In another embodiment, the output device
555 could output a digital message or sound an alarm when the plate fails one of the quality

control metrics.

[0175] lustrated in Figure 5B is one embodiment of a method 630 for applying plate

quality control policies to one or more quality control metrics. In some embodiments, a
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Smar cc1DLProbe Supt 5FP VI G-, AGITACAAAGAAGCAGCACGAGCCTCTG, -TAMRA (SEQ I D
NO. 7) CACGTGAAGGTGATTGCTGG (SEQ I D NO. 8) SMARCClspecific probe

SUPT5f or weiodofwasnn Supt SRP CGACCCTTCTATCCACCTACCTC( SEQPDTNGS2019)05B8WPT5S
reverse primer Supt5DLProbe VIC, CGITATCCTGTITCTCTGACCTCACCATG - TAMRA, ( SEQ
I D NO. 10) SUPTS5 specific probe . WO 2011/ 060240PCT/ US2010/.056494 Reagent s
for redONUHRS BERUEGHDIOF Qﬂ‘@@&@p{%@@dﬁ%(ﬁ@ﬁ ggwﬂl PRPEsCKITEARSAEISC
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stock conpetitive probe
number of Z-copy samples (where Z is the number of copies of the reference locus, which in

some embodiments is two) on the plate is below a predetermined threshold value (Step 636).
If the number of Z-copy (e.g., two-copy) samples is below the threshold, then the computing
module 540 or any other module outputs a flag indicating that the plate failed (Step 644). If
the number of Z-copy samples does not fall below the predetermined threshold value, then
the module determines whether the standard deviation for the Z-copy samples is above a
predetermined threshold (Step 638). If the standard deviation is greater than the threshold,
then the module outputs a flag indicating the plate failed (Step 644). If the standard deviation
does not exceed the threshold, then the module determines whether the mean call for the Z-
copy samples exceeds a predetermined threshold (Step 640). If the mean call exceeds a
predetermined threshold, then the module outputs a flag indicating the plate failed (Step 644).
If the mean call does not exceed the predetermined threshold, the module determines whether
the control samples have the right copy number calls (Step 634). If the module determines
that the control samples’ copy number calls are below a predetermined threshold, then the
module outputs a flag indicating the plate failed (Step 644). Otherwise, the module outputs a
flag indicating the plate passed (Step 642).

[0176] Further referring to Figure 5B, and in more detail, in one embodiment the method
630 can be carried out by the computing module 540. In other embodiments, the method 630
can be carried out by any combination of the following modules: the computing module 540
executing within the analysis system 510; a data analysis module (Not Shown) executing
within the analysis system 510; or any other module executed by a processor within the

analysis system 510.

[0177] Figure 5B illustrates one embodiment of the process 630 where each step is
consecutive such that each subsequent step requires the plate to pass the quality control test
of the previous step. In other embodiments, each step can be independent such that execution
of that step is not dependent on the determination that the plate passed the quality control test
in the previous step. In still further embodiments, a group of steps within the method 630 can
be dependent on each other, while a second group of steps can be wholly independent such

that their execution is not dependent on the outcome of other steps included in the process.

[0178] In some embodiments, a module executing within the analysis system 510

retrieves the suite of quality control metrics (Step 632). The module, in some embodiments,
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calculations for replicates on plate.
particular quality control test, can include outputtmg a ﬂag or other 1nd1cator when the plate

fails a particular quality control test (Step 644). In some embodiments, the flag can include a
database entry, flag, signal, configuration setting or other variable indicating the test failed.
This flag, in some embodiments, can be used by the computing module 540 to determine
whether to continue testing the additional quality control metrics. In other embodiments, the
computing module 540 can represent the flags in the report data content generated by the
computing module 540. When the display module 560 generates an output display indicating
whether the plate passed the quality control tests administered by the analysis system 510, the
flags can be used to generate a user-perceptible display indicating whether the plate passed

cach administered test included in the associated policy.

[0180] A failed plate, in some embodiments, is a plate having quality control metrics that
indicate poor quality copy number estimates. Thus, a failed plate can indicate that the
calculated copy number estimates for the specimens on the plate are skewed and therefore the

copy number estimates cannot be made.

[0181] The computing module 540, in some embodiments, can determine whether the
number of samples on the plate that have two copies, is below a predetermined value (Step
636). In some embodiments, the computing module 540 can obtain a copy number estimate
for each sample on the plate. Using this list, the module can determine how many samples
have a copy number of two. If the number of samples having two copies falls below a
predetermined threshold, then the plate is considered a failure (Step 644). In some
embodiments, the determination made by the computing module 540 can be any
determination described herein, that determines the number of two copy samples or
specimens. In one embodiment, the predetermined threshold can be an empirically
determined value, hard-coded into the system 510. In still other embodiments, the

predetermined threshold can be a dynamically determined value based on historical data.
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[0182] In one embodiment, the computing module 540 can obtain the standard deviation
for the average of the two-copy samples. The standard deviation, in some embodiments, can
be any standard deviation described herein. When the module determines that the standard
deviation is above a predetermined threshold value (Step 638), the module 540 can fail the
plate (Step 644).

[0183] In another embodiment, the computing module 540 can determine whether the
measurement confidence for the average copy estimate for the two-copy samples is below a
predetermined threshold value. When the measurement confidence is below a predetermined

threshold value, the module 540 can fail the plate (Step 644).

[0184] In still another embodiment, the computing module 540 can determine whether
the control samples or specimens have the right copy number calls (Step 634). This
determination can be made using any of the calculations or determinations described herein.
In one embodiment, determining whether the control samples have the right copy number
calls can include determining whether the copy number calls falls below a predetermined
threshold. When the call falls below the threshold, the module 540 can fail the plate (Step
644).

[0185] In some embodiments, the computing module 540 or another module can output a
flag indicating that the plate passed each of the quality control tests (Step 642). Upon
applying each of the quality control policies, and upon determining that the plate met each of
the required standards, the module can output a flag, signal or other indicator indicating that
the plate passed. While Figure 5B illustrates a method 630 that outputs a plate pass flag, in
some embodiments the method 630 may not include a step where the module outputs a plate

pass flag.

[0186] [lustrated in Figure 5C is one embodiment of a method 660 for performing
specimen quality control. In some embodiments, a computing module 540 can carry out any
of the described steps. The module carrying out the method 660 is generally referred to as a
module. In some embodiments, the module obtains a suite of quality control metrics (Step
662) and determines whether the cycle number for a reference gene or locus exceeds a
predetermined threshold (Step 664). The module then determines whether the slope for the
reference gene or locus is outside of a predetermined range (Step 668). A determination is
then made as to whether the calculated coefficient of variation is larger than or equal to a

predetermined threshold (Step 670). The module further determines whether a calculated
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measurement confidence falls below a predetermined threshold (Step 672) and whether a
calculated call confidence falls below a predetermined threshold (Step 678). When the
module determines that any of the above conditions is true for the specimen, the module can
output a flag indicating the specimen failed (Step 676), otherwise the module outputs a flag
indicating the specimen passed (Step 674).

[0187] Further referring to Figure 5C, and in more detail, in one embodiment the method
660 can be carried out by the computing module 540. In other embodiments, the method 660
can be carried out by any combination of the following modules: the computing module 540
executing within the analysis system 510; a data analysis module (Not Shown) executing
within the analysis system 510; or any other module executed by a processor within the

analysis system 510.

[0188] Figure 5C illustrates one embodiment of the process 660 where each step is
consecutive such that each subsequent step requires the specimen to pass the quality control
test of the previous step. In other embodiments, each step can be independent such that
execution of that step is not dependent on the determination that the specimen passed the
quality control test in the previous step. In still further embodiments, a group of steps within
the method 660 can be dependent on each other, while a second group of steps can be wholly
independent such that their execution is not dependent on the outcome of other steps included

in the process.

[0189] In some embodiments, a module executing within the analysis system 510
retrieves the suite of quality control metrics (Step 662). The module, in some embodiments,
can be the computing module 540. While in some embodiments, the module can calculated
the quality control metrics; in other embodiments the module can obtain the quality control
metrics from the storage repository 530. In some embodiments, the module can calculate a
portion of the quality control metrics, and obtain a portion of the quality control metrics from

the storage repository 530.

[0190] Embodiments where a determination is made as to whether the specimen passed a
particular quality control test, can include outputting a flag or other indicator when the
specimen fails a particular quality control test (Step 676). In some embodiments, the flag can
include a database entry, flag, signal, configuration setting or other variable indicating the test
failed. This flag, in some embodiments, can be used by the computing module 540 to

determine whether to continue testing the additional quality control metrics. In other
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below a predetermined threshold, and/or within a predetermined range of cycle number

values. When the control locus cycle number is below the threshold, the module can

determine that the specimen failed (Step 676). In still other embodiments, the module can

determine that the specimen failed upon determining that the cycle number value for a control

locus exceeds a predetermined threshold ceiling value or when the cycle number value for a

control locus falls below a predetermined threshold floor value.

[0193] In some embodiments, the module can determine whether a reference gene slope
is within a predetermined range (Step 668). The reference gene slope can be any slope
described herein. In some embodiments, a reference gene slope can be calculated and/or
determined using any of the formulas or methods described herein. Upon calculating and/or
obtaining the reference gene slope, the module can determine whether the slope falls below a
predetermined threshold floor value or whether the slope exceeds a predetermined threshold
ceiling value. When the reference gene slope falls outside of a predetermined range, the

module can output a flag indicating the specimen failed (Step 676).

[0194] In one embodiment, the module determines whether the coefficient of variation
for four replicate specimens of a target or control locus exceeds a predetermined value (Step
670). The coefficient of variation, in some embodiments, can be determined using the

methods and formulas described herein. In some embodiments, when the module determines
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in some embodiments, the module determines the call confidence value falls below a

predetermined threshold, the module can output a flag indicating the specimen failed (Step

676).

[0197] In some embodiments, the computing module 540 or another module can output a
flag indicating that the specimen passed each of the quality control tests (Step 674). Upon
applying each of the quality control policies, and upon determining that the specimen met
cach of the required standards, the module can output a flag, signal or other indicator
indicating that the specimen passed. While Figure 5C illustrates a method 660 that outputs a
specimen pass flag, in some embodiments the method 660 may not include a step where the

module outputs a specimen pass flag.

[0198] Displayed in Figures 7A-7B are screen shots illustrating a display of the quality
control metrics and the outcome of the application of the plate and specimen control policies
to the quality control metrics and other information obtained, determined or calculated by the
computing module 540. In some embodiments, the displays illustrated in Figures 7A-7B can
be displayed in a browser or application window. Other embodiments include a display
rendered to fit on the screen of a portable computing device such as a smart phone, PDA or

other hand-held device.

[0199] Figure 6A illustrates a display screen that displays the quality control information

reviewed to determine whether the plate passed the quality control test. In some

55



9. Two-copy nunber average and standard deviation 10. Sanple type
adjustnents 11. Call confidence 12. QC testing of controls 13. Modul e
out put CwDara/moabysi s nodul e output format 1. Pl ate QEBCZ/USSanpsa@oLC D.
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PR o TE R l Sebi P e S LRI e O e
nunber LS obne; %@{ehﬁpﬂﬁ%w& |nﬁ¥ﬂb@f‘fo? U FRIRBoene passed the above-described
quality control test; the reference gene slope; whether the reference gene slope passed the
above-described quality control test; the control samples and their status; the 2 copy sample
averages for a plate; and the 2 copy standard deviation for a plate. In some embodiments, the
display can be used to effectively inform a user of the outcome of the plate quality control

tests.

[0200] Figure 6B illustrates a display screen that displays the quality control information
analyzed to determine whether a plate passed the quality control test. In some embodiments,
the following values can be displayed on the screen: the copy number estimate; the call
confidence level, whether the call confidence passed or failed; the measurement confidence
level; whether the measurement confidence passed or failed; the sample coefficient of
variation level and whether the coefficient of variation passed or failed. These values can be
used by a user to determine whether the copy number estimates validly indicate that a target

patient has or does not have a particular disease.

V1. Diagnostic applications

[0201] In certain embodiments, methods disclosed herein are used in diagnostic

applications.

[0202] In some embodiments, methods and/or systems of the invention are used to obtain
a diagnosis with respect to status as a carrier of a disease, disorder, or condition. For

example, individuals may be screened as carriers for genetic diseases. In some embodiments,
normal individuals have two copies of a target locus. In some such embodiments, individuals

having only one copy of a target locus are diagnosed as carriers.

[0203] In some embodiments, methods and/or systems of the invention are used in
prenatal diagnostic applications. For example, a specimen containing prenatal nucleic acids
(e.g., amniotic fluid, amniotic fluid/amniocyte cell cultures, chorioninc villus samples,
chorionic villus cultures, maternal blood, efc.) may be assayed for copy number of a target
locus. In some embodiments in which normal individuals have two copies of a target locus, a
copy estimate of zero for a specimen may be used as an indication that the fetus has or is
likely to develop a particular disease, disorder, or condition. Copy number estimation

methods of the invention may be altered to account for possible heterogeneity in samples.
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WO 201l[b@ﬁgzllof’rge/rﬂa!ﬁ?%%@&@ﬂt@ﬂmethods and systems of the invention are combined with

other diagnostic methods and/or systems in order to obtain a diagnosis, or other methods may
be used to confirm a diagnosis based on copy number estimates. For example, gene copy
number estimates may be combined with one or more techniques such as sequencing (e.g., to
determine mutations such as point mutations), karyotyping, and/or detection and/or

quantitation of biological markers.

EXAMPLES
Example 1: TAQMAN™ real-time PCR to determine a patient’s SMN1 copy number.

[0207] In this example, a TAQMAN™ real-time PCR system is used to determine a
patient’s SMN1 copy number.

Experimental design

[0208] Two primers that flank the SMN1 exon 7 locus are used for PCR amplification.

A probe the recognizes an SMN1 sequence between the two primers is used to detect

57



[0230] f. The standard deviation of the two-copy sanples: Plate QC checks if
the standard deviation of the good quality two-copy sanples is less than a
speci fi edwOloagleod4d (0.1). If It is |arger than or equalCraisténe/osdapeshol d,

a plate alert is generated. The standard deviation is exported by the data

anal ysi s dul.e. 2. qgual ity contral [0231]The foll ow n .checks
are per e oEY e@&ff?&ps{;ﬁw POt %@Lﬁﬁﬂh@ %%Nﬂ@uqrﬂ%h% 8 Bq%@aw es.
[ 0232] ap A AR £ ENE RerI aM s}wm%%&ﬁcmlm@%bé ieR1chig frh erenargene Ot

for each of the four wells is'less than the specified threshold (30). If a
sanpl e mebd dirag thhextersi@r portien gbereh Gyunalad\PE Roamplafication by ttheecxohnesisel d, a

sanple al.ert j rafed with.a |ist of i\l ed l1s 0233] h. , Ref erence

gont < BpEee pbR S RBhE ety diftrtiod orite FAMFioiBhasd ot Alaldsonce curve
sl opes BARIRA iknBhéh oS essktsivithih 8 themidl @yddto SchSlhe AN MakdpHke filta four
wells. If a sanple well has the reference gene sl ope outside the specified

| i mits,thef isemity leehdioé p cottan garveleagth d Thi emornt gfdighbemittgi isepropeitiosal tp §®34] c.
Sanpl e %%p&%l‘ﬁe lch%: é';}{ega%(@t es the sanple CV between the four
Y %rﬁls of %gpy i

replicé&e neasur e nuriber estimates. If the sanple CV is |arger
t han or al t.he .specified t.hr 0. 15), a,sanple alert is

bonor otl0808170 58T B REH Shdie b L abAMiCs aths ele B8 RufuE piike 3

nmeasur epedfic G leteRes o85d kithifio UVRAS I qITBNRht MARLICHBRE Berl Eenbie. Thanist i cal

confidence | evel for the sanple copy nunber estinmate being within the copy
nurber fluosenhere widergnss dhershingenerudlac rawese anhascricheitaiacs dpesdthe kKrédhol d

(999, uo%c%ﬂ%lree bfaﬂ i érﬁs%g%%@e%[r%ﬁ? dis£i9$1i§ aBle f%{lltl%a%g)m;jéa nce: Sanple C

cal cul ates fa cal’l confi con ence is istical confidence

| | f h le t h .of. the SIVNL i orted i
the outlfatd" s SERE geled SR bRl ikt A nl Cen B USaa B el Bliehor o
(99. 99% 1015 B¢ BRIb AL FAM SRIPI@NGGkesc N 2011 PRARAOPETPBR)A0! 056494 B.

Dat a anal ysis al gorithm [0237] This description of the data anal ysis
wor kf | ownfbsr.| Shgnumbecrof epdesofequiled tol cgensiat escence threshold is called the Ct

(cycle threshold). In this example, the difference between the Ct for FAM (which
corresponds to Ctras described herein) and the Ct for VIC (which corresponds to Ctz as
described herein) is ACt. ACt should theoretically be approximately the same for all
samples with two copies of SMN1. Because each cycle of PCR duplicates the template,
DNA samples with one copy of SMN1 should have a ACt that is one cycle greater (i.e., lags
behind by one cycle) than samples with two copies of SMN1. Thus, it is possible to compare
the ACt values of individual samples to the mean delta ACt of all samples on the plate to

screen for carriers of one gene copy.
Controls

[0211] A No Template Control and four additional assay controls are used on each plate.
Each control is represented twice on the plate. These controls may be obtained from verified
cell lines and/or anonymized genomic specimens with known copy numbers of SMNI.
Specifically, these controls have the following SMN1 genotypes: 0 copies of SMN1 (null), 1
copy of SMNI1 (carrier), 2 copies of SMN1 (assumed 1+1 normal), 3 copies of SMN1

(assumed 2+1 normal).

[0212] The No Template Control/cocktail blank is 10 mM Tris pH 9.0 buffer, which is

used to dilute patient samples.
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Enpty |wel |l s shoul d phave enpty sanple names, "" in the at a, f Thie
sanpl § type identif|ers should follow the sanple type éﬁPP% BLDPER
BL OODSPOT, NCUTHMASH AWNI O, CULTAFCEL, CVS, CVSCULT, QQBQSLCCD Enpty
Sanpl 8 als = = N [P (] () als 2NER [] = alala g0 = 311 =

assung Sl ope

cal cul
nmeasur

CmareclFP
enment's ¢l osest

\/
A

N
repor

Deto S U

e’

(]
ﬁeasu e

n

VAR
e'q da 2

AR

The equation for thahmnhgulatlon is as folloms: primer
Smarcc1RP CATATATTAACCCTGTCCCTTAAAAGCA SMARCCI1 reverse
(SEQ ID NO. 6) primer
Smarcc1DLProbe | VIC-, AGTACAAAGAAGCAGCACGAGCCTCTG, | SMARCC1  specific
-TAMRA (SEQ ID NO. 7) probe
I
SuptSFP CACGTGAAGGTGATTGCTGG (SEQ ID NO. 8) | SUPTS forward
primer
Supt5SRP CGACCCTTCTATCCACCTACCTC (SEQ ID | SUPTS reverse primer
NO. 9)
Supt5SDLProbe VIC-, CGTTATCCTGTTCTCTGACCTCACCATG | SUPTS specific probe

“-TAMRA, (SEQ ID NO. 10)
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[ 0244] Where Y/, Y2, Y3 are the three (log-transformnmed, background

normal i zed) delta fluorescence neasurenents. 5. Slope QC and G C

[ 0245] Thewal2garicddsm checks the sl ope and the O neasur eemUus2610/05d4be
reference gene channel (VIC). The nodul e generates test results for each
sanpl e | ncl udi ng% the c rol sanples if the slope or the & value do not
pass tm&#ﬁ%ﬂg&samle that failed this QC test, the algorithm
records the wells where the QC netrics failed. 6. Calculation of delta C,
aver agi 19§ 101l stask P4 primelp| j cat es and nedi an pol i sh [0246] The al gorithm
calculates delta Cts by subtracting the FAM Ct value fromthe VIC O val ue,
For eaciOpM sthek BaM ansl VEnpudldadetedt (B ) arefss (A Bl stabd afl 20 s avhe from lightdd mean
delta & between the VIC and the FAM channel s of the speci nen sanpl es

(cont r dl00ad sexhtcympetitive polee excl uded in this cal cul ati on) where 80% of the
observations in the tails of the enpirical distribution are trimred or

r enovedxf TamldnEniatsalPCR Muster Bais €6l gQABITENt436b43d) nmeans the al gorithm
derives copy nunber estimates on the log and the |inear scale according to
Equat i qm and filkdie@ivaeal €) and Equation 6 (log scale). [0247]Linear scal eTi

- 2. 2(ACt-ACt) [0248](Log scale) To = 2+ A - ACt WD

2011/ 060240PCT/ US2010/ 056494 [0249]1f the plate is full, the algorithm
perfor@AgEE%'ﬁm%gi_{i@Q%&Eﬁiﬁﬁg scal e copy nunber estimates. Upon

conpl et ) any of the rows or columms has been

adj ustg.bq fg_r Or;ggrf %han 0.2 units. The adjustnents for these rows and

col um'Sh & F0%eVdPi 28"t their replicate row or colum also fails the nedian
polish cut-off Colums 1 and 2 are al ways excluded from polishing. The row
and col Y2 mMabdPs Gt reported in the Plate QC output. [0250] Copy nunber
estimates on the linear scale are regenerated after nedian polish to

i ncl udeStehg: WdCust Ménts. [ 0251] The copy nunber estinmates for the four wells
for each sanple are averaged at this point. Copy nunber calls are

cal cul &tgglaspocasndigig of f the average copy number estimates with two
exenptions. Copy nunber call for the BLANK controls is defaulted to "-".
The co ! S jmted at three; calls larger than three are
substi %%ﬁ;g'r@mgg%%?éé%gﬁge@g he mean and the standard deviation for each
sarrpleé)nrathe plate are stored on the log and the |inear scales.

Example 2: Determining copy number of SMN1 based on TAQMAN'™ PCR data

[0213] Ct values can be obtained from curves of signal versus time obtained, for
example, from real-time PCR experiments performed according to Example 1. For each
replicate on a plate, Ctz (cycle number for the reference locus) and Ctr (cycle number for the
target locus; in this example, SMN1) are obtained as the cycle number required to reach the

predetermined threshold fluorescence value, and ACt is computed according to Equation 1.
(Equation 1) ACt =Ct, - Ct,

[0214] Table 3 shows exemplary calculations for ACt for a number of replicates on the
same plate. Typically, many more replicates will be used in each plate than shown in Table

3.
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7.

average across the four

Measur enent confidence [0252] The assunption of normality of the sanple
replicate wells is made for this cal culation

The

measur enewo 20ofsddence i s determ ned as the | argest nor mall/usenbiosane e
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the sanple CV

QCl1het |

ic |42l ed

t he status of
the call

esti mat.es f

;
t
nunber Of "t

<
WO-

for 2HhHUs san

pl e.

t he sample OV QC-te
Two- copy nunber average and standard devi ation [0256] For the derivation of
gorithm cal cul ates the background

vari abil0213]. THbe peltkgeovade Var iiaticnicelgulatediageordmgita Kguatism 4 #rcthe 0o

confi dence val ues,

mean Q

L0 GROX AR
py sanpl s

Ct aro evport
>St—atE—EXPoH—+

edintothe output file.

[ 0R25] The s

t he al

hat

C¥or ihne KEf \;af’fllilers] é't(la

'S require
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di

;

mﬁ@t SWOU:[I
e al gori

s

anpl e CV and
9.

iS a certain

nd Rt s

nunber At vanes iféd véllsiHavingehe middl@RoBtofealuts {eeg., H0r arldne .29 sihiotfk wardf t he

st andar d_devi ati on and t he nean,

t he nodul e pools only good quality

sanpl esACt fq the glatq woyld ppapproxingielngd-dequi renent s: (a) passed the VIC ¢t

VI C Sl ope,

Measur enent confi dence,

and sanp

le CV QC tests (b) not a control

(c) estlPAtiled Cophavabeniptheopienated ferrracisnmil agenidingdy liBtaDPERe:sanpl e type

[0257]1f the nunmber of such sanples is below the threshold,
Tc- —7. 2(ACt—AEt)

is renoved

(Linear scale)

re

For example, for well 1, copy number of SMN1 (7;) would be estimated as

T, =2. 200000 = 2. 0009 ~2.1,035=2.07

For well 8, copy number of SMN1 (7,) would be estimated as

T, =2. 20000 =5 20099 ~ 9.0 518 =1.04

Example 3: Assessing quality of copy number estimates for SMN1 gene

[0217]

qui rement (d)

In this Example, quality of copy number estimates for the SMN1 gene is assessed

using an algorithm and quality control metrics.

[0218]

An overview of algorithm calculations described in this example is shown in

Figure 5A. As depicted in Figure 5A, Ct data from a TAQMAN™ experiment on a one or
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and all sanple types are pool ed together. The nunber of the good quality
two-copy sanples is reported in the output file along with their average
and the swendavomevi ati on. [0258] A netric simlar to mMPaETOISRIMO56494
confidence it derived for the average of these sanples based on the

standard error of the nmean, If confidence.around the two-cop npl es’

aver age™?'’s Barl RIpes eoiuning erosltasnragher @%mﬁp@%ﬁna%ﬁowqdég obia WPHC
fails té@ﬁm’éﬁé@f&%ystp@éﬁﬁ{eﬁg eAh @Simatik of %%T%én% opPauRbest BRALEMbRE39] The

t wo- copy sanpl es standard deviation is e standard deviation used in the
West t gediermed Tlimealgcahthmim‘uiladesrtheA@miass (idntecutict betment SyE¥phed thypes may
potentially displa fferent vari b||| y he test, standard eV|at|on
adj ust ﬁﬁ#ﬂ%cegﬁtﬁ)@o@y Eﬁéé@rﬁ”@a@l Isipny Ct@@ml BoAPETR BT BS R

confi gl E@haskil bE- theEé(?Bnéﬁﬁphl%d&Y&%&P@RQﬁl\bﬁﬁ@ﬁlﬁ%%&eﬁ&ﬂfs on khée adl ust ment
is added to the esti t wo- copy sanple standard deviation in order to

cal cul atfranee gsmnpllibratgrpe Thpedibiritorssrathdavdrage ¢t difficomeed fetwegqusMévtemd (d)

is remgyed . n ste the a Are. not perf tly, only
he. AVIOTSaHAn She: o otP et 40P onEY A B S Bret TR stsfl V112"
conf i depaendd0ReRALEaM thG Rtd AencBluks mahehates Jramdicdiffns RhY @61&&95 The
al gorithm nakes the fol ovm ng assunptions, call estimates are normally

di stri butddr estundtafor cequsdmplarsi calrw@;ﬁedaecsrtb@svetr#w aeptherdouryezdiond criti cal
nunber (20) of two-copy sanples excluding the controls is needed before

t hi s cdbzlf]at i BiguesrdBodepies imonedicwraditheplate gahiyl entrohensl@editd hyyess

determ nes t-test p-values for the sanple's being fromthe adjacent copy
nunber WALANSERY ah@bereesamateﬁopvarag Bl fPhaplpdios %ﬁveiwwaysn grirst,

cal cul aég%? nhbBefval@s Y6 the rcoﬁt 5919 Mos BHTEREEK QS %bl'ﬁgtttﬁeﬁr Pn&PRBallifOrtche one

copy nunber distribution or ree copy nu distribution. The two
t-test phatead ﬁaésd Efrtbe @]arrthtjanﬂthtmentc@rsﬁmpbﬂoethexatcalmd GlpgahubgbesuigMOactl ng

t he sum of vaI es r th case of zero or

thr e dbig MmeiS PR $eond! i Puis Rl Bt teh Bro w2 REw v vence.
[ 0261] The:ss Ay a%ﬁ@eﬁéd ﬂxré%lhéfdr bﬂ%'sf-’éﬁdé’fﬁ@@ﬁaﬁé@oﬂt% N LARAPY savpleasi ng al |
of the copy nunber estimates for that particular nunber of gene copies. If

t here abevmtvalad@;ﬁdethtqshdde@ if the r@papwmcnmoaﬁdgméoﬁbpwmgﬂ)@py nupdereans

are assy 585. unber t-distribution
st andard" e\?lofaftﬂlleot Ocorpélsf“ﬁlgleé g%ei%% ta>>’|511e1 a $5¥18ﬁ5tandard devi ations and

car tul A0 or Pisyis > e ™ sSp R whee SRt 0@yl GE PRSIt 1 ne

cal | C%iésﬁ’@ﬁ'&ﬁy bﬁcdpg‘v rﬁﬂé@@stin'ibﬁest fFﬁ@Q@'rﬁetﬁB@&ﬂefd'eﬁded for bh@ s[cp@afﬂegur ation
file, the call confidence test fails for that sanple. The call confidence

t est sthelfgfsfathtﬁetm@n@ﬁeassesedtﬁq@hmef thfadzue baing aeadpmdt élalemﬁemmheetmﬁtput

file. 12a gl;fesﬁtlnn rnclofmta%ols BIa con 1n§ a £ I@?f)ed from

this part S eiRaiHETRT YRE BU&PY© é’R %»8? a?rﬁSF 194 5’K %Y Phe

qual i t yeaf§ déﬂ[k%drfﬁfn@f@%ﬁl@%a&twnga@’b&am@ieh agamstrsahame@qgemm@ Shepe,

measur enent confi dence, call confidence, and sa% 1%1 I f any of these
gya

sanpl e sl fiiled if terewlts af gvame oflthase areoujider TthFPSholldﬁst of failed
wel | At etdifd o d O IRAL L& 1<THE RN Al o SBITRLG R UIPRT sSKdiTaLes ar e

also c Ir 'correspondence expect ed copy nunber val ues.
The rTDdﬂéaﬁuﬂehﬂdﬁcdnlﬁelemn‘L’]T’IﬁkeSmbulcwpdeldmaﬁﬂmebﬁﬁ&deﬁﬂtaﬁﬁ‘@p@nnlﬂﬁibeﬁl\/Nl

| ate | ayout .
P %/ mates based on inter- and intra- sample variability on the plate.

[0221] Description of an SMNI test data analysis module, as well as a detailed

documentation of calculation of call estimates in the module, is provided below.

I. SMIN1 Test Data Analysis Module
Summary of Content
A. Data analysis quality control metrics

1. Plate quality control
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13. Modul e out put [0264] The data anal ysis nodul e begins the output with the
plate. QC netrics and continues with the sanple QC netrics and data

anal ysi s woolttwo0248anpl es are exported by col ums so t haCTiuseo1006400|
sanples are witten first in the file. Information about enpty wells is not
exported into the output_file. C Recommendations for Operations QC

[ 0265] Fai | ures of cerfai&?“@eﬂ%%w&%m%y i ndi cate suboptinmal perfornance of

the instrunents, aut %itﬁ&nﬁ%is&?jg‘oritﬂhlthe assay reagents. Belowis a |ist
of failures that may require i'mredli ate attention of the Operations QC

group. [0266] 1. Standar Erdehiandlingh of the 2 copy sanpl es exceeding the
threshold in Plate Q’% %Fa(r)jiradi failure of this Plate QC netric may

i ndicate a problemwth & 10RY! ay reagents or reagent dispensing.

Consi stent failure of3 tRispRmhR fbecBhgi ¢ shoul d trigger reagent and
instrunmentation performance quality reassessnent. Failure may al so indicate
a problemwith the DNA edeopaeai¢ubation] 0267] 2. Percent age of non-call ed

(repeated) sanpl es. SR KACT bove 25% in the repeat sanple rate on
a plate may indicat e%s'ulrogoléfeldr)rglanggr%?%@nance of the reagents or a problem

with liquid di spensi g/ niateuigion/viclehs Cslaedrapdpedihd wtleraphiomes dPmédian a
plate batch is inportant and may require imedi ate attenti on of Qperations
QC. It may indicate pg®¥shreagent quality or a problemwith the

i nstrument ation har dwar 605, s dVes&idch0268] 3. Failure of controls.
Consi stent failure of nore than two control sanples in a plate batch is

critical and requires.i Mmdilatefhtitentfivanatafn Cperations QC. It may |ikely
indicate failure of the control sa]?rqjl es, if the ov c|ial.l. | ate repeat rate
5 bl ow 10% [0269] 4 UGRSEPBHIFRRG g et HHbTI I Aitioll o of sampl es at a
particular location op tRgnplealse JGGERS | Mediate attention of Cperations
QC. It likely indicates suboptinal "performance of the instrunentation

hardware at that | ocalli ofall confiddata anal ysis nodul e Qut put format [0270] The
SMA Data Anal ysis out It consists of two parts, Plate

ut J-s in XM fornmat.
QC and Sanpl e QC. TheIQXNB(?ﬁeftglgb%Lfo)ﬂgokﬁ/i th a standard formatting |ine:
<?xm version=" 1.0" Bncebdagoddift- 8" 7>

C. Data analysis module output format
1. Plate QC

2. Sample QC

D. Recommendations for Operations QC
E. Data analysis module output format
F. Data analysis executable file

1. Run time requirements

2. Command line format

3. Input

4.  Output

G. Configuration file

H. Calculation of the copy number limits

1. Matlab compilation requirement
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Fol l owed by the gl obal SmaResults structure with the plate, run nunbers and
t he nodul e version: <SmaResul ts pl at eNunber ="32008" runNunber="123456"
nodul eVerwDanH/@0RA0> </ SnmaResul ts> Pl ate QC structure | CTarst@ionedd n:

<Pl ate> </ Pl ate> Sanple QC struct ure i s contained in: <SanpleQ>

</ Sample> 1. Plate QC (a) <VYicCt> obj di spl ays the status of the
reference CT n@‘ahﬁ‘r‘%ﬁﬁﬁ]ﬁygtségtaﬁ%rcotlﬂgp 'EIF%I sanpl es, additionally if the
test fails it lists the failed wells. (b) <VicSl opes> object displays the
status of the flePlRfequaitscoMEoheasurement for the control sanples, if the
test fails it lists the failed wells. (c) <Control Cal |l s> object dIS | ays

t he st d022lof Pluge @}lﬁtl‘ity engrol prisugasyhasicontiel S@mnters@brf@@m assmgl o andraeeiest he

desi gn%ﬁaﬁqkﬁgllill rin}a‘uo%l ge({]ﬁe OtBI ‘ﬁasttaaaﬂa X?l(rs?gt}s duf%: 1%8 ent onthe {he sanpl e CC

metrics fal s ar ethe structure.

(d) < Pol ish> obj e splays the status of the |VEdI an Polish
procegﬁﬂwmncﬁaﬁr?lssﬁj@&f%%& and colums, if any, are displayed inside the
structure (e) <Empirical Negative> object displays the nunber of the

t wo- cop§Z¥npi 8sReferemse rgeng) Gt gheqk: Rlpts Qfyweraticsthe préeranea grae Ghineashl d, t he
test faklgion {,)1) the %@ﬁﬁﬂ 'sé(rﬁ@é? isa ﬁ%h%mhggﬁec%e%pth%ﬁolh I’(\ﬁ) Hietﬂ? %ﬁ‘néc urdtfh he

t wo- copy sanpl e e tes he" mean wth 1t's con e I nterval
i s out dilde 168 cbﬂlteolaampk@twddl lmslthmetfaenc(e@engNegladwe\msquhl\t@ﬂmbhlesholdilaspI ays

t he st andar eviatio e test fal if the
e o Rl s Hera e a b it b TRT S aam@‘e“%ﬁ ?%a%éoatmlé%ﬁﬂc $.0bj oot

lists all the control and test sanples on the . <Sanpl e> obj ect

cont ai 1923 di vPdBsfergngsgene dope ghegh: Njate %Vﬁfftﬂelséw ﬁ@&ri’w&r@%tl on: .

S?gpl e ﬂlBréSCéI?lellRfetSYCFb%S bf‘th%%gmr(ﬁlsgmbles aMﬁ the/ @%m(f@& nttnﬁ%lfor én%ﬁ%'f 'tH%n) in

four reactions ([0.15, 0.55) in the configuration file). If a control sample well has the
reference gene slope outside the specified limits, a plate alert is generated with a list of failed

control sample wells. Blank controls are excluded.

[0226] c. Control sample call check: Plate QC verifies the copy number estimates for
the control samples pass the measurement confidence test for the correct copy number value
(99.99% confidence), the call confidence test (99.99% confidence) and the sample CV test
(0.15). If any of the control samples do not pass the measurement confidence test, a plate
alert is generated with a list of the wells for the failed control samples. Blank controls are

excluded.

[0227] Plate-wide QC checks that are used before the statistical methodology is

applied:

[0228] d. The number of the two-copy samples: Plate QC confirms that the number
of two-copy samples that passed the reference gene Ct, reference gene Slope,
measurement confidence, call confidence and sample CV tests (good quality samples)
is adequate for the statistical analysis (20 samples). The number of two-copy samples is
exported by the data analysis module. If the number of two-copy samples is less than the

threshold, a plate alert is generated.

[0229] e. The average of the two-copy samples: Plate QC verifies that the average
of the good quality two-copy samples passes the measurement confidence test. If it does not,

a plate alert; is generated. The average is exported by the data analysis module.
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iii. Copy nunber value in copyEstimate 1iv. Sanple copy nunber call in

call. Blank controls have their copy nunber calls defaulted to v. Status
of the cawbeuanfidence test (Pass or Fail) in call Confi #emas@rionssspon Vi .
Measur enent confidence in neasurenent Confidence vii. Status of the sanple

CV test (P Fail) . i | eQuCriteri le CV i | eCv
T,V GVBH T o DR At er Ron it BerF I SenHe: PIRE DS, TEEkvBTG | i oG
X. VI C largl &&%ioﬁfog%ﬁ%ﬁ%magﬁtmemfsawl& i|§ 1&ds $har0f sﬂe%iﬂe%cth%h&fa in

Vi cSl opes  xi . data ‘on the log 10 scale for the four

wel | s i(A.1FANLIE isdhigeptbei oi equal 1o the thresholl, b pbite deDed gaRraternersandardcycl e 1

t hr ough, cycl e. 40 1y a e VIC DeltaRn data on the log 10 scale for the
f our Wedlelvga%f)]ﬁl%ﬁxﬁoé?/émﬁ‘ﬁg%tata}nghsfsﬁn%@%‘ and Log 10 Del taRn nunbers in
cycle 1 through cycle 40 E. Data anal ysis executable file

( SMADat aAnal ysi s. exe) [0271] SMADat aAnal ysis.exe is a Matlab (Mt hwor ks,

Inc) script conpiled in theWn32 environnment. SMADat aAnal ysis perforns data
nor mal i zat i on, 2cAMPIsqRYHMEMrobnd cal cul ates call confidence for SMNL
TagMan data. 1. Run tinme conponents [0272]a. Matlab run time |ibraries.

MCRI nst[823-r . eXbe fodlomaegiQf ehgcksane perdorsasdifpt cash sampicroddhs phatsrikelvdingon. The

versiog of th {@I nstaller.exe file should match the version of WO
2011/ 0662 ‘B}f‘iﬁ’?ﬁ 5%0/ 056494 Matlab used to conpile the script. [0273]b.

SMADRL AG0BIYST 3 Reference gene Gt heek i8R GEVelhiel Bl :BRGHIGRS LT s
cach of the four wells is less than the specified threshold (30). If a sample well has the
reference gene Ct above or equal to the threshold, a sample alert is generated with a list

of failed wells.

[0233] b. Reference gene slope check: Sample QC verifies the reference gene
fluorescence curve slopes are within the specified limits ([0.15, 0.55]) for each of the four
wells. If a sample well has the reference gene slope outside the specified limits, a sample alert

is generated with a list of failed wells.

[0234] c. Sample CV check: Sample QC calculates the sample CV between the four
replicate measurements of copy number estimates. If the sample CV is larger than or equal to

the specified threshold (0.15), a sample alert is generated.

[0235] d. Measurement confidence: Sample QC calculates a measurement confidence
estimate. Measurement confidence is the statistical confidence level for the sample copy
number estimate being within the copy number limits. If the confidence is lower than the

specified threshold (99%), a sample alert is generated.

[0236] e. Call confidence: Sample QC calculates a call confidence. Call confidence is
the statistical confidence level for the sample to have the number of the SMN1 gene copies
reported in the output. If the call confidence is lower- than the specified threshold (99.99%),

a sample alert is generated.
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while the script runs. This file needs to reside in the SMADat aAnal ysi s. exe
folder. Upon the first execution of the script will unpack the ctf file

i nto the wWbkDatmégsal ysi s ncr subfol der. Once the subf ol @#emr/tisgolonsaved.
[0274] c. SMADat aAnal ysis.cfg. The file is a configuration file. It is in a
plain text format and contains various adjustable thresholds for the QC
metrics. 2. ComyDath hndlgsi§ MpoFithih0275] SMADat aAnal ysis [CT Data Fil e]
[Aipped Data File] [Qutput File] (Plate #1 [Run #] a. CT Data File is an

ABI CT (248 outrRitdebdrlpgioh Bf&ﬂwasataaﬁg@fsdwérﬁﬁ&wffsmm the Btep&bf thBQhoReHAR Fil e
Is the correspondl ng ABI clipped data file with the Rn and Del taRn

measur ermsmnsemteﬁi intlee SWandkie @Inatlym mpdyleailhers arQhrgpirasicipags insthe kgosithput fil e
nane. d, CFéS 18 ff |esr ”&ata S% A a{s i andcﬁi'an#l |s the run nunber. 3. Input

a. CT cPa‘t) i $8 to ol ppéc} dsa]t afn Y8 t7¥%1 e name d. Plate nunber e.

Run nunber f. ?O]B hion par anet ers fromthe configuration file 4.

Qut put rro in

[0238] The data analysis module exports error messages in the log file. The name of the
log file follows the following nomenclature; it begins with the “SMADALog” prefix and
continues with the Ct data file name. If the Ct data file name is not specified in the algorithm
arguments, the module creates the log file, “SMADALog Default.txt.” The log file is empty
if the module has successfully processed the data. If the algorithm encounters an error or an

unexpected intermediate result, it stops the calculations and writes an error message in the log

file.
2. Data input

[0239] The SMA data analysis module requires two input data files, Ct data from
TaqMan and clipped data from TagMan. The files should be in the standard ABI format.
The module begins data input with the Ct data file. It searches for a line beginning with the
“Well” keyword, and inputs 384 lines after the “Well” line. These are the FAM Ct
measurements. After it processes FAM, it searches for the “Well” keyword again and
imports another 384 text lines after the keyword. These are the VIC Ct measurements. Lines
in the Ct data file are parsed for the three variables; sample name, reporter, and Ct. All non-

numerical Cts are converted to 40.

[0240] The clipped data file is read as a tab delimited file. The module read the block
AS3...CF770. This block contains delta fluorescence measurements for two channels in 384

wells for 40 cycles. The cells in the block must contain numeric values.

[0241] If the module can not open any of the two data files, it generates an error message

and stops data processing. No wells can be omitted before the algorithm processing.
3. Sample name processing

[0242] Upon reading sample names from the Ct data file, the algorithm parses the names
for the sample ID, the sample type and the well location. The algorithm breaks up the sample
name by the vertical bar “I”. The string before the first vertical bar is assigned as the sample

ID, the string between the first and the second vertical bar is assigned as the sample type, and
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[ 0276] SMADat aAnal ysis.exe wites output into two files: [0277]a. The out put
file specified in the command |ine (see the format description in the SVA
Dat a Analwei2e11@sbzaat file format. doc) [0278] b. The | og PCrrajS2018BdsLog [ CT
Data File]". The Iog file regi sters abnor mal i nternmedi ate results during
t he caI ul ations ener al e xec t| errors.. On successf ul
execut iBRSTAR aﬁ@fgtﬁ? Sond heiiedl 5 %ﬁmﬁffdp %Weé}aﬁ%qwl%ﬁa\m@w 9P The
confi gufaifek 0M if tilefet FAMAPRL Nk SISy & 1aeﬁt§ﬁe@s §h%md ffonb\% tM@gn?plé RpeC netric

t hreshol ds and ot her paraneters are specif he file shoul d "have, the
fol |l ow q@gitntmsBLDPERCBéﬁ}(éDSRIDTmﬁ?&éde)Wd%SPBOAMMOCEéHﬁe’LF@EI@@V&ange

[0.15 r 0.01.0.01 Copy Nunber Call
Li ni tsocfg&gﬁif QP%L‘?@?D %@gﬁ%@yp@%%sgumﬂ?%&zég ree Copy Nunber
Cal | Limirb&sgnizabiSambld\ypsiré adNune ko B BIWPERORN aPuidIedclk@ai ri cal Control s:
20 Two-copy Nunber Standard Devi ation Threshold: 0.1 Sanple CV Threshol d:

0.15 Measur eneptgiGnidenfn Threshold: 0.99
[0243] Slope calculation for the VIC channel is performed based on the three cycle
measurements closest to the Ct measurement reported in the Ct data file. The equation

for the calculation is as follows:

[0244] Where Y1, Y2, Y3 are the three (log-transformed, background normalized) delta

fluorescence measurements.
5. Slope QC and Ct QC

[0245] The algorithm checks the slope and the Ct measurements for the reference
gene channel (VIC). The module generates test results for each sample including the
control samples if the slope or the Ct value do not pass the QC metrics. For sample that

failed this QC test, the algorithm records the wells where the QC metrics failed.

6. Calculation of delta Ct, averaging of the well replicates and median polish

[0246] The algorithm calculates delta Cts by subtracting the FAM Ct value from the
VIC Ct value, For each of the control amplicons the algorithm calculates the trimmed
mean delta Ct between the VIC and the FAM channels of the specimen samples (control
and empty wells are excluded in this calculation) where 80% of the observations in the
tails of the empirical distribution are trimmed or removed from the calculation. Based
on the trimmed means the algorithm derives copy number estimates on the log and the

linear scale according to Equation 5 (linear scale) and Equation 6 (log scale).
[0247] Linear scale T,.i=2- A(8CH-ATr)

[0248]  (Logscale) T, =2+ACt—ACt
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Call Confidence Threshol d: 0.9999 Standard Devi ati on Adjustnent for
BLOODSPOT: 0 Standard Devi ation Adjustnent for MOUTHWASH. O Standard

Devi at i oowodpugtcomnt for AVMNI O 0. 03 Standard Devi ati onPAdjusgt0®nt494 Or
CULTAFCEL: O Standard Devi ation Adjustnent for CVS: 0.03 Standard Devi ation

Adj ust for CVSCULT: .0 Standard Devjation Adjustnent for LOOD: O
[ 0280] 35%5%11 34 the plafgds éﬂ},ﬁ%%ﬂg@etﬂmeémﬁ gedipp ppﬁéh piathelagsRIGR¥ channel .

[ 0281] ThenyepBIfndt&s. thson AT &I, fRmddig McEk Grannsl thehrRSoRIYand Bast he

al l owed vari ation range for the reference gene slope on the log 10 scale.
WO 201 eosodagpcivrusae tiandbb4gis. [ DR8@jGtpsnts oritlease cad ardi qoldrgnssare shown i n

the brackets .for.the.different, co n r est.imates. [028 shown, above,
cont | gdPATTegH Pai aricalego B GOt Ao B P R P Tk ORER i opy
sanmpl e 4§ afvdyRiextlnge®®bmPRisAAg OThd Ry MAT IGRRER niiMbéM @rC@pbriddanfthdrRge

cal cul ati on, the maxi mal all owed standard deviation for the two-copy

sanpl eRCoH®Ulaxi mal al | owed sanple CV, allowed confidence |evels, and
variability adjustnments for different sanple types. G Calculation of copy
nunber [0258]t s [CopBajRboalstumkts oo thalindahscaboopy repgntretedlaftat msdips polath to
recomrenaegﬁtgut .nqﬁ]gbte perfornmed for new reagent |ots, new instrunents or
ot her cHARGES PHUSHEN Sy peri ment al conditions. In some embodi ments, 30+

i ndi vidual reaction call estipmates fo ne bi ol ogi cal speci nen for each of
t he fodiig%]dpy {hFBapS Rugber essimateiifos the &%m%ﬁn@a?ai SEH T RES prSediate for

cal cul g} | gf Cteogg nERPYr QYRRES calldyBil Sby Rouddinkdrf tﬂ%&erh%%f&%br]numm? cal |

estimate asur nts for 1 ndividual reactions are tra nmed to fit a
st andaradtipsttes wiidt twdbexé¢roptiof280p roopyercall foeghe dHt AN Kbetwieels 10 and 0.5

glr g Cglrjl]({glégull{eﬁqo by—'z.'TI;rehceopr}rlen%sm s lst greqyr}lﬁfl:(fi & tﬁ}ceeg Qzﬁls[lgl‘gelgthSa]n t 1neteearrf\:/ al are
substituted with three copies. The mean and the standard deviation for each sample

on the plate are stored on the log and the linear scales.
7. Measurement confidence

[0252] The assumption of normality of the sample average across the four replicate
wells is made for this calculation. The measurement confidence is determined as the
largest normal confidence interval around the copy number estimate (averaged across the
four wells) that would fit within the copy number limits for a particular sample. In other
words, measurement confidence looks at variability and the mean between the four
replicate measurements for each specimen or control. It is a measure of intra-sample
variability. The parameters for the normal distribution are as follows: the mean is the
average copy number estimate across the four wells on the linear scale. The standard
deviation is the standard error of the mean. The limits are the copy number limits specified
in the configuration file. The Sample QC procedure checks if the measurement confidence is
high enough for a sample to be of the good quality. If the measurement confidence is lower

than the cut-off, the measurement confidence QC metric for this sample is failed.

[0253] The measurement confidence and the status of the measurement

confidence QC test are exported into the output file.
8. Sample coefficient of variation

[0254] Sample CV is calculated on the linear scale and is the ratio of the sample standard

deviation and the sample mean between the four replicates. Sample CV for zero copy
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[0288] 1 copy call estinmates between 0.5 and 1.5 are reduced by 0.5. The
nmeasurenents outside of the [0.5, 1.5] interval are discarded. [0289]2 copy
cal | estiwates/dsetdoeen 1.5 and 2.5 are reduced by 1.5. Phe/use@asusa@sent s
outside of the [1.5, 2.5] interval are discarded. [0290]3 copy call

esti mat es bet wee rer duced by 2, 4. The nmeasur ts outside
of the SF@PE)?S age &ﬁ[k‘:%ﬁ‘teé?\&fg?reﬁﬁ%aﬂ? % P@@Efn“f%%?}@? Med - ﬁ’&lpqug} i‘ance
are calgyh %569 J&ﬁb&asca%ﬂfe 1%*&%1661@%“%%@&&%& ehehdgat devigtisn ahP292] 3.

Separate beta distributions are fit to the copy nunber transformed data by
est i mtthomah Miphbac.ahtic banale QC;précedyrd chegks if the2saaple CV is lower than

the threshold specified in the configuration file. If the CV is larger than or equal to, the
sample CV QC metric is failed for this sample.

[0255] The sample CV and the status of the sample CV QC test are exported into the
output file.

9. Two-copy number average and standard deviation

[0256] For the derivation of the call confidence values, the algorithm calculates the
background variability. The background variability is the variance of the call
estimates for two-copy samples. In certain embodiments, there is a certain number of
two-copy samples that is required by the algorithm and this number is specified in the
configuration file. For the estimation of the standard deviation and the mean, the module

pools only good quality samples, i.¢., satisfy the following requirements:

(a) passed the VIC Ct, VIC Slope, Measurement confidence, and sample CV
QC tests

(b) not a control
(©) estimated to have two copies of the SMN1 gene
(d) BLDPER sample type

[0257] If the number of such samples is below the threshold, requirement (d) is removed
and all sample types are pooled together. The number of the good quality two-copy samples

is reported in the output file along with their average and the standard deviation.

[0258] A metric similar to measurement confidence it derived for the average of
these samples based on the standard error of the mean. If confidence around the two-copy
samples’ average is below the threshold set in the configuration file, Plate QC fails the

two-copy average test.
10. Sample type adjustments

[0259] The two-copy samples standard deviation is the standard deviation used in the
West to derive the call confidence values. Since different sample types may potentially

display different variability in the test, standard deviation adjustments can be specified in the
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- WD 2011/ 060240PCT/ US2010/ 056494 [0293] The beta distribution famly was
chosen for this procedure because of its asymetry and bounded support.

[ 0294] 4. Wo=brl/dsozdbonal |imts are obtai ned by cal cul at iPog/ush@ 005649005 and
0. 99995 percentiles for the four di stributions and reverse-transformng the

percentiles into scal For exanpl e, | S added to the
0. 00005°4 auretl%ékseﬁﬁéﬁé Fltﬁélée Qep Py adiny n%J?SéﬁJIH%W Isded pp the

[ 0295] %sugat%artwalébw%hplb tsﬁhaa%da&%aﬁ&ﬁﬁlk&éeﬁg%m@mtatettti@sa{mm &yﬂ@%s@ﬁé ies: 0
copy The upper Iimt wthin[O lower Iimt 1s set as the

negatuvﬁHHQMGRVMMnntHﬁﬁmuamymtmhesumpardmlﬁmn9mhthMMﬁpmnwequ@$] The | ower

ower 1O ci e gt 1RGO Shni Bl Pkl fgiithe Pudipe 27

units.
11. Call confidence

[0260] Call confidence is calculated from t-test p-values. The algorithm makes the
following assumptions, call estimates are normally distributed and have equal variances
across the copy numbers. A critical number (20) of two-copy samples excluding the controls
is needed before this calculation can be performed. For each sample, the algorithm
determines t-test p-values for the sample’s being from the adjacent copy number
distributions, e.g., for a sample with two-copy numbers, it calculates the p-value for the copy
number estimate to come from the one copy number distribution or the three copy number
distribution. The two t-test p-values are summed and the confidence is calculated by
subtracting the sum of the two p-values or the single p-value in the case of zero or three copy

numbers from 1 - a large p-value corresponds to low confidence.

[0261] The copy number t-distribution means are determined by averaging all of the copy
number estimates for that particular number of gene copies. If there are not any estimates for
a particular gene copy number, the means are assumed to be -2, 1, 2, and 2.585. The copy
number t-distribution standard deviations are the sample type adjusted-standard deviations

and they vary for different sample types.

[0262] When call confidence is calculated for each sample, call confidence QC test is
performed. If the call confidence is less than the threshold specified in the configuration file,
the call confidence test fails for that sample. The call confidence test status and the call

confidence value are exported into the output file.
12. QC testing of controls

[0263] Blank controls are excluded from this part of the QC process. Every control
sample is checked for the quality of the reference gene (VIC channel) Ct, reference gene
Slope, measurement confidence, call confidence, and sample CV. If any of these sample QC
metrics failed, a plate alert is generated with a list of failed wells and the failed metrics. The
control sample copy number estimates are also checked for their correspondence with the

expected copy number values. The module finds the controls by well location based on the
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The upper Iimt is set at 5. [0296] The |imt boundaries are set up to
insure that the proper call estimte ranges are captured by the limts and
t her e i s wo=uffficeisent |y wi de i ndeterm nate range betweeRCTAIS2EOO5G49€ CcoOpy
nunber regi ons. The placenent of the boundaries is based on the variability
of the ca timtes for confirnmed sanples in the test devel opnment and the
VeVa. |ffnak/g}\ﬁ\szl@@,4ﬁyqu&ti on requirenents [0297] The nodul e is successfully
conpiled in Matlab v. R2007a. The nodul e conpilation requires Matl ab,
Statistical Tobf-tYRdukwutR¥ Conpiler. Below is the list of Matlab files

wi th the nodul e source code: 1. SMADat aAnalysis.m- the main script that is
cal | ed [026#1 t hdhe datwanalysivwmodole begss 2xorayt usiotho pbse 494 mdtries ang,
SMAAnal siislll\/bduhle

m -t he in.calculation script, dt ds called from
SvAn SRIURS e Sapl IR GBS e B MG b uls SRt efSn. o

al i gnReglpoedt @S- ¢8lumhb 8o tB# the db@soP kNGRS ang wiriteat fieyd.in She ReadConfig. m -
the function for reading paraneter values fromthe configuration file.

|1, Detlaforeptipacihrahcanty v dls is et expeuehinterheputpattifilesti nates in the SMVA
data anal ysis nodule [0298]Delta Cts are cal culated for each well (i,j) on
the plate according to equation 1. In this case, the TAQVANTm probe for the
reference locus is |labeled with the VIC fluorophore and the TAQVANTmM probe
for the target O Beoemimenddtid resdfom @perntiodld QCuor ophore. Thus, equation 1
for each well beconmes: ACij = CQ7 - C 1. Calibration delta CTs are

cal cul gogeb|f or Fhinged vfccrtefned€ medrigenes indjc ateadubogrirB4 et forhared offearn of t he
plate delta CTs (excluding the control wells) for each. reference gene:
Instruments, automation scripts, or the assay reagents. Below is a list of failures that

may require immediate attention of the Operations QC group.

[0266] 1. Standard deviation of the 2 copy samples exceeding the threshold
in Plate QC. Sporadic failure of this Plate QC metric may indicate a problem with
the assay reagents or reagent dispensing. Consistent failure of this Plate QC metric
should trigger reagent and instrumentation performance quality reassessment. Failure

may also indicate a problem with the DNA extraction.

[0267] 2. Percentage of non-called (repeated) samples. A spike increase above
25% in the repeat sample rate on a plate may indicate suboptimal performance of the
reagents or a problem with liquid dispensing/mixing. A consisted repeat rate above 20% for
a plate batch is important and may require immediate attention of Operations QC. It may
indicate poor reagent quality or a problem with the instrumentation hardware or

software.

[0268] 3. Failure of controls. Consistent failure of more than two control samples
in a plate batch is critical and requires immediate attention of Operations QC. It may

likely indicate failure of the control samples, if the overall plate repeat rate is below 10%.

[0269] 4. Location failure. Consistent failure of samples at a particular location on
the plate requires immediate attention of Operations QC. It likely indicates

suboptimal performance of the instrumentation hardware at that location.
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ACt smARco = trimean(ACc,80); i is a SMARCCI well ACtSUPT5 =

tri mean(ACc,80); 1 is a SUPTS5 well The trimed nean for each reference
gene i s cabeoliawedoover the wells on the plate that corPesaseaonsssphat
reference gene. 2. Calculation of the log call estinmates for each well: |og
CE2 + Cij ACtsmARcci ; i is a SMARCCL well log CE 2 + Ctij - ACt supT 5;

i is a SUPTS wel Data akiysisihmddunOafpueddbtmast i mates for each well: CE =
2log CE -1 4. Call estimtes for each sanple are cal cul ated by averagi ng

the calfp2agt i mMhesSMAData8ndI g ospHML & X®ALL formal™R consists of two parts, Plate
2011/ 060240PCT/ US2010/ 056494° CE Sanple, - nean(CE ij); i, j are the four

sanpl e Welahd SempBLHpl EheciMLsfilgbegivahithlastandatsyformaatiiag hiee't he sanpl e cal |
estimates: C Sanple, round(CE sanpiej) Exanple 4. Assays to determ ne

nmut ati ons at SMNL | ocus ?8@09¢rbiont'He)"mmesdng="EX2HP| &, addi ti onal assays are
performed to determ ne nutations at the SMN1 | ocus. The experinments in this
exanpl e ar &oflewtdbyat dlsbat ShjaReailisanuviutdwitlettg.platbatin hembeitsrandthe or after
on the sanme set. of biological specinens) real-time PCR experinments, such as
those dBREHS BEHONh Exanple 1. SWNL-specific sequencing is performed with
primers that flank the SMNL anplicon in the real -tinme PCR experinment to

det er mi ne I PrgRysdismidteNwRbdra612088" poNpmbephil SHO6( sEsle Versiarh@e ut at i ons
are responsi ble for any SW1 Copy_RQ %Eul%gl s of "1" or "0." [0300] After
initial PCR anplification, PCR reactions are treated wi th Exo- SAP

(Exonucl ea | - ri al kal i. ne .phosphat ase). Each Exo- SAP-purified PCR

reaction ii’?aé%%zg%‘ég}%wstﬁ?n% e@é’?d and reverse universal priners UPLl and
UP2 to obtain bidirectional se(%%gance in; &rﬁr@ti on. Sequenci ng products are
el ect rophoresed through a gel andtedal yF&dc@s an ABI 3130 sequenci ng

machine, with a 36 cmarray and POP6 pol ynmer. Sequence analysis is
per f or ned PeMpl QECHCAPETIVCEYANGAIE (Appl i ed Bi osyst ens).

<SampleQc> </SarnpleQc>
1. Plate QC

(a) “VicCt object displays the status of the reference CT measurement test for the control

samples, additionally if the test fails it lists the failed wells.

(b) <VicSlopes> object displays the status of the reference Slope measurement for

the control samples, if the test fails it lists the failed wells.

(¢) <ControlCalls> object displays the status of the controls. If any of the control calls
do not match the designated number of gene copies and does not pass all of the
sample OC metrics, the wells for the failed controls are shown inside the

structure.

(d) <MedianPolish> object displays the status of the Median Polish procedure. Non-

polished rows and columns, if any, are displayed inside the structure.

(¢) <EmpiricalNegative> object displays the number of the two-copy samples on the RJ
plate. If the number is below the threshold, the test fails.

(f) <NegativeAverage> object displays the mean call for the two-copy samples.
The test fails if the mean with its confidence interval is outside of the

acceptable limits.

(g) <NegativeStdiv> object displays the standard deviation of the two-copy
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Mat eri al s and Met hods Sequencing prinmers Universal Prinmer Sequence (54 3')
UP1 GCGGTCGCATAAGGGTCAGT , (SEQ ID NO 11) UP2 PCR Priner

CGCCACCGWO PCOMB@HCA , Sequence (5'4 3') (SEQ I D NO 12pcsvNrHB0s@epncl udes
UP tag) GCGGTICGCATAAGGGTCAGTCCATATAAAGCTATCTATATATAGCTATCTATGT , (SEQ ID

COOCACDGTATT COBREOA O TR RIEHIPTGERESK e (RSEBPKD NG 14)
2. Sample QC

a. <Samples> object lists all the control and test samples on the plate.

b. <Sample> object contains individual samples and displays the following

information:

i Sample ID | sample type in samplelD

1. Sample type (Control, Specimen) in #ype

1. Copy number value in copyEstimate

v. Sample copy number call in call. Blank controls have their copy number calls
defaulted to "--".

v. Status of the call confidence test (Pass or Fail) in callConfidenceCriterion

vi. Measurement confidence in measurementConfidence

vil. Status of the sample CV test (Pass or Fail) in sampleCvCriterion

viil.  Sample CV in sampleCv
iX. VIC CT test status for this sample with a list of failed wells in VicCt
X. VIC Slope test status for this sample with a list of failed wells in VicSlopes

XI. Sample FAM DeltaRn data on the log10 scale for the four wells in FAM: Well
position in well and Logi 0 DeltaRn numbers in cycle | through cycle 40

Xii. Sample VIC DeltaRn data on the log10 scale for the four wells in VIC: Well
position in well and Log10 DeltaRn numbers in cycle 1 through cycle 40

E. Data analysis executable file (SMADataAnalysis.exe)

[0271] SMADataAnalysis.exe is a Matlab (Mathworks, Inc) script compiled in theWin32
environment. SMADataAnalysis performs data normalization, call assignment, and

calculates call confidence for SMN1 TagMan data.
1. Run time components
[0272] a. Matlab run time libraries. MCRInstaller.exe is needed to run the script on a

Windows workstation. The version of the MCRInstaller.exe file should match the version of
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SVME27FP FAM (control reaction)

TCGAGT TCAGCCACTGCCAAGTCAGATCCTTTGGAAGGTTGGAT , NO 15) (SEQ D SME27RP,

(control weaetlwnmo GCTGAAGT CGGT GACGGT TCCATCATCCAT GGACCT BCTAIS2(1886340D NO

16) Sequencing PCR conditions Step 1. 95C for 5 mnutes (enzyne

denat ur qg g g gC for 30 seconds (denaturation of dsDNA) Step 3:

63C for ?@1 € %%mﬁeifﬁﬂ5§ Step 4: 72C for 1 nminutes (extension) Step 5:

Go to ste¥§] B7 nore times Step 6: 72C for 10 mnutes (final extension)
for

Step 7:108 vEMAD gt adnabyiie cH, Té@tfilﬁ&PP@HlSdfsesmM%&lal drectmmsdisethci es in
Maj or '%E}h[@dt‘ﬁ & U RS MTH file iﬁo%ﬁ?&élﬁ% 1%91%%& U@ th%ﬁde by

nmet hods systens *di'scl ose ereirn may be app yses
for ex efrrpﬂ fﬁ(,eCIﬁEinl afalid mp&bviléh@abk douehiiicastoithe SMp’dpmhMalms n[ldﬂsﬁlﬁb&er nal
Muscul ?L{%%l& is the nost common inherited | ethal disease of

chi l dr Efe‘ﬁé’felat?ddel etions involving the | oss of SMN1 exon 7 are
reported to account for 94% of nmutant alleles that convey this recessive

trait. [BYH] shedSYADQatadnalysisrte ckherfHe ichsenfigpration dile nk ys nErplamextnut at i ons
bet weery b iinndRo@ahs Yadi ssa%ids&giehtﬁregﬁ&ﬁg A ﬂ?&@&'&&h&’{' Al though SMA is

considered to be a pan- e I sease, carrief frequencies for specific

ethnicities ar S, agllﬁrﬁpvwa lmV\qo%(I)ullg./ 060240PCT/ US2010/ 056494

[0275] SMADataAnalysis [CT Data File] [Clipped Data File] [Output File] (Plate #1
[Run #]

a. CT Data File is an ABI CT data output file in the standard text format.

b. Clipped Data File is the corresponding ABI clipped data file with the Rn and

DeltaRn measurements in the standard text format.
c. Output File is the output file name.

d. Plate # is the plate number.

¢. Run # is the run number.
3. Input

a. CT data file

b. Clipped data file

c. Output file name

d. Plate number

¢. Run number

f. Configuration parameters from the configuration file
4. Output

[0276] SMADataAnalysis.exe writes output into two files:

[0277] a. The output file specified in the command line (see the format description in the

SMA Data Analysis Output file format.doc)

[0278] b. The log file, “SMADALog_[CT Data File]”. The log file registers abnormal
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[0303] I n this exanpl e, copy nunmber estinmates are obtained as described in
Exanples 1-3 and then used to estimate allele frequencies in the nmgjor

et hni ¢ grwopsi/oeoMort h America. To provide an accurate 263amsgom5640f SN
mut ation carrier frequenci es in Africa Anerican, Askkenazi, Jew sh, Asian,

Caucasi.an, d Hs pul ati ans, re than 1000 anonyno specinmens in
each etlﬂﬁrleecﬁ?tsae %fui g‘?éﬂlcﬁ fewy %gggep?f? %ﬂdeXW“PHSFéEP %gh%lntl tative

real - tiJyBcRER ageash hBale ﬁi%%ﬁbﬁl@@e%ﬁ@ﬂz copy nunber (exon 7 of SWNI).
Sanpl es were collected fromresidual naterial follow ng routine clinical

testing of individuals presuned to have no famly history of SMA and were
made conpletely anonym)us in accordance w th approved protocols.
Ethnicities vveg Jn gioorii [ 0304] Si gni ficant copy nunber differences
wer e observed e? wedpaane e{? ethniciti es, as shown in Table 4. For

one-co rri CI rre i ndi v dual s. of casi an. or hkenazi
Sov chMARAL T 08 st BB R e LB Dl S SIS sc/GSriar Sefh R QO BesR 2
Af i canhARRIIESAHY ARG patRadk ardd@ekigr@UnHS filchbuldlHavE& thd iotlo9iQLiRss: except

African Americans, the two-copy genotype was nore than five tinmes nore

preval ent than ”\gld@fl cP@threé}?) 1ffpi can Amrericans, the two- and three-
copy genotypes had near y equal frequency. These unexpected results in the

African American WIOER \/I\Efﬁoﬁgﬂéeéeﬁ@lpm fstl ng a subset (n=50) of the

3-copy sanpl es by an arverna |p| ex Ligation-dependent Probe
Anplification ( A , were concordant wth the
real -ti me PCR r%%g(’pﬁgﬂ% 31%5%[1@3% él\/Nl copy nunber across
various ethnicities Ethnici Cl 2[ COIDI es 3+ copies Total n n % (95%
Cl)' n % (95% Cl )Ol}c Py Number Call L1rn1ts 0.6

Two-copy Number Call Limits: [1.6 2.4]
Three Copy Number Call Limits: [2.43 5]
Minimal Number of Two-copy Number Empirical Controls: 20
Two-copy Number Standard Deviation Threshold: 0.1
Sample CV Threshold: 0.15
Measurement Confidence Threshold: 0.99
Call Confidence Threshold: 0.9999
Standard Deviation Adjustment for BLOODSPOT: 0
Standard Deviation Adjustment for MOUTHWASH: 0
Standard Deviation Adjustment for AMNIO: 0.03
Standard Deviation Adjustment for CULTAFCEL: 0
Standard Deviation Adjustment for CVS: 0.03
Standard Deviation Adjustment for CVSCULT: 0
Standard Deviation Adjustment for CORDBLOOD: 0
[0280] VIC Ct 30 is the current Ct threshold for the reference gene channel.

[0281] The range in the brackets for the VIC Channel Slope Range is the allowed

variation range for the reference gene slope on the log 10 scale.
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[0282] Copy number call limits are shown in the brackets for the different copy number

estimates.

[0283] As shown above, configuration parameters also include the minimal number of
the two-copy samples used for the estimation of the variance in the call confidence
calculation, the maximal allowed standard deviation for the two-copy samples, the
maximal allowed sample CV, allowed confidence levels, and variability adjustments for

different sample types.

G. Calculation of copy number limits

[0284] Recalculation of the copy number limits is not recommended but may be
performed for new reagent lots, new instruments or other changes in the experimental
conditions. In some embodiments, 30+ individual reaction call estimates for one biological

specimen for each of the four copy numbers: 0, 1 2, and 3 are obtained.
[0285] The procedure for calculation of the copy number limits is as follows:

[0286] 1. The call estimate measurements for individual reactions are transformed

to fit a standard beta distribution:

[0287] 0 copy call estimates between 0 and 0.5 are multiplied by 2. The

measurements outside of the [0, 0.5] interval are discarded.

[0288] 1 copy call estimates between 0.5 and 1.5 are reduced by 0.5. The

measurements outside of the [0.5, 1.5] interval are discarded.

[0289] 2 copy call estimates between 1.5 and 2.5 are reduced by 1.5. The

measurements outside of the [1.5, 2.5] interval are discarded.

[0290] 3 copy call estimates between 2.4 and 3.4 are reduced by 2.4. The

measurements outside of the [2.4, 3.4] interval are discarded.

[0291] 2. Mean and the variance are calculated for each of the transformed copy

number data sets.

[0292] 3. Separate beta distributions are fit to the copy number transformed data by

estimation of alpha and beta

a:/{%_l} ﬁ:(l_ﬂ){ﬂ(la—zﬂ)_l}
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[0293] The beta distribution family was chosen for this procedure because of its

asymmetry and bounded support.

[0294] 4. Distributional limits are obtained by calculating the 0.00005 and 0.99995
percentiles for the four distributions and reverse-transforming the percentiles into the original
scale. For example, 1.5 is added to the 0.00005 and 0.99995 percentiles for the 2 copy

number distribution.
[0295] 5. Distributional limits are checked against the limit boundaries:
0 copy
e  The upper limit within[0.01, 0.1]
e The lower limit is set as the negative upper limit.
1 copy
e The upper limit within [1.4, 1.45]
e  The lower limit within [0.5, 0.6]
2 copy
e  The upper limit within [2.35, 2.4]
e The lower limit within [1.6, 1.65]
3 copy
e The lower limit within [2.4, 2.5]
e The upper limit is set at 5.

[0296] The limit boundaries are set up to insure that the proper call estimate
ranges are captured by the limits and there is a sufficiently wide indeterminate range
between consecutive copy number regions. The placement of the boundaries is based on the

variability of the call estimates for confirmed samples in the test development and the VeVa.
1. Matlab compilation requirements

[0297] The module is successfully compiled in Matlab v. R2007a. The module
compilation requires Matlab, Statistical Toolbox, Matlab Compiler. Below is the list of

Matlab files with the module source code:

1. SMADataAnalysis.m — the main script that is called from the command
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line.

2.  SMAAnalysisModule.m — the main calculation script. It is called from

SMADataAnalysis.m
3. medianpolish.m — the median polish function.
4. alignReplicates.m — the replicates processing function.

5. ReadConfig.m — the function for reading parameter values from the

configuration file.

II. Detailed documentation of the calculation of call estimates in the SMA data

analysis module

[0298] Delta Cts are calculated for each well (i,)) on the plate according to equation 1. In
this case, the TAQMAN™ probe for the reference locus is labeled with the VIC fluorophore
and the TAQMAN™ probe for the target locus is labeled with a FAM fluorophore. Thus,

equation 1 for each well becomes:
ViC FAM
ACt, =Ct; —Ct,

1. Calibration delta CTs are calculated for the two reference genes by taking
80% trimmed mean of the plate delta CTs (excluding the control wells) for

each reference gene:

ACt syurcer = trimmean(ACt;,80); iis a SMARCCI well
ACt suprs = trimmean(ACt;,80); iis a SUPTS well

The trimmed mean for each reference gene is calculated over the wells on

the plate that correspond to that reference gene.
2. Calculation of the log call estimates for each well:

logCE; =2+ Ct,; = ACt g ypccrs 1 18 a SMARCCI well
logCE; =2+ Ct, — ACtgprs; i1sa SUPTS well
3. Calculation of call estimates for each well:
CE, = Hlo8CE, -1

4. Call estimates for each sample are calculated by averaging the call estimates

for the four sample wells:
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CE =mean(CE ), 1, j are the four sample wells

Sample;
5. Sample calls are calculated by rounding the sample call estimates:

C

Sample;

= round(CE Sample, )

Example 4. Assays to determine mutations at SMNI1 locus

[0299] In the present Example, additional assays are performed to determine mutations at
the SMNI locus. The experiments in this example are performed in conjunction with (e.g.,
before, during, or after on the same set of biological specimens) real-time PCR experiments,
such as those described in Example 1. SMN1-specific sequencing is performed with primers
that flank the SMN1 amplicon in the real-time PCR experiment to determine if any single-
nucleotide polymorphisms (SNPs) or other mutations are responsible for any SMN1 copy

number calls of “1” or “0.”

[0300] After initial PCR amplification, PCR reactions are treated with Exo-SAP
(Exonuclease I- shrimp alkaline phosphatase). Each Exo-SAP-purified PCR reaction is
sequenced with forward and reverse universal primers UP1 and UP2 to obtain bidirectional
sequence information. Sequencing products are electrophoresed through a gel and analyzed
on an ABI 3130 sequencing machine, with a 36 cm array and POP6 polymer. Sequence

analysis is performed using SEQSCAPE™ software (Applied Biosystems).

Materials and Methods

Sequencing primers

Universal | Sequence (5’ 3°)

Primer

UP1 GCGGTCGCATAAGGGTCAGT, (SEQIDNO: 11)
UP2 CGCCAGCGTATTCCCAGTCA, (SEQID NO: 12)
PCR Sequence (5’2 3°)

Primer

SMNI1FP, | GCGGTCGCATAAGGGTCAGTCCATATAAAGCTATCTATATATAGCTATCTATGT,
(includes (SEQ ID NO: 13)
UP tag)
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SMNIRP, | CGCCAGCGTATTCCCAGTCATCTTTATTGTGAAAGTATGTTTCTTCCACAT,
(includes | (SEQIDNO: 14)

UP tag)

SME27FP | TCGAGTTCAGCCACTGCCAAGTCAGATCCTTTGGAAGGTTGGAT, (SEQ 1D
FAM, NO: 15)

(control

reaction)

SME27RP, | GCTGAAGTCGGTGACGGTTCCATCATCCATGGACCTGCCA, (SEQID NO: 16)
(control

reaction)

Sequencing PCR conditions

Step 1: 95°C for 5 minutes (enzyme denaturation)
Step 2: 95°C for 30 seconds (denaturation of dsDNA)
Step 3: 63°C for 20 second (annealing)

Step 4: 72°C for 1 minutes (extension)

Step 5: Go to step 2, 37 more times

Step 6: 72°C for 10 minutes (final extension)

Step 7: 8°C forever

End

Example 5: Estimation of SMN1 Allele Frequencies in Major Ethnic Groups within

North America

[0301] Copy number calls as made by methods and systems disclosed herein may be

applied to further analyses, for example, estimating allele frequencies in a population.

[0302] Spinal Muscular Atrophy (SMA) is the most common inherited lethal disease of
children. Various genetic deletions involving the loss of SMN1 exon 7 are reported to
account for 94% of mutant alleles that convey this recessive trait. Published literature places
the carrier frequency for SMN1 mutations between 1 in 25 and 1 in 50 in the general
population. Although SMA is considered to be a pan-cthnic disease, carrier frequencies for

specific ethnicities are unknown.
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[0303] In this example, copy number estimates are obtained as described in Examples 1-3
and then used to estimate allele frequencies in the major ethnic groups in North America. To
provide an accurate assessment of SMN1 mutation carrier frequencies in Africa American,
Askkenazi, Jewish, Asian, Caucasian, and Hispanic populations, more than 1000 anonymous
specimens in each ethnic group were tested using a clinically validated, quantitative real-time
PCR assays that measured exon copy number (exon 7 of SMN1). Samples were collected
from residual material following routine clinical testing of individuals presumed to have no
family history of SMA and were made completely anonymous in accordance with approved

protocols. Ethnicities were self reported.

[0304] Significant copy number differences were observed between several ethnicities, as
shown in Table 4. For one-copy carriers, specimens from individuals of Caucasian or
Ashkenazi Jewish ancestry had statistically different frequencies than those from African
American and Hispanic backgrounds. For all ethnic groups, except African Americans, the
two-copy genotype was more than five times more prevalent than the three-copy. In African
Americans, the two- and three- copy genotypes had nearly equal frequency. These
unexpected results in the African American group were confirmed by testing a subset (n=50)
of the 3-copy samples by an alternate method, Multiplex Ligation-dependent Probe
Amplification (MLPA). All MLPA sample results were concordant with the real-time PCR

results.
Table 4: Frequency of SMIN1 copy number across various ethnicities
1 copy 2 copies 3+ copies
Ethnicity % % % Total n
n n n
(95% CI)* (95% CI) (95% CI)
2.7% 91.0% 6.3%
Caucasian 28 935 65 1028
(1.9%, 3.9%) (89%, 93%) (5%, 8%)
: 2.2% 82.5% 15.3%
Ashkenazi | ) ’ 827 ) 153 ’ 1002
Jewish (1.5%, 3.3%) (80%, 85%) (13%, 18%)
1.8% 87.3% 10.9%
Asian 18 897 112 1027
(1.1%, 2.8%) (85%, 89%) (9.2%, 13%)
African 1.1% 52.1% 46.8%
11 529 475 1015
American (0.61%, 1.9%) (49%, 55%) (44%, 50%)
0.8% 84.5% 14.8%
Hispanic 8 870 152 1030
(0.4%, 1.5%) (82%, 87%) (13%, 17%)

'Confidence interval for genotype frequency estimate

81



" Confidence interval for genotype frequency estimte WO

2011/ 060240PCT/ US2010/ 056494 [ 0305] Frequenci es of SMN1 copy nunbers per
al | el e f owoeatineezdhni c group were al so cal cul at ed from Phe/usheien@d4
genotypes in Table 4. Cal cul ated frequencies assune Hardy-Wei nberg

equi l i d are.sh n Table 5. Table 5 ci es of S 1 Copi es
per ﬁ@#@ﬂ‘ Et h E?%P?‘%Pl?ﬁ #%bce%mag‘?%par aﬂﬁ%f%eazg%%%f% SRR hkonas,
Jew s h chlcA e PRorh 26 SsQRM genotypes in Table 4. Calculated frequencies assume Hardy-

Weinberg equilibrium. and are shown in Table 5.

Table 5: Frequencies of SMNI Copies per allele

Ethnicity 0 1 2 1°
Caucasian 1.43% 95.29% 3.26% 0.03%
Ashkenazi 1.21% 90.72% 8.06% 0.02%
Jewish

Asian 0.94% 93.38% 5.67% 0.02%
African 0.75% 71.89% 27.34% 0.01%
American

Hispanic 0.42% 91.86% 7.71% 0.01%

= disease allele (not caused by SMNI exon 7 deletion/conversion, e.g., point

mutations)
1 = allele with 1 copy of SMN1
2 = allele with 2 or more copies of SMNI1

[0306] Prevalence of the 17 allele in all ethnic groups was based on the frequency
described in SMA patients by Wirth et al. (1999) “Quantitative analysis of survival motor
neuron copies: identification of subtle SMN1 mutations in patients with spinal muscular
atrophy, genotype-phenotype correlation, and implications for genetic counseling.” 4m. J.

Hum. Genet. (64: 1340-1356), the contents of which are herein incorporated by reference.

[0307] In conclusion, testing of more than 1000 specimens from five ethnic groups

revealed significant differences in many allele frequencies.

Materials and methods

[0308] Calculation of copy number estimates for exon 7 of the SMNI gene, quality

control checks, and statistical checks were performed as described in Examples 1-3 above.

Calculation of confidence intervals around genotype frequency estimates

[0309] 95% confidence intervals (95% CI) around genotype frequency estimates shown

in Table 4 were calculated based on the exact beta distribution model. The allele frequencies
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shown in Table 5 are maximum likelihood estimates calculated from the observed genotype
data under assumption of Hardy-Weinberg equilibrium. An EM algorithm is employed to
account for missing observations of the 0 SMN1 copy genotype in the screening population.
The algorithm converges to six significant digits in the estimation of the allele frequencies
after two iterations. The 95% CI around the allele frequency estimates and the prior risk
estimates (Table 5) are calculated as the corresponding percentiles of simulated populations
of allele frequencies and risk estimates. These Monte Carlo simulations are based on 10,000
random genotype observations generated from the posterior beta distribution followed by
maximum likelihood estimation of the allele frequencies under the Hardy-Weinberg

assumption.

OTHER EMBODIMENTS

[0310] Other embodiments of the invention will be apparent to those skilled in the art
from a consideration of the specification or practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with the true

scope of the invention being indicated by the following claims.

What is claimed is:
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[ 0306] Preval ence of the 1D allele in all ethnic groups was based on the
frequency described in SVMA patients by Wrth et al. (1999) "Quantitative
anal ysi s wb 28urosb24al not or neuron copies: identificati orCofUSsuboiob@9ESMNL
mutations in patients with spinal nuscul ar atrophy, genotype-phenotype
correlation, and inplications for genetic counseling.” Am J. Hum GCenet.
(64: 1340- 13hGIhod ol endlpsih@ béS fmb¥A0E b tRpe |6@iethe nidiear doaipaisig: by
reference. [0307]1n conclusion, testing of nore than 1000 specinens from
five ethnic growupspfRuBRt £@1usdIBNGF bioficallifBRERCE&RN ifHiRIM HIbELS
frequencies. Materials and nethods [0308] Cal cul ati on of copy nunber
estimates for exonspecohen ¢penSHNE afergst logusitnd gnecumare irefetsaekloct wiil
statistical checks, were (performad as described in Exanpl es 1-3 above.

Cal cul ation of con%‘?%%%émnﬁ]tnébre\rlsal s around genotype frequency estinates

[ 0309] 95% confi dence .i nterval s (95% Cl) .around notype, fr ency estimates
Shown i1 Tabl e () BREBLTES PUrdEy BACEIDEH EH s SEe L BEh B SeF by § on

nmodel . The allele Bfoﬁ%‘i@‘a‘[‘ﬁésﬁ? ana PRI BrgbalIcEs MPhe ohBY! MBFA eidk&lct ed
estimates cal culated fromthe observed genotype data under assunption of

Har dy- Wei nber g equin thpcaanmndinrlughbigloginal siemimen aadygicosreds detceteblogamakor
m ssi ng observations the 0 .SMNL co enpt i,n the screenin
popul ati on. The. ar g EHRSisH N SesC B FERB P Rei RSP EN A% e

estimation of the gloketeferbic®qoE R6ireRited Wil théineespé@ivalcbpnsumids, 95% Cl
around the allele frequency estimates and the prior risk estimtes (Table

5) are calcul at@f ascthRingObds8§ BRI J1GraRBS SAMbIbhiesl Rbay3! IMuAlBHARPY! at i ons
of allele frequencies and risk estimates.” These Monte Carlo sinulations are

based on 10, 000 r andohergenoiepordhs trgeaidconsogetiecdtostic Pnoat mhes post eri or
beta distribution fe]%l Ieowc/eld .b%%({’raxi mum | i kel i hood estimation of the allele
frequenci es under tHhe“tar 8?}2 nberg assunption. OTHER EMBODI MENTS

[0310] O her enbodi ments of t.he jnpvention wll.be apparent. to.those skilled
in the art fron@g BTl Do (B SmamEpes prtimeey B a5 4 FRRIGRCS he
invention disclosege ﬂB@rcgbﬁnuther'cﬁlrl,' tﬁgrﬁPgééeﬁﬁﬁingtiPQ cSRERIhb& LI 8Fh ‘ﬁ@d

exanpl es be considered as exenpl ary , Wwth tthe trude scope of the

i nvention bei ng i noiadafadhdbiprgehbochinl | owi ng clains What is claimed is: WO
2011/ 060240PCT/ US2010/ 056494
2. The method of claim 1, wherein the target locus comprises a gene or a portion thereof.

3. The method of claim 2, wherein the gene or a portion thereof comprises an exon of

survival motor neuron 1 (SMN1).

4, The method of claim 1, wherein the one or more reference loci are selected from the

group consisting of SMARCCI1 and SUPTSH.
5. The method of claim 3, wherein the exon of SMNI1 is exon 7.

6. The method of any one of the preceding claims, wherein the biological assays at step

(b) are real-time PCR assays that amplify the target locus and the one or more reference loci.

7. The method of claim 6, wherein the detectable signals are fluorescent signals, and
wherein the level of the fluorescent signals for the target locus or the one or more reference

loci is detected at each amplification cycle.
8. The method of claim 7, wherein step (c) comprises steps of

(i) determining the difference in cycle numbers (ACti) between the target locus
and the one or more reference loci to reach a pre-determined level of the fluorescent

signals in each individual biological specimen;
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1A net hod of anal yzi ng copy nunber of a target |ocus, the nethod
conprising: (a) providing a plurality of biological specinens, each

i ndi vi duavolzoaliwsgi4eal speci nen conprising a target |ocugCarub2and5@p4 nore
reference loci with known copy nunbers; (b) performng a plurality of

bi ol ogi cal assays, wherein each individual biological assay anal yzes the
target |ocus and (tihgersratingra qabbeatard Nér ¢ neflectieg theidifferpeccdwtmednridiorindlial

bi ol ogi cal ecjinen a ener ates detectable signals such that the | evel of
det ect abl e éﬁréﬁalf’gusf%@%%gne[(grra%rterf’%ﬁeﬁlge gor‘fhafl e one or nore reference |oci

correlates with theiy respective co nunbers; (c) determ ning, hased on
the plurality of BDGE &%ﬁﬁlg a§ ,r%ﬁftmi???ry{‘%%ar%% U 1%(_§Y1idH§1t es
for the tar Qﬁ‘élp%fé&l eﬁﬁfeﬁ%‘y'n%%ﬁaﬁz@né 1 dPMGeRle iTHE RS RIRREEALQCT ; and (d)
assessing qualitTy of the cOpy nunber estinmates and/or statistical

confi dence afetdrivéncdepytep iyRethe Galibratok (RCERY determining if a copy nunber
call can be nade for the target locus. 2. The method of claim1, wherein
the target |AEURRONBF LSESS AWIReNa s (A cBﬁfphk&rﬁr"sﬂ%;%ﬁfing cytle Ahabeet hod of
claim2, wherein the gene or a portion thereof conprises an exon of

sur vi vdCtiybrraachnelltho target(@miind theqone Thenaretdiodnaf loci tairgach thanprer ei n t he one
or nore, reference.,lpci are selected fromthe group consisting of SMARCCL
and SUFgLIg .megﬂevlellu8?ﬁ]§rfﬁ‘8ﬁ’s8?ntéllg8? 3, wherein the exon of SMN1 is exon 7.

6. The method of any one of the preceding clainms, wherein the biological
assays & stlp mghoaekclpiond.-wharein igReadibyagrs AGratis dafpicd by trimenedanggatof| ocus

dth : f loci. 7. Th h f [ ' h
ot cot 4B ACU SR by fr GRS andle one frae e Rred o ERB A of he

f | uor esgeBLicel GPo@h®nf.or the target |ocus or the one or nore reference |oci
is detected at each anplification cycle. 8. The nethod of claim?7, wherein
step (), COMYJRQ&RoELLRS Miclaims 8-10(, Whed&h Py RAntbREe PinfdEfR Meatdet cycl e
nunbers (ACti) between the target |locus and thé one or nore reference | oci
t o r eadhcw iprechdedigrdviehlpidldgesabipeoimanhie détetoined orntlinsirgales i n each

i ndi vi dual bi ol ogi cal specinmen; WO 2011/ 060240PCT/ US2010/ 056494 -

(11) gelrzer atThegnethedbf dyadf@taihAG 0, matteaicthc rgpy temblérfekemeteder thetavpetn a
normal target |l ocys.and the.ope or nore reference |oci; and (iii)
det er mlﬂ?%gnaa%agwr@ﬁgwp%@ PRECENGIGS detemingd g e legieitmicicdach i ndi vi dual
bi ol ogi cal specinen by normalizing the difference in the cycle nunbers ACti
det er milded akhegnethoq ph anypneid thopreendinegilaimacyhercinghe quadity gt H6EOBY ¢l ai m 8,

}[/\/I"Ih g ' S;?lguﬁb%f) es(tjn)latgsafgp H?Z[E%etf lio&?st is A53s3dh itbggéd%cdlf 812%1!&? &F &at&g %ﬂe%raﬁéecp for€ac h of

ocus an ne or nore reference 0 rea
pr edet eheromesk heneatfeadnctdiect | uor escent signal s.

14.  The method of any one of the preceding claims, wherein the statistical confidence is

assessed by determining a measurement confidence and/or a call confidence.

15. The method of claim 1, wherein the biological assays performed in step (b) are
replicated.
16.  The method of claim 15, wherein the statistical confidence of the copy number call is

determined by the calculation of a measurement confidence for replicate biological assays

and a call confidence based on the plurality of copy number estimates.

17. The method of claim 15, wherein step (d) comprises determining that the copy
number call for the target locus can not be made if the call confidence is less than a pre-

determined threshold.

18. A method of detecting a disease associated with abnormal copy number of a target

gene, or a carrier thereof, the method comprising
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10. The nmethod of claim@8, wherein the calibrator ( Aft ) Is defined by
tri mmed nean of the ACti between the target | ocus and the one or nore

ref er encewbaoil/d60240t he plurality of biol ogical speci men®CT/UB2010Mb&94ret hod
of any of clains 8-10 , wherein the copy nunber estimate for the target

| ocus in each indjyvidual biological ecinmen is determined op. a linear
scale. 12 (?mowée%adﬁalfa?@wfo plogieal thecmony compariag %OE%BV? er
esti mat@ediflen bBRidATRRE ah REiadhd? o€ Aftdtedtndi vi dual bi ol ogi cal specimen is
deternined on a logarithmc scale. 13.” The nmethod of any one of the

precedi ng clai lmg L1 i ] r 3 es for the
t ar get Iocus(g} gossé @gﬂﬁgﬁaﬂ%ﬁé?%go%%é%%éasc%?ya&gp gﬁl 3 rlllglr%%{tyer%{for t he one
or nor eivlefenlepeamehoti analykd thelhgetpineadd ohe anyoane farénck ren@reiciekinaven
clainms, wherein the statistjcal oqfid nce i.s assessed by determning a
measur SOBRAUBERFT HEHES kP BIRC A dAP oA dueBcal srmys ERersiEt SOEEENS ol ai m
1, whergifiddien MaplRILGRbLF S RW-StaBR i HalBEr 112 (REERchPhnd iR dnf Rt hiodt €d.  16.
The nethod of claim15, wherein the statistical “confidence of the copy
nunber refkdnc genbstcerrpiatve avithytheinecspedtivalcapy mwmbdrs;a measur enent confi dence
for replicate biological assays and a call confidence based on the
plurality of(crdgsrniininpeopestmbatestsmated or tHhergee ptrathavfalizal tontiSonevdrer ei n
step (d) conprises determ ning that the copy nunber call for the target

| ocus craweﬁ%r%e&ﬁ@é; 4%d the call confidence is |less than a predeternined

threshold. 18. A nethod of detecting a di sease associated with abnor mal
copy number (8} asgessiegpliyeaidhe mpyaw@gqef pimatepeng(sn stafipficahe@slgnecdfsr i si ng

VO 201/ Q00RARECTAUSPAA A BRI crow, ok R RRYIAS B Lt At 1

bi ol ogi C speci mens conprising at le Speci men o0 %ained
f r om arfor thditatigetugehe af thiciddviegdl;can be made(b) performng nultiple replicate
bi ol ogi cal assays on each of the plurality of biological specinens to

anal yzeigt he Trargehodendaian 08, FReh@conMFiSing @fs&peiTeetcat s Mt iniRaMal BRPY
nunbers, wherein each of the nultiple replicate biological assays generates
det ect aBlivatgisgiar @e disetsct praf therHadividyal is gfcatrigs ofhealiscasi e si gnal s for the
target gene and the one or nore reference genes correlates with their

r espectave Thopyetimadfenlaim 18 or 19, wheieinge diseissiin §pinabylusaidsetraphyi(fdtAes f or
the target gene nornalized to the one or nore reference genes; and

(d) assHssiling nepladd dficlaam 20h) evhery the varpetrgeas is smaties maotdd meuret A{$eiN1g.al
confidence of a copy nunber call for the individual of interest, thereby

det er m2ap ng THe rhétBod 6PMaimiZ evheéth khef blogital 4548 erfoenal itRtdphB) drodéari dual
can be made. 19. The nethod of claim 18, further conprising a step of

det er mtAPHBCRssqYe i ndi vi dual has or is at risk for the disease, or if the
individual is a carrier of the disease. 20. The nethod of claim18 or 19,

wher ei 3t he Ticgaetbed pkclgpi Aalwhvnge stealb)momngisys sfvmning Ral-timp EClReashiyd of
ol ai m 20s MSHEF NN AR S6F o S Vi val motor neuron 1 (SMI).

24. The method of claim 22 or 23, wherein the detectable signals are fluorescent signals,
and wherein the level of the fluorescent signals for the target gene or the one or more

reference genes is detected at each amplification cycle.
25.  The method of any of claims 18-24, wherein step (c) comprises steps of

(1) determining the difference in the cycle numbers (ACti) between the target
gene and the one or more reference genes to reach a pre-determined level of the

fluorescent signals in each individual replicate assay;

(i1) generating a calibrator (Aa) reflecting the background difference

between a normal target gene and the one or more reference genes; and
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22. The nethod of claim 21, wherein the biological assays perforned at step
(b) are real-tinme PCR assays. 23. The nethod of claim22, wherein step (b)
conpri seswpenfiawni4ng real -ti me PCR assays that anplify &CTIuSasi/0564porti on
of exon 7 of SWN1. 24. The nethod of claim 22 or 23, wherein the

detectabl e signals.are fl uorescent signals wherel t.he |l eyel of the
fl uorescent si gndfiy gepsratipga P%ﬁyg@{mt@fé%%tlrﬁ?tep (ﬂ‘iéfaﬁl?‘ "Hb“@lql é?pl'rc%tﬁce genes

i s detected a@gaye@%rﬁmlhg ki FroRn &Yl the cyc&’énuriﬁk@s K@h%@ler&ineaw st@p (i§! ai s
18- 24, wherein’step (c) conprises steps of (1) determning the

di ffer ence it tid@liyedq Ainbers (ACti) between the target gene and the one
or nore reference genes to reach a pre-determned |evel of the fluorescent
si gnal ¢ n eatmého ¥f A4l 24 SRIGGRHR @P§AYmber estimate fok Eﬂe)tal%%f‘gern%ﬁo'aﬂﬂl a
calibrator (AQt) reflecting the background difference between nor mal

t ar get apenaeh anlavidind remisatsrassayriedetefmnethera feermscaland WO

2011/ 060240PCT/ US2010/ 056494 (ii1) generating a copy nunber estimte
based @&7.eackhemethod diidhinr 2plwizatie tles@py nbynbaoesoedatzfon thet thigetdgdntdasnice i n
the cycle nunbers ACti determn d at. ste to the calibrator (ACt ).

26, ThemmaehauNaRuL FeplighssssatkinAgrip ﬁﬁkﬁaﬁm%er%%%u mate for the target

gene based on each individual replicate assay is determned on a |inear

scal e. 2827. Tisenstbehptanytons|odicmms22-gieveirpiniaeseipp jherimbrofdhe ¢amt e f or

the tar m ned on a
B e

assessimgpstiRencqtsaind the afiplifivationpyrvasiobe thmif igomdretsd danhe oses igemer at i ng
quality control netrics based on cycle nunber neasurenents and the

arrpl i flrééf?nﬁﬁg%ﬁsve sl ope thereof generated for the one or nore reference

genes. _29. The nethod of any one of clainms 18-28, wherein assessing the

qual i t y¥9ef tHe egpyd ﬁiﬁﬂy@neégtclaam% 828 oVpRTP eSS cyein thel iahiy A dke #amyi ent  of
vari ati %ﬂlﬂ%?}; Ned %Méﬁnﬁﬁi '&%E&Pb@%?@h&% t@%&ﬁ’f‘%ﬁ% r%llnﬁglo The net hod

of any one 0 al ms n assessin trs nfi dence of
t he Copyplmatdiﬁblog&hlas@a)ﬂprl ses determ ning a neasurenent confidence and/or
a call confidence. 31. The nethod of claim 18, wherein the statistical

confi deyice Ofhethi&h&®BYa & chigthd 18-99d@h@tini Nedsiby tHelreatBat 4 ubafide@dde of a
measur enent confidence for the nultlple replicate |olog|cal assays and a

cal | corfthaemyaupbseerbeprzprises depinipingfa negpsyremenbeeniigengopdas a caB2. The
nmet hod C%Lﬁaé&l m 30, wherein the neasurenent confidence is determned as the
| ar gest nor el confi dence interval around the copy nunber estinates defined

o2 says Hna 't it i ERGREa Y PO hsrh HEERHR KRR sdES of kbl FrbBBia N ned
copy nujkkemidddytthe calddatiol\6f AmEtRQeEnRInt Edre deh&for %%ﬁh?le&%ﬁﬂ:a(dj) conprises

determ ni ng that the copy nunmber call can not be made if the measurenent
conf i ddnelegigaleassaysand s cale gonfidsnecieased o Adthralgniiof demceurnbr sstipitds. 34. The
met hod of claim 30, wherein the call confidence deternmines t-test p-values
for t héZCppyThmbod ebtlaimad &' vehepan thy heameadinacaitdesapy detgrrbiecd as the
distri qgrtgleé%rlll%i‘mal confidence interval around the copy number estimates defined by the mean of

the copy number estimates across the multiple replicate assays and the standard error of the

mean that fits within predetermined copy number limits.

33.  The method of claim 32, wherein step (d) comprises determining that the copy
number call can not be made if the measurement confidence does not exceed a pre-

determined confidence threshold.

34.  The method of claim 30, wherein the call confidence determines t-test p-values for the

copy number estimate’s being from adjacent copy number distributions.
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WO 2011/ 060240PCT/ US2010/ 056494 35. The net hod of claim 34, wherein step
(d) conprises determ ning that the copy nunber call can not be nmade if the
call confwOeno#edziol ess than a pre-determ ned confi dencecCrhuseslobado4 36.
The net hod of any one of the preceding clains, wherein the nethod further

conprises angl yzi i.n parallel, one or nore contral. sanples with

pre- det®r ni ﬁgﬁreﬁ_ﬁ?dﬂ %@}é‘ﬁa‘rher%%ear( THIES et@'wmmﬁ@*%&@rﬁ?ayof claim
36, whef@iar b ) BYLLAL iARS BUBcHRIAQNAUGE 8in Ahra dBkhincdBblfiRkhat e.  38.
The met hod of claim 37, wherein the nethod further conprises determ ning

pl at e dbesbhalg. control netrics based on the quality control and statistical

anal ysis of the one or nore control sanples. 39. The nethod of claim 38,
wher ei 6 he THeahehod of aiyl ad of thegprycedingt dl@nsneharinnbe encdwidtfughersampriess f ai | s

one of the guality ntrol or statistical confidence assessnent or.jf an
esti mat®abg gawwarﬂlcfﬁﬂnaaam&%?ﬂw@ﬂ S%ﬁﬁ% w@ﬁﬁ@&é‘s—g%%m% Y R of the
pre-dettgrrg@jé@lg' copy nunber. 40. The nmethod of any one of clains 18-39,
wherein tthe at | east one biol ogical specinen obtained fromthe individual

of int st i cl el {; r i . d.,.pl asma,
serum ejfﬁl neﬁ%g? %gﬁcféggmgé’%}ge%ggfeotggl],og%hﬂoar%ls%}ﬁiazes%/%dfl%%&)ls)gfar%:l 1?61{,?%@%10” oni c
Vil lus daapl e culture, amiotic fluid, amiotic fluid culture, or
transcervical |lavage fluid. 41. The nethod of any one of clainms 18-40,

wher ei r38t he Bie th@Bsd oPE1€inD3 RV & kheSiRewbdRtHRbt dhpedds Heerminhgy pladi vi dual
of interest is a prenatal sanple. 42. A systemfor anal yzi ng copy nunber

of a t #ughty qoptokmelsigppassil g the quality confrohpihyatissicalamalyyis of thel ane I maye of
bi ol ogi %q{rolssgﬁl%ilggens, wherei n each individual biological specinmen conprises

C . . .
a target I ocus and one or nore reference loci with known copy nunbers;

b) neang, to.garry, out plwrality aof biological. assays, wherein each
Chatvidgal oRbgebr QuBh et Jsin Ble g PAES AS 0L M RETRENT o o
r ef er engiplc@iild dheeAeh duatityvidhuadl obit@s6eil Gahfignee hiesnantodieag atige

det ect abl e si gnal s such that the | evel of detectable signals for the target

| ocus dReamhiadiyidiabeoniiol sample dpesiras el ito hemreHeteeninggd eoptHEIkerr espect i ve
copy nunbers, c) a determ nation nodule configured to detect the
det ect 2 e sThgmatthod plomyeanctofichuthy il $139) whireinghg atdbass pechiotagjcabstcingen

determ ne .the.level. qf .th et ectabl e.signal s; )

2011/ oEUANRCH DAt Bp ok efyFIFEY G A0 Riasrmicells swer WUPSd to store
si gnal H16dd hiBink ORkrirh AdehGosIEsLHE] dtad bRIBA NEMHbEIC villus sampk) cRorfgdii@ut i Ng
nodul e adapted to (i) calcul ate copy nunber estimates for the target |ocus
nor mal i il saplhelyie agnigisribnid aparetcBuil seltusaerdmnoeeryind layaga luid.
information stored on the storage device and (ii) determne the quality of
t he copyl. nunbermebed abtnyonerndcums 1 &0 svharain thoafleae neebiofogidabspopyennunber
call; an ul e for di {sﬁ%ayi ng a content based in part

) f). g. di spl a
on the % gar’r?)'ﬁjtﬁr?fa ﬂé%‘ﬁﬂ’é#%%ﬁéf%gés T RSO PBIP!S he user, wherein the content
i b I f t t t | d/ i |
Cnan cariing. 14 Sl On e aoPY b oia Tt PR CSEHE: conf | dence anal ysi s

is failed. 43. The system of claim42, wherein the biological assays are
real -ti me PERME#B{IPecAdve TRkuraify pbpiokzical siogimcns, wheewigsch hdivddelogi cal

assays lﬁ‘(';lggi%ﬁlrs%géi%ﬁ%gmf)ﬁg&aartg@ey RcIENRTGE Jviit HezRhtPRAR N own copy

numbers;

b) means to carry out a plurality of biological assays, wherein each individual
biological assay analyzes the target locus and the one or more reference loci in each
individual biological specimen and generates detectable signals such that the level of
detectable signals for the target locus and the one or more reference loci correlates with their

respective copy numbers;

¢) a determination module configured to detect the detectable signals from each

individual biological specimen, and to determine the level of the detectable signals;
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45. The system of claim 42, wherein the biological assays are

hi gh-t hr oughput sequenci ng. 46. The system of claim 43, wherein the

det er m nawDanivwo4be i s configured to determ ne the | eveCTafS2atb®5@et ect abl e
signals at each anplification cycle and wherein the detectable signals are
fl uorescent gnal s. 47. The_system of clajm.45 o rein the conputing
modul e is adﬁﬁswag%deaéﬂeéapﬁwe@Swow%@ | Reaipreie £ B o deKEMNAReRt | ocus
accor difgqfi@ the foll owi ng steps: (i) determning the difference in
the cycle numbers (ACti) between the target |ocus and the one or nore
reference | qgi r gnal s
in each i ndl%wacfh)gllphﬁg%&oaulg aﬂaﬂ&i g)r(n} &T&J%@X@# @%n %g“&h éé[aﬁr f%gr at ng { (ACt)

r ef | ectloaig rohm@allivad kg thetomnd odlrrfcfrerféﬂemcdietlvlﬁeﬂfd @n thorsipgahkl 1hﬁrrgmt101h goresl cmnd t he
one or re reference ; . (iii) determnin nunmber

est i mattB® HEFEE H@Vlﬁ%ﬁl@d&ﬁ |d8@ugmieﬁhee%}@ﬁtx Metht FeRIAITBRGS TSy a‘&ﬂ ci men by

nor mal |S;dtfggcglangdeqlgggpﬂgg%%ﬁ#nﬁrﬁger%gI?gldnunbers ACti determ ned at step (i)
to the calibrator he systen1of any one of clainms 43-47, wherein
t he conputi t nunber
esti mat s bWaﬁ%ﬁﬁé{%@éﬁ%@E&?%‘% AR5 R RS a5 BN
2011/06@2@@@@&hﬂ$ﬁﬂm@m&ﬁﬁwﬁéemahecmﬁmh&se@n&ﬁzcgq@emnﬂnbeﬂlﬁmd&un@ments and
the anplification curve. sl.ope the enerated for. th

r ef er erl@@ISGEAEE 2 signgl ingiqating, @%Yﬁ’é& ltbjr’fén%? QSKiRca, igo‘%gien%%}a K t he
conput i;pg,;jpgdul e is adapted to deternlne the quality of the copy nunber
estimates by at | east deternining sanpl e coefficient of variation. 50. The

Lt SRS YA Aot PR R o=, st =

to determne’s nce o er ca | east
e o . 9 S S 4;% Lenge \andicqn s%ysa}eha%ag%tasegdnao%%mqeasurement
genomic hybridization (aCGH).

45.  The system of claim 42, wherein the biological assays are high-throughput

sequencing.

46.  The system of claim 43, wherein the determination module is configured to determine
the level of the detectable signals at each amplification cycle and wherein the detectable

signals are fluorescent signals.

47.  The system of claim 45 or 46, wherein the computing module is adapted to calculate

copy number estimates for the target locus according to the following steps:

(1) determining the difference in the cycle numbers (ACti) between the target
locus and the one or more reference loci to reach a pre-determined level of the

fluorescent signals in each individual specimen;

(i1) generating a calibrator (Aa) reflecting the background difference

between a normal target locus and the one or more reference loci; and

(ii1) determining a copy number estimate for the target locus in each individual

biological specimen by normalizing the difference in the cycle numbers ACti

determined at step (i) to the calibrator (AEt ).

48.  The system of any one of claims 43-47, wherein the computing module is adapted to

determine the quality of the copy number estimates by at least generating quality control
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51. The system of any one of clains 43-50, wherein the conputing nodule is
adapted to determne statistical confidence of the copy nunber call by at

| east detwornmhniosee4a cal | confidence and conpare the det @cwiuseaoosd4p4
confidence to a pre-determned threshold |imt 52. The system of any one of
clainms 43-51, wherein the conputing nodyle is further adapted to determ ne
i f any ROAFY B%S@@;aﬁﬁwge pumpgg Pregsemﬁ?élﬂé%i‘f@ﬂl}%qﬂﬂ%fru%ﬁéE)BFt s 42-52,

wher ei nchBatiFHOBE ohOSHBOROMRIERESeAR. €xon of survival motor neuron 1
(SMN1).” 54. A conput er readabl e nedi um havi ng conput er readabl e i nstructions

record th ' r (Mo j | dul e
and a gﬁ%pl:gﬁﬁgg%?ggﬁ%yB?%%fé%%%??%g’gHﬁgﬁﬁg%(%ﬁﬂgﬂg%ﬁﬁﬁggggag iéﬂﬁethod
conpr i sdemgmine the qualay of thecupphumber astitnhtes be acleay ukicnginimgiangle ¢ocfficiony
nunber estimates for a target | ocus normalized to one or nore reference
loci bfd&d" Y eal -tinme PCR data stored on a storage device and (ii) the
quality of the copy nunber estinmates and/or statistical confidence of the
copy nufber lsysterpf any one of gying A3pthyvhescin thegompmting sodylei i a¢apted ton t he
conputi g Al JakAcARBhHFnR Bf{%@'e& fﬁlEmBé}eCaH%grat 1SS férﬁ%nh!? acontent
conprises a copy nunber cal T tor ‘the arget locus and/ or a I gna

i ndi catmeguichneanyondidet deeandwamptne thodéteimhined msasatdrsdnt canfidonnd tokepee anal ysi s
is failed. 55. Thﬁ%ﬁggputer readabl e nmedi um of claimb54, wherein the target
| ocus csHsminsddhigs M4f SMN1 or a portion thereof 56.A kit for diagnosis

of Spinal Miscul ar Atrophy (SMA) or a carrier thereof, congpising
(a) onelor nBicsypteBgeing opgef elams 43ydhgvhexain the compgfing medulg ip adapiesifo

ther eOfd'eteninine statﬁspﬁal B §dncOBF fhe rcﬁggﬁﬁﬁlﬁerfcgﬁ b?l@leiagtyde Hifrg QLalfOr €
reference loci w Known copy nunbers; an (c) ac Gter readable
medi umm@afiderde agd tompiraitia &bermined call confidence to a pre-determined threshold limit.

52.  The system of any one of claims 43-51, wherein the computing module is further

adapted to determine if any control sample is failed.

53.  The system of any one of claims 42-52, wherein the target locus comprises an exon of

survival motor neuron 1 (SMN1).

54. A computer readable medium having computer readable instructions recorded thereon
to define software modules including a computing module and a display module for

implementing a method on a computer, said method comprising:

a) calculating, with the computing module, (i) copy number estimates for a target
locus normalized to one or more reference loci based on real-time PCR data stored on a
storage device and (ii) the quality of the copy number estimates and/or statistical confidence

of the copy number call; and

b) displaying a content based in part on the computing and data analysis result for the
user, wherein the content comprises a copy number call for the target locus and/or a signal

indicating if any of the quality control or statistical confidence analysis is failed.

55. The computer readable medium of claim 54, wherein the target locus comprises exon 7

of SMNI1 or a portion thereof.

56. A kit for diagnosis of Spinal Muscular Atrophy (SMA) or a carrier thereof,

comprising
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(a) one or more reagents for amplifying exon 7 of SMN1 or a portion thereof;

(b) one or more reagents for amplifying one or more reference loci with known copy

numbers; and

(¢) a computer readable medium according to claim 55.
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